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From the Department of Fharmacology Ustveruty of Qbtebory, Swedm

Prenylamine and Brain Monoamine Metabolism
By

Beagt Werdlnks
(Recefyed Muy 9 1966)

In recent years a good deal of interest has been paid to prenylamine
(segontin @), used clinkally as a coronary dilator The compound shows
many striking resemblances to reserpme. Thus it reduces the concentra
tions of ths holamines noradrenaline (NA) and d (DA)
(Scutine & LINDNER 1960 Juommo & VodT 1965 OBIANWU 1965) in the
rat brain, though the depletmg effect on bmain $-hydroxytryptamine
(5-HT) Is reported to be less marked (ScHiNE & LiNDNER 1960 OBiaNwU
1965), or Iacking (Juowio & VoaT 1965 Frema er o/ 1963) The amine
depleting effect is also seen 1n various other tisxues, e.g the heart (see also
MACKENNA 1965)

In addition to the prolonged monoamine depletion in the brain,
reserpine also causes an accumulation of vanous acdd monoamine
metabaolites, formed after the action of amine metabolizmg enzymss. Thus
the levels of 3 4-dihydroxyphenylacetic acid (DOPAC) (ANDEN ef of
1963e), homovanillic #2cld (HVA) (SHARMAN 1963 ANDEN ef af 1964),
and S-hydraxyindaleacetic acid (S-HIAA) (AKHCROFT & SHARMAN 1962
Roos & WerDINIUS 1962) are all rafsed m the brain after reserpine, the
two latter acids still showing mcreased concentranons after twentyfour
hours,

The work reported here was undertaken to see whether prenylamine
had effects simflar to reserpine on tho levels of the acrd moncamine
metabolites mentioned above.

Experimental Methods
r factats (3 mgrg calowk @3 Ups base) was given In single show Intravenous
Injections to adwit rabbits (1 1 2.5 kg) of both sexes, wrmally thres antmats bn sach experi-
mmm‘mmmwmmmummuuwjk
1 Ame phacamestepim, i, 25, e




2 BENOT WERDINIUS

minlmbre any possib!  diurnal the prenylaml were tlmed 50 &y to
allow anslyser t be made at bouilhumoﬂmﬂchmorn}n‘.'rbemlmlhmlxpt
at an environmeantal temperaturs of 26* during the treatment. In some cases the body tem-
perature was checked throughout the expertments. At regular intervaly throoghout the
cxperimental period untrested antmals were used for (e determication of norma! rabwen.
Brain dutectiens. As 3000 w3 possiblo after macrifice the brulms wers rewoved end
dlssacted. The corpora striste (nuclkons candatus and nucleus kentiformh) from throe bobw
wero pooled and anatysed for DOPAC and HVA. The weight of thase braia thnes moged
between 0.31 and 0.33 g per pale For each DA sstimation ooe brain was disceted Lo the
mme way and oalysed sparutely Thoe remainder of the bralns wes recd from cortical and
cerchellur timua, and the porthons anterior to the cewds! collicull, malaly consisting of the
thalamos, hypothalamus god mesencephalon were poaled and taken for analysh of
S-HIAA and SHT Esch “anterior brain stem™ preparution so obtined welghed between
1.26 and 1 71 g per animal
Extimatios of DOPAC end HVA Tha theoo was bom ml:nilnwmlluroldlo,é
(w/v) metapborphoric ecid. The forther analyhs
meumﬂlﬂy;m{ormdubfhﬂyuﬂﬂlmdpmv‘oﬂﬂy(mmﬂil’ﬂl,bl but will
be gheen bero in detall. To one kil of the homogenat known amounts of DOPAC and
HVA (4-6 pp) were d-dcdwchcck!h'my 20d the two portioes wero then treated In
the 1ame way the and fittered extrmct wus washed
.cnmpﬂﬂmmmmmqmm(mnmmmadwm
3mls N HQ, suturmted with sodium chloride, and axtracted with 300 ml ether The ether
phase waz rednced to 30 ml (water bath 30* rotatlng evaporstor redocad prepart), kept
at —70° for on  hour (schd carbon dioxide 1 ethancl) In order t freers out water with
recnaining Impurrties, end rapldly filtersd while still cold. The DOPAC and HVA wers then
nmnmdwu.hsml-wu buﬂﬂ(h’.hyd:urymﬂhytmmmuhm&ﬂﬂlLPH'J)-
DOPAC was & i by whh cthylens dlamins
(KXatet | 1957 A)mhduuLl%J 3. To 1 6 ml of the tris buffcr semple was tdded 0.4 ml
athyleno dumine rmgent (¢thylenc dlamine 4 M ammontum chloride 1 13), and the
mixtare kept at 463 for 20 min. The resulting fluorescence was read In aa Aminco-
Bowman with the ting and Tengthe 5ot at
4l!mmmmpcc&nb(wmmm"mLTh-u&nﬁoumﬂm
cxnt spectra of the sample and a standard of authentic DOPAC wero in close  greomont.
Thyoo blsnky wero obtatned by ruoning  plecs  f cerchells tios fth me weight
throughout the analysts (ANDEX 7 af. 1963 )
HVA was emayod fincrometncally in the remalning tris boffer sampl by the  xddation
of Awndw st L(1963b) To 1 O ml sarmphe wers added, in the following order 0.2
mlwater 1.0ml 3 N mmonts, and 0.2 mQ.01 % potessinm lerricyanide, f Howed after four
mia. by 02 m! 0.1 ¥ Lcyrisine. Tho finorescencs was read st 310 mys activating and 429 mp.
i orescent wavelengths (uncorrected values). An Imernal standard (with 2 jig HVA added
to the buffer imstead of water) was treated fn paralicl with the sample and a standard of
antheatic BYA 1 order to check the axidatio yleld (ranging betweea 93 and 105 Q- A
{isue blank wuy btained by mizing the xidant and the cystaine before adding the baffer
sampls end s, they p tha oxid
‘The recovery ughoat the vaned In the range 743 + 133 for
DOPAC, and 79 9 -+ 7.2 for HYA (mean +ed) when doe allquot corrsctions wers mads
(mrwhmorqhumlmmmmloﬂmmmhmw
agreamont with those expected the: from the
mmbamm.oqum-qmupmmmm-mmrum
10 oach &xpr
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Ettmation of -HIAA and $-HT The pooled snterior brain stem  preparations were

bomogenired In 60 ml e cold 0.1 N-HC with the ddrtlon of 50 mg escorbic add. After
ing known amounts [ -HIAA and LHT {*-3 pg) to one half of the homogseate,
the two portions wers treatsd in the samo way throughout the procedore. The protedns
wars procipitatsd with dac bydroxids (10 ml 10,4 ZnSO  7H,O and 5 ml I N NaOH)
Tha further extraction procedure for 5-HIAA was Kientical with th t described  bove for
DOPAC and HYA except that the trly bulfer was replaced by 3.5 ml 0.25 M phosphate
baffer pH 7.0.

The S-HT still remaining In the acid aquecws phass after the cthar extrection, wis then
extracted sccarding to BOODANIXT ¢f ol (1934) with slight modifications. The mh saturated
aqusous phase ( bouat 35 ml) wus made alkahoe with eolld sodmm carbonate, snd 20 ml
Q.3 M borate brffer pH 10 (saturuted with butanol and sodiwm chioride) was added. Th
5-HT wm1 sxtracted foto 40 ml butanol, which was then washed with an equal volome of
borate bafler To 30 ml of the butasol 60 ml heptane were sddod, and the SHT was
sabscquently re-sxiracted it 3 ml 0.9 N HCL

1 the fioal extracts both SHIAA end 5HT wers apaywd by thelr flsorescence in
3 N-HCl, according to the method ocglmily domribed for SHT by UDesynmnn er ol
(1955). Some modifications (Arpéxn & MMAaNUON 1967) alkowed  thaos blank t boread
at the same thme. The finorcscsnce wue rend at 295 my activating and 345 my fAnorescent
Beht {oncorrectsd valom), with UV fiier fred In the fitier holder In froat of tes photo
cell. This sllminates the ight scattey which wonkd ctherwiss Interfers with the readings.

The recoveries throughout the procedare were to the rangs 61 € 2 9.2 for S-HIAA, and
444 = 7.3 for S-HT (menn & 3 d). Experiments with pure standards of diffcrent coscen-
trations gave recoveries {n very close agrvemsent with these fgures, {ndicating that factors
ko protein bindixg dla oot affect the recoverk to any gront extent. All resutts were cor
rectod for the indhvd In each gl

T afow Tt 5-HT wus by the method of BoxrLex (1961),
nvolving scparation by lon-cxchange before Frr
The resolts agreed reasoaably well with thoss obtatned by the prerest method (T0-100 %
of the meuns at the varions time ntervals),

Extimatson of DA was curtied out by the mathod of Caximon & WALDEcx (1958), whh
the modifications described by Cantawor & Lomgvat (1962)

Resalts

Normal valoes of DOPAC, HVA, DA, SSHIAA and 5HT in the
different parts of the mbbit brain mentioned previowsly are given in
table ] which also summanzes the effects produced by prenylamine,
5 mg/kg intravenously

Three hours after the ingection of prenylamine, there was a moderate
increase in the brain stem S-HIAA (P < 0.05), approxmmately carrespond
ing to a moderate decrrase [n the brain stem Jevel of SHT (P < 0 0%)
In the corpus strmtum, the kevels of the DA metabolites DOPAC and
HVA were significantly increased at three hours, to about 250 and 150 4,
respectively of the normal valuo (P < 0.025 and P < 0.0005) The
DOPAC values, however vaned rather widely in the different expe-
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Table 1

DOPAC HYVA, DA, 5-HIAA and 5HT In rabbit brain at varfows ntervals after Intra
vemons sdmintstration of & singhe dose of prenylamine 3 my/kg.

The valoces (corrested for recovery) are giwen In pug/g thame = v.e.m. Nombers of anatyses
are gphven In brackets, and each single wxperdmemt was mads on thres poolsd bralms
{for DA oo brain).

Tioe Inter Cocpus sirfatom Anterior brahn stem
wilbouss | poPAC HVA | DA SHIAA S.HT

C wol  O712012(6) 3242024 (5 147013 (D) 0.36+011(H Q77011 (D)

1 1324018 () 32111.3(03) 1.05 (1) LOSLOO3() 049+0030)

3 1734043 (5) 3572037(6) 0.8521012(") 1254011 (7) 0.50:005(5)
P <0.025 P «<0.0005 P<00OS P<0.05

6 0.1 O IBLLITD 197 1) L4014 043 [}

1. 0481017 (%) 3.092012(3) 3.411008(2) 1101017 () 0.7540.02(3)

rmments. Simultoneously the DA level was reduced to about 25 / of the
normal value.

The same tendency with regard to amine and metabolite levels abo
occurred at one hour after the prenylamine injection but to & slighter
extent or with greater fluctuations The levels seemed to have returned to
normal wathin twelve hours.

Up to half an hour after the inpection of prenylamine the ammals
showed signs of agitation, with mydriasts, nystagnmus, tremor and ataxa.
Oceasionnlly moderate, short-lasting, intermittent convultions occurred
shortly after the injection. One or two hours later the animals were
shghtly sedated but they showed no other signs typeeal of reserpine
treatment, such as miosis or diarrhoen. Higher doses than 5 mg/kg were
tried but had to be abandoned because of convulsions, sometimes termi-
nating 1n death

The body temperature was normal (around 38.5°) throughout the treat
ment, except for the first 30 min following the wjection, when increased
muscular ectivity led to a moderate increase 1n temperature (0.5-0 8%

Discmsdon

The experments reported here showed that, m the rabbit bram, pre-
nylamne significantly increased the DOPAC and the HVA content of
the corpus striatom and, m parallel, lowered the DA 1 the corpus strd
atum. Moreover it produced soms increase in the bram stem 5-HIAA
and a corresponding lowenng of the brain stem 5-HT The maximal
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effects seemed to occur at three hours At twelve hours the levels appeared
to have returned to normal,

Prenylamine thus seems to bring about the same metabolic effects on
the bram ines as reserpine, although to & omuch smaller extent.
As has been shown eardfer reserpine produces within two hours a two-
to threefold increase of DOPAC and, somewhat later of the HVA levels
in the mabbit corpus sinatum, in parallel with the prolonged dopamine
depletion (ANDEN et af 19632 & 1964 Roos er ol 1964 SHARMAN 1963).
Similarly the 5-HIAA concentration of the brain stem 1s approximately
doubled within two hours, while 5-HT is rednced to insignificant levels
after reserpime, the metabolite increase being approxtmately stolchometn-
chal to the amine depletion (Roos & Wernmius 1962) The DOPAC level
falh to normal in twelve hourx, whereas the increased HVA and 5-HIAA
levels stll pernst after twenty-four hours. These data kend further support
to the view that the amines 5-HT and DA, when released from the intra
neuronal storage sites into the cytoplasma by reserpine, are rapudly
comverted by the mitochondnal enzyme monoamuine axidase to the acid
metabolites S-HIAA and DOPAC respectively Thess products dusappear
from the braln only slowly and the DOPAC is gradoally converted to
HYA by the enzyme catechol-O-methyl-transfernse, probably localzed
outtide the amino producing cell (f CArLasoN 1960 Carcsson & Hio
Laze 1962).

Juommo & Vot (1965) found a decrease of brain stem DA and hypo-
thalamic noradrenaline in rats after subcutancous admmistration of
prenylamine. These effects lasted at least twenty four hours. In contrast,
no signficant effect was noted on the brain content of HT whercas &
moderate increase occurred with 5-HIAA, lasting for at least twenty-four
hours. Brain stem HYA did not thow any significant deviations from the
very low basal value found in rats (of Juommo ef al. 1966) There was
abso no change in the HYA 1n the caudate nocleus of rabbits, although
a marked decrease occurred In the DA content four hours after a sub-
cutaneous injection of prenylamme 100 mg/kg. The partial discrepancy
1n results might be due to species differences, dose, and delayed absorp-
tion from the site of npection.

The cffects of reserplne on both brain monocamne metabolism and
general behaviour are more marked and prolonged than those of
prenylamine, which caused only slight sedation, coincident with the max
imal effects on brain moncamine metabolwm. CarLssoN & Lioqvsr
(1966) havo shown that pretreatment of mice with prenylamme shortly
before reserpine admnistration partially protected the ammals agmuinst
the longlasting sctions of reserpme on behaviour and on bran mono-
amin¢ leveh, This might indicate that the two drugs compete for the same
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sites of action. Several experiments on solated amine contal i
further support therlmilnntywnhmpine Thus.thespedﬂcATP
Mg+ dependent mechamsm for incorporation of catecholamines into
the storage gramules of the adrenal medulla and pernpheral adrencrgic
nerves is selectively blocked by reserpine as well as by prenylamine 1n low
concentrations (CARLSSON ef a/ 1963 EuLEr & Lismaro 1965 Luxp-
BORG 1966) On the other hand, none of the substances seem to block the
amine transport mechanism of the cell membrane (CARLISON & WALDECK
1965)

The sedative action of prenylamine is weak as mentioned above, and
the moncamine depleting action moderate Nevertheless, after treatment
with prenylamine for five days m man, certain reserpine-like actions have
been reported, such as bradyeardia, and reduced response to the pressor
action of tyramine (KUSCHKE ef al 1964 1965)

Smnmsry

A singk dose of prenylamme (segontin @), 5 mp/kg grven intravenously
to rabbits, sgnificantly increased the concentrations of the acid dopamine
metabolites 3 4-dihydroxyphenylacetic actd and homovanillic acid in the
corpus stratum, in parallel with a decrease m the dopamme content. In
the bran stem, the level of S-hydroxyindoleacetic acrd was modertely
mereased, corresponding to & moderate decrease in S-hydroxytryptamine.
Maximal effects on the amune metabolism were noted about three hours
after the prenylamine administration, and the changes indicate an in-
creased monoamine degradation. These resulis are 1n line with the view
that prenylamine has the sume mode of action as reserpme, though much
weaker and of shorter duration
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One major metabolite of dopamine, namely 3 4-dihydroxyphenylacetic
actd (DOPAC), 15 formed after oudatrve deamination by the enzyme mo-
noamine oxidase (MAO) &nd subsequent axidation of the mtermediary
aldehyde by aldehyde dehydrogenase (Lexren, Wistaace & UDENFRIEND
1958) DOPAC occurs normally In the central nervous system (EULER
1958), manly in the dopamune contmining structure corpus striatum,
where the concentration {s about 0 5-0 7 ug/g in the rabbrt (ROSENGREN
1960 ANDEN Ro0s & WERDINIUS 1963a) It 13, at least partly meta-
bolired by the enzyme catechol-O-methyltrangferase (COMT) to homo-
vanillic acld (HVA) The presence of HVA 1 the bram, pertrcularly in
the corpus striatum, has been demonstrated 1n & number of species
(SHARMAN 1963 ANDEN, Roos & WERDINIUS 1963b BERNHEIMTR 1964
Juomo & Yoat 1965 JUakIo, SHARMAN & TRAIXOV 1566)

In additlon to the braln, DOPAC has also been shown to ocour nor
mally in small amounts in bovine blood plasma (Eurer, FLooma &
Losaasxo 1959) The concentrations detected wero about 12-40 pg/l, the
amounts jncreasing somewhat after acid hydrolysis,

Both DOPAC and HVA also occar normally in urme (Eurer, BULER &
FrLopivg 1955 EUuLER, FLODING & LISHAIEO 1959 ARMSTRONG SHAW &
WALL 1956). The urinary DOPAC is probably at least partly derived
from the DOPAC in the blood,

It was considered of interest to study the clrmunation pattern of exo-
genously admmistered DOPAC from the blood.

3 Ame pharmmmbagive, vel, 2, tasn. 1
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Materials and Methods

Rabbits (I 1.9 kg) of sither sex wero gorwrally usod for the experiments,. DOPAC
QQ4-dibydroxyphbenylacetic acid Fiuka) was administersd [ntravenously (30, 100 or 500
mg/kg) In some experiments the enlmab were pretreated with vardom drog, one boar
before the DOPAC njectlon Thero drugs fnclude the COMT-inhibltor 4-ropolons-
wcetamide (H 17/27), 100 mg/kg Intravenomly probenecid 100 mg/kg, and dicthylamino-
etiryl diphenylpropylacetats (SKF 525A), 10 mg/kg. All the compounds wers dimotred In
safine and neutralired to pH about 7-7 3 Sampies of venow blood ( boot one ml) were
drawn from the uniajected exr regularly durlng the following 2-3 houn at 15 to 30 miv
intarvaly, the first sampl joat before the DOPAC Infectlon. The blood was collected In test
tubes containing Q.1-0.2 myg (10-20 1E) dry heparin. The blood samples wre stored b the
refrigerator wmill anatyred, vemally for not mort than  few hoars. No derresse was,
howsver observed If the analysts was repaated on the next day

Acsy of DOPAC in blosd or plasma DOPAC was determined flootimatrically by
condenation with ethybene diamine (NaTILSON, LUOOYOY & Precus 1949 KXar, Buxox
& Giame 1957 Wen. MaLfanm 1955), To 2.5 ml saline In centrifuge tubes 0.2 mi blood wis
added, ynd the corpescles wers spua down. Two ml of this supernatant wero tramlerred to
ncwcruuﬂhpmbcl.lndlbaphmpmtctmptdphwdﬁthUmHDV(vh)m

hotic acid. After one m! of tho ( to glem-
nuppncdws(mbu,mdo4nﬂuf£rnhlypnp1md¢hﬂmdhmh:r-pm(m
dusmine and 4 N ammonhum cidoride In the proportions 1 1.3) was added. The tubes wore
haated to 63 forZDm]mmdtbmcookd.TbnﬂmmmdhmAmhmw
h nt 415 mp g and 340 mp wave-hngihs (oo~
cnntd.tdlmtmmnullnlnu). almt ttlnilniuf uthentic DOPAC. Activation end
Ruorescencs spectra agreed closcly with thoss of authentic DOPAC. The recovery ranged
betweon £ and 104%, a3 checkod by internal gtandards carried through the entire proce-
dars. N luﬁo(DOPACocmrnddm‘Ln;thprotdnpm:lyluﬂon This was forthet
d by o of catechot formaleg
ﬂmtwndmdonprodmﬂhnkykn diamine is normally very kow in blood and
pleuna honcs, the zero time blood sample coutd setve aa 3 blank,

The DOPAC analyses In plasma wers performed essentially as decribed for bloods
but omiulog the first step.

If the red corpuscies wro homolyred In the whots blood procedurs (sallne cxchanged
{ water in the procedure), there was some interferencs wath the fisal fnorescence, ghrisg
coalderably lower reading values Essentially the same results were  bialned after corree
o for the low recovery Indicating erther that no DOPAC wua present [n the erythrocytcs
oc that the DOPAC content  f the arythrocytes rapidly re-oquihbexted with the sline
diluted plasma 1n the first step of the procedure. In fact, the DOPAC contant of tho whol
H.oodnuncﬂmblllmonnﬂuﬂvdycenﬂn-dmthlpluml(d Canrmon & Hotanr

1962, = o5 blood and plasma, and asexy of the
ttnntocrhvllm(;tnmﬂyll—!ﬂx) For technical reasoos most [ the analyses werd
performed on whole blood.

ADay of HVA 1a blecd 0303 ml f ths blood was dilnted to 3 ml with saline. The

was then the same a1 described  bovs for DOPAC,  p to the proteln prsetpation.

Two ml of the proteinfres sporouts t were transferrsd to extraction

tubes, acidifled with 0.5 ml 6 N HCI and extracted with 50 ml ether {13 min, The HYA
wat then re-extracted from the ether loto 4 ml “trs  buffer

mdbmamﬂ.pﬂlﬁudmy‘d to the oxidatk of Awolr,

(1963b). A s were mads for recovecy (65 to €5 %

nwwmmm




ELIMINATION OF DOPAC FROM BLOOD 1

Chromatographic examization of Hood The blood (0.5-0.F mI) was extracted ey described
bove for HYA, except that the acidified aquaom phast was sutarated with sodium chloride
durtag the ether extraction. The cther was then svaporntsd (o drywess (rotating evaporator
rednced prennre), and the rekdee ditsolved in a small volume [ ethanol which was then
appiicd to paper (Munkiell 8 WD and mmbjected to The sctyen
nsed warp butanolacetic ackhwater 4 1 1 oc butanoi-pyridine water 14 4 S Tho chroma
togramm were ped with

»

Results and Discrrsslon

The contents of DOPAC and HVA were too low in the blood from
normal rmbhits (less than 0.2 pg/mi) to allow accurate determunations with
the methods used After administration of DOPAC (50 or 100 mg/kg
intravenously), however large amounts of DOPAC were demonstra
ted in the blood dunng the next hour It was rapidly elimmated from
the blood stream, and generally after 2-3 hours no significant amounts of
DOPAC could be detected. The HVA level began to rise mmmediately
reaching its peak valuc at 30 to 90 min Even after 3 hours, significant
amounts of HVA could generally be d ated. Paper chr
of blood tamples reveaked only two spots corresponding to DOPAC and
HVA,

When the blood (or plasma) concentrations of DOPAC were plotted
m a semilogarithmic diagram (log concentration against time), a linear
relationship was apparent (fig. 1) Thus indicates that the overnll elimi
nabon of DOPAC was of the fint order /e the ehmmation rate is
proportional to the remaining blood concentration of DOPAC.

N

3 homs ¢
Fig. 1 Blood kevuls of DOPAC st various thme Intervals
fler the intravenoss admbaletration of DOPAC (50 or 100 mg/kg)
toto difereat rabbite

H] §

3

4

DOy OO
3
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Three elrmunation routes for DOPAC seem to need consideration
1) Excretion of DOPAC by the kidneys, 2) convernon of DOPAC to
HVYA, which 1 eventually excreted, and 3) conjugation of DOPAC with
subsequent excretion of the conjugate. From the lmear semiloganthm:c
plots of the overall eliminatton from blood, it 18 evident that the main
elimunation routes at least are of the first order whereas munor routes
might possibly be saturated at higher blood DOPAC concentrations,
i.e be of the zero order reaction

In order to evaluate the relatrve ymportance of the different routes of
renal eimination, the urine was collected at 30 min intervals from &
rabbit which had been given DOPAC 50 mg/kg intravenously The rabbit
was ansesthetized (20 / urethan, 4 ml/kgi v ) and catheters were inserted
mto the ureters for the collection of urine. Blood analyses showed no
change 1n the ehimination rate of DOPAC as cormpared with that in the
unanacsthetred arumals therefore, the effect of the anaesthesia appeared
to be unimportant. After two hours, 60 / of the administered DOPAC
had been chiminated unchanged, while only 0.3 / was excreted as HVA.
After five hours, the corresponding figures were 73 / and 2.5 /;, respec
tively The elimination was not yet complete at this time, as conssderable
amounts of both DOPAC and HVA were demonstrable in the last urine
portion. Acid hydrolysis of the urme (N-HC1 1 hour) did not increase
the values uignificantly Paper chromatography of the urines (2 il of urme
applied directly on the paper) tevealed two spots, one large and ooe

z 3 4 oy 8

Fig . Blood kvsts { DOPAC & HVA at various time lntervals fler  dministraton

of DOPAC (30 mg/kg ) imo  rabbat. The effct of probencid pretreatnent (100 mg/kg
1 bowr) o shown | the same rebit.
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Table 1

Half [Ife (t}), xpparest inhia] concentration In blood (Ce), and coeffickent { distribution

with regard to blood (i), kn rabbits after the Ly adminlstragion { DOFAC. Yarous

pretreatoscats (H 17/27 100 me/kg; probenecid 100 mg/kg SXF S25A 10 mp/kg) were given
Intravenousty one bour before the DOPAC Injection.

Rabbt  DOPAC t [ x
. meks Pretrmtament i /ot wllg
1 50 - 14 120 0.42
1 30 - 11 190 [+ .3

0 Probenecid 32 180 azs
50 R 1 190 s
30 H1II4probeacsd 27 150 s
3 50 - 17 160 0.31
0 SKF I5A 15 160 o3l
0 Probenecid 44 175 019
4 0 - 1n 140 0.3
s 50 - 11 113 043
0 - 10 115 0.43
(3 30 - 9 130 a3
7 100 - 0 240 0.42
100 H 17/27 19 240 0.4u
100 - 19 240 42
1] 100 - » 250 0.40
’ 500 "7 22 1650 030

smaller corresponding to DOPAC and HVA respectively In the earlier
samples of urine, two very small additonal spots were noted near the
ongin, which might possibly represent conjugates. The main roote for the
elmination of exogenous DOPAC thus seoms to be renal excaretion of
unchanged DOPAC.

The halflife of DOPAC m the blood was casily evaluated from the
semfloganthmic plots (see fig. 1 and 2), obtained by drawing the best-fit
ting line through the points. Conaldernble variation was noted between
different animals, whereas the ehmination rate was rather constant
in the same animal in different expenments. The halfife of DOPAC
ranged between 9 mm. and 39 min. (mean 18 min., 8 animnls) see table |

Theso large variations may 1n part, be atiributed to certmmn stram
factors. The acid-base state of the animal may also be important. At a
relatively low udnary pH the renal tubular reabsorption of DOPAC
rught be considerable, thus causing an incroase in the half life, whereas a
higher urinary pH might promote the excreton and thus reduce the
half-ife. The well known seasitivity of salicylic #cdd excretion to uripary
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PH 18 noteworthy 1n thrs connection (WiLLtass & Lrovarps 1948
Syare 1949 Levy 1965)

The rapid unnary excretion of DOPAC could not possibly be explamed,
unless actrve renal secretion mechanisms were involved. As 1s well known,
probenecid decreases the tubular secretion of a variety of organic acds,
In some of the expeniments the animals were therefore pretreated with
probenead 100 mg/lg, ons hour before the admimstration of DOPAC
(50 mg/kg) The results of a typrcal expermment are grven m fig. 2, together
with an expenment in the same rabbit wthout probenecd pretreat
ment. The chmmaton of DOPAC was still of the first order but the
haif life increased 2.5-3 times in the probenecid pretreated ammals (see
table 1) The HYA levels also rose much more in the pretreated animals,
and the time course of elimnation was markedly prolonged. In other
expenments HVA (50 mg/kg Lv ) was injected, and the efimmation was
fornd to be of the first order After probenecid pretreatment (100
mg/kg v ), the half-hfe of HVA imcreased from 25 mm. to 64 min. There
15 thus good support for the view that both DOPAC and HVA are eli-
mmated by an active remal process, which 1s inhibited by probenccid.
DesporouLos & WassaacH (1957) have demonstrated a similar mechs-
nism 1n man for the main metnbolite of serotonin, 5-hydraxymdoleacetic
acld the unnary elimmaten of which is partly blocked by probenead

Even at very hugh doses of DOPAC (500 mg/kg i.v), there was no
demonstrable saturation effect on the ehmination of DOPAC, which
still proceeded by apparently strict first order kinetics (half-life 22 mm.).

In attempts to block other possible ehmmation routes for DOPAC,
the COMT mhibutor H 1727 (4-tropolone-scetamide see CARLSSON,
Cornodl & WALDECK 1963) was admnistered (100 mg/hg L.v ) one hour
before the DOPAC myection. The COMT appeared to be completely
blocked, since no HVA could be demonstrated either 1 blood or m
unne. In spite of ths, the DOPAC elimination proceeded at exactly the
same rate as in control expenments in the sgame animals without pretreat
ment. In mhcr:xpcnn-ncnu.thzanlmalswmprctmwdwhhSKFﬂJA
{ciethyt phenylpropyl 10 mg/kg 1v) no effect was,
however obicrved This substance seems to inhibit a mumber of drug
tramsforming enrymatic reactions 1n the microsomes, includmg certain
types of conjugation (see NETTER 1962)

The apparent mual concentration of DOPAC in the blood, which
would have been present if the distribution equilibrium had been im
medmtely achucved, 15 obtaned by extending the linear semilogarithmic
plots to zero tume This concentratson, Cg (pg/ml), is approximately pro-
portional to the dose admmistered, D (mg/kg or pg/g), fe kK Co=D
(sec DosT 1953 SWINTOSKY 1956) The factor of proportionality k, with
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the dimension ml/g, 1 the coelficaent of distribution with regard to blood
This factor has often been called the apparent vohme of distribution
(DosT 1953). It must not bo interpreted as an actual volume, unless
the substance is not bound, Binding to the plasma protans would de
crease the k value, provided that the assay procedors includes the totnl
concentration of the substance (free and protein bound) in the blood or
plasma, Binding to extravascular mtes (e g the actlve neuronal uptake
of holamines from the dirculating blood) would on the other hand
increass the apparent volums of distribution.

The Cp and k vatues for DOPAC in the different expeniments are given
in table | A certam vanation m the k value s apperent between the
different animals, whereas the floctuation of b between the different
cxperiments in the same animal seems to bo consderably less. The
reasons for thus are obscure, but indivrdual differences 1n body composd
tion, such as the relative amount of fat depots, could possbly be
involved.

If the mean k value (0.38 ml/g) was corrected for the mean hematoent
value (33 4) the resulting coefficzent of distribution wrth regard to plazma
would be 0.25 ml/g. This correction seems to be justified, since DOPAC
penctrates into the erythrocytes only to a elight extent (sse above) The
valuo might imply that DOPAC was mainly dsstobuted to the extrm
cellular fluld. However umtil studies on the binding of DOPAC to plasma
proteans have been performed, no definite conclumons can be drawn.

Smmmary
When 3 4-dihydroxyphemylaceti. acid was adnink d intravenously
to rabbits in vadous doses (50 to 500 mg/kg), the elimination from the
blood proceeded rapudly by spparently first arder kinetics (halflife 9 to
3 min) Even at the highest dose used, no saturation effect on the
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Effect of Probenecld on the Levels of Monoamine
Metabolites in the Rat Brain
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Bengt Werdlnho
(Received Augmt 10, 1966)

Active transport mechanisms seem to be involved In the removal of
organic aclds from the cerebrospinal floid to the blood, as evidenced by
perfusion and clearance expenments in viro (PAPPENHEMER, Hemey &
JompaN 1961 PROCKOP SCHANKER & BRODIE 1962) The different sub-
stances tested, e g p-aminohippuric acld and diodrast, compete for the
sams saturable transfer processes, which seem to be similar to those found
in the renal tubules,

Probenecid redoces the renal extraction of a varety of organle acids,
which includes acd moncamine metabolites such as Shvdroxyindole-
acetio acid (5-HIAA) (Desporouros & WEDSBACH 1957) and homovs-
nillio acid (HVA) (WERDDGUS 19674), dertved from the amines S-hydroxy-
tryptamine (5-HT) and dopamine (DA), respectively Thess amine
metabolites also occur m the brain, with about the same distribution as
the corresponding amines (Roos 1962 AwDEN Roos & WERDINIUS 1963
BERNHEIMER 1964) Thus, the greatest amounts of 5-HIAA are found in
the braun stem, while HVA ocours predominantly in the corpus striatum.

Noteworthy is the rather low basal level of HVA in the carpus stnatom
of the rat, about 0.2 pg/g tixus (Juoaw & Yoot 1965 Juomin SHARMAN
& TRATKOV 1966), as compared to that of DA (3-4 pg/g) In most other
specaces investigated, the normal HVA level 1 of the order of 2-4 pg/g. -
similar to the DA level. This suggests that active transfer mechanisms
might be concerned in the removal of acd moncamme metabolites from
the rat brain. It was of interest therefore to imvestigate whether probe-
pedd, given alone or 1n combination wath reserpine or halopendol, would
mterfere with the levels of HVA and 5-HIAA In the rat brun,

) A prellmdoary report of part of this work has atreedy beea pubimhed (Wrxonaus
1966).
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Materlals and Methods

“Tha drags used were p chd {red ba an amoust of sodlum bydroxids,
dButed with safine and adfested to peutrallty) reserpioe and haloperidol

Adult kooded rats of ither sax weighing 130 to 250 g were wod, five animals n auch
mlnm-mﬁuu{npdmmﬁtb-mhmhmmud-ﬂhpmbenﬂd(umﬂymo
mp/ky body wt., Lp.),  Towsd fter 30 min. by reserpine (10 mg/kg Lp) or haloperd 1
(2 mg/xg 1 p) Thres bours after the hust infaction the rats wers kiled and the beaing
removed, Addhional coatro] groups were run whth no, or only ooe, of the drugs for the
corresponding thne Intervals, { & 34 hours for probenecid, and 3 honrs for reserplos and
haloperidol. The animalt were kept at an snvironmesta! temperstnre of between 26 and
30° during treatszent. The body temperxturo was checknd In some cases no hypothermia
occurred.

Bruis dizeeriens. Tha corpota striata (meclous candatn and woclews hetiformds), (o
duding some of the undartylng orbital cortex, wers pooled and arlysed for HYA (welght
Q.70-1 10 5 for five pairt) The remaindst of the beains was freed {rom cortical tseoe, and
the portions anterior to the candal collicull, meinly coneating of the thatamu, bypothal
amos and mesencephalon, were pooked (weght 1.20-1 70 g for five such “anterior bra!
stemr™) and apalysed for S-HIAA.

Estimatten of 3-HIAA and HVA Ths flucrimetro asays of HIAA and HVA werm
performed according to Roos (1962) and Amoin, Roos & Winboaus (1943), respectively
with soms modiicatione. The procedures havo recemtly boen described {n detall (Wirnos-
e 1967b),

In a fyw experimenty the kovets of ths amines were with and

pretroatment. DA was thes assayed In the corpus striatum by the
method of CanLsmyn & Walnacx (1938) with the modifications described by Cantmon
& Loaqvst (1962), and S-HT by the method of Brries (1961), modified by Axnin &
MAGNUTION (1967). Single rut bralns wers weed for thees aoalyscs.

Resnlts

‘The results are grven in table 1 After probenecd pretreatment the level
of HYA 1ncreased to about three times the low control value of 0.23 pg/g
tissue. Roughly the tame increase was noted for the group pretreated with
reserpine alone (cf Juomiaef al. 1966) When the two drugs were combined,
the HVA level rose nearly tenfold. Sumilarly halopenidol alone increased
theHVAkvdtomor:thanwvmumaLh:coanlvn]m,mdther[w
was further d by b with prob

The same general tendency appearcd with regard to the SHIAA levels,
with the exception that haloperidal dd not produce a aignificant Increase
a3 compared to the control valoe, Reserpine and probenecid each incre-
ased the level about twafold, and if the drugs were combined, the 5-HIAA
increased to about four times the basal level.

The $HT level In the braln stem showed no aignificant change after
probenecid pretreatment, nor did the DA evel in the corpus striatum. "y

No significant amounts of HVA or 5-HIAA could be detected In the
blood plasma, nerther in the treated nor In the control rats.

3
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Table 1

Effect [ probenecid (200 mg/kg Lp, 3.5 houn) on ths kevels of HVA,
3-HIAA, DA and $-HT in ths rat braln, pormally or In combination with reserpine (10
mg/kg Lp, 3 boum) ar uloperidol (2 my/kg Lp., 3 houn).

The valoey are pven In pg/g thwue + ee.m. Numbers of analyses are ghyen [a boackets,
Esch experiment was made on five pooled brains (for DA and SHT one brain).
The probabilities ghven refer to the effect of prob 4 neach

Treatment 30 min. after probenecid

No 1t Reserpl Haloperidol

HYA (corpus striatam)

Controls 0131004 ()  OBLEOAI(6)  16T0IR(H)
Probentchd 064011 (5) 208.£0.10(6) 2661023(4)
P« 0.005 P<0.00 P02
5-HIAA (braln stemm)
Controly 0.95::0.03 (%) 214103 111:£06.13 (4
Probenecid 1.83 £0.27 (4) 1691030 (9 1 72.£0.9 (9
P<00l P<0.03 P<0.005
DA (corpus strixtum)
Controh 390031 (4)
Probesacid 1511053 (4)
P>02
S-HT (bratn stem)
Controh 053+0.08 (4)
Probencad 0.59.:0.05 (4)
P>02
Discwssion

The reserpine-induced increases in HVA and 5-HIAA are probably due,
in part, to the release and breakdown of the stored ammnes (cf ANDEN,
RoGs & WERDINTUS 1964) DA has been shown to disappear almost com-
pletely from the rat brain three hours after administration of reserpine in
a dose of 10 mg/kg ntrapentoneally (ANDEN 1967) Similary the 5-HT
tevel of the rat bram 1 markedly reduced after reserpine. The fncrease in
HVA corresponded only to about 15/ of the released DA, indicating
either a rapid removal of HVA, or the existence of alternative metabalic
pathways for DA. The formation of the alcohols corresponding to tho
acids should be remembered in this respect conversion of dopamine
to 3 4-dihydroxyphenyl-ethanol has thus been shown to occur in the rat
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bratn i vitro {GOLDSTEIN ef @ 1961) On the other hand, the reserpine-
mduced merease in S-HIAA in the brain stem (about 1.2 pg/g or about
6 nM/g) mppeared to be m excets of the released 5-HT (at most 0.5-06
hg/g or about 3 nM/g). Ap mcreased synthesis of S-HT in addition to
release of the stored amine, scems a likely explanation for the increase in
5-HIAA. A third possibility would be an impered elinunation of the
metabolite caused by reserpine,

Pmb:nmdwmdhumnuinbothHVAnndS-HMA,wﬂchmof
the same order of magnitude as those produced by reserpine The amine
Ievels were, however not ngnificantly affected Amine release would thus
not explam the increases. An mmparmred elimmation of the metabolites
from the brain tixsue seems to be probable, even if an ncreased amine
turnover could not be definttely excluded. Combhmation of probenecld
(200 mg/kg) and reserpune caused & conmderable further 1ncrease 1n both
HVA and 5-HIAA. Smafler doses of probenecid (50 or 100 mg/kg ip)
in combination with reserpine cansed less marked increases (WERDINIUS
1966) The two drugs thus appear to have different site of action.

Helopendol belongs functiopally but not chemically to the same
group of major tranquillizers as the phenothiazines, but has much fess
petipheral effects. The halopendol-mduced increase in HVA in the braun
has been attributed to a reduced elimination of the metabolite or probably
more important, to an mcreased amine turnover secondary to receptor
blockage (ANDEN, Roos & WeaDmNius 1964) Experbments i rabbris have
shown that after pretreatment with the hol synthesls 1nhib
H 44/68 (methyl ester of pL-a-methylp-tyromne, 200 mg/kg), the halo-
pendol Induced increase In HVA was replaced by & moderate decrease
(WERDINIUY, unpublihed results)

In contrast to reserpine, haloperidol and the phenothuarines do not
seem to changs the levels of monoamines in the brain or other tissues
The merease 1n HVA caused by these agents thus does not occar at the ex
pense of stored amines. Higher doses of haloperidol (S mg/kgip ) did not
produce a further increase in the metabolite concentration, Comtunation
with probenecid, on the contrary nearly doubled the HVA kevel Hence,
the HVA increasing mechantems are probably not identical for haloperi
dol and probenectd.

Confirming earlker 1nvestigations in the rabbit (ANDEN, Roos & WER
DINTUS 1964) halopenndol did not Increase the concentration of 5-HIAA
in the rat brain,

The most probable expl fon far the prot d-ndunced mereases 1n
Lhabnmlcvehofnadmonoamh\emboumwemtobe-mduccd
ion rate of these sut from the brain tissus. Thrs suggests

the existence of an actrve secretion mechankm which normally removes
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the acids from the brain tissue, and which 1s inhitnted by probenecid.
Such a transfer mechansm would thes be simllar to the well known
mechannm in the renal tubules for active secretion of organic acds nto
the urine.

Whether the elmmination from the brain normally proceeds directly
into the blood, or partly via the cercbrospinal fluid (CSF), has not been
scttled In any case, a marked increass in the CSF content of HVA has
been demontstrated 1n the dog after admunistration of halopetidol as well
as of probenecid (ANDERSSON & WERDINTUS, unpublished results)

The proposed mechanism in the rat brain seems to operate at a huigh
speed, as indicated by the very low basal values of HVA. Attempts to
reproduce the probenecid effects in the rabbit, with a much higher normal
value of HVA 1n the corpus stnatum, were not successful. Pechaps the
active transfer mechanism, 1f present in the rabbit, has such a low capacity
that mhibition does not mgnificantly alter the metabolite levels.

Sarmnary

Rats, pretreated with probenecid (200 mg/kg i.p., 3.5 hours previousty)
showed a two- to threefold increase in the brain levels of the acid mono-
amint metabolites homovanillic acd and 5-hydroxyindoleacetic acid.
Similarly the reserpine or halopendol-induced mcreases in the metabolite
levels were augmented by pretreatment with probenecid

It 1s suggested that there Is an active secretion mechanism, which
removes acld monoamune metabolites and possibly other organic sads
from the rat bram, and which is inhibited by probenecid
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Studles on the Metabolism and Elimination
of Dopacetamides
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In recent years scveral substances have been available which block the
synthesia of the blogenic moncamines dopamne, noradrenaline, adrenz
line and 5-hydroxytryptamine Among thess substances are the dihydro-
xyphenylacetamides (dopacetamides) of which the 3 4-dopacetamides
and the 2,3-dopacetamides have attracted the greatest interest.

Of the 3 4-dopacetamides, the a propyl denvative (H 22/54 fig. 1) has
been shown to be a lughly effident inhibitor of monoamine tiosynthens
(CarLssoN, Corroni & WALDECK 1963) Several experiments have been
performed wnng this substance, both in vitro (NAGATSU LevirT & UpeN
FRIEND 1964 BURKARD GEY & PLETSCHER 1964 RoOsy & HALIASMAA
1964) and in rivo (CARLES$ON, ComRoDi & WALDECK 1963 Comron! 1966)
The substance was found to inhibut the first steps in the monoamine bio-
synthens, f.e the aromabc hydroxylatons H 22/54 and other 34-
dopacetamdes also block the catecholamine degradating enzyme catechol
O-methyltransferase (COMT) (CARLSSON LoQvist Fra HrRomapxo &
Coxroni 1962 CarissoN Corroot & WALDECK 1963)

CHyCHA G, CONH,  CHy G, 0 Gy CONY,

S

HE2/54 H3xo7
Flg. 1 Chemical srueturs of H 22/54 and H 33007
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The 2,3-dopacetamides nlso block the biosynthens of biogenic amines,
but show no inhibition of COMT (CARLSSON & CorrapI 1964) This is of
great fmportance m expenumental studies of amuine biosynthens sunce no
ide cffects (adrenerpo hyperactivity) due to mnhiblted amine catabolssm
occar Of these substances, the a-cthoxy denvative (H 33/07 fig. 1)
proved to be one of the most active.

It appeared to be of interest to study the metabolism of these com-
pounds, and this paper deals with the rate of eiminaton of H 22/54 and
H 33007 in different specxes. In addstion, the tissue distribution and
metabolism of H 22/54 has been investigated in some detail,

Materials and Methods

hbmman,dopmmnknmmdmmkm od sorme of the cats
ring the The tmt d (H22/54
mnnmm.dmmmhnnomdon(mwmbymmm)m
oral (p-o-) routs. 1 some of the rabbit experiments, the nhnals were pretreated with
probenackd, 100 my/kg L -, or with the COMT {nkibtor H 17/17 (4-tropolons-acstamide),
100 mg/k§L 008 hotT before the H 22/54 Injection, All the compounds wers dissotred
in saline and adjustsd to nectrality Sempks of Bood (0.5-1 mI) were drawn regularly
during the following —4 hours at 13-30 min intervels, The first smplo was taken just
before 1ho injection, and all blood samples were coBected In tet tubes coatafaing 0.1~
02 mg (10-20 IE) dry beparia. The hiood sampls wers stored fa the refrigerasor and
analysed immediataly 1 the end of the smpling period.

I somw of the nubbit experfmenty, the anfrols wers filied ¢ vardous fatervals (0.5 to
3 houm) after the fnjection { H 22/54 (200 my/kg L ), and the orgums (brain, beurt, lrver
Kidney) analysed by means of the paper or columa chromatographko tectrigoos do-
wribed beiow In  few addiSonal experiments 1 rabbits grvom H 12/54 50 mg/ky  the
uring was cobiected and smalysed. The emmab in these experiments were snecsthetlred
with mrethens (000 my/kg & ) und cutheters wers ioserted into the ureteny for urine
mmpling

Asary of H 22/54 and H 33/07 In bood and plasme. Tha compounds tested (H 22/54 and
H 33/07), being catechol derivatrves, were amayed fuorimetrically by condenation with
ethylns diumine (N Toisox, Luoovor & Poecoa 1999 Kial, Burom & Gtoex 1957
WoL Marmeues 1939). Tho datails of the asalysis wero enentially the samo a1 in tha proce

390 and 505 mp for H 22/34, and 400 and 503 ma for H 3307 (wncovracted instromendxt
vatu) [ sach serres of blood mmples, two or three luterna] standards wegw carried throogh
the entire procedurs to check tho recovery (geerelly 90-110%0, and the remalts werw
correcied sccordingly

Assay of F 2234 and l1s motwboliiey tx wrine Afler dilutron | 100 to | 1000 with water
2 m! of the urine ware mized with Q.8 m! of ethylene damino reageat (ctiykene dlamfz and
4 N ammontum chloride ja the proportioms | 1.3). The mixture wus beated at 63 for
20 min. wad then cooked. The floovescency was read at 390 mp activating and 303 mm

wave-lengths valne), egaingt  standard of H 22/34

memmmtﬂyhﬁunmﬂm“mmmu,
“blenk

Acts plamrasesingin, Yol 15, fums. |



26 BENGT WERDINIUS

For the aseay of the total xmount of H 22/54 (Tres and conugatod), the mme procedurs

way mecd after acid hydrolysls of the urns 3 N HCL 100 1 hour). Since the amide was

by tho to the ding ncld, a-propyt-3 4-dhhydroxyphenylascetic

acid, the final flsoresconce wat read against a standard { thh compound, at the sctivating

and floorescent wave-dongths 415 and 345 myy, reapectively Tho recovary of added H 22/84
wes 93-100 %

The 3-O-methylated wralogne of H 22/54, a-propryl-3-meth.
mlb.mmydmmimdﬂnﬂmbym-ﬂwﬂmwkmmdmm&
Woxpmrus (1563) which was origh for b e acid The
ws read at 315 mp activating 2 d 425 mp finorescont wave-kngths (ancorrected) agudost
axtandard fthe mettrytated amldo or for the hydrolysed urine sampie, the corrmpoading
acid (g-propyl-homovanillic ackd)

Chromatograpic demonstrarien of H 22{34 and ity metabolites In tisrme Tha tiseos (3 to
10w in 10 £ met wcdd (10 mi/g thwus) After contrifogation,
fitration and mcotrallzation to  pH of abont §, the extract was washed with heptuns,
maturated with sodinm chiorids, and then oxtractod with two 100 ml portions of ether Tho
cther volumes wore combined, and tho salt-taturated aqoecws phaso way acidified with
6 N-HCIt o pH of about | and re-extracted with sther (2 X 100 mY) for posiblo ackd
metubolites. Each of the two combined ether volomes was ovaporated at rodwced pres-
surs to 50 ml, frozen for ons hour In & cold bath (—70%) to remove traces of water, and
Mwmmwtmmmmwm-mﬂwmmw
to paper chromatography The solvent nesed was chl glachl
td:dd4uhbmmlﬁllﬁcm(“mbd]l}01}mmmﬁyukuﬂln
20 4, (v/v) formurmido (n acetone, and dried at room tsmperature, The chromatograms were
run for 6 to § hours, The reference compounds were H 22/54, fts 3-O-methytated amalogus,
1nd the corresponding scids formed from these amides by deamidation. After drylug at
120 for 5 min. the papers waro ped with r

Qwensivative durermaimation of H 22/34 in tirmes In order to separats H 22/%4 from
interfering timne materal, the amide was adsorbed an to aloming by meens of column chro-
matography The alumine (Alnmintum oxids, Morck) was peetreatsd with scid (2 N-HCL
100° 30 min.), rineed several times with water and stored uotll used, Columms of alusmins
(33 X 5 mm) wer prepared In glass tubes, and before ow they were treutod with 20 mlt of
0.2 N sodlum scotate, followsd by 10 ml of water.

Tha timas (1 to 4 g) was homogenbied 1a 13 ml 0.4 N perchloric scid cotalning 1.0 1§
duwrﬂc-ddpnmLAﬁucuntdfnpﬂmmdmmdo.,thnninﬂmwwkdmo‘
neutralired to about pH 8 with S N p and &t 0 to remecwe
mmmhm'fmmduxmm‘mlmwmmdw
previomly prepared column of alumine. After rimsing with 10 m] dietilled water the co-
lemmos wero eloted with 10 ml 0.3 N HCL The eluste was neatralired to pH 7 2 ml of which
were mixed with 0.8 ml ethylore dlamine reagent, and the finorescence davoloped & de-
wribed  bove for wurine. A pleco { organ of tho same weight, taken from an wotrestsd
waimal and treated in the Fume way served 1 8 “blank™ Spectra agroed closely with thowm
of « stasdard solation of H 22/34. The recovery thronghout the procedure, as checked by
internal standards, ranged betwosn §3-93 £ for bratn and beart tiesue. Fot liver and kikiwey
s0me Interfering matermal reduced the recovery conslderatly and no relfable resalis wero

bintwed.
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Resalts and Discwssion

After administration of H 22/54 to the different animal specres, there
were at first signs of adrenergic hyperactivity such as mydriaus, exoph
thatmos and mcreased pulse rate. This hyperactivity Is probably due to
the COMT inhibiting ectivity of H 22/54 with subsequent imparred
inactvation of the endogenonsly released adrenergic trsnsmtter nor
adrenatine The animals given Kgher doses of the compound showed signs
of reduced sympathetic actrvity with ptosis and, in the nop-anacsthetized
animals, sedation within 30 to 60 min In contrast to thu, the animals
treated with H 33/07 which Is not an inhibstor of COMT did not
exhibit the 1nitial phase of hyperndrenergic activity they were immediately
sedated, Dogs and rats exhituted only alight and transclent sigm, whils the
signs wers much more prolonged in catx.

Conuderable amounts of H 22/54 snd H 33/07 could generally be
demonstrated In the Mood during the hourt following thelr Intravenous
administration. The concentration of the substances was almost the same
m whole blood and In plasme. A fraction of the amides thus seemed to
pepetrate into the erythrocytes. Apparently the amide content of the

rapldly re-equilibrated with the salfoe, with which the blood
was mixed In the first step of the analytis. Essentially the same results
were obtained if the erythrocytes were bemolyzed (saline exchanged for
water 1n the first step), and the levels obtamed corrected for the con-
sidernbly lower recovery For techmical reasons, most of the analyses were
performed on whole blood.

00
00 X~

80

0 ' t [) 4 )

Hous
Fig. 2. Blood bevels of H 22/%4 b diffcrent
species after the Intravenous isjection  f H 22/34 100 my/kg
(rabbet 50 mp/kp).
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Table 1

Apparent halfudlves of H 22/54 In the blood
of different speclen.

Dowe
8
peciey meks Ly I Haif-hfe min.
Rabbit 50 1,17 14 11 11 16,15
200 n
300 3219
Rat 50 9
100 9 12
00 %
Deg 0 7
100 12
Monkey 100 nn
Cat 100 135 47 M 45 42

H 22/54 and H 33/07 were climinated from the blood stream more or
less rapidly and when the concentrations were plotted 1 a semilogarith
mic diagram (log concentration agninst time) a linear relationship be-
came apparent, particnlarly at doses of 50 and 100 mg/kg intravenously
(fig. 2) The primary elimination rowtes thus seemed to be of the first
order type at these lower doses. The apparent half life of the drug was
evaluated from the hinear part of the elimination curve, followmg an
futial phase of equilibration between the plasma and the tissues For
reasons which are as yet obscure, the apparent half-life was longer at
higher doses, and the linearity less welkdefined, particularly for
H 33/07

The disappearance rate of H 22/54 vaned markedly among the species
tested and sometimes also within one tpecies. Apparent half lives, as
plotted from the Linear part of the blood decay curve, are given in table 1
The elimination rate was evidently alowest in the cat. Dogs and mats, on
the other hand seemed to be rapid H 22/54 eliminators, whereas monkeyt
and rabbits showed rates between these extremes. The same general
tendency was troe for H 33/07 (table 2).

Species differences, as well as individual vanations in drug metbolisr
seem to be common (for review see Burns 1962) Remarkably one of the
cats showed a half life for H 22/54 which was almost three times longer
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Tuable 2
Apparent haif-Jtves of H 33/07 [n the blood
of different species.
Dose HalHifs
® ogxg Ly min
Rabbit 50 24 16,22, 24
0 ™, 20, 37
Rat 50 12
200 15,14
Cat 300 e

than that seen in other cats. The explanation for this 1 not clear Stram
differences, with regard to elimination mechanisms, might be involved,
The postitde effect of the anaesthetic (pentobarbitone) should also be

idered, since barh are known to activate the mucrosomal
metabolism of some drugs (REMIER 1962)

The compound SKF 525A, which is known to mhibit several types of
drug transforming enzymatic reactions in the microsomes (see NErTER
1962), did not mgnificantly affect the half Ife of H 22/54 in rabbits.
Similarly pretreatment with probeneaid or with the COMT inhfbitor
H 17727 dud not affect the half life of H 22/54 or H 33/07

After oral adminustration of H 22/54 (200 mg/kg) to a dog, no measur
able blood levels were detected. However a cat which recaved H 22/54
100 mg/kg p o showed blood kevels of 10 to 20 pg/ml dunng the first three
hours. In view of the widely different half lives in the two species, these
findings probably indicate a rapid eltmination rather than a poor intestinal
absorption 1n the dog. Similarly even after as high a dose as 800 mg/kg
po to e rat, the blood concentration was at most 10 pg/ml during the
first hour and then rapidly declined.

From the quantitative assays (sce table 3) and the paper chromat
ographic experiments, it s evident that H 22/54 penetrates into various
organs, such as the brain, heart, liver and kidney Inaddition to H 22/54
the 3-O-methylated metabolite was demonstrable, by means of paper
chromatography in blood plasma and all the organs tested, except the
Liver No acid metabolites, which could possibly have been generated by
deamidation, were detected.

Six hours after admumistration of H 22/54 (50 mg/kg ! v} to rabbats, less
than 1 / had been excreted m the free form. However 73 / was recovered
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Table 3

H 22/54 (ug/g) in plasema, braln and keart of rabbity at vardons
Intervals after the Lv adminkstration of the drng (200 mg/xy)-

T me bours Playma Braln Heart
05 - 126 410
t - 73 166
1 ns 4 34
3 - L6 251
3 - 02 54
1 25.3 - -
2 T4 - -
3 10 02 (iR

after acd hydrolysis of the urine More than half of the amount excreted
was already present after one hour The 3-O-methylated analogue of
H 22/54 appeared in the unne gradually and at tix hours represented
22 / of the onginal amount of H 22/54 admunfstered Most of the meta-
bolite occurred as a conjugate.

From the relative amounts of H 22/54 metabolites in the unne, it
oppeared that the most inrportant metabolic pathway for H 22/54 1
conjugation, at least in the rabbit The nature of the conjugate was not
investigated. Glucuronide formaton fs, however probable. Cats aro
known to lack the ability to form glucuronides (DuttoN & GREG
1957 RosIKsON & WILLIAMS 1958) and thus defickency could quite well
explain the slow elimination rate of H 22/54 n the cat.

Another pathwey of inactivation of H 22/54 seems to be 3-O-methyla
tion. That the liver lacked the 3-O-methylated metabolite, in spite of the
high concentration of COMT in this organ, might ponsibly be due to
further conversion of the substance, e.g conjugation. However since
inhibriion of COMT dud not slow the elimination rate of H 22/54 in the
rabbit, 3-O-methylation scems to be only an alternative metabolic route,
and is not rate-limiting at lower dotes.

The inhibitton of the catecholamine degradating enzyme COMT
which is a conspicuous feature of the 3 4-dopacetamides, i3 probably doe
to the fact that H 22/54 rtself forms a substrate for the enzyme, From
in vitro expenments 1t would appear that 2,3~dihydroxyphesolic com-
pounds are poor substrates for COMT (Masss Boots & Ds Eps 1962),
and H 33/07 Is probably metabolized in ways other than by methylation,
e.g by conjugation. The metabolism of H 33/07 has not as yet been
investigated in detail
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When different catechol compounds in the blood are considered from
:mcuboucpomnfvicw catnlnd.iﬁ'mrmnppcar The carculating
ines are rapidly | \ d, partly by an active uptake 1ato

the pertpheral adrenergic neurons, partly by 3-O-methylation after the ac
tion of COMT (AxeLRoD 1960) The acid catecholamine metabolites (such
a3 3 4-dihydroxyphenylaceto acd and homovanillic acd) are principally
climinated by means of active renal secretion and, at least in the rabbit,
maunly in the free form (WERDINTUS 1967) The amides (such as H 22/54)
which are closely related to these acids, sesm to be princpally conjugated,
2 process which results in more polar and more easily excreted compounds.

Smumary
bolism and eliminati nrtwo mpounds interfering with
thehimynthedlnnd bollsm of ines wero studied. Both
ds bel d to the d Je senes  a-propyl 3 4-dihydroxy

pbcnylnca‘.amids (H 22/34), and a-ethoxy-2,3-dihydroxyphenylacetamide
(3307

After intravenous admunistration (50 to 100 mg/kg) the drugs were
ehminated from tho blood apparently by first order kinetics.

Conuderable species differences were noted in the elimination rate of
the amides, Rats and dogs were tho most rapid eliminators, cats the
slowest, whereas rabbits and monkeys were betwreen these extremes. The
two substances were similar in this respect.

The mest important pathway of elmination for H 22/54 was conjuga
tion, though 3-O-methylation was also found. The elimnation rate was

not affected by sob such as prob d, the mh 1 inhibk
SKF 525A, or the catechol-O-methyl . v #-tropal
acctamide,

Physco-chemical seem to be of great importance for the
metabolic converaion of different catechol compounds. The structure of
the side chaln apparently determines the bollc fate of the

Acknowledgements

This wark has been supported by 8 grant from the Facnlty of Medicme,
Unrversity of G8teborg, Sweden. For generous supply of drugs I am
indebted to Dr H Corrodi, Hinle Ltd,, Gdteborg (H 22/54 H 3307
H 17/27 and others), and Astra Ltd., S8dertAljo (probenecid) For skilful
technical assistance I would [ike to thank Mes, Ilona Olafson, Mrs. Chrl-
stina KellstrBm and Miss Gabrizlla Salkén.



32 BENGT WERDINIUS

REFERENCES
Andén, N P.,B.ERoo-&B.Wadlnhn Om the occurrencs of homovanillic sckd In brale
and ploal flald and fts. loa by a tric method. Lif Sel. 156),

2, 448438,

Axsirod,J Thef teof dremllne and nordrenaline [nJ R. Vane,  E. Wolstenholme
and M. O Connor (cds.) Caba Feund. Sywp ow Adremergic Mechasions Churchi,
Lo don 1960 2839

Burkurd, W P, K. F Gey & A. Pletscher Inhibitlon of the hydruxylatlon of tryptophan
-uapmmmmwawmmmuuummmw Sof 1964 3 TE3L

Bures, T T Species In drog lam. In B B
Brodic and E. G En‘lﬂl(odl.) Metabolic f cton controlimg duration of drug action
Prec Flrat it phormacel. Merting Stockholm 196] Pergamon Pres, Oxford 1962,
6, 277-287

Carhison, A, & H. Cotrodl L}Dﬂrydruxyph!nyhmumhoundmndi:rbhdnnﬁL
In den G
chim. Az 1964 &7 1340-1349

Carlson, A, H. Corrodl & B. Walkdeck u%ubﬂlmkmbop‘cﬂlmhﬂnh}lcmnﬂda
Catechol-O-methyl. und der
A In den G ke d z
MRtellang Helv chim. Acta 1963 4%, 2271-2285.

Cndnon,A.,H.Undqvlﬂ,&Fﬂa-Hmmjde&H.Cmmdl Synthess yoa Catechod-0-

In de
el Helr chum. Acts 1962, 45, I70-276.
Con'vdgH Block;d.ulbe & camsed by nislamide in mice. J Fherm
Phermecs! 196, 18, 197 199
Datton, @ J &C.Q Orelg O o the of gin symibhees b
thomcs. Blockem J 1957 €4, $2P-53P
Kigl I M Bargrr & K. Glgor M vou Well-

HALhubnnndBomedﬂmmmAdrmﬂnundNoﬂdﬂmﬂntmm
lLichen Blutplasma. Arek. exp Putk. Pharmak 1957 230, 470478

Maoi, M S, A.N Booth & F DeEds O nvicre f A trihydro-
Ty-phanolic compounds by Rver sticer. Biwchim. Blophys. Act 1362, 65 493-300.

Napatsa, T M Lavitt & 5 Udenfiend Tyrosine hydroxylese, The fnftial step fa nor
pinephrine bioryntbesks. J biel Chene 1964 I3 2910-2917

Netter K. ] Drups =1 Inhibitors of drug metabolirm. In B B. Brodie and E. G Erdds
(cdt) Metabolic factors controlling daration f drug action. Prec. Farst [t
Meeting Stockholm 1961 Pergamon Press, Caford 1962, 6, 213-228

N telson, 8,7 K Lugovoy &7 B Plners A rew method for tha i
than of epunephrine. Arch. Backem. 1949 23, 157158

Remmer H. Drop e sctivaton { drug entymes. In B. B Brodie and E. G. Erdds (eds)
Metabolic factors controlling dutation of drag actioa. Prec Flesr izt pharmecel
Meetng Stockbolm 1961 Rergumon Prem, Oxford 1962, 6, 23320

Roblmwon, D & R. T Wilams Do cats form glucoronkdes? Bieckem, J 1958, 68, P~
24p

Rom, S. B & D of the of pheay
-mmwphmbynthmnnmmvmn.w Sct 1964, 3, 579587

weikh extimato  of catechol compounds by tho cthyhe<-
mmmwkn 1959 11 278-28%.

Werdinkn, B. 34 acld from the biood. Acse
Pharmecel of texicel, 1967 15, 9-17




Acta pharmacol et toxicol 1967 25, 33-40.

From the Department of Pharmacology Unfvenlty of Hehiaki, Findand.

The Oral Toxieity In Mice and the Uptake by Diphyllobothriom
Latum and the Host Gut of some Anthelmintics in Vitro
By
M. M. Afrakyieen, M. J Mattls and S. Takki
(Recelved M y 3 1966)

In spite of the high toxiaty of many fern extracts they are siill in
general use as anthelmintic in Finland, particularly against Diphyliobo-
thrivm latam, Several pure substances with anthelmintc actlvity have
been solated from the crude extract and some substances have been

There is no reliable standardization method for the fern
extracts, HUHTALA (1949) found congdermble differences in the crude
filsin content of the fern extracts of different originy. He found that the
crode filian content of ths extracts showed no correlation to their toxteity
in carthworms and only = hmited correiation to their subcutancous tox
icity in mice. Comparative studies on the mammalian oral toxicity of
anthelmintic drugs have not been reported.

Very little i known about the absorption of anthelmintics by Diphy/-
obothrium latim and nothing about the factors which affect it. The
uptake of niclosamide by the rat tapeworm Hymenolepis dimimia has
previomly been studied by StrUFE & GONNERT (1960)

In & previous study we compared the effect of different anthelmintics
on same metebolis functions of the cat s tapeworm Taenia taeniaformis
in vitro (MATTILA & TAKKI 1966) The purpose of the present invest:-
gation was to compers the uptake of mclosamide and desaspidin by
Diphyliobothrium lanm and by tho Intestinal tixsus of the host tr wiro,
a3 well a4 to determine the oral toxkaty in mice of the same drugs and
of different fern extracts.

Methods
In vitro expeniments  Diphyilobothriun latum was grown mn dogs by
infecting them with infected lake flih of the tapeworm area of Middle
Finland. Dogs under pentobarbital anesthesia, were allowed to bleed to
3 As pesrmmcolopics, vel, 2. fase. |
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death. The jefunal and ileal gut was opened and tapeworms were re
moved. Pleces of 300-700 mg of tapeworm were mncubated by shaking
in 10 ml volume of Krebs-Ringer phosphate buffer sohution, pH 8 0-8.1
containing the drugs, for 30 min. at 37 Pieces of 100-300 mg the ileum
of host dogs were similarly incubated in Krebs Ringer phosphate buffer
In other experiments, peces of 5 cm of the fleum were closed at both
ends and the drugs, dissolved in 3 ml of thy same buffer solution, were
injected into the humen  these pleces were then incubated jn a 20 ml
volume of another Krebs-Ringer phosphate buffer pH 7 4-7.5 After the
incubation the pieces were washed with the buffer sohution and homo-
genuzed, The closed blocks of ikeum were opened and washed, the nrucosal
and mmscular layers scparated and cut into pieces of 300-500 mg, which
were then homogenized, Nine volumes of acetone were added and the
samples centrifuged The supernatant was drawn off and evoporated in
vacwo The doked residue was dissofved in [ mi of ether-aicohof-water
(I 1 1) solution and the mclotamide concentration determined after ad
dution of ethanolsmideacetone at 395 mm according to STUFE & GONNERT
(1963) For the determmation of desaspidin, the same volume of 01%
aqueous “Echtblausalz B solution was added to the ether-alcohol-water
extracts, The absorption was measured at 480 nm, which 18 the maximum
polnt of the color spectrum of samples and pure desaspldin, At other
wavelengths the spectra run shghtly differently Al readings were made
against a tissue blank and a reagent blank. Thin layer chromatography
(BLAXEMORE et a/ 1964) and paper chromatography (Penttild & SUND-
MAN 1961) wero used for separation of the drugs and their metabolites.
White male mice weighing 20-22 g were used for the toxdcity studbes.
The mice were fasted for 10 hours before the expenments but received
water ad Iibitum Niclowtrmide (yomesan @, Bayer AG  Leverkusen)
desaspidin and flavaspddic aad (OY Medica AB., Helsinki) and two
kinds of fern extracts (Alb Koponen, Nurmijirel) were used both these
extracts are mentioned in The Finsh Pharmacopoeia (Ph. F VI) Ex
tractum filices (from Dryopterts filix-mas) and Extractum dryopterids
(from Dr austriaca ot Dr ewsplmdosa) In addition one Danish fil
extract (Pharmacopoeia Danica 1948} and ane extract mixture from
Rusuan orfand Balkanian ferns (Extr filicis mariy aether Blembel Ge
broder Hamburg) were used. All the drugs were dissolved in 1/ sodfum
cholate sohution, The pH of the solution was adjusted to between 7.5 and
79 with sodium hydraxide, The drugs were administered into the stomach
of the mice by means of & thin polysthylene cannula, in & volume of
less than 05 m! The mxo were placed in plasto cages, one in
cage, and results observed after 24 howrs. After preliminary tests, 3 or 4
groups of § to 10 muce were used for each drug, and confrol tests with
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Tabie 1

Desarpidin content bn pleces of Diphylkobothrinm latam and the feum of Ity bost dog,
after 30 mln. incobation in Krebe-Ringer p hats buffer solation hlng 0. mg/ml
of demupldin. Other subetances wera addsd to this sol tlon.

Sabitances added fnto the Desaspidin content pg/g of wet
Tumoe phosphats buffer lo percent [ thrroe, Mown o+ seum Number
the total yolurme of estimation In brackets
Tapeworm Controt {dessspidin n buffer) (6] 36T 604
Alcobol 1% * 302 + 1321
Tween #0 5% “) 301 + 1.4
Castor o1l 5% (£33 nn+ 92l
Dog [Oeam Coatrol (desaspidin tn buffer) “ 4293 = 13!
Alcobol 1 £ (%) 5958 L 24.67
Twsen 80 3 4 ) 653 129
Castor ofl § 4 o)) 0+ 976
Table 2

Niclosamide content In pheces of Dipbyltobothrom latum and the flewn s bost dog fter
30 min incubaton In Krebe-Ringar phosphete baffer solution contalnbng 2 mg/ml of
niclommide, Other substances were dded 1 this salution.

added nto th 4 comtont yug/g of et
Trene phoephits buffer in per cent of tiwoe. Mean 1 we.m. Number
the total volome of experiments in brackets
!

Tapeworm Control (nldosamids In buffer) @ 1016 + 430

Aleobol 1Y [} 1192 + 6.67

Tween 20 5% [e)] 1095 + 4.20

Liquid peraffia 53¢ @) 3.04 4 0.92

Dog ieum Coatrol (nictosammide In bafler) 6] €60 + 261

Aleohal 1 ® 746 + 201

Twen 805 4 © 539 + 097

Liquid purafiia 33 ®© LRIt

desaspidin were repeated if necessary to rule out vanations in groups
of mice. The LD50 was calculated using the graphical method of Miller
and Tainter (1944)

Resaits
A. In vitro experiments
Tables 1 and 2 show that the dog’s Intestinal wall and the tapeworm
tissoe sthowed about an equal uptake of anthetmuntic drugs from the

»
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Table 3
The uptake of nidotamlde and desaspidin by the fleal thmses of dogs a3 modified by
cthyl akcobol. The pleces of fleum wers closed at the both snds, drugs were Injocted heto
the lumen 04 the yut peces were fncubsted for 30 min. In Krebs Risger phosphats
buffer solutlon. The number of extimatiom in brackets

Buffer [n Desaspldin content pg/gof  Niclosamide contsut pg/g

ot Jamen Timao wet tirgos Moan £ som.  of wet timue Mean £ cem
Comtrol Mucous lnysr ® 1523531413 * 316 £ 041
Akobol 5 4 ® 504 L 0.60 ® 319 £ 031
Controt Mpscular luyer ® 91 +0T1 ® 2456 £ 110
Alcoh 135y &) 158 4009 6 2261021

incubation medium. The uptake of desaspldin by the host gut and the
tapeworm titsue was three times ugher than that of mclosamide, even
though the concentration of desaspidin in the incubation medium was
only one tenth that of niclosamde.

In all experiments except one, cthyl alcohol tended to increase the up-
take of the anthelmintio drugs by the host tissue, but because of the hugh
standard deviation this tendency was not statistically significant. In the
expenments in which alcohol and the anthelmintics were put into the
gut tamen, alcohol clearly decreased the uptake of desaspidin but not
that of niclosamide (Table 3) Tween 80 markedly decreased the uptake
of desaspidin by the dog s intestme and the paraste tiasue, but it did
not modify the uptake of niclosamide, Castor oil did not significantly
inhitit the uptake of desaspidm both by the host and parasite tissme.
Liquid paraffin seemed to decrease the uptake of niclosammde by the
tapeworm but not by the intestine of the host.

When different concentrations of anthelmintic drugs were used in the
incubation fluid, the recovery of the drugs from the tapeworm was al-
ways lmear From the dog s intestine, however improved recoverses of
the drugs were obtamed uung higher drug concentrations. The rapld
brotransformation of desaspdin by the dog s intestine was demonstrated
by using the paperchromatographic method of PENTTILA & SUNDMAN
(1961) and thin layer chromatography according to BLAXEMORE et al.
(1964) Both methods revealed a formation of several other phlorobuty
rophenone derivatives during meubation of the dog s intestine, but much
less dunng incubation of the tapeworm.

B Toxicity studiex
Table 4 shows the acute oral toxity of fern extracts and two pure
fern substances. Desaspidin was twice 83 toxic as flavaspidic scid The
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Table 4

The acut  cral toxicity in white mice of desurpldin, Revaspldic acid and diffesent smples
of frra extracts. The LD30 of ferm axtracts i calculated for their crude flikcle

Drug LD50 + sam. mp/kg

Desaspidin wi“msﬁu
Flavuspldlo ackd 690 1+ 13
D-wwn+uvn;wuddu n 30146 -
Fllfx extracts (PRF VII)

1936 M0 L6 -~
1938 0572 -
1960 550 461 -
1961 L -
Dryoptarh  ostrisca sutracts (PAF VN

19%4 460 £ 47 -
1913 05+ -
199 WM -
1962 200 +39 -
Dunith filix extrect (PhD 48) WL -
Unknown fern extract from Rowle and/or Balkans

(content of crads flicin 22 per cent) MWLM -

LD50 of a mocture (1 1) was similar to that of filix extracts and thus
the mixture can be used as a standard for the toxdcity studles of fix
extracts, The Daniah filix extract waa almost 25 toxic es the Finnmh
Dryopterls qustriaca extracts. The unknown fern exiract mixture origi
nated fram Russia and/or the Balkans was of about the sams toxicity
corresponding to the Finnish Dryopteris austriacn extracts. These more
toxdc extracts In thin hayer chromatography showed & red spot (Rf 0 14),
nmning at the ;ame speed at butyrafilicoie ecdd. This spot was not
detected In chromatograms prepared from the Finnish filx extracts. No
clear difference was found in the paper chromatograms prepared from
the feast taxic and ths most tanc sample of Dryopferis austriaca extracts.

Castor oil, ethyl akcohol and espechally Tween 80 increased the toxicity
of desaspidin (Tuble 5) Alcabol, however did not increase the content
of deraspidin or its metabolites m the whole mouse when two desaspidin-
treated and two akohol plus duaxpldin treated mice were homogenhkred

after gast y and idin and s metabolites were ana
Iywdbylh.tn-hyerdnomntog—nphy Because of the low acute toxicity
and the poor sol 1 ide it was pot possible to determine

iuon]LDSOtnmicc.whhorwhhmtwuenSO.anuroﬂornbohol
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Table 5

The acute oral taxkcity in mice of dexaspidin and niclotamide given s a chotxts sspension,
and the effect of added casior o, akcobol and Tween 30,

Drug LD50 + ta.m. mg/kg

Desaspldin 340 & 43 mp/kg
- +10  alcobol 135£29 -
- + 10% eastor ofl L -
~ + 10% Twem 30 49 £ 45 -
Nicloramide >2000 -
~ + 10% aicohol >2000 -
- + 10 castor ofl >2000 -
+ 10% Tween 80 >2000 -

Discnsdon

The toxicity of the Danish filix extract differed from that of Finmsh
fiix extracts. Thus the common maximal dose for Finnish and Danith
filix extracts in the Nordic Pharmacopoeir does not seem to be reason-
able, since no standard requirements are stated in the Nordic Pharms-
copoea, The common therapeutic dose for the extracts prepared from
Dryopteris fillx mas or Dryopterls austriaca is not justified although it
has been used As 13 obvious from the toxicities of fern extracts of dif’
ferent ongin, toxicity studies are necessary to prevent the use of highly
taxic extracts with a relatrvely low content of crude filicin. Although
phloroglucinol derivatives are by far the most effective anthelmmtio
components of fern extracts (BLAKEAGRE ef al 1964), the precise role of
the different components is not known.

Dryopterls qustriaca extract containy polycyclic phloroglncino! deriva-
tives (PENTTILX & SUNDMAN 1963a & b). Considerable differences m the
toxiaity of vanous Dryopteris austriaea extracts were found and they also
differed 1n their effect on respiration and anacrobic glycolysis of Taenia
taeniaformis tissue 1 vitro (MATTILA & TARKI 1966)

The in ritro expenments clearly showed that there was a lower ab-
sotption of niclosamide than of desaspldin both 1n host fkeum and para
site. This wat probably due to the very poor solubflity of nclommide,
m agreement with its lower aral toxicity as well as with the need for a ten
tmes higher anthelmic dose On the other hand, the taxicity of miclos-
amide after intravenous admunistration 15 similar to that of desaspidin
(OsTLvG 1962)

The 30 min. vahues of the in sitro expenments may refiect malnly the
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bindmg capaaty of the hoat intestine as well as of parasite tissue and not
the rate of absorption, This would explain the odd effects of tween 80
and slkcohol on the absorption of desasprdin Both these substances in-
creased the oral toxrcity of desaspidin in mice but decreased its content
1n dog s fleum i Wiro We found no evidence that alcohal improved
absorption of desaspidin,

Desaspidm and nrelosamide inhibrt oxydatree phosphorylation 1 the
tapeworm and host liver mitocondria and this may well be resporaible
for the anthelmintic effect (GONNERT & SCHRAUFSTATTER 1960 RUNE-
BERG 1963 MATMLA & TAxxy 1966) The present results Indicate no
great differences in the ahsorption of the anthelmintics by the parasite
and host intestne and their selective anthelmmtic effect may to e con
sderable degree depend on the lower metabolism of drugs in the tape
worm than in the host. An additions! factor of cause, is the ditution in
the larger titsne volume 1n the host. The urinary excretion of these poorly
soluble drugs as such 1 probebly very stight.

Littls fs known about the metabolrtes of the anthetmintic drugs. The
nitrogroup of niclosarmde is reduced to amino-group (STRUrE 1964)
There 15 no evidenco whether the corresponding enryme is present in
Diphyllobothrivm latum Theoretically both nidosamide and dessapidin
as well as other phiorobutyropt can form glucosiduranic acids in
mammahan tissues, since most phenolic compounds are good substrates
for glucurony! tnsfernse There s considerable glocuronyltransfernse
activity in the intestinal mucosa of most mammalian species, incdludmg
man (HARTIALA 1961) Diphyliobothkriian fafum homogenate, on the con-
trary lacks this glocuronyltransferase activity (HUTTUNEN ARAKSINEN
& TAXxa 1965, wnprblished).

Swnznary

Oral toxiaty of three anthetmintic drugs, d din, f dic acid
mdnidmm:deuwcﬂufnnemmddiﬂ‘mtunglnmmdbd
m mice. The uptake of desaspidin and niclosamide by Diphyllabothrium
latum and the intestino of its host (dog) were compared in vitro
Desaspidin was twice as toxic as favaspudis ecid. Castor oil, alcohol
and, 10 an even greater extent, tween 80 increased the toxicity of desaspu
din. The omal toxiaty of niclosamide was o Jow that the LD50 could
pot be determmed with or without alcohol or tween 80 There were
conuderable differences in the toxkaty of different fern extracts. Extrac-
tum dryopteridis gustriacas was nearly twice as toxio as Extractum
filicis and a Danish fllix extract was more toxic than Finnish extracts.
Uptake of the anthelmintics by the parssite and by the host futestine
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was about the same, The sclective anthelmintic toxicity scems to depend
on the lower metabolim of drugs in the tapeworm than in the host, a
fact which has been confirmed chromatographically for desasprdin.
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Non-Specific Resction of Current Glacose Oxldase
Preparstions with Glycogen and Its Application for Glycogen
Determinations in Tissue
By
Clam Rervp and Ingmar Landquist
(Recived Juns 13 1966)

Dunng a study on the initial hyperglycaemio phase following alloxan
polsaning 11 mics (RERUP & LuNDQUIST 1967) the question aross con-
cering Tapkd changes m Liver glycogen. Since blood glucose levels at
this laboratory are routinely determined using the coupled enzyme system
consisting of glucose oxidase and peroxidase together with & chromo-
genic oxygen acceptor (MIDDLETON & GRIFFITES 1957 MARks 1959) it
waa demmded to try to determine the Liver glycogen using the enzymatic
reaction 1nstead of the copper reduction after ncid hydrolysis of glycogen
(Goop et al. 1933) During this inveshgation it became evident that
glycogen reacts quantitatively with the coupled enryme system of the
present degree of purity but that the sctivity measured decreased raprdly
dunng the early phase of acid hydrolysis. A valid and
procedure for glycogen determinations using the enzyme reaction has
been established. Thus method together with a comparison with other
methods, copper reduction after acld hydrolysis and anthrone reaction,
is reported.

Materfal and Method
Lyver giycogen was determined in female noa-fasting mice of the NMRI straln  kept
on  standard pefied die¢ and tap water ad Dhitam.
Parificd giycogen was obtaloed from 1) Merck A.Q  Darmstadt, Germany and 2) Now

tritionn] Brochemical Corparation Ltd, Cleveland, Otdo, US.A. These preparetions will
be referred to below a3 pandard giycopen.

Standerd plycepes was determined 1) by treatosest whh the anthrons reagmt (CARRGLL
ef ol 1956) 2) by copper redaction following hydrotyxs n 0.6 N HCL ot 95° (Smarren &
obtnped from Laboretory Anfmal Bresdig, Laven, Deamark.
A phugrmagpbagive. vol. 21, S L
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S0w00v1 1933) or 3) by dimct treatment with glucoso oxidase + peroaddess together
with o-tolldin (Maxxa 1959) or In soma experiments, with 0-dantsidin (Huoarr & Nomow
1957

Liver glycogen was cxiracted 1) crording to Gooo or &f (1933) by bolling the tioe
in 20 7 KOH foflowed by precipitation with 1.5 volumes fetbanol the precipitate wis
drmolved at an acld, neutral, or alialioe pH (about 0.9 7.0 and 12.5), lncobeted at t*
or 93° and mmples taken at differont intervals for aatysh of v) copper redocing snbstances
or b) In the conpled enryme system 2) according t  CaRnotl of ol (1956) by homo-
pentzatlon of the thsne ks 5/ tichlorsecttic scid followed by preapitation with 4 or 1.5
volumes of ethanol the precipitate wus dissotved In re-distlled water and enatyzed ») alng
the anthrone resction or b) in the conpled enryme system.

Glucess was determined by copper-lodometric thration (Suarrax & Sonoort 1933) or
i the coupled enryme syxtem, Olucose cxidese winn  blalned from 1) Haghea & Hughet,
London, s Fermcoryms™ a stable liquid preparution contalning 750 units per ml
2) Kabt, Stockholm, as  powder J) Slgma, 5t Louly, & a powder Pernxdase was
obtuined from Bochringer & Sochne, Extin ey in  Becknsn
model B spectrophotometer st 420 mp (o-dlanktddin reaction) or 623 sy (o-totidia reactica)
for routine anatyss an EEL calorimeter uring fiter GB10 and special fifter 607 respectively
wus usd The seerhon adopred for giveogen deter minarion be tiszwe (mexss | ver) ts &t fallows

Welgh glan stop trifuge tabey 2 ml of 30% KOH Immedlstely
aftar kilfing the mouse, transfer  Liver specimen (20-100 mg about) into the tobe. Stopper
and weigh. Incubats the tube in u bofling watcr bath untll the tiwue hes compleacty div
irtegrated (3-6 mbmates), Remove [rom water bath, add 3 ml of purs ethanol, Iscwbate
wntil the modtur  boih and cool at room temperature. After coollng, centrifuge at wboat
1000 g for § minutes, docant the supernatant and allow t drain Incubats the precipitats
for one mnute tn the bolling water bath, in order to expel any remnanty of ctbasol
Disolve the precpitat In edisulled water which ormally ylelds & pH of abost 125
The volume of water dded depends on tho expecisd liver giycogen bevel, Le. in nornal
non-fasting mice 1 mlj10 my of wet Hvar yleidod gycogen concentrations neltablo for
colonmetry if 25 or 30 il was added t 3 ml of the roagent containing glwcose oxkless,
peraxidase, and o-tolidia in an scotate buffer t pH 3 us demcribed by Manxs (1959
Standard ghycogen b used 13 reference and tho onount of gycogen In the uoapho aal-
culated. The revait s expressod &3 per cont glycogen n trms of wet Hver

Resalts

In order to determine the time necessary to obtain hydrolyss, standard
glycogen was incubated in 06 N HCI (Goop et af 1933) Since mn the
ongnal paper the temperature was not specified, we tried to hydrolyze
at 80° and analyzed samples at different time intervals for activity in
the coupled cnzyme system (fig- 1).

The result (fig. 1) shows that measurements of matenal expected to
be ghucose did not increass with ume — as first assumed - but decreased
to about half the value measured at zero time. It was thus demonstrated
that non-hydrolyzed glycogen yields a positive reaction in the coupled
enzyme system. This finding was confirmed with mouse Lver extracted
glycogen precipatate Standard glycogen was then dissolved n re-distitled
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Plg 1 Giycoges (Mocck), 0.8 mp/ml b 0.6 N HCl Incubated a1 60° Amabyes of 25 pl of

incubate at different thmes (o the coupled czyme system. Compartso  with glocoss
(0.9 mp/mi). Abaciwa Timo In minutes Ordisate Glacose equivalents, mg/mL

water or 001 N NaOH (0 5 mg/ml) and analyzed mmediately In each
case glycogen yrelded s reaction which was equivalent to about 0.55
mg/ml of glucoss in mutarotation equilibrium. The same vwas true when
standard glycogen from a different source (sec method) was used. Both
purified glycogen preparations showed the same potency The figure of
equivalence of 0.5 mg/m! of glycogen and 0.55 mg/ml of glucose was
obtained with the particular enzyme preparation (Fermcozyme) used 1n

Por cot recoescy dlowe pHOBETY
Gy pH s us
—
" Blrege 98
My
[
I ¥ a3 WA o= - L]

Fig. 2 Effect of pH on stability of glucoss asd giycogen 80" Absclems Thne in miswtes
Ordinate: Activity in the coupled snryme system, stprestcd a3 percentage of the Inftial.
.
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Fig. 3 Hydrolysks of giycogem In 0 € N-HCl at 95 Abecima Timse la minutes Ordisate
Perceatage recovery  calculated from amount of gycogon Imubated st mro time for
copper rednaing activity and expresed in terma  f initial readiog for activity bn the

couphed sTyme system.

these experiments and vaned with differant glucose oxidase preparations.
An mterpretation of this 1 given n the ducussion.

Stability of gincose at low pH and of glycogen at high pH vwas checked
by incubating standard glycogen and glucose at 80° in 0 6 N HCY, 033
M phosphate buffer and 001 N NaOH (pH values about 08 70 and
12.5) respectrvely
As shown in fig. 2 glucose was rapidly destroyed in alkallne medium,
whereas glycogen was unstable at low pH under the remaining con-
ditions both substances were stable during the experiment. However
while glucose was broken down entirely at pH 12.5 the measured activity
of glycogen at low pH approached asymptotically about half the value
at rero ume, This was further mvestigated 1n an experiment in which
the temperature was raised to 95° and both copper reducing activity
(SFAFFER & S0310GYT 1933) and activity in the coupled enzymo system
were measured.

1t can be teen from fig. 3 that copper reducing activity increased with
time as expected from acd hydrolysls of glycogen. The measured activity
1 the glicose oxidase-peroxidase system, however was again highest at
zero tome, fell (more rapidly than at 80° see fig. 1) to about half the
1nitial vatue duning 15 minutes and began to nse slowly after 30 minutes,
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Fig. 4s. Agreement with Beer’ lxw of giycogen aad maitose es wall a1 of glocos bn the
coapled snryme reection. Abectea Added amount of active compound fn ug Ordinats
Meunred axtinction.

roughly in paralld with the activity measured by copper reduoction.
Severul repetitions of thes experiment fully confirmed these results and
showed that even under prolonged hydrolyss, the final measarements in
the coupled enryme system never reached the values recorded at zero time,
Of other polysaccharides tested only soluble starch, but not gum
mrabic, hyaluronio acid, or dextran, gave a positive response, whereas
of the disacchandes tested, viz. h lactose, trehalose, and mal
tose, only maltose yielded a clear reaction (about half the extinction
measured In terms of glucoss) Maxmmal extinction after addition of
maltose to the enryme system was, however observed much later than
after 10 mimotes from miung (peak readings at about 15-16 minutes
nstead of the asual 10 munutes), wiich precluded any valid quantitative

camparons.

Agreement with Beers law of the reaction in the coupled enzyme
system with glycogen and maltose is shown in fig. 4a tho pattern of
colour development is given in fig. 4b

From the above observations it appeared likely that during acd hydro-
lysh, glycogen Jeads to & posmtive reaction in the coupled enzyme gystem
in three phases 1) Initially as non-hydrolyzed glycogen 2) Mainly as
maltose 1n the early phase of hydrolysrs 3) As glucose in the late phase
of hydrolysis.
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Flg. 4b. Col wr development patiern of glacoss, glycopm, nd maltose in the conphd
enxyme system uing o-tolidin as chromograic oxygen acceptor Abschsa Time In rmoutes
Ordlnxts Measured axtinction Arrows indleate tmo of maxtmal colour Intensity

In order to obtamn further evidence In support of this 1dea, glycogen
and maltots were incubated 1n 06 N HCl at 95 and the activity in the
coupled enzyme system was followed for 7 hours. Moreover the colour
development pattern of a glycogen hydrolysate (1S mimutes at 957 1o

lucrse squ my por i

o maltres
) -
Orcres
e
°
fEM 0 m * i

Hutse
Fig. Sx. Acld hydrotyshs of glycogen and matioes at 95 I 06 N HCL Atncleta Tine
In winstes Ordinatc Meayurod actrvity In the coupled enryms system, oxpreseed 84
Hocose equivalents (my/ml)
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Pig. Sb. Comparbon of colour devselopment pattern of glycogen, giycogen hydrotymts
(15 minutes exposre to 957 fn 0.6 N HC)), od maltose. Abscima Time fo minetes
Ordinato Messared extinction,

0.6 N HCL, see fig. 3) was compared with non-hydrolyzed glycogen and
maltose The resulis appear in flg. 5a and Sb.

As shown 1 fig. 5b the colour development of partly hydrolyzed
glycogen was almost {dentical with that of maltose. Fig. Sa shows that
the increase of active materml in the coupled enzyme reaction
hydrolysis proceeded with almost the same velocity ether followmg in
cubation of maltose or duning the sccond phase of glycogen hydrafyms.
The findings also indicate that hydrolyxis converts glycogen into maltose
at a higher rate than maltose 1nto glircoso, and that & higher temperatare
is neccssary to achieve the latter convension, under the condition stated.

The above findings show the posability of using the coupled enzyme
systemn for the quantitative determination of glycogen. For this reason
& comperson was made between known methods of liver glycogen
determination usmg a) KOH extraction and determination of copper
reduclag activity after acsd hydrolysu of the ethanol precipmitate (Gooo
et al 1933) or b) trchloroacetic acd extraction and determination of
the ¢thanol precipitate by means of the nm.hmne rma:on (Cuuu:u.etal
1956) or esther of the above extraction pr Iy
bynm}yrhmlh:wupledmzym:synmohhnmhanolpmqp}mtzmcr
dissolving at alkaline pH (about 12.5) The results are given in table |
and table 2.

Comparison of the methods showed satisfactory agreement between
the two methods confirming the results of CARROLL e7 &/ (1956) Deter
minations of glycogen by means of the coupled enzyme system, however
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Table |

Comparison of monse fiver glycogen determinations ming e} the glocom axidasc-perol-

das systom withoot scid hydrolysh and b) copper redoction (SHArrR & Bomoart 1933)

following scld hydrolyds. Glycogen was extracted in 30 {4 KOH and pracipitated sith
1.5 volumes of ethaool (Goop er al. 1933)

Glycogen, per cent of wet llver determined

Mouse oty b) by copper reduction| WP e cent
cayme aftar hydrotysis

1 301 19 104
184 122 151
3 241 207 116
4 n 170 124
3 154 122 M
6 sS4 433 125
7 436 316 138
] 36 338 103
] 399 27 147
10 193 180 107
1 231 17 131
12 223 199 12
13 146 140 104
Mexn 5 | 130 | 12
Amalysts of variance | Mos square | F ‘ r

Mice 234208 49 <0.001

Methods 1.58031 1688 <0.00§

Erroc 0.09376

Cotraiation == 0.948 o = 009993 t = 988 P = <0001

yielded slightly but sigruficantly higher values (zbout 20 /) than erther
of the known methods

Expertments with different ghucose oxidase preparatfonr

In order to determine whether contamination of ghicose oxidase might
be responible for the observed positive reaction of glycogen and maltose
1n the coupled enzyme system, two different glucose oxidase preparations
were used instead of the usual one (Fermcozyme) The colour develop-
ment pattern of equal weight/volume concontrations of glucose, maltose,
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Table 2.

Comparison of mouss drer gycogen determinations tsing ) the gocose oxkdase-peroxd
duse system and b) the anfhrone reaction. Glycogen was extracted In 3% trichlaroscetic
acid and precipitated with 1.5 votumey  f sthano! (CaRoLL of ol 1934, slightly modufted).

Glycopen, per cont of wot liver determined by

M um /b, per cant
8) enxymes b) amthrone
1 293 237 124
2 213 150 115
3 346 216 121
4 on om 107
3 141 129 109
. e n 119
7 .01 7.3 1s
. Im 3.03 e
’ 194 133 129
10 087 076 128
Mean 309 | 16 | 118
Amtinis of vagiance | Mosn square F l 13
Mxcs 10.029 180.7 <0.001
Methods 1333 204 <0.003
Exroc 0.0835

Correlation = 0.999 ¢ = 001662 t — 60.1 P < 0.001

and glycogen was then compared m terms of glucote, which was taken
100/ (flg. 6)

As can be scen from fig. 6 glycogen and maltose yrelded clearly positive
reactions in all experiments however tho speed of the reaction vaned
with different enzyme preparations, Indicating that it b not just the mere
combination of glucose oxidase and peroxrdass which is effective, but
rather some factor(s) in commercmal and purified glucose oxidase which
has the ability to split glycogen and maltose

Discemion
Glucose oxrdase was discovered in aspergillus miger and peniciltium
ghawerm by MULLER (1928) which was almost completely purified from
culture media of penicilfium notation by COULTHARD ef af (1942 & 1945)
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Fig & Comparieon of sperd f colour derslopmant in tho coupled enxyme system of

tiycopem (upper section) and maltose (lower section) nxing three differsnt gincose xidaso

preparations. Abechea Time b minuies Ordinate Extinction relative to glocoss, which

1 taken 23 100 % at any time. The of st ws idextbenl,

vir 0.5 mp/mb ) Reaction with Frrmearyme™ b) Reaction with gucoss aridase Katl™
©) Reastion with gocoso oxldase “Sigma

and extenmvely studied by Kemin & Hanmree (19488, 1948b & 1952)
it 15 also known as pencillm B or notetin. The latter authors found that
of 50 mono- and disaccharides tested only mannose and xylose were
oxidrzed by the enzyme, though at a rate of about 1 / of glucose, Maltose
was practically not owdized (about 0.2/ of glacose) as messured by
oxygen uptake Thus finding s not necessarily contradictory to our find
ings, since KELN & HARTREE did not use the coupled enzyme system
suggested by KesTox (1956) and introduced by TeLLer (1956) for the
routine analytical method of glucose determination in blood and urine.
Hucoer & NxoN (1957) and SarFer & GERSTENFELD (1958) using o-
dianindin, and MIDDLETON & GrirerTas (1957) and Maxxs (1959) wang
o-tolidin as chr ic oxygen accep phasized the hugh specificity




GLYCOGEN DETERMINATION BY ENZYME REACTION 51

for ghicose of the reactron in the coupled enzyme system of commercial purl
ty butdonot seem to have performed a more thorough study on spectfictty
It thus eppears from ths results mentioned above that the coupled
enzyme system glucose oxidase + peraxidase, made from highly punified
and now widely used commercial enzyme preparations, has the property
of cleaving starch, glycogen and maltose, mnce it soems to be unlikely that
the poly and duisacchanide as such would yleld a positive reaction It 15
interesting to note that amongst the poly- and disaccharides tested
starch, glycogen and maltose were tho only active substances, and that all
are budlt up of 4(alpha-d-glucosido)-alpha-d glucose Whether contamma
tions 1n elther of the two enzyme preparations or the mere presence of
both enzymes together are responsible for the positive reaction wrth
maltose and glycogen is not known at present  but the latter suggestion
appears to be less likely since coupled systems made up with glucose
oxidase from dufferent sources other thmgs being equal, yiekded clearly
different quotients of Eoaa Blycogen/Emer giucose a3 well a5 Ewuamaltose/
Emaxglucose. In our opinion it 15 thus most likely that current commercial
and research preparations of glucose oxkdase contain some factor(s) with
rather specific properties capable of splittmg 4(alpha-d-ghucosido)-glucose
Linkages and yklding beta-glucose, for which the glucoss oxldase reaction
is specific (KeuN & HARTREE 1952) Using the purified stable hquid
glucose oxidase preparation “Fermcozyme™ the velocity of this assumed
cleavage of glycogen must be very high, since peak extinction following
addition to the coupled system of glucose was observed only abont 90
scconds carlier than following glycogen. In the case of maltose the
velocity of the reaction was appreciably lower (fig. 4b) From & practieal
pomt af view the findings have yielded a new method for the determina
tion of gtycogen, which 15 more sumple and accurate than any known
method. As far as is known at present, only starch, glycogen, maltose,
and glucose react in the system, and if the latter two aro suspected of being
present 1z & sample In measurable amounts, they may be readily elime-
nated by 30 munutes of mcubation at pH 12 and 95° without any loss
of glycogen. Since acid hydrolysis of glycogen did not give total recovery
it fs essumed that the method mentioned above will be more accurate
than those frvolving acid hydrolysis and sub sugar deter
The sensitfvity of the method as adopted herehoflhc same order for gly
cogen and glucose (Jower limut == about 5 ug) which i more than sufficrent
for liver glycogen determinations. It can, however be mereased if necessary

Added 10 proof Afier blaloieg Iyophithed ghocose oxidess of the highest degree of
puriy (130 Utmyg) it hat now beoa confirmed that thiy caryme docs sef cotrvert gycogen,
tat  fuctor(s) present evem Ln relatively highly purified preperations, most Ikely  hughly
nctive armylase.
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Sammsry

It was observed that the socalled speaific method of glucose deter
mination by means of current glucose omdase preparatons yields
quantitative reactions with glycogen, starch, and maltose. Two pre
parahons of highly purified glycogen from differsnt sources showed
agreement with Beers law and equal potency On acd hydrolyms of
glycogen, the glucose oxdase positive materal first decreased to about
half the 1nrtial value and subsequently mereased at a slower rate to about
85/ of the imtia! reading. The method of GooD ef al (1933) 1 thns not
smtable to replace the copper reducing reaction by the glucose oxidase
system, since the activity measured in the latter fluctuates with time,
yrelding unsatisfactory recovery

Dissolving purified glycogen or mouse lver glycogen precpitate at
pH 12.5 and 95° followed 30 mmutes later by analyxs in the coupled
enzyme system, proved to be an accurate method for liver glycogen
determinations, which is specfic against maltose and ghucose. The method
outline above has been compared with known methods (copper reduction
following ackd hydrolysis or anthrone reactlon) and the resalts are dis-
cossed. The new method of glycogen determination is far more rapd
convenient, and accurate than the hitherto known methods. The sensitivity
is the same as for the determmation of glucose. The speed of colour
development in the coupled enzyme system uning o-tolrdin as chromogenic
oxygen acceptor i3 highest for glucose (9 mumutes at 23°) shghtly lower
for glycogen (10 5 minutes), and slowest for maltose (16 minutes) sugges-
ting that glycogen and maltose do not react as such but after cleavage
to glucose by some yet unknown mechanism.
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The Effect of Ethanol on the Membrane Permeability to Sodfom
and Potassium Tons In Frog Muscle Fibres
By
E. Kaxtyson and S. Eatz*
(Receved My 25, 1966)

In a previous mvestigation ethanol was shown to depolarzo the mem-
brane of frog muscle fibre and simuitaneously reduce the membrane
resistance 1t was suggested that ethanol mught increase the membrane
permeability to one or more rons (KNUTISON 1961) Investigations per
formed on squd axon have shown that ethanol in high concentratios
reduces the fonsc permeability changes occurning during activation, the
membrano permeability to sodmm being more affected than the potas-
wum permeability (MOoRE 1958 ARwmSTRONG & Brstock 1964) In
heart muscle fibre ethanol also secms to act sclectively on the perme-
ablirty to different fons during activation, since the rate of repolanzation
of the action potential is markedly increased ¢ven at low concentrations
of cthanol, whereas the depolarization rate and the amplitude of the
action potential are not ngnificantly altered (GouErvo, GiENo & WEER
1962) The question then arises whether ethanol also has selectrve effects
on the permeability of the resung membmne to different jons,

The present investigaton was undertaken to determune sclective
effects of ethanol on the resting membrane permeability to sodimm and
potassium fons in frog skeletal muscle fibre. The ethanol concentratron
used was 50 mM whuch Is the lowest shown to depolarize the membrane
of these fibres. The expenmentnal design was based on the asnmption
that the resting potential of muscle fibre arises as a consequence of the
drstnbution of 10ns across the membranc as well as of the permeabllity
of the membranc to these fons. The effects of ethanol on the permeability
of the membrane were studied by measuring the effective resutance and
membrane potential changes in muscls fibres in external flinds of different
fonic compontions.

Dr K u's present address Medical College of South Cerofine, Department of
Physlology Charfeston, Sowth Carolima, US.A
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Methods

Inolated sartortns musches of frog (Rase cemporeria) wers uxed which when dinsected
were piaced in bath with the deep surfuce pointing npwards, In most f the expertments
the muscte was kept without any txtlon at the bottom of the 4 mi bath, the composition
of wirich wex changrd as described under Resulty The temperatore of the bath was kept
at 14 by chroulating water from  thermostatically controlied bath through « container

tip dinmeters {lem than 13 and  redigtanco borwesn 10 and 20 megohms They were
filled with 2.7 M potastiom chioride and had tp function potentials (Abmuan 1936 [
Jese then 5 mY The changes In tp Junchan potsntia] when altering the Jonic composhion
of tho muscle bath were 2-6 MV (bo addriton of cthunol to wry of the bath flukis changed
tha tip fenction potemthal by s than 1 mV A membrans potential change observed after
sitaretio  f the lomc composition of the buth mey thes kave been somewhet inflnenced
by & chasge i Lbedpjncﬂonpotmﬂanhﬂ-lh-mhmpom:tillchmnon ddigen
of ethanol t  the bath was not JL.! affected by ut the

Hp junctic  Rowtinely the membrase potentlal wis reessared | lln.nd.emly:houm
ﬂbru.lb'lmancc-uyfuflh-nmmnmbdn;-lnhzinhmwnhmo
muscle In Ringer'y fluld, resting potentials with m-nvnlnu{ll—ﬂm\lmd-undud
deviation (B.D) of kess the 2 mV were to ndicate for
both skctrodo and muscle flbres After each chasge of the bath flud the cioscke was
teft to souk for  petod of bout 10 minmies befors pew meastTemants were mede
The section [ the 10-m nute interval was based om the observabon that during the
firt few minoies after changing some of the sofutions the moscle fibres twitched spontane-
omly of went into contracture. | one seres of experiments the membrung potential was
recorded conttsoously for 10-13 minutes and sthanol edded to the bath during the re-
cording (cf. KNUTmON 1961).

Changet | the cffactive resistance of the muscle Abro (ef FATT & KaATz 195]) induced
by cthanol wore determaioed by recording the volage-—current redathon acrom the muwscls
fibre membrane. Two clectroday were fnserted [ato the same Bbre at an interclectrode
etancs  approdimately 30 p. One sdectrods wia weed (o pass slectrica! currnt across
the Abre meenbrans and the otker to record the resyltant potentis] change. Coatinuoosly
ridng corrent pulses wore umd the rst of increase of the current being makstamed ot
bowt 0.1 j1A/sec. This rate B wiffichently show (o exclude any sigoiicast lnfluowcs of the

on the induced by the current (Kmumesom |964). The
corrent pasing the stimulating ekctrode was recorded s1 a RI drop acroms 10,000 0
romstoc I veres with the corTent supply The X Y dhplay featurs of the omTioscops
was gaod, and varistion of eppiied curreat [ temuty racorded a3 hottrontal deflexton

et of determunanom showed equal volape-current curves. Ethano! wet then added
and ocordings made gafn at Smin e Mmtarvak.

Sotxtwns. Solutlon 1t tablke | is Ringer's fluid, Wk that wed by Apanam (19546).
Soluton 2 was obtamsed by 34 g wmall vol me of NaQl eolutio 10 tho mruscle bath
contabsing solutson | Na-ree Risger’ feid (solutlon 3) wus mads by replacing N whth
chobos on & mok-for-moke batly, and Na-fres soletion with high C1 concentration (s0!
iaca 4) by eddition of & cholie chionde salutlon 10 the muacle bath containing solstion 3
The toaloly of solvtions 2 ad 4 way pproumately fwice that of Rbager's flnkd lo‘

-t
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Table 1
Composition of sotutions.

K ] a IN. }w,nma—’n,m,-,w'anuw Zocrom |
Solutlo (m-mokefl
mg bow/l solation solation)
t 1 |
123 121 12 18 215 oss - - - 1
2 23 241 M0 13 215 ass - - - 2
3 23 186 - 13 L4 042 - 13 - 1
4 25 BES - 18 164 o2 - 218 2
S 0 - - 30 108 043 45 - s 1

-

3wt Na- sad Chfree solutlon contalring 80 mg fome/l of potsmtum. Isotomicity wat
maintaived by the addtion of socrose. Thit solotion had & concemtration of § mg bonyl
of Ca, which w3 the highest concenteation that conld e taken up into sofuticn The
1mired calclum was then only abowt balf of that Lo the Ringsr s fluld (cof Banvx 1934).
Rouatinely tho sthanol coocentrution was 50 mM (23 ¢/ nly o ono scrins of apak
mants in which po offect was seon &t this concentration ware the highsr concmiration
of ethanal, La. 100-500 mM, caed.

Resalts
Ethano! effects on the membrane permeability to sodium fons
Figure | shows the effect of ethanol (50 mM) on ths membrane po-
tential of frog muscle fibres in Ringer's flwd (sohution 1 table 1) In the
three expetiments illustrated, the mean membrane potentml decreased
y by 7 5and2mV respectively Thewe results are in good agreament with

]
0 w n

Flg 1 Effect of 30 mM ethanoi on restiog potentisl f frog muscls fibres in Ringors

Mkcm|mmh|wpar-&]fmmmmmubdmudmdﬂﬂﬂof

cthapol (arrow) 0 the beth Vertical lInes refer t two sandard devistions aad each
point is the wean {12 mestgrements.
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® -

MEMORANE POTENTIAL {m?)
'
—_

3 ' '

10 o o »

TS
FIp. 2. Effects of 30 mM ethanol on membsane potential of fibres {a Na-rich hypertonio
sotrtion. Fullrd crcho represent mcan membrane potetinls (vertical ban 2 X 8.D ) from
hres axpactxsents  valows f» the kft of the wirow obtalmed 10 mimmtes after incressing the
external NaCl comcentration to about twico the normal vahess s the right of the errow
obtudsed after odditon  ethanol st arrow Opes crcler, control experiment withoot
sddidon of ethanol

provious observations made during continuous recordings of the mem
brane potential in singlo fibres exposed to ethanol in the same concen-
tration (KNUTS$ON 1961) By contrast, fibres 1n Na free Rmger’s fluld In
which the Na had been replascad by chohine were not depalarized by etha-
nol. Thua, in experiments performed on pruscles equilibrated for 30
mimtes m Na-free medfum (soloton 3) the mean membrane potential
1n two cases was found to be nnch d 10-15 mb after additi

of ethanol, and In a third cass there was only an insignificant decrease
of 2mV These results support the view that ethanol increases the mem-
brane permeability to sodinm. Thm, with the muscls 1n normal Ringer's
solution there would be an increased fnflow of sodium, resutting in a
shift of the membrane potential in & posittve drection, whereas in the
abscnce of external sodhum jons such a depolarization could not tale
place. From a theoretical polnt of view the addition of ethanol should
result in a more marked depolarzation sfter an increase of the sodfum
concentration m the external solation (cf SHANES 1958) that this s
actually the case is shown by the experments on fibres in sodlum-rich
Ringer s fluld (solution 2) deseribed below

Acta plmrmassiopics. wl. 9, [aes.
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In these experiments the resting potential was first measured in normal
Ringer & solution, 10 order to test the condition of the fibres and the
accuracy of the recordings (see Methods) if these wers found to be
satisfactory the NaCl concentration in the bath fluid was increased by
adding a pre-determined amount of a concentrated NaCl solution. After
allowing ten minutes for equilibration, the resting potential was measured
in 12 fibres the mean values (and standard deviations) obtained in three
expenments are indicated by the filled dircles to the left of the arrow in
fig. 2. The mean membmane potentials thus obtmined were —92 to —95
mV fe somewhat higher than normal, in agreement with previoos re-
sults of experiments with increased external NaCl concentratron (NASTUK
& HoboxiN 1950 cf below) When the membrane potentials had thus
been stabilized, ethanol was added (arrow) up to & concentration of
50 mM, and 10-20 minutes later the mean values of the membrane
potential had decreated by about 10 mV whereas in the control experi-
ments (open circles) performed in the same way except that ethanol was
not added, the potentual ined unchanged over a corresponding pertod
of time

The results described represent membrane potential changes measured
1n different fibres chosen &t random (cf Mcthods) Although technically
more difficult, a comparative series of nine experiments was also per
formed, in which the membrane potential changes induced by ethanol
were continuously recorded m one and the same fibre. Sinco after the
addition of NaCl the fibres usuaily twitched spontancously during the
first few minutes, camamg either dislodging or breakang of the electrode,
the measurements were not started untll 5-7 mmutes after increanng
the NaCl concentration. After a forther S-minute interval ethanol was
added to the bath 1n the courss of the continuous recording. The reslt
as measured 10 minutes after the cthanol addibon was invariably &
depolarzation, ranging from 6 to 12 mV whereas in the corresponding
control experiments, following the same procedure except that ethanol
was not added, the depolarzation ranged from 0 to 6 mV

The two series of experiments clearly show that the depolarzing effect
of cthanol 1 mmuch more marked and regular in fibres in a sodium-rch
solution than 1n Ringer ¢ fuld. However since in thess expenments the
toncity of the external flmd after the addihon of NaCl to the bath was
twice that of the normal Ringer's flind, water can be expected to be
withdrawn from the fibre. This may increasc the Internal potassum
concentration, resulting in a rarmed concentranon graduent for potasshun
across the membrane, which may explain the hyperpolarization observed
after equilibration 1n this medhm. It was thus considered that two com-
plementary series of comparative expenments should be performed usng
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Na-free sohttions of the same high tondcity In one series, cholme chloride
was added to the muscle bath 1n en amount giving virtually the same
external chlonde concentration and toniity as in the experments shown
in fig. 2. In the other serkes, the toniaty was increased to twice the normal
by the addition of sucrose to the bath. In both these types of experi-
ments the resing potential increased to about —110 mV after equilibra
tion in the hypertono solution, in agreement with the findings described
above. Durmng the period of action of ethanol ths resting potentral re
mamed virtually unchanged at this hyperpolarized level in six experiments,
as measured 10 minutes afier the addition of ethanol (50 mM)

As is cvident from these results there {3 an cssential difference between
the effects of ethanol in the presence and in the absence of external
sodiom 1ons. Whereas In the presencs of external sodinm ons ethanol
causes & lowening of the membrane potenual, it has no mgnificant effect
when the external sodium has been replaced by choline, whrch lends
support to the assumption that ethanol mcreases the membrane perme
ability to sodium 1ons.

The effect of ethanol on the b pe billty 10 p ham lons

Accarding to CoNwAY & MooREe (1945) the frog muscle fibre mem-
brane s mmpermeable to sulphate fons. In fibres placed in & potastium
sulphate solutlon, currents pussing across the membrane should thus
chiefly be carried by p lom Consequently 1t mught be possibil
to establish the effect of cthanol on the membrane permeability to po-
tasstum, by observing the effects of ethanol on the membrane conductance
{n fibres in & potassium sulphate solution,

For the present series of expermments, a solution containmg 80 mg
jons/l of potassium was used This was the lughest concentration at which
definite and stable negative resting potentials could readily be obtained,
thus ensuring that the electrodes had penctrated the membrane, In prac
fice, the resting potentials ranged between —8 and —16 mV  thus agres
ing reasonably well with the potasstum eqmuifbrum potentinl which was
calculated to be —14 mV on the assumption that the internal potagsum
concentration is 140 mg jors/l (ADRIAN 1956).

Tho effect of ethanol on the membrane conductance was studied by
determining the voltage-current ratio across the membrane of fibres be
fore and durmg exposure to ethanol. Direct vohtage-current curves were
b d by applying slowly conth ly nung carrents and recordmg
the voltage changs across the membrane as a function of the applred
current. In such & curve, each pornt gives the voltage-current rauo for a
particular current amphtude and hence the curve represents a largs

I
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Fig. 3 Voltage-coment curves from mmclo fibre in potastinm sulphats solution densg
Linearly rising octward (A) and lward (C) current. B and D the corTmponding corved
S minctes after addition f cthanol (30 mM) to the beth. E, voltago-current curve from
another fibre In potssdom sulphate sotutlon durleg cutward carrent, and F the corrs-
spondig cutye § minatrs after addstion of 500 M cthanol to the bath. Resting potrntial
¢ intersaction of vertical valtage axis and horirontal current axis —14 MV fn both fibee-
Scate diviriom on voltage axis [0 mV oo current axis 0.05 pA. [nterciactrods distesco 30 8

number of determinations at different current strengths (FURSAPAN &
PoTTER 1959) This type of curve was consilered to be suitable smee the
increase 1 voltage with the current appled across the membrane of
fibres 1n potassmum sulphate solution 15 non-inear (KaTz 1949) which
may be due to varlations 1n membrane permeability to potassium ions
with tho membrane potential level (¢f HopakiN & Horowicz 1959).

A typcal experiment is fllustrated in fig 3 Records 4 and C show
the voltage-current curve during outward and fnward current, respect
wely and Band D the corresponding curves 5 mi after the addibon
of ethanol in an amount sufficrent to give a concentration of 50 mM.
The records show that ethanol did not produce any change In the slope
of the curves, thus indicating that the effective resistance of the fibre
had not undergone any change large enough to be detected by the method
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used. We estimate that we conld have seen a changs of 5 or 10,/ The
same result was obtamed 1n all six fibres tested, independently of whether
the tests were made 5 or 10 runutes after the addition of ethapol. The
resolts indicate that the permeability of the membrane to potassium jons
s not apprecunhly affected by ethanol in this concentration. Nor had
cthanol any effect on the voltage-current curve in concentrations of 100,
200 or 300 mM. Only at a concentration as high as 500 mM dud ethanol
canse a change, as illnstrated in fig. 3K and F which show the voltage
carrent curves during outward current pulses before (£) and after (F) the
addition of ethanol. In this case, the slope of the curve is conuderably
less steep after the eddrton of ethanol, indicating a decrease in the
effectlve resstance of the fibre, Hownver no detafled analyss was made
of the effects of ethanol on the membrane permeability at this high
ooncentration.

Discrmion

The results obtained 1n the present nvestigation indicate that ethanol
at a concentration of 50 mM mcreases the permeability of frog muscle
fibre membrane to sodinm jons but has no effect on the membrane
permenbility to potasdum, connderbly higher conceatrations bedng re
quired to obtain changes fo membrane conductance which may be at
tributable to an altered potassum permeability Thus, 1t appears that the
sodium permeability of the memhrane s more affectod by ethano! than
is the potassium permeabitity It cannot be excluded, however that the
difference thus observed may to some extent bo doe to the fact that dif
ferent methods were used for the determinations of the effects of ethanol
on the membrane permeabilities to the two Jons. Whareas in the studies on
tho potasmfum permonbility the change in effective resistance of fibres
immersed in potastium sulphate solution was determined, the offects on
the sodfum permoability were deduced from changes in the resting po-
tential of fibres o the presence and in the abscnce of external sodium
jons. This latter method was chosen becauso the sodrum conductance
constitutes only a small part of the total membrane conductance and
hence it was considered impracticable to identify the effects of ethanol
op the sodium permeability by determirung conductance changes acrom
the membrane. Different methods were tried for determmnng the effects
of ethancl on the potassium permeability by someo method analogous to
that used to study effects on the sodnm permeability but none of them
gave unequivocal results. Thus it seemns impossiblo at present to deter
mine exactly the relation between sodrum and potassium permeability
changes during the action of ethanol.
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Previous investigations on the effects of ethano! on the fonic perme
abilities of cell membranes have pnmarily been concerned with the perme-
ability changes during voltage clamp They have established that ethanol
depresses the maxumum membrane conductance for sodrum and potas-
stum (MOORE 1958 ARMSTRONG & BINSTOCK 1964 MOORE, ULBRICHT &
TAKATA 1964) and have shown that the sodium conductance is far more
reduced than 13 the potasstum conductance, the only exception being the
results reported by MooRE ef af (1964) usng the sucrose-gap technique,
from which it appeared that the presence of sucrose increnses the suscep-
tibility of the potasmum conductivity to ethanol. Thus, there is well-
founded evidence that the sodium conductance 13 much more sensitive
to cthanol than 1s the potsssium conductance, not only in squid axon
during activation but also in frog muscle fibre duning rest, as indicated
by the present investigation.

The previously observed increase In the total membrane condoctance
of muscle fibres exposed to ethanol (KNUTEsON 1961) may in part be
attributable to the increase 1n membrane permeability to sodmm 10m
revealed 10 the present investigation but may of course also be due to
changes 1n the membrane permeanlity to other jons. From the results
obtained 1n this investigation it is reasonable to conclude that the potas-
sium permeatnlity s not appreciably affected by ethanol in low concen-
trations, since concentrations up to 300 mM did not affect the effective
resistance of flbres 1n potasstum sulphate solution As far as the effects
of ethano! on the permeability to other fons are concerned, only the
chlorkde permeability has so far been studied These studles (to be pub-
lished sepamitely) have not yet yrelded fully consistent results but suggest
that the membrane permeability to chloride is also increased by ethanol.
On this assumption, the slow and trregular depolarmzations of the muscle
fibre membrane exposed to cthanol in low concentrations should be due
to 1ts combined effects on the sodlum and chlonde permeabilitics. Stnce
an increase 1n the sodrum permeability would move the membrane po-
tental toward the sodium equilibrium potential it would tend to de-
polanze the fibre membrane, whereas an increasc in the membrane perme
ahility to chloride would stabilze the membrane potentil, since the
equilbnum potential for chlonde is equal to or close to the resung
potential

Sommary
An investization was made of the effects of ethanol on the membrane
permeatnlity to sodium and potassium in 1solated sartornus musches of
the frog.
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Sodium permeability changes were studied by recordmg the resting
membrans potential in the presence and in the absence of external sodium
ions, umng intraceltular capillary electrodes. Effects on the potasmnm
permeability were studed by determining the change in effective resist
ance of fibres immensed in 2 potassiom sulphate solution

Ethano!l in a concentration of 50 mM caused only a slight membrane
depolarzation of fibres in normal Rmger's flurd but markedly decreased
the resting potential of fibres in Na rich solutions, the mean resting
potentials in randomly chosen fibres being reduced by about 10 mV
whereas 1 contimions recordings from one and the same fibre 2 depo-
larzation rangmg from 6 to 12 mV was observed. The resting potential
of fibres in solutons in which the sodium had been replaced by choline
was unaffected by ethanol, It was concluded that ethano! might increase
the sodium permeability of the membrane.

The effective resastance of fibres immersed m potasstum sulphate so-
hetion was unaffected by ethano! 1n concentrations of 50 up to 300 mM
but decreased at & concentration of 500 mM. The results thus support
the view that cthanol in the lower concentrations used has no effect
on the membrane permeability to potastium sinco the currents across the
membrane of fibres in potassium sulphate sohrtion arc mainly carrred
by potagsrum jons.
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Effects on Pregnancy and Offspring In Rats and Mice
of Bis (P Acetaxyphenyl) Cyclobexylidenemethane (F6066)
By

Niels Fluer-Jemsen
(Recatred May 27 1966)

Bis (p-acctoxryphenyl) cyclohexylidenemethane, F6066 is & wesk
oestrogenic substance with a marked effect on the reproductive system.
The substance (fig. 1) is one of a series of dip
by tnter alla MrQUEL, WAHLSTAM, OLxsoN & SUNDRECK (19463).

The substance proved to be non-toxic in mece, when grven in solution
1n oil by mouth for 2 days in a dosa of 1600 mg/kg per day or in aqueous
suspension in a doeo of 125 mg/kg per day for 3 months m rats.

F6066 has a weak uterotropic effect in mrce and a weak vagmotropke
effect in ovancctomusod rats, F6066 reduces tho welght of the testes and
ventral prostate in male rafs (priuitary inhibiton test) and is a mare
potent hypophyseal inhibitor in relation to its oestrogenic effect than is
oestradiol and stilboestrol. F6066 has an antr-gestagenic effect in rats
and rabbits. A reversible stedlity can be demonstrated during and soms
wecks after the administration of F6066 to male and fernale rats (Enas
JersEN 1965).

F6066 has no demonstrable toxro effect on dogs when given in a single
dose of 1000 mg/kg in pelatin capsukes or up to 200 mg/kg a day in the
form of tablets for 3 months (unpublithed data from our labaratory).

Unng autoradiographic exammation of whole body dustribution of
14C F6066 In mice HaNnGREN, ULLeerG & Enver JEnsen (19652 & b)
demonstrated & specific, very marked lation of the subst in
actrve corpore tutea. Radioactivity was also demonstrated in the piturtary
adrenal cortex, endometrrom, the jnterstitial tissue I the testicles and
ovaries and in the hiver and bile.

Lansson (1966) found that F6066 s excreted in the facces and urine
partly as descetylated and conjugated glucurons acd and partly m the
form of very polar metabolites, Even after 4 days the urino was still
faurly radioactive.

Acw phucmassopen, oL 13, . L,
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NyLANDER & TERNER (1964) showed that FG066 has a favourable
cffect in the treatment of prostatic cancer PemrssoN (1965a) found
changes in the cxcretion of gonadotropin and a marked reduction of the
oestradio] 17p-excretion in the urme. These findings prompted PerssoN
(1965b) to use F6066 1n an attempt to strmulate ovolation 1n women
with a disturbance of the normal prtmitary-ovarian nter relation.

The purpose of the present investigation was to ascertain whether
F6066 has any substantial teratogenic effect in ammals which might
contraindicate 1ts use in the treatment of women in the child-beanng
age

Method

|NMRI-mics purchased from  commercial breeder (Frils, Laven, Denmark) ad rats
from our own whit 15-year old closed colony wers uaed. All the femalo aaimals were
vimun but makes known t be fertflo wers used. During the pelring poriod the wnimal
were kept Ln plastic cages, | mals and 2-4 females In each cago. Every momnlag st 8 =
vaginal emesrs wees taken from the female rats for miaroscopic examination for eperm-
toroa. In mics tho presence of  eperm plug in the vugine wes taken &3 cvidence that coftw
had occarred. 1 rder to avold the pecensity f Lilling animals on Saturclays asd Sondays,
soma animals which, calculated from the day of comception, should have been kilked o
(bete days were maved to oor general breeding homse. In view of this and tho lack of
«vidence of conception In same of the experimental animaks, the number of femake med
was 30-100% more than the ectwa] mumber required. But ovea then ft was occasiopally
Becessary to kil the ammals 1= days before th  pre-determined day These embryes
wero not icluded In the calculation fthe crage weight [ the foctoses, since thelf
we1ght increases by atmost 100, onthclu(dnyo{l.nm-mublﬁfc.

The pregsapt ammals wero groups from
dlymdlyh!ookuptoAmhtocnﬂtclmﬂuﬂﬂyhrp;mﬂpldmh.mdlz
wecks for rats.

The ansmats wers kept in rooma wuh d ylight and artifchl light from & wm watll
mudnlght dunng the mating penod, and i room with only dayhght doring pregoascy
The room temperaturs was abowt 13 aad the animab wero allowed pellets and » f7
o B

Trcumrmd-p-mdnu-mm-dlnmhuonmmd‘ywbmupummmdmﬂ-
sirated or  vaghnal plug was fownd (called d y 0) The substanco was gencrafly pven
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for 2 or 3 days. F&§066, dirsotred In 96 % olrve ofl and 4 beoluts akcobol was admlieistered
by tomach tobe. Trypan blue*) was msed a3 positivo contrel nd was given subcataneouly
n09% N Cl (Bxcx & LioTp 1964). Olive ofl with 4X absoluts alcohol wua nsed a1 2
negattve control

The female ruts were kified on day 20 and tho mice on day 18 ( few animsh | 2 days
sarller). The mothea wars anaerthetiesd with ether und bicd. The mieros was opened
and the number of lrving and dead fociTaes was noted a3 well 3 the lengths in mifimetres

ocular The bdominal and istrathorscic organs were then removed and eramined under
the stersomicroscope,

The foetuses were fixed in 80 4 etayl akcobol. They wero then piaced tn 10 £ NaOH
solxtion for 3 diys and every dey they wero rimeed with water and pleced In a fresh
solrtion. F r sounll fostumm 0.5% N OH was el The bodies were then stained for
24 hours st room temperaturs whth  mixturs of 3 ml 0.1 £ elirarin dhsolved In 1 0%
N2OH + 100 ml 0.5% NaOH (the same amount of stainiag fimd per animal) The ani-
mats were then rinsed fn watcr and placed b 20 glycerine. When the embryos had
sunk 1o the bottom thay were traneferred to 50 glycerize and then to 100%. (Modifed
accarding to Brocx & vow Katrmo 1964 and Lomnxs 1961}

‘The animals cant be kept in comcentrated giycerine. Tho bodies of the animalt wers
Dow clear aod trapslucent and the skeketon wis brgit red-blue 1s colour The wkeleto
way exumbped under the for vhotetal Ths ribs, sternal
bowes and vericheal bodles wers alvo coumted.

In ane experiment (R4) the female rets were ellowed to give buth and keep their young.
The mothers wers given either ofive ol or FS066 dhwolved | olive oll by etomach tobs
from the 7th day of pregrancy until 5 days after birth, Om day 5 some of the young wers
Klled and the teatiches, ventral prostate, sentinal vesicies of ovarkes and Uftrus were re-
moved und photographed #0 a3 Lo compars tho sires of thess orgus in the yarkois gronpe.
Soms [ the newborns were killed when wyased and the sx  rgaos weighed, One maje
d | fomato from oach Fter were patred at 3 months of age with offspring from anotber
motier {0 te ame gronp fn order to check whether the ammab wers fartlle. Only half
of the surviving control animals wers paired.

The days on which the enimats wers treated Wit F6066 and the doses used are given
Intxbles 1 2und 3.

Resalts
Rats

A dose of 8 mg/kg of F6066 or less a day on days 7-8-9 after mating
produced no reduction in the number of living foetuses tn rats (table ]
R1 R2) When the mothers were given 16 mg/kg a day on days 7-8-9
or 7-8 the mumber of foetuses was normal (R 2) or reduced (R 5) and
when the daily doss given was 32 mg/kg, the number was reduced.

Adminstration of F6066 1n 2 dose of 64 mg/kg a day from day 7
untl 5 days after birth, resulted in only 3 of 10 females giving birth to

*) Trypan blaw, Standard Floks, Floks AQ Switretland
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living offtprmg and on day 5 only 3 newborns from one hitter were sl
alive (table 3) Similar treatment of 10 female animals but with 16 mg/kg
regulted in the birth of 6 litters and in thete, only 1 of the animals in one
of the litters was found dead. The growth of these newborns, the ap-
pearance of their sexual organs of those killed on day 5 and the wesght
of the sexual organs of animals killed when weaned were the same as
1n the control group The fertility of the animals at 3 months was abo
the same as in the control amimals.

Mice

In these animals the mumber of living foetuses of mothers treated with
8-64 mg/kg F6066 n day on days 6-7-8 (M 1 and M 2 in table 2) was
reduced. Sixteen or 64 mg/kg njected on days 1~2, 34 or 5-6 resulted
in imparred mplantation or total abortion in most of the mothers, while
the effect of F6066 diminnhed rapidly when given after implantation
(dzys 7-8) Thu is clear from M 3 and possibly from M2 M3 s a
repetition of M 2 and was performed, because the lack of fertility in the
control group n M 2 made it difficult 1o draw any contlunons on the
fertility of the groups that received the substance.

On 3 oceasions (R3 M 2, R ) we found that foctuset from mothers
treated with F6066 were substantially smaller than those of control foe
tuses. The foctuses were living and normally developed s far as we
could seo with our techmgque, Eight rat foetuses with an cverage welght
of 069 g compared with normally more than 3 g, were found in the
same mother in R 3 The 8 foctuses were examined at the Embryological
Institute in Lund by Professor B Kiillén, who found them somewhat
premature, but showing no ugm of malformation Examination of the

Humber of
Foetusen

20

Welght of
Fo tuses g
|||| “lll 11
50
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H mber of
Foet ses

Wwelght of
Foetuses g

| ull ‘ I

a8 10 18 20 28 30 18 40 45 40
Flg. 3 Woght dinbution {392 rat foctuses oo duy 20 from rats ghren 2 32 mp/kg

F6066 during 2 or 3 days of pregnancy The 8 foctowes welghing (.6-0 8 grams are from
the am¢ mother The type of distribution b the e 11 in Ag. 4.

6 gmall mouse foctuses (tabel 2, M 2, M 5) after careful staiming with
alizarin showed normal maturation and no skeletal changes. Apart from
the low weight of these few anfmaly, no difference in mean weight and
weight distribution (fig 2, 3 and 4) was found between the F6066- and
control groups.

In both the mico and the rats F6D66 increased the number of dead
foetuses per pregnant mother (tables 1 and 2). Tables 1 and 2 grve the
nuraber of pregnant anmmals per group f.e the pomber of animals formd
to contain Irving or dead foetuses when killed.

Some of the “not pregnant” anmmals had been pregnant at one stage
since the terine wall was podular in some areas, eg m 5 of the 6 mice
that had received 8 mg/kg bodyweight on days 6-7-8 in M 4 and did

H mber of
Fo tuses
0

walght of
fo tuses, g

||I]I””.

05 10 L5 20 25 10 35 A0 45 8O

Flg. 4. Weight distnbution of 76 rat foctnses on day 70 from rats ghven 25-100 mpfkg
Teypan bine on day 7~-4-3 of pregnancy 7
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not show any Since pr and nop-pregnancy were judged
with the naked eye, the result must be regarded as a subjective mpression
especially when treatment had been started early in pregnancy

In the mice and rats, Trypan blue Increated the mumber of foetal
deaths and also prodoced a alight Increase m the frequency of mal-
formatiom (tablo 1 R 6 and table 2 M 1) The number and types of
gross malformations after Trypan blue F6066 and ofive ofl are given in
table 4 Small differences in the matunty of the skeleton, ¢ £ number of
1ibs and breast booes that stined with slizacn {s not included because
thus varied in all the gronps.

Discasdon

It has been shown that F6066 counterncts the effects of progesterone
on the uterus m the rabbrt and that the substance sccumulates in hormone
producng corpara futea (HANNGREN et al 1965b). In these investigntions
difficulties were therefors expected since Iarge doses given in early preg-
nancy woukd camse abortlon. We wanted to use as large a dose of F6066
a3 possible since If much Iarge doses produced no malformations, small
doses would be astumed not to do so elther We therefore tried to
regulate the doses in such a way as to cause abortion in some of the
animals but not in all of them.

During the mvestigation, we found that the admimstration of F6066
late 1n pregnancy also cansed a decrease In the mamber of living foctuses
(R 4), if the substance was given uninterrnptedly {n large doses (16 or
64 ma/kg).

Some animals were treated on 2 consecutive days at varying intervals
before mplantation others, at the beginning of the organo-potetic period
(Brocx & von KrEvmig 1964) Since treatment of women with F6066
is limited to the time before and (i the diagnoas 18 not established) to &
thort time after copception, it was not considersd necessary to study ity
cffect, if any in such detail 1n Jute as In early pregnancy

Observations made 12 the present investigation corroborated the find-
ing of HANNUREN ef af (1965) and of EnNeR JeroEN (1965) that F6066
has antigestagenic properties, The 1 igation showed un i
number of dead or resorbed foetuses even in the uter] which also con~
tatned lrving foetuses. This indrcates that the effect of F6066 on gestation
is not of the “all or none™ type.

F6066 did not demonstrably increase the frequency of matformations.
In our experiment Trypan blue produced an increase in the number of
malformed foetuses from 07/ in control animals to 2,2 4. Beck &
Liovp (1964) reported 5-20 / malformed foetuses following correspond-
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mg doses of Trypan blue given 1n a single dose 8} days after conception.
Although they do not state whether the day on which the animals were
mated was called day O or day 1 they treated the anmmals during the
samo period as that used in the present investigation and the frequency
of malformations they reported was substantially higher Beaubom &
RoBeRTS (1965) suggest that the effect of Trypan blus should be sought
1n serum protean changes i the mother or the foetus, but obtmned no
expermmental evidence to support their assumption on injection of serum
protein fractions from animals and pregnant rats treated with Trypan
bhue, In & dscussion between GILLMAN and Beck (1965) the possibility
of changes 1n macromolecules was pointed out, but decreased transport
of oxygen in the placenta and changes in the pl 1 enzy were
also mentloned ax possible precipatating factors. The causo of the weak
cffect 1n our animals 13 obscure but #t may have been due to species
differences or to differences m the quality of the Trypan blue used. It
can hardly be ascribed to insccurate or insufficient examination of the
foetuses, because the frequency (07 /) of severe spontancous malfor
mations 1n the control group appeared normatl

Nisamara (1958) showed that oestrogens (oestradiol and oestrone)
increase the foetal mortality and the frequency of cleft palate if the
substance is injected into mice between the 11th and 16th day of preg-
nancy In none of our foctuses was a cleft palate observed in the singie
experiment (R 4), 10 which we gave F6066 late in pregnancy but owing
to the design of this experiment some malformations might not have
been observed since raty often eat malformed offspring.

Trparanol (Mer 29) stunts the growth of young male rats it causcs
xerophtalmia and reduces the fertility of both males and females, if given
to thelr mothers during pregnancy (WexLER 1964 Roux & Dururs 1561).
A single dose Is sufficient to cause this effect, which can be counteracted
by simultancous administration of ACTH The effect Is ascribed to the
anticholesterolic properties of Triparanol, The effect of F6066 on the
serum cholesterol is much smaller than that of tmparanol (LARSSON,
personal comarunication)

F6066 was not studred for an effect corresponding to that of cloms-
phene (CHANG 1964 DAVIDSON SCHUNER & WADA 1965) on zygotes and
therr transport. It can therefore not be decided whether the decreased
number of foctmses after treatment with F6066 on days 1-2 and 3-4 s
due to the direct effect on the nutrition and transport of the zygoies, 10
a penmstent anthamplantation effect on the wterus, or to a destructive
cffect on the corpora lutea.

Small bt well-developed foctuses were found in 3 mothers treated
wath F6066 but not in the control group This poor growth should
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probably be regarded as an effect of the substanco on the decrdus and
corporn hrtea. HANNOREN ef ol (1965b) showed regression of the secre
tory endometrum after F6066 treatment in immature rabbits and ac
latlon of the sub or its bolites in active corpora lutez m
roe, LARSSON (personal communication) has observed inhibrtion of pro-
gesterone formation m the rat and human ovaries i vifro ENer JmaeN
(unpublished) found that F6066 bas an antsdecidual effect on pseudo-
pregnant rats of the type observed with ethinyl estradiol (WaTwICK,
Geson, VINEGRA & ToLxsnowr 1964) Administration of F6066 for 2-3
days shonld therefare lead to an msafficient decidus-formation and conse
quently faiture of mplantation. An “almost™ abortive dose need not
mean foctal death, but it can mean decreased nutrition.
The lower weight of the foetuses may also bo doe to delayed implanta-
tion. Whea rats were ovarkectomized onday 2 and then grven progesterone
daily the blastocystes did not become implanted but fmplantation did
occur when 0.5 pg oestrone was jnjected. ScHLOUGH & MrEYER (1565)
showed that anti-oorirogens can delay implantation, but as far as I
know thns effect has not been described in antmals given larger doses of
OSSTOgENS Or ANN-gealagens.
HANNGREN ef al (1965a & b) showed, that only traces of M4C F6D66
or radioactrve metabalites pess tho placental barner after intravenous
immistration to pregnant nuce. Therefore a drect effect of the substance
on the foetus appears unlikely
The small foctises, which were sometimes only one third the normal
dze, cannot be regarded as “congenital runts” (McLaxeN & MicHE
1560) since they do not occur in assocaation with normakaized foctuses

in the same litter Runts were present in our investigation, as can be
socn in figs. 24

Surumary

Bis(p-acetoxyphenyl)cyclohexyfidencmethano (F6066) was studied for
1ts possible antifertility and taratogenwo effect, In s and mice. The
substance was grven by stomach tube in doses of 2-64 mg/kg dissolved
1n olive oll. The doses were given on 2 or 3 consecutive days at a varylng
mterval after d ratlon of sper 1n the vaginal smears in
rats or vaginal plogs in mrce. In all of the expenments except one, the
animals were given the substance on days 1-2, 3-4 56, 7-8 or 7-8-9
(rats) and on days 6-7-8 (rice)

‘When F6066 was given on day 6 or carirer in doses of 32 and 64 mg/kg
the mothers hardly cver gave blrth to living young When grven in the
3 days period dunng implantation 16 or 8 mg/kg F6066 disturbed the
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pregnancy 1 some animals, while doses below 8 mg/kg to rats had no
effect. In addition to congenital “runts” 1 female rat and 2 female mice
treated with F6066 gave buth to 14 lLiving, apparently narmal, but
severely underweight foetuses (Le. one third of the weight of coatrol
foctuses), but this should be regarded 23 an effect of the endocrmologcal
propertres of the substance. Sub-abortive doses of F6066 produced tome
increase 1 the number of foetal deaths. No malformations suggesting
that F6066 had a teratogenic effect were demonstrated.

Female rats grven F6066 1n a daily dose of 16 mg/kg from day 7 of
pregnancy to the 5th day of post partum gave birth to normal sized
litters and no difference could be demonstrated between the Liters of
rats of mothers treated 12 ths way and ltters from control mothers
regardmg the size of the sexual organs and the fertility of the offspring.
The number of mothers that gave birth to Living young was somewhat
smaller after treatment with 16 mg/kg (5/10) and much smaller after 64
mg/kg (1/10) than in corresponding control mothers (9/10).

Trypan blue was used as reference substance, which under the exper-
mental conditions used produoced 2 shght increase 1n the frequency of
malformations 10 the number of dead foetuses,
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Inhibitlon by Cardiac Glycosides
and Aglycones of the Isolated Gulnea Pig Ilenm
Estimation of Relative Potencies
By
Gudron Bleltredt
(Recxived June 24 1966)

A method was developed for the quantitative estimation of digitoxin and
strophantin-G based on the inhibitory effect on the isolated guinea pig
ilewm (BELTVEDT & BRISEID 1966) Previously GODFRAIND & GODFRAIND-
DE Becxer had published several papers on the inhibitton by cardiac
glycondes of the guinca pig eum (19612 & b 19628 & b 1963a & b)
In the present work the method of BELTVEDT & BRisem (1966) was used
for estimating the sctivities of a sertes of cardinc glycosides and aglycones,
digitoxin being used as standard substance.

Technlqos
A. Precedws
The procedurs described by BRLTVIST & Baoswrn (1966) was weed for estimating the
concentrations of & number of cardiac glycorides and aglyeones which redoced to 0%
producsd [ the isolated guinca pig B Esch
rosult was calculated from the effects obained simuhansowsly with digitozi, which
was wed a3 standard substance.

B, Giy and aglycone

Tablo | thows the coscentration rangss med of the differet cardiosctivs sabstaoces.
Ench rangs is besed on sevensl ex

Stock solutions were mads p In 36 4 othanol for mow of i sbstancn. Tho foa!

firal Tyrode solution pever excecded 0.1 %a-
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Table 1
Coecentrrilon rangrs wed of differsat cardia
giycotides xnd agiycones for the aimation of
their Inbibiting cffacts 0 guinea plg Beom.

Concentration

Substasce rengs mg/m!
Yerodorin, 3045
Gualoxin, 15-60
Digltoxin 3691
Sorophantiie-0 100-193
Purpuree giycoside A 125-165
Digoxin 200-30
Gitoala 200-500
Lanaicalds C 430600
Dighoxipenin 413675
Digoxigenta 10002000
Digitatinum verwm 1500-2500
Parpursa ghycoslde B 1500-2730
QOMexigmin 250040500

C Materials

Purpuren giyconds A A, digttosin, '
dmmmqumﬁm B Sandor, L1d, Bask,
La Rocks & Co. Lid. Co  Basle, Switzertand.
Ghl.h:h.nrod.mn Bochﬂnnk&ochm.OmbH..Muabdm.OcrmyS&mph:uhlm
O g-Suopsanthmim ayst. Owabale Meck, A G Darmatadt, Germany Histamine
Histarmne dFHCL Light & Co., Lid,, Colabrook, Boglend.

Rewaits

Estimations of the il )i ingdi’nmof9cudhcglywrbdumd
3 aglycones were carrled out with d in as standard and
the results are given i tablo 2. This shows the relative potencies of the
different snbstances used. While the activities of verodoxin and gitaloxin
were onc and a half times that of digitoxin, all the other substances had
smaller effect. Purpurea glycosde A and strophanthin-G had more than
half the activity of digitoxn, digoxin one-third, and grtoxin and lana
tossde C about one-fifth. The remainder of the glycondes and the three
aglycones tested had potencies which varied from 1 to 5/ that of digh
taxin

Asts pharmagstogice, wt T3, fae 1
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Table 2

by cardisc gl; and agl of the brolated hi
plg Leam.
Estimation of tho tuhibitory effects of 12 differeat eubstances bn sxpertments with digitoxta
s dtandard sobstance.
Sequence of sofutlons Experiment [ standard and test experiment Il teet and standerd.
Incomplets mxpetiments Cltalosin and doxin made the Deam forr the sab-
sequent appBeation  f digitoxin stendard olution and the standard valoes wers chown
loetead a5 the average valng from afl other experiments IT and quoted in the tabke.
For details seo text and BurTvapy & Bamarp (1966)

ng/ml caming 50% Ralative  Average rels-

nhihitho activity thre mctivity

Cardtac giycoside " Tos/Stand.  Test/Stand.
and aglyconcs Exp. 1 Exp. per cout pec et

sund_l Text | Test | Stand. Etp.llElp.ll Weight' Mobar
Gltalodn. 7 41 4 @ 167 1 10 1%
Verodoxin. 7 322 3 6T o219 1M 15 1
Purpares giycoude A %0 153 140 0 S 57 4 W
Strophanthln-G 160 105 4 52 01 sz
Diyaaln s 2% 265 T2 3 17 L 0B
Giteain B M3 4% T4 U 16 0 B
Lanatosido C H 43 0 8 12 11 1213
Digitaxiprmin 67 45 60 € 12 10 1l ]
Purpures ghycoside B 6 1350 2415 7S 4 3 4 El
Dightalmum verum 71 1860 1950 36 4 3 4 4
Digoxigratn 36 1560 1585 63 4 4 4 4
Ghoxdgenin ¥ 3270 325 56 2 2 2 I

Commests on the Results
A. Differences in inhibition by the various cardloactive subsiances

The method of assay onginally based on digitoxin and strophanthin-G
proved less suitable for some of the other substances tested The devel
opment and also the persistence of inhibition by digoxin, gitoxin, lanato-
sde C and purpurea glyconde A were similar to thote observed for
digitoxin and strophanthin-G  with the other glycondes and the aghyco-
nes various difficulties were encountered.

The highly active gitaloxin and verodoxin altered the reactivity of the
muscle, When the second and stronger glycomde solution had been 12
contact with the 1keum for the prescribed 20 munutes and hustamine
stimulation was started (BIELTVEDT & BrisEID 1966), the base fine often
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rose graduslly and the contractions became uregular and occasionally
more than the normal 11 histamune induced contractions were requured
to obtam a stable mhibltion level.

While the normal developmeat .of inhibition was recognized by an in
crease in inhibition to & stable level in the course of about 11 cycles,
digitatinum verum, purpurea glycoude B, and the 3 aglycones very
rapkdly caused 8 maumal inhibition, which then mare or less rapidly
decreased again. With dipitetinum verum the final level was obtained
nftcrA—IOconu-ucﬁom.whﬂcLh:inhfbutbnmmdbythnlyycom and

purpurea glycoside B d d during appr ly 20 hi
mdumdconh-wuommdﬂ:mmch:dnmbklcvel In spite of tho fact
that some substances fafled to produce a stable kevel of mhibition at the
usual trme, the 11-cycle procedurs was nevertheless adhered to as & basis
for the calcatation of the log-intubrtion 50/ vatues. Thrs was justified by
the fact that the substances m question were ako found to possess very
low activitics,

B Significance of the purity of the cardioactive substances

The observed activities of the substances tested might have been m
fluenced by contammating glycosides or aglycones. If low actrvity sub-
stances Ifke the aglycones, digitalinum verum, ar purpurez glycouide B
mmuhnmninuinthnpmnﬂomofmchlgh}ylmiwglyco-
sides (verodoxin, gitaloxin, digitoxin) or glycosides of actrity

actrvites regitered would be somewhat underestimated, though not
fundamentally altered. On the other hand, if hughly active substances or
even substances of medfum activity were present as contaminations in the
substances with low activity the potencies of the Jow-activity substances
might be greatly overestimated. From a practical point of view 1t seems of
less tmportance if a low activity as, for example, that of purpures giyco-
side B is wrongly attributed to the substance stself fnstead of to traces of
a very active glycoside It i moro important, however to be aware that
extensive contamination with an sctrve glycoside might wrongly suggest
that a perticnlar substance was highly potent. Thus seems to be the case
with the gitoxin preparation nsed, which by paper chromatography and
fluorimetry (Broeip JENSEN 1954) proved to contnin as much e 15 /-~
20/ of digitomn. Since the observed activity of gtoxin was 20 / of that
of digitaxin, ft scerns reasonable to conclude that gitoxin {tself has only a
very low sctivity This also s in better agreement with the observations
that purpurea giycoside B as well as the aglyconc fo have

low potencles. gotie= il

"
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Discossdon

The procedure used for the quantitstive esttmation of cardas glycosides
and agiycones might be conskiered an i ritro toxicaty test, using the in-
hibtion of the isolated guinea pig fleom, which follows a transitory
stmulating phase. The mnge of potencres establnhed for 2 number of
cardioactive sub b 1 not ity different from the
range which would have resulted from observations of their sumulating
effect. BROWN, STAFPORD & WRIGHT (1962) exammed & senes of derive-
trves of digitoxigenun and digoxigenin for relative toxicity in the cat, the
guinea pig, and on the {solated, embryonic chick heart, and for inotrope
activity on the gmnes pig isolated heart and the cat isolated papillary
muscle, They conchuded from their expenments that the order of relative
toxidty of the compounds remained essentially the same whether they
were tested for toxieity or for positive Inotropic activity When conuider
ing the results obtained In the in vitro atsays by Brown and his colleagoss
and the comparable data 1n the present work (digitoxin against dig-
toxigenin, and lanatoside C and digoxin against digoxigenin), it 1s evident
that the relative potencles obtained with the sumea plg perfused heart
(postive Inotropic actrvity) and the embryorsc chick heart (toxcity)
sgreed reasonably well wath our resnlts on the iolated guines plg fleun
(toxiaty) The sequence of potencics obtained with the cat solated
pepillary mmusdle (positive inotropsc activity) however was somewlat
different, digoxigenin being more actrve than lanatoside C,

The order of relative potency of cardioactive glycosides and aglycones
a3 tested both in the present work and in the experrments of D Graf?
PAFF & Limnan (1941) on the embryonic chick heart was also the same.

KLupp (1966) compared the potencies obterved on the guinea Pig
heart lung preparation and by intravenous infusion lnto guinea pigs
The substances which we have tested on the holated guines pig fleum
(digitoxigentn, digitoxin, lanatoside C, strophanttun-G) thowed the same
potency range as obeerved i the bz ritro experiments of Kiure Moreover
the results of CATrELL & GoiD (1941) on the cat isolated papillasy
musck also agreed reasonably well with our results.

However ranges of potencics deviating from those obtained by us have
been described by other investigators. In experiments on the isolated
guinea pig floum HAUSTEN MARKWARDT & Repxe (1966) found that
gitoxin (chromatographically pure) was almost as cffective as digitoxin
and somewhat more active than strophanthin-G in Increasing the tono of
the muscle. Furthermare, in the In virre method deseribed by Mumas®
(1965), uning frog rectus abdominis muscle, a stronger contracture was
dmyxobmtdmmth:nglyconuthanmthﬂtcoﬁupon&ngghw‘
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sdes. Tho effect, however was of nervous origm, and seomed to be
mediated by acetylcholme (SuraE, IMal & MuRAsE 1963)

QOur estimations of cardivactive substances on the lsolated gwinea pig
flearn showed that the grtoxigenin glycosides (B-serres) had a very low
activity the digoxigenin glycondes (C-serles) & considerably hugher ac
Hvity but definitely lower than that of the digitoxigenin glycosides
(A series) which were again less active than the gitaloxigenin glycosides
(B-serics’

)

The potency of the aglycones digitoxigenin and digoxigenin was marked
ly focreased in the 3-diglioxose glycosides digitoxin and digoxin. An
additonal glucose moleculs, however reduced the activity again to some
axtent, both purpurea glycoude A and lanatonde C being Jess active than
the corresponding secondary glycoaldes.

The potency of gitoxigenm was also increased in the 3-digitoxose
glycoside gitoxm, which was, however contammated with digitoxin. The
fact that purpuren glycoside B like the comesponding aglycone, showed
very low activity pointed to the digitoxin content as mainly responsible
for the observed gitoxin effect. The previously mentioned transitory
stronger whibition by the B-series (and aglycones from the other serics)
might suggest weak affinitics 23 the main reason for their low activities.

Ssnumary
A method developed by BieLTvEDT & Brisern (1966) for the quanti-
tative estmmation of cardiao glycosides by means of their mhibitory
effects on the isolated guinea pig fleum was used to estrmato the relative
potencies of 10 cardiac glycondss and 3 aglycones. Digitoxin was used
a3 standard substance.
The melar order of relative potency was as follows, in decreasing arder

talinum verum, digoxigenin, and gitoxigenin.

When classified according to the aglycone part of the molecules, the
decreamng order of relative potency was gitaloxigenin  digitoxigenin,
digoxigenin and gltoxigenin glycosides.
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Influence of Ca++ Deficlency and Pronethalol
on Metubolie and Contractile Effects
of Catecholamives and K Tons in Vascular Muscle
By
E. Mokoe-Landbobn asd Nandor Vamos
(Recrived May 23, 1966)

In previons fnvestiganons (LUNDHOLM & MORME-LUNDHOLM 19628 &
b 1963 & 1965) the effect of catecholamines and K lons on the ansero-
bic metabollsm associated with motomxc and 1sometric contraction of
isolated vascular munscle was stodled. It was found that during the
shortening phase of the wotonic contruction, the metabolism Increased
after treatment with catecholamines, histamine and electrical stimmlation,
and that an increased degres of contraction was subsequently maintained
without eny metabolis change. K+ induced an notonic contraction with
out stintalating the metabolism. On isometric contraction, however K+
stimulated the metabolism considerably This stimmulation was 1n general
quantitetively and temporally correlated with the contraction. Under
cemtncond:dcmnwajponibktoblwkmlm}ylhnmmdﬂn
effects of adrenaline and h Ine without comph their
lmnulutoryncdmonthcmdabolhm.ltmthcmfmanumedthltln
unooth muscho the catecholamunes were able to activato the contraction
process and the metabolism by two separate mechanisms, the receptors
of which were believed to cotrespond to the classical ¢ and B-receptors.
In the following a number of findings which appear to support this
hypothess are presentad We found that 1soprenaline, 1n a concentration
that has no contractile effect, stimulates lactate formation 1n mesenteric
arterics, We also studied, under {sometric conditions, the effect of Ca++
defi on the tengon-i ing and bolm-stimulating effects
of adrepaline and K Finally with the aid of proncthalol, we attempted
to analyse the mechanhm of the strmulatory coffects of adrenaline and
{soprenaline on metabollsm
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Method
The experiments were parformed on boving meosenteric aricriss which wers treated sad
mounted s described (Lovprota & Momur Loxomoud 1962e) By means

the eume loitial Jongth at th  beginning of the experiments. The tometric temslon was
reeorded on anoked paper The recording was pot absolutely lometric, sisce at 1 tenslon
development of 30 g, the muscle shortened by | mm.
Thnhamconwmoﬂh-mnsdemddmmmmlnﬂmmdcwmh-ﬂm
xymatically by meams of Iaciate deh y (LUnoHotM,
Mo LUKDHOLM & Yamos 1963 meumumm&smmn
Tn other respects the different soies of experiments were parformed &3 follown In
the fint scries two speciments were smabysed immediately (or Jectic xcdd. Four moooted
specimens wers emersed In 15 mi Tyrods s satmiion containg 0.5 £ gucoss and throagh
which N; was bubbled sdreaaling In  concentration of 2.5 10-6 (w/v) was added ko
two of thews preparations. Two other mounted specimens wwre Immersed in 15 ml K
Tyrode s solution In which all Na Jors kad been replaced by K tone. After aa Incubatios
period of 120 minutes, the Kpecimens and Incubation solution were amlysed for Jactsts.
1 furtber cxpedh the yascoier apect were finst kept for 4 days In keecold
Ca** free Tyrode  solution containing 01 4 glocoss and through which 933% O +
6.3 / CO; was bubbled. Tho solution was chunged four thnes during this period Nioe
specimens were then moanted end immersod In Cat+-frve Tyrode's soiction coatalning
0.3% glocoss and throngh which Ny, £t 37 was bubbled. After 60 minutes two speciowens
were anatyued for their tuhtlal comtent f lactic acld, and the wmpending solutions of U
remalmng speclmen were changed. New sotutiom were added, with sech composition
that dfferent combinetions of adrenaline, Cat+ and K wers oltained All the eo{utioos
cootained 0.5 5 giucoss and N; was bubbled through them. A control specimes Wi
smpraded fn Catt-froe Tyrods's solution contalning 0.5 4 glucose, The rematmng spac-
ment wers treatsd a1 follows 0B was buspeadod [o Cat+-fres Tyrods s solutien - 2.5 107¢
(w/v) adreaaline obe In high K (143 mEq K /1) Tyrode s sototion which was freo from
Ca+* one in nonoal Tyrode® solntion (with 2.5 mBq Ca*+/1) ouo in normal Tyrode's
solntion + sdrenafine ane in high K Tymdc‘lloludonconulnlnicﬂ* uﬂﬂmﬂy

ono tu bigh X Tyrode's solutioa nlng Ca*t 4 fine, Afier a0
period rlmmmwmwﬂmmwrww
In the with ling, threo of ix ap were pre

kutcdforﬁﬂnﬂ-nmu'nhmmmalolm concentration of § 10-'(v/v)luTy-rvdc’l
sotution with 0.5 £ glncose. The Initial lactat comtent was determined In one metrested
and ons proocihatontroated spectmens, and the smpending sofutiom of the remalabrg
specimem wire changed. Adrenaline In & concentration of 2.5 10-% (w/v) was added to
one of the specimen, pronethalol 3 10-3 (wfy) 1o anothsr and drematino + prooethatol
| thase concentrations o third specimen. Ono specimen was weed 33 8 comtrol Na
was bubbled through the solwtiom.

The with pe- and 10! ware carried out | the sunc
way s thosts wih dremafine and p Tbe hon was t 107
(wi¥) and tbe pronethalo] concentration 1 10-3 (w/v).
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Resdts

The effect of Ca*+ defictency on the contractife and metabolic effects of
adrenaline and K-ions

Several investigators have shown that with lack of Ca*+ loms, the
contractile response of smooth muscle to different stimult is fnhibited
(EpMaN & Scanp 196! Bome & Gourer 1961) In K+-depolanzed
smooth muscle the uptake of Ca+t 13 also reported to bo increased
(Bxocs 1962). The Cat* fon has beea dered to bo the

factor between the excatation process in the muscie membrane end the
contraction process It therefore seemed of interest to study the influence

of Ca++ deficency on the contractile and bolic effects of adrenali
and K+

Tt was difficolt, In the mesenteric artery to produce such s high degres
of Cat++ defich 50 a3 to elhmi mpletely the ctilo effect of

adrenalme and K+ This was probably due to the fact that large vessels
contain conmderable quantities of Ca*+ this content increasing with in-
creasing age (Lawsneg 1959) It was not until the specrmen had been
suspended in Ca++ free Tyrode s solution for 4 days that the contractile
effect of adrenahne beeams ly weakened

The remults are shown In tsble I and fig 1 In Ca*tfree Tyrodes
solution the average effect of adrenalme on the tenslon during a persod
of 120 mumres was reduced to § of that in normal Tyrode s solution,
while the effect on lactate production was only reduced to # of this valoe.

In Ca*++{ree solution the teption astlng effect of the K+ 1on was
rediced to approximately 4 of that in normal Tyrodes solution. The
tensfon-mcreanng effects of K* and adrenalme in Ca*+ free solution
were approxmmately equal, but the fncreaso m metaboltsm after treatment
withnd:mxﬁnemconddunblymm The comparatsvely large in-

crease of the bolism produced by adrenaline in retation to its tenson
mereanng effect, appeared to be particularly marked when compared
wth the tensi ) sing effects of the combined K

and Ca-sons. In these latter expermments the tension {ncrense was among
the highest observed in this sefies, while the fncrease m metabolism vwas
among the lowest (fig. 1) The sumulating effect of adrenaline on the

bolitm was very wed throughout, as compared with its
tenslon-incrensing effect.

Cat jons stimmlated the tenslon and metabolm jn specimens which
had been suspended in Ca  free solution. In ordinary Tyrode s soloticn
(contaming Ca++), & further addition of Ca++ had no effect. In combina-
tion with K-iont, Ca-fons had no definfte stimulating effect on the metab-
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Fg 1 The effect of 2.5 104 (w/v) sdremling (A), 2.5 mEg/l Ca** 145 mEGNK  eepa

solution with 0.5% gincoss t 3T° The specimacs had initlally besn mapended {a Cat+
fros cxygroated Tyrods solobon at 4 for 100 hours, Control = test kn Ca++-free Tyrodss
salution. Each polnt represents the mean of § teaty.

olism, while on tho other hand, the tenslon-ancreasnng effect was very
marked

Adrenatine combined with K however sumulated both the meta
bolism and tension. The presence or sbsence of Ca*+ had no effect on
the increase in metabolsm after adrenaline and K+ in combination while
the tension increase, on the other hand, was greater in the presenco of
Ca++ In ordinary Tyrode s sohution, however the effects of adrenaline and
Cat++ on both the metabolism and tensfon were summated. It is probable
that Ca++ increases the metabollym and tension in vascular tissuo that
has been suspended in Cat++-free solution, but that the stimulating effect
of the Ca+* on the metaboliam Is mhihated in high-K salution

The infl of pr halol on the k effect of adrenaline on
contraction and metabolism

Proncthalol (aldertin ® ICT) 18 an adrenergic p-receptor blocking agent,
whrch has been found to inhibrt the relaxant effect of adrenaline and
usoprenaline on smooth rmuscle as well as the stimalating effect of these
ammes on the heart (BLACK & STEPRENSON 1962). It has also been found,
however to have both p-stimalating and u-blocking eﬁ'cctx (LIIH. Wam
& DuUnaAN 1965). Proncthalol inhibited the p
effect of adrenahne and lsoprenaline in cxpcmnmuonthcrut dlaphrngm
(Momne-LUuNDHOLM & SVEDMYR 1564).
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In & concentration of 5 10 3 (w)v) pronethalol per se stimulrted
lactats production of the vascular specimen In a concentration of 1 10 3
(w/v). on the other hand, it mhibited this production, after an initial
stirmulation.

‘Under anaerobic conditrons ths effect of adrenaline in & concentration
of 2.5 10-¢ (w/v) on tho metabolism and contraction was completely
chminated by proncthalal In a concentration of 5 106 (w/v) (table 2).
Under serobic conditions pronethalol in the same concentration reduced
the contractile effect, alone, of adrenalme from a maximum of 32 to 11
gwt. It scoms probable that the a-blocking and fietimmlatmg effects of
pronethalel are of mportance in these experiments.

The effect of isoprenaline on kactate production of the rascular specimen
under amaerobic conditions

DL-soprenaline in concentrations of 5 10-8to 1 104 (w/v) stimulated
the snacrobic lactate production of the vascular spectmen wathout -
fluencing its tenwon (table 2) In a concentratfon of 5 10 (w/v) it was
found that it not only strmulated the metabolism but also had a contractile
effect. Propethalol, which in itself inhibited the formation of lactate, also
reduced the effect of isoprenaline on lactate formation In a concentration
of 1 10~* (w/v) Mesentenwo artery which had been contracted by K+
was relaxed to some extent by isoprenaline

Discoysion

Tt would soem that the stimulating effect of hol on the
lactate production of vascular muscle can be drvided 1nto two compo-
nenits, a) direct or primary stimulation of the metabolism and b) second-
ary stimulation resulting from the contraction process. In support of
this assumption is the fact that soprenaline Increased the Iactate pro-
duction by about 160 mg per 100 g per 120 min. without smmultaneously
contracting the vascular muscle. The sthmulating effect of adrenalme,
which in normal vascular tisvus was found to correspond to about 200 mg,
was redoced to about 150 mg, when the contractile effect was Inhibited
in Ca*+-fres solution.

Theso expermments Indrcate that the primary stimulation of the metab-
olsm of vascular muscle by catecholanines corresponds to about 150 mg,
while the effect resulting from the contraction process may be estimated
as 50-100 mg depending on the size of the tensdon increase. This as-
sumption fs further supported by the finding that in normal Tyrode s
solution, the Increase in lactate production cavsed by adrenaline was
higher than that indoced by K in spite of the fact that the intal ten-
slon increase after treatment with K was greater




94 E. MOHME LUNDHOLM AND N VAMOS

Pronethalol almost completely inhibited the stimulaung effect of
adrenaline on the metabolism. However pronethalol also blocked the
tenslon increasing cffect of adrenaline and in itself stimulated the for
mation of lactate. Thus in thess expenments, pronethalol did not act as
a sufficiently speafic adrenergic p-blocking agent, so that definite con-
clusion cannot be drawn as to whether or not adremaline exerted s
prmary effect on the metabolism via strmulation of adrenergic f-receptors
however this does scem probable,

In vascular specimens which had been suspended in Co++-free solution,
Ca++ appeared to stimulate the metabolism by means of a mechanism
which was not directly correlated with the contraction process. The
effect of Ca++ on the metabolism was blocked by K+ In specimens which
had been suspended 1n Ca*+-free Tyrode & solution, Ca++ 10ns increased
the lactate production by about 110 mg per 100 g per 120 mn, and at
the same time the muscular tenvion increased somewhat. In K+ Tyrodes
sohttion the development of tenmon after Ca*+* was greater but the
nerease 1n metabolism was significantly less (69 4 17 mg/100 g/120 min.,
P < 001} A smilar result was also obtained m the presence of adren-
aline. The combined effect of Ca++ fons and adrenaline on the metab-
ofism (297 mg) was approximately equal to the sum of thelr separate
effects (Ca+ — 111 mg adrenaline — 149 mg) In K Tyrode s solution,
where the increase 1n tension after treatment with Ca+* and adrenaline
was equal to that in Na+ Tyrode s solution, the combmed effect on the
mcm.bolkmwunogmutcr(lSSmg)thmth:cﬁ'cctof;dremﬂmn}onc
m K+ Tyrodes solution (140 mg) The mechanmm by which Cat*
stummulates the metabolism n vascular muscle 15 unknown The Ca
strmulating ATP aso i the sarcoplasmec reticutum, demonstrated by
HASSFLBACH & MAcknvost (1961) may concevably be of importance
for this effect.

It 15 probable that adrenaline, and possibly also Ca++ strmulated the
metabolism in the vascular muscle both via the contraction process and
by more direct pathwayx. The energy consumption assocated with the
contraction of vascular muscle may therefore be emily overestimated if
ths probability is not taken into account. By determuning the changes
1n the contents of lugh energy phosphate compounds during the finst
minute of an isometric contraction we estimated that the development
of tension in vascular muscle required an approxmmately equal amount
of energy to that in skeletal muscle (Beviz ef af 1965) The encrgy e
quired to maintamn a certain tension level cannot be determuned, how
ever sakely from the consumption of high energy phosphate compounds.
but with anacrobic conditions the lactate preduction must also be o=
cuded m the calculstions. The possibility that this may be simalated



METABOLILM IN VASCULAR MUECLE 95

vin other mechamsms than the contraction process must thus be con-
udered Tt would be of value to use, If possible, an agent which would
stumulate the contraction process selectively without influencing the mo-
tabolic processes by other means. In vascular muscle K+ seems to be
the agents which comes nearest to fulfilling this condition. In thews ex
peoments K+ had the weakest strmulating effect on the metabollxm in
relstion to its contractile action. Previous experiments with K+ hawe also
given timilar results (LunpEOLM & MonME-Lunoroim 1962 & 1965}
On the other hand, it can be seen in fig. | that only 1n the presence of
edrensline dud the vascular nuscle maintain & maximal tension level In
other cases the tennon decreased progressively It is therefore pensible
that the direct stimulating cffect of wdrenatine on the bollsm was
of importance for the mawmntenance of 2 maximal contraction.

Sammary

In experiments on 1solated bovine mesentenc arteries, the infloence of
adrenaline and K-ons on the lactate production assocmted with {so-
metric contraction was determuned under angerobic conditions. In Ca++
free solution the contractile effect of the adrenaline was consderably
weakened, while the metabolsm-stimulating effect was reduced to a pro-
portionately kesser degree. Ca++ increased both the tension and the metab-
olsm in vescular specimens which had been suspended mn Cat+-freo
solution When combmed with K+ however Ca*+* only increased the
tension, the stimulatng effect of Ca++ on the metabolism beng hlocked
by the K+ Adrenaline i bination with K stinmulated both the ten-
sion and metabolsm. Isoprenaline m concentrations which had no con-
tractle cffect stimulated the metabolism In ordinary Tyrode s solutron.
The metabolism-stimulating effect of adrenaline, and to a certain extent
that of isoprenaline, was inhibited by pmncthaJoL which also blocked

tho contractile effect of adrenaline under drti The re-
sults obtained are and d mrhel'ighlofuhypotbah
pressnted previowsly that eatecholamines stmul bolism 1n

:moozhmusdcbolhvdaad}maurdnmﬂnnndvhlhnwuurcﬂou
process,
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Noradrenaline jo Hrmman Blood Plasma and Urine During
Exercise In Patients Receiving Large Doses of Chlorpromazine
By
Carl Cariesont, Sren J Dencker Gumsar Grimby amd Jan Higpendal
(Recehed May 16, 1965)

Chlorpromazne 18 widely used in psychatry and the rangs of doses
used vanes considerably In mental disease with severe symptoms the
dose may be kept as high as several grams per day for months or years.
Side-effects have been reported ~ arculatory effects, nearologicaf disturb-
ances, pigment deposits 1n the skin and eye and, occasionally sudden
death (e.g. GREINER & BErry 1964 GrEINER & NICOISON 1964 DENCKER
& ENOKSION 1966)

Most reports on the affect of chlorpromaune aro based on series of
pauents given e fingls dose or short term treatment. This is also true for
several other drugs which are also used clmically for long periods and in
large doses, However there in evidence that the effects of chlorpromarzine
may change wrth time The arrculatory and phymological effects of chlor
promazine, for example, have thus been studied before and up to 90 days
durng the admmistration (SLETTEN, LANG BROWN, BALLOU & GerssoN
1965 seo also far review)

The mode of action of chlorpromazine is complex, but many demon
sirable actrons of the drug scem to be secondary to effects on the catechol-
amumne receptors in the peripheral and central nervous system,

During physical exercise the actlvity of the sympathetic nervous
system B increased. This raiscs the kevel of noradrenaline (NA) wn the
blood (¢ g. Venpsaru 1960) and in the urine (v EULER & HrLiNer 1952)
smce the transmitter NA, released at tho nerve endingy, is carned off by
(he blood stream (Moverflow™) The NA levels in the plasma and urino
may under some conditions (A- CARLSSON, FoLkow & HAGGENDAL 1964),
reflect tho sctivity of the sympathetic nervons system, “the tone 1n the
adrenergic neurons™ It should be easler to demonstrato the effect of
W At phormsciepivt. wel, 11, G |
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CHLORPROMAZINE AND NA IN PLASMA AND URINE
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drugs on adrenergre mechanisms, when adrenergic tone Is increased than
when it {s at rest.

In the present study the NA levels in plasma and 1n some cases also In
urine were estumated before and dunng physical exercise on a bicycke
ergometer in patients who for months had received large doses of chlor
promazine because of severe mental symptoms Preluminary results have
been published previously (C CARLasON DENCKER, GrRBy & HAGOEN-
DAL 1965 & 1966)

Matertal and Methods

The material consisted of 16 makt lopaticnts (aged 15-36 ysars) of a mental bosplal
Thoy alt had som  chronic mental discase, tially schizophrenie. The patients in o groop
Jad Yeceived abaut 1-3 g of chlorpromarine a day for at keast abont two moatin, and use
ally more than gix months The other pathents had not recetved any chiorpromezioe. It wed
not possible, howerer to keep alf the patients compictely free from other drogs (teble 1 and
2). Mot of the petients took part i & courss [ physical trafning for rohabilRation per
paves. The patients wers studled before od  fier some monthy of traising on & bicycle
ergometer Most of them had previomly been more or lem physicully hnactivs for yeus

The Hochemkal nd phynologital methods oed bave bee  deanbed slorwbere
(HZoarnpaL 1963 Houmamoi ef ol 1957 Asrranp 1960 Astmanp & Satvx 1961

The subjects were allowsd to rest for 30 minutes befors the physical exercis, which
conaisied of cycling in the sitting posttion. The toad  n the bicycie crgometer was locrmed
stepwiss to 300, 600 aod If pomible, 900 kpm/min, The patient was tested for 10-12
mingtes with each losd Between these perfods the patient was sliowed to rest for 20
minutes. At roat and 1 the end of every test period, arterial blood mmples (18 m) were
taken for catecholamine extay Urine was ocoaslonally collected before nd after eserche.

Results

The effect of large doses of chlorpromazne, particularly on physical
performance, was marked. The patients treated with chlorpromazine ha
a lower arteriel blood pressure during exercise than the untreated subjects-
In most cases increases in the load on the ergometer were followed
by decrenses in the mean artenal blood pressure and usuafly 2 small
stroke volume associated with & relatively low cardiac output. As a rule,
physical trainimg for 2-4 months decreased the heart rate and the blood
lactic ecid concentration at submaximal work loads ).

The plasma NA levels are given in table 1 and fig. 1 In the patlents not
treated with chlorpromazine the plasma NA increased during exerchse.
The Increase was about the same as that found by VupsaLu (1960) in

) Data bout the arculatory effect of chiorpromazine snd of physcal trataleg »H1 b
published in detail later
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at rest 300 600 Lpmpmn 900

.
FIg. | Pheama kevals of soredrenatio (mean, S.E.M, ad mumber of obscrvations) sFhme
asxd during mmecaler work in patients whh and witbot chorprowzise,

healthy subrects. Tho resting levels were, however somewhat higher than
those given by VENDSALU (1960) and HXGGENDAL (1963) This may be
explamed by the mental state of the patents. In the untreated schizo-
phrenicy the NA dunng exerclse tended to be slightly lower after the
patient had undergone a course of physical training.

In the patrents on high doses of chlorpromazine the mean resting NA
level was higher than in the untreated patients, and it ross faster duning
exercise In some cases very high plasma values were noted, e.g. 7ug NA/I
plasma or more in four cases and 15 ug NA/1 In one case. The tendency of
the NA to be lower after physical training was also found in the patients
treated with chlospromazine.

Blood samples collected during rest or exercise contained no demon-
strable amounts of sdrenaline.

At rest only small amounts of adrenaline were demonstrated 1n the
urine and the incrense of catecholamines after exercrse was mainly due
to NA (tablk 2). Thero were several difficulties in collectmg the nnine
some patients could not urinate at the selected time and the volumes
~alletecl o, coheere ~wor sasnstimes N1 g o esigh, o etidoon y

amalysts. For more detalled studses catheterization is probably pecessary

However at rest a3 well as after exercise the NA values in the urime
were higher in the petents treated with chlorpromazine than ia thote nat
treated whether the patieats had or had not recerved any other drugs. All
these patients recelved ascorbic acid.

One neurotic inpatlent, male, age 46, physically untrained and given

no chlorpromazine, received for 6 weeks some of the additronal drugs
given 10 some patents on chlorpromazine restment, Le. n-ethyl-nor
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phenylephrne- hydrochlaride (effontil ®) 5 X 3 mg, benzirope 2 mg,
and amylobarbttone 100 mg for short periods. The plasma levels of NA
8t rest were 0.5 pg/l and duning muscular work with & load of 300 600,
and 900 kpm/min. 0.5 0.6, and 1 7 pg/l, respectively The increase in the
NA values was thus not as high as in most cases on chlorprommzine
treatment, but within the range of patients not treated with chlorpro-
marnne,

Discusdon

The results in the casz described above and the resuls of the unnery
estimations, as well as the fact that the high NA valoes were obtzined 1n
patients recelving chlorpromazine, often as the only drug, makes it un-
likely that the increase In the NA values was doe to these other drugs.
It rather scems that some of these other drugs might sometimes have
decreased the NA values (cases M, N and P)

The coexistence of a decreasad effoct of the sympathetic nervous
system on the circulation and high plasma NA lovels, suggesting high
sympethetio acitivity can be explained by the fact that chlorpromanine
blocks the adrepergic receptors.

The increased concentration of NA m patients treated with chior

promazine may be explained by some dlfferent mechanisms
1) Chlorpromazine has s hlocking effect on one of the most important
inactivating mechanisms at the nerve terminal-receptor level Le. 1t hlocks
the reabsorption of the liberated transmutter nto the nerve terminal
(HERTTING, AXELROD & WHITBY 1961 AxEIRO0 HerTimvg & POTTER
1962 DENGLER, SPIEOEL & TrTus 1961 Gy & PrerscHer 1961 Mu-
SCHOLL 1961 MALMFoRs 1965).
2) It cannot, however be excluded that other inactivating mechanisms
were affected by chlorpromazine in theso large doses, The circulatmg NA
is mainly metabolired by 3-0-methylation in the liver (see AxrLron 1959).
Tt 1s possble that chlorpromazine makes it more difficutt for the cirenla
ting NA to penetrate into the liver cella. It may be recalled that chlorpro-
mazine has an effect on the liver - one of its side-cffects being liver damage
The high NA levels in plasma and urine might be explained In this way
but an effect on the liver is probably only & contributory cause, Studies
on the total amount of NA metabolites in the unne doring exerelse would
therefore be of interest.

3) Since the normal effect of the sympatbetic activity was reduced by the
mpmrblochdc.thenalvityufﬂmsympu.th:dcnu—mmmmaybe

dbya hanism renulting in an increased lovel of
plasma NA If!hul!dwnmlmpomtnxchanmoth:rdmpuﬂ‘cd
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ing the effector cells, e.g., receptor blocking agents, should Increase the
plasma NA level.

4) There may be a direct shmulating effect of chlorpromarine on NA
synthens.

It 13 possible that the increass in the NA in plasma and unne requires
long-term treatment with large doses of the drug, but investigations on
the effect of different doses of chlorpromazine, given for a short time,
are desirable. Prelmunary results on the effect of single doses of chior
promazne given intravenously have so far shown that the NA concentra
tions during exercise are of the same order a3 those found without the drug.

Both the plasma NA level and the unnary excretion of NA were higher
in patwents recerving chlorpromazine Whether mechanism ! or 3 1s the
most important one involved, the increased loss of NA must have been
compensated for by an increased synthens of NA since the stores of NA
m the nervous tissue appear to be limited Treatment with chlorpromazine
appears to be accompanied by an increase in the catecholamine synthess
in the central nervous system (A CarissoN & Linpavist 1963 ANDER,
Roos & WerRDRNIUS 1964)

An mcrease in the NA synthests implies that the synthess of its pre-
cursors must also be increased since the trisue does not appear to con-
tain stores of e.g. DOPA or tyromne. It is tempting to assume that the
possibly increased synthesis of precursors of catecholamines might also
result in an increased formation of mel or melanine-like compounds.
since both substances have common precursors. If so, the pugmentation
observed after treatment with high doses of phenothlazine drugs may be
related to the catecholamine metabolism There may however abo be2
direct stimulating effect by phenothiszine drugs on the formation of
DOPA from tyrotine.

Tn some cases the NA level during exercise was very high, Le. above
7 pg NA/l plasma. Such high values are seldom obtained with modem
assay techniques except in cases of phacochromocytoma and then often
in connectron with severe circulatory disorders. During chlorpromazine
therapy the receptor blocking effect of the drug apparently protects the
subject agalnst such side-effects However the balance between receptor
blockade and high NA Jevels may be disturbed Furthermore, chlor
promazine does not block all receptors to the same extent Chlorpro-
mazne s chlefly an a-receptor blocking agent but all a receptors may pot
be blocked to the same extent. Some of the metabolic effects of chlor
promazine may be due ta the large amounts of NA present. The cases of
sudden death reported (GREINER & NicotsoN 1964 HovusTex & Kostx
1965) may be due to very hugh catecholamine plasma levels, obtalned e.§-
during physical activity
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Summary
In patlents treated with large doses of chlorpromazine, the blood nor
sdrenaline bovels during exercise were high The concentration of nor
adrenaline 1n the urine before and during exercise was mlso higher in
chlorpromanne treated than i untreated patients.
Possible mechsnisms arc discussed

Block of the reabsarption of liberated transmitter into the nerve
terminal.

Effect on the catecholarmune metabolism in the lrver

Compensatory increased activity in the peripheral adrenergic nervous
system due to the a-receptor blocking effect of chlorpromazine
Drrect stimulating effect of chlorpromazine on the synthesis of nor
adrenaline.

Some ulde-effects of chlorpromazine treatment are descussed with
regard to the effect of chlorpromanne en the catecholamine metabolism
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Pharmacology of Reserpine Anglogues VL
Reserplue Amalogues with
Differential Effect oo Brain Monoamines
By
V Trika and A, Carbson
(Received M y 12, 1968

The central depressant effect of reserpine 15 accornpamed by a decrease
in the brain monoamines 5-hydroxytryptamine (5-HT), noradrenaline
(NA) and dopamine (DA) The dose-response curves of moncamine
levels in short as well as in Jong-term experdments are mather similar
(Carrason 1959 1960 & 1964 HAGGENDAL & LiNDQVIST 1963 Man
KEWKZ 1963) However tho behrvioural changes can not be dlosely
corrclated to the extent of monoamme decrease (HXGGENDAL & LinD-
QVisT 1963 & 1964 MarxEwicz 1963)

Reserpine like compounds have been described which affect the -HT
less than the catecholamines and it has been suggested that their sedative
action Is related to 5-HT (BrooiE, FINGER, Or1ANY, QUINN & SuLuR
1960). However there Is no defimite evidence of correlation between the
tranquillzing effect of reserpine and the degroe of depletion of particular
monoamines, Four reserpine analogues have been described, 1n which &
dussociation of sedative and hypotensive activity in monkeys has been
determined The mtxo of mi I h tn minimal wdative doset
in monkeys {s much less than | (fig. 1) For reserpine this ratlo is ap-
proximately 1 (TREKA, DLABAC & VANECEK 1963 & 1966). In the present
study the effect of some of these substances on monocamine levels in the
brain and heart have been nvestegated In mice and correlated to the

spontancous motility and ptosis (for preliminary report, see Tréxa &
CARLSSON 1565).

Rescarch lomtitwte of Pharmacy and Baochemsbitry Pragoe 3, Crechaslovakie.
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Flg 1 Chemical sirocturs of tested substances and the ratlo between their hypotensrre

and scdative activities In monkeyr. Hortrontal bars the ratlo between the minima! hypo-

termsive and scdative dose In monkeys In comparison whh reserpine. Substances kb

catlo Jower than 1 bave relatively higher hypotessive than sedutive effects (T &xa, Dtasal
&V Mlfrx 1966)

Material and Methods

The following derivatives were choeen for thia study (Ag. 1) Afethopidine | -methyl
mercaptodesarpidine (Eanest 1964) merbax ine (}-methyl-0-(p h
oxyscetyl)-reserpate (ExasT & PROTIVA [963) methaxyphenthianrpine ( )-methyl-0-(p-

P P Unkovict Exsaat & Promiv  1965) meshe-
desidine dsoxy Uin ovext & Promty  1963) The effect
of these vas with that of birk rpine, (
4-methoxybenzoyl>-rescrpats (Er~waT & Pa 1iva 1963) an acalopoe with @ reserplachk

standerd.

All mbutances were dimohed In - muxture of dimethylacetamide, propylenglyred s
5% solotion whh eddrilon of citne ackd The solution was sdministered intraperfioncally
In volwme 103 mYj20 g A corraponding smount of tse soh ent was phven 1o the coatrol
ammak

Experiments were carned out on femaks albino mice weighlng 20-22 5.

The wonosmine content ko mowes ternes was determined fn pooked samphes of #x
ummaly NA 1a the bru -dbnnmd.m:rdmdum-rmglo&nul,cwl
mmll”l)lndDAulhcbﬂmndn;ﬂkmlthoddeAWLuﬂ
(1958). The method of Br ml(l“l)mmdfmth‘éﬂmhmd&lﬁmhl
tsancs

chﬁwdmctmdnbuxmmwmmqntunﬂdﬂm"d
mmmm.mmmm-mmmmagmww
mhnnt-hkhwulbtdmlﬂmedfof:ﬁpuﬂoomtb:mmmlbel-’t"
dm;nymn;mh-ummnpuﬂhhmmmurwnanhﬁﬂ
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Th ghest pomsible total numbser of moveownts wes thos 72 in oce scation. I repested
apertments, the score of control groups persisted withs  the renge of 68-72. The motility
of an sxperimental group wis cxpressed in terms of per ovot of the cormapondmg control
woup score.

The width  the cychd wot was arbhrarily cvaluated ta four degress

All drgs wrs I equi-cffective hypotenitvs dotes estimated from previoes

n stized monkeys (TAEEA, Drasal & Vardisx 1963

& 1966) 1 follows L3 mpke 7.5 mp/kg. methaxy-
73 myfep Tpl 3 mpfkg, and

p reserpine
1.25 mg/kg. Monoanune bevels and other fuactions ware detormined 3 b afisr admintera
tion.

Results

As shown in fig. 2 all substances brought about a marked decrease of
heart NA 3 h after admunistration. Afier reserpine or hishomoreserpine
treatment (both 1.25 mg/kg) almost lete ptosis and disappearance of
spontaneous motility were found. The brain 5-HT was decreased to 30-
35 / of the control level. The lowenng of the catecholamine content In the
brain was much more marked. A less-marked decrease 1n brain mono-
amines was observed m mice given drugs that did not influence sponta
neous motility In partscular the S-HT level was only slightly sffected.
The difference between the monoamines was very marked m the medio-
despidine group NA as well a3 DA were reduced by more than 50 /
while 5-HT was only shghtly affected. With the exception of metoxy-
phentioserploe, no effect on the eye apertare width was observed with
thus group of mubstances.

I BRAIN HEART

i

REI=I

- w W W

=={HEEE

Nt R mw we
« ¢

Pig. 2. The sffact of tewted substances m cqui-eflecth  bypotensive dosss (I mookvys
e text) on the width of the syelid ot (P1), spoatancous motility (M) and moaceming
cortertt io mouse orpant,
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Fig. 3 The 5-HT level plotted aguinst the catscholamine content (NA + DA) In mowe
braln 3 hours after  dministration of tested substances.
White squares control veloer

Black squares kevehs after of iscking eny edative
effect,
White arcles Levels after I of reserplne and blsbamoreserplot.

Murked sedation in all animabs

The disproportion In the decrease of 5-HT and catecholamines In the
brain after sedatively and non-sedatively acting drugs can be seen In
fig. 3 The above mentioned results are computed from the data of other
experiments done under corresponding conditions The 5-HT levels arc
plotted agamnst the catecholamine levels (NA -+ DA) Three groups of
data are seen 1n this figure The levels of 5-HT after treatment with sub-
stances with no sedative effect in the doses adminustered (black squares)
are not very different from the control values (white squares) although
the catecholamines are dearly lowered, Reserpine and bishomoreserpine
(white circles) present an apparently different group of data in that all
monoamines are decreased

These results when correlated to the estunation of spontancous mo-
tility show that the data in the rpper part of fig. 3 represent expenments
in which no decrease in motility was seen Monoamine levels comeen-
trated 1n the feft lower quadrant were assocated with a striking decrease
in spontancous motihity
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Discowsbon

1t might be tempting to draw the concl from tho present data,

that the sedative action of reserpine fs related to 5-HT rather than the
catecholammes reserpine analogues with Iittle or no action on the brain
5-HT but with a clearcut effect on the catecholamines are found to be
devoid of any sedative action Howwver great caution should be exercised
in drawing conclusions merely from amine levels without any further
analysls of the mechantsms mvolved. It shoukd be kept in mind that the
major fraction of the monoamine stores does not seem to be essential
for the function. Inthhuonn:cdunnmaybenmtﬁcnnt that even large
dotes of a compound such as despudine do not seem capable of
hrlng!ngthebm}ncamchnlnmlnudmtothecnremdyluwkvd:
characteristic of the actron of reserpine In other words, the mono-
amine depletion by medtodesprdine may prove insuff to bring about
blockade of catecholamine and S-HT tranumission mechanisms o the
brajn. Whether this type of compound interferes with penpheral adrener
@ transmussion remaing to be investigated, Such interference should
Jend to ptosts, wiich was not observed after mediodespidne treatment.
This calls for further investigations on the mechanizm of the hypotensive
action of this agent.

Summary

The depletion of 5-HT and catecholamines from the mouse brum and
heart after adminstration of five reserpolds is described. Derfvatives
Iacking sedative and ptosis-producing effects, had little influence on the
5-HT Jevel in the brain and reduced noradrenaline sand dopemine levels
to variable degrees they seaned unablo to brmg about the marked
depletion characterotio of reserplne. Another analogue, with a reserpine-
Hke sedative action, lowerod the 5-HT as well as the catecholamine
coatent 1n the brain, The results are discussed with regard to possible
mechanisms of actions.
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Autoradiographlc Distribution Stodies of Adrenergic
Blocking Agents. I *C Phenoxybepzamine (Bensylyt NFN),
an a Receptor Type Blocking Agent*

By
David Masooks  Lars-Erfk Appelgres and Eskll Hagveon
(Received July 23 1968

A dual adrenergic receptor meechantem has been proposed by Ann
qurst (1948) to clasufy receptors with regard to therr sensttivity to sym
pethomimetrc amines and the inhibition of their responso to these drugs
by certain adrenerge blocking agents, Thus dibenamine and related
haloalkylamines have been shown to produce a potent and prolonged
blocking action of the a receptors (NickemsoN & GOODMAN 1947
NicxersoN 1949), while agents such as dichlonsopropylartereno! (DCT)
(PoweLL & SLATER 1958) block only p-receptors.

In the present paper the dustribution m mice of the a receptor blocker
phenoxybenzanune (dibenzyline ®), has been studied by the whole-body
autoradiography technique of ULLeera (1954) 1n order to compare its
uptake and binding characteristics by organs and tissues. In a subsequent
paper the distnbution of & B-receptor blocker propranolol, s described
{(Masuoxka & HarssoN 1967) It was hoped that such studres might
provide further knowledge about adrenergic receptors and help to settle
certain controveniies regarding the pharmacology of blocking agents.
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The apecific scthvity of the compound wat 1.3 mc/mM The mdiochentical purity of the
componnd was also checked jmmedistely befors Infection, by thin-Lryer chromutography
and exposure of the plates to X ray film as described below The autoradiogrum revetked
one major spot which cor o the R of ph and rrpreventd
9 / ofth total counts, and thres mbnor spots.

A rovadograpky Two pc (0.54 myg) of MC-phenoxybernzamine-HCl {n 0.2 ml andHed
propykac giycol-physological maline solution preparad as described by Nickmmson &
GoooMAN (1947), were Injected Intraveootaly fn the tall vein of ale and femake Wbies
mice of the NMRI strain weighing 2022 g. The mice wire sacrificed 5, 20, and 40 miszi.
1 4 and 24 hours and 2 and 4 days after the Infection. Usder ctber apesthests, they  ¢7e
Immersed n hexane cooked with solld carbon dhaxide. Whole body antorsdiography sas
done sccording to the ULrarma method (1954) The varfoe steps involving sectiosing,
aposuro of freere-dricd soctions (o cxmic vapor and placing the sections sgalnst X-try
film were cartied out 1o cold room at ~10° Sectlons thirty p thick wers sxposed
Strocturix (Gevaert), and 80 1 thick sectloms 1o Kodirex (Kodak)

Celiection of bite Two mik nts of the Spragoe Dawley strain (body weigit 20 P
ware ancythetired with pentobarbltons given totraperiioncally The wbdomm was opesd
by meidon and  potyethybme tobe imerted Into the common e duct. The rats werw
wjected with § e (135 mgp 14C p Y HC Lot the femond
vein. The bilo was collected {n beakers for foar hours.

Thindarer chremuivgr phy Thintayer silica gal plates wero prepured sccordinf 0
STAHL (1962) The solvent systems were chloroform-mathanal (80 1) and heptanc-chloro-
form-mettmnol (80 33 13). The radioactivity on the thromatogram wia detected by &
poture to Kodirex X ray film, and the colour spot of othestic phenoxyberamine wel
developed with jodoplatinate reagent.

Tistee extraction. Two make mice (body waght 20 f) were injected {ntravenouly kb
5 pe (135 mg) H4C-phedoxybenzamine HOL The animals were klied 40 mintes and 24
howurs after the mijction. Thoe braln, beart, brown f 1, liver and skeletal oimch o9 1
maved from the mouse injected 40 rainutes proviously  d the brain, heart and skebets)
mmcko from the mouss Injected 24 howrs previcwsly Exch thue sampie wes homogeaized
In distilied wuter and adjusted to pH 3 by eddilon 0.1 N HCL The sampks €%
wxtracted with 20 m! heptane. The radsoactivity In (he heptane, water phase asd the taest
debris wes determined by liquid scintillation cognting. The yotume of hcptane wis e
duced by cvaporstion under ntirogen and the romainiig cptanc from sech sraple e
for thin-] yer chromatography

Results

Whole-body autcradfography

With the autoradsographic method 1t is possible to trace the injected
labefled compound and/or its metabolites in the varlous organs at
ferent times after administration. After the injection of 14C phenoxy
benzamine, the radioactivity did not appear to leave the blood
and up to 40 minutes was required before there was significant clearance.
The tissues which contained the highest activity were the liver kidney
and brown fat. The radicactivity penetrated readily into most nssues
The retention differed 1n varlous tissues, some tissuss retalning activity
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Fig 1 Artarsdlogram (upper photo) showing datribatlo [ radioctivity (Tight arees)
ln  momes 40 minutes after mjection of 14C-phenoxy e, Corferp
ing oemium-trestad taroe section (lowsr photo) 30 )L

for long perrods (fig. 1-4) The destribution in various orgams fs described
in detail below

Central nervous system. Five to 20 minutes after the injection, the gray
matter of the brain appeared to have about the same activity as the hlood.

Fig & Aworsdiogram ( pper pboto) showing distribation of rediosctivity (hght  roes)
s nowse 4 hours after btravesous hection  { HC-phanaxybenmmine. Correeponding
ocan hum-troated trmoe mction (kower photo) 30 .

"
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Flg 3 Autorsdiogram (apper photo) showing distribution of radiosctivity (Hykt sren)
ln monsm 2 deys after Injection of 14C-ph Corrapoodisy
osmlom-treated tise secthon (ower pboto) 30 3.

Then, as the radioactivity 1 the blood decreased, the actlvity m the CNS
remened continuously higher than that in the blood during the remalning
4 day period of observation. Hence, slthough phenoxybenzamine did
not appear to be actively concentrated n this hissue, having once penc-

Fg 4 Autoradiogram (upper photo) shom mg distribetion of radiosctivily (fight sres!
In 2 mowse 4 days after mtrevenom wjection of ‘Cophemorybenzasing Correxposdss
crmium-treatsd sectiom (lower phot ) 30 1
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Flg. 3 fan (heft) and timuo section (right)
20 mioute afte L injectson of 4C-

trated 1t did not appear to Jeave readily Distribntron wathin the braln
was farly even.

Cardlovascular syatem Within 5 mmutes the myocardmm had a mther
high actvity winch was retained for n long period, and 1 the 4-day
antmal, this thssue contmined the highest radscactivity of any organ in
the body (fig. 4)

The large blood vessels were as hughly labelled as the heart still con-
tamned actrvity after 24 hours,

Endocrine glands The ptmtary and pineal within 5 to 20 minutes
after the injection, showed activity which was slightly higher than that
in the blood and bram After ! hour tho ptuitary was still slightly more
radicactive than the brain.

The adrenal cortex (fig. 1) thowed a hugh concentration wrthin 5
minutes of the injection of 4C-phenoxybenzamune, The nctivity was
maintained above the blood Ievel for the catiro 4 day period. The activity
in the medulla was never much higher than that in the blood (fig. 5)

Digestivre system. Rather high activity appeared in the mucosa of tho
fundus and stomach content as carly as 5 minutes after the injecton.
The wnteshnal walls, h did not 11 di rvity higher
than that in the blood while their contents wers seen to be very active
&t 40 minutes and sull active at 4 dayx

Tmtlally the salivary glands were found fo be only as active as the
blood ation but they I slightly higher after 4 hours.

Ths liver was highly labelled at 5 minutes and gradually decreased in
activity but was still moderately active at 24 hours. The adioactivity of
the bile was observed to be very high as early as 5 minutes and remained
high up to 24 hours.

Lymphatic tisswe The lymph nodes, thymus, and white pulp of the
spleen did not accumulate radioactivity and had, 1n fact, 8 moch lower
activity than the blood for at least one hour
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Fig. & of an (heft) mnd these section (right}
4 hours after latravenony Injection of 14C-phenovybenzamine

Adipose fissue Brown fat was seen to be very intensely labelled in the
5 minute and only slightly less in the 1 hour — and 4 hour autoradiogram.
However after 24 hours it had decreased mgnificantly and the tissoe no
longer contained the highest radioactivity

White adipose tissue was 1y lower 1n radioactivity than the
blood.

Skeletal muscle and bore The activity 1n skeletal muscle was about
the same as that 1n the blood imtially but after one hour 1t remalned
shightly higher thronghout the remainder of the expenimental period.

Hard bone was not penctrated by the MC label while activity in the
bone marrow merely appeared to follow the blood level

Ovary The corpus huteum (fig. 6) was observed to have high sctivity
tn one hour and was atill high after 2 days. The follicles, however were
not radioactive.

Bile excretion

The experirments with bile fistulae showed that n 4 hours 29.3 axd
328 / of the radwactivity was excreted into the bile of the two Rt
mvestigated

When the bile was extracted with heptanc only traces of radicacthity
were extracted into the heptane layer Thin-layer chromatography of the
bile revealed that the radioactivity 1n the bik did not move in the heptanc
chloroform-methanol system, while the authentic phemoxybenzamine bad
an Revalue of 0.8

Hdent{fication of radloactiviny in tisnes
Certam Ussues were removed from two mice 40 minutes and 24 hﬂ\‘;:
afier injection of MC-phenoxybenzmmine, extracted with heptane and
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Table 1

Porceat of radlosctrrity m therues which reprssest AC-phenoxybenta
mine 40 minstey and 4 howrs after | njection In mice

*% phenotyberzamine
Theeue (sccording to Re-vatoe)
4Omioates | 4 boars

Brafa 51 3
Brown f t ” -
Hert 6l 7%
Liver pd -
Skelatal muscio nn L 13

extracts chromatographed a3 described under METHODS The bram,
heart, lver and skeletal muscle from the 40 minute and 24 hour mice all
showed radioactive areas corresponding to the Rrof authentic phenoxy-
benzamine Table | shows that a high percentage of the radioactivity
remamung mn the vanous tissues at 40 minutes and 24 hours 1s due to a
compound having an Rr corresponding to that of phenoxybenzamme,
Only the liver appeared to have s larger percentage of metabolized
phenoxybenzamine,

The radioactivity from brown fat formed an unusaal “U’ -shaped spot
(probably due to excess lipid) on the autoradiogram in the phznuq-—
benzramine area. In order to confirm that this was
bmwnfatandbminfmmtwumiaemrcmowdwmlnmamdl
hours after injection of 14C phenoxybenzamine. The heptane extract was
evaporated to dryness under reduced pressure, and the residne extracted
with acetone. An aliquot of the acetone extract was chromatographed.
After exposure to X-ray film, the chromatogram plate was sprayed with
jodoplatinate reagent. The dark spots on the autoradiogram had the
same Ryas authentie phenoxybenzamine.

Discrsdon

The diffuse nature of the dntribution of 4C-phenoxybenzanune was
not completely unexpected in view of the fact that this compound has
been shown to react readily with sulfhydryl, amino, and carboxyl groups
tn virro (HARVEY & Nroxmmsov 1954). The distribution of radioactivity
may be summanzed as follows
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40 munutes to 1 hour Brown fat > kadney > liver gastnic mucon,
adrenal cortex, heart, corpus luteum > blood

{ day Heart > corpus luteum certain skeletal muscles, adrenal cortex,
kidney > blood

2 days Heart > corpus luteum, certaln skeletal muscles, brain > liver
adrenal cortex > kidney > blood.

4 days Heart > brain > certain skeletal muscles, Hver > adrenal cor
tex, kidney > blood, brown fat.

Dibenamine and related haloalkylamines have been shown to postess
a specific, potent, and prolonged adrenergic blocking action (NICXERXON
& GoobMAN 1947) The mechanism of thus action has been assumed to
be due to a relatively stable combination of the blocking agent with a
speaific tissue receptor On the other hand, Bropie ef al (1954) have
suggested that the prolonged pharmacological cffect could be explained
by the lation of phenoxyb in fat depots from which it
slowly diffuses into the blood stream. Following a modertely high dose
of 14C phenoxybenzamine, the present investigahon has shown that a
good denl of activity was initially localized in brown fat. Later (24 days)
when the concentration 1n the brown fat had decreased to low levels,
there was still radioactivity specefically bound in certmn other tissues
Propranolol, 24 howrs after the injection of the same amount of radlo-
activity shows no such ussue bindmg under the same condltions of
exposure (MAsUOKA & HANssoN 1967) It is, therefore, concuded in
agreement with NICKER$ON (1962) that because of persistent binding by
certain tissues, accurnulation in fat depots is not essential for the pro-
longed blocking activity of phenoxybenzamine. This does not exciude the
possibility however that with high doses slow release from fat depots
may extend the duration of activity

The marked accumulation of radioactivity in brown fat deserves further
comment. The high hipid solubihty property of phenoxybenzamine alon¢
could not explain this accurnulation, n as moch as white adipose tissoe
did not smignificantly take up radioxctivity In addition, Haxsson &
SCIMITERLOW (1961) have observed that a lipid Insoluble drug aprobit &
(an antihistamine with some a blocking property) had a greater tendency
to sccumulate in brown fat than one which was more lipid soluble.
Since the norad: line content, especially in rats (STock & WESTERMAN
1963) and the adrenergic mnervation pattern (see WIRsEN 1965) of brown
fat 15 markedly greater than that of white adiposs tissue and since these
drups, both with a-receptor blocking action but with different ffped
solubllity properties, are concentrated n brown fat, it ks temptiog 10
assume that this high accumulation 13 related in some way to the receplor
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The presence of a receptors in brown fat however still remains to be
demonstrated

The present study has also shown that in all probability the intestinal
contents exhibit very high labelling from 20 munutes to 4 days. The
source of this high sctivity is the bile, since approxumately 30/ of the
total radieactivity was observed in the bile dunng the 4 hour coflection
period 1 rats.

The sutoradiograms indicate that phenoxybenzamine is taken up quite
rapudly by the heart and 1 tightly bound. In the 4 day picture, the heart
shows the highest retention of activity among all the organs, Although
the chronotropic and inotropke effects of oatecholamines are not in

cardiac arrhythmias induced by homimetio amines, especially after
sensrtization by cyclopropane and other hydrocarbons. Such a protective
effect against arthythmms, whrch has been said to persist for 24 hours
to 8 days (WILBURNE e7 af 1947), s thus consistent with the specific,
long-lasting radioactivity in the heart.

One of the major objections to whole-body antoradiography is the
fact that the radicactvity in the thsues may not represent the labelled
drug which was injected but may be doe to metabolrtes. Therefore, tome
means of identifying the compound responsible for the mdioactvrty is
necemary In the present experiment, thin-layer chromatography with
appropriste carriers was wed. The mdioactivity bound in some tisrues
at 40 minutes, 4 hours, and 24 hours after Intravenous {njection is still
mainly due to mtact phenoxyb or to a compound which, when
extracted under tho present conditions, has the same Rr as phenoxy
benzammipe. It has been postulated (NICXERSON ef af 1946) that the
pharmacological activity s due to the formation in rivo of a cyclic
ethyleniminrum fon If alkylation occurred on the receptor one would
expect a madicactive spot possibly corresponding to the hydrolyms pro-
duct, N phenoxyisopropyl N benzyl-f-hydroxyethylamine Perhaps the
receptors in the orgnns analyzed represent only & very small fraction of
the tispe mass and minor radicactrve components in the thin-dayer
chromatogram thould be dosely scrutinized

Sommary
The distribotion of 14C phenoxybenzamino has been studsed in mice
by the whole-body wntoradiographic method. The radioectivity pene
trated readily into most tissucs, Although the liver kidney and brown
fat initially contained the highest activity certain organs such as the
heart and central nervous system retalned higher activity after 4 days.
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Certain tissues, therefore, appear to exhibit prolonged binding of phen-
oxybenzamune.

The radioacthvity in vanous tissues afier 40 minntes and 24 hours was
{dentifled by thin layer chromatography Radioactivity spots having Ry
values smilar to that of authentic phenoxybenzamine were observed. If
N-phenoxyisopropyl N-benzyl-f-hydroxyethylamine was present in the
tissue extracts, it was not 1n a high percentage.
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From the central laboratory tho Filadetka coloay Damtund, Dymmark
(Head C. Munk Mom, Ph. D)

A Simplified Method for Extracting Phenytoin from Sernm
and a More Sensitive Staining Reaction
for Quantitative Determingtion by Thin-Layer Chromatography
By
O. Vendelin Olesen
(Raceivod Jume 14, 1966)

In a previous paper (OLEBSEN 1965) 2 method was described for deter
mining phenytoln In serum in the presence of drugs which nterfere with
the spectrophotometric method (SvERSMARK & KRDTERSEN 1963)

Further experiments showed that for the determination of such small
amounts of phenytoln, uniform Rf vefues for standards and test sohrtions
could not be achicved, without purifymg the restdue left after evaporation
from the chloroform extraction. In addition, the concentrated and un
purtfied extract had a tendency to produce tailing, probably because of
the plate wus overloaded with strongly adsorbent substances at the
starting point.

In the previous method, however the purificatron process was both
time consuming and jnvolved many manipulations a simplification has
thus been worked out, and many hundreds of determinations of phenytoin
have now shown that the process of purification can be considerably
sunplifted.

Increased sensitivity of the stainmg reactron has also been found of
help in the visual quantification,

Method

Amountt of serum of 3 mt and | ml, respectively are chuken nigoromly with 0.1 m!
f concactrated HQY and .3 mi of chloroform for sbout 10 seoonds  pproximatedy 10 g
of anhydrous sodium eulphats b added, snd the shakiog repeatsd for sbout 10 sscondi.
The sofution b then fiftered 1nt  bureties with glas mopeocts and atteched fannehs. A
olomae of 21 i of the chloroform filtral s eectswrwd Int 30 m! Erlenmeyyr flsake,

The chloroform fs ev porsted oo water bath &t 60-70* by meams of & stream of air
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The residme on the water bath B treated with 3 m) of mathanol wlth comtinnom sirmag

After cooling to room the meths atract b to potated ceatrk
fuge tube, the flasl being riosed with 2 ml of cokd methano! which b also added 10 the
tuber. The henol b evap aod the g0 tube rinsed with 2 ml of

chloroform which bs agein cvaporated to dryncs.

Chromaterraphy

The procedure of applytng standards and test solothons b cxactly xs previously descrited
(O 196%) the composition of the solutlo for separating the consthoents In the
chromatogram has, bowever been altered, 90 that b mow conshts of chloroform, methanol
and water In the proporticns 75 18 1

Stalnlrg reactions

The treatment of the plats with pi nd In unchs but by reducteg
the distance to the soxrce of UV radbation (Phikips TUY 1SW L4}, the period of redietion
B reduced to 5 minutes The plates are thon mohtened with & 2% aqucows sointion of
Cus04 (previomly 1%, and dried in a stroam of coid air The phenytoin now appess
a3 yellow 1poty. The plates are then molstensd thoroaghly with  frushly prepared mitste
of 1 N'NaOH and 1% squeous solution of 4-pyridintum chloride, In the proportion!
11 and the phenytown s stalned reddishrarangs, whik any barbiterates prescst a7
stained tho same colour

Resuits
Recovery and specificity

As 2 result of the alteration in the method of extractlon recovery Is
shightly increased (approximately from 84 / to 87 4) In order to main-
tain the imple proportion between the phenytoin content of the standards
and the sample, this has been compensated for by taking only 21 ml of
the chloroform extract for the working procedure.

The stuning reaction 23 ongmally described, still forms the basts for
the qualitative identification of phenyton The specificaty of the stamning
reaction recerved further confirmation from results obtained in the quak
Mative demonstration of phenytoln in the facces, brale, lver kidneys
and the heart musculature of pigs poisoned wath phenytoln In addition.
no dificulty was encountered in carrying out a single quahtative demon-
stration of the presence of phenytom in the gostric contents (se¢ figute)
from a patent who had taken the drug with suicidal mtent.

The new stalning reaction with 4-pyridykpyridintum chlonde which I
carried out after the qualitative demonstrstion s abont 10 times a8
sensitive as the staining reaction with piperidinecopper sulphate but at
the same time 1t 15 rather non-specific. It can best be compared with
mercury sulphate-diphenyl-carbazone ing. [t has been found of ad-
vantage however 10 be able to demonstrate barbiturates, for example.
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Fig 1 Identification f phenytoln sxtracted from stomach conteats.
The laft slde of the photograph Ulostrames the specific resctlon with Cart-plperidine,
Tho right half of the photograph shows the rmult of sobssquent statning of the xame piat
with 4-pyndyt-pyrdinium chloride, together with the posithon [ the phenytoln in relation
to glutsthimid and some burbitorates. Tho extract from the stomach contents was  pplicd
lpd:rpwnphmﬁafnm.ppibdnpolmsm b-rhhmmmhm—-npdms
Bpot wo. 1 3 Phemy

tots, ¢ quh-rhhnnc(nrn.)J Dh:-lum.lndl Phepemalam.

after the qualitative demonstration of the phenytoin. This more sensitive

reactron has been found to be particularly vatuable in the quantrtative
estimation of the phenytoin content,

Discossion

The treatment of the evaporated chloroform extract with methanol
instead of water saves the cooling and the re-extraction with chloroform.
This s a great saving, both in time and work. The extract Is more cone

inated, but the same advantage is obtained by tramsfernng the pheny-
toln to the water phate, namely avolding the substances which canse
tailing on the plates. Some degree of distortion of the spots may be
observed, but this disadvantnge has been balanced by the increase in
the sermutivity of the colour reaction.

MmNuOthddadmprﬂdyLmﬂdjmumdﬂodde.thVuyhbﬂa

ic aldehyde and 4 pyriline are formed. ANGER & O
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(1964) use glutaconic aldehyde as a coupling reagent, although hydro-
chlonc acld must be added to bring the substance from the ezol to the
aldehyde form. If the plate Is treated with hydrochlorc acid after the
staining reaction has been performed as described here, the spots ds-
appear or become bleached, so that 1t is probably more a case of oxygen-
ation than of coupling.

Summery

A simplified method 18 described for the extraction of phenytoin from
serum, the residue from the evaporation of the original chloroform ex
traction being transferred to methanol instead of to water

A staining reaction with glutaconic aldehyde s also described, which
15 almost 10 times as sensitive as the piperidine-copper sulphate reaction
it can be carried out on the thin layer plates following the specific quat-
tatlve test with prperidine and copper sulphate
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From the Departarent of Pharmacology Unbrersity of Gateborg, Sweden

Actlous of Prenylamine
(Segontin ®) on the Cardlovascular System
By
Baepé Oblamrro
(Recerved My 26, 1964)

Prenylamine (scgontin ®), 23,3-diphenylprof )>-phenyl-propan,
depletes varicus tissues of therr catecholamine stores (for references seo
OBANWU 1967). It has also been reported to increase the coronary blood
flow 10 the wolated guinea pig heart (ILINDNFR 1960) and to Increase
oxygen saturation of coropary sinus blood (BSHN SCHLEPPER &
WrTzLER 1960 KOGHSIER, BRETSCHNEIDER & SCHELER 1960) There are
numerous reports of clinecal trials on the value of prenylamine in the
treatment of angina pectoris. For references seo BAUuMGARTEN (1962) and
ABRAHAMIEN (1963)

The results of this investigation indicate that i varons animal species
prenylamine Jowers the mean arterial blood presrure and the heart rate,
antagonrzes responses to tyramine and jsoprenaline and potentiates thoss
to noradrenaline (NA) and adrenaline (A). In rabiuts and guines pigs,
the fall in blood pressiure elicited by isoprenaline is reversed to a pressor
response

Material and Metbods
Blowd preesrt of ensesthetizod cats and radbits
6 cata, 18-3.3 kg o weight were ansesthetrrsd with pentobariitont sod um {mebamal

sodiom NFN =~ pembotal @) 30 mg/kg body weight, ghven urapertoneelly 12 rabbils,
2-4 kg, were anserthetard with pestobarbltons sodum 30 mg/ikg and 25 Y urvihane

recorded by metns of 8 Oram modd § polygraph The beart rates were determuned from
tachograph recoriogs. Preaytuscis wis g dowe of $-4 my/kg. Drags wors mvally
injected tato  fugulsr vein
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Blood presimrs of awwesthetized rats  wd pulwea-pigs

Raty, weighlng 250400 ¢ and guines-pigs, welghing 350800 g were ansesthetired b
pentobarbitone sodium 30-36 mg/kg given Intraperitoneally and tho arterial biood pressars
recorded as described  bove. In some of the experiments rats were pretreated with preayt.
amine 20 mg/kg | traperitoneally twice at 12 hn interval

Biood prerxare of coarciens rats awd gximepigs

Rats and guinea-plgs wero sneesthetized with pentobarbltons sodlam and the sorts and
e cava thy ftubs od g p tubing &y descibed by Porowic &
Porovre, (1960) When the animab had folly recovered (mually in 4-3 dayd) the blood
premure was recorded for at least 3 hra. on each of the two saccesshe days. Proaylmisc
wis given Intrapent neally In two doses at 12 hre. Interval and the blood presurs recovded
for several hre. each day for about fo r days.

MyocerdSal contructile force and ruie In umm

Four cats, welghtng 2.5-3 5 kg, were ansesthetized with pentoberbione sodkum 30
mg/ky body weight. The chest was  pened through a mKirternal (nclelo  while rrapirstion
was malntaioed with a posltive pressure pump. A strain gaoge arch ) was sutured fo the
right ventricle nd the nryocardiel coutractile force was recorded on & Gras polypriph
(modsi 5). Arterial blood pressurs was mossured &3 described  bove. By ruming the chatt
t n sritablo speed (wnually 5 mmy/sec.) tho heart rato was directly racorded.

Hitateral cervical vagot my was p in 2]l exp Body > il
malntained at 37* with a Infrared | mp, thermostatically regulated by & thermometer
fosarted | the rectum. Drugs wers injected hrto the Juguter vein. Prenylamise 1o & com-
centration T2 my/ml was trually infesed into & femoral vein ¢ the rate of 0.3 myminws
by means [ an adjmstable constant mfouon pparstis (B. Braux, Metrungen, Germaay)

Isnlatod perfused hrert

Rabbrts were st noed nd bled o the bearts perfused sccord] g to Lavarrooars 1
MCcEwrNs solution (1936) at 3T° acrated with carbogem (02 95, and CO2 5 £). The coo
tractloms were recorded semisometrrcally by meam of [ res displacement tramsdecer
Grasy model FT03 and  Gress moded 5 p Tn some of the cxp L rrcord-
ings were mad  as described by Axnén, Coxroot, ErTies & Quararmon (1964).

Rabbit uwieted atria
Rubbit atrld wers 5ol ted nd emspended In 50 ol orgun bath 37 The bath flald asd
recordiag were iy for the bolated enrt

Resuhts
Effect of prenylamine on blood pressure of ancestheti.ed cats robbits rats
and guinea-pigs
The intravenous wnyection of 6 mg/kg of prenylamine (cats and rabbits)
and of 10 mp/kg (mats and guirea-prgs) caused an immediate and sharp

3 The straln gu ge rﬂuhun-yp-mnmnwmummnauuMM
Qbteborg, § eden, nd was kindly sapplied by Mr Dof Gmtsfmon



PRENYLAMINE AND THE CARDIOVASCULAR SYSTEM 19

o0~ —— )
‘nZE ! ! | ! !
x W » A A s&a 0PN
n} i RARIEN t [
5oPR FREM
s GLY RN L

"jw—’““— ©

w —_— W
1 t ! 1 | 1

HA A e PHENT A o

] 0 m Cam s rp O O3 ag

I ) ) \ (O]
Si BOR PREN  DOFR
2 Tephy £y

Flg 1 Blood premare { guines-pig weght g 800 gm ensesthetired with pantobarbstonc

sodiom 15 my/kg pe

() Indscates respocss to doses of (NA) (A) od

(ISOPR) NA & A wero calomlated a3 the base and boprapaline =3 the saht.

(b) Bhows the trassdentt falls n bood preemrs following iafections of pronylamuno (PREN)
10 mg/kg & (total dose Eajocted). Arrows indicate infections of frerryiasune. Note
shght rme fn blood premore which wis 5ot sErtamed.

(c) Bhow the reponecs t NA, A and oprenaline after PREN Nota the prossor respooss
10 wopTEDalas,

(d) Show  that the dom of phcaictasiise (PHENT) which  bolhbed (be respomes to NA
end A 10 aniagoaltred the premoc respoa Lo BoproxaBise.

{#) Blood pressare revording of 8 rabixt weighy § 1.9 kg snunstbetzed with  mbxturs of
pentobarbrione sodi @ 3¢ wy/ky nd S mikg of  25% solution of Urcthane. At the
mow prenylamine 7 mg/kg wis grvem imtravenously Aboat 20 mdnutes later [3OPR
waa prven.

11 Acta pharmestogics. vel 11 aei. L.
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Table 1
Effect of prenylanuing on arterial preseure and heart rate in cat.
Befors prenylamine After preaylaxdne

15628 (6 Nopriiabol

Arterial pressoro in mm Hg

Heart rate/min, ‘ ns 1+ 15(6) I 171+ 9
Flgures in brackets Indicate oumber of experiments,

fall 1o arterial blood pressure which lasted for 2-3 minutes (fig. la)
Usually prenylamine was injected slowly over 10-15 munutes and the fall
in blood pressure was observed each time an injection was given. When
a slow continuous infusion of prenylamine was made with a constant

E Toem s PRI b
y I
1oo. SR o 2284rih 0
1
{ BOrin
§ 1SOPR 08,0/

[ i \ i
soPR  PREN 02150‘:
Q2
Fgl
( ) Blood pressure recording of nopcnd)cﬂcnmﬁrmtlll;.nmhu.h!d‘n
pentobarbsione sodrum 30 mg/ky

The figure show the roapoase to nophnabine (ISOPR) before prenylamine (top) £
afler preoylamme 6 mpkg L (botiom).
The mumbens dscate the beart rates.

(b) Blood prewsure of  rat weigh g 300 ga amacsthetized wkh pestobarbitone odes
35 mykg
It Indicates rewpomses to moprenshne before (kefl) nd sfter (right) presylactiss
10 mg/kg i
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Serscspecicly of amine potentickon by prenylamine

:E Befors Prenylamine After Prerylomine
E T ma/kg v

o]
P
g &80~
% 60-
E o
g 20~ —2

L

I—NAI—AO 05 10 20 40 O Q8 10 2 40 Dosesh

¢NAO 5 0 20'50 0 5 0 20'50 g

Fg ) Gruph of precsor resptoecs 1o fsomers [ NA wnd A beforo (Wt} and  Rer (rght)
preoymmios in cate.
Note that the hxcTeass ia senstivity of the smines follows the order £ NA > L A > b-NA,

infusion apperatns, there was a decrease in the blood pressure which
lasted throughout the infosion period but the pressnre usually retnrmed
to the pre-infusion level within a few mimrtes. After the infusion of
prenylamine 1n most of the experiments in rebbts, guinea plgs and rats
there was usually a shight rise in blood pressure, posxibly duc to release
of catecholamune from the bindmg sites (fig. 1b)

In anacsthotzed cats, rabbats snd guinea-pigs prenylamine reduced the
heart mates by up to 25/ Seo below and table 1 Due to technical duffi-
cultles, the heart rates of rats could not be recorded.

In nono of the anaesthetized anmmals was a fall m blood pressure
observed dunng the experments, each of which lasted for at least 6 hrs
(apart from the tranment fall following intravenous injections of prenyl
amine),

The fall in blood pressure following infection of 1soprenaline was
antagonired by prenylamine in cats and rats (figs. 2a & b) and reversed
10 a pressor response in rabbits and guinea pigs (gs. 1c & ). The pressor
response to mjected NA and A wero potentrated in cats, mbhbits, guinea
pigs and rats.

This potentiation scemed to be related to the degres to which the in
jected amines were taken up at specific binding sitex. This was tested In
threo cats by companng the degree of potentration of gmded doses of
L NA, L A and p-A. The resalt indicates that the potentistion r steroo-
specific and follows the order L NA > L A > D-NA (fig. 3)

[t
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Table 2

Effect of prenylamine o arterlal premure and response to tyramine
[n unzosesthetized rats nd gulnes-pigs.

Rat Gulnos-plg
After prenylamine After presylasuse
Before 40 mg/kg Befors 4 mgkg

1o two dases In two dosss
Artenal presrure
in mm Hg 12245 5517 110 X+é
Presure responsc to
tyramloc in mm Hg 6113 2321

Response to tyrumine was pot clear cut in the guines-ply nd was thorcfors not bectded.

Blood pressure of unanaesthetized rats and guinea-plgs

The rmean artenal blood pressures of unanacsthetized rats and guinea
pigs fell by about 50, and 25 / respectively (table 2) after two doses of
prenylamine 20 mg/kg each at 12 hrs. interval. The pressor responses to
tyramine (0 5 mg/kg) were reduced by about 70 / in rats. The resporses in
goinea pigs were not clear cut and were therefore not included.

Mycordial contractlle force and rate in situ

This preparation offered an opportunity of observing the effects o
prenylamine on the contractile force and rate of the heart and the blood
pressure at the same time Infusion of prenylamine 6 mg/kg given intra
venously reduced both the heart ratc and amplitude of contraction
(table 1)

This effect was observed a3 early as ten minutes after the start of the
infusion and lasted up to 5 hrs after the infusion

The positive inotroprc and chronotropic responses to isopremline
were antagonized by prenylamine while those to NA were potentiated
(fig 4) In the doses of A used the responses to A at least were not an-
tagonized.

Isolated perfused heart

The results were qualitauve similar to the in smtu experiments. Tl:'
response to soprenaline was antagonized while that to NA was poten
ated after slow infusion of prenylamine into the perfusion flutd fust be-
fore entering the heart.
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Flg 4. Polygraph record of tha cotractibe force  nd rate of the right veotricle of  cat
1wt
(a) thowy the rerponwe t NA befory () and after prenylamine ( ght) 6 mg/kg &

(b) shows ruponse to noprocatin (ISOPR) befors (i) and after premylamios (dght) |
the mmo cat.
Note thet the responss 10 NA wis potenthated while that 1o ISOPR wat antagonised by
prenytarsine The oumbers indicate the rates of comtractioms nd Lbe chart apeed was
3 mm/feec.

Isolated rabbit atria

Prenylamine in a concentration of 6 pg/m! abolished the response to
both fsoprenaline and NA,

Prestor response to Isoprenaline in rabbits and gwirea-pigs

Prenylamine constantly reversed the fall m blood pressure produced by
b lige to a pressor in the rabbit and guineapig. To test
whcther this response was due to activation of a-receptors, the pressor
responsc to A and NA was blocked with phentolamine. From fig. 1d
1t woukd appear that the dose of phentolamine which blocked the pressor
response to NA and A abo antagonized the pressor response to so-
prenaline  This suggests that the pressor response to isoprenaline after
prenylamune is at Jeast in part doe to the activation of o-receptors.
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Discosslon

The failure of prenylamine to produce an effect on the blood pressure
iz anasthetized anumals Is surprising particularly eince soms of the
animals (rats) were pro-treated with the drug. In view of the fact that
theros was a fall in blood pressure of about 50 / 1n unanaesthetized rats
1t seems likely that anaesthetic agents interfere with the actions of prenyk
amune, There are reports showmg that the presence of anaesthesm may
obscure the response to certain drugs (MAXWELL, PLUMMER, Ross, DANTEL
& SCHNEMER, 1958). Several reports from clinucal trials of premylamme
(sec introduction for references) indicate that prenylamine shightly Jowers
the blood pressure and heart rate m man.

The present findings are consistent with the above reports though the
more marked effects observed in animals could be due to the hugher doses
used, The doses used 1n chinical trials vaned from 90 mg-180 mg/day a8
compared with the doses of 40 mg/kg used in rats.

The potentiation of mjected NA and A after prenylamine observed in
both anaesthetized and unanaesthetized ammals is speafic (see befow).

After prenylamine, the pressor response to tyramine was greatly de-
pressed (table 2) This 1 consistent with the finding that ofter prenylamine
1 doses of 180 mg/day for five days, the pressor response to tyramine 10
man fs reduced by about 75 / (KuscHKE, Ipars & ECKMAN, 1965) This
corupares favourably with similar findmgs after small doses of reserpine
in man (Assoun & Eckstemn 1964)

There it no definite information on the response to NA and A after
prenylamunie 1 the report of KUSCHKE ef af (1965) Such information 18
highly desirable in view of the chinical implications.

The depression of the pressor responses to tyramine after prenylamine
could not have been due to a decrease in seashtivity of the vascular system
since the responses to A and NA were potentiated and it is known that
tyramine exerts its action by releasing NA from the binding sites (CARLS-
sON ROSENGREN BERTUER & Niusson 1957 Burn & Ranp 1958) A
more likely explanation 1s # reduction in the NA content of the tyramine
releasable amine poot It is concervable that the decrense la the response
to tyramine would have been greater if prenylamine had not potentiated
the action of NA released by tyramine.

The study of the effect of premylamine on the response to NA, A ard
hoprenaline in the cat heart in sity has provided further evidence that the
potentiation of the response to NA and A is specific.

The positve inotropic and chronotropic cffects of NA, A and fso-
prenaline are generally belioved to be due to the activation by these
amines of B-receptors n the heart, The uptake of NA at binding sites s
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an important factor in the termination of its xctions so that when this
process is inhituted, the actions of NA are potentiated Isoprenalme 13
normally not taken up at the storage sites 1n any appreciable amount
(ANDEN, Comront, ETTLES & GUSTAFSSON 1964 HERTTING 1964) and
therefore 1s not potentiated when the uptake is inhitated

The storage stes have a higher affinity for NA than for A and the
relative rates of uptake of the stereoisomers of NA and A are L NA >
LA > DNA>DA (Warmy Axaxoo & WaL Martserse 1961
TvemseN & WHITBY 1962 MAICKEL, BEAVEN & BRooIE 1963)

Prenylamine potontiates the actions of NA more than that of A and
antagomzes those of moprenaline becauss of ity moderate f-receptor
blocking actions (see below). (Figs. 2 & 6) This potentiation is stereo-
specific and follows the order LNA > LA >D-NA (fig 4) Theso
findings are consistent with the view that the potentiation of the actions
of NA and A after prenylamine is due to inhibition of the uptake process
of theso amunes at specific binding ntes.

‘The nptake by the nerve terminals is & two step process 1) Transport
mto the nerve termunals — the so-called “membrane pump™ - and 2) sub-
sequentt incorporation Into the amine storage granules. Substances that
inhibit the first step (¢.g. denpramine) canse potentlation of NA.

At present there is some evidence that prenylamine inhibrts this step
to a certain extent, CAxLesoN & WALDECK (1965 1966) The posibility
that under the conditions of the present mvestigation prenylamine may
have mterfered with anmine inactrvation by the adrenergic nerves deserves
farther ravestigation.

MACKENNA (1965) showed that after rabbit hearts have been depleted
of thefr NA content to 90 / by prenylamine, adminntration of large
doses of NA 13 able to restore the NA content of the heart. In view of the
very large doses of NA used 1n hus investigation, the repletion mught re-
present uptake at unspectfic ates.

Tn an earlwer uxpenmcm,OmANWU(lW}fuund that pretreatment of
mabbits with prenylamino abolithed P elicited by stimuletion
ofperhrmhlnmmt}wht:mm]‘h:admuonofdope.mimorm
to the bath fiuid restored the response indicating that prenylamine does
not prevent the uptake of these amines into the nerve terminala,

These observations may indfcate that the inhibition of uptake by prenyl
amine could occur at sites outside the neurons. This view s supported by
the findings of GrLLEYPE & RPEKAR (1965) that after NA is infused into
the splenchic artery various procedures including degeneration of the
post-ganglionic splenic nerves, administration of cocaine and of adrener
gle receptor blocking agents increased by about 60 / the recovery of NA
which appeared in the venons blood. They explained thear observation by
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suggesting that tissue receptors play an essential role in the re-incorpora-
tion of NA into the nerve endings by acting asa  brake™ on the dilfusion
away from the neighbourhood of the nerve terminals, In the absence of
such a mechamusm rapid diffusion away from the site of rekease of NA
will limit the amount of NA (or time) available for re Incorporatson.
By combining with the receptors when released and then becoming
dissociated from the receptors when the concentration in the synaptc
cleft has been lowered by local diffusion some NA wall be malntained for
re-Incorporation Blockade of some of the receptors will inhibit this bar
ner to diffusion and consequently reduce the amount of NA re incor
porated.

Prenylamine has been shown to possess both a and B-receptor blocking
actrons and may therefore mhibit this barrer mechanism. This increases
the concentration of NA reaching the target organs.

In the isolated rabbit atna where prenylamine presumably is able to
penetrate Into the tissue more effectively than n the in vivo or In isolated
heart experiments, both the actions of NA and rsoprenaline gre ants-
gonoed.

These observations allow the conciumon that the o- and p-receptor
blocking actions of prenylamunc are only observed in vitro and that in
vivo only a moderate p-blocking action 1s important.

Reduction in sympathetic tone 15 unlikely to be the major mechansm
mvalved in the lowenng of blood pressure observed n unanaesthetized
mats and gumen pigs Prenylamine has only a weak sympathetic neurone
blocking action in vivo and further the blood pressure is still depressed at
a time when the amine levels have returned to normal (OBANWU 1965)-

Penpheral vasodilatation, lowering of the heart rate and the conscquent
reduction of cardiac output are more likely to be the major mechantsms
involved in the lowering of blood pressure.

The mechansm of action of prenylamine in the reported relief of
angina pectons has so far not been elucidated. The suggestion that this
1s mainly due to coronary dilatation produced by prenylamme is unlikely
particularly in ofd people with ngid and narrow coronary arteris.
Coronary dilatatlon per se 1 of minor therapeutic fmportance in the relief
of anpna pectoris

Marked increases in the blood catecholamine level have been observed
in patients with angina pectors mmmediately after exercise, during
emotional excitement and during attacks of englnal pain (for referencss
see RaAR 1962) Acute mfluxes of NA andfor A into the myocardium
(e.g. dunng {s¢, emotional ) intensify cardiac oxyeen “’?’
sumption and the resulting myocardial hypoxia is belleved to cause pain
(Raan 1960) Recent clinical studes have demonstrated that padreneric
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blocking agents, pronethalol (nethalide) and proprenolol (inderal) have
beneficlal effects m anginal patents (DORNHORST & RommNSON 1962
HAMER, GRANDJEAN, MELENDEZ & SowTON 1964 ALLEYNE ef of 1963)
and support the view that catecholamines play o past in the development
of engina.

Prenylammeo has been shown to possess a modemte f-adrenergic
blocking action (the present investigation LINDNER 1964) and this may
largely accomnt for rts benefichl affect in angmal patrents.

The heart eppears to be very senutrve to the actions of prenylamine
(OBANWU 1965) £0 that a direct effect on myocardial metabolism and
enryme systems resulting In the same effect shonld not be ruled out

In view of the fact that tho eardiovascular cffects of NA and A are
potentuated by prenylamine in vive, combmed therapy with p-receptor
blocking agents may tmprove tho efficacy of prenylamine in the relief of
angna pectorn.

The lowenng of blood pressure by prenylamine may make 1t unsuitable
for hypotensive patients.

The observation thet prenylamine reverses the fall in blood pressure
eheited by soprenahne in rabbrts and gumea pigs is another mdication
of a p-receptor blocking action of prenylamine, ss all previous obser
vations of the pressor respanss to lsoprenaline (see below) were observed
after its adrenergic f-action had been blocked.

A pressor response to lsoprenaline has been reported after promethalol
in guinen-plgs (SEXTYA & VAUGHAN WiLLIAMS 1965) and after pronethalol
and large priming doses of isoprenaline i eats (BUTTERWaRTH 1963)

The prescat observation is consistent with the findings of Sextva &
VAUGHAN WILLIAMS (9165) and extends the findings to rabbits,

BUTTERWORTH (1963) concluded that in cats, the pressor response to
isoprenaline after priming doses of isoprenaline or pranethalol were not
obtained with doses of the order of micrograms and that the pressor
response to larger doses of hoprenaline was due to sctivation of o
recepton.

SEXIYA & VAUGHAN WiLLIAMS (1965), however disagreed on the ground
that in thelr investigation, the pressor response to noprenaline persisted
when the pressor response to NA and A had been roduced to [/5™ by
phentotamine.

Our findings is that the pressor response to isoprenaline is greatly
reduced when the response to NA and A has been abolished by phentol-
amine (fig. 1d} This may indicate that the pressor response to ssoprenatine
is at least partly due to the activation of the a-receptors.

SexiYA & VAUGHAN WILLIAMY (1965) wsed a dose of isoprenaline
(15 pg/kg) which may have been in excess of that required to produce &
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maximum pressor response, In our investigation a much smaller dose of
{soprenaline (0 6 pg/kg) was used This may explam the discrepancy be-
tween the two findings

Sammary

The cardiovascular actions of prenylamine have been investigated on
the blood pressure of ansesthetized and unanaesthetized rats and guines-
pigs, on the blood pressure of ansesthetized cats and rabbits, on the aat
heart in situ and on isolated perfused rabbrt heart and fsolated rabbet
atna.

Prenylamine lowers arterial pressure in unancesthet/ ed animabs but
fails to do so m anaesthetized ammals,

Prenylamine lowers the heart rate

The fall in blood pressure, and the positive snotropro and chronotropic
responses to 1soprenaline are antagonized by prenylamine while the
response to noradrenafine is potentted.

The pressor response to isoprenaline (in rabbits and guinea pigs) after
prenylamine is antagonized by phentolamine

The potsible mechamsm of action of prenylamine 1s discussed.
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From the Departmant f Pharmacology Unbrersity of Gdtsborg. Gosborg, Sweden

Sympathetic and Receptor Blockade
After Prenylamine (Segontin @)
By
Hopé Obtawmm
(Revaived May 26, 1966)

Prenylamine (Segontin ® = 2-(3,3-diphenylpropylamino)-phenylpro-
pant) has been thown to lowar the amine levels of various tissees (SCRINE
& LoDnNER 1960 Juomo & VoaT 1965 MACKENNA 1965 GROBECKER,
PALK & SCHUMAN 1965 OBIANWU 1965) and to inhibrt the 1n vitro optake
of catecholamine by the storage grarmles of the adrenal medulla (CarLs-
soN, HOLARP & WALDSCK 1963 EuLER, STiArNe & LisHarko 1964
LUNDBORG 1966), of adrencraw nerves (EULER, SmARNE & LisHAIKO 1964)
and the retention of amines by the heart 1n vivo (CARLISON & WALDECK
1965) ANDEN, MAGNUSSON & WALDECK (1964) provided evidence for a
correlation between noradrenaline uptake and adrepergic perve function
after reserpine. Sinco many actions of prenylamine (incinding the in-
hilntion of uptake by anune granules) are similar to those of reserpine it
was conssdered of interest to see whether prenylamine had an adrenergic-
neurone blocking action

Material and Methods
Unlew otherwise stated, all recordings wers mads by meam of Grasm model 3 poly-
graph. Norudresalise (NA) was determiosd by the mrsthods of Boatiae, Cantsson &
Rosamoars (1938) and HAGOENDAL {(1963).
3% sotution of preaylmins ghuconate wes diluted with S % glucoss 1o grvo 180 appro-
priate concentrations. All concentrations are «Xpressed In term f thelr bases.

Cat aictria fng mwabre ne
6 caty, weighlng 24 kg were sod, NFN
nﬂnbuul)wmu'k'buiy\wwbympa‘hm
18 respowec 10 elestrical stimulation were
rt:o(ﬂ.ds-ﬂ-uomrtnaﬂybymm 1 Gram rmodd FT 03 fores displacewment truwsd neere.
Tha cervical sympathetic trunk wus prepared and drvkded pregangbondcatly The cramial
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$tomp was stimalsted by square wave pulses uting & Gren moddl 3G 4 sthmwlitor The
blood pressure was wmally recotded from the beft femoral artery by mesms of Stk
modd p 23 D¢ presuro tranaducer and drugs wers Injected Into 4 fugular vein

Radbir wéctit Hag mewsbrare

12 rabbits, welghing 2.3-3.5 kg, wore osed. They were anaesthetized with pentobarbhone
sodium 30 mp/kg and urcthane 5 ml of a 25 / soluthon/kg both administered trapat-
toneully The nictitating membrane was prepared crsentitlly as described by Jacosowity,
Jowaon, Krcemex & Komit (1963). A tracheal cannula wat wmeried and wiiScal
ventliation edminitered with  positive preseurs pomp when ncceseary The cervicd
sympathetic tnmk was expoesed and divided praganglioniesily The crantal stump was placed
on « bipolar platinfum dectrods and coversd with lguid paraffn {n two of the rahbets the
electrode was placed o the superior cervical gangllon. Cervical vagotoory wis carried owt
in all the expertments.

The cornce was Incised with & scapd and the lem nd vitreous humor were sxpelled [a
order to deflate the oye. The eyeBds wero retracted and sewn back and the head was fiacd
righdly by sccuring the lowsr and upper faws between & groove o a righdly fed ber The
stimulstion was dome a3 doscribed above, at various frequescies (seo resalty) 2 e
duration and with a voltags that caused maximal contractio of the membrane. The
recordings wers a3 for the cat.

Coniraction of the lower ayelld of th ras

Rats, weighing 250-300 g were with cither p rbltono sodie
mmgfkoofmhm(umnmmmpanumuyAuwwnmhmw
and o Jugalar veln carmualated with & polyethyleno t bing, The right crrvical sympathesc
chaln way carefully bolated and placed on a bipotar pi tiskim book-chectrode. Both gl
were cot nd tmal electrical ut various frequencies (1 6, 32, 64,128
15d 25.6/se0) with u putse width of 0.5 msec. was applied for 10 sez. The retraction of i
mmmhmmmwmmnuummnwmwwu-umdﬁd

through the eyelld, pased throagh pullq-ndm-cbtdm-t]r-nmddﬂ'wﬂ'“
The ings were mede sami Nyo a Grammodd $

polypraph. o
Two of the rats were pretreated with premylamine 20 mp/ky twics dally for 2 days
were anassthetized 2 hra. after the kst dose.

Iselared tirrwes

Segments of rabbit bolated mtsstono wilh therr sympathetic nerves atact wers prepred
by the method of Fry um(mebeywmm-vhsomlamnb-m.Lnuctnﬂ
finkd (19356) ot IT* and seratcd with 95 oxygen wd 5% carbon diexide. The

nerves were rmmn:r_nm]mk\mntnﬂomrnqn-ﬂlﬂ

(10-50/sec ) by means of  Grem Stim 5G4 d 10 2a “dﬂk'-”d
some experiments, lternat sectoms of [em werw tet wp woder dmia conditions
cither preaytams & added 0 the bath nd stimuistion comtlnoed wntll compiete block ¥
obtmned, or witbout tnued for the same kngth of Hnc:
Tertwes vere rmoved from the beth, dnod oa flter paper welghed »d  natysed for 006"
adrensfive.
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Gaines piy vat deforens

Guaines plg v deferentls wern set op acconding to Huxovac (1961) and the hypogastric
nerves stimulated for 20 sec. svaTy 3 minotes at 30/sec. The bath tempersturs was 32° nd
the responses ware recorded by mesn of botonle fronta] writhng fever on & smoked drum.
Thaoes were analysed for norsdrenalins &y above.

Results
Cat nictitating membrane

No effect on the contraction of the cat nictitmting membrane cirdted by
the stimulation of the cervival sympathetic trunk was observed after
various doses of prenylamine (610 mg/kg intravenously) during snmes-
thena.

Pretreatment of the cats with prenylamine 15 mg/kg subcutancously
twice dafly for 2 days {two cats) did not make any difference. The dose
and duration of the treatment was Hmited by the high incidence of con
vuhionwhldxpmvcdmmllutwomn.

The responso 1o injected d was potentiated. Potentiatron
to released nommdrenalime may have compensated for any decrease in
sympathetw tone,

Rabbit nictitating membrane
Histological and pharmacologscal evidence of the adrenergrc nature of
the sympathetic innervation of the rabbit nictitating membrane has been

Norral (5)

A Pren (5)

0 £~
O 2 04 08 (6 32 64 28 256
FREQUENCES N cps

Fg. | Effect of preayiamise o0 seow-brometric contraction of the rabbit sictltating mem-

brane 10 resposs ¢ prega gliomic stmudetion of the cervical ympatbetic trwak. The

pararoeters of fimulation v 6V 2 maec. for 30 sec. ¢ the froquemcies (shocky/aec.)

incicated. Rabbits were pretreated with preaytasios (8 mg'kg LV ) In two doses aod

anecxthetized 1 kr after the last dose. The interval between the &t and second dose bang
30 minutes. Vertical lnes indicate standerd aerort of Uss meame. = §
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® ©)

NW

!
A NA A NA

4ng 4 409 409
Fig 2. Effect of p fne o1 the f the beane nod blood

pressurw of the rabbit to injected noradrenmaling (NA) and adrenalioe (A).
Rabbit 2.3 kg was anscgthetized with & mixture of pentoberbitone sodlm (30 mp'ke) sod
23% urethane ($ mi/kg) intraperitoneally (s) Before and (b) 30 mimetes after preaylandos

Tmgfkgiv

provided (JACOBOWITZ & KOELLE 1964 JACOBOWTTZ, JOHNSON, KITCHINER
& KogLLe 1965) This 1 supported by the finding in the present -
vestigation, that after reserpine treatment (5 mg/kg intravenously) the
membrane failed to respond to nerve stmulation and that phenoxybenza-
mine (2 mg/kg intravenously) antagonized the response to stimulation. Pre-
treatment of rabbits with prenyl (8 mg/kg mntr ly in two
doses) two hrs. before the expeniment or 20 mg/kg subcutanecously toce
daily for 3 days, reduced the response at all frequencies of sumulation.

The results are shown graphically in fig. | Administration of preny-
amine (8 mg/kg intravenously) during anaesthesia did not give a clear cut
effect. In 10 out of 12 experiments, after prenylamune treatment (whether
before or dunng hesia), Injected noradrenaline and adrenafint
caused a relaxation of the nctitating membrane while the pressor respoms
was markedly potentated A typreal vesult is given in fig. 2

A similar relaxation response to nomdrenaline and adrenaline ws
observed in rabbits pretreated with reserplne (two expermments) This
response was not influenced by an o receptor blocking agent (phentol-
amine 5 mg/kg wntravenously) or by a new potent p-receptor blocking
agent (56728 — BROGARD Ex & AsLAD personal communrcation).

Contraction of the lower eyeiid of the rat

Preganglionic stimulation of the cervical sympathetie chain elrcited
retraction of the lower eyehd. This response was shown to be essen
sympathetic in nature (GorTver 1956 Sericas 1966)
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In preliminary experiments this response was abolished by guanethidine
(15 mg/subcutancously) Prenylamune did not sntegonize this response
even In rats pretreated twice (20 mg/kg Intrapentoneally) daily for 2 days

Isolated tissues
Rabdit isolated Intestine

This preparation offered opportinrties for using segments of ntestine
from the same mbhut in different investigations. Provided the gut was
cleaned soon after bemng taken out, kept in cold (room temp) flud
through which carbogen (95 / axygen + § / COy) was being bubbled,
it could be used up to at keast 6 hrs

Stimulation of the sympathetic periarterizl nerves to the intestine
caused relaxation. This response was completely abolished by prenylamime
in quite small concentrations. The onset of blockade depended on the
concentration of prenylamine m the bath. This varied from 30 min.
(for 0 4 pg/ml) to 5 mun. (for Sug/ml) A typhcal result Is shown in fig 3

Concentrations of prenylamine in excess of 0 5 pg/ml cuased a gradual
progressivo loss of rhythmic activity and tone, the rats of development
being dependent on the concentration of prenylamine In the bath. This
effect could be reverzed by changing the bath flurd several times and was
consistently prevented by the previous addition of phentolamins to the
bath (see fig. 4) (GILLESPIE & MACKENNA 1961 observed a similar effect
after 2dding reserpine to the bath fiuid in whuch a piece of mtestine was
nspenided but conclnded that it was not specifio)

Pretrestrent of rabbits with 6 mg/kg prenylamme intravenousty 3 hr.

Fig. 3 Resposss of  scgment of weeyting from & pormal rabbut t tlmutatios of the
perbutertal rympathetic e

Presylaming (FREN) 04 pgfrd was ghven at PREN nd 20 minumtcy lster the response

was ntagonired.

Stomalation (dois) peraswmers. J

3 i otes by mwens of an amtomatic

1) Asta pimcomcstopics, vel. 39, tase |

2 wec. duration for 20 sce. at 40 thockimc svery
device.

-
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Wl e n\ W
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PREN Q5
+

PHEN O
Fig. 4
( ) Tsolated eormal | testme of rabbst showing tho effect f prenylamine on the mib®e
scthity od tone (Wpper trwce).
lb)AnlLlunxunp‘ﬂﬂnfmudnew().Tblpfrwudocn(laﬂa(mhmkmhﬂ!‘”"
tone ( fer prenylamios) by phentolamine (lower trace).
Tho concentrations are pg/ml

before the cxpeniment also abolished the responso 1o sumulation of the
perartenal nerves while the addition of noradrenallne or dopamme
to the bath partinlly reversed the blockade. Whether prenl
was added 1o the bath or the segment of the intestine was taken from 2
prenylamine treated rabbit, the blockade to stimulation of the peral
nerves could not be reversed by changing the bath fluid several times-
Prenylamune in a concentration which when added to the bath blocked
the response to sympathetic stimulation also markedly antagonized the
response to added adrenaline, noradrenaline and isoprenaline This ant2
gomsm seemed to be reversible since it was overcome by higher concen
trations of the sympathomirmetlc amines (fig. 5¢) \When the blockade t°
added sympathomimetc amincs was completely reversed (by Increasiof
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ﬁ;&lnwmdboww“bﬂlhmﬂmmmnwmmmumhn(m

(NAY ad ISOPR). Before (PREN)

1).lm:rprmyhmm(b).(cjubo“rn-\:ndo(lhc ntagockm 19 responwe of the aminey

by The re phen m pgml and ot w the bath

-nmmwh(ﬁmmmmw nd adrenaline was reversed,
hlock 1o sympathetic stinalation gl perzisted.,
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Fig. 6. C mtraction of vmx defercms bolated from a normal guines g m resporss

pregangiionic stimutation of the hypogastric nerve. Block of the rympathetic stimataon

by prenylamune (3 pg/ml and partal reversal by additon of dopamine (10 pgmlks Pu

metars of smsulatio 2 maec t 30/sec. for 20 see. cvery 3 minutes At w the b
w3 wiihed

the concentration of the nmines) the blockade to sympathetic nerve
stunulation still perusied (fig. Sc) In thas way 1t was possible to separste
the two independent blocking actions of prenylamine.

Guinea pig vas deferens

Prenylamine in concentrations of | to 5 pg/m] connstently abolished
the responses of the guinea plg vas deferentz to preganglionic (€
BIRMINGHAM & WILSON 1963) stimulation of the hypogastric nerve. The
onset of the blockade was rapid and could not be reversed by changiof
the bath flwd but could be partly reversed by addition of dopamunt
(10 pg/m) or norndrenaline (1 pg/ml) (See fig 6)

The response of the vas deferens from guinea pigs pretreated with
prenylamine (30 mg/kg intraperitoneally) 3 hrs. before the experiment
was greatly reduced but was partially reversed by the addition of dopaminé
or noradrenalne though not quite as much a3 when prenylamine was
added to the bath.
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Table 1

The effect of prenylamine on the nocsdrenaling oomtent  { rabbit feum
(ug/p) and grines-pig vas deferens (ugfhorn) o = 4

‘ with ‘ without
Tuane
Raboht enm ( 0312 + 0.060 l 0327 & 0.057

Guinea pig vas deferent l 0809 + 0.100 ‘ 833 £ 0103

As previously reported (Huxovic 1961) vasa deferentn from reserpuge
treated guinea pigs responded to stimulation of the hypogastrie nerve,
though the response decreased progressively with stmulation but was
partially restored by the additon of dopemine or noradrenaling to the
bath.

Analyds of segments of rabhit ileum or gumea pig vas deferens in which
prenylamine in concentrations of 0.5 to 6 pg/ml had produced completo
block of the response to sympathetic nerve stimulation showed no
depletion of noradrenaline content (table 1)

Discomion

The resuits show that in vitro prenylamine blocks the response to the
sympathetro nerves of rabbit mtestine and guinea pig vas deferens and
abso antsgonizes the response to added noradrenaline (rabbrt mtestme),
this antagonum being reversibie.

It is known that adreneargic receptor blocking agents antagonize added
noradrenaline more readily than that relsased by the nerve on strmulation.
Sies blockade to hetlc stimulation persisted when the resp o
added noradrenaline was restored (fig. $c) failure of sympathetic stimuo-
hation to cause a response is unhkaly to bo dus to the receptor blocking

action of prenylamine. Further the receptor blocking action in segments
of intesune taken from rabbits prwtruted vnt.h ptenyhmme was very
weak, while the response to was still

24
blocked. The indication tlnt the failure of sympathetic lumuhﬂon to

caise a response was dus to fmpairment of the mechanism responsible
for storing the transmitter i provided by expenments in whxch the
nddnbno!noudmullncordopmﬂnom:edmnmpomlonlnm
control levels, though they gradually declined. This {ndd that the
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nerve terminals were still able to take up added ammnes but were unable
to retain them

The 1neffectivencas of prenylamine in vivo is difficult to understand, at
least in the rabbit. There 13 no information on the effect of prenviamine
on amune levels in the cat. It is possible that prenylamine does not readily
deplete the storage granules in the eat

The capacity of prenylamine to deplete the amines 1n rat tissues Is
Limted. After a mingle dose of 30 my/kg (intraperitoneally) of prenyl
amine, the noradrenaline content of the heart 15 reduced to about 30/
of 1ts normal value (OBIANWU 1965) Multipk doses (20 mg/kg twice
daily for 3 days) only lowered the noradrenaline kevel of the heart by a
further 8 / (unpublished result)

This limited capacity of prenylamine to deplete the amme storage
granules in the rat (and possibly in the cat) may explain the totnl Lsck of
effect on the sympathetic nerve function observed in the rat and cat.

The alight effect on sympathetic response in the rabbit is even more
difftcult to interprete. The dote of prenylamine used (8 mg/kg) has been
reported to deplete the heart of its noradrenakine content by about %0,/
(MACKENNA [965) and further more, the sympathetic fanction wab
blocked in rabbits pretreated with a smaller dose of prenylamine (6 mg/kg
intravenously) judged by the faslure of stimulation of the periarterial
nerves to elicit a response in the intestine. This fact lends support to 2
previous amumption (OBIANWU 1967) that ansesthetic agents used might
have interfered with the action of prenylanune.

Another factor which may bo of significance in explamng the slight
(or lack of) action of prenylamne 1n vivo as compared with the in vitro
effects 1s the fact that prenylamine potentiates some actions of nor
adrenaline (Onianwu 1967) Potentiation of the released transmtter T4y
be of a magnitude sufficient to compentate for any depresnon of the
release of the transmitter which prenylamine might have had

This will be particularly smportant in organs such as the nictitatiog
membrane which has a rich adrenergic innvervation

The noradrenaline content of the rabbit nictitating membrane (0.176
yg/g, unpublished result) 13 not as high as that of the cat (4.29 #'E-
SMrTH, TRENDELENBURG, LANGER & Tsat 1966) and this may indicate
that the amount of the transmtter relensed per stimulation will be
higher in the cat than in the rabbit and hence increased senutivity to for
adrenaline will be of more pharmacological smignificance in the cat than
n the mbbit

The observation that following prenylamine, Injected Hromdrvnah:‘(
and adrenaline caused a relaxation of the nictitating membraze
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the rabbit (fig 2) 1 very roprmng. The nictitatmg membrane was sup-
posed to be fully relaxed (since the cervical sympathetic trunk was cut)
and any further relaxation i3 hard to imagine. This response was observed
in 10 out of 12 expenments irrespective of whether prenylamine was given
before or after anaesthesia. Involverment of erther @ or Preceptor seemed
un!lkely since pbentolamine (5 mg/kg) and & new potent f-blocking agent
(56/28) failed to influence the response

At present no explanation can be offered for this observauon. Although
the lens and the viireons humor were expelied in each experiment in order
to collapse the eye, & mechanical effect as a result of the movement of the
eye cannot be ruled out

Tho rabbits were usually ansesthetized with urethance and pentobarbi-
tone and it may be significant that BownaAN GOLDBERG & RAPER (1962)
reported that in the rabbit, orethane anaesthesia influenced the response
of the solens muscie to catecholamines Whether the response of the
rabbit nictitating membrane to catecholamine after prenylamine can be
attributed to the urethane anacsthesia is & matter for speculation.

In the mtestine both a and B-receptors are present and involved m
producing relaxation {or inhibition) of the gut (AHLQUST & Levy Levy
1959) The relaxation of the intestine cliated by noradrenaline or adren-
aline cannot be completely blocked either by ¢ or B-receptor blocking
agent alone, but can be cmnpic‘u:ly blocked by # combination of the two
agents (ARLQUIT & LEVY 1959) Prenyl ly abolished the
responses of the rabbit Intestine to edrenaline, noradrenaline and iso-
prenalineflfig. 5) This block appeared to be reversible since 1t could ba
overcome by increasing the concentration of the
amunes. Further evidence for the receptor blocking action of prenylamine
fs grven In the next paper (OMANWU 1967). Possibly due to potentiation
of the actlons of noradrenaline and adrenahne, the a receptor blockmng
sction 15 not seen in vivo (seo the paper referred to above for further
drscuseion)

Fallure of the sympathetic nerve to respond to stimulation in the
isolated tissnes could not be due to receptor block as this perxisted when
the receptor block had been overcome. In the rabbit nictitatmg membrane
the mild depreanon of the sympethetic tone could not be a result of a
receptor blocking action of prenylamine (simeo thus is not of amy
significance in vivo) Any ganglion blocking action which prenylamine
might have could not have mfluenced the result, since the responses
of ths nictitating b to pre or postganglonic stiomlation after
prenylamine were umilar

The came of fallure of sympathetic nerve to respond to stinmulation
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might be an mmpairment of the mechansm responsible for the storage of
amines in the granules at the nerve terminals. This view Is supported by
the previous observations (for references see OBANWU 1965) that prenvi-
amine, like reserpine 1mpatrs the storage capacity of the amine granules.

When block of the responss to sympathetic nerve stimulation in the
rsolated trssues used was mduced by prenylamine, there was no measur
able foss of noradrenaline This indicates that the onset of the block does
not paralkl the loss of measureable amounts of noradrenaline. A sumilar
result was obtained with guanethidine in the same preparations by Cass
& Srricas (1961) ANDEN, MAGNUSSON & WALDECK (1964) have de-
monstrated lack of correlation between sympathenc block induced by
reserpine and amine levels.

These observations are consistent with the suggestion that onlv a small
labile fraction of the amine pools 13 functionally essential (HioonmaL &
LNoqvisT 1963)

Summary

The adrenergic neurone and receptor blocking actions of prenylamine
were investigated.

Sympathetic function was assessed by the contraction of the mctitating
membrane to clectrical stimulation of the cervical sympathetic tronk in
the cat and rabbit the retrmction of the nght Inferior eyelid m the rat,
contraction of the vas deferens in responss to the stimulation of the hypo-
gastric nerve and the relaxation of the rabbit intestng in the FINKLEMAN
preparation

In-vitro preaylamine in small concentrations completely abolished the
response of the vas deferens and the rabbit intestine to sympathetic
stimulation.

Vas deferens and intestine taken from animals pretreated with prenyl-
amune (7-30 mg/kg) failed to respond to sympathetic stumulation

Prenylamine only partially antagonized the contraction of the nictitating
membrape of the rabbit and had no effect on that of the cat and the re-
traction of the inferior eyelid of the rat, i response to stumulation of the
cervical sympathetic trunk.

The response of the muctitating membrane 1o added noradreaaline and
adremaline was potentiated in the cat and reversed in the mbbit.

Evidence for a- and B-receptor blocking action of premylamine o0
rabbit isolated i was p d

The duscrepancy between the in vivo and in vitro effects of prenylamune
13 discussed.

The possible mechanism of acuon of prenylamine is discussed.




PRENYLAMINE AND SYMPATHETIC BLOCKADE 153

Acknowledgements,

1 am indebted to professar Arvid Carlsson for his useful advice through
out this Investigation and for reading and criticinng the manuscript.
I am also grateful to Dr Matts Henning for helpmg me with some of the
recordmgs during the early part of the invesugation and to Dr Hewnz
Helso of Hoechst Anilin AB, G8teborg, for a generous supply of prenyl-
amine ghuconate as well for financral support.

Thrs work was 1n part supported by a grant from the Sweduh State
Medical Research Coundll and was done during the tenure of a fellow
ship from the Swedish International Development Agency

REFERENCES

Ahlquist, R & B. Levy Adrenergic receptive mechanions of canine llewm. J Phormecet,
1959 127 146-149

Awdén, N E, T M grneson & B. Wakisckt Corrsiation betwesn novdrenatine
and adrenergic nervs function after reserpbos troatment, Life So. 1964 3, 1923

Bertr A, A Carieeon & E Rosengren: A raetbod for the floorkmetric detsrmination of
sdrexaline and poradrenaline in tewnes Aok physiol, scemd. 1938, 44, 273-292.

Blreadnghem, A. T & A. B. Wilsoo! und po t of the
suinea plg wolsted vas deferens preparstion. Brir J Pharmecel. 196, 21 363590,

Bowman, W C, A. A. ] Goldberg & C. Rapm A comparison between the offect of
tatapum and the effects of sympathombwetic amines on fast end wow contracting
maralien wescle. Sl J Pharwacel. 1962, 19 464434

Cartwon, A N A Hillarp & B, Wakleck Analyss of the Mg ATP depeadant rtorage
mechanhun tn amine grancles f the adroasl medulle. Acks physisl. reawd. 1963, 3
Bapp. 215 1 3%

Coet, R &T L B Sprggs Theroe arming beveis and sympathatic biockeds after guenctid-
dise and bretylimm. Briv. J Pharmacedl. 1961 17 442-450.

Euler U S v L Stfrac & F Lshuk  Effect of reserpios, segomtin and phenoxy-
benzamine on (e catecholaoeos and AT f bolated neres and rdrenomadallary
storage graaxles. Life Sci. 1964 3, 3440

F aklsmas, B. On the nstore of {ahlbition | the iotsstine. J Phyzisd. (Lond.} 1930, 70,

143157
Gertrer 8. B. Pharmacological studies o thee Inforior syslied of the aneasthatired rat.
Brit. ] Pharmecel 1934, 11 147 130,

Glleapac, T L & B R. Mackenna The inblixtory action of sympathetic nerves oa the
Emooth muscle of tho rabbit gut, its reversal by reserpine asd restoration by catechol-
amine xnd by DOPA.J Physiad 1981 136, 17 M.

Grobecker H.von, D Palm & H J Uber den der
Brenrcatrchinaminen chorch Segomta. Newryw Scbmisdubary Arck. Kxp l'nh.Pb.wuk_
1943, 251 158

Haggeodal, | An kmproved method for fluonmetne deterraination of amall amoosts of

sdrembae and nocsdrenalios in plasma and teeecr Ao physiel. scand. 1963, 59
242 234,

Higgrodal, J & M. Lindqust Bebaviosr sad mosoumise bovels during boog-term ad-
mrmtration of reserpine 1o rabbits. Acse phytiel. scend. 1961 37 43436



154 HOPE OBIANWU

Hukovic, 8. R of the holated ctic nrrve-d Qeferens of
the guioen-plg. Beit J Pharmacol. 1961 16, 183-194
Jucobowitz, D P Johmson, 1 Kitchoer & G B. Koclls The effact of bemichotmam

(He 3) on symp blon at the nictitarl beane of the rabbi. S,
J Phermacol 1965 18, 527-33)

1 cobowitz, D & G B. Koelle Comp peal and swhes
oa dredergic balon | the nicth brane of the cat and rabbh. Fed
Proc 1964 23, 331

Juomo, A V end M Vogt The effect of of catecholami

and $hydrovytryptamine in bealn  nd adreoal mcduﬂl.bil J Pharmacel. 1945, 24,
365-573

Levy B. Adreocrgic blockade prodoced by the nalogs of epinephring, arterencd ind iso-
protencl. S Phermacel 1959 127 150-136.

Lundborg, P Storage f oction nd mine levels of the adremal medullary gramde o
varkoms intervals after prenylamine treatment. Experiextia 1968, 22, 5960,

Mackenna, B. R. Uptake {catechotamlines by the hearts of rabbits treted with segoutis.
At phroiel. scand. 1965, €3 413422,

McEwens, L. M The effect on the holated rabbit hieart of vagal stimulation sd ks mod-
ficatlo by cocaln, bexamethondum od oubain. J Physiel. (Lond.) 1956, 131, €734

Oblanwu, H Tha «ffect of prenylamine (Segontin) on the amins levels af brals, beart asd
sirenal medulla in rats. Acre pharmacol ef foxicol 1965 23 383-390.

Oblarwn, H  Actlons of P on the Card lar Syseon, Ak
pharmeco] 1 saxicol 1967 25, 127-140.

Schbne, H H & E. Lindner Dichrku;anJ-pbcnyl«pmpyHD—l 1-dipbenyi-proprt
(amlm ol den Arzaeis. Fermk
1960 10, 42-52.

Spriggs, T L. B. Peripheral noradramaline and  drepergic trarmamdsaion {n the rat Ak
J Pharmacol. 1966, 26, 271231

Smith, C. B, M Trmd-lmbm—;.LLun;-lT H T Tho relation of resention of

H) o the of the brane of tee splsst
cat durmg the development { denervatlon supersemitivity J Pharmecel. 1966, 151
LTS




Acta pharmacol et toxicol 1967 25 155-161

From the Sectlon of Forenpe Chewhitry (Fanoy Halstrem, Ph D)
The Department of Prarmacokegy Univeruty of Copenbagen
(Profemsor Knwd O Moler M D)

Interfering Substances in the Determination
of Pofsons In Autopsy Material 1 Hydroxymethyl-B-Carboline
By

Beat Kxmpe
(Racetved June 30, 1966)

1n conhmuation of previous studies on substances produced during
the process of Stas-Otto s extraction, we have now subjected to further
analysts the substance long known by the name of aumal chinoldin
(Jones & Durre 1866 TRUHAUT & MoaN 1958), wiich In the prelim
inary amalyses was found to behave Iike 1-hydroxymethyl-f-carboline
(RRTI no 2885) Its absorption curves in UV light have ofien been
seen during analysis for alkaloids.

A description 1 given below of the holation and ldentification of the
compound, and methods are indicated for separating it from alkaloids,
which are present in the same extraction phase.

Tectmique
Physicochemical coastants were determined as described previotaly (Kanars 1964).
The pus-chromatographc chementary asalyss was carriad oof with gn F & A Schmilfic
CHM-amahyrer, Modd 135
A singht hum  Irrer stored for 25 days at 4-5° wea osed for analysia. The cause of
death was berbiteric acld poisoning (aliypropymal (NFN) ~ aprobarbital (WHOJ). 300 5
prenoasty

ackd () asd thea at 8 wroogty alkalms reaction (b) To the debydrated sther phuse olxatned
by the exiraction at alkalac resction, were added 2 draps of 8 N HCL This s as followed
by evaporaom t diyoes on  sisam beth The resldoe was heatsd with 30 ml of 0.1 N
swipharic acd om  bollag wrter bath for bowt ! miome. Tho salphurke scid solutom
ws cooled 10 abowt 20* wader the tap nd fftered. The Altrats was made alkaline with
2 N-NaOH end extructed three timws, sach these whh an eqoal volvee of chboroform. § N
kydrochlork ackd w s edded to the comblacd dehpdruted chioroform extracts, after which
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the chlotoform was distilled off. The reskdos wxs purified by paper chromstography B
dascribed by Broses ot af. (1935) soo table 1

The & ard dried ch wit observed In ahort-wave Rght (254 mp)
A bhnfloorescent stresk was sesn with an Ry vale of 0.8 The blee-fivorecent ama
was cot ot and subjected to descanding dution with 0.2 N-HCL. The eoate ( bowt 10 m)
w1 cxtracted twhor at highly afkaline resction, esch time with 20 mi of chioroform. The
chloroform was carefolly dintllled off on  water bath, the lagt traces belng remored by
lexving the materhal in & porestala dish st room temperature.

Remulty

An aliquot of the residue (about I mg) was dusolved in 0.1 N-HCL
The solution, which showed blish fluorescence, was measured in 8
spectrophotometer at acid and alkaline reactions (see fig. 2) 1 R.seefig. |

A compound with 2 similar type of absorption in the ultraviolet and
nfrared ranges is obtained by heating tryptophane in I N tartaric scd.

A) Preparation of the compound (1-hydroxy-methyl f-carboline)

To 100 mg L-tryptophane 40 ml of N tartaric scid and 10 m! of ethandl
were added. The mixturs was transferred to a porcelain dish, which wes
Ieft on a bolling water bath for 10 hours, Evaporation to dryness w3
avolded by adding water The cooled solution was shaken three tmes
at hughly alkaline reaction (pH > 13) with an equal volume of chioro-
form The extract was purified by paper chromatography as described
under isolation of the compound from liver tissue, The resdue obtained
waghed about 4 mg.

B) Preliminary constitutional analgsis of the synthesized compound

The spectra of this compound were recorded, m ultraviolet fght
(2s in fig. 2) and n infrared lght (see fig. 1). Its micro-melting point
afier rearystallsation with methanol was estimated at 229* corr Its pk
was calculated at 70 on the basls of spectrophotometrc measarements
of aqueous solutions of pH 5-8

An ordinasy elementary macro-analysis gave 71 25 / C (T2.74), 1375/
N (1414) and 500/ H (505) wﬁﬂengns—c.hmmatop—uphlcckmhﬁ
analynis showed the following percentage values 724 C, 137 N #
52 H The bracketed figures represent the calculated percentages €0f
responding 10 Cys Hijs N2O which is the formula of 1 hydro:

P-carboline.
Since this compound 15 not lsted in Chemical Abstract, wt‘f:;:
subjected the synthesized sub to a prelminary con *

ysis.



POISONS IN AUTOPSY MATERIAL 157

31

as
o4
(1S

or

o1

0%
s

or

©OMO O WO 000 MO0 OO OO 00 1300 0 10wt

Frg. ! lafrared spectra [ he Moleted vabetancs (uppes curve) and 1-kydroxymethyl-f-
carboline {lower curve) ko KB

The plotted sbsorption curves in ultraviokt hght suggest that the
compound contains & carboline nuclews (see fig. 2) The absorption band
of the compound at 1035 an ! (se¢ fig. 1) probably indicates tho presence
of an akohol group

Its nuclear magnetic resopance spectrum has been recorded. Compar
won of this spectrum with that for 1 methyl-f-carboline (harman == an-
bine in the Merck Index, 7th edit. 1960, p 99) showed that the compound
contains an alcohol group, but neither a methyl group nof & formyl
group in position 1 Note that the akcohol band s not split in & triple
band, as might be expected for a primary akoho! group

To obtain an additional evidence that thc compound is I-hydroxy-
methyl-f-carboline 1 produced it from glycollic aldehyde and trypto-
phane by a method commonly used for producing I-substituted carboline
derrvatives (MANSKE & Hotues 1952) The reaction formula is

tey

Oy
+ glycollic aldehyde — hydraxyharman + CO; + 3H0
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the chloroform wes distilled off The reridue was purified by paper chromatography s
described by Brom «f &) (1939) seo tablo |

The & P and dried was observed {n hort-wave light (234 m
A bios-fluorescent stroak was seen with aa Ry valno of 0.3. The bime-floormcent trea
was cut ont and subjected to deacending eintion with 0.2 N HCL The ¢losk (abowt 10 mh
w3 cxtractod twice at highly slkaline reaction, each time with 20 mi of chiorofore. The
chioroform was carefully distilled off on & water bath, the last trace beiag removed by
lexving the material in {ain dish &t room

Results

An aliquot of the resxdue (about | mg) was dussolved m 0.1 N-HCL
The solutfon which showed bhush fluorescence, wns measured in 8
spectrophotometer at acid and alkaline reactions (see fig. 2) I R.secfig. 1

A compound with a simular type of absorption in the ultraviolt and
infrared ranges i obtained by heating tryptophane in 1 N tartaric sad.

A) Preparation of the compound (1-hvdroxy-methpl fcarboline)

To 100 mg L tryptophane 40 ml of N tartanc ackd and 10 ml of ethtnol
were added The mixture was transferred to & porcelam dish, which was
left on a boiling water bath for 10 hours. Evaporation to dryness was
avoided by ndding water The cooled solution was shaken three thoes
at highly alkaline reaction (pH > 13) with an equal volume of choro-
form. The extract was purified by paper chromatography as deseribed
under ssolatlon of the compound from tiver tissue. The residue obtained
weighed about 4 mg.

B) Preliminary constitutional analysis of the synthesized compovnd

The spectra of this compound were recorded, in ultraviokt [ght
(28 in fig. 2) and in infrared hight (see fig. 1) Its micro-melting powdt
after recrystallsanon with methanol was estimated at 229 corr [ts pK
was calculated at 70 on the basis ofspectmphotomtncmurmﬂm
of aqueous solutions of pH 5-8.

An ordinary elementary micro-analysls gave 71.25 / C (TL74), 13734
N (1414) and 500/ H (505), whﬂcagm—dlromntogrnph}cdamnﬂf;’
analysis showed the followmg percentage values 724 C, 137 N an
52 H The bracketed figures rep the caleulated pereent “’;
responding 10 Cyz Hyp N-O which Is the formula of 1-hydroxymethy
p-carboline. "

Since this compound 15 not listed in Chemical Abstract, we b
subjected the synthesized substance to & preliminary constitutional
yus.
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Flg. 3 Reaction batween toypt phame and glycolakdebyds.

pound and that usolated from the liver are identical and presumably
1 hydroxymethyl-p-carboline

The distribution cocfficients at room temperature for 1 hydroxymethy!
p-carboline in 0 1| N NaOH/ether and 0 | N NaOH/chloroform are 0 1
Since it 1 extracted Itke alkalolds and shows a spectrum that distorts
the specira of the alkaloxds, its Ry valoe and its reaction with commonly
used alkalold reagents, have been tested.

C) Rr value of I-hvdroxymethy Fp-rarboline and its reaction with alkaloid
reagents

The Ry valuoes and colour reactions of | hydroxymethyl-p-carboline
and somo commonly occurrng alkaloxls are shown in table |

Table 1

Ry valmcs and colour resctions of 1 hydroxymethyl-f-carbollse and some commonly
ocatrrmy limlolds on Whatitaa s paper Bo. | preparsd with 01 M phorphate buffer
fpH 63 (B)

Ascendiag
Dreslope g llqmds
Systenn A n-Bwtanol, glacul scxtxs o knd water 40 10 S0 (PARTRIDGE & WeaTalL
1948) The chromstogram sacuruted for 45 minuies (lowsr phase) and developed for
17 bours (wpper phase)

System B Amiyleno Mydrwte, di-w-botylether and water 80 7 13 (Broms or of 1935).
Respeats | lodoplatinate

2. Drageadod reageat

R b develop g liqeid

3 betance | Uy gt —— i
| A [ 1 I 2

L-bydrorymactiopt-p-
carbofine on 078 | bluefiooresc. | dark orngs
Quimpe on 047 | bluefivoreso | blmaboviolet arangs
Nicotios 0.3 048 biorb, blenh-viotet orange
Codeine. 036 [-NE] absorb b hk-violet crange
Morphime 0.50 008 eorb. bios oramge
Prthiding on ass o blunh-violct oruage
Methadons [X3] o4s o viokt o gr
Strycuning oes |

|

o2 | atsort Blxtshviolet orange
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From the Dy of Ph. logy L y of Copenl
(Professor Knod O Meller M D)

Studies on the Subcutancous Absorption in Mice
1 A Method for Studying Quantitatively
the Dynamics of Subcutaneons Absorption®
By
E. Secher-Hansen, H. Langpird and Jens Schon
(Received Sepiember 29 1966)

A method Is described for the quantitative investigation of the ab-
sorption of water end water-soluble substances from a subcutancous
“depot”

The method was especally designed to follow I ly the
decrease in the surplus of water introduced 1nto the tissues by injections,
and the exchange of the injected water molecules with plasma water

Method

Maulc afbino mico of & single straln (Leo, Strith, 48 weeks ofd wers tscd. Whiks th
animub were ander gt ®) two semitunar symoetrical
3.5 Tl arcas wers marked owt on the depilated skin fthe back (fg. 1 cf, frrther BIroax”
Lawagian & 1964). Udlng » syringe (Agls @) a standard olust

of $0 il of 0.9% N CL 10% s0cTose or 14% socross in water contaning aboct 3 s o
teitiated water OH;O New England Nuclear Corp.) was Injected subcutancowly Wbl
the Limits of the fght-ude m(n;nmsmlsmm“mdmnmdﬂ
& blow on the peck, decapitatcd and bied. The two pheces of skin marked, iacloding ¢
subcutaneoms timoe, wers cut out and weighed immedistety on A torsion balance. T
part of the volume apectod, which remaised at the Infectson sits at the end of the cvperk
meental period (1he rendual volwme) was determined as the difference | weight betweet
the two tides and expresed as per cent of the volumo injected (the reldwal volome pT
ceat), For tho messurements of radicactivity esch slin wuopie was L
uraber of 1l of 0.5 N-NaOH rorrespoding 10 ) tumes the welght Ln g of ke tkia RO
The peoteins were preapated by sdditlo  of an equal oteme of 10% Zn30 Afhet
coatnf gation 100 jl of the cles supernatant was dded to 4 ml of  scintillaion Mels

} A prelummary report {ﬂ'fhnvﬁﬁpﬂo-mﬁmumcnudlnwnm";’
Pharmacological Congrets, S1o Pawdo Branl, July 196 Ab‘tndvol.p.l”)i&\
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Fig. 1 Halothanc snseibetized mowst, arked with two symmetrical, 5.3 cm? arses on
tha depliated skin of the back.

(Baay 1960). The radivectivity was measrsd in & liqudd sclotilfation counter (Imrtope
Devedopments Ltd.)

Tho radicactivity remaintng t the injection siis (the roskdual radiosctrvity) wes deter-
mined as the differtnce batwesn the total radloactirity of the Injected 2ad the rminfected
v smpien. Thas, carrection wus made for the beckground counting and for radioscthvity
dow to The reddoal radk ‘way expressed a8 per cent (residual radio-

2D

Fig 2 lojechon into the subcotamcony tiwoe.
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scthvity per cent) of tho injected dose, mensured as the redloactivity of &2 escixcd iy
sample Injected with the standard dose, and corrected for backgronnd counting.

To wxamine the error of the cutting technique, weight and composition of the exched
right and Lt sbde aldn samples from & group of nalnjectsd mice wern exandnad.

To whether the injecth wors given whthin the lmits of the
excised skin sampls the tame meAnTements i stated above were mads bn a groap of mic
injectsd with the standard volume (30 W1 09 % N CT) immediately afrer the anlnaly bk
been killed and bled

Regolts

The figures in table 1 show the results of the first control experment.
It Is seen that from uninjected mice two marked skin areas can be cut
out with identical weight and composition

Table 1

Wd;ht.ndwnpoduonu(mrymmm—iulpkcaohunﬁo-unwnh
(cootrol group | romber of antmals: 12)

Total Waight | Weight DUT Water Fat Fat free ol
mg ¥ mg mg g
Moan Man cem. | Mean wam, | Mean sam. | Memsen.
166 + 39 19132 @x1s

162 + 3.1 41 249 6013

Right skis 63 I 06 113
Laft side 163

The figures in table 2 thow the difference between the two sides when
80 11 09/ NaCl had been injected subcutancously Into the night sk
of dead animals. The difference 1n weight was on an averapge 80 mg and
the content of watcr was on an average, 80 mg higher on the nght than
on the left side (The ingected NaCl weighed 0.7 mg.)

Table 2

Weight and compoutio ﬂmmmafﬁh&mmwmh-mwd
09 salos was injecied tubcutancouwsty on the nght side

{control groap 2, aumber of anmnake B .
Total Weight Wegh Dif. W ter \ welght DI | Fat rurn:'
mg Tots) ng Water mg mg Saledt
Mex g Mean sem | Mesn sem. | Meas sem. | Man u_:
2
ight Side 3 ® 3y 49| 0:23 1 -1 83 x ::f:‘
cfi Slde 39 153 48 P ose |

1
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Fig ) Ordinste Residwal volame (xpper two curves) or reddml rediosctivity (ower

tw curven) of 80 pt of 10% sucroes xod 0.9 NeQl bn witer containing  pproximately

3 pe of IH;0, S and 15 minaies (beclers) after subowtznects fujections bsto the right

arva of two rymrsatrical aress of depilated skis on tho back of mics. The reskinal vatue

arc deternined as the difference kn weight (voluma) and radlosctivity betweeon the tojected

apd the yninfecked sides, xnd arv expressed i per cost of the total dose ejected. The
standerd seror of the means ary indicated by vertical bocs.

Figure 3 {lustrates graphscally the percentoal reduction in volome and
radioactivity 5 and 15 minutes after the injections of 80 pl of erther
0.9 / NaCl or 10 / sucrose solutions, contalning approximately 3 pc of
3H,O Tt iy scen that the decrease in volume was faster for the sodium
chlonde solution than for the sucrose solution. Farthermore the water
molecules were exchanged more rapidly in the 09 / NaQl than io the
10 / sucrose environment In both cases, however the water molecules
were exchanged rapidly while the reduction of the vohume infected was
a much slower process. After 15 minutes, nearly all the onginally injected
water molecules had disappeared, while the volume inpected still remained
after the sucrose infections and more than half the volume persisted after
the injection of sodium chloride.

Figure 4 showy the same values five minutes after njection of 10 or
14 sucrose. The lowest residual radioactivity was found In the experi-
ment with the highest residual volume, Le. with the hypertonlc sototion.
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Flg. 4 Ordmate Residual volume (apper curver) or reidual radioactivity (lower cened
ol WRlof 14 L or 10 ocroes] water containing approximatety 3 pc of H;0, 3 winwset
( bacisea) after subcutancoun myections o the right [ two symmetncal areas of depiluecd
skin om the back { mice. The residual values are determined s the differvacs In - cigt
(volume) 40 radsosciivity betwrean the infected and ts rinjected sides, and are exprsscd
fn per cent of 1he total dosa Infected. Th standard errers of (be meant are indicased ¥f
vertical hnes.

Discosston

Examination of the kinetics of subcutancous absorption may be based
on different principles. One of the carliest of these was the pa
sppearance method (Mc CLurs & ALbricu [923) by which Barko¥
et al (1951) demonstrated that there ks no good agreement between (b
reducon of physiological #NaCl injected intracutancously and the re-
duction in volume of the papule produced. The method is, howeier
more rekvant to the absorpuon from the corlum.

A summary of methods and principles formerly used for estimatiag
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the rate of the subcutaneous absorption has been given by Scarou (1961)
Most of the methods are only temquantitative. During recent years
extenive use has been made of v mdianng tracer substances by whuch
quantitative data on tho local absorption rate can be obtained. Such
1nvestigations offer the advantage that the radioactivity can be measured
contimuously and from the surface, but are inadequate with regard to
geometncal condrtions and sproad. The correct determination requires
exchsion of the inpection zone at the time of observation and chemnieal
or radw-chemical analyses of the remaning amount of the substances
inpected.

The maln advantage of the present method depends, however on the
marking and cutting in the same ammal of two symmetrical pieces of
skin, of which ons is injected, and the other uninjected. The results of
the control expenments (table 1 and 2) show that with the method
duu-ibcd,kthcomtounﬂnm\h\}umdﬂdeuammlo(mn
mjected sdde. It is possible to ly the d m the
amount of a test substance and the decrease in the volume njected.
Furthermare, the rats at which the Infectod water molecules (electrolytes
or any other component) 13 actually removed from the injected zone by
exchange between the “depot™ and the dircolating plasma of the blood
cun be determined. The method is therefore well suited for studying the
Janetic relations in the loose Interstitial connective tissue dunng subcu-
tancous absorption and has been particularly developed for examining
the significance of the ground substance mn such respect.

The volume of 80 pul was chosen as a compromuse. On the ono hand,
it was hoped to infect as largs & volume as poasible so that the weighing
of the rexidnal volume could be made with sufficknt accuracy on the
other hand, to have a volume so small that the contimuity of the tissoe
mdiufuucuomlcap-dtywm:ldbnmjumdnhtﬂeuponiblc Experi-

ments with injections of dye-sub and radioch 1 analysis of
Adjtccm lms (unpuhlh.hed rerult.l) showed that the valume Injected
in the tissue and that dunng the

tcnpmodthudidnotlpmdbeyundthemmarbd.

The fact that 2 vohme of 09 / NaCl reduces faster than a correspond-
ing volume of blood-isotonte (10 ) sucrose solution (fig. 3) 3 presum
ably due to the slover movement of the sucrose molecules in the ground
substance. The more rapid exchange of water molecules m the sodium
chloride solution than in the sucrose solution, might be linked to the
faster volume disappearance rate of the sodium chiorids “depot” includ
ing a solvent dmg (fltration) However fig. 4 thows that water molecules
are exchanged more rapudly from a hypertonk suctose solution than
from the blood-sotonic solution, i spite of the fact that the former
volome increases sigmficantly dunipg the observation pertod. The -
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creased capillary permeability and thos the fraction of capillary surface
accessible to water diffusion due to the injection of a bloodhypertonic
solution too cannot explmn the finding (unpublished data), A possible
explanation may be thst some of the water molecules In the swcrose
solution are attached to the sucrose molecules as water of erystaliranon
30 that they will move along with these at the slower rate.

The experiments demonstrated in fig. 3 and 4 show dustmetly that the
exchange of water molecules and the disappearance of the volume in-
jected are not paraflel processes. Vanous stmuli may even influence
them in opposits directions. Expertments are in progress, using the e
poried method for investigating how varions systemic and Jocal factors
are influencing the two processes,

Summary

A method has been developed by which the reduction of a subcutane-
ously injected surplus of water can be followed simultaneously with the
rate of exchange of the water molecules between the depot and the
plasma water

Using this method it 18 shown that the drnappearance of the volume
injected and the exchange of the water molecules are indepeodent pro-
cesses and that vanous strnult such as a change In tonkity of the i
Jected fluid, may influence them 1n opposite directions.
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Interference of Intra-arterially Administered Phenoxybenzamine,
Guanethidine and Hydralazine with the Adrenergic
Vasoconstrictor Function in the Hand
A Comparative Stedy in Man
By
Matts Hesnteg and Gillis Jolmmon
(Reccived Taamry 11 1967

The vasodilator cffects of phenoxyt and hidine are
considered to be due to pertpheral sympathetic blockade. Numerous
animal studies indicate that phenoxybonzamine acts through a-adrenrrgic
muc-ptor blockade (NICKERSON et al 1951 review by NICKERSON 1959)

exerts fts action by peripheral adrenergc neuron
blochdu(hhxwmetal 1960 McCupBIN ef af 1961) Studies in man
of the regional vascular effects of intra-arterially adrmunistered phenoxy-
benzamine (DurF & Goueura 1957 Gnoasura & Durr 1958 DE La
LANDE & WHELAN 1955 Atrwood & GINsBura 1961 Lows & Rosmw
s0N 1964) and guancthidine (COOPER er al. 1963) indicate that the two
drogx eliat vasodilatation through the same mechanmms as have been
demonstrated in animal studtes. However the doses used in the human
logical studres were relatively Largo and tha local turme concen-
tration of the drug might have exceeded the concentration attamned after
systemie administration of the drugs m therapeutic doses.

In a previous communication from this laboratory (ABLAD ef a! 1962)
a description was given of the mechanism by which hydralanine admumis-
teredinto & brachial artery in different doses, interfered with the adrenergic
vasoconstrictar function in the hand. It wns found that hydmiazine, grven
inlow doses, elielted significant vasodilatation without markedly entagon
izing the adrenergrc vasoconstrictor responses, but when larger doses were
given these responses were 1o a great extent antagontred
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In the present Investigation a similar study has been performed wsing
small doses of phenoxybenzamune and guanethidine, and the resolis hne
been compared with those obtalned with hydralarine. The vasoditator
drugs have been administered intra-arterially into a brachnl artery and
thear interference with the vasoconstrictor effects of intra-arterfally and
intravenously infused noradrenaline and a cold test have been compared,
The findings in this stedy have been briefly mentioned in a previous repoct
(ABLAD 1963)

Metbods

Tha study was performed on fourtecn bealthy recumbent students at - roosm tempersdore
of 27 + 1*C. Tho blood flow In the hands wes measurod with (he venows occlosion pletin-
mograph as previomly described (AsLAD ot of 1961 & 1962). Thin polyethylene catheem
wers loserted nto one brachls! riery and one cobiisl vein (ARLAD o sl 1561), The catheseny
were connected to motor-driven syringss deflvering sotonic waline or tot drugs Gweohed by
isotonic saline at & comtant rate (L6 mi/mk Exch axp P ded sccording
10 tbe following pattern. Blood fow wit determined simoltancomly kn both baads oxcs or
twics & minute. When the basal blood flow had reached & stablo level, control responxy
wers recorded 10 & cold test and to noradrenaline Infused intravenouly or [atra-arterisy
for five minutes. The cold test conststed of placi g # preco of ku In the sabject 5 ;owth for
70 sec. The wntervaly between the vasocotstrictor stimull wers ehways mote than 10 mhe,
and cars was taken to ensure thet the effect of one stumalus had disappeared before the sy
©no wes given. The order botween the Infunions of noradrenalms and the cold el &

in different expert Once control to the rictor voormk
bad bosn obtalned, pheno ybenramine or guanethidee was nfused Latra-snerially for fe
rainites. When the effect ftheae drugs on Band blaod flow was comstant, the vaseconstricier
teats were repeated. | three of the subjects the tame (st procedury was repested st biter
date, but instead of biood flow wrterial blood presenre was wessured ailog  comentiosa!
wuscuitatory technbque.

The drups used % ero L-noradrenaline bltartrate In 8 dose of 14~20 pg per miowt Gn oot
experiment 10 pg per mioute) g en {ntravenoudly or 0.28-0.30 g per mimate (n oo
axpeniment 0.09 kg per minule) pven miTe-arterially Guanethdin bisatfase (swcho €,
Clbe) w23 adminiicred 1a & total menn dosa of 13 mg (range 0520 mg). Fhenotybets
amioe hydrochloride (dibenzy line @, Smith, Kllpo and French) sus given in 8 total o
dowo of 0.04 mg (range 0.03-0.10 mp). The doses of the 1atra-artonally knfowed vasodidasor
dr\lp‘mwldlnﬂtdlhlllhﬂwMlmmlhlpﬂﬂmlblnd‘oddb'lw:
e same fler oo yhenramine and guancthidioo as after  low dow (030-033 Bp
hydralanne in 8 cotrespondlng tudy (AsLap «f «f 1962), oot

The mdridual “basal™ vakses for blood Sow in the resalts are (b mcas of 43
flow determinations mado o+ the two-minat perlod immediately befors the mﬂﬂ”‘;
of vasoconstrictor umulus. The valucs representing tho blood flow d ring ffoslont
noradrenalise are the mes u(u-mk.sdumrdmdmmdumjmlmlww““'
of the Infusion. The cold test blood flow w &3 determmed 10, 40 86d 60 second after 8PP
tiod of the cokd stmulm.

Acwﬂlrﬂ‘w\’v‘lurv&DLmllN))lbehﬂh)du:te!lkmuwmleP‘“{‘b"’I

Blow 13 doe t incressed scinity m the  stoconstriclor
30 s ha P @ sereines frr e b soms 12
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factor relosssd from the sdroaals, probably sdrenalloe. Therefors tn our resuits the effect
of the cold test oo blood Row in the kand i given both as the valoe obscrved 10 saconde
after the ppication of the stimsty and es the moan of thoso recorded after 40 snd 60
econds

Resqlity arc reported a8 mwesrs & standard eror of the mean. The stathstical anatysh
wuibesed 0 the t teut (Faxaex {938) for differences in subjects. The analyses were a3 & role
performed  n the differences betwwen ibe theotuts blood flow changes In the two haods
{nduced by the diffcrest stimnb, The resatty obtakned i the studies with phenoTybenmamioe
and goanethidine wers compared with thoso reported previousty for hydralaxine (Asrap
of ol 1962).

Resuits

A. Effects of intra-arterially odmi) ed phenoxyh b
and guanethidine on blood flow

Seven expeniments were performed with pheroxyben.amine After the
administration of the drug into one brachial artery the blood flow in the
same hand (test hand) began to rise within a few mmutes after starting
the infusson The merense in the tost hand blood flow reached its maxnmam
in 30-60 minutes and tho vasodilator effect then remained exsentially
unchanged in all subpects throughout the remainder of the expenment
(about two hours) The blood flow 1n the other hand (control hand) was
not mgraficantly altered. No evidence of systemnic effects of the drug was
obtawned. The results are grven in tabls 1 Calculatron of the influence of
phenoxybenzaming on the blood flow recarded before the applicatian of
vasocomstrctor shmuli provided an extimate of the vasodilator effect of
the drug.

Table 1

Effects of  tra-arterially Infosed phenotyberrtmine and gmanctiidine on the
blood flow {n thw hands. The drugs wers Infosed [nto the brachial srtery of the test hand
side. Blood flow In ml per 100 n teswe per mimte,

Bafore vasodllating drog Aftsr vasodilating drug
Co trol | Difference Cootro! | Difference
Tot band g control] TH 1034 |yt et controt
Phenoxybens
toine 1965216 1072224 092060 17142231 206£175 34118
-7 P<0.01

Guanethidos  1E4£187 1334198 Q13058 474126 167522 &04£204
-8 P<oos
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Elght expermments were performed with guanethidine In one of these
(dose of guanethidine 2.0 mg) we noted an 1util decrease In the test hand
blood flow beginning 2 minutes after the start of infusion and lastmg for
some 15 minutes. Thrs was followed by an increase above the fntm! jevel.
In the other seven expenments an increase m blood flow was seen a few
mumutes after the start of the infusion The test hand attained a peak blood
flow after about 30 minutes and then always remained practically un-
changed throughout the remainder of the experiment (about two hours).
There was no evidence of any signuficant changes 1n the blood fiow in the
control hand or any systemic effects of the drug. The results are presented
in table 1 The cakculation of the vasodilator effect of the drug s performed
as for phenoxybenzamine, as mentioned above.

3

T 2
:

1T

[~

[} ta T (118 [-- TR0

raoe ]_'I'"
i

8

BLOCD FLOW w00 TEISSUE PER MWUTE

-3

— D
Ll —— oo,
° ”
™™g
Fig. 1 Effectof cokd test on band blood flow before -dln«lduu;buﬂmof‘P;‘:’l:
7
Benzaming (mean of $ and (eenn of 3 jollget

k@hlmdmnmwm(mlmmxmmﬂwﬂmm«
as comtrol {(dashed hoe). Mea  zeem.



DRUGS AND ADRENERGIC VASOCONSTRICTORS 173

Table 2

Decreas of bjood flow tn the bands prodoced by vasocomtrictor stimul
befors and after inforion of phenoxybentamine lntra-arterially on the ket hand pids. Blood
fiow decrmase | mi per 100 m? theese per minate.

Vesocon- Befors phenaxybormantine After phenaxytenzamine
Coatrol | Duff Control | Diffe ,
stimalus lsrence erencs
Test band tat. 1 Test l:-nﬂl test.
‘

Cold test,

10 e, 140L261 1394237 4013072 1) 7240 1614241 —441£1.40

-3 P<0.03

Cold tewt,

40-60scc. 101439 951282 4064138 2614265 7T6£2.65 —50+089
- F<001
Noradrenahns

venomly
-

39+140] 6.6+2.26] —07+066( 21:£202(10.44206 —83£1959

P<o0l

B Effects of phenoxypben.amine and guanethidine on the
rasoconstrictor action of the cofd test in the hand

The cold test had little effect on the blood preasure. In the three oxper-
ments 1n which this factor was studied the systolic and djastolic blood
presyure Increased by 0-10 mm Hg.

1) Phenoxybenzamine

In five experiments the effect of the cold test on blood flow was in
vestigated before and after infusion of phenoxybenzamine (Fig. 1 Table 2)
Before the infumon of the drug, the cold test produced a quantitatively
wmilar reduction in blood flow in the two hands after 10.40nr.d60
seconds, After the intra arterial administration of ph t

coldlntpmdumdnnmiﬂanﬂymﬂerdccrmmmbloodﬂowlnthn
test hand than in the control hand

2) Guanethidine

The effect of guanethidine on the vasoconstrictor action of the cold test
was studied in seven experments (Fig. 1 Table 3) Before the infusfon of
guancthidine the cold test produced o quantitatively simular reduction of
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Table 3

Decreas of blood flow In the hands prodoesd by vesoconstrictor stlad
before and alter fnfoxion of grancthidine intra-arterialfy on the text band side. Blood flow
#ecresse in ml per 100 ml thwno per minute,

Yasocon- Before guancthidine After guanethldlne
strictor
stimwing Coatrod | Difference Contred | Differener
Test hand) ppns L iestcontror T B0 | Lt g comtrod
1
Cold teat,
10 pec, ILIL199 (28071 —0.7+£0.32 69153 [1Z£1.63 —43£07
neT P<@0l
Cold test,

4050 see. 001135 BIL106 —0310.54 S3LLE8  76+£200 —234178
ne7

Noradrenallne
totrs-

veoomly 70£1.90| 6.6+£222 +0.4+£0.63 941157 731175 +21105
o=7 P<oy

blood flow in the two hands. When the cold test was applied afer the
intra-arterm! admunistration of guanethidine, it produced a significantly
smaller decrease of blood flow in the test hand than in the control hand
after 10 seconds The cold test responses after 4060 seconds were, how
ever not significantly different m the two hands.

C Effects of phenoxybemzamine and guanethidine on the
vasoconstrictor action of noradrenaline in the hand

An intravenous infusion of 14-20 pg of noradrenaline bitartrate rabed
the systolic blood pressure by 10-25 mm Hg and the diastolc by 15-35
mm Hg. In the doses used, intra-arterially administered pt t
or guanethidine did not change the blood pressure response (o intravenoss
noradrenaline Intra-artenially infused noradrenaline had no effect on the
arterial blood pressurs or on the control hand blood flow

1) Phenoxybenzamine

1n five experiments the effect of an intrayenous infusion of noradrenaking
on the blood flow 10 the hand was studied before and after intra-art
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Flg 2. Effect of i

hand blood flow beforo and
lﬂ:rnd.hbﬂ'lllono{phfmybtnnmlw(mxuf!upﬂimu) guanethidine
(mesn of 7 cxperimanty) mto the brachial astery of the test hand sids (sotkd Lina). The blood
flow of tha other hand served aa comrol (dashed ling). Mean tsem.

PRI 4 :

ation of (Fig. 2, Table 2) Noradrenaline
daumstdthebloodﬂowinﬂmtwobmdﬂouboutt}mmntmtu
before tho administration of phepoxybenzamine, After this drog, nor
adrenalire produced a significantly smaller decrease of the blood flow 1n
the test than in the control hapd.
Three subjects received both noradrenaline and phenoxyb

intra-arterially Into the test hand (Fig. 3). Phenoxybenzamine consldcrnbly
redoced the vasoa fetor to noradrenaline in the test hand In

all subjects. The noradrenaline-induced decrease of test hand blood flow

after phenoxybenzamive was 4.2 4- 0.41 ml/100 mi tssue/munute (in the

Tol]:m-lng abbreviated us ml) as compared to 100 4- 1.50 ml before the
istration of phenoxybx
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Fig 3 Effect of Intra-arterial lnfusion of potadrensline into the brachial artery of the to¥
hand sbde (solld fine) an blood flow in the kand before and Rer edministration of phenosy
benzamiee (mes of 3 and ios (mean of 4 op ) Into the
same ariery The blood flow of the other hand served as control (desbed lne). Meas £od %

2) Guanothidine

In seven experiments the effect of an intravenous infusion of pof
adrenaline was studied before and after 1ntra-arterial administratson of
guanethidine (Fig. 2, Table 3) Before guanethidine noradrenaline produced
essentmlly the same reduction 1n blood flow In the two hands. After
guanethudine, however noradrensline produced a greater decyease in
flow 1n the test than 1n the control hand. In the control hand the cffect of
noradrenaline was about the same as before gunnethidine

In four experiments, both noradrenaline and guancthwdine were gVen
wntra-arterally Into the test hand (Fig. 3) After guancthicine the blood flow
decrease ehoited by noradrenaline 1n the test hand tended to be mofe
marked than that seen before the vasodilator agent was gven. The not
adrenaline-induced decrease of test hand blood flow after
was 6.1 + 1 04 ml compared wath 4.2 & 1.93 ml before guancthrdine.
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10 2 cold test and t  Doradrenaline.
The effect of the vesocomtrictor stimglf in the band treated with a vasodimtor drug (et
thhwmtﬂmmwﬂwwummmuﬁ
y [ofused
mrdmdwu» t ncnm-h:l ‘
coptrulters) hand (control hand). For intra-arterlalty infused noradrcnaline the vaso-
constrictor reaponse L4 the test kasd was refated 10 the reaponse produced by the rame doss
of sorsdrensfioe 1n the wst hand befors k way treated with  vasodDator drug.

D Comparison between phenoxybenzantine
guanethidine and hydrakaine

It was of interest to compare the above results with those obtained in
an ldenticalstudy with hydralezine (Intra-arterinl dose 0.30-0 55mg, AnLAD
eral 1962) In the doses gven all three drugs produced about the sameo
ncregse in blood flow in the test hand wiuke the blood flow in the control
hand was not significantly changed. This probably implres that the three
drugs produced about the same mean decrease of the vascular resistancoin
the test hand, stnce the average basal hand flow recorded before the drugs
were given was similar in the three series. The average control responses to
the respective vasocomstrictor simuli were also of the same order of
magnitude In tho three senes. Fig. 4 summarizes the manner in which the
three vasodilator drugs 1 d the to the

P

ctor
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strmulf 1n the hand. The interference of the vasodilator drugs with the
responses (o the cold test and to mtravenously administered noradrenaline
was calculated by relating the induced blood flow decrease in the vaso-
dilator treated test hand to the sunultaneously recorded decrease in the
control hand on a percentage basis, The influence on the responst to
ntra artenal norndrenaline 1s represented by the percentage relationstup
between the noradrenaline induced reductions of test hand blood flow
after and before vasodilator treatment. Consideration is taken of spon-
taneous changes in the hand blood flow as recorded 1n the control hand.

On the basis of these data 1t should be possible to make an approumate
comparison between the three vasodilator drugs with regard to ther
cffect on the adrenergic control of vascular reststance in the hand Phenoxy
benzamine and guanethidine inhibited the “10th second” cold test
response to about the same extent, but phenoxybenzamine seemed to have
a more marked effect than guanethidine on the “40th-60th second™ cold
test response. Phenoxybenzamme tended to inhibit the noradrenalme
induced effect more than the 10th second™ cold test response. Guancth-
dine on the other hand elicited, if anything, a slight ncrease of the
noradrenaline effect on the blood flow Hydralazine differed from both
phenoxybenzamune and guanethidine in that 1t produced vasodilatabion
without significantly mnfl g the resp 1o cither the cold test o the
noradrenaline infusjon.

Discusston

The results show that mtra artenally admt d phenoxyb
and guanethidine produced a relatively long-lasting decrease of vascular
resistance in the hand. The drugs were administered in low doses so that
their concentration in the hand tissues could be assumed to be about the
same, or even kess in the case of phenaxybenzamine than the concentrations
aftained afier systemic admmbstration of the drugs in therapeutic doses
(cf Maxwrit 1965) Thus the results are In rgreement with {he accepted
view that the vasodilator effect of both phenoxvbenzamine and
dine 13 mainly due to an action on the peripheral vascular bed. The
vasodulator effect of hydralazine has also been shown to be mainly duclo
an action on o peripheral site (STUNKARD er af 1954 Astap 199
ABLAD er al 1961 AnLAD 1963). Howrver the three drugs appearcd 10
act through different mechanisms since their Interaction with
vasoconstrictor stimuly resulted 1n the production of different patens
of response.
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The vasodilator effect of phenoxyt was accompaned by
mduadrupommboth!hecoldmtlndmﬁwcdmndmhmm
result is campetible with the view that the vasodilator action of phenoxy
bennmm: was mainly doe to blockade of the adrenergic a recoptors
Phen d to antagonize the cold test response after
lOwcondstonm\aﬂuextcmthanthnrapmm:tonomdmnnhn:,Thh
finding suggests that the drug gave more marked whibjtion of the effect
dus to circalahing noradrenaling, than of that dus to adrenergic nerve
stimulation, as previonsly found 1n animal expermments (YOUMANS ¢ of
1955 Nicxerson 1959)

The vasodilator effect of guanethidine wns accompamed by a2 signd
icantly reduced response to the cold test afler 10 seconds, whereas the
blood flow decrease due to infused noradrenaline was, If anything,
accentuated. The blockade by guanethudine seemed to be more marked
10 seconds after the application of the cold test than after 40 and 60
seconds. Circulating catecholamines may have contributed to the vaso-
constriction seen at the later perod (Wikmes & Fichana 1941) The
results aré 1n agreement with the view that the vasodilator effect of
guanethidine is due to a decreased rekease of nommdrenaline from the
vasocomsttictor nerve ondings, 1.« adrenergic neurone blockade.

Hydralazine differed from phenoxybenzamine and gusnethidine in
that it elicated tho same vasodflatation without markedly antagonrzing
any of the vasoconstrictor stimuli. This finding supports other data
indicating that the vasodilator effect of hydralazine is primarily due to s
direct acton on the autonomous “myogenk vascular tons (review by
AnLAD 1963)

By wsing bow doses of phenaxybenzamme, guaneihidine and hydralanne
1t was thus possible to obtan a clearcut differentation between their
respective mechanitms of action and to demonstrate the main factor
involved in ther vascular effects,. Adminlstration of larger intra-arterial
doses could be expected to make such & characterization mare difficolt
Phenoxybenzamine, given intra-arterhally in amounts highr.r than Lhoae
uzed In the present study cansed a vasodilatation in ths
denervated hand which was aseribed to a peripheral actfon independent
of any eflect the drug might have on the sympathetic nervous system
(DUFF 1956) It fs well known from #r ritro studies that phenoxybenzamine
is an a-adrenergic receptor antagonist with limited specificity (Furcnootr
1955) mnce |t also acts as 2 potent hutamme and serotonin antagonst.

In the present study the vasodilator effect of guancthidine, in 8 dose of
0.5-2.0 mg intra-artermily was evident within 2 few mmutes of the start
of the infusion. Howewer in one experiment, in which the dose of guame
thidine was 2.0 mg, there was an Inftlal vasoconstriction which lasted for
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about 15 minutes. Coorer er al (1963) found that intra-arteral doses of
5 mg of guznethidine produced 2 long-lasting vasoconstriction m the kand,
These investigators also found that guanethidine (in the higher dose)
accentuated the effect of noradrenaline on the hand blood flow more than
we observed m the present study These studies confirm other studis
irdicating that guanethidine has complex actions on the adrenergic nerie
termunal The mechanizms of these varous actions of guanettuding are
not completely clear Guanethidine may have a reserpine-like effect on
the transmitter store (Cass er al 1960) but the adrenergic blockade seems
to start Jong beforo depletion s complete (MuscHoLL 1965) This apparent
discrepancy may be resolved if we assume that guanethidine primarily
causes a depletion of the small labile, functionally essental fraction of
the transmutter store (of CarLsson 1966b). Guanethidine has also been
found to elicit a blockade of the catecholamine neuronal re-uptake {for
detafled discussion and references sec MALAFORS 1965 CaARLSsON &
WALDECK 1965 CarLasoN 1966a & b) This blocking effect of guanethi
dine on the “membrane pump™ may explain the augmented effect of
guancthidine on the noradrenaline response and together with the reser
pine like effect of the drug, this action may explain the imtinl vasocorn-
strictor response of guanethudine (cf CARLSSON 1966b) It has further
been suggested that higher doses of guancthidine produce vasodilatation
also through B-adrenergic receptor activation (ABsoUD & Ecrstriv 1962)
and by means of unspecific depression of vascular “myogenic” tose
(ApBOUD ef af 1961)

In a previous study (ABLAD e7 @/ 1962) 1t was found that Jarger amounts
of hydralazine (095-1 27 mg intra arterially) than those referred toln the
comparison made above, not only produced a more marked vasodilatation
fn the hand but also evoked a pronounced inhibition of the vasoconstre
ton caused both by the cold test and by noradrenaline infusion (A
et al 1962) This finding indicates that the vasodilator effect of the hgher
doses of hydmiazine 1 fn part due to inhibation of adrentrgic Yasocor
strictor tone. This inhibltion may rep: a pri d depression of
vascular “myogenkc” tone and can by no means be nterpreted as indi-
cating that hydralazime is an a-adrenergic recepter antagonist.

Summary
Infusions of phenoxybenzamme (002-0 10 mg), guancthidine (05
2.0 mg) and hydralazine (0 30-0.55 mg) into the brachia) artery ofﬂ"f‘;’“‘
subjects eliited an merease of hand blood flow chamcterized by $10%
onset and long duration. In the doses used, all three drugs produced 32
increase 1n hand blood flow (about 30-50 /) but they differcd in therr
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responses to the vasoconstrictor effects of a cald test and to intravenoualy
or intre-arterially infused noradrenaline. Phenaxybenzamine inhibited the
response to both the cold test and to noradrenaline infusion Guancthrdme
weakened the effect of the cold test whereas the noradrenaline responss
was, if anything, sugmented. Hydralazine did not sigmificantly influence
the effects of the vasoconstrictor sumuh.

Tho results demonstrate three different ways of reduang vascular
reustance. Phenoxybenzamine probably acted by c-adrenergic receptor
blockade, guanethidine by adrencrgic neurons blocknde and hydralazine
by & “direct action on the vascalar “myogenic” tone.

Other effects of the vasodilator drugs, parucularly after admmistration
of larger doses, ere discussed. The doses of the three vasodilator agents
used 1n the present study might be considered a3 giving a drug concentra
tion in the hand 1n the same range as that obtained after gystemx admini-
stration of the drugs in clinfcally used doses. The authors consider this
important for a relevant analynis of the mechangms of the therapeutic
actron of a vasodilator drug.
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‘The Tn Vitro Inactivation of Histamine
in Kidney Tissue of Sheep
By
O V Shastad
(Recsived Sepiembrer 19 1966)

In intact antmals histamine is mamly wactvated by two major path
wayL

1) Primary oxdative deamination leads to the formation of imidazole
4-acetsc acrd (MEMLER, TABOR & BAUER 1952 TAnOW, MIHLER & SCHAYER
1953). The initial step 1n this reaction is carried out by histaminase
(dlamine oxidase) Imidazale-d-acetic acxd 13 partly conjugated with
ribose before being excreted In the wrine (Tapow & Hayaser 1955)

7) Methylation of the nng mitrogen remote from the sidechain, is
pertly followed by secondary oxidative deammation of the midechain
(SCHAYER & KARIALA 1956)

In all specxes examuned inactivation by both pathways has been
demnonstrated (ScHAVIR, KNy & Sumey 1953 ScHAYIR 1959)
though in the rat, only a small fraction of the substance is methylated
(SCHAYER 1952 WISTLING 1958).

Of the ypecies previowsly examined, the rat i the only ono in which
the lrver s unable to methylate lustamune 2 ritro (BROWN TOMCUKCK &
AXELROD 1959) In this species, however added hotamine 1s methylated
at a high rate m kiincy tissuc (BzowN, TOMCHICK & AXELRGD 1959
Nerrer, Coun & Stome 1961 Azz 1961).

In sheep histamine is rapsdly inoctivated # vifro by Lidoey tisue
(McHINRY & GAVIN 1932), by the mucosa of the small mtestines (Sraa
2TAD 19670) and by liver tusue (SsaasTAD 1967b) In the two last men
tioned tasues, the inactivation of histamine rs almost campletely abolished
by aminoguanidine, a substance known to produce complets inhibation of
histaminase (dhmine oxsdass) i ritro (ScHULER 1952 WaTow 1956)
Methylation does not seem to take place to any considerablo extent. The
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Bom.

The histamine inactivating capacisy of Aidnev tizsue

In 27 specimens of kidney cortex from different sheep, the histambe
inactivating capacity was 429 + 102 (3 ) pg/g/hr (table 1) The inactm‘
tion of ht ino in kidney h from 4 k) did
not deviate much from the inactivation in kidney slices from the stme
animals (441 and 417 pg/g/hr., respectively)

Table 1
Inactivation of kistartine in slices of kiduey tieroe.
Efect of sminoguankdlos (100 M)y
Incuhlﬂonyu-nd 2 bours. Histamine ddd
40 pg hato (HIDPL
periments without a muﬂm?
1nactivetion of histamine
(pg HIDP/g/tr)
Without amin | wan Idime

-27 n=12
429 + 102 () 16100
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Table 2
Effect of plrydroxymsrcuribentoats (PHME) oa the
Inactivation of histamine In kidoey wice.
nitiat amounts of Wistamine 20 pg. Iacubaticn period: 2 bours.
Am oot friwse 1y

Inactivation of histamine
Gug/g/r)

(104 M)
104 M +PHMB (10 M)

n=3 nm¥
431050 42 08()

Effect of aminoguanidine

When kidney slices were incubated with 40 pg of ustamine (10 pg/mi)
in the presencs of aminoguanidine, the rate of hestamine {nactivation was
only 56 4+ 1 0 pg/g/hr (table 1). This rate wrs not markedly increased
when the concentration of hustamine was increased to 25 pg/ml (4 expts.)
Moreover the decreaso 1n the concentration of histamine during
incubation pertod was then too small for acourate determination (average
12
Effect of p-Hydroxymercuribenzoate (PHAB)

A emall degree of inhibitron by PHMB would not be easily dotected 1n
kidoey tsmre inactivating histamine at a high rate by pathways not
affected by this sut The ion of hit 1 aminp-
gunnidine-treated kidney slices was therefore compared with samples to
which both aminoguanrdine and PHMB had been added. No significant
difference in tho mts of hutamine inactivation was found (table 2)

Gasiing with N; akso abolished tho greater part of the histamine mactiva-
tion in kidney tisue,

Discumlon

The values for the ht f ivating capacity of kidney tusoe of
sheep found in the present study (429 1 102 pg histamine-diphosphate/g]
hr ) agres well whh those obtained by McHEMrY & GAVIN (1932) (369 pg
hustamine diphosphate/g/hr) The capecity of kidney thsue of sheep to
inactivate histamine & vitro is thus about 3 times Jarger than that of liver
tissoe (SIAASTAD 1967b) Cattle kidneys ito inactivate hutamine more
npldlyhdlmlhmt.bcljm(Ha.mHm&Smmlﬂs’).

almost detely abolshed the jnactrvation of
hhmmmcmtbnprumt:xpedmcuu(ubkl)ﬂhmmuthupﬁmnry
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un-nmdplmmmuwdinwh}dnh:kmlummtnhibilcdbyEDTA,
but with the kallikrein-hactivators still present (Broem Dymup &
RNvIK 1967) The released kinin was assayed on the isolated rat uterus.

Technkjoe

1 Plarswt swbrtrete The plasma subsirats | dexcribed by Bamrm, Dyruvo & Rovvix
(1967) was wed. In the present work each subetrete epecimen consisted of  mixture aff
equal yolums of substrates obtuined from 3 males in tho age rangs of 30 to 37 ysars. The
substrat was stored at —20° a3 1 m! semples coresponding t 067 ol plasasa in 3 ml
Alllcontred test tobes
2. Stemdard and (et kolllirein Padeiin ® ® (hog pancyexs knDikrein). [n ampocle of
10 biol. emits, Bayer A.G Germany

3 Rat peres. Viegin rats weighing 140-190 g wers injacted with stilboestrol (10 pg/100 g)
18-24 Bours before nee. Utstl were suspended in de Jalon's solution in 3 ml bath at
29% 1+ 0.1 and were mzally oaed 5000 afier the animal' dewth, but occeslomally stored at
4 for one of two cayr The rrusche was attached to an botonds frontal writing lever ylalding
magrification of aboat 5. The Joad wus uspally 1.2 g (rangs 0.3-1 4 g). A dove cycle of
4 minntes with 30 to 73 seconds contact and 4 withes wus used,

4 Preliminwy bracketing aay™ T 3 ooo ml sxmples of the sobetrats, stesdard
pedutin wws added whh  doserwtio 1 0.7 0.5 (Tor the batch { padwin nsed 0.50, 0.35
and 0.25 eofta/ml plesma) and to 1 searphe an amennt of test padutia preparation was added
sxpected to fall within the standard rengs sumniloned. This was then diinted with saline asd
Incnbated tn sficonized bottks o8 stated below mmder  Method™ Tho activity of the un-
knowa keffkrein preparation was roughly etimtsd in “brecketing emmys”™ with the
standard and test sofutions diluted to the same cxtent, and thoy with & gudard dose-ratlo
of 1 0.7

5 Aferksd. To 2 ooe ml samplos of ploma substrats sxnderd psdutin was added with
dose-ratio 1 0.7 (far the batch of padotin need 0.40 knd 0.28 unitymD). To 2 other seniples
test pudutin was dded o amounts thet 10 the prefirainary meay to
the standard dossr One sbsirite sample served o3 biind test. All campies were duluted to
5.00 ol with $3¥00 und meubated [0 & waterbath at 37° n wlicontved flesky. Afrer 60 minutey
1 ml axmples wyre whbdrawn, 2.5 ml of selins were sdded and the mistares beated b
bolling waserbath for 3 mibsates. The solutions were assayed 4t once or kept at 4° for sssay
whtnn 24 bowrs T obtain the same conceutration of plasma, ull the tewts were equakly
ditrted with de Jalon's solstion

Tho xeeay was carried owt a3 (2 + 2) esay with 6 serbs of 4 randemized doser Th
iodividoal coatractions were mestured (o the mearest em and the statistical procedurs
dexcribed m the Nordke P wus ward for the cak of rexaks.

Comments oa the Techalque

1 Plasma substrote The properties of the substrate used were dis-
cassed in the paper of Broym, Dyaup & Rivvix (1967), who found that
the concentration of EDTA INa used (4 mg/ml of citrated plasma)
completely Jahibited the kininase present, while the inhibitors of kallikreins
seemed not to bo significantly influenced. Padutin was only slightly
Inhibited by EDTA.
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HorTON (1959) preferred dog s plasma to human plasma snce the
fatter mpidly formed kinin on contact with glass. In our expedmants the
wse of sillconized test tubes prevented such an activation, The assay of the
blind tests showed an activity which regularly amounted to about 104
of the refensable actrvity Experiments carried out with Incubarkn of
almost undiluted substrate 1 specimens resulted in a decrease in “blind”
activity to roughly 5 4, Indicating that dilution and not surface contact
was responsible The control incubates were not taken into account in the
catculations of the assay results.

HortoN (1959) emphastzed the significance of destroving kalfikrein
mhibitors, which would otherwise gradually slow down the rate of the
refease process. The removal of such influencing factors might Improve
the precision of the method, but as regards the specificity of 2 method
intended for the assay of a kallikreln preparation used In thempy #t
scemed fn principle advantsgeous to use o substrate as  genulne” ¥
possible and preferably prepared from human plasma.

2. Stordard preparation Bradykinin was used as standard substance
during the development of the method for example in the cstablishment
of kallikrein dose time effects (fig. 2) It proved necessary however 19
use kellikrein (or rather kinins iberated in a standard plagma by knllikrem)
s standard in the sssays, Determinations carmed out on the same plasms
substrate with bradylinin asstandard usually gave results in a narrow range,
but sometimes markedly deviating vahies were obtained. This most
indicate that the different uteri did not react in @ smlilar mammer 0
bradykinin and to the released mixture of kinina.

3 "Method Concentration effect curves The plasma substrates msed for
the experiments demonstrated n fig. 1 were both found to release 55
pg/ml fresh plasma of kinin calcalated a3 bradykimnin, when assayed by
the trypsin nrethod of RINVIK, DyRUD & BReserp (1966) or by tho acetond
(plasma kalikrein) method described by Brsem Dyrup & Rmvi
(1967) Fig. 1 shows that the maximum amounts of kinin Hberated b
padutin in the 2 substrate specimens were 3 9 ug and 4 6 pg/ml plast
or on an average 77/ of the theoretical value. It has previoudy beet
observed for a less germuine™ plasma substrate (pH 2 for 10 miputes 2t
37° that padutin released about 70 / of the total kinin prosent (BrrsE?
Jensen DYRUD & RINVIR 1966) Tn specmmens of this plasms sobstaals
the kallikrein mcubation had to bo followed b incubation with leodn®
aminopeptidase in order to convert small amounts of kaltidin (o kalldm-
fiks peptides) to bradykinin before assay on the uterus, In the present
rubstrate no increases in actvity wore recorded on further incubation with
leucine aminopeptidase, o

Fig. I shown that for both substrate specimens used, sbout 2 umts
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Table 2

Rebowsc of kinin In beman platma sobstrates. Inatgnificant jmhibitton by EDTA
of bog pancrees kalfkrein (pedutin) and of plapne kallrein.

Platma sobetrate 1: EDTA 2 Nu, 4 mg/m] citrated plasma.
_ 1+ EDTA - s - - -
Fex detulis see text
Pirma | ug Hnbn/ml plarma after
Releauag sgent \ sabetrate ) Incubation for
kours
A 3 7 9 24
i aMtTkretn) 1 22 31 38 54
1 + EDTA 19 31 37 54
mires
79 13 » L]
Padutln 033 falplasma | 12 14 17 22
(hog paacTeas 1 + BDTA 2 13 14 17
Ialfikrets)

19 24 26 28
17 22 4 24

0.70 u/ml plascan. )I-I»EDTA
|

strate 1 2,3, and 4 sbown in table 1 (pleams spechmen 20 1 theas experiownts wy Incobared
with  concentration of trypaln fmt high tnough t canw fofl kinln releass in the pH
2 troutad subatrtey 2 and 4 It can bo seen that the exteat of rebesse i the pH S-treatad
sabstrase 3 was ooty stightly lower
The addition of EDTA 1o substrates 2 and 4 [n the trypeln experimants demonstrated
weak lmidhition by EDTA of trypsin e rebesting  gent, stmdlar to that shown ggainst the
ficicy N

T bie 2 shows cxpertments carried out In arder 10 obtain reote direct cvidence of the
Iahublion by EDTA of hoy pancress kafikreln, end, if poseble, 1heo of plegma kalll krein.
The tabio demonmtrities that the rate of kinen reisaso was dightly Jower In plexms stabillred
by $ mgfml than by 4 mg/ml of EDTA (aubstrate 1), when padotin was used ae activating
agent, The abwiocr of effect of an iacrexss I EDTA cooceniration in the scetoos xperk
wents right indicate that places kafikrein was v {nflusnced than the glandatar kaMikrein,
bot it might equally well demonstrats other diferences bermesa the methods teed.
The question wicther EDTA inhibited the of plesma In
kaltkho (or other kinkat) to brad; (o ot kinjod) ta
plarma sabstram 1 b dscomysed below wader  Methods

B Afetheds

1 Extinstrion of the rase of Linin refense comed by scrtows, The sctlvation of the kelll-
kreta-kinin systerm of humsn pherma by scstone was S repocted by Frar Kravr &
WiaALx (1950). Fiacs then several ramcarch workers kave need this metivod of huitlatig kinls
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~ KININ RELEASED /ML PLASMA

SUBSTRATE 1
SUBSTRATE 3

3 5 7 9 n 13 15 HOURS

Flg. 1 Rats of rebease of kintn in human plasma substrates.
Activatl gapent Acrtooe (phoma kallikrein),
Bubstrate 1 EDTA 2Na, 4 mg/ml cltruted plavma.
Substrato 3 Hydrochlonc sckd to pH 3, TDTA IN us in substrate 1
Klnia refessed ealcutsted as 4g bradykicin.
For detalls sew text,

reteuse In plasma, but wlithout the lntentson of carryimg owt quasthztive stwdiet on the TsR
of tho rehenss process, MancoLn & Brnor (1962) polnted ost that acetone b & bee-RK
effcct on plasma se. It slowly activates the H geman factor and it destroys imactivreion
of active kallicreln,

N rare of Lixia refeared. Our experiments showsd (hat under th conditions chosct
mulwmdlmmpmammudmmwmmmmuw"
the quastitative metbods, substrato 1 and also kn substrate 3 The fact that the mesbmet
umotnts of kinin obtaived werd the same ws thoss determined by the kininopea wetbed
described previotaly (RIE, Dyrup & Bromp 1966) wsing plasma substreto 2 1d
trypeln e relemlug enryme (T bio 4), b atrong evidimes that both methods give ekt
extimates { the total uninogen contant of plexme.

mmmmwmmmmmwmzmmw:
tontical whth bradykinin (BRI Jnaek Dravp & Ronax 1966), the oty of bl
Indicate esther thet the acctonc-activated plaama kefHireln refewsod bredykinta ooy &
that the trumf rming minopeptidascs f plascma wers not markedly nbfbhted by tho sted
Aootons conceniruuon. Model experiments carried ot whth eynthetio kaiBdia xnd jeocted
wnlnopeptidase 1n buffer salotion demonstrated some mibition of the eryme ¥ 2
voctons conocatration &2 low &1 4 / ( /y) 04 complets whitetion at 10% (vfv- 00 B4
other hand, Expenments with eddition of kalSdin to pema sobetrato | £ad O
activation & suggested for the mathod, ted that  complete el dund-f
to bradykinin did 1n fect tak #RThc-rmiuluwopouLh.qwuﬂm'i“W
\dnin wis refersed by plasma kallikreln in the seetono wsthod. The -t
\het EDTA En the concentraslon oaed did not prevent  complete transfocmation b
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Table 3

1 Detarmination of the rate of kinin releass caised by acstone.
1L Detarminstion of tho extast of kinle refosse caveed by bog pancross kelifkrein (pedutin),
Pracielon of the mothods
Frauma substrate 1 (seo Tablo 1),
Maxbms reicwse by padutin obtained with 4 wnhty/m) plasma.
For sach method 12 separmte obetrate sumpies from the sms plesma specimens wers
mmayed ot &fferent times.
The plasma specisens uaed were Dot the seme for 1he 2 methode
For datalls pee text.

Thre e houn corres- Kinin releass a3 X of maximwm
Sampla poading to 30% kinkn padntln cnitym) plerma
Teleew canend by scetowe a3 [ o
1
1 60 3 a
2 59 4 &«
3 a0 3 ®
4 &0 51 a
s €0 5 M
3 62 33 i
7 €2 46 ©
3 &0 35 k73
s . & 15
10 €1 35 o
1" 62 43 73
12 62 3 5
Mean | 612 | ) ns
eam | cos a0 | 1504 270730

kalidie-converting easymes of plasms. This dom Dot Dean that thers wis 0o inkibltion
ut all.

Tiswtvolewss curver. Fig. 1 shows 2 trma-rebenss corves besed on the acetono sctivation
techniqoe, Both conves wers drawn from resalts  bestaed whh semples from the same
platma spectasen, which for corvo [ bad bees sabitwed with EDTA wlone (substrute 1),
whils the citrated plasma wsed for curve 1l had In sddition been Incubuted at pH $ (sub-
strate 35 It cam be seen that Une rate of roeess in the 32 owrt was faster for sabstrats 3,
in which tahfthory of kafilirein had been partty baactivated, Aftar 9 bonrs, howsver the
sams amoant of onin had been retsased In both ewbarates, and after 11 bouts both
tabstrates wers fally dephettdd of their kinbaogen. The thms futerval for 0% kinin reteets in
this platius specioen wes about 6 hours (o7 obstrsts 1 and 4 hours for swbutrats 3.

Alffremt sempies from the came plasme specinen (wbetrste 1) wers axayed ¢ different
timmer. The amonnts of kialn relcased aftvr S and 7 hoorx, exprensed 51 percentages of the
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matlmom  mounts st free after 4 hours, were wed to calculats the periods of tee
pecestary for 50Y rebemse.

1t proved essentinl for the precidon of the method to use well fMed tent tobes, vhich
wern stoppered during the Incubation petfod. It was ahwo fonnd sdvisable not to wiikdory
more than 2 samples for sxsay from esch test tube. If such precamtions wery not tekes,
cvaporation of the acetone took place to & varying degres, thes decressing the scowracy of
the rewits.

Controls [ncubated for 24 hours without the addition of scrtone showed sctivitie of
0.8 pg/mi plasms of fest, calculated ma bradykinin, and were not taken [nto sccownt e
sy

2. Estimation of the rate and the extent [ release caxved by padatiz, Toe efiecty of
padatin [m plasma subsirates prepared by differvot procednmes have been discomsed pee-
vioosty (Bazmp Jiawy, Dyaup & Rk 1966)

W The timetfect relationshly of kinln relcess cained by padutin wes examiond for 2
concentrations of the enryme, 1.0, 0.35 and 0.70 vaktx/ml plagma. It has bese theres by
BrLTVEDT & BRrstip (1967) that the time requined for maxlmum reheaso effect lo mbstran )
increased whth f WHag enryme concentratlons, from  bout 20 minutes for 2 wnity/ml plasst
10 aboot 60 minutes for O 13 mnlty/ml We accordingly chote an iocubsboa period of €
minotes to obtai full kinin redease. The padutin concentratioas wers fixed so &1 to bring
abaut partial release (66 /) in the time interval 10 10 30 minibes. This was done whh  vie¥
to  later wse of the method for the detection of xiow cr or fasier rates of relesss In pethaog-
beal plasma specimens.

At the log time relesse carves prosed to be rectifinesr the obeervation perkoda for partsal
rekexses wore apaced logarithmically

b TR m[mmammmwwmm
for the same 2 enrywe concrntrations & thoso wsed {0t the extimation of the rate of ki
reloksc, La. 0.35 and 0.70 untts/m] plasma. In thess experimenty only 60-animute bacobation
results wers wsed. BiLtvioT & Banzn (1967) found that the euzyme reics coane
steepest for concmtrations ranging from 0. t 0.6 neity/m! plaema and soggpeseed 2 dos
stlo of 1 0.7 (40 and 028 wnitym]) for (@ + ) exrays. A padutin conceatration of sbot
zmwmpmmmmrummmummmumw

o use higher of padutin, [n order to utize fhe resld
already provided for the simaitancons extimations of tates of reease, and

R producidility mpmammmmmrmwhm
in tablo 3 Twelve differcat semphes from the same plema speclnen (mbstrate 1) wert
sssayed at different tmes, Th amounts of kinla rebeesed by 035 and by 6.70 watsl
pmmummruwmmwnmdﬂtﬂﬂ"
amoumis relexsed afler fncubstion with 4 ooi/ml.

Controls Inczbated for 60 minntes withoot the ddition of pedutin thowed scHiie
ranglog froc 0.2 to 0.8 yg/m) plasma (ot often 0.3-0.3 pg/mi) cakcalated o bredytis
and wers DOt taken mto accoont in the ensays.

Resmits
Table 4 shows the results of determinations onhcmnormmcﬂ;
¥mun canted by acetone (plasma kallikrein) in plasma m’mﬂn
halthymbmmmmemmpﬁmﬁmmmblcnhamm
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Table 4

Determination of plasmg kintnogen and of rate of rejesss
of kiaia [n 9 bealthy mules.
L Subetrato 2 (aro T ble 1)
II and IIL Sobwtrate 1 (se Tabls 1)1
Por detafle sco text.

1 | n i
Time in houne
Subject Kioin radessedfml plasou
o piertes i

Trypein rorthod | Acvtose metbod  Acetons matbod

67 3] a1
54 46 71

1

2

s 34 4s 65
4 14 @ 59
3 39 57 62
. 56 sy s
7 56 54 &7
] 58 55 3
9 36 56 e}
Nan | b 157 | &5
Lem. | 014 QS 023 (41 9| ¥ (45,0

results of determinations of plssma kininogen In the xame men by the
acetone method and by the trypsin method described by Rvik, Dyrun
& Brixem (1966)

The average amount of kmninogen corresponded to a bradykmin
releaso of 56 pg/ml fresh plusma when scetone was used as activating
agent in substrate 1 (range 4 6 to 6.8 pg/mi). The average vahue for trypsin
as refeasing enzyme in the acid-treated substrato 2 was 5 7 pg/ml plasma
(range 54 to 6.7 pg/ml) The results obtained by theso 2 different methods
thus sgreo very closely and they also correspond well with the mean value
previomly reported from determinations in 11 healthy maks umng the
trypsin method and substrate 2, 5.5 pg/m! plagna (Rvvix, Dyrup &
Bromp 1966)

The average time required for a redease by acetone of 50 / of the total
kininogen under the conditions used was 6.6 hours, range 5.3 to 8.5 hours.

Table 5 shows the results of determinations of the rates of refease of
kinin in plasma sabstrate 1 cansed by paduotin, and the table also demon-
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Table 5

Determiastion of rate (1) und sxtent (II) of release of
klain in 9 beshthy males.
Relensing gent Hog pancrens klflikrein (padutin).
Muxim m redeass vatuss obtalned with 4 unity/ml plasma,
Plarma sobstrate 1 (sce Table 1)
For detads see te 1l

1 | n

Rubject Time in minytes correspond- Kinin retcaso ns % of
ing to 66% kinin relesss cavsed mathmem eswsed by paduths,
by padutin, mits/m! plasma onite/ml plagms
o | am oas | om
1 18 n n 4
2 16 12 € n
3 15 . (4 o]
4 i3} 13 100 100
H 19 2 a ‘n
[3 13 u 50 ]
7 » 1 u o
1] 19 13 33 34
9 17 13 € &
Moan 01| s L oux | 84
sem | aoaasl  1tousx Teanx] €209%

strates the extent of release caused by this enzyme. The plasma specioxss
mdoﬂginntadfromthnlanw?mmwhomumdforﬂxdﬂumﬁ*
trons shown in table 4 Both the rate and the extont of kinin releass were
cxnmined for 2 concentrations of padutin, Le 0.35 and 0.70 unftyfm!

plasma.

Discussion

Aplnsmamlntramnpprcpducforthcuﬂmnﬂonofﬂmmmﬂffd"’c
ofkinmmhmnnnplamalhouldbc“muim”mfuupom'hk.swh‘
demand 13 difficult to satisfy umonaoﬂ:uth]upbcauwufﬂmnwﬂﬁ'g
of chmmatmg the kinnase activity present. Even if the o
jgnored thet amounts and charscteristics of factors fnvolved In
relumprmrmgmhmmmd.towmmmm;mmpwﬁ:
of the plasma substrate used lcvemlobpcﬂomcnnbemiwdlaﬂim‘
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acetone activation techmque as a basls for the estimation of the rate of
Kkinin release. It has been suggested that acetone acts through an active
tion of Hageman factor which in furn activates plasma kallikrem, but it
has also been pomted out that scetons at the same time will 1nactivate
inhibitors of plasma kafllkrein (MARGoLS & Bowor 1962 EmEN 1563).
Any fallure In the kellikreln inhibition system of plasma will accordingly
only be recognized by the acetone method if the rate of insctivation of
the inhititors by acetone is significantly slower than the kallikrein
activation process.

To increaso the possibility of detecting deficiencles fn the kallikrein
inhibitors of plasma, In addition to the acetone technlque, we developed
2 method based on the releass of kinin by hog pancreas kallikrein
tin) Like other glandular kallikrelns, padutin acts directly on the kinmo-
gen to releaso kinin, and deviations from the normal rato of release
observed, should indicate failures In the kallikrein mhibiting system. It
is thon assumed that the factors inhibitmg plasma kallikrem and hog
pancrzas kallikrein are essentially the same,

The fact that the maximum smounts of kinin obtained by the acetone
method (plasma kallikreln) were found to bo almast the same as those
requstercd by the trypdn method (RINvIK, DYRUD & BRofEID 1966) 1s
strong evidence that both methods give reliable results for total kinfnogen.
If a loss of kinin should nevertheless have taken place it must have
oczurred at a stage of the substrate preparation procedure prior to the
acdification o1 EDTA treatment of the centrifoged citrated plasma,

The good correlation between the 2 methods also show that the
amounts of ths plasma factors involved in the release process are in
excess of the amount of kininogen present.

The amounts of kinin released by padutin were not only used for the
estimation of the rate of the release process, but alto for estumating the
extent of the enzyme effect, or in other words, the concentrations required
for a certain release effect. For example, a low activity level of the inhibd-
tors of kalifkrein wonld be expected to cause both an increased rate of
rejense, and a higher percentage of kunin released than that normal at a
certain padutin concentration. A high rato of kinin release together with
a normal extent of release, on the other hand, might indscate anomales
in the types of kininogen pretent.

The combined use of the methods described in our work and the
previously published methods for the determination of plasma kininogen
and plarma kininase (RMVIK, DYRUD & Bricio 1966) are of interest in

the study of the kinin activity level of pletma under normal and patholog
ical conditlons.
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Semmary

Methods have been described for the estimation of the rate and ako
the extent of release of kiun in human citrated plasma stabilized by
EDTA 2 Na, 4 mg/ml plasma. The kinin released was assayed on the
isolated rat uterus with bradykinm as standard.

The estimation of the rate of the releass process was based on deter
minations of kinin set frec at different time intervals by (1) acetone
(through plasmn kalllkrein) and by (2) padetin (hog pancreas kallikrein).
The rate of the release process was grven ns the period of time requred
for n release of 50/ (acetone) or of 66/ (padutin) of the mammum
amount obtained after a prolonged peniod.

The estimation of the extent of kinin releass was based on the determin>
tion of the maximum amount of kimin set free at & certain padutin coo-
centration in percentage of the maximum amount released by excess of

enryme.

The methods were used to estimate the releass process in plasms
specrmens of 9 healthy men Under the conditions used (10/ viv of
acetone and 20 / v/v of citrated plasma In saline at 37°) the time required
for a 50 / release by acetone was 6.6 hours (s.cm. 4 6 ) The periods of
ﬁm:rnanedferﬁﬁ/r:lenscbypadntmwtmﬂﬂminutu(u.m.lﬁ%)
ard 14 8 minutes (s.e.m. 11.5,{) respectively for concentrotions of the
cnzymoofOJSnndO?’Onniu/mlplamTMumzZpadminconcmﬁ?
tions cansed releases of kinin of 548 / (s.e.m. 131 {) and 686/ (122
9.0 4) 1expectively of the maxmmum.

The reproducibality of the methods was measured by determinationt
olemmmmmlufmmmemmhmmlpmmndlﬂ'mtﬂnﬁ-
Ihmm.forthnmcmuwthodmos/mdfmt}npaduunntﬂﬂd
measuring the extent of release, 38 and 37/ for 035 and 0.70 wnit!

respectively
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Summary
Methods have been described for the estimation of the rate and ako
the extent of releass of Linin in human citrated plasma stabilized by
EDTA 2 Na, 4 mg/ml plasma. The kinin released was assmyed on the
isolated rat uterus with bradykinin as standard
The estimation of the rate of the release process was based on deter
minations of kinin set free at different tmo Intervals by (1) acetone
(through plasma kallikrein) and by (2) padutin (hog pancress kallikrein).
The rate of the release process was given as the period of time required
for a release of 50 / (acctone) or of 66/ (padutin) of the maxmmm
amount obtained after a prolonged period.
The estimation of the extent of Linin release was based on the determine-
tion of the maximum amount of kinin st free at a certain padutin con-
centration In percentage of the maximum smount released by excess of

enzyme.

The methods were used to esumate the release process 1o phond
specimens of 9 healthy men Under the conditions uwsed (10/ vir o
acetone and 20/ vfv of citrated plasma in saline at 377 the time requred
for a 50 / release by acetone was 6 6 houra (s.e.m. 4 6 £) The penods of
time required for 66 / releass by padutin were 20 7 minntes (rem. 143%)
and 14 8 mimutes (s.0m. 11.5 ) respectively for concentrations of the
enzyme of 0.35 and 0 70 units/ml plasme. The same 2 padutm concentn
tions ceused releases of kamn of $4 8 / (xo.m. 13 1,4) and 68.6/ (12
90 ) 1espectively of the maximum.

The reproducibility of the methods was measured by determunations
olewpammmnplufmmmemmbq:nm:pcchnmndtﬂ'mtﬂm
The 5 e.m. for the acetone method was 0.8,/ and for the padutin metbod
measuring the extent of release, 38md37/for0.35md0.70nﬂ3’
respectrvely
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Table 1
The sxact chemical composttion of keroseos )

msed i the stody
phithenes.
(oo umsatarate) 000 %
Aromaatics 200 X
Sulpher w02 X gt
Mercaptant w.ms,(} i

) Courtesy-Genwral Marager Esso Stindard Inc., UKA.

Ol Refining Ltd (USA), which aro the thres main brands svalable in Indis. The soarce of
hvase keroeenes 1 from the Mkidie-Eest, which b abo the major sourcs of supply for both
America aad Europs. The results of the experiments wers h«iuulym!furmmdw
with afl the thres brands of kerosene wed since thers wat »o difference Lo
mymmormmmmmmmmmhmhnhhnm
degree of partty being 97 + 0.5%

Swim albino mice, Beigian rabbits and dogy wers ueed in the cxper/ments. Swicr mice
welghing 30 g wers osed and their rosplratoey rates, strength (a2 d
by the incltned planc method) wers mearnred, The animals to bo treated wwre each ghyen
1 ml of fiitered keroseno orally whils the anfmals mt  part &s controls were grven the same
wrtount of distilled water The animale werp kept under close obeervution and tweaty-four
s leter & vecond dows of 1 ml of kerosne was ghven to each momss in the trsated groop,
while the controls recerved ! ml of distilled water.

Ia the second set of cxpeciments four groups of doge, sech coastating of fout dogs, sach.
dog weighing 7-5 kg were weed. Kerveons wat admintirred intraperitonomlly in & dose of
30 mifkg body weight. The various ciinkcal charges wers rocorded. Liver function tests were
exrried oxt waing the bromsolphalan fver fusction tet. The blood sugar kveh wers
estimated, every two hoars, by the PoRio-Wu method. Later pecropay was dope on the
ety

In the thirt merics of Buigien rabbitz weighing bout 1.9 kg wers given

experiments,
kerosene onafly in mornMIMvmmMWmem
by the micro-metbod. Both wers perf
at Decropey

Clemical tests for tha detectio  of keyoacne or s fractions b blood o tirine could not

be done, soce keroseos mixtire of vertous hydrooerboms and o specific
chemical test b3 kmown (Jacuoan 1945).

Rewalts
1 Afice
hlbnmtedomﬂywiﬁadngiodmofkmbemmdm“y
wilhjan(olSmlnulu.Memdytp:mnndmdlypnom,dmm

becoming very pronounced by the second hour The nemromuscular—..
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Fig. 1 Kidoey of albino mico treated with kerosane showing chaagr
of clowdy depeneration with fraylog of the eell masgioe

strength as determuned by the ‘inclined plane method® dmminished slgnt-
fcantly as compared with the controls. Four hours after treatmeat, the
mice recovered but their coats were still shaggy and smefied of kerosene,
and the anogenital region was stained with kerosene. The animalbt
gradoally became normal in movement and feeding habits.
Twenty-four hours later when a second dose of kerosene was sdmats-
tered, the same signs were seen However drowmness became mor
pronounced, and by the fifth hour the animals became comatase. Al
the treated mice died after 8 to 10 hours. The cxpermments were sepeated
twice and the same results were observed.

Autopsy findings

The siomach wall appeared thin and contained the provious mead mized
with kerosene. The mucosa was rough 1n appearance. Histological studies
iicated that the serous and the muscular Iayers were nommal The
lamina propnia was also intact, but the mucosa had disintegrated thoogh
a few shreds were seen. The submmucosal area appeared ewollen.

The external appearanco and the cut surfaces of the kidacy appeared
normal. Histolopcal studies of the renal tubules showed cloudy degener®
tion. The glomeruli and the pelvis wers congested (fig- 1) On
and microscopic examination the spkeen was normal.

The external appearance and mirotome sectlons showed the rat B
be normal. Histological studiet showed that the meninges were bypet
semsc and congested. Howcver the bran timus sppeared pormal
Externally the fungs and the plewrae were normal, The cut murfacs ™
hyperasmic. The trachea and the bilar gands wors normal. Histologi=)
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- U

o
Fig. 2. Limg of enimal treated with keromne showing me pmrsavewds or
wy y celh, bot only th

examination showed that the main $lood vessels wero dilated and that
the alveolar wallt were hyperaeouc. Cortaln alveall in the basal lobes
contained & few RBCy, Therc was absolately no evidence of cellu-
lar exndation and no cells of inflammation were observed
anywhere in the Jungs or pleura. Ths bronch! and the bronchioles
were normal and showed completely normal mucosa (fig. 2).

The lfrer was enlarged, pale in appearance, with conspicuouns yellow
patches scattered on the surface. The liver tissus smelled of kerosene and
when placed in formalin, kerosens exuded out of the tissue, forming a
thin layer on the surface. Histologkal exsmination showed that the
central vetns were normal. The centri-lobular zone appeared normal, but
the intermediate zone showed Intion with cloudy dog lon. The
periportal zone showed similar vacuolation, but to a lesser extent (figs.
3and 4)

deprneretion 15d extemiive clowdy rwellng.
1 A prermeteria, vec 2, . 3
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o Ll L N
PN NSNr g
Fig. 4 Umorlnlmlunudvuhkm

Mxnmhumd/nqmmmmw
of the celfalar cytoplasm with llpold peatertal.

2. Dogs

Autopsy findings
Thchmxsnppenrcdmnguwd,bmnoﬂmdcou}dbewm
the tracheobronchial tres, Microscopically the alveol] and the bromeht

ar 8ny exudats could be seen,
Th:imrappamnmmlmdmhmmnﬁmdbyhﬁml"ﬂ
examination,
Tho meninges thowed congestion but the brain was normal both
mau-ompimﬂymdmboscopimlly
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Table 2
Tha resmity of the bromsaiphakeln
Hyer fuoction teat fn doge after the admintstration of kerascoe
{n termm of ¥ retention)

Grep \ olr ) 2hr ‘ Abr ) 6 hr. ‘ b
A 41 11 509 0.4 no
B 19 2.7 529 610 wns
c o7 17.4 310 47 T4
D is 20 “.7 s I

Table 3

The wernge blood pagar Jeveln ko mg/ml of each grozp of
dogs after the sdminbtration of kerosens.

Growp 0kr 2hr 4 br. €hr $hr
A 1100 0913 0,700 ..679 0437
B 1043 1.001 a4 .55 ass
[+] 1172 ascs 0303 an2 a2
D 0587 a.90] o636 0.309 0.504

No lkedons were seen muperfisally 1n the kidmeys but histological
examination showed severs doudy degeneration. The winary blodder was
zw:m}ycungmcdnnddmudedmccﬂninm

The lrer d. Histol ination showed cloudy
d fon of the 1 2 with fnterse hyperaemia. Ths Hver func
bonwnnﬂ'actedmdultinmdymﬁdyimpahcduminthnhrom-
sulphalem tests (table 2) The hlood sugar level fell and this gradually led
to hypoglycemia (tablo 3)

The gastro-intestinal tract (includ: h, small and large intest
ines) showed on microscopkc examination that the mucosa was oedema
tous and denuded in patches

3 Rabbits

The rabbits showed tachycardia and hyperpyrexin up to 38 6° by the
third hour Their coats were shaggy and stamed with kerosenc. Signs of
tachypnoea persisted throughout the day After 19 hours the dyspooce

-~



20 NARASIMHAN AND GANLA

Table 4
Th-mpbloodmprhwuln mﬂmjhachpoupdhd;\unbhb
#fter 1he administrution of kerosene,
Gronp ' Ohr ’ Itr ) 4he } ehr I the
A 1248 1.074 [Kop ] 0.67¢ o5
B ton 1.007 0873 %20 a7
c 12 ases 0.732 0.640 s
D Lo4g 0975 arn? o721 055t
B 1025 1.014 0.741 0567 0417

hndhcmaml‘hamm:ﬂmpamwmpmtmdthcudmd
mpundndtopainnimuﬂ.Bynhmmedmnommimmxd
Panhcrnudthcanima.lahcwdlonofﬂghungrcﬁu.mmmm
uppearedtobciumsedmlhombhuxhcwcdncckrigidﬂymdww
extennon of the extremities The antmals went into convulsions aad did
withommmgmmmmmmdopthmmammwd
hypog(ywnm(mblnd)

Autopsy findings
Macroscopic examination of the lirer xhowed yellow arcas on the

Fig. 3. Liver of Belglan rabbits treated with karosens showing gross sress of
fwwmmmwm-&nm



Macroscopic and microscople ion of the kg p ciryma and
beonchloles revealed no change except congestion. Despite careful
sautiny no inflammatory cells of any kind were seen.

In the brafn the meninges were hyperaemle, but no inflammatory cells
were tecn.

The kkdney tubules showed cloudy degeneration with fraying of ccll
margins, The glomerull showed severo congestion

Macroscopically the mocosa of the srovtach was oedematous, congested
and detquamated in certam places. Histologcal exanunation showed
destruction of the mucosal cells at places reaching es deep a3 the muscular
coat (fig. 6). Numerous polymorphs and other inflammatory cells were
visible

Microscopic examination of the small intestines showed tisrue conges-
thon with desquamation of mucosal celis (fig. 7)

e T W P
sf‘;%gﬁ &“&@“@g

Fg 7 Smal ixtesting of Belghan rabbits treabed with kerosses thowing.
grom erosloa and desquamation of the omocose,
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No lesions were visible elther macroscopleally or hustologically In heors
and spleen

Discasson

The current view on kerosene poisoning is that when it Is fngested,
it becomes volatilized and this voporized kerosene is asprrated by the lungs
causing pneumonia, The site of action of kerosene poisoning is befieved
to be the lungs and death results from aspirntion pneumonka (Waxna
1933). DEICHMANN et al (1944) however showed the two-fold mture of
absorption of kerosene through the gastro-intestinal tract and excretion
in the lungy, the resulting death being attnbuted to kerosene premmomy
The present studies however show that both these previous views do not
explain the true mode of action and previous concepts need to be changed.

DOICHMANN ef al showed that kerosene 11 absorbed through the gastro-
intestinal tract, which has been confirmed In our studies. On onl ad-
ministrution of kerosene no signs of pneumonua ~ which Is eswentially an
inflammatory reaction were seen, and there was completo absence of &y
inflammatory cells or exudate The ungs were merely hyperaemic and
congested, which does not indicate ppepmonia, The liver on the other
hand, showed & definite pathologieal mcture of acate vacuolation as %2l
in the mice and in the multiple areas of necross and cavitation in the
rabbits

In dogs the liver showed cloudy degencration. The physiclopes!
dysfunctioning of the Liver 1s indicated by the marked
retontion, even up to 80 / In the liver tissue. The clinical deterioration of
the dog following kerosere admmnixiration runs parallel with the falfing
(m\djonofth:hmudctﬂmhndbyumbmmmlphalunl}vufuncﬂm
tests (seo table 2).

The kerosenes used in our studies were thoss obtained from the Bor
mah-Shell Refineries Caltex Olf Refinerses, and Exso Standard Lnc., whidh
aro the three major tources available in India and Amenca and Emrop
and tho clinical cases of paisoning are dus to these agents hongs o
expertments acearntely reflccted tho clinical findings, There s no questiot
Lhntmyparﬂmlummplcofkmmumrndumwmﬂtomlﬂﬂ;
liver since liver damage resulted from the administration of all brands
keroseno.

]bnacumfnﬂofthubloodmgnrhvdilmommdaailhfp‘h’“
stalogical dextruction of the liver mpmko(hypoglycemhlﬁ';:
simultancously with the omset of comvulsions and coma, indicatitg
mmmcdommnotdmmmgawcuufhrmneonthnbmin@;
(Price 1932) but rather dus to hypoglycemsa. Tho hypogtycemia
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o Al

ing kerosene wtlon is not due to fasting as is shown by the
fact that the fasting blood sugar Jevels In rabbits 15 85 mg?/ (SrecToR
1964) and 95 mg/ = 10, according to our estimations m the controls.
Sinco the animals used in the expertments were not fasted overnight,
fasting for 8 hours anly would not produce such a severe fall of up to
40-45 mg / morrover the controls which had levels of 95 mg / £ 10
were not fed during the expeerment.

The intraperitoneal route was adapted In the dogs as suggested by
RrcaarDaoN & PRATT TROMAS (1951), and BrUnNER, ROVIING & WULF
(1964) who state that dogs are ble for the aral adminustration of
kerosene, since thoy vomit it out In a very short time. We observed this
in our first experiments on dogs. The above wvestigators even had to
ligate the oesophagus to prevent the spontancous vomiting in dogs., This
womrting confuses the real picture, as it gives risa to secondary complica
uomufupinﬂonpmumonh.WunmyaddLhntincﬁnirzlcnuo{
vomiting is not seen In man, and drastic
prooadurmhnvetolnmcdtolndnmmnh(linmlm PRECE 1932
and our hospital cases). DEICHMAN ef al (1944) used the Intrapentoneal
route In order to prevent the posmibility of intrapulmonary sspiration,
He even tried the intravenous route in rabbits.

The pathognamonic cause of death in kerosens posoning s scute liver
cell faiture rather than kerozenc pocumania which may develop as a secon-
dary complicatron. The major organ affected by kerosene 1 therefore the
liver Comsequently any therapy for treatlng kerosene polsonmg in

children should be directed at redoclng the damage to the liver including
Hver transfuston
Semmary
Cases of death of child, 1 ddental oral inge of kero-

ncnnhavofr:qu:nﬂybcenreportodm[ndhmdmtnncmmm
Previous workers hnd indicated that death was the result of asptmation of
kerosene into the lunge. Expertments carried out by us on mice, rabbits
and dogs showed that the primary cause of death following oral
{nguuon of kerosene i3 impalrment of liver functon and resuliant
hypog. leading to convulsions and coma. No inflammatory reac
tloms of any kind were seen in the lungs except hyperaamla.
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Effect of Ethano! on the Growth and on the Liver and Brain
Mitochondrial Fouctions of the Offspring of Rats
By
L. Piatrtm and K~H. Kiessling
(Recetvad Avpuet 27 1966)

Ethanol in 15/ ethanol solution, given to mts over a long perlod,
infiuences liver mitochondrial oxidation and ademomne triphosphatase
sctivity (Kimsung & TILANDER 1961 & 1963), the thramin and thiamin
diphosphate level (Kistvg & ToANDER 1960) and the sizo and shape
af the liver mitochondria (Kissiive & Tose 1964 KIESSLING & PILSTRIM
15668 & 1966b) Bram mitochondria from ethanol-treated rats do not
show any change 1n respiratron (KiestvG & TILANDER 1963).

In the present work the effect of ethanol on the foctus has been stodied,
the drug being supplied o the foctis vis its mother The birth weight and
growth of the offspeing as well as the resprration and oxidative phosphor
ylatlon of mitochondra from the liver and brain of the offspring have
been Investigated.

Expertoental

Thres monthe okd fesale rats of Wikter origin wers divided ito two gronp. One group
wie given 13 (v}) solution of sthanol e the enly drinking fhid, and the oticer groep
waber and  ycross pofution, eocaloric with the ethanol coovamed by tio rata fn tho first
group. Exch rat wes kept ja » sepazats cege and had free sccem 10 308d food, sdequately
balanied a3 regerds carbobydrutes, Hpide, proteing, vhaming and minerale. Two to fowr
‘wecks Leter the franales  srv paired, the seme male belng waed for both a female from the
wthsnak-treated group end  female from the comtrol group.

After parterition the yoang wers weiphed a1 000 a8 pomibie ard the st six bora from
wach iter used In the sxperimants. The rewsining poung were weighed svery day for
fortalgitt

“The remaining yousg from tw  control It wery taken from thelr mathers, axd the
young from the cotrespondang etbanch-drinling females allowed to reckle the control
Tomales steed of thelr sctual mathers. The yowng were weighed every day
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The elx young from each tter takex for the experiment wers decaphated end the beaize
and Bvers removed o st ay potsible sud chilled In an ke-cold 025 M soerose sobelion.
Six brains welghed  bout 17 g und six Fvers about 1.2 g The two trsors wers ext with s
pakr of scissors and as much blood as positis was rinted off with kee-cold 0.29 N racrose.
Flnally the Livers and the bralms wers bomogeaired in & Potter Elvebjeim aliglan bomo-
grotrer

Liver mutochondria were prspared in 0.23 M suctose, sccording to Scrvrme & Hoas-
»oout (1950), and braln mitochondria in 0.25 M sucrose with ATP (60 mg per 100 ml), &1

described by JOaxs (1963). During the whole tion the ofthe
solutlom was kept at betwsen O and +4
The mit d was Ined by the Wirborg method

with air o3 the gas phasc and with 0.2 ml 2 M KOU I tho cemtre weil. Each vemel contalud
mitochondria from 230 mg of tisne, together with 3 ymols ATP 10 pmoks Mp*
45 pmoles glocose, 63 yrmoles phosphate baffer (H 7.4), 0.5 mg bexokiness (Sigoee Grade
UD) and 135 pmoley yubstrats [n & final vol me of 10 mL Pyruvate (with 103 matomh
h or i wers osed ax 1 the vessels with braia mikockos-
dris and pyravate as the sabetrate, NAD* wis added to a final conceniration of 023 mgimd

Tho measorements were performed st 30° and lasted for 20 min. for the Frer mho-
chondria nd for 23 min. for the bealn mitockondrie, Including S min for thermoegalibrs-
thon.

The phospharylation was determined by the method of isatops distribation, secordeg
to Lrosaro & ExxosTex (1935) and the proicin contant { the mitochondria by the bt
rwaction, as described by CLitamn & Statrn (1953).

Resuits
Birth welght and growth
The birth weights of the offspring of ethanol-treated females and con-
trol females are shown in table 1 Those from the control females had &
8/ higher birth weight than those from the ethanol-drinkmg fermie:
The difference is statistically significant with p < 0001 The meanlitter
sizes of the two groups are also given in table 1 The mean size of the

Table 1
Bedy weipht and Niter drv
The mean body welght od Hrter eizs of young of female rats gleen 15X (719
ethanol solution a3 drinking fleld and akeo of eontrol female

Contml
young yomg
Mexn body weight () 343 52"1
Number of young ” ;.,7
Standerd devistion 4“4
f$T4 p <0001
Litter strs (young/ihter) 1 ::—‘
Number of luters s o
Standurd deviston a1t

tm 140 pw=020
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a0

Body weight (g}

Age (days)

Fig ! The change & postaatal body welght with tioe,
The Ervertigation was cxzrivd oot on 18 control yeung (O——0) and 34 (152 day) and 11

(Sth day) elbanoktrexted youmg (8——@). The standard deviation for tech value b
indicated In the figure.

The dotisd loe thow 1he mesn weights of 7 young borae by etbanchirested females
nd ewckied by coatrol femates.

Htters from ethanol-treated females was 14 / greater than that of the ltters
from the control females. This difference #, however not statistically
ngnificant.

‘The growih rate, obtained by daily weighing of the remaining young,
during the fortnight after parturition is thown in fig. 1 In contrast to the
young from the contral females, those from the ethanol-drmkimg females
tost wesght and the mortality in this group rose until, after five dayx,
there were not enough young kft for further studwes. The young from the
control females gnmed weight continuously and had doubled their birth
welght afler ten days,

The young born from ethanol-treated females but suckled by control

females grew ke the control young, st {s seen {n fig. | No dufference in
mortality was found in this group
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Respiration and oxidative phosphor) lation of
mitochondria from liver and brain

Table 2 shows the respiration of Liver and brain mftochondris from the
young belonging to the ethanol treated group and also those from the
controle. A slight decrease In mitochondrial respiration was found afier
cthanol treatreent with pyruvate or glutamate as subsirates, but theso
differences were not statistically significant. When f-hydroxybutyrate was
used as substrate, the mitochondrial respiration did not differ between
the two groups.

The oxidative phosphorylation was low In mitochondra from both the
neonatal liver and bram wath all the substrates tested (table 2). The kow
phosphorylation when p-hydroxybutyrate was used as substrate, B
remarkeble

Table 2

Respiratlo wnd phasphacylation of Itver and brain mireckondria frem meesesel ret
() young borno by females ghren ethanol, (C) yousg borne by control feaaie. For dewk
dures, see f

of prep and i P
Respiration [ o
(patom Oyf 1 for
Ttano | Substrate g hour x 10mg] D | c_p mk
e protein) z
Liver te c 171 10 L B LU;
13 154 10 1%
Glotamate c 16.68 [ L T ﬂu“
B 1321 10 & |
164
B-OH-butyrate c 642 7 1 o7 205
8 sm 9 n
Braln 1781 18 an fid
Tyruvats c PP
E 15.61 1 117
Oluteovate c 1516 10 “r g ;ﬁ
E mat 9 267
pOHbmmts | € 113 7 13 13
o ”
E 551 L] 202 L

—_—
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Discussion

Altogether the cffect of ethanol on the foetws has been vory hitle
studied, as hay already been pomted out by Baxer (1960) in a roview of
drug effects on the foetus. Tho foetal cells aro very dynamic, with mpid
and marked changes in the enzyme activities of both soluhle or structural
origin (STRITTMATTER & STRITTMATTER 1961 BURCH et al. 1963 Steviaa
1962) The particle bound oxidative enzyme systems show Increases in
activitres during certain stages of the embryonio development, and relatrve
changes in mitochondnal enzyme activities have been studied and teken
as an indication of the differentiation of mitochondria during development
(BRAND & MAHLER 1963 STRITTMATTER 1963)

1t {s therefore reasonable to expect that ethanol, which slowly affects
the subeelluler finctions in the adunlt animal (Kresstoea & TILANDER 1961
& 1963 Kressting & PILsTROM 19661), may Interfere with these processes
more rapidly during the pre and nconatal period.

Etharo} passes throngh the placenta and reaches the foetus, ay demon-
strated by OLow (1923a). He ako showed that donng acute ethanol
intoxication, ethanol was found in the same concentrations in breast milk
and 1n blood (OLow 1923b) It should ths be pousible to supply ethanol
to the offsprmg durmg gestation and the suckling periods by giving the
mother ethanol sofution as drmking fiuid.

Birth weight growth and litter size

The effect of cthanol on the birth welght of offspring was investigated
by Bruns (1930) in mice. She found po difference in the birth weights
between young from cthanol-treated femalks and controls. Our material
shows a mgnificant difference in birth weaght (table 1), 1t has, however
been derponstraied that young from a large litter have & Jower mean birth
weight than those from a small litter (IaseN 1928). The ethanol-drinking
fernales gave barth to & larger number of young per litter than did the
controls (table 1). This fact may be responsible for the difference observed.
Hence, it cannot be concluded that the cthanal treatment causes any
alterations in birth werght,

In our study ethanol-treated females and controls gave birth to htters
of different mean sizes. As can bo setn in table 1 however the standard
deviations and the mumber of experiments do not allow the conclusion
that ethanol generally alters the litter size.

Brutog (1930) found a greater mortality in the young from ethanol
treated mothers than in controls. This i In agreement with our own
results, as the mortality in the alcohokireated group was so great that
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only very few young lived longer than one week Tho mean body weght
decreased continuously from birth to death while ths control young grew
normally (fig. I) Thus may be explamed by some observations of Focm &
WAGNTR (1963) They found that ethanol inhihts the release of oxytodn
from the pituitary gland when suckling acts as a stimotns. Oxytocin s
essential for milk ejection. An inhibrtion of the release of this hormone
would thus result in no milk reaching the suckling cubs

The results of Fucis & WAGNER (1963) are supported by two of ow
observations. 1) The stornachs of the ethanol-treated offsprmg contained
no or very little milk, while those of the control offsprmg were always
filled with milk, 2) When young bomne by ethanokireated females we
allowed to suckle a control female, their body weights rose normally &
indrcated by the dotted line in fig. 1

The loss of body weight and the high mortality thus seem to be the
result of starvation, due to impaired milk efection caused by ethanol.

Resplration ard oxidative phosphorylation of
mitochondria from liver and brain

Table 2 shows that treatment of the mother with ethanol durmg
gestation did not alter the pormal development of the foetal Liver ad
brain mitochondria erther in their capacity to oxidize pyruvate, ghtsmate
and p-hydroxybntyrate or in ther oxidative phosphorylation.

Thus ethanol continuously supplied to rat foetuses during preoan B
does not causc a decress m the Irver mitochondrial oxdation rate, 133
docs when given during later periods of Lfe. Ono reason for ths may be
that the perfod of treatment i shorter with newborn rats than with sdalts,
smce the offspring did not survive for more than five days after parturition.
An observation by CHestem ef of (1942) that foetuses and offsis
survive lugher ethanol concentrations than do adult rats may also beof
importance in this connection.

Svmmary

Female rats were given a 15/ ethanol solution as the only drinki®
fiuld for a fortrught before and during the whole gestation perlod and tho
cffect of this treatment on thelr offspring was studied. The birth weht
mdmw&mwdluﬁorupMnmdphmphnryhnoninmﬂod‘m’
dria from liver and bramn of the offspring, wers investigatod.

The young of ethanok-treated females have a lower birth wesght than
the correspording controls, a fact which can be cxplained by a differea
1n litter size. The difference in litter sz between the two groups i, bo™
ever not statistcally significant.
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Ethanol-treated young had & very high mortality end lost weight dunng
the whole penod after partuntion. The control young grew normally
Ethanok-treated young suckled by control females grew as rapidly as the
control young.

No significant effect of ethanal treatment could bo found m the hver
and bram mitochondria, etiher in their capacity to oxidme pyruvate,
ghitamate and p-hydroxybutyrste or in their axidative phosphorylation.
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only very few young lived longer than one week. The mean body weight
decreased contimuously from birth to death while the contra! young grew
normally (fig. 1) Thus may be explained by some observations of Fucus &
WAGNER (1963) They found that ethanol inhibits the relesse of oxytoch
from the pituitary gland when suckhing acts as a stimmlns, Oxytoon b
essential for milk cjection. An inhibition of the releass of ths hormone
woukd thus result in no milk reaching the suckling cubs.

The results of Fucas & WAGNER (1963) are supported by two of o
observations. 1) The stomachs of the cthanol-treated offsprng contaied
no or very little milk, while those of the control offspring were alwys
filled with milk. 2) When young borne by ethanol treated females were
allowed to suckle a control female, their body weights rose nocmally &
mdicated by the dotted line in flg. 1

The loss of body weight and the high mortality thus secm to bothe
result of starvation, due to impaired milk ejection caused by cthanol

Respiration and oxidative phasphorylation of
mitochondria from liver and brain

Table 2 shows that treatment of the mother with cthanol du=
gestation did not alter the normal development of the foetal fiver
brain mitochondria either 1n their capacity to oxidize pyravate, ghotrmat
and P-hydroxybutyrate or in their oxidative phosphorylatron.

Thus ethanol contumonsly supplied to rat foetuses during preatal B
docs not canss a decrease in the liver mitochondnal oxidation rate, 81
does when given during later periods of lifs. One reason for this may b
that the perfod of treatment is shorter with newborn rats than with adaftt,
mnce the offspring did not survive for more than five days after partuntot.
An observaton by CRESLER ef ol (1942) that foctuses and Oﬂ'-'Pms
survive higher ethanol concentrations than do adult rats may also be
importance m this connection.

Sememary

anahruumgiwnau/mhmolwlutionuthzvﬂlydrhﬂ?;
fimd for a fortnight before and dunng the whole gestation penod and
cﬁ'u:tofthumnnemonth:iruﬂ'spﬁngmﬁudrcd.mm'ﬂsm
andgmwthnsmﬂuﬂxmphm}onmdphmphorybﬂuuinnﬁﬂd‘m‘
dria from liver and brain of the offspring, were lnvestigated. e

The voung of ethanol treated females have a lower birth welght
Lhoconupondlngoonmlg.fnawiud:mbcuplnlmdbyﬂdm‘hﬁ
1n bitter size. The difference in htter £ize between tho two groups 15
ever not statistically dgnificant.
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From the Research Laborttorles of AB Astra, 88dertilfe, Sweden

Local Anaestiretic Properties of the Optically Active
Isomers of Prilocaine (Cltanest®)
By
B. Akernian, H Perasoa®) and C. Tegwért
(Recetved Bepiember 9 1966)

The local anaesthetic prilocaine (= ditanest @ = @ propylamino-2
methylpropionanlitde) synthesized by Lorareny & TeanEr (1960) and
ovaluated pharmacologscally by WiepLiNG (1960) and Asteéias & PERsSON
(1961) can exist in two optically active forms sinco the prilocaine malecule
(s2e below) contains an asymmetric carbon atom in the ¢ posinen.

3
Citanest ® {;:H -CO-CH-NH-CH~-CH,-CH,
|
CH,

The resofution of the racemate into its two opucally active {somners and
the determinatson of their absalute configuration has been described by
TeGNfR & WILLMAN (1961) In the present study the local ansesthetic
cffects of the two somers In entmals are described The lsomers were
found to differ fn potency in vivo but not In vitro The results are discussed
agrunst the background of what is imown from other fnvestigations on
optically active hsomers of comp local hetic
propertes (&8 SCHAUMANN 1953 Mo‘rumcv 1961) and with particular

regard to the factors which may be related to the differences 1n effect, 1n
vivo

Material and Methods
Whea! tont ix gwimen-piys
The wiTe injected Y on the thaven backs of prncs-pip
(300350 gy | wmdnuzmqmdouucmmmdooajml.o,(
(PH &5} Each cootestration wis trsted In 6 solosals. One fsomer  us | Jocted Ln the
) Present sddress Rescarch Labocstorka (AR Draco Lund, Sweden.
Ld Ack phermasslegics, el I, fa 1
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anterior area and the other bomer In the posterior area in hall of the ashmit This arder
was reverved in the other saimats The semibtivity to 6 pin-pricks wihis exch whesl w13
tested svery 3 min doring & 30 min. perhod, The mumber of pricks not elichiing a remoss
durlog this period was sdded and tho sum, out of 36 possible, gave en Indication of te
degree of anaesthesls. The mcthod was originally describod by BOLERNG & WaIna (145

Sclatic merre block In rais and gaines-pig

02 mi of &3 1.0 and 2.0 £ sofutives of the somers were Injected at xid-tdips ind b
female rats (Sprague-Dawicy 150-200 g). Half of the number of tho animah ware brjecial
fn ons keg with ono somer After recovery tho other fsomer was [nfected {nto the contrabaers!
Jog. 10 animale were Used for esch concsutration, The tims [ omset and tlme of recovery
from motor paralyxis were recorded. Quines-pigs (250-300 g) were waed in a pecnsd bet
wmaller series (6 animals per concentration wnd bomer). The compomnds e wed ¥
hydroch! (pH 63). The was the same a1 that described by Smacit
(1939) for guinea-pigr

Swrface measthetic ectivity robbit cornes

023 mi of tho tic solutions in from 0.25 10 2.0 % (iydrocklonded
was appliod 1o the conjunctival sac for 30 sac. The bomers wery compared oo the wm
animals. One lsomer was tasted on 10 eye, the other o the contralateral anc, the soheim
mmmmmmﬂmmmmmmnmmmm
The reaction 10 atimuli from a graphlte polnt was obsrrved nd the e of the omet !
duration of kocal anuntberls messured

Blocking effect ox comdaction in (related nerve

The blocking cffect of the phcally active bomers of prlocsine nuh-mcmdﬂl
ummnn&dmﬁol(hmﬂpknn-daﬁcmnﬂnlﬁumdw‘
Prrrsom (1961), with & shght modification the trehmque described by Mamao T mm
MAcCAqu(lNl)lndTnuAm(UmAlJmpotﬁondM:;T;bﬁ“‘:’m

d at

proximal o —runddhnl "mm, L2 "
the monophasic pulses wat 0.05 msec. Tho stimuketio cr.qumymw-ecwdm“"“;
25V Thoeffectsof 15 2.5 mluommmu.ﬂmammmwﬁ"_
f Towing the reduction.  the action potential for 3 or § min. whilo the nerve wgmest
bathed. The recovery from block was stuched durl ;npaudmm;a-o(m-d-ﬂ;
Ethmu:dondmomhummmmwdmwmdmmm Tw
sofution wa tested t loast twce, the order { the experiments belag randootmd T
Wmmllmwmmmeﬂmwm‘wﬂ.a
cnmyoundnmuwdnhydmdﬂcndﬂmddhmlnthmHmﬂFfmmm
1112mM KQ )88 mM CaQlp 103 mM NaHCO; 138 mM and NaH;PO 0.0 -
This solution we alzo used & rmatng fluid Ln the experiments. The pH of all sohitiont
sdjusted 10 740 wrth 0 1 N NaOH or 0.1 N HCL

R v of sbserpnon of  C-labollod isomers N
Thonuoflhmrpuunmmd:dmnulndnbuumln;l‘c-hbdkdﬁmm"
Dowml) 1967) compoundh. In one seriey rwm""w{m‘;ﬁ
mdmmmmommdlnxmmowdmmo: h“:d

‘mtmcdltzmdnmmulujtcdm.mmgmmnpu}ymm weighed
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bmpnhtdhﬂmlnf&O%TmThnnmplnunUnmmudlmmﬂhﬂm
rnlpﬂmIMIﬁhNIOHlndLhmlhlkmfutmmin.lncrlddlﬂonomelwlm
5 ml of the toloche extract was whbdrawn and added to 10 mi of scintillation flutd (PPO/
POPOP). The radioactivity of the sxmphts wes measored I Packard Tri-Carb Hquid
sermtllfation spactrometer The ratio of (he redicectrvity In the thuos at 2 and 4 min. to that
of the etandard preparatlon was taken a3 & Meseurs of the rat of absorption.

In & secend serius 0.25 m) of 1.0 £ solatiens of the 14C-labelled howmters was applied to
the confunctival sac of the rabbit for 1.5 mlx. A 0.05 ml smmpk of tho pplled solution was
withdrawn at the end of the cxpostry time and the remaining part was discarded. The eye
wes Tapidly weabed with 0.9 % NaCl and dried fros from any reqaining sofothon. One ad
theo same lsomer was trsted 00 both syex. 4 min. after being apphied om 000 #ye the soletion
wns tated again on the other sye. The rabbits wers kifled § min. after the it pplicatio
snd consequently 4 min. bad elapscd after the second  pplication. The cornes was rapidly
mected out, welghed and bomogenized In 5 ml TCA. The sampios were furtber treated
»1 deacribed  bove. The sampha from the conjasctival mc at the eod of tho sxpasure Lims
53 well a3 the standardy wery hazdied bn tho sems way Fach Bomer was tested {n 10 anbsats
“The sotutions waed (pH 7.0 hydrochlorides) coatalned 1 part of the 14C-aballed and 2 parts
of the nnlabelied compound.

BNaC! clrarmecs

The cffocts of the omart on the distrfbotion of sodim lons was Hudied In unasaesthe-
tired rats afier Intramoacater infection. Groups of 6 or 12 rats (Spragwe Duwiey) weighing
175-713 g ware wd. The hydrochlorids form of tho leommers was cimobred fn BN jabelled
09 ¥ NaCl solution whth g specific acthvity of 2 uC/ml, pH 6.5, One hind Imb of the rat was
tnjected with 0.2 mi of the TNa lubeliad solution of one omer and the other kg with the
wame yoheme 6f  TTN2Cl solation wlooe oc the BNaCl sohution of the otbsr lomer The
Soga wyre hypected [n rapld snccesmsion. 15 min. after the injection the rats wero snasstbetized
with ether and bied to death. Afeer removal of the for the kisd fimbe wers separated from
the body and desintegruted In 10 ml fuming HNO; during gentio besti g After dliction
with distilied wuter to  fnal voluse of 50 mi, & 3wl camipie wis withdrawn for determaios-
ton of the rediosctivity

Resalts

The local anaesthetic activity of the two optically active 1somers of
prilocaine was different in the intracutancous wheal test in guines plge
The L{+) form was more active than the p-{—) form (fig. 12) The same
differenco in efficiency botween the two optically active isomers of prilo-
caina was obtained on the rabbit cornea (fg. 1b). The L{+) form pro-
duced surface anaesthesia in Jower concentrations than the p~(—) farm
and at jncrensing concentrations with a more rapwd onset (e g 0.5/
solutlons L{+) = 10+ 01 min. verms p{(—) = 2.5 . 0.1 min.) and
of o longer duration compared with the p-{—) form. The L{~+) form was
also more cffective than the D-(—) form in producing sciatic nerve block
both in rats and golnes-pigs. Table I shows that the latent period was
sharter and the dusation of anacsthesia was longer with the L{4-) form
o



25 AKERMAN PERSSON AND TEGNER

a b
D4 -E »
5 g 1
‘;‘ < ¢ (B8]
5 H e
i T2 <
E
s §
© s My 21 30 conetw s s 1 2 e

Fig 1a. 1 tracutancons wheals In guines pigs. Effects of 0.25 m of the bermers of priociies
in various concantratiom sccord! g to the techniqoe of BULaNG & WaIDa {1945). Fxch
pofat represens the mean of 36 pin-pricks within § wiscais

Fig. 1b Rabbit cornea. Surface anuethetic
activity of the optically active tsomers [ prilocalne.
Volume pped 0.5 m)

Exposurs time 30 seco ds,

Table 1

Sctatic nervo block n rats. Duration of local anaesthesl with different coocmmtretiom &
the optically sctive somers of prilocalne. Infected volume 0.2 mL

10 ammats per concantration { oach bomer -
Donation
Com | Conc. Onscttime | o yor panalyms |  Wugnificance
pound / e o, of differecs )
m + e, m e
«+) s 2603 367£29 0.01>p>0 001 ;ﬂT:
o{(-) 2802 159420
1{+) 10 19401 aB+32 0.01 >p>0.001 1:’::
() 26202 45217 !
o
1(+) 20 15:02 101003 p~0.03 ,l:{l‘u
o{—) 29+01 4+77

) Table 1-4 Stodeat t-tez BwrDacoR 1936).
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Per cent of initial amp!

| v
5 10 15 20 min
Fig. 2 Isolted frog sc{atic nevve propamation. Bockisg effect [ the two optically active
ormars of prilocalng on mavom conduction. Both compounds tested In 10 mM solwtions,
pH 7 40. Five cxpenments parformeed with the sme nerve skcrnetlng between the {4
form nd tbe 0-(—) form. X ——X = L(+) form (mesn {3 determunationa). O—O =
p—) form (mean of 2 determinations). § = washing. BF = blocking period.

compared with the p-{—) form. On the other hand, on the 1solated nerve
preparation, the two antipodes blocked the nervous conduction to the
same extent in all concentrations tested (1.25-20.0 mM) Fig. 2 fllustrates
the result of a typical experimont.

The findmg that the local ansesthetic offect of the two isomers differed
in vivo but not & vitro could hypothetrcally be explained by differences in
the localizing propertics of the two agents i rivo Evidence for a slower
rate of absorption of the t-+) form as compared to the D~} form was
obtained i the rat tongue experiments with 14C labelled compounds.
Shortly after ingection the amount of L+} form found in the tssue was
larger than the amount of the p-(—) form (Tahle 2) The results from the
experiments in which 14C labelled compounds were applied to the rabbit
cornea show that the L(+) form dmappeared more slowly from the tissue
than the D(—) form (table 3) When the relative tissue content was
estimated 4 min. afier appheation the mmber of cpmy/g cornen was the
same for the two lwomers. However at 8 min. significantly more of the
L(+) isomer remained in the tissue than of the other form No ugnificant
difference wos observed in the rate of diffusion of the two antipodes.
921 £+ 17/ of the 1(-+) form remained 10 the conpunctival sac at the
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Table 2
Rat tongue. Amount optically ectire homers of prilocaloe In the tion st 2 and 4 mis.
after Lm. adembrist Each figere rep the menn value {per cent of njected doar)

from 8 animals injected with 0.05 ml of 1.0% solurtions of 14C-tabefied compounds.

Amount [n per cmt of | jected dose, m & s,
Compouad
2 mi

Bigalacance Sl prificancs
- of difference 4 min. of dufferescy
L{+) 613430 447133
p+0.001 p>0es
o{-) 417420 B.7+23
Table 3

Rubblt comen. Relattrs smonnt of optically activs isomers of prilocaine in the carwen 4
and § min. wfier cxposare for 1.5 min to 023 ml of 1.0 schutlons of 14C-hbelicd cea
pounds.
10 aslmabs sed for ssch determination.

cpm/g comea, m + L8

Compound Significancy gaficancy
4 min { &ifference ¢ min of differencs
+) 13435 21107 1307741612
p>0.05 0.01>p>001
bA~) 13746 £ 1224 L1018

end of the exposuro time as against 86 0 & 34/ for the D-(-) form
Tablo 4 thowa that both isomsrs delayed the clearance of ZNa from 1o
rat thigh, the L-(+) form being more sctive than the p{—) form in th
respect,

Discrssion

The effects of optically active omers of compounds local
anacsthetic properties have been reported previomly Ar Exmetib
EaNh&PErmmN(IQSDobtmndnodiﬂ'mcainloale;‘h’z
potency betweon the momers of n-methylpipecolinoyl 2,6-xylidme.
effects of the optical isomers of disthylamino-2,6-dometh o0
anilide were also smilar (KUDRYASEDVA & Krrgsov Bowsov | "
Moroviiov 1961) whike the (—) Bomer of dethylamino-2,4-dimeth
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Table 4

TIN4 clearance fn ra. Effact of 0.2 mi of the optkally ective lomers of
prilocatne on the 1IN churance 15 minutes after L. infection (1.0 £ sole-
tiom) The effect expromsed a3 the difference between the two Jeomers o
mocnt of TN recoversd la per cent of Injected doue,
5 wnimaly send for each solwtion.

Compound Difference m & s Signlfcance of difference
L{+) 2423 p<0.00!

WI%N C1

o{(-) 1.1+18 p<0.001

Q9 L NaCl

{+) 95120 0.01>p>0,001

o{(-)

propionil anilide was more active than its optical antipode, in tests for
surfaco and conduction anscsthesia.

The present study has demonstrated that the 1(+) form of prilocame
(a-propylamino-2-methylproplonanilide} i more active than the p{(—)
form 1n wheal and nerve block expermnents and on surface application.
The effects of the two compounds i rifro on the impulse propagation in
the Isolated nerve were, however of the sams ordar

Th:dlﬂ':rmcniudTuctbctmnlhenomnnofp:ﬂommhrlmmmt
be explained by a difference in bolfc breakdown rate as
SCIAUMANN (1953) for fsomers of cocaine. Prilocaine 1 not, like cocaine,
hydrolyzed in the plasma (Gepoes 1965 AkERMAN ef of 1966) and
although the p{—) form is more rapidly broken down than the 1{(-+}
form (AKERMAN unpublished results), this occurring malnly in the liver
1t scems less probable that thix difference in rate of metabolsm would for
instance explain the marked differences in local amaesthetic action on the
robbit eornea, It 13 abo possible that there it a differencr In the rate of
penctration of the two isomers to the site of action in the axon membrane.
Thrs explanztion does, however seem 10 bo contradicted by the findings
that the rate of diffusion iute the rabbit carnea and the blocking potency
on the isolated nerve was the sams for the two antipodes. The latter result
abso seems to exclude the possibility that as far as the isomers of prilocaine
ars concerned, the steric factors would Influsnce the mechanbsms which
prodoce a block of the nervous conduction. It does not, however seem
improbable that steric factors are able to exert an effect at the site
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of action for local anaesthesta. Expeniments with other pain of opcally
active 1somers of compounds having local anacsthetic activity have shown
that differences m potency between isomers are also present in fsolted
nerves, suggesting a stereospecific receptor mechanism for local ansesthete
cffect (AKERMAN unpublished results) Since no difference in effect
between the bomers of prilocaine could be demonstrated &n vitro it
probable that the intrinsic difference at the site of action s cither abtent
or very small in the case of this pasr of isomers.

The most probable explanation for the more marked effect of the 1{+)
form in viro as compared with the p(—) form, is that the former com-
pourid 18 better localized at the nite of application Thus suggestron is based
on the findings that the D+(—) form dmsappeared more rapidly than the
L~(+) form both from the rat tongue and tho rabbit cornea. The fact
that the L{-) form delayed the clesrunce of 22Na to e greater extent than
the D(—) form indicates that the effects of the two optically acthve isomens
of prilocaine on the local vascular bed were different, smce the clearance
of radicactrve sodnrm fons to some extent 1s dependent on the local
drculation (KETY 1949) The more marked local anaesthetio effect of the
1{-+) form as compared to the p{—) form may thus be related to better
binding properties and/or to some different effect on the perlpberal
vascular bed.

Summary

The local anaesthetic action of the optically active somers of e-progy
amino-2 methylpropionanilide (pnlocumne citanest @) was studied o
animals. The 1-(+) form was more active than the p-{—) form in whea!
tests, at nerve block and on surface application. The blocking effect of the
nervons conduction m an isolated nerve wax, however the same for e
two 1somers Evidence has been produced that the 1-(+) formt 15 moe
dowly absorbed than the p{—) form. The 1{+) form delayed 1B
clearance of radioactive sodfum lons to a greater extent than the p{-)
form.
It 13 suggested that the mote marked local anacsthedc cffect of e
L-(-+) form in vivo 13 compared with that of the p-( -) form depends oa
a better localization at the site of apphcation of the former
which in turn may bo related to moro favoursble binding propert<s
and/or to some different action on the local vascular bed. It is less lﬂ!ﬁ{
that the different tates of metabolsm of the two somers may accokn
for the differences 1n the local Ansesthetic action in viro The W‘dw;g
that 1n general stenc factors may exert an effect at the site of action
local anaesthesin 15 ako discussed
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A Method for Porta-Cava Anastomosis
in the Rat*
By
Bitte Stripp and E. Sechor-Hazsen
(Recaived November 24 1966)

The object of this paper is to describe an operative procedaro by whidh
1t 18 possible, in rats, to exclude totally the liver from the circulation, 104
at the same tume keep the circulation and functions of the remalzies
abdominal organs intact.

Method

mwhdpuumnmumnudmmu,mmmmww'::
common bepatic artery and th [Afanor vens cava proximally and distalty to the Kvef
polytthﬁﬂnmbgwﬂchhjmlybtmuumdnwﬂmchhfdumm
an open contabner &umqu—chulddhwcdylnmdxmtbﬂﬂbywnd’ post
mmrmhnuamwmm-@mm—m.mmmmwﬂ::
Ammmmwmmm«mmmhmdm
phoce of the middle of th t bo s tsed to canalies the inferor vens v Tb'“‘:n
dhmmufthcmbtnlmmmdthothkhtuofﬁonﬂho.ﬂmwd
and oIk Ligatures No 1 ero wned Fusally ordinary eurgscal isstroments (3¢ 1)
peristattio pamp (Heidolph Schwabach) with  capslty of 1-5 mijminsrewed
Without kny preop ﬁn;mmihmmw.htdl:'i
m(m@)mmmmpﬂnmmm-ww‘
table (30%) a1 & trachootomy s performed, after which  mocal canasla by Lmerted B
tracbes. Tho » wih  rempisatery volume
Oyfmin, and  frequency of 49 per mmute,
Awmmmumm.mmhwmmmmﬂdﬁ
artery This tobe i comnected via  tramsdocer to recorder (or canthmow
the arterial blood pressare.

A prefimbary report fmhmmnpmnmpmumxﬂmmﬂﬂo"
of Phydotogy Turku, Finlund, 1966
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Fig. 1 Sorpial waed for the po shost operatt

The po
mhm(whmmhmTwmﬁmdmrwuhﬂumkﬁk
12 em of the tube bas been removed. The metal thread weed me an ntroducer I seen.

The bdomen w pened in the hoe alby with an inclston, whic Is extendsd laterably to
the right over (he ilinc veseets. The ficiform Hgament is mcised alosg the upper tde of the
Ever as far 1y the {nfersoc vena cava, roond which  looss ligature ts placed. Another looes.
Hgatore k placed round the ferior yeoa cuva below the [Iver famt proximally to the falet
of the resal veins. Aboot 1 cm of the right common thac vein fust distally to the bifwrcature,
u expoard and two Hgatores are placed, of which the distal ane s thed. Tha veio Js opeaed
and the cava-cathter brsertsd by meam of  thin metal thrwed, which srvees  otrodwcrr
The potut of the crva-cxthetes b placed fout beiow the right mhum.  How ranch ef the
catheter hes to be otrodnced mto the common flisc vei in order to be placed properdy
s esthosted exbernally  Ube animal befory each operation. At the sams tims the posdtlon
of Lhe excision in the cava-catheter bt controled- The wpper part of the sxcosion should be
on  kevel with the 0kt of the rvnal veim, Flg 2 sbows the realt of the operstion after
introdmcilon of Lhe cave-catbster int  the commmon ilfac vein end {oferior vena cave.
The placing of the exclelon In relation to the remal veine the Jumbar snd [Holumbsr weim ax
well asto thecava hgature bedow the lmr by {1 T
Hiat vein da bod roand tie cava-catbeter The common hepatic artcry b Hgated I frost of
the portal veln between tho tatter and tha bil doct. In parts hepeths the portal vein bt Kgated
Jat before the brancheng of (he vetn. Anotber Egaturs u phsced [oosely arowmd tho portal
vein fust proxtoally to the supérior mesentetic vein. A 2 & loug canaca provided with
stiicom rebber tube B [otroduced fato the vein, and i fastened by (be destal Hgatare
g 2 The slicon robber febe resa freely 1nto #n open cotalser bokdg sbout 8 ml of
beparairied blood from  dooor rat. Another diicom rubber tube leads from this contatner
via PUmp 10 the crva-catheter The pamp i started slsiultuncoudy with the
tyugap the fird Hgutiry round the ports! veiw The Hpateres oa the Inferfor vena cavs
wader and over the lver are tied in the order peewtioned and the beer o ket la site. The
bdominl comtents arw carefolly covered Wb plsiis foll durlng the opcrstion. The
operation takes about baif an howr

The pumplag ko the iferior vena cavu s effected at epesd of 1.5 mi/méa At regular
»
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Flg. 2 A sketch of the principle of the operation. The poition of the polyetikylons ciibe
inthe crva ol le shown. The tuba has dsmcaeter of 1 mm ead By wall b 023 8 &
thicknese. Two thieds of the circumference In the middie 2.2 em of the tubo bas besd

1n order to facilitate the biood flow from the vv renabes and vv fliokeabales. Tho ke
proximal and distal to the Bver ars shown. On the right af the sketch tbe cansalsted ¥
partas ks scen. The point of the canauls i placed Just proximal to the v mosenierict 5
Blood fro the portel veln rune pessively into an open contalver with heperiazied 685
blood. The blood from tho contalner is pumped Luto the cava catbetee at A.

mmmmmmmummmf@hmﬂw“
moans of bromsulphthalein, 6 mp/kg being injected ko Tho keft extarnal caro ::—
Blood Is sampied ¢ and 40 mingtes after the injection for the detersinetion of the K5
salphthaletn content f tho plusma (Romrias & WK 1925). Live foocton e
wero performed o & rat I which the operstion bad bem onfTl
cxcopt for the tying of the Rgatures rownd the faferior vena eava uod the comoR
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Table 1

Liver fanction teets fa 3 ruts after edministration of bromuiphtaieln 6 mgkg La. In the

firat cass the parta-cave anatomosts §s done a1 described. [n the second case the Hpatures

round fhe  carva Inf &nd the 1 bepatics com. e bose, In the leet cass anly tie external

carotid artery k& carmnited b1 an sresthetized rat. Tho laitial concentration of brom-

suiphtalom js measmred whea b comid 10 be dstribated kn tho total
plasma volume (3-3 minmies after sdmisstration).

Far cxnt of fnltha! valoe sfter

25 min, 40 min.
‘Without kepatic cirealation 100
After tham operation 38
Coatrol o

ariery Iu ancther specythetited rut,  cathetey was inseriod into tee keft sxternal carotid
artery from which BHood wa cuopled to messrs the concsotration of
#nd of potsstum n the plasme. The coaceatration of potesstum b the phams wes fnally
detormbzed b two toinsle with sstabllshed porta-cavs asastomosts.

Resits

The figures in table 1 show that rats, with intact Hver circulation,
eltminate 100 4 of the bromsulphthalein administered in the course of

25 mirmutes, 65 / of the br Yphthalein admink d b eliminaied in the
wnmdunﬂnutumun{mhhwhbhpomanmmadshubem
performed, bat with {ntact Jiver carculation. In rats, with 1

ﬂmunﬂumamdtd.lw,éorﬂmbmmmlphtb‘k!nudmakmnd
is recovered dunng ths testing period (40 mimres).

Table 2

Detaminstions kn teo rats of the concatration of po-
theclum (o the pleszna 24} howrs after the operation

Mia after oper meq. X/1 Rat po.
1% i1 I
o 27 n

250 29
133 1t n
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Fig. 3 A recording of the arterlal hiood prosemre
30, 60, 120 and 240 mingtes after the terminatio  of tho operation.
Abscists minmits. Ordingts mm Hg.

Figure 3 shows a section of the Artersal blood pressure 30, 60, 120 &4
240 min. (4 h.) after the operation. The systolic blood pressure vane
between 50 and 60 mm Hg.

The plasma potassium valuey vary from 2.7 to 3 1 meg/l. (table 2

The outflow from the portal vein was 1-2 mlfmin. throughout i
tmlugpcnodmm:ﬂvalﬂnmwax2—4hmln10opandonl.lﬂdﬂ‘
systolic blood pressure vaned between 40 and 70 mm Hg

Discusston

Anastomoses between the portal and caval velns have previouly bt
performed on expenmental anfmals, among others on cars (Joo? Maos
1960) However principles previously reported cannot be adopted to 1¥2
mat, becanse of anatomigal characieristics. Liz & Fuser (1961) P"ﬂ_
formed a portacava anastomons on rats, but did not give IHYQ‘?;‘
tative data about the extent to which the liver function had be
the function of the liver had not ceased completely It evident from 1
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fact that the ammals survived for 7 months. In the present work the liver
is totally excluded from the circulation es indwcated by the figures in
table 1

The dimenuions of the catheter used are of crucal importrnce for 2
saccessful result. The quantity of liquid per time unit, capable of passmg
throngh & gven tube i1, accordlng to the law of Porsculle on laminar flow
dependent on the length of the tube. The longer jt is, the higher the
peessure gradient has to be, to get the same quantity of lignid through
the tube. In a series of initlal experiments the blood was led from the
portal vem through & short silicon rubber tube directly into the inferior
vena cavn catheter The dlicon rubber fube had a larper diameter than
the cava catheter 50 a3 to further diminfth the resistanco in the tube
system. However the blood pressure contimmod to decrease, mdicating
that there was too great a resigtance in this system, Wo therefore in-
troduced & perdstaltre pump in the extracorporal circulation between the
portal and the vena cava by which, as shown In figure 3 it 13 possible to
keep the blood pressure betwesn 50-60 mm Hg. The Jow blood pressure
can be rased by an increased pumping into the cava catheter bat the
passive outlet from the portal vein did not at any time exceed 2 ml/mn.
The pump was therefore adjusted to a flow of § 5 mi/min. The anaestheala
used (mebumalk-sodium) may possibly accoumt for the low blood pressure.

The excition 1n the cava<catheter described, apart from diministung the
length of the tube, it of valoe in dratung the blood fiom the abdominal
veimt. No dilatation of either the renal veins or the inferior vena cava
after the trylng-up of the ligature under the liver was scen. Further more,
urine was found in the bladder at post mortem, and in a few determina
tions on the content of potrssium in the plasms, normal conditions were
found (table 2).

A senex of other factorns are of significance for a ruccesful surgicat
result. Pnmarily the mferior vena cava should not be freely dissected as
the connective tissue sheath round the veln contributes to the maintenance
of the negative pressure In the wein and thersby the central blood flow
Secondly it is necessary to do a fres dissection of the common fliss vein
carefully since the catheter will otherwise be caught in connectrre
tisspe pockets and form a false canal. Finally cvaporation and cooling
thould be prevented as far as possible durmg the whole operation.

Semmry
A description fs ghven of & surgical method for a porta-cava anastomosis,
by which it is ponsible in rats to exclude the liver totally from the circula-
tion, without Interfering with the circulation of other abdominal organs
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or of the musculature. The inferior vena cava is ligated proxmally and
distally to the liver round & polyethylene tube, where two thurds of the
crcumference in the central 2 cm of the tube has been removed in scha
way that the outlet from the abdominal veins can take place normally
The outflow from the portal vein takes place passively throagh a canmta
introdoced into the veln, down Into an open container with heparintred
blood from a donor rat. From the container the blood is pumped by
means of a penistaltls pump Into the cava-catheter The trme wed for te
surgical procedures 1s half an hour and the Iiver Iy left in sitn, The post
operattve survival time is 2-4 hours, and the blood pressurs at the end of
the operation is 50-60 mm Hg. Liver function tests with bromsalphthalem
show postoperatively that the Liver is completely excluded from the
circulation Plasma potassium values postoperatively were normal,
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Interfering Substances in the Determination of
Polsons in Antopsy Material
Nicotinamide, Uracil and Thymine
By
Best Kxwpe
(Recehwd Augont 20, 1966)

In the spectrophotometric analysis of extracts of fresh sutopsy matersal
(lrver and gastric contents) for the content of alkalolds within the ultra
vialst range distinct absorption bands sre often seen which can be
attributed to three of four substances extracted at the same time. Wo have
Jdentified three of these substances as nycotinamide, uracll, and thymine.

The methods of isolation and fidentification of tho substances are
described below togsther with thear analytical properties.

Metbods
Geweral sochaiywe
constants were detarmived as described previossly (Kanr 1964). The

Phyrico-chemeal
spactra within the Infrared range ware recorded with  Beckman spoctrophotomeier model
LR. 10 and XBr tablets

A) Nicotizmmidy
For anatysly  slogle dxman kver stored at — 15° for ome moath was oeed. The brver was

remowed 8t autopey fropr  woman, aged 30, who was beiscyed to have died of encaphaltiis,
The forersic-chentical asalyss revsaled 20 pobony, The Bver showed no signs of petrefac
don.

A extract of the hver was prepared by procedure commonly oeed in this country for
the olstion of alkalokds and shallar substences.

To 50 g of bomogenizsd Krer therss was saded 30 § NAHCD; and 2 N-NaOH to  pH of
bow 9 was thent . fanmel with 130 mmd of  chioroform-
wopropaasd mixtere (0 + 1 Mummm.mwwtwmuﬂm.m
wotal of 430 ral of the eatracting geot. T the combined, dehydrated, ergaals phass two
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d:vp:crlNHClmmidnd.mawhlchthccmtun;-m-mmwuﬁul
bolfing water bath. For purificatlon the realdoe was dissotved In 20 mil of bot 0.1 N-H330,,
then cooled and fltered, This procedure was repested threo times with  total of 80wl of
Q1 N Ha80,. The combioed filtrates were extricted ooce with an equal vohme of aher,
which was discarded. To tho aqueows phase 8 N NaOH was added to prodece  sroog
alkatine reaction (PH abont 13). Then the prodoct was ahuken thres times, cach time with
an cqual volume of chloroform (b contalning pure bases). Finally § N Hy$0, was sdded
to bring about an acid reaction and then NaHCO; In excem (pH == 1.2). Exiraction vis
then prrformed throo Hmes sach tlmo with an equal volame of chloroform-iopropesdl
(G +1) which contained beses of an ampboteric character (morplos and reletsd
substances). The debydrated, organle phases were evaporated asd the reddaes b ead ¢
were tracaferred with a mixture of chlorolorm-metanad (1 -1 1) to Whetme prpx
5o 3 pH 7.0. The dl m wan d with a oaixture of dt-a-betr
sther water and anrylme hydrate 7113 BO (Brosit ef al. 1935). Observation of tho chromar
topram In short-wave Nght (254 my) revealed & dark spot with en R value of .67 o the
band with the reeddue 5 Along the band containiug rexdoe ¢ thres dark spots having Ky
valoes of 0.4., 0.60, and (L67 wers found The erwes correypoading to the spot witk Ky
value 0.67 wers cnt ont and eluted with 0.2 N HCL. 4-5 m! was collected from esck ot
Moasuring at acld and alkalin resctlons in nitrwviobet Hght, thowed the s condioos
of abearption for the oliates es are obtained by measurement af sicotinamide (s Pig. 2
The eiuates from b and , estmated to contaln 0.3 mg of & substance hefeved to be stz
amlde were mbved and, after addition of NaHCO; In cxcen, cxtracted foor times, wdh
time with 30 mi of L The comirned, doiydrated, orpeaks e
ware evaporated to dryness. The resldom was sablfmated at 8 temperaturs of 100° s
presurc of 5 mm Hg.

B. Urac
The Hver e for the extraction of this mbstance wus removed At sutopey fron 4 o2t
.mmwmmdmnowwmmmmwmwwﬁ
xt 4-5° for 14 days and et —18° for 2 moaths. It showed o dlgms of
procedire was the same xy described under A with regard t Mnudnlmd:
and punification of the extract dimotved 1 0.1 N Ha$0+ T lbccoc\btmd.wd"dvud
filtersd 0.1 N Hy80, solutions NAHCO) was added In excoss (PH — 8.7}, efter
extraction was performed thres times (c), sach time with dowble volxme of chiorefa
Bopropanol. ¢ wes purificd by paper chromatography -wbdmmowﬁ’r:
lanlI;h!rmkdlhrudukm'ﬂthumerﬂh-hmudlndﬂA-‘:
ares corresponding to the spot with the R nhum‘vucmmnn.nddmd'ﬂ*
NHaMmdmdm(lmnmmmmm&th
showed the same condrtlope of b.orpﬂunnmabumdwmw-boﬂ‘“:_'
m-cﬂ(metLTb-du-umuw-ndmhumﬂ:dnquduu{hdﬂ“

C. Thymine "
Tho liver was remaved at neiopey from  man, aged 21 who bad been in poot borkh &
was belleved to bavo died from infloenrs. The foremio-chemical aatysh i
potsons, except traces { wulphamctoxypyridarom, The liver bad beea stored 184 2
muprmmmnammmmwwﬂd:‘mﬂm

m-mﬂnmepbmmmumommwm;umw
(sre Flg. €1 The cluatn was extracted o subilmated s described uader B.
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Fig. 1 Infrared spectrs of the bolated rubrtance (the upper cirvs) sd
plcottsanido (the kower curve) In KBr

Remits

The sublimate solated by extraction A showed  m.p of 116 (corr ).
Its spectrum was recorded withun the range of 2000-400 cm-! see Fig. |
As material for comparizon we uwsed a purchased sample of sicotinamide
PhD This sample had a mp of 116 Its specira within the nltraviolet
and infrared ranges were recorded, seo Figs. 2and 1 Its Ry value on What
man no 3 pH 7 developed according to Brosst e7 of. (1955) system A,
was 0.68 The mixed melting point of a mixture of the substance isolated
from the liver and nicotinamide was 116

The infrared spectrum of the smbli isolated by B lsseen
in Fig. 3 As maternl for comparison a purchased specamen of wracf!
Sigma @ was used. The spectra of this specimen within the infrared and
ultraviolet ranges were recorded (ses Figs. 3 and 4). Its Ry value in the
stated dlromtomphk ml&mmfonndtobeo.ﬂ

The subl d by ion C gave the curve thown in Fig. 5
within the infrared range. The spectra mithin the infrared and ultraviolet
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Flg. 2. Ultraviolet spectra of nheotinumide (about 182 pgml in
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Fig. 3 Infrared spectra of the holted subetancs (the tpper cwTs)
and uracdl (the Jowsr carve) b2 KBz,
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Fig. 3. Infrared spectre of the jeoleted mubstance (s mpper curve)
aad thymine (L Jower curve) in KBr
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Flg. 6, Ultraviclot spectra of thrymdmo (sbont 13,6 pg/ed) i

02 N HQl - --~2nd in 0.1 N NeOH

ranges of 4 purchased speaamen of tfiymine Sigma @ were recorded
(Figs. 5 and 6) Its Ry value was found to be 0 61

The vahies obtained for the substances A, B and C nolated from the
liver were tound by comparison to be identical with those for nicotinamide,
uradl, and thymme respectively

The three isolated substances were a3 stated, found to be prseat ¥
relatively high concentrations in extracts from liver tissue analyssd fox
alkaloids, and dusplayed drstinct sbsorption bands within the wliravioit
range. Mention will therefore be made below of their extraction, Ry vafuct
and reactions t0 commonly used alkaloid reagents.

Extraction, Ry values and reactions to comnonlyuredalka!old"ﬂ!""
Jor nicotinamide uractl, and thymine

Dustribution cocfficients for nicotinamide, uracil, and thymin® *°
ahown 1n Table |

Rr vahees for mcotinamide, uracil, and thyrmine as well 2 thetr resctio®®
to alkalod reagents are shown in Table 2. Ry valoes forafew commonly
ocenrring alkalods are thown for compariton
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Toble 1

Déstribution coefficients xt room temperattoe of
adcotinamids, urscil, and thymdna, In
A Q1N N OH with exctss NaHCO; added (pH 9 O¥chioroform-lsopropanod (3 1 )
B 0.1 N-N OH/chloreform, »d
Ct &1 N NaOH/ether

Subranc A B c
Nicotinamide 13 133 158
Urecll 78 almost oo almost oo
Thymine 33 abmost o abmost oo

It s seen in Table 1 that nicotinamide, unlike uracal and thyrune, 1s to
30T extent exiracted as & “b substance™ (¢.g. nicotne). As, 1t has, more
over & nicotine-like absorption curve in ultraviolet light, its presence will
nterfere with the spectrophotometric determination of mrcotne, onless
the two substances have bezn separated before the measurement. Separe
tlon can be undertaken by chromatography as shown i Table 2, m which
it 14 alto seen that the precipitate of nicotmamide differs in colour from
that of nicotine. It is also worth noting that uracil and thymme do not
form & colodred precipitates with the alkaloid reagent, iodoplatinate,

Discemlon

Metabolites of poisons must be included in the forenstc-chomical
analysts, to allow the estimation of the amoumt of poson Ingested.
Metnbolites of poisons are generally more water-totuble than the original
poison. For the extruction of polsons and their metabolites we should
therefore, as far as possible, employ extracting egents such as chioroform-
sopropanol (3 + 1) and maturate the tisoe extract with an inorganic salt
(c.g. NaHCO,) As metabolites of alkalolds may bo of an amphotenc
character (introduction of an OH-group), the extraction should be
performed ot & pH value close to 8 4 (excess of NaHCO,), the distribution
coefficient of amphoteric substances in chloroform-isopropanol (3 + 1)/
water being highest at their so-electric point. As is well-known, nicotin-
amide, uracil and thymine form part of many rather common nucleatides
and become liberated from these under the influence of an actd. These
mbstnncunmﬁmfonbcexpcdadtoboprmtlnmﬂyemy
chloroform-isopropancl extract, when gastric contents and fresh liver




Acta pharmacol et toxicol., 1967 25, 258-266

From the Department of Pharmacology University of Copenhages
(Professor Knvd O Moller, M D)

Oedems Formation In Mice Induced by Percataneons
Tontophoresis with Histamine and 5-Hydroxytryptamine
By

E. Secher-Hamen, H. Larggdrd and J Joeen
(Received October 13 1966)

In & previous publication from this laboratory the progress and coo-
position of the cedema flurd induced in mice by the application of xykn
on the skin was described (LANGOARD HVIDRERG & Szpomaty 1964). The
object of the present work was to clucidate the role played by the load
liberation of hntamupe and serotonn (S-hydroxytryptamine) b te
dovelopment of such an mfammatory reaction cansed by chemial
rritation. The effect of the two biogenic amunes was examined after thelt
introdu:ﬁoninmtheloowmtnmualwnmwﬂnuann}tmummd
the subcutaneous tsue by means of jontophoresit

Method

Make, slbino mica, 5-6 weeks oid, of & singbe srafa (Leo, Mrit) wero esed. Wi 8¢
anknih wors under hak Gl ®) two 3.3 ex? ~
mmmmmmmwﬁdmw(dmmwhi
olap & Bcwou 19678). Tho ammals with their bdomen Iying on  pices of o
molstened wilh  solutson of 0.9,4 N CI fn water wers pisced oa 10 X 11 em 0!
xhost acting #3 an indifferent eectrode and conmected (o serks with a ollilamper?

MOA b e e
poslble, scoprding to the cactralytic lws of Faraday to induce m"‘
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Fg 1 ®) ctired mowss, placed o copper abeet as the
back. The seach-Toaar shaped copper plats J thown a3 positive o driving ehectrode.

frolyts n quevtion (M = (30 molecultr weight, A = amperc, £ = thna Ia seconds, 0 ~ the
onic vakoct). When the molecular weight of the hatamine base and the srotonin bem are
111 and 178 respectively R i posslble with the values stated to induce max(mally 352 pg
detaciine bess and 850 f1g serotontn bhse.

Flw or |5 snnutes, 2 24 or 48 howes after the end of the hotsmine lomtopboreds, and
18 minirtes, 2} or 42 bours sfier the end of the srotonta soatopboretds, the snimaly wers
stummed by # blow on the meck, deckpittted and bld. The two pheces of skin (nchediog the
corium and the sobcutaneom timna) were cut out and fnmedlately weighed oo torsion
balance. An incresss in welght dee to ocdea forrmation caiused by the lostopborests was
detarralned @ the diffwmce in weight in mg betweon the two sldes, of. SzcrEn-Harany,
Larwoaken & $cuou (1967 4). The contsaty of weter end of fat-frm sofids wers determined
nmmrwwmmmmmmmm
content was demation prodwct of blstamine
Mopmlw(dmlmlllllﬂu‘ﬁymﬂudmlm-cd-
Serotonin wis determined biokogically by the method of Vasa (1557), modlfed by Tasan
(1967). Hrstambse eod serotonin were thas expresecd In relation to the fat-free solkh, but
wers eosverted, by weuns of the values for the total of fut-res soBds on the right and ket
sides, to the total of histanine sad of serotonls on the two tides. The differences betwesn
the sotake of the two skdew (b comstituted the quantities of histarslee and serotoela la-
duced by lowtopborssis.

In o control group whb the came
mmuxmqu4mmmmm;mhmwummu
the iootophoresty, and thereafter tronted ot described 2bove. 1o asother control growp the
tota) histaming sad serosanin contemts on 1be two shdes were determnbned sparatety [n the
n

-
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mhmndmtnhcmamﬂmn,hndumMunwuunlﬁwmmhuufha-i
with 2% histamine diphosphate &2 well &1 with 2/ strotonin crestintue soiphase. Fiatly
joutophoresis was underiaken, in two recentty kified mics wihth tho semo experkesd
caing 2¥ b 1w dipbozph

Results
The figures In table I show that fontophoresis with 0.9/ NaCl dooy
not produce any significant oedema on the treated side, and that there i
no significant difference between the content of histamine on the two mdet.

Table 1

The difference In welght and histamine content betwacn two symmetricsl meces of skia
with a surface sren of 5.5 co? from the same animal, 15 minutes after jostopboresh wih
09 / NaCl nt 4 mA for 2 minntes on the right side.

Total Histambos

Iontophortred — Control Side
mg em

Wet Welght
Tontophorired — Control Side

4 + 32 l 2 + L

The figures in tahle 2 show that by 1ontophoresls, hitamine and s>
tonin are introduced not only Into the corrum but also into the s
cataneous tissue. Two and a half hours after the termination of the oo
’L::q:\hm'v.:-u.l:u.stmr:n:m:vnlm:lmﬂmembcu!:meclu.!wm-‘rcﬂnﬂ""'ﬂﬂl"'L
corresponding to those of ths control aide, whereas the content of #5¢°
tonun it still significantly increased.
Thctomlmrpluxofhlnamineouth:trmxedddcushmulrunmﬂﬂ
ofnmn(lbsdm-zlog.mthneinmmum)inﬂg.zmthnmﬁsﬂ"
thowmghuufthtconupoudlngoed:mummdhwdinm&mﬂ
values are shown by vertical lines through the maxime. It appears
wilhalﬁsmmm:nn-plmcarrapondlngto7ﬁmﬂmnmmﬂwﬂm"
(on an average 27 pg histamine base in 52 anumals) an average oodems
23mgbpmduccdmapmceoflhnofmhm(ﬁun")-w“ﬂlm“ﬂ“
excems of histamine emaller ocdemas are found, In this sembbopan B
qst:mthohumnaconwntdmmmofburwtﬂmﬂyd
exhnpolnﬂontotheﬂnrOmnspoudlngmﬂnﬁmeoftmn%
the lontophoreny, it 13 found that on an average, 217 18 o
tusbeenlntmduwcLThulxmgoodnyc:mmtvdmthemule
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Table 2

The total cotents of histzming base and serotonin bass in a defined phoce of skin with &

sarface arva of $.5 czed § 15 «ad 140 mlnwtes (24 k) after lontopboreaty with 2, bistamine

anymmmpumn4mmzm-mmmm
thawns was sopanated from the corium and the laysn snatyred swperately

Tot! Hbtarsine Total Seratonin
bam ioe bast in base base
g Bide whh e g Side with ug

loniophofesh Coniro! $ide Tontopboress. Contral Side

Bubeuta- Saberta- Subcute- Bubcuts
Corme| poows  Cortum| neons Corlom | ey Corlem| necos
Twave Tieve Tinne Thane
60.0 .6 200 &4
5 min tes 8 32 264 4 269 16 02 al
™2 40.4 211 (8] 35 21.0 0.4 o2
w7 213 n2 65
15 rinotey %l 264 273 JEES sl 04 03
47 s 214 10.7 nt 72 a2 a1
2.5 23 160 2
150 minmees 01 [ 3 151 62 16 16 az a2
.4 62 56 21 23 10.0 02 (3]

examination of the quantity of histamine introduced under jdentical
circomstances, but on dead mice, Here, on an average 214 pg histamine
bass (2 determinations) was found, ie. about 40/ of the calculated
mazmum.

In the same way the differences between the total serotonin content on
the right and the left tide after scrotonin fontophoresis and the correspond-
ing differences in weght in mg between the two sides, are indicated m
fig. 3 Fifteen minutes after the jontophoresis an excess serotomn s found
on the treated aide, which is about 90 times the normal content (on an
average 04 pg In 17 animals), but this fon i not cedema
producing. Two and & half hours after the lontophoresis, the Increase in
scrotonin s about 6 times the normal content. At the same time an
sverage oedema of 66 mg is found. 48 hours after the lontophoresis the
serotonin content on the treated side is still twico as high as that on the
control side, and a small, but significant oedema is found.
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Fig 1 Prosily preparsd aqoeom solotion of 1% serotonla crstiies wiphae ™
lotrodneed by bomtophorssn on the right side £ emsesthetizod aninsshs. The fgure shox?
mmehwmmdmhhnmmmdnddﬂﬂﬂ‘“d
symmatrical (3.5 i) arows, Le. tho serotonin base sxcrse bn kg opes cobnms. (A ST
udgmhnuiom“mmlnh—(u—lm.ncﬂﬂ‘mh-dﬁw -
mmduuuudmdu:m-m.iubuwnb,uo—dmmmumnhﬂw
epheizd by vertil Hioes throwgh tho maxtma Tho diffcruncs ta wit weight betweot
o shdes 150 tminutes (2} b) fier xybows applicstion was 230 mE-

(Lavoaian, HymMzo & SIPoaNT 1964).



OEDEMA FORMATION BY HISTAMINE AND 3-HT 63

Déscasslon

When xykoe 1 apphied to the skin of mu¢e, an oedema is produced,
which attains a maxmum afier 2} hours. At this time the inflamed skin
defined by its surface ares, weighs twice as moch as the normal akin (cf,
Lancoirp HvID®ERG & SzPoaNY 1964) For the development of these

d local liberation of bi aminesis d to be of Importance
(surveys WILHELM 1962 ZACHANMAE 1965).

Exammations on the sigolficsnce of blogenic amines in the acute
{nflammatory reaction have been organitred on one of two main
peinciples The inflammatory reaction was produced by unspeafic stimult
and the local liberatron of amines measyred, or an excess of the amines
ntroduced {nto the skin and the develop of the Infl Y reac
tion followed, The formear principle {nrvolves calculatory problems which
are seldom considered (LANGGARD & SecHER HANSEN [967). Moreover
it may not be justifiable to conclude from an alteration In the content of
ammines in the tissues that amines affect the function during the conditions
under discussion. In view of these objections, the Iatter of the principles
mentioned i3 presumably to bo preferred. However Investigations
carried out on this principle may also be subject to ariticlsm. The ammes
are often introdoced by infection. Such experiments are defective m that
the injection per se represents & trauma, by which endogenoms amines
may be liberated (Scaou 1961 Secrer Harxaen LanoaizD & Sciou
1967b). In the present work histamine and serotonin have, thersfore,
been introduced fnto the skin by lontophoresis, so that the skin is not
injrired and no blogenic amines are liberuted (Tabie 1)

The technique used for marking two symmetrical areas, implies that
exact quantitative data on the amount of amine introduced at any time
can be correlated to the quantitative and qualiistive dats on the in-
bfnmmnm'y) responso (f SEcHER Harary, LaNcoArp & Scuou 19672 &

The results indicate that nefther histamine nor serotonin play any
quantitatively dominating role in the develop of the Infl Y
oedema in mice, In perticular the histamine induced oedema is small,
in agreement with the view that the white mowse Is relatively reshstant to
histamine (KaLtos 1957 DHAR & SANYAL 1963) Iontophoresls with
histamine caused an increase in welght which in & prece of skin defined
by its surface ares was only 10/ at it maximum. This meximum was
reached after 5 minates, which tallies with the assumption that histamine
horlmpommluthcurﬂmphmorthnlnﬂmmmrymndon
(SpECTOR. & WiLLOUGHRY 1959). After Jontophoresls with serotonin the
weight of the skin sample treated rose maximally by 25 £ This Increass

—
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was observed 2} hours after the jontophorens Two possible explanshons
of this delayedeffect may be offered Serotonin may be of mportance fa
a later phase in the milammatory reaction, or serotonin produces oederma
only in low concentrations. The latter explanation seams to be the more
probable, According to most investigators, high concentrations of sero-
tonm, such as are found immediately after the jontophoresis, cause
vasoconstricion and not vasodilatation and formation of oedem
SpecToR. & WiLLovaHBY (1957) found that concentrationt from 0.1-10
pg/ml caused vasodilatation, whercas lugher concentrations brought
about vasoconstriction. In the present mvestigation the concentrabon
of serotonin was 14 pg/ml tissue fluid, 2§ hours after the ontophoresh.
The results of Wers (1963) who mjected hustamme and serotonin fato
mouse paws, agres fairly well with those obtained here, However {tissot
possible on the bazls of WED s results either to decide whether serotosn
is of greater importance to a later phase of ocdema formation. For &
complete account of these relations the oedema formatlon would
have to be examuined both as a function of time and as 2 functwn
of the doss of biogenlc amines. Because of difficulties of cxact dosage 1o
the fontophorsns technique, it has not been possible to elutidats s
problem 1n the present studies. MAGGIORA (1963) constdered it possible
to introduce 5 mg of serotonin 1nto the skin of guinea pig by iontophore-
tis at 2 mA for 10 minutes, but gave no biochemical determmations i
controls. In the present work only about 40 / of the quantities obtamed
by cakulation were in fact introduced. Presumably the fraction of ge
maxumum quantity obtmned by calculation which 1 actually
1 50 vanable under different experrmental conditions that &
or blologacal control will always be necessary The jontophoresis technqe
s further limited to malecules with suttably low molecular weight (As2ok
30N & GomiN 1940)
Tbcum&mpcdﬂcmﬂmmmmmﬂonmmmmmﬁ
xylene, has previously been shown to develop in two phases, the
plasma oedema beng reabsorped after 24 hours, after which the waief
content of the tistue increases again, presumably as an expresuon of %
regencrative processes of the tssue (LANGGARD Hvipeero & Szrowd®
1964) The present work indicates that the effect of histamino 3 well £
ofcumauinoccmrdmngthcﬁ:ttofﬂthmmodmnF‘:ﬁ‘
ducing effect of terotomn b more intensive than that of histamine
occurs only with low concentrations.
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Stpseary

Histamine and serotonin were introdoced wnto the skin of mics by
fontophoresis By biochemical and brofogical analyses 1t was shown that
blogenic amines were introduced in this way nct only into the loocss
interstitial connective tisus of the corlum, but also into the subcitaneous
tissie. The quantitres introdnced represented about 40 / of the maxmum
vlnes obtained by calenlation. By means of a specal technique for
marking and cutting out two symmetrical pleces of skin, one of whrch
was treated, whilat the other ane served as & control, quantitatrve data on
the amount of amines Introdoced could be oarrelated to the srze of the
oedema produced at different thnes of the inflammatory response. The
results were compared with those of a previom investigation, where the
inflammatory reaction under identical conditions, was caused by xylene.
It was scen that histamme as well as sexotonin produce their effect
mice during the early phase of the inflammatory reaction, that the oedema
prodnungnﬂ':dufmmniuhmmhtu:nthmthnofhimﬂm,
though nome of the amines d play any vely d
role, and that serotonin may have an oedamna forming effect 1n suitnbly
low concentrations only
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moa-wnmdo Mafier B.D)

On the Usefalness of the Term ‘Per gram Fat free Solids™
By
H. Langpird amd E. Secher-Hawven
(Racoived October 3, 1968

The quantity of a given substance in & given tisus can generally be
stated only m relative values, 1e. m relation to the quantity of ane or
more of the other substances contained in tho tissus, As the water and fat
contents of most tiwpes can vary within wide limits, without otherorie
influencing essentially their composition, & minhmum spread of the biolog-
fcal matenis! will be achieved in many cascs when the quantities of the
Adifferent substances are grven In relation to the quantity of the dry
defatted tissue. For ths reason the term per st weight of fat free rollds
has bean increasingly used and is evidently regarded by many investigators
us the fdeal method for indicating the chemical composition of solid
tissues and hence also of connective tissoe, We are thos somo
axamplet of comparative investigations showing that the term is often

dLﬂ‘mtaq)aimmmloondldomhmbaendammlmdbm.udrudy

hasized, it is & questh d: of peneral principle which
cauldnpplyformymbsunminmytoﬂdthm

Methods
The bictamsine cowtent in the 3kin during
the Uyfammatery reactiom

Two symmatrical £.5 can? pleces of skin were marked on tse depilated whin of the back

(Sxromny Lapoalan
reaction was Indmoed wHthis the Eruits of the right side urss, by application
of xylena for two minuter Fifteen minntes, 21 24 of 41 botrs Luw, the anfimal wers kified
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Flg. | Histamine content of Inflamad sk!n ln compartson with normal skin, expremcd s
W5 per § of fat fres sohda, ut different intervals after inltlation of the infamaetory rescion

and msanpuinated. The two pleces of kin, including the subcutaweons throe, woro cs¢ o8t
weighed, dried, dofatted and the loe content ined P cirkeally
{n the fat-freo sol ds, & thon product T axd hyde (L
ZACHAKIAR 1965). The valucs obtatned for tho contents of histamine, expracd ix g p7
§ fut-free sothds, wero converted, by moans of the total contents of fat-fros sollds o the tre
sidon, 10 the total comtent of bistumine an the two sden

The kst weine content (4 the orfom nd
whenitmecns e

Pmﬁudepﬂudmmnorumxoum-mmwwmm‘“j
of blood, 2 well defined arca measaring 5.3 cm? was cut 0wt (corroiponding totho kit ése
the bove memioned #Toax). As the sbeotancous tiame s exlly scraped off he fur Kraet
cortum, the plecy of eut tkin was peparated tnto cortum and mbcatancome teeos co
which was weighed svparutely dried and defatted. Aftar this, the histamine cooest ¥4
detrrmined s described tbove for the corkum & well as for the sabostaneon thewt: TH

fytical data of histantine content, exp ‘uuwgmﬂummm‘:
by memns of the valuzs for the total contants of fat-fres tolldy in tho cxcised corloot
correxponding subcutis, to the total content of histambve b the sxcised perts of the e
and subcuteneons thaos

Results

Flg,llhmthedxﬂ‘mnoombuunumcontcmofhﬂxmcdlkhg
pormal skin 15 mmutes, 23 24nnd48hnur5|n:r\hnindudiouofm
inflammatory reaction wh:nt}mhinamln:mmtuﬁml"’dmzm_
the quantity of fat fres solids. The points indicate sngls observd
The same ohservations are grven in fig. 2 but the data are hero
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Fig. 2. The poluts todicats the eame obwervations s tn Fig. | but berw eech valoe ke boc
comveried

to fodicase the totel histaming content in & ploce of ekin, 5.3 coa? large, b com-
parison with the corrmpondiag pon-inflemed akin.

Toble 1

o four rice,  defioad plece of pocmal okin with  earface erew of 3.3 cor? was exchd.

“The snbeutanecus tirine was separitad from ths corfem and the layses anatyred seperately

The table gives the weights of the two layers, their comtents of fat-free solids and the

birtamnine contents. The wmoents of histambse tre expresesd s jg par g fat-fros softdy &3
well 13 the total astoonty i the excleed skin pleoes,

Hiatrmine
Total weight (mg) F"“(’:ﬂ“‘“"’
(ra/mg fat-fres cofidy) (otal ng

Conam | $nbentis | Corlem | Subcatis | Cocdum | Subeeths | Corlam  Bubeutis

150 118 44 14 040 052 200 “
133 nr 41 17 o2 0.0 218 10.7
112 2 a3 12 a8 0.2 151 62
123 1 43 13 a4 a3l n2 af

21 described above, to indicate the difference in the total histamine con-
tent between the two excised pleces of skin. Fig. | gives the impresadon of
a distinct fall in histamine content of the skin during the development of
the inflammatory reaction, whereas this is not evident from fig. 2.

Table | shows the weights in four mice, of the separated corfum and
sabcutancous tiszue mn defined pleces of skin with a surface area of 5.5 cm?
as well as the corresponding vahies for the total weights of the fat-fres
solids and the toal histamine content. In the same table the histantine
contents of corfum and subcutancons thyue are given expressed in ug per
£ fat-fres solids. The figures show firstly that whereas the corlum weighs
very littic more than the corresponding subcutancous tissus, the content
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offu—frcewlldsammud]highcrh\th:mnmn.Swondly that although
the histamine contents, indicated m g per g fat free solids, are somewhat
higher in the subcutaneous tisue than in the corram, the actual amount of
histamune is 2-3 times higher 1n a plecs of corfum than in the eorrespond-
ing piece of subcutaneous tissoe,

Discomion

The usefulness of relative quantity indications in connection with
comperative investigations depends on the constancy of the reference
substance, also when thrs Is made up of the fat-free solids, The term per
unit weight of fat free solids is thus acceptable i principle, only when the
quantity of fat free sohds is unchanged durmg the experimental conditom
1 question or is the same in the two tirsnes that are being compared. The
practical significance of the qoeston 13 confirmed by the examples in th

paper
It fs generally assumed that hitamine is [{berated during the acute
inflammatory reaction (surveys Histamine Ciba Foundation Symposir.
1956 NORN 1965 ZACHAMAE 1965) This assumption js particobrly
supported by the results shown fn Fig. 1 However the histamine decres®
which can be inferred from fig 1 s only fictrtious, In reality the hustamins
content 15 not decreased, but owing to the solid content of the oedes
fluid (Szpeany Lawaairp & HVIDBERG 1964) the content of faifree
tolids has risen. The observation naturally doea not excluds the
that under other experimental condrtions a disappearance of histamint
may occur during the mflammatory reaction. Likewise it 18 possible bat
lustamine exerts an effect on the development of the infismmeioy
process without being reflected 1 an altoration of the total histesi®
content. The example demonstrates, however that the fat-ffe sofidt
should not be used as a reference substance in comparative o'
of normal and inflamed connective tissue,
'l'l:ucﬂgm-!:lmtablc1w‘hm;l:nd.mn:an.stratn:thn:(:z:u:npcmuanOfllm"“"ll
piece of skin show that the content of histamine in relation to the
of fat-free solids is ugher 1n the subcutancous tissue than in the
lﬂmih:xgt.hz'.\thxusomct.um:lbt:e:'Al.hlkn:':lw‘h.h|.hJah!ghm'rr\l.\:lli'ﬁ"‘f“'g
cells in the subcutancons tiesue. By conversion to total vatues 1t sppears
however that the corhum contams much mere htamine than (e 55t
cutancous tissue, in spite of the fact that the two layers are 3|
of&:umﬂﬁ:hmﬁznmmﬁ;ld:ﬁmbctwemﬂlm::;
ofthc;hnn&ntdwwnwutdwﬂd&ﬂmmmwbdw
Higher m the cormum than in the subcntaneous thsue chicfly becars® o
collagen content (LANGGARD 1965). For this reason substanced which
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given in relation to the solids, have a lower lovel in the corfum. The
example thows that the fatfree sohds thould not be used as reference
substance in cases of comparative investigations on tissues of different
structures. The conclusion can also be extended to apply to comparative
{nvestigations on the same tissue from different specaes of animals or
tissues from different sites In the same animals. In these cases the term per
snlt welght of fat-free solids should consequently not be to used erther

The term per wnit weight of tizue (Le, total tissue) which 15 also fre-
quently used, has the same Gmitations as mentioned sbove. By way of
example, 1t may be mentioned that the contrast between fig. 1 and fig. 2
would have been even more striking If the histamine content had been
expressed in pug per g total tissne,

When tissue-analytical data are to be presented, a substance which Is
wnaffected during the expenimental conditons should be searched for
The other components of the tissoe can then be indicated in relation to this
substance. When dealing with the skin of emall Iaboratory animah the
different snbstances can with advantage be given, as In the present work,
=3 the total amounts in a piece of skin defined by its surface area,

Swmmary
Examples are given in which the use of the term per wnit weight of far
free sollds may cause serlous misinterpretations of analytical observations.,
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In Vitro Studies of the Clllotoxic Action of Ethanol Yapos
In Relathon to its Concentration in Tracheal Thsue
By
T Dalmoon, B. Holms and L. Temenizs
(Reeelved October 25 1968

The ciliostatic oction of resprratory irmtant gases and vapouns b
frequently been investigated. In most cases ths observations were confined
to the relation between on the one hand, the gaseons concentration id
the persod of exporure to this, and on the other to the slowmg or czssatios
of aliary movement.

The available [terature contains no reports on the titsue concentrationt
of ciliotome gases at the tume of cillostasis, althongh according to e
first report on the effect of ethyl alcohal on clliary motility prblithed b7
PURKDOE & VALENTIN fn 1835 {t vas cvdent that o certam cancentratios
wurtqumdwprodmaaduomﬁceﬁ’wtmﬂwccxpeﬂmm"";
were made on oesophagus from Rana Temporaria and Rana Esadents,
was found that when the specimens wers tmmersed m 109 ethyl akoohol
ciliostasis occurred after 8 minutes, but this effect was pot scen wixa
1/ solution was used.

Briver (1903) performed similar studies on frog, using vanous ko
hols 10 concentrations renging from 5 N to 1/10 N and tissue sootioct
measurng approximately S mm? on which ths sohutions were "
The mterval required for clliostasis mﬂcdwnhthucomﬂn"ﬂ“"éﬁa_
solutiops. The alcohol concentrations in the tissues at the time of
stasis however not determined.

Lm;..?(lm) also studied the ciliostatic effect of akohols. He &
ported that the ciliary sctvity in tho respiratory mucesa of doft &% ¢
when certain quantites of slohol were given orally The weght
dogs was not stated.
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The concentratton of ethyl alcoho! requmred to produce arrest of
mucous flow was studsed i vitro by HiLL (1928) in various animal species.
When fow] trachen was placed in a 10/ solution of alcohol In Ringer »
solution the transportation of mucus ceased A 5/ solution produced the
same effect in rabbit traches

In contrast to Hill s results, Proerz (1934) found that about 15 minutes
ymmeruion 1n 18 / ethyl aleohol in Locke s sohution was required 1n order
to produce aliostasis in rabbit trachea. This offect was not obtained when
& 15 / solution was used

Posteiliostatrc resumption of dimry motility was observed by BERNARD
(1866) in oesophageal mucosa of frogs. The specamens were first exposed
to ether vapour and then to fresh ar This was confirmed by ENGELMANN
{1868), who d. ated the same le course duning exposure (o
¢thanol vapour He further noted & granular precipitatron within the cclls,
which occurred at the same time as cilfostasis, afler exposure to ap un
stated concentration of ethanol vapour This precipltation diappeared
when the nssue was exposed to fresh air The ciliary movement then
started again

BRreyIR (1903) observed resumptron of ciliary motility when exposure to
alcohol was mnterrupted soon after clliostasis occurred. He found that
ciliostasts became Irrevermble if the exposure to akoho! was continued
for some time after ciliostasts had started. From observations on cillary
motility for pertods up to 48 hours tho same investigator reported that
the primary akohols studied hnd an initial depressant action, which was
followed by a phase of stimulation and finally by retardatlon of ciliary
motility

That ethano! vapour can accelernto ciliary movement was observed by
ENGELMANN in 1868 In studies on vertcbrates. The effect, however was
seen only when the tissue preparations were placed 1 hypertomc or
hypotonic solutions of sodium chlorfde and not 1o isotonic solutions

Hiut. (1928) found no scceferating action of ethanol on mocous flow
When absolute alcohol was applied to horss trachea, the trnmsport of
mucus ceased almost immedmtely but when the alcohol had been washed
off with Ringer s solution the cilia were still active. He believed this waa
probably due to a protective layer of coagulated mucin.

The cffect of cthanol on pulmonary clearance was investigated by
LAuReENZI ¢f al (1963 & 1965 & 1966). Mice were exposed to an acrotol
contamiog staphylococel. By killing the mace after flxed intervals and
cakulating the nmnberorvinblc. hyl ciin the ITY INUCOSA,
2 meagure of p 3! was ob d Alcohol was infected
mlrnpcdtoncnl}y in do;u related to the body weight, and in concentra
vons manging from 5 to 2t 4. The blood alcohal concentration was
T A phermdepic, vl 23, fet, T
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determined as & four hour mean value. Coma inducing concentrations of
alcoholin the blood (0 2-0.5 ) caused appreciable reduction of pulmooary
clearance, and the higher the blood alcohol coneentration, the ower wn
the pulmonary clearance.

The purpose of the present study was to observe the association between
the concentration of ethanol vapour end the duration of exporure
precedmg ciliostasis in rabbit trachea fn viiro and also to determune the
concentration of ethanol in the tracheal tissue at the time of ciliostasi.

Methods

Clltary motllity was stodied according to the method described by Darmanm & Laaes
STEDT (1966) but peclally modified fo thia Investigatlon Tho principhe of the method &
that Bolated, standardired preparations of traches are cxposed 1o varioos concrnirationt
of alcohot vapour in  spocial chamber During the exporure period, the abiery oty 8
bserved under  Hght mi and 48300 s cil occurs the o
ethanol ln the spocimen 13 mesrured

Ethanol vapour o dlfferent MUWWMMWWMWW
akr at comstant flow raty through wish bostlss contumlog akcohol and water In vurbf

20 50and T2 / /v cthanol solationt wers preparcd by vohimctric pefuwrel
95 / sthanol nd dhtilied water Before the xposurs was beguz, the wath botties, sl
and expastro chamber were wirmed in - water bath (g, 1) to 36 Tha temperatmre of 3%
compremed air varwd with the room temperature nd was about 21 Akeshol veposr ¥4
msxed with saturated water vapour st 36 n the proportion of 1 2. The flow of b
Vapours was measared with rotamcters moumted b the wish botthes. Tho combioad &%

NS
1"

A—

[ —
cCCF——E77r

Fig. 1| Schemanc drawing f the ciba motllity srodying L'-A-m“‘:;::
peller for stirring water C Thermostatic controlied mmerd  beater D Etmsol® 0
solution. E. Distlfied water F Microscope. O E-p«mchwbﬂ"-n‘“';b;.w
sy g for gas-samphing. | Electrical J KT e for

L Impenger M. W ter bath.
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thfthhm:xpoundﬂmhumlppwdmlwlylzklmmﬂuum?bnkmbl g was awed.
mmmwmmammmvﬁmmﬂm

The conceatruton fﬂhllolwlnlhcu;usnndumbﬂ'mmbdbyp:
chromatography o mensured volumes of alr which were collected from immediatety
above the specimen. The syrings wed for this purpose had & constant rat of suction, which
mmwwummmmmxo(m-pmmmﬂwl the chamber

Trachess warw taken from rabblts which hed been iilied by infection of nembotal ®
(rabumal NFN 100 mp) Clreular sections of trachon 7 9 of 13 mm 18 diameter and
pproximately 1t 1.5 mm thick wers panched out. They were stored in Deward dobes et
safrrutad bumiduity and at 36

The gpecimans meumng 7 and 13 mm wers used &3 two separats srhes. The specimens
In Uhe firet seriay (7 mum) were axposd to cthanol according t & permutation programme
In which the permmtations Incloded tho tndividual rabbets es well a2 tha tme after which
the rabbits wyre kilicd. Ln the  ther serles the exposures wers so mads that 13 rom specimees
from the same traches were cxposcd t the sme cthanol concentrations t differwnt hntervals
afwe the bbit wa kilied.

Tho cibary ctivity Ia the centre of tho specimem was  bearved by light cicroscapy and
(be time of dlostas wat teghstered with @ etagwatchl, Tmumeduately after tho ellsry move
meat cessed, the specimen was fifted with forceps on t & gham for gravimetric determiaation
of the mght, This aversged 3) my In the 13 mim series, with maogs [ 123 to 67 mg. 1
the series {7 mm apeciowm the welght rangsd from 37 to 19 mg  d the sverags wma
27 mg.

After wddHtion of 2 mi distlficd witer the specimens were exposed to ultrasommd (90 ke.)
in the canke sealed glas for thrwe misutes. The content of kohol wa thersafior determined
by gm0 try and tie stion of xkeokol In the ternes was calculated.

For gea chromatography (Perkis-Elmer) 3 mom % 1 m column wet waed with 203
SE-}0 Chromosorh V 6080 b and  flams fonuzation detector In order to extimats the
evaporation of water from the undar the Jore of the ot A series
of 7 mm sectiom was welghed both befors and after the experimental procefure. The
approximate woght kor was 11 £ when the concemtration of ethanol vapoer t the timo of
aliortasks way 9,000 ppm, 7 4 &t 22,300 ppm and 6%, at 26,300 ppm.

1 cootrol experiments we etposed 7 mm specimens to waker YapoaT Lot st the same
humdithes as were prosent accordl g to theorvtical caleslations, In thee precadi g testy,
This was hed by d air ut the wame maie of flow throngh
disidled water warmbed 80 83 (0 prve matorted water yapoar with the sme partial pressurey
thecretically cakeutated) a8 fo the previows experiments. Flve specimwns wers expossd Lo
» te7 yapour teach [ the selected partis] poymores

Tha rxte of ethanol beorpton fa the specimens wes rtodied [n wree of 7 mm speci-
o, which were cxpossd 1o vatiom concestrutions of ethsnol. The ethanol concsntratlon
in the peclman way determuned a1 already deacribed, at vartom fotervals from the start
CXPOTHTY-

The sglicance T specinen sire for the rate of sthancl abnorption wat studled In one
verwy coch of 7 9 and |3 mm spramwot. ATl tpecimens wers exposed to 32,000 ppm
#thanol vapowsr after which (e ctbanol i the sepel. ey n
the caual » y

Renlts
Flgure 2 fltustrates the results of the comparmtive expeniments on 7 mm
and 13 mm specimens. The relationship between the exposure time

e
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P the Toeaime deamle 7
o hember Spre men damaier low

13000

"
] 'M I
wai:j AR

and exposurs period befors clicatesis.
Below tmese concentration of ethano! at the Hime of clilostss.

preceding ciliostass and the concentration of ethanol vapour it the

chamber is shown in the upper part of the duagram, and the concen

ofmhnno]inﬂwrpecmmltdliosmrhmthnlawﬁpam%mﬁﬂm::
had not ocourrsd after 60 minutes the vafues were not incleded Ths .
ohserved in four of the lJmnspecmmnthMp;nn:{hamlﬂP’

and 1n three of the 7 mm specumens at 9,500-11 000 ppm.

In the control specrmens (7 mm) which were exposed to waler “;";

alone ot the same theoretically calculated partial pressures 8g wero
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Flz 3. Atsorption rats of sthancl vapour in 7 mm specimeas. Left ethanol atmorption

rate {0 the epecimens and trte comeentration of tthisol at ciiostasis

Rught timoe concentratioms of ethanol sfter 16 mlautes of exposurs to varkons concentra-
thoers of ethanol yapoor

in the experiments with exposire to ethanol vapour cliostasis occurred
after & mean interval of 61 punmies at the Jowest relathe humidity
(54 £, 100 munutes at intermediate humidity (73 4) and 117 minutes at
the hughest humidity (97 4.

The concentrition of ethanol n the trssues at the time of cillostasis
averagod 38 / In the 7 mm specimens, with a range of 48 t0 3.0 4. In
the 13 mm specimens the mean was 3 6 / and the range 4.9 to 2.3 /4.

Figure 3 presents ths tissue concentrations of ethanol in 7 mm specimens
after varylng periods of exposure in the chamber and at different at
mospheric concentrations of ethanol At the higher atmespheric readings,
the rise in the ussue ethanol concentration was more mpfd and the reading
at equilibrium between chamber and tissue ntion was higher
This equilibrium was reached after about 16 mimutes at all chamber
concentrations of ethanol. The tssue cthanol concentrations efter
exposure for 16 minutes to different chamber concentrations of the vapour
are marked on the right in the diagram. It s seen that after 16 minutes
the relationship between the tissue and chamber concentrations of
ethanol could be expressed as o straight line. If the mean of the observed
ussuc concentrations of ethanol s Interpolated m fig. 3 the Jowest
ethanol vapour concentration thearetically required to peoduce ciliostasts
can be read as about 12,500 ppm. The penrods of exposure precesding
ciliostasis at different chamber concentrations of cthanol can be read
(keft) from the points where the broken line of clliostatic tissne concentra
ton crosses the curve of absorption.
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Specimen dumeier T
e et 1 )

:""::‘9_.' by eoh Shecimen damter 1

. [ ] -
F g4 Specimen oro and sbsorption rate. 7 % and 13 mm specinens
indrvidually exposed to 32,000 ppm ethanol yapour

The vanations m the pre<ciliostatic interval according to specimen s
are shown In fig. 4 The 7 9 and 13 mm specimens were all fodivadally
expoted to 32,000 ppm ethanol vapoor In the xmaller specimens b
concentration of ethanol rose more rapudly than 1 the larger oo
Increase in specimen size from 7 to 13 mm entalled kengthening of the
pre—ciliostatic interval from 1 to 4 minntes.

Discaxsion

In this investigation the tissus concentration of ethanol rﬂﬂm’d;‘”
nnuimhmlcﬂmryacﬂvilylnmm\mabonm/,iﬂﬁwur
size and age of the specimen the atmospheric concentration of ‘u“"“d;
vapour and the duration of exposure preceding ciltostasis. Even when
atmospheric concentrations of ethanol produced ciliostasis after 'PP":;
imately the same time as occurred with water vapour alone in con
specamens, the tusue concentration of cthanol was the same. fororly

Gllnrymo!ﬂﬂym!h:et.hanol—cxpowdxpmmcmwusobsmtd Dfdrd
one hour However since the tsus concentration of ethanol ret Py
equilibrram with the gaseous phase after only about 16 minutes (6%
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longer observation of the cilloxtatic effect was not necassary in specrmens
of the sizes we used Since the rate of evaporation of water 13 dependent
on the size of the specumen, it is essential to work with standardized
spectmen k1zes 1n order to eliminate this source of error in the results,

The mte of absorption of ethanol vapour 1n the specumeny was Jikewise
dependent on their size (fig. 4) Absorption was more rapid 1n the smaller
tpecrmens, This further underlmes the necessity of usmg standardrred
specrmens 1n stodies of ths type on dliary motility

The comparative brevity of the pre-cillostatic intervals m this study was
primarily attributable to the rate of water evaporation as a function of
specrmen abze and the flow rate of the vapour in the exposure chamber
The larger the specimens and the higher the lumadity in the exposure
chamber the longer the pre-ciliostatic interval. The relative humidities
used In the present experiments ranged from sbout 54/ at the highest
ethanol vapour concentratroris, to 97 / at the lowest, The flutd loss from
the specimens was ebout 11,/ In the presence of ethanol vapour concentra
trons which prodnced ciliostans after ebout one hour However the tixyne
concentration of ethanol at ciliostasls was independent of the hurmdity in
the exposure chamber

These results cannot be directly compared with observations made by
other o QU Ing that tho speci we used had a water
content of about 50 4, the ratio of alcohol to water content was approx
imately 7-75 / at clliostass, The earlier observations which are most
suitable for comparisons with our own aAre those published by BreYER
(1903), Ho (1928) and Proitz (1934) From Brevew s report 1t soems
that the concentration of the solution which cansed ciliostasis was of the
order of 6% and that the pre—ciliostatic interval was about 6 hours The
solutrons he used, however were not quito physlological. In Houw s
expeniments mucous flow ceased when rabbit tracheas were tmmersed jn
e 5/ cthanol solution. PROETZ reported cillostasts after ymmenion of
wmilar specimens for 15 mimites in an 18 / ethanol solution.

Revermble precipitation of proteins occurs in the presence of alcohol
The jon of akcoho) requt d to produce this effect is dependent
on the naturs of the protein. Engelmann (1868) observed preciprtation in
assocration with ciliostasls produced by aleohol but he did not report the
strength of the aleohol solutions. Hror (1928) described # coagulating
actlon of absolute akcoho! on the mucin layer of horse trachen. PROETZ
(1934) stated that when rabbit trachen was Immersed in strong @0,
alcohol solution fissures appeared due to coagutation and shrmlage
Bctwcml}tﬁ.!nn’uCﬂhrymolﬂhyperﬁﬂcdformml minutes.

The question arnes whether the ciliostass obterved in our experiments
mvohed true cematlon of cilisry Toovement, or whether the ciliary




280 DALHAMN HOLMA AND TOMENIUS

motlity was masked by coagulated mocoprotein. The latter possibility
was climinated by the absence of discernible changes in the macus. Thes
after clliostans, for example the blood vessels were still clearly visibie
beneath the secretion
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Effect of Histamine Liberators on Rat Peritoneal Mast Cells
apd Influence of Antirheumatlc Agents
By
Srend Nora
(Retobrd October 14, 1966)

When peritoneal mast cells or mesonteric mast cells from sensitized
rats are incubated i# pifro with the specific antigen, histamine 13 liberated
(UvnAs & THoN 1959 Mota & lmum 1960 PreExa & MoONGAR 1963
Nomn 1965). I, however towards the end of the sensitization period, the
mfs are troatrd with varjous antirhenmatic agents, thn liberation of
histamme may be inhibited (No=N 1965) The mechanmm of this action by
antirheumatic agents is unknown. The inhibitton may be due to an mhi-
bited antibody production, an inhiblted antigon-antibody reaction, or an
inhibition of the enzymatic processes which are assumed to bo elcited in
the mast cell during antigen-antibody reactions (Mota & IsEn 1960
UvNas 1962)

Thnlibernuonnf” ino causod by componnd 48/80, lecithinase A

hosphatidase A or phosphol A) and a-ch ypun i ol 4
bycenainfmtoninumnmrllmﬂarwthchmjmh'banﬂoninmﬂ-
gen-antibody reactions (UvNAs 1962 UvnRs 1963 UvNAs & ANTONSSON
1963). It Is Likely therefore, that the histamine liberators and the antigen-
antibody reaction Lberate histamine by diciting the same enzymatic
mechaniom in the mag cell (UviAS 1962 Uvias & AnTonmsoN 1963).
The object of the present study was to throw further light on thrs theory
ard to investigate the posaibility of determming - on the basis of the
results obtained by experiments on histamme [iberators — the mods of
sction of antrrheumatic agents on the histaming liberation eliched in an
antigen-antibody reaction.

D Ao percsierin. w2, frat. )
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Experiments and Method
The experfmental animals wero adelt fomat alhino raty welghiog berween 130 wad 18y,
The ratx wars {njected snbeutancoms!ly for 3 days with 100 my/ky bydrocorisose, 200 mg'tg
phenylbutarons or 25 my/kg sodtom aurothlosniphate (test snimah). The dos wes
sdminktored (n & volume of 10 mikg body welght, the lest-mentioosd sabstaocs belag
adminktered In agueow salution and the other Fbstances In the form of susporsion. Th
spension medhum consdsted of 1 part of Acacts Mutllags (USDP 47) and 6 party of waer.
18 m) of & 37" modified Tyrode solutlon {144 X 1071 M Na(3, 3 x 183 MKC,
$x 1074 M CaClhz, 8 x 107 M N jHPO4, and 3 X 1072 M KH;POL wae bijected
fntraperitoncally into thess raty 3 well as into the untroated raty (comtrah), the test roe
being infscted 13 bours after tho lsst administration of the antirtwomstic apat. The i
wery killed by bleeding from tho carotid arteries, 30 sec. aftar the {ajoction of the modiBel
Tyrods solution. The peritanos] cavity was opened and emptied of fuid. Ad 3 role S

Yieldod about 12 ml (peritoncal mast-cell spembon, PMS).

Deove-resporsy curve of the kivtancwe Bborators

PMS from several costrols was pooked. From this poo! samphes of .50 mil were reosnsd,
and compotnd 48/80, polymyxin B, kecithinesa A, or a-chymotrypeln in varioos coscesins
ot wers adged (fig. 1) As blanks, wy ted the correspanding samples whibout the Md-
tion of histamn Ifberator The warepies waro incubated for 10 min. at 57° The qaeesy of
Histaming Ubsrstnd from the mest orfls was then detemined The cpecimens s oo
uu\wnl&m;;fmummdmmdth-m-d“mmmﬂmwﬁ
Thy protain content of the sapermatent was precipisted by adding 200 3.9 N300
and centrifogatls ws repeated (1500 X g for 10 pain). In 200 ) of tho procasfre

the contet of hi wuy by tho oectbod of Swoax « oL (13-

This method was need with negfiglh difications. The s AR oA
meﬂnm-!JummHllm)wmu-W
(Photovolt Model 340).

Tnmhummmmmmmzumphduommmﬁ_
the pooted PMS for determination of total hlstsmine contant. In arder 1o Roerslt B
mlmﬂnmhmmmﬂwmdloNHQO‘mmmmm':
Wuwmmmwmmmwmvﬂw
Feloased histamine wits grven In per cont of the total content, the Liberated b well
contnt belng cormctad fo the mseut £ hiruumie reioesad by the rckanics) s
to  (blank sample),

Sigmificance [ maxt coll couxt in PMS -
prmmwmmnnmmmmmww-
tion which ghres h of lmtso-mxo(mmlw"‘_

the sample (EC30-30) mmwmmmmwmh
PM$ from cantrols end partly 1n difsboss of this PMS wht raodified Tyrode soirioe
umr-ﬂo1+1md1+2(uu=n/\namab.ﬂourwmmnﬂ‘th““"'
quanthty of hiszsmine was determined m per cont of the total coatent of Dy FTAP-

Diration cf hurtamund liberstmn

(124

hmﬂudPMSrmmtnuwolnhmlnwbmdn!Tfoer.“‘”ﬂ:w

P with 41/30 polymyain B, kecithinass A, of @ v
substances ware taed 18 tho concentratioa EC0-90. Thecoufter the specimexd

of e
trifged by 6 The histamine reicsse was given l per crnt of the total conmst

sampie (tablo 2.
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Inflacnce of emtirkemmaric agents on kirtwmine bieration

From the PMS of sach it (tsst a3 well a2 control rets) two samphes 3.50 ml wers
mo:--mphmmwrmomun-mmum.wywﬂln.
ch ymotrypen, tn the tion ECS0-80 (table 3). The amount of
himnﬂmnmndhﬂ:hm'phmdm-mﬂmd.l tho ther samphe the total histamsino
coatent wes detormined. Tabie ) shows the histamine rebeass in samples from the twt rats
apdinthe controh. The jahibition was calcalated sccording to the formuta Pe-P1/P X 100X
whers Pc xnd Pt arc the sverags proportion of [iberuted histamaiso in saarples from control
and tost raty. The valocy grves for the fnbihidon are bused on mean valuer f determinations
In 6 w3t andt 6 comtrol rat. Becwnse of day-to-day In the
mmples froe: the test raty wese always compered whth sampies from coetrol rats from the
s diy

Remlts

Do rponse curves of the his Iiberators

As s apparent from fig. 1 all the substances studied showed liberntion
of histamine #t vitro increasing with an increating concentration of the
histamine-liberating substance. It would seem reasonable to consider the
middle part of tho curves as rectibnear Compound 48/80 showed the
greatest histamme-Jiberating effect, since in concentrations of about 0 1
pg/ml of peritoneal mast-cell nuspension, 1t released about 50/ of the

% Aglomae reirene

8 a—chyoretrmme .
o ar a3 @ s @ o a0
ol
Fig. | Reloase of hutemine from smapensions of rat
perionea] mast colls cxomed by afiowe concmtrations of compound 43/80,
B, kan A, or

Ordmate  Releasce rhbluﬂmhmmndlhclmﬂ’moﬂhuwphulm&m
wmiters of pertonesl maet cell Erepensions.
Abectem G of 44180, potym B, becths
trypatn la the sample (ug per ol samiple).

Each poimt represests  single dedermisation.
ELS

Fusessysxd

A or o-clryoao-
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total histamine content of the stample To obtain the same effect with
polymyxin B lecithinase A, and a-chymotrypun, the concentrations have
tobe 4 10 and 500 tumes greater respectively In sufficently high conces-
trations compound 48/80 and polymvyxin B will release all the histemme
in the mast-cell suspension.

Significance of mast-cell count (n PMS

It is evident from table 1 that in the three samples with different mast-
cell counts per ml of sample, a constant percentage of the total histamme
content of the sampls was liberated on incubation with each of the
histamine Liberators studied.

Duration of histamine liberation

Table 2 thows that in ths course of 2 min, all the histamme liberaton
rekeased practically the entire amount of hustamine whnch s liberated
10 min. and that no further quantity could be released by incubation for
30 min. than for 10 min.

Influence of antirheunatic agents on the histamine liberation

Pro-treatment of the rats with hydrocortisone did not reduce the i
vitro lustamine release elicsted by compound 48/80 polymyxin B ke
thinase A, or a-chymotrypsin (table 3)

Table 1
Releaso of hustamine by 43/80 polymyun B, A, ot <ciymotyr
n Fumpics taken from the same mixure of rat perlioncal mast cell spelons. The coee
ummuhwmwmurmwmmmmarm-mwmm“ﬁ:
dtbemb‘unmmpmuupamlumphmnmphmmddtbﬂ‘w
dﬂmn(|+1m1+nmh-mommarmmmnupnuwmdmﬂﬂﬁ

sampde are glvon. —
Dilation of » Hiomia sl por o0t
e f | Compoma | Polyuyun B | Lectninese A |a-Chymctyros
f o A0y | Lsawge | 100w
il 018 pg/mt | —
I
Undilutod L 4w an | mw f_: g
141 a5 L3 T8 nn
1+2 57 % 55 € 1
1
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Table 2
Duration of histamine ruleaso from sampies of supsesions of rat peritonesl mast cells by

Histamine raloam 10 per cext of the histarmine released 10 30 minutes

Dunton of
jocabatlon wwl Polymyzin B | Lacithinas A
o minutes
0.2 ngfml 0.3 pg/ml 1.50 py/ml 100 p/m!
2 98 % 99 %
10 9 100 100 0

Table 3
1alubl ry effect of antirhet matic agents on the refemm of hatamine cavsed by cocipound

for threo deys with u dafly injection of ttm sgout and killed

50 minstes afley the last dom. Suspensions of mest cells dertred from the peritoneal

arvity of pro-treated us wail a3 of mntreated rats (coatrol groap) were Incubated with e

of the hivtamine-Uberating substances. The sobetancrs ars ghen in the tablo a3 pg per ml

of sypemlon. The inhubitery effect 13 expressed In per cent of the histartne reeass bn the
control growp.

I hubvtory effect f antirbeumalc gonts in 4, oo histamioe release
In coatro! group afters
Pre-treatmcnt

for 3 days wita c":P,‘:“" Poliymyzin B | Lecithmase A | o-Chiymotrypain
aticbemane | o HE | a0 ugml 1.50 py/m) 100 ug/ml
agrats
Hydrocortwons "
100 mg/kg 3 ° 0 o
Pwnylbotarone \
200 my/ky 0 0 13% 26 ) 0
Sodiom  mothio-
pelphate 8 mglkg| 8 19 | 1 , moywy 1 m)
i
) p<on

) p< 001 by t-test

Sodrum aurothosulphate significantly inhibited the histamine release
cansed by a-chymotrypsin and lecitht A. Thus inubtil d to
70/(P<0.01mﬂwt-mt)nndﬁ%(ﬁ.01<l’<0.05)ru'pccuvdy
Thehhmnhwﬂbenﬂoncnm:dbycumpmmd“@mdpo{ymyﬂnB
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was not signrficantly influsnced by pre-treatment with sodium aurothis-
sulphate.

Pre-treatment with phenylbutazone showed an wnhitton of 20%
(G0l <« P < 005) of the histamine releaso elicited by lecithinase A, whike
the releate cased by the other h ine Hberators Ined mmaffeced

None of the antirhrumatc agents wsed altered the total content of
histamine in the PMS, samples from test as well as from control ray
showmg & content of about 1 pg histamine base per ml of smple (L, 1o
sgnificant difference In the content P > 005)

Disconsion

It is well-known that the sensitivity of mast cells to a given histammne
liberator vanes within wide Limits from species to species, even when mast
cells from the same site are studied. Even wathin the samo gpecies b
varfations m Justamine liberation from the pemtoneal mast ccls haw
been reported by various investigators using different techniques.

By using & suspension of colls from the peritoneal cavity of the it
immddmhwdmmaeﬂs,th:mtamhorinthhmdyebumdl
relsase of histamine by compound 48/80 which corresponds to the findings
of BRAY & ARsDEL (1961) Thous, compound 48/60 1n & concentration of
01 pg/ml cell suspension, wmduced Liberation of about half the totl
histamine content of the semple and fn higher concentrations the este
content was refeased

UvnAs & THoN (1959) whodrdnotuscnpmtonmlwﬂ%
but peritoneal mast cells isolated by differential centrifugation [ o
that 10 some cases the histamine liberation by compound 48/50 waé
Iess than that found in the present study Presumsbly this fs a questod
ufmummmwof&mutmmmmhhkmmimm
However the altered scusitrvity cannot be camed by dmmﬂalln
ionicoompw:on.t:mpcmme,orpﬂ.umuefmnmm po
UvnEs & Tron's study and 1n the present one Itlxpom'blclhl!f’ﬂ*fw
mm-n1'\msuu1t1:rm.xto:v]];fon:cth.mr\»'uydc,kulntot_l:elcm’ca’prhﬂ-‘i;-mhe
it 15 more likely that the sensitrity of the mast cells alters whilst It °2
lower phase. This Is indicated by the fact that Uvnis & TRON was
:onummmmmumoruwmtmmwcdhbywdm:m
quantity of scrum or albumin to the lower phase (Uvaks & Tin® by
& 1961) They could pot, however obtain a 100 / release of at
compound 48/80 as was found m the present study mew{lbﬂr
the cells did not after all attain thewr compiets biological actvlty T2
fore, mn experiments of this nature, it seems better to use
mast cells.
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In the present study the histamine refease was investigated not only for
compound 48/80 but also for polymyxm B lecithinase A, and a-hymo-
txyph@mpound@/@mfamﬂmuulﬁnpumnhkmmm
[iberating actvity the actrvity of the other substances decreasing in the
order grven. This o m keeping with the findings of UvnAs & ANTONSSON
(1563)

With all the substances stodied the histamine release proved to be &
rapid process, sinco almost the entiro liberated hsstamine content was
relessed within 2 minutes, This i in eccordance with studies on com-
pound 48/80 (UvAs & Taow 1561).

As reparted by Bray & AwDEL (1961) the propartion of libersted
histamine was found to be independent of the number of mast cells 1n the
cell nxpension (tabls 1) The varlations in the mast cell count from cell
nuspension to cell suspension, i3 thus, of no significance for the histamine

Uvnis and his agsociatos assume that the same enryme processes arc

ponsible for the histamino relsase clicated by different histamine
liberators, and that these enzyme processes are alto eliated in an antigen
antibody reaction. These views are based indiroctly on the fact that the
histamune releste caused by the vanons histamine Hberators and by the
antigen-antibody resction are influenced in the sams way by factars such
as temperature, pH, 10nic content, and eazyms inhibitars (UvnAs 1962
Uwnks 1963 UvNAs & ANTOMISON 1963)

It s remurkable that the histamine release by a-chymotrypsin is m-
hibited if the rats are pre treated with sodrum aurothiosulphate, and that
the histamine release caused by lecithinase A is inhibited by pre-treatment
with sodium aurothjosulphate or with phenyl butazone (table 3). The only
rensonable explanation Is that sodrum aurothtosalphate is able to block
the enzymatic procesies involved in the hutamme release camsed by
lecithinase A or achymotrypsin, end that phenylbutazone i able to
inhibit those enxymatic processes which are fnvolved in histamine rejease
caused by lecithinase A.

Since the histamune release caused by the 4 histamme liberatars studied
1n equipotent concentrations is influsnced in different ways by pre-treat
ment with the same antithenmatic agents, vz sodium aurothucsulphate
or pheny , it may be {oded, that the vanous histamine
liberators cannot have clicited the same cuozymatse processes,

The finding that hydrocortisone, for example does not influsnce the
histamine Lberation cansed by the hotamme liberators investigated
(table 3) while hydrocortisone in the same dose gives 2 mgnificant
inhibiuon of the histamine release in an antigen-antibody reaction (NORN
1965), can be explained as follows Either the enzyme processes eliclied




28§ SVEND NORN

1n an antigen-antibody reaction are different from thoss eliclted by the -
stamine liberators, or hydrocortisone doos not influence the enzymatio pro-
cesses durmg the antigan-antibody reaction, but at an earler stage, e
during the antibody production or during the antigen-antibody bmding. S-
milar conclusions may be drawn for phenylbutazone and sodfum aurothio-
sulphats with regard to soms of the h liberators investigated
(cf table 3) On the other hand, no positive conchimons can be drewn 2
to whether the hustamine release caused by lecithinase A has one or more
enrymatic inks m common with the antigen-antibody reaction, on which
phenylbutazone and sodtum surothiosulphate may act, and whether the
histamme releate caused by a-chymotryptin has an enzymatc fink @
common with the aatigen antibody reaction on which only sodhum anro-
thiosulphate has an inhibitory effect. The fact 13 that the above named
antrhstmatic agents may easily be assumed, to inhibit different enzyme
processes 1n the different forma of histamme release or to mhibit th
anugen~antibody reaction itself

On the bass of the available data, we can only conecluds that if hydro-
cortisone inhibits the histamine relesse n the antigen-antibody rescton
by an inhibitory effect on the enzyme protcesses ehicated in the mast ol
m this reaction, thesc enzyme processes nust duffer from those ehxted by
the histamine liberators Similar views may be advanced with regard to
the effect of the other antirhoumatic agents on the action of some of the
histamine Hberators mvestigated.

Sommary

The release of histamune m a suspension of non-jsolated perttonetl
wmast calls from the rat was studied, following meubation 41 e wib
compound 48/80, polymyxin B lecithinase A ar a-chymotrypsin. Th
dote-response curves were approxmately rectilinear Compound ‘sﬂ
was found to exert the most potent Histamine-liberating effect
a-chymotrypsin the weakest effect. With compound 48/80 the enur
content of ustamine conld be liberated. V«'lthnllhmnm.ln:llbﬂllﬂ“'-:
release oflmumm.emrruiw:thanmlnutd,nndwdePCﬂdm‘m
the number of mast cells in the cell suspennion. The wvestigations .
mmmdﬂ@hﬂhmﬂmtmebmlagjmluhﬁtyofmmﬂﬁﬁd
apparently better preserved in a suspension of non-isolated perit
mast cells than in solated mast cells.

Studees on the imhrbition of the hustamuns liberatron after pre-treagment
of the rats with vanous entirheumatic agents indlcate that the vano™
hhmmnclfbcrntonrﬂcamhummincbye]jdtingvnﬂomcnzymﬂw
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cesses 1n the mast cell It Is still not known whether any of the histamine
Hberators do in fact release histamine by eliciting the same enzymatic
mechanhm as m the anngen-amtibody reaction.
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From the D of Pta Unlrersdty of Copentiage
(Profesoc Knod O Moller M D.)

Studies on the Subcntancons Absorption tn Mice
II Influence of Tonlcity on the Dynamics
of Subcutancous Absorption
By
E. Socher-Haosen, H, Langgird and J Scon
(Racetved October 4 1966)

Recently Secumm HANSEN LaNGGARD & Scrou (1967) described 2
method by which 1t was possible to study the disappearance rate of watet
and sofutes from 2 subcutancous “depot” In mico and at the sams G2
to measure the decreass of the volume injected.

The influence of different osmotic concentrations on the absorpo®
rate of water and solutes injected subcutaneomly was studied by the ¥
of this method.

Method

ATbin, ke mics of the Leo Strtt straln, 4-6 moeks oid were mxed and  ero paltsied
on  standard laboratory diot and with free scorm t water

Yomo of e Bave previoasly boen described s detall (FORT
Harros, Lavaakao & Scriou 1967a). While the animals were under Spit Miode

®) two o ummmnbﬁmlhvd'p‘h"‘ﬁ’b
the beck. A standard volome of B0 ul mol(bnrlluviulqmnowdnﬂv"J
Jected subcutaneously withun the right-ude srex smguouuxmu.uw“;
or distilied water lﬂconuln.tu;up;rmumndy!pclH;O(NnEughnledﬂ’
Boston) ot 14C-sucrone (Tho Redlo Chemical Center Amersham) per dosc. 12
soxies of the bove sotutlom Ined 40 Lo, of bswoskis
(penotrase Leo @) per dove.

In each sarmal the rematni ,p.nornhmxmmm}cw(wcdumﬂﬂﬁrs:
wﬁ;hihhcenth-m}m:dmmm%dpmd-ﬁn)mdmnmlhﬂnmﬂ
Mymmm}mdumwlmvﬂmumﬂlmtw
3 and 15 minwtes after the mpections.
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Resuits

Figumlthth:pu’mnmalmdmdonoflmbammouﬂyinjeacd
yolume of 80 ul of 6, 10 and 14 / solutions of sucrose cither without or
with 40 units of hyaturonidase per dose. In the comrse of the first 1Smunutes
after the injections, the depot of & 10/ sucrose solution decreased
mghﬂywhnwthndq)oloflll/minmwdﬂg;ulﬂmnﬂy
Experiments with 6 and 10 / suctose solutions shawed sdentical results,
Initally a more rapid decrease of the votume of 6 / sucrose than of 10 /
sucross (p < 001) was scen when hyaluronidase was added to the
solutions mjected. An increase In welght of the injected proces of skin was

1o
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mimites
Fig. 1t Ordloate Resbdual volume of 80yl of €, 10 of 143 sucrose i waser with or without
4 1a of kyalorosddase per dose, S and 15 minotes { bectma) sfier subcatansows

residual volemes ary determined se the differencs ba weight brtween the tnjected and the
woinjectsd sides, aad are cxpressad in per cent of the 80 pl fnjected. The standard erron of
mmmuwwmemdwmmmh&m
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Yolume Residu) 4

minuws

Flg. 2. Ordinate Residual yolume of 80 ul of 0.9 or 129 NaCl kn water with o withos!
40 untts of hywluroaldese per dose, S and 15 minotes (abectsa) after sgbowtancons hje
tiona Into the right { two symmetrical arcas (3.5 covl) of drpllated kin of tho back of sk
The resddual volumes are determned as the differsneo fn walght betwern the knjocied s
the nnlnjected shies, and aro axpressed in per cont of the $0 il fxjected The sanderd aron
of the means arn indicated by vertlcal Hoe, Number of experiments are gives {n bractrie

observed for all the solutlons from 5 to 15 mimutes after the Ingcbom.
For the solution contaming 6 / sucrose with hyaluronidass, thh rise was
statistically significant (p < 0 01)

Figure 2 shows the percentual redoction of standard volumes of 12
and 0.9 / NaQl solutions. Comparing fig. 1 and fig. 2 it is teen that b
vohune of physiologieal aaline decreases at a greater rate than 2 volume of
“1s00smotic” sucrose solution (Le. 10,{) Further fig. 2 shows that ther®
B 10 tgnificant difference between the decrease 1n volume of & 1+
NaCland & 09 / NaCl solution. When hyaturonidase is added, & sigrif
scantly lower rate of decrease appeas for the former solution (p < 00!
1t 18 finally seen (fig. 2) that a volume of 1.2 / NaCl containing h;
dnse, decreased at o lower rate than & corresponding volmne of 124
NaCl but without hyalnronidase. These volumes decreased durmg ¢
observation period from 5 to 15 mimutes after subcatancows injections

Figure 3 shows the rendual volumes 5 and 15 mmutes after subcatizeo®?
injections of 80 I of dutilled water with or without h: p
Companng fig. 1 and 3 it 15 seen that a volume of water decyeases
approximately the same rate as volumes of 6 / sucrose and 10,/ $0T05%
Addition of hyaluronidase increases the disappearance rate i
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Fig 1. Orchnsts Residwal volume f 00 pl of destilied water with or without 40 unhts of
ysturonidam per doss, 5 and |3 mdnites (abecises) after mbegtansom Infections [ to the
right of two symmctrica) ereas (3.5 cm?) of depilated skdn of the beck of mics. The resldoal
volumes are detrrmined &s the diffirence | weight betwsn the Injected and the wxinjectsd
skdea and AT sepresecd tn pet cont of the 30 ol fujoctsd The etandard errors of the moans v
lndicuted by vertical Boes. Nember of experfmunts are grven fn benckets

undthem!dnnlvu}umcormpondstodrrmdmlvulmo{xs/
smcrose ining hyaluron:d:
Inmb}elthnmddualleo-&ndl‘Cnmndimmﬁtyhlhm@n
per cent of the total Inpected dose) 5 and 15 minutes after
mnda:dmlumaofd!nﬂkdnm@/}{:ﬂ,ﬁ,lﬁorh/lm
solutions. In table 2 corresponding data are presented for the same
solubons with the addition of hyaturonidase. In all cases the dusppear
anco mate for the water molecules was significantly faster than for tho
sucrose molecules. If the solutions did not contain hyaluronidase, the
duappearance rate of labelled water and sucrose molecules was faster in
the noosmotic sodium chlords sotution than in the other solutions. After
dditon of hyaturonid the d rates of 3HzO and of 14C
mmchu:nudlnnnthcmluunm,(aceptmthnphydolcgiculwdmm
chioride) so that the disappearance rates were equal to the rate of dis-
appearance in physlological sodium chloride solution

Discireston

There are few quantitative determinations on the absorption of hyper
and hypo-camotic soluti from the sub thsue, Based on
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Table 1

Rewiual due to 3H0 or 14C-sucrom, $ #nd 13 miooes afwr taboxtsmemn
infections of $0 pl of 09/ NaCl, 4, 10 14¥ wucrose or diillled water Loto the right of
2 symmetrical areas (3.3 cm?) of depilated tkin on the back of mics. The reldml ndie-
activity was dned &y tho fn the total radicactivities betwena the Injectsd
and the uninjected sider, and cxpressed in perernt of the total Injecd doss, Wermre 0
(he radioactivity of an exchsed skin sample, injectsd with the standard dows and comcisd
for backgroand counting. Flgurm In breckets indicate nomber of experiarots

a9/ Nal 2424 | 33z060
16) an

6 4 socTON 31+23 43103
an [¢5)]

10 4 sucross 39222 A1:£043
an an

14% sucrose 31432 563121

® ® an o
Dutillod water Na1 512132

® @ ’

)]
:twdluonthcnbsorpﬂonﬁomth.eplcmnudth:?f-“wmh
generally belicved that non isooamotlc solutions injected subutane=l
are primarily made blood Botonic by water movements betweed -
dwotmmnnmmdmmmdcmiwmh"w
the tame manner as a primarily sotons solution (PUTHAM 1923 D”m;‘
SKL, WONKLER & ELEINTON 1947 WIRS ef af 1950 Awoor ef ol 1952+
is, however qudmmhlewhnthummWﬂwmmmsomblybn
between absorption from cavities, and from the subcutrneo= thssue

indicate that absorption from subcutaneous tssue follows quite
prhmpluwhxdlmtodepmdnﬂmpeﬂlcsonhe}ooﬁ
tissus ground substance

Only for tho hypertonic sucrose solution will the conditions correspond
1o the pleural absorption The sucrose sofution injected $u s
will draw water fram the surroundings (g 1) uwuldbcc‘P“"dOn
ﬁnbaﬁuhntosmoﬂcdiﬁcmmlnprmmhmwbedlﬂﬂn"‘wm A,
the other hand, a volume of hypotonic sucros® sototion Mm W""
at exactly the same rate 2s an wotone sohution (fig- 1) ahthough
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Table 2

Reddml diosctivity dos to JH;O or 4C-sncroes, 3§ und 13 miontes after snbcutencons
deddMXthﬁ,lﬂ.Uxmuwmmwuﬂf
Mpdmhwmmdzmmasaﬁ)dwmm
the back of mics, The residusl in the wial
Mmmwmmmmmwmmmm
|hetuﬂlh}cdnddu:.mm‘duthndh.:dﬁtyofundudlﬂl-npb.lnhﬂid
with the gtandard doss xnd corrected for background counting. Flgures b brsckety indicate

wumber of axperbmerds.
JHO 4Cgoucross.
5 min, 13 min. 5 min. 35 min
m:tum.(n—ni moant mean a0k
9% NoCl " axa 191036 w0116 1416
ae a9 (10) ®
6 4 scrORT D26 24.£036 43427 15412
19 an 10 ™
10 sucrom 2617 A2+037 50+24 16+1.3
an a9 a4 i)
14 sacroms 1+14 2.610.40 45422 4116
L@ L4 ®
tilled waker 244:24 124074
® @

marked absorption of the surplus water would have been expected Even
a volume of pure water will disappear at the same rate s a corresponding
volume of 2 10/ sucrose solution (fig. 3). Considering the waterbinding
properties of the connective tissus ground substance (Hvieero 1962),
itwcnnl[hdythmthorm-plmwmmulmlamthehypotonjcwlmlun
cn teoparadly be 1y frw d. This expl 100 {3 substan-
tated by the fact that the difference in absorption mto expected, but not
sctually observed, between the hypotonsc and the isotonic mcrose solu-
tson appears after the addition of hyal dase to the solutions (fg. 1).
1n this way the hyaluronic acid bs depolymerized, and the water binding
capacity destroyed Jocally

With regard to the hypertonle sucrose sohution, the osmotic surplus
¥ due 1o sucrose molecules, for which the gronnd substance has no
binding capacity Hence water i drawn in from the surroundings. This
state of affairs b not effected by addition of hyaturonidase. The ground
substance may however also excrcise an “camostatic™ action towards
hypertonuc sohstions, as is app when a Iy 1nfected depot
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of 1.2, NaCl i water does not disappear at & uignificantly lower rate
than 0.9 / NaCl in water Here it must be assumed that part of the
surplus sodiom 10ma will be “bound” to the anionic polyelectrolytes of
the tissue (LANGGARD 1965) causing & reduction of the csmotic effect.
This explanation is supported by the fact that after addinon of hyslurons
dase to the two solutions mentoned a significant difference is found
between their rates of disappearance.

It was shown in a previous publication (SEcHER HANSEN, LANGGARD &
Scrou 19678) (and confirmed i this paper fig. 1 tables | and 2) that
water molecules 1njected sub usly are exchanged by water moke-
cules from the bloodplasma at a considerably higher mate than that
corresponding to the disappearance of the volume mjected. Practaly
all the water molecules origwally injected have been exchanged 15 e
after the subcutancous Inpection, even 1n the sofutions where the totl
volumme surplus still remauns at the injection site. In the paper menboosd
it was further shown that water molecules are exchanged at a hugher e
from 0.9 / NaCl than from 10/ sucross, and 1t was suggested that socrose
molocnles move more slowly than water malecules 1n the gronnd substance
of the connective tisyne. These results are confirmed m this woek (tables
1 and 2) Moreover it has now besn shown withun the [mits e
mmined, that the rates of disappearance of water and fucrose mokouks
from an injected sucrose solution are independent of the osmolarty of
the solutions {table 1)

When otmotic differences cause water movementy, the equilibration B
obtained mamly withun the first 5 munutes, This is n accordance with ¢
rapid exch of water molecules. This exchange, as far as the suctvs
containing solutions are concerned, takes place at a higher mte aft
additson of hyaturonidaso (table 2) This can be explamned by the
effect of the hyahrondase (f Scrou 1961) In view of this it b
prising that the addition of hyshironidass does not affect the disapp!
ance Tate of water molecules from the sodinm chlondo solutions (bl 2

In thus connection it is also remarkabls that the increased d
rate of water and sucrose molecnles obtained by addition ofhylhmﬂ-'d":
to the sucrose solutions never exceeds the disappearance rats from
sodium chlonde solution (tabls 1 and 2) The sodrum chloride oluto®
luthnnmlvuapparmﬂynmmuﬁmdmﬂutomnofhyﬂm%
Itlshkdythniummdingfacwrmlhzduwhndlﬂttdbyu‘
mjected (MEYER (947 MevER & RAPPORT 1952) The optimal
tron for the activation of the enzyme hyaluromdase by sodrm
11 Just sbout that used hero (MADIAVETTIA & Quincit 1941

Water movements caused by osmotic differences seem, & mfg;hm‘
abave, to occur within the fnltal § minutes, The explanation of
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increase of the residual volume observed for several of the solations fram
5 to 15 mimres after the subcutnneous injection should be sought clse-
where (fig. 1) Experments with mtravenously inpected 11 human serum

Ib have d rated the devel of an infl y ocdema
during this period. Quantitstive determinations of this aseptic Inflamma-
twon caused by the tranma of the injections are belng investigated (of
Secrer HANSEN LANGGARD & Scrou 1967b).

Suramary

Using & method proviously descnibed, the subcutancous absorption of
80 ! of aqueous solutions of 09 / or 1.2 / NaQl, 6, 10 ar 14 / sucrose
or distilled water contruning YH;0 or 14C+ucross moleculss, wathout or
with 40 Lu. of hyaluronidase per dose, was investigated,

It is shown that a surplus of water in hypotonic solutions can be
osmotically inactivated by the ground substance of the connective tissue,
which also exerts an “osmostatio” effect on electrolytes in a hyperionic
solution, but there Is no stmilar effect on non-clectrolytes, It Is further
demonstrated that the rute of deappesrance of water and sucrose mole
ctiles from an impected sucross solution are Independent of the tonmity
of the solution Finally ft scems probable that sodtum chloride soluitons
in themselves have an effect sumilar to hyaturonidase on the disappearance
rate of water and sucrose molecules.
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From the Department of Pharmucology Unnenlty of Copenbagen
(profcmor Krud O Mofker M D)

Studies on the Subcutaneons Absorption in Mice
I Aseptic Inflammation following Subcutaneous Infections™
By

E- Secher Hazsen, H. Lasggird and J Schon
(Recormd October 14, 1966)

Investigations on tho mgnificance of the comnective tissne ground
substance 1n subcutancouns absorption (SECHER HANGEN LaNGGARD &
ScHou 19672 & b) have made it desirable to determine quantitatively the
1nflammatory reaction caused by the injection tranma. The significance
of the injected volume and the tomaty of the injected solutions have thus
been determined, Furthermore the effect on the oedema formation of
addition of hyalurondase to the solutions has been investigated. The
extent of the inflammatory reaction has boen measurod by the Jocal up-
take of cireulating 13!-human serum albumin

Methods

Whrte male mics (Leo, Strrt), 46 weeks old were used. Half the number of animats
were njected with 1 pg ko 0.1 ml arachle oll,
6 and 4 duys before the experiments. [n this gtrarn of mice oestradiod Increases the amonnt
of grousd substapce and tie degree of polymedration of the hywtoronic acd,

Fully i of 5% 9 1 b serwms elbwonia comtalnl g sbout 1.3 pe way injected tugo  tadl
vem After  dlumibution penod of 5 minotes, 80 p] of one of the follow g squeous sofu-
bomy waa Injocied subeutaneotily 0N one ude of the depilated wkin of the beck 0.9% N CL,
(0% or (4% socroes 21 well &3 dritied water [n perala] groops the same solutiont were

40 L. of bysk per dow @) 13 mimstes later the
walmals were stunned by a biow o the meck, biood was withdmwa from the right sade of
1 neck, #Dd the mics KIMd by decapriation and bicsding. Two symmetrical areas, 5.3 cm?
ere marked on the skin of the back, ome of the #remy comtalaing the Injeetkon rowe. The
cats nd the pbcntancous thane Wi ewchied acrording (o the meethod of Srcian-HAMm,

) A preliminary report of this krvertipation was gives ut the X11 Scandi lan Congress
of Phynotogy Turke, Fiotand, 1964,

E
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I..utuaxm&Sutou(lm-).mpbcuuhﬂnvmhﬁmlymdlnSmluflﬂ-loﬂud

the total b Wt ina (Isotope D L)
!lnﬂhﬂymnndlmmﬂty £ 50 ul of plasroa from the same anlmal wes determained. T
radiocactivity of each plece of akin was in oqubvuk of the irity of |

plazma from tho same anlmal. The diffronce In radloactivity axpremed in this way betwee
the injectnd and the non-njacted plocs of akm thos indicates the slrs of the bfammetary
oodema in mg “plasma  (axraming that the composition of the coderna fiuld ot the tiwe of
observarion comerponds to that of the plasma (cf. Hvarra, Laroclrn, kowo &
SrroRNy 1964),

In other experiments different volumes wers Infocted O pl (Lo introduction of O
hypodermic nesdlo along) 10, 40 or 80 ul [ 0.9 NaCl, and the difforcnrs botwsca the
radlosctivity of the Injectod and the non-Injected pieces 1 akin wis detormined o3 dacribed
bove.

Five minotes, 15 minutes and 23 hours after Injection of 80 il of 09 % NaCl, 12 NaCl,
6%, 10 4 07 14 £ tocTose  the nght alde, tho differonce betwren tho totel Airumw
mutdthmptmo(:ﬂnmdcmmhed(d.mﬂmumlmlht
I 1967, In the same manner the difference in the total content of srefenin wat doct
mined after injoctions of 0.9 % N C1 and 10™ sucrows {cf Jareow 1367%

Results
The accumulation of arculating 1311 human serum albumin inilljﬁwd
and non-injected pieces of akin, 15 after tho sut

tions Is shown in table 1 I_uallm.suamiﬁcﬂmamuhﬂouwufwnd
on the kde injected. Expressed in equivalonts of 1 pl (= 1 mg) of phsn,
the inflammatory oedema flud vaned from 6 to 14 mg (table 2). It appears

Table 1
Accrmulation of clrenlating ul-hnmnmmmmtnuwpmd'”“gs’:
qudnmulmpmm.,UmmmmnwmummW
of different solutions. The of sym
ﬁmmﬂmmmnmm*mnd‘rdmwafmmﬂ-
| Unin
09% | 104 1% | o | et
NaCl | Bucros | Bocrosm 2adcr

Without ‘ lﬂtll. 17223 | 17211 2013 o
Umtreated Hyaiuronidasa -9 n=9 n=7 n=T e

With | 17221 | 0129 | 18317 DO R

Hyaloronudase | n =8 -9 |n=T a=é

Wabowt 14-08 | 1721 2123 st
Osumachol | Hyahroaudase 1) =1 n=34 .=y
treated | Wih 17223 17212

Hyaluromdas: -t n=1% .
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Table 2
Local optals of circulating D [-bwmew serum albomin 13 misutes after sobcutanootn
mjection f varions soluthors, expromed fn eqmvakents of 1 pt planma. Slnce « dynamic
mnmmimhmmmwmmm.mmmnmnmnmdm
of obyervation the figures represents the amount of oedemsa flndd in pl

\ o9y i 10% ‘ 4% 0

NQa
‘Witheut ’ 10 10 13

Usntreatsd Hyaluronidaee
With 10 1 1n 14

from tables 1 and 2 that there 18 no mgnificant difference between the stro
of the ocdemn after injection of 09 / NaCl, 10/ sucrose, 14 / socrose
or water Noris there any significant difference in the extent of the oedema
in normal animals and in animals pretreated with oestradiol. Stmilarly
the addifon of hyaluronidass 1o the sotutlons injected does not signif
scantly alter the stre of the oedama.

Fig. 1 shows graphically that by mcreating the volmme injected an
fncreated accumulation of radloactrvity is found.

Fig 2 shows that tho subcutaneous injections do not at any time during
the observed period produce eny measurable alterations of the total
histamne content of the inpected pleces of skin, even when the solutions
contained hyaluronidase. That the total content of serotonin in the thsus
i1 alto not altered, {s apparent from fig. 3

Discnsslon

It has been acknowledged for many years that e subcutaneous infection
represents o trauma of the tissze and therefore causes a local aseptic
mﬂammadun('Bh.kNY 1932). It has further been amsomed that the

y reaction infl the course of the absarption process

(FRANKT, BOATMAN, Gcmoz& Moses 1950). It has been maintained that
mjectron of solutions of d & CIRLTIAN
1950) and tonicity (Wem, Lesorer & ELMAN 1950) affect the absorption
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mg Dedwana

SN e e oo

2l

0 0 X0 0 D 0 W
1 injected
Fig. t Accrmulstion of circolatiog M0 human somm albamis 15 e s
mbemmubmwono(tmhypodmmaﬂyumahmdlﬁ.ﬁi
m,uorcwyN.qmwmmmurmmmumtucﬂww
depﬂzmmorm.mkummnnmmmmahmwumm
botween the total 1 oquiy of 1l plaam of the lofeced e0d
ﬂrun-lnjcandddn.mmndmmorufth-mnhﬂmbymda]lmn-l—w
f aabmah.

rato in different ways. This might possibly be duo to tho extent of e
OTy Teaction bemg different afier the injection of different
solutioms The present investigation confirms that subcutaneous bt
tons canse a local aseptic inflammation (tables 1 and 2), but reved
that the extent of the oedema formation is largely independent of U
composttion of the solutions infected with regard to physiologseal aod
non-physiological substances, as well as in their tonicity (tabke 2
The latter i stressed by BARANY (1932) as being essenual for the extert
of the inflammation. %
Ithmbeculhuwnmpmmxmdb(SmmHAm L.muu-lmr
SCBoul%u&b)thm!h.csmcnhhogmmdmhsuncnumw“
the subcutaneous absorption. Thus effect does not seem to be exerted
mmughdlﬁmmmm:mmtormnhﬂammnﬂmthﬂmm
dunbcinsﬂmlamcin(l)ncrmnlskln,ln(Z):kl.niuWh!ﬁh'-hﬁhY'jnm
acid of the ground substance is depolymerrzed by means of hyahuro
udm(nmmmqmuwormmmdmmmhww‘
and the hyalyromic acld polymenzed (Coorer & Scrapr 1957 H s
& JENSEN 1999 HVIDBERG, LaNaakRp & Szpowny 1963). Further
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of 80l ol 0.9 { NaCl or 10 mucrvse, The injection was given jato the right phecs of Lise
tn 0 symraetrxcal phoces of skin of (he back of Bring mice.
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investigntion does not confirm the ption that hyslurocidase, &
well as being a spreading factor in the connective tusoe, also inereass
the capillary permeability by a depolymerization of the ground substasce
m the capiliary wall (ELsTER, FREEMAN & DORFMAN 1949 hapey
IVANYT & MaJoros 1951 SzaBO & MAGYAR 1958)

The quantity of the volume imnjected subcutaneonsly however seems
important i determuining the degree of trauma, tho extent of the jnflam-
matory oedema produced mncreasing with mereaning volume (fig. 1). The
injection preasure presumablv also plays a rale (of BARkE 1943)

Brogenic amunes ke histamine and serotonin are likely to be relexsed
by the traume, and by means of a vasodilatation, to partiipate m the
production of otdema (PARRAT & WesT 1956 West 1957 SrecTom &
WILLOUGHBY 1957 ScHou 1961 WHS 1963 Nomn 1965 Zacramia
1965) A reduced content of histamine and eerotonin has been found =
oedematous tissue However comparative investigations between nommal
and oedematous trsues involve difficult calculatory problems (LAG-
GARD & SecHER HANSEN 1967) In this work it was possible fo compart
the total content of histamine and serotonin in a defined piece of dkm
which was the site of an mMammatory reaction, with the conteut 1 2
identical but non nflamed puece of skin, Expressed m thrs manoer 10
alteration could be demoustrated 1m the total content of histamise o
serotonun after subcutaneous ingections of the solutions studied, nor vhea
they contained hyaluromdase (g. 2 and 3)

Sammary

Subcutaneows njections represent a tissue trauma and will therefort
product & local aseptic inflammaton, The extent of this inflaramation 8
proportional to the volume injected. The extent of the mfiammation ¥
independent of the corpesition and the toiity of the solutions inectd
Ths siate of the ground substance was found to be without dypificanc
1n the oedema formation. Addinon of hyaturondase to the 80 o
snpected did not increase capillary permeability The inflammatory
tion caused by subcutaneous impections did not result in aay
decrease 1n the total content of histamine ar serotonin in the TFX-
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investigation does not confirm the ption that hyaluronidase, 1
well as being a spreading factor 1 the connectrve tissue, also mereases
the capiilary permeability by a depalymerization of the ground substance
in the capillary wall (BrsTer, FREEMAN & DoRRMAN 1949 Koy,
IvANY1 & MATOROS 1951 SZzABO & MAGYAR 1958)

The quantity of the volume injected subcutanconsly however teem
mmportant 1n determuining the degree of tranma, the extent of the mfam
matory oedema produced increasing with increasing volume (fig. 1) The
inpection pressure presumably also plays a role (cf BARks 1943).

Biogemic amines like histamine and serotonin are lkely to be refexsed
by the trauma, and by means of a vasodilatation, to particlpate m the
prodaction of oedema (PARRAT & WEST 1956 WEST 1957 Srecton &
WiLLougHby 1957 Scmou 1961 Wems 1963 NoaN 1965 Zacraue
1965) A reduced content of histamine and serotonin has been found @
oedematous tissue. However comparative investigations between nommal
and oedematous tissuts tnvolve difficult calculatory problems (LN
aArD & SecHER HanseN 1967) In this work it was possible to compe
the total content of histamune and serotonimn in a defined pece of
which wes the mte of an nflammatory reaction, with the content na
identical, but non wnflimed piece of skin Expressed in this manner o
alteration could be demonsirated 1n the total content of histamioe &
serotonin after subeutancous ingections of the sotutions studizd, nor b
they contaned hyaluronidase (fig. 2 and 3)

Semmary

Subcutaneous wyections represent a tusve trauma and will lhﬂd'“;
produce & local aseptic inflammation. The extent of this mflanmmatio
propartional to the volume injectsd. The extent of the inflammation ¥35
ndependent of the compontion and the tonicity of the solutions imected
The state of the ground substance was found to be without
in the ocdema formation. Addition of hyzluronidase to the sofutios
ingected did not 1ncrease capillary permeability The inflammatery rex
tion caused by subcutaneons injections did not result m any
decrease in the total content of histamine or serotomn in the tissoe.
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Exeretion of Noradremaline, Adrenaline and Vanilmandelic Ackd
in Patients with Cerebro-rascular Disorders
during Prenylamine Treatment
By
A. PekXarinen amd U K. Rimoe
(Ractirad Baptembaec 30, 1966)

tal studies have shown that prenylamine causes a decrease in
the amount of noredrenaline in the heart and bram (SCBONE & LINDNER
1960 & 1962 Juormo & VOGT 1965) as well as a release of adrenaline and
noradrenafine from the adrenal medullary gramules (SCBUNE & LinDnem
1962 CARLESON ef al 1963 EULER ef al 1964) from ths perfised adrenal
gland (Juomio & VooT 1965) prenylamine also causes a release of por
adrenaline from the spienic nerve granules (EULER ef al 1964) Small
concentrations of prenylamine also prevent the uptake of adrenaline and
noradrenaline and decrease their spontancous releass (CARLIIGN ef af
1963 EULER ef af 1963 GROBECKER ef al 1965 MACKENNA 1965
LUNDBORG 1966)

In patients with angina pectors the unnary excretion of total eate
cholamines, particularly that of adrenaline and vanitmandelic acid (VMA),
was increased in some patients during the first five days of premylamine
treatment (KUSCHXE et al 1964), while RAUEN & ArmerT (1964) observed
a significant decrease in the VMA excretion in 7 out of 10 healthy subjects
after prenylamine treatment for 14-16 days.

The purpose of the peesent study was to determino the effect of prenyl-
amine treatment on the unnary excretion of noradrenaline, adrenaline and
their main metabolite VMA 10 patents with cerebro-vascular disorders

during 1-3 and 11-13 dayx respectively from the beginning of the treat
ment.
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Material and Methods

Our material consisted of 29 patients (16 female and 13 ranke) of the Newrologiost Clak,
who all nffered from cerehrovarcular disorders, The mean age was 52 years. In neae of
the patfents were any functiona! diturbances beerved in the Bver or kldweyr.

In order to improve tho blood circulation of the braln the pathents were trested with

@-(3,3-Dlpbanylprepy 1-phenyipropans = sepontia &, Hoechs} 1 0mg
dally orally During 3 consecutive deys the patients 24-bour urine was colacted e
h acid 1 tately before the 2) during tho first three deys of

treatment «nd 3) on the 11th-135th d ys of trestment. The patients were horpitafized for
mean period of 7 days (range 1-38 days) befors prenylamine treatment end abo ducieg (e
13 duys of treatment. They recetved no other drugs during thia time. Intericrescs from
dietary in the VMA wis 00t observed by the method of (Faaw
o 1 1962) vaed for tho of VM A. Stress dtuations such us surpical opersdin
(Prxxaxnaw o L 1961 & 19652), renal (Prxxamivay & [maio 19650) sed crnic
(Prxxaxnan & Imalo 1965b) InsuMickency and treatment with monosmls oriiss
{nhibitors (PERXAKIMEN #f al. 19635) which fflgencs the wrinary ecretion of YWA, 8
Dot ocour in our pateots,

The nocedrenalme and adrenafine were determined fuodmetricaly by Prosre¥s
(1564) modification of v EULre s & FLuDOV 8 (1956) potasum ferricyankle method el
secording to Pricz & Paxc (1957) on the basis of the wavelength differentiation of sire-
afine and povedrenaline. Tho vanitmandelle dd (YMA, 3-metho’
acid) was determined by micromodifiction (Prxxarnan & Haxuire, aopebieed)
of the method of Prsawo 1 ol (19625,

Results

1) Excretion of total catecholamines

Before the prenylamine treatment the mean excretion of total catechok
amines was 68 4 4 57 pg/24 hours (Table 1) During the preasiam®
treatment no significant changes took place the excretion on the 3 fist
days of treatment was 66 0 + S 3 pg/24 hours and on the lxuvluhdals
58 8 4 4.8 pg/24 hours (differences, P > 005) The mean excretron of
total hol during three ive days also did not dlﬂ'd"g
much from each other Thus on the basis of the dajly vanation of
excretion no clear changes were observed 1 the individual patwents-

2) Excretion of norodrenaline 4
The mean excretion during the control period was 61.9 450 Nf”
hours (Table 1) During days 1-3 and 11-13 of treatment the excretion
umoﬂm:mmcmonthecontroldnygxc.swd:ioﬂwxﬁm
52.6 + 68 jg/24 hours respectively (differences, P > 008 -
noradrenaline excretion on three successive days did not d”"‘mumu_
mm}umrwu}dnnydcnrchnngabcobscnvdinthnmdmdm”’“
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3) Excretion of adrenaline

Before treatment the mean excretion of adrenaline was 6.5 + 1.3 xg/24
houts (Table 1) Durmg treatment no mgnificant changes took plsce
(774 1.5ug/24 hours and 6.2 - 1 0 pg/24 hours respectively differences,
P > 005 The mean adrenaline excretion durlng the three sucoessive
days did not doviate very nmuch. In the indrvidunl patients no clear increase
or decrease in the excretion was observed.

4) Excretion of VMA

The mean excretion of VMA during the control days was 4.5 - 19
mg/24 hours (Table 1) At the beginnmg of treatment the excrebon wis
42 4 018 mg[24 hours and on 11-13 days of treatment almost at the
same level, Le. 36 2 015 mg/24 hours, though thus decrease as com
pared with the control vatue was statistically significant (P < 0.05). The
mean VMA excretion durmg three successive days between individed
pauents are of the same order

Dhcusalon

Th:cﬁ'cctcfpr:nylnnun:onthcmctabohmofldrmahmmdrﬂ
admmhmuonlyparﬂyknown.lthmbeen:hnwnﬂmtitdoﬂnmw
dopa-decarboxylase but 1t certamly prevents the activity of S
oxidase 1 vitro althongh not clearly I vivo (SCHONE & Linprax 1960
1962 WonLRAB 1961) As prenylamme causes relcase of ca s
and inhibits their uptake (SCBONE & LINDNER 1962 CARLSSON et al
EULER ef o] 1964) ltujusﬂﬁnbkmluautthatpmyinmlmlnﬁ@?;
ndrcnahmandnmdrmalmemthemmnwnymm‘pim.dlhﬂw‘
effect is weaker (SCBONE & LINDNER 1962 EULER ef of 1964 JUoR0
Yoar 1965 LuNnpoRG 1966)

The results of the present study show that prenylamins 10 & daily 5
of 120 mg had no dmﬁcamcﬂ'cctonthcurmaryuacﬁ%ofnaﬂ“"“‘;
aline and adrenalme far two periods of treatment, Le. days 1-3 and
from the beginnmg of treatment, 1n 29 patients with Wol-(usulﬂ
dmdmmmtunctmummtmmﬂwowmd
et al (1964) 1n some patents with angna pectoris. In thac.‘l‘;h‘ﬂﬂmu“:”
excretion, especnally that of adrenaline was increased, from
bccn-smmcd,l}utthecemohhcndrmalmeduﬂ:wouldbcﬂ
semitive to the effect of prenylamme. However a statistically F;m-mmh
almoughnunﬂdmmdeMAcxcm}onoccumdonlﬁC
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days of treatment, s has siso been observed in healthy subjects (RAUIX
& AEseRT 1964) During reserpine treatment there is also a decreaso in
the VMA excretion mn the patents (RANDRUP er al 1963 ALLEGRANZA
e1 al 1965) Reserpine aho decreases the excretion of noradrenaline and
adrenaline into the urine (GADDUM ef af 1958 CarLssoN et @l 1959),
althongh 1t has been found that the adrenafine excretion increases n
patrents with toxemia of pregnancy dunng bed rest In hospatal (CASTREN
1963). Reserpine has a much more marked effect than prenylamine on the
content and release of adrenaline and noradrenaline m tissues,

Sommary

The unnary excretion of noradrenaline, adrenaline and vanftmandelc
acrd (VMA) was studied before and during days 1-3 and 11-13 of prenyl-
amne treatment, 120 mg daily in 29 patients with cerebro-vascular
disorders,

Before this treatment the mean excreton of total catecholamines was
68 5 + 5 7 ug/24 hours, that of noradrenaline 61.9 + 5 0 pg/24 hours, of
adrenaline 6.5 4 1.3 pg/24 bours and of YMA 4.5 4 0.19 mg/24 hours.
During prenylamine treatment there was no smignificant change in the
total excretion of noradrenaline or adrenalme. On the other hand the
excretion of YMA on days 11-13 of treatment (3 6 + 0 15 mg/24 hours)
d d shightly but signiicantly (P < 0.05) from the control value,
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Inhibition of 17p-Oestradlol Uptake in Momse Uterms
by Doisynolic and Allenole Acid Derfvatives An in Vitro
Differentiation between True Oestrogens and Pro-Oestrogens
By
Lars Tereains
(Received November 24 1966)

Betides the oettrogen which occurs naturally in the ammal kmgdom
many synthetic compounds with ocstrogendc activity arc known., The
synthetic oestrogens are often strocturally different from those oc-
curring natorally (f GRUNDY 1957) and is is questionable if all these
campounds act by the same mechanism. It is now well establuhed that
a naturl oestrogen, 17B-ocstradiol, accumulates in “target organs” such
as the uterms and vagina of rodents and is retained there (JooEN &
Jacomsan 1962 STONE ef al 1963 TEmmwmus 1965) The synthetic oestro-
gen meso-hexoestrol is taken up by the reproductive organs of sheep and
goats (GLASCOCK & HOEXSTRA 1959) mezo-Hexoestrol i also taken up by
the uterus and vagma of immatnre mice in much the same manner as
17p-oestradio] (TERENTUS 1966b).

In a previous investigation (TERENTUS 1966a) 1t was found that varfous
synthetic oestrogens blocked the uptake of 17B-oestradiol by the uterus
and vagina in immature mice to an extent which was roughly proportional
to their oestrogenic activities OF the investigated compounds, the allenox:
acid derivative, vallestril £ (methalienestril), however w‘uapouruptlke
Inhibitor in relation to its genkity It was consld bl that
vallestril had to bo metabolized in order to become active. Vallestril has
a methyl-cther group and as a first approach demethylation of vallestril
and of the structurally related oestrogen fenocychn ¢ (a dowsynolic sad
dermvative) was undertaken. The effects of these demethylated substances
and the parent compounds on the uptake of trittum-labelied 1 78-cestradsol
by the uterus and diaphragm wn immature mice was then investigated

T Ace plerescsiegien, set, X, fees, }
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The expetiments were largely carried out i viiro to diminish the possibilisy
of further chemical transformation. Structural specificity for the inhittion
of 17p-o¢stradiol uptake by the uterus can be demonsirated i vire
(cf Tereraus 1966¢)

Materials and Methods

17B-oestradiol (oestra-1,3,5(10)-trkeno-3 17B-dliol) Tabelied whh tritlars &t the 6 wed 7
potttiam was parchased f om New England Nuckar Corporation. Its ipecitc scthky #
140 pejig. On chromatography on silica gel thin layer plates In chirolormfacetic sl
(85 15) 1t had & radiochemical purity of at heast 983

Fenocyelln @ (oL 7-methyl-bisdohydrodoleynolic achd  DL-1-cthyh1,2,),Hurabyde
7 methoxy-2-methyl-2-phenanthrenocarbaxyfle acid) snd nDuuﬂ@(nﬂhﬁn‘i;'

htyD-2.2.

pt I{&methoxy-2-naph alc wcld) were prepue

and molisd at 225-278° (228-230°*) and 1411423 (132 ) respectively Thay »od
by bromic acld to ritonal methods, The fesocems

dedvative (DL 1-ethyl1,2,3 4 T-hydrovy-2 12 il

ucld) melted at 197-200° (204*%) and the valiestril derivative (Di-e.a-dlomiyHbetnt
wienole acid DL 3-(-bydroxy-2-naphtyD-2,.-dlmethylpentancic acid) at 173-176 (%
171 ). They wers bomogeneons in goveral thin laper chromatographic systes (oL teble I
Tha chemical structuces of the investipated comipounds are given b fig, 1 The formls
indlcate the genorlo bstwosn the ds. Encirched carbots s aryros
e o
1610 13 days old mice of the N M R.L straln woighing 9 t lltm"!ﬂ’-’:"‘\:_'eL
«xpertments they wero killed by  blow on the head und thedr et wnd dlapbregm
iately cut out. The uterus was drvided into two identical parts at tho carvix udthmﬂ:ﬂ’.‘
divided int saripe weighing bont 14 mg. A piece of thes wat thea takea from ek ol 04
animats and placed in each ncubatlon flask Le. two halfoter] and two stripe of i
wmxmmuummm;mmmwm%
prepared from roagent chemicain and rodinled water as descriped by Cont o
Bovine albumin (Cobn fractin V Slgm B prads) was sdded at a flnal conceatrados

OH cHy
He C“:mt” PR
Q&t °’“‘ )
HO RO RO

RH

FH RH Y H

T0-Oestraced F Me R CH, v MOR O
(Fenocyed n) (vallestra) .
Ay of 17 ot dervetivs of fenccycin © wnd vebecd
(= methaflencstel)

) Vatoet within brackets from Hoco & KoRMAN (1956}
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2% (w/v). Approfiats aliquots of akcoholic stock solmtions of the test compounds were
taken to dryness and redbmcieed tn the buffer The Incubation flexks were shakwa o o
Warbarg Pparatzs. In some experiments (tabls 2) the tisucs wero pro-incebated (o flasks

s the o po and then L to other flasky containing
radioective 17f-omtradiol Tho thwess v ere incabated In air and after Incubation the e
were geatly blotted between two fithar papers and weighed wot o2 w tonlon balance. Less
thm 3 £ of the medinm activity » e recoweed in the e The racioactivity sccumnlated
ia wrre by the uterus on incubation with 173-omstradiolVH bas besn thown to cansist
mataly fthe onchanged compound (mpabl). The / wee experimants wors curtind out &
proviomly described (Terequs 1963).

The ths0cs were sahubaloxd in scntiliction vials by 1 mt Hysmrine Aolome (1 Dins
shaling Incobator at 70° 3 ml of scintillation wolntion (0.5% PPO  0.03% dimethyl
POPOP o ALR. toluerw) was addad and the samples  ¢to messaered ln Tri-Carb fqwid
acintlllation spectrometer model 3324 Mot samplos wers mewsured with about 25 /
countlng effickcy and t kesst 10000 couts wre recorded. Known amounts af trithum
acti ty wer¥ then added, the samphes recounted and the activithes calcolated o dhdntegra.
trons per minutn and nnrt wet weight (DPM/my).

Resalts
Chromatographic behariowr of the oestrogens
The oestrogens t if d are chemically different, Chr \i

wns carried ont in order to charncterize thelr hydrophili-lipophilic
properties, The chromatographlc mobility of the carboxylic acids was

strongly pH-dependent whils the mobility of 17B-oestradiol wat not
(table 1).

Tizsue incubation with mixtures of labelled 17B-oestrodiol
and symthetic oestrogen

Varions emounts of the methyl-ethers fenocyelin @ (F-Me) and vallestril
@ (V Me) were incubated together wath 00015 pg tritium-labelied 17p-
oestradiol in 3 ml of medium and the uptale of mdioactivity by the uterus
and the dinphragm measured. Thare was no marked effect on the uptake
In tho doss rangs studied, except potsibly for a slight inhibition by 10 ;g
of FMe which was not sgnificant (fg. 2) On the other hand, the
duwhyMainnnloznnF-HdeHinhﬂitcdth:mcﬂmuptahu{
17p-ocstraczo! (fig. 3) The preferential uterine uptaks was doprossed
almost to the diaphragm level at & concentration of 10 pg per 3 ml of
medium. The diaphragm content remained constant over the whale dose
rnge.
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Table |
The ch of g rb ke ecids compared with that of
17B-osstradlo] About 25 g of cach compound was run on siflcs gl thin byer platey
(Meorck Kiselgel H). The solvent front was allowed to migrate bowt 11 coe. The plaey
wers cvatuated by charring with 3% KMnOy in concentrated H;3O4 The tabic o

Ry veloes.
Compound Sotvenit system
Chtoroform/ Bonrene/ Chiloraform{
Acetic acd (33 15 hanol (60 1) |D n
17p-Ocstradiol 0.5 w0 o8
E-H 0891 030 008
F Mo 067 a1 [Xel
VH 091 om 003
Y Me 065 ey 003
1
s
o1 1

MEOUM
3
™

OPM /g TISSUE
DPM/pl

11y 13

T ¥e ]
CONTR FENOCYCLM CONTR VALLESTRYL v
Fig 2. Effect of fenocyclm (F M) and vallestril (V M _.unnmcmi)or;thwu"
17P-oastradiol by the aterus and daphregm {  ime. There ws 0 0015 ¥g M"""‘w
H and the indicated amounts Hh-lmmmpond!h]nlmtﬁun.lnﬂw "
for 1 hour at 37 Tlstmes were taken from 4 nimals per groap Coscertration T
DPM/m;-ndmnMnn iu“_(wm
DM/l medbam
oth-mn)mmOpmMummmmluxmm.ndmm&M“""
the duphragm.

the ordinste are calculated
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OPM/mg TISSUE
DPMul MEDIUM
- 3

DUFHRADM {CONTROLY
[}

e A1 t 3 10 pe

F g 3. Effsct of tho detocthyhtted amalogwss of frnocyctin (F H) and vallestrd (V H) ot
the Tptaks of 17f-oestradiol by the gtervs and duaphragm e frrw There was 0.0013 g
1 Th-oowtrniod-YH and the fndrcated amounty  fnhibdtor per 3 m! modinm. Tlarws wers
taken from 4 mmaly per grovp. Mean vt of coocentrabon ratlos are given s.em are
Gepicted for the uters whilyt for the diaphragm they were £0.01 or ks,

Pre incubation experiments

It has been found that 17p-oestradiol and /meso-hexoestrol are retained
by the mouse uterus i vitro while the diaphragm rapsdly loscs its content
(unpubl) Ono might question whether compounds FH and V H are
also specifically retained by the uterzs. These compounds Iabelled with
tritium to 2 high specific activity were not available to the anthor but it
was passible, however to analyss the problem by Indirect means. Provided
thate.g. F H 1 retalned by the uterus, pre incubation with this compound
alone would be expected to inhibit the uptake of mdicactrvity when the
tussues wers subsequently incuhated with labelled 17p-oestradiol Model
experiments with 17p-oestradiol and meso-hexoestrol were carned out,
The results in table 2 show that F H, meso-hexoestrol and “cold” 17p-
oesirndol were about as effective a3 inhftdtors of the uptake of labelled
17p-oestradiol when used in the pre-incubation, as when wed In the
ordiary simultaneous incubation 1t Is therefors highly probable that
F H is abo retained by the uterus. This resnlt abo fndicates that the
inhibition of 17f-oestradiol uptake by F H is not due to Interactions in
the medium but to interactions actually within the uterine tissue,

In Vivo experiments
A good correlation between the uptake of hexoestrol fsomers by the
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Table 2

Effect of simultaneous sddition of ot pre-decubation with, 178-cestradiol, mes-exoesird
mmd?ﬂmmnmhvflmmﬁbuﬂbymmmw
The “simultancous™ method fnvolved incubathon In a mixture of the mos-radiacrs
compound und the radiouctivity for | hour at 37° Otherwive, the thmes vers pro-acohaied
with the non-redioactive compound for | bour st 37° followed by am Incwbetion Wit
17B-ocstradiol3H for 1 hour at 37 Tlssnes In the control gromp were onfy fncybeted with
radloactive 178-oestradlol for 1 honrat 37 Concentration rathos are mcan valoey £ Lem,
throes wero taken from 4 anlmals per group.

Conteot of rdloactivity
Uteras Diaphregm Uwrms
Compound, emonnt Trewtment — s
I Medinm ] Medium | Dlphrygm
'

Nooe controf 103206 204007 a2
1730 iol, 0.1 g 18201 164001 it
17TB-Ox 01 ug P bt 24204 150 [B]
#aezo-] ol, 0.3 pg 312003 2114006 13
oging Lalpgg  p 37201 2101 it
FH 3pg simaitaneous 4410 164001 )
FH i1pg pre<dncubation 5104 174007 30

uterus fn vivo and in ¥itro has already been demonstrated earher (TERETS
1966¢). The following expermments show that the free phenal F H whidh
inhibited the uterine uptake of 17p-oestradiol in ritro also inhibats
uptake /n vivo Compound F Mo was Inactive at the same concentrabos
(fig. 4)

Discreston

The accumnlation of oestrogens by target organs 1 most fikely &
important factor affecting their potency The suthor has dem:
elscwhere (TERENTUS 19663) a reasonable mnd-uonbawmthcmw;;’
of certaln oestrogens to inhibit 17p-oestradiol uptake i vive and

Thccﬁccttyormsymhn}comogemonthnpcdﬁomﬂmuﬁrx
of labelled 17B-oestradiol I vitro is summarired in tabls 3 Th‘m
between activity for uptaks inhibition and uterotrophic lbﬁ“lguw
similar for meso-hexoestrol and compounds F Hand VH OnH p
hand, fenocychn (F Me) and vallestril (V M) were nol lnlu‘hl:}m
doses which wero high in relation to their ocstrogenly fis
monprobabhﬂmtthe[att:rcompoundginordcrwm&:dmm
sites and produce their biological effects, have to be demethylal
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2000
1300 [ ]-
3
\ 1000
L x
L
1
500
3 é A L.}
I 0 2 4 TME (HOURS)
COMTR. FEROCYCLIN DEMETHTLATED FENOCTCLIN
Fig 4. Effect of tin (F-Me) and Its &

drytated anslogee (F H) on the uptake of
1Tf-oestradiod by tho utsrms snd daphregm b vive All ljoctions wers made Into the

received I addition 10 g lnhibitor dimotved n 10 propylens gtycol In sahine. The fnkibi-

1o wers Injected sirruitanecuxty or at yarioms times befors the redloactivity There wees

410 3 animuabs ln esch group, Rediowctivity s expresssd &3 DPM per mg wet tuson, Opeu.

cobmn rvpreent the xires aad crom-batched column the disphragt Vestiaal baos
denote Le.m,

corresponding free phenols, Using the terminalogy of EspeNs and
collabarators (¢.g. Faniens 1941) Fe Mo and V Me thus appear to bo
pro-oestrogeny. The same condlzmon can be drawn from findmgs by other
authors. CHEDD & Horeau (1951) working with tmmature rats, actually
found that V Mo was inactrvo 1n the Astwood 6 hour test (AsTwoop
1938) while the demsthylated amalogue V H was highly actve, However
V Me produced 2 slow Increase in uterine wet welght giving a maximum
st 48 hours after a single dose, and at that time the wet welght equalled
that indoced by smnllar treatment with VH Similacly it is shown in
table 3 that the methyl-ethers F Me and V Me are about equally utero-
mehknthnfmphcuthHa.ndVHifﬁmm!ﬁdﬂmumnwaﬁ,
Le. presumably cnough time to be demethylated (see also Miescazr 1948), ™
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Table 3

The reiatio  between the vlerotrophie sctivity and the uptake Inhibitory acthiy b ey
of soue otstrogens.  Uterotrophe dosa™ in col mn 1T were ghven datly for thrwe day.
For ia ritro exp tho focubatioa flasky Ined 0.001% pg J7P-cestradiol H d
varions qoentities of lntubitor fn 3 ml medimn. In colomn 121, doses of mhiblions pomg 1
70 4 Inhibiton of the specific ix Mo utering accomudatio  (tota] werine conceatranan of

y minus diaph dioactvity) ry gheen. The ratho X

of
Inhibitor amoant (coluom 11N
colotmn IV shouM be Intarpreted R = —

tp Utarotrophic dows (cotem [1)

1 | n | m 4
Uterotrophic dose | Inhibitory smoent
" (ghving 505 [ |fn vitro (giviag 70 4 x
Co m m reypon Nten of
uE uterfne aptake), k§ _
mere-Hesoestrol 0015 63 * 2
FH 0.10 17 ”
F Me a1 »10 } >
VH 007 50 7
V Mo } ols >10 | >
|

Inadentally ethenfication of the phenolic group of oestrogeni Sesold
results in a marked loss of biological actvity Various alkylthen of
oestrone have abont 1/50 of the activity of the parent compounds (Excott
GALLETTT & FALCONT 1962) on subcutaneous admialstration dady fo
3 days to immature mice. Fenocvelin (F-Me) and vallestrl (V Me) et
seem to bo de-alkylated in rfro faster than ethers of ocstrone. In 1
chrcken oviduct test far oestrogen, the situation is different. In low dosts,
F Me has been found to be equ potent with 17p-oestradiol-3-benzea®
butth:mnxhnmnmpomcmchedm&FMchmud\]MW
& DomruaN 1948) ﬁhﬁndmghubeenmnﬁmedh\uu.rhbm'm
Bﬂdllw‘ﬂsnlsofoundthalcumpoundFHgimamnmumm
response which approaches that of 17-oestradiol 3-benzoate It1s there
foro probable that in the chicken demethylation of F-Me is & o
hmiting step o500

The findings reported above, support the hypothesis of CLARK {1
GRUNDY (1957) and others that & molecular requirement for oum#;:
actlvity 15 pwo soparnte hydrophilic groups. The dbtance bctwﬂ:m
hydrophilic groups of F H and of 17p-oestradiol are also similat
measured on molecular models in thelr most extended aonfuhﬂmmwa
Compound V H s less rigid, but as 13 evident from the form
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can be ruperimposed on compound F-H. Furthermore, JENSEN & Jacos-
soN (1962) found that 17p-cestradial, but not the mono-hydroxy com
pound oostrone, Is taken up by the uterus of immaturs rat and STONE &
BAGaETT (1965) made a similar observation with regard to the vagina of
the ovariectomized mouse

The campounds F-H, F Me, V H and V Mo are snbstitutsd carboxylic
scids which m general have & pKa of sbout 5 This means that at physiol-
ogical pH most of the compound u jonized. The solubility and polanity
are therefare different from the phenolt gens as was d rated
by thin layer chromatography on silica gel (table 1). The silica pel is
faintly acad. In actd or neutral solvents, the carboxylio acds have mobilitics
not very different from [7f-cestradiol. However 1n the fatutly alkaline
system with diethylamine, whera 17B-oestradiol has unchanged mobility
the carboxylic aclds are jonzed and hardly move at all. Thos, the carbo-
xylic acds can be expected to behave differently from 17p-oestradiol with
regards to solubility e.g. in the lipsds of the cell membranes. This also
indicates that tho interaction betwzen the carboxylc acds and 17p-
oestradiol for uptake in the uterus mdeed jnvolves speafio sites.

Semumry
The oestrogenic acids vallestril @ (methallenestril) and fenocycin @

which are methyl-ethers did not inhiblt the uptake of 17p-oestradiol &t
¥itro by the immature mouse uterus. After domethylation however they
were strongly y Itis d that the fon of these
demethylated derivatives at the specific sites 13 responsible for the oestro-
genic effects of the parent compounds.
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Lack of Effect of Administration of Flooride on the Central
Nervoas System of Rats
By
LyyH ElRott
(Raceived Janmery 16, 1967)

Although the effects of fluoride on dental canes, bone formation, e~
zyme activity and gencral hoalth have been investigated extenmively [ittle
{nformation s avallable regarding its effect on the activity of the central
nervous system (CNS) Among the few studies in the hterature relevant
to the CNS are those on cholinesterase (ChF) inhibition (MATTHES 1930
WACHMANI0OHN 1939 Dyamo & Loe 1956), and on depresmsion of elecinenl
activity of the cerebral cortex of the “encephale ivol€” cat (Mosuzz
1938). In rats, sodrm fluorxde was repotted to potentiate the effects of
certain centrally acting agents including pentobarbitone and diphenyl-
hydantoin potsibly by inhibiting ChE (LU et al. 1961 Rics & Lu 1963)
Scm-nltuval!gamn (RUSSELL 1956 WATION 1959 LASAGNA & LaTiEs
1959 RUEFIN 1563) have suggested that toxic effects of drugs on the CNS
may show up earier 1n altered behavioural patterns than in more readily
observable physiological changes. Thus, subtle changes in behaviour such
as impaired memory or kaming ability might occur et lower dosage
levels than, for instance, changes In respiration and heart rats, gross
maotor dination or genera! depression of activity It was therefore

dered desirable to | tigate the effect of sodtum fluoride on maze

learning ability in rats, and to use pentobartatone skeeping tims as a
ve physiok 1

Methods

43 male booded rats were divided huto three equal groupe et the  ge of 42 deys Growp 1
was greea & steodard aborstory diet )}t which had been added 130 ppus of Na¥ (64 ppen
of F7), Group 2 recerved tho sumw dwt with 135 ppm of sdded N F (6.8 ppm of F) and
Growp 3 the coutrol groap, received the standerd diet without any added finoride. The
concentrations of N F added o the dicts wore the same &3 those repoctod by LU ot of

)Ml!mmmu(nwmmnmﬁwmuco,
Toroato, Oot.
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(1961). Tho concentration of flaoride In drinking water ws well bolow | ppa Food aed
watzr were available od fiitem, cxcept for somo wroks befors and durmyg the mare st
pariment, whon food was rathoned. The daily fntake of food was recorded aad the saimak
were weighed at weekly intsrvaly All the rats wers housed hn Individwal cagss and keptn
an nir condrtoned room matntuined at 72-78'F

Appronimately 4 months after tho boginning of Suorido trestment the r.is wors il
for differences in karning ability malng an elevated mmultiphe T-mam wich 3 poiss of
choico. Each arm of the mare, including the cnl-de-sac, was 13 wide and 167 kg, rd
thero were 4 square platforms at both the startiog and goal points. The whok mr vag
placed on stilts 24 above Boot lovel.

The food of & rats was rationsd daily two woeks befors the kearning teat bo redace body
welghtsto pproximatoty 80% of normal. This kevel of weight reduction ganeralty prodess
optimal motivation f r mmning & mazs for food roward, end afl s wers kept m 90% of
normal welght the mare karning cxp The reward meed in th experiaest
conaisted of wet mash at the goal

The animals recotved fivs days prefiminary tratnfog on a singlo unth of the T-azn @
adapt them 1o the cxperimental sitoation. Then exch rat was gives onn trisl por doy for
9 days in tho complots mars. The time taken to resch the goal from tho sturting pois
(tatonches) and the nnmber of wrong turm into blind alleys (errors) wore recorded for e
trnal. On arriving at the goal the rats were aliowsd 1o fosd for 10 wconds befors beisg
removod. If rat had not reached the goal kn 15 minates it wes immodiately returaed 08
bome cage umtl the following day All rats recoived their dally rathors of food n the boow
cuges after tho trish

On completio of the mars kearning experiment, 10 rats from each growp wers melv:
taned on thelr respective diets with e fibinow feding for  farther period of 3 mosd,
dm*ngwhhhdmcommlnd:ucomml;rwpdbdofruph-mﬂdmﬁm
wero rubmittsd to & pentobarbrtone ledoced (33 my/ky of pentobarblions sodm il
mtraperitonaally) steopingtime test, duri .wmmthmnkmbymnumwph*
nghting reflex was recorded.

Results

No ng]ﬁﬂmntdﬂmmfoundmth:nmnwvrglmoﬂhamw
in the thres groups nor in their mean food intakes t}u‘oughaul!beli
penment. Data on tho actual fluorkde intake were calentated fmmm
daily food consumption per rat and the results are listed in table [

Table I
Dauty fluorine intak  m mg per rat

Group 1 [ Groop
od i (68 ppr F) @1pp FI
d bb. feedt g Mean (¢ h bef } :
A t. Mcan for onc moatl ore.
rucnmg 137 opasy | an e
‘ |
Rathonsd fecding. Mean for 2 wecks befors ‘ 006 £ 000

wd 2 weeks during maze expenmsnt ) 06T x0n8
I

} Stamdard crror
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Table 2.

Mars Learnieg Experiment - Mediams aad ranges of latencles®)
and error sorm ) (15 rety/growp).

Trlal 1 Trlad § Trial 9 (Oral trial)
Group Latencles | Errors | Latencies lE‘.n—cn Lateacks | Errors
1 63 el 105 2 T °
(64 pom B9 015-900+) (12 16| (04300 (@9 QsBH O
2 900+ “ 143 3 9 1
(68 ppa P} (95-400+) (T 19)| (43-9004) (@-11) (41-412) ©-2)
3 165 14 130 2 4] [
(Costrol) @43-5004) (&-17)| (33900+) (0-D G765 (-1

) Tume in scconds.
*) Error scores of ruts which did sot complets the mass  any one trial wees computod
In proporthoa 1o the number of cholco poists pemed, o.g. 3 etrors and 10 chokes polats

Ix»®
F D)

- 13 errOTE

fluorine present in the basal diet wes dertved from bone meal and as such
s d to be largely ilable (MACHLE & LARGENT 1943 Jacx
sON et al 1950 TAYLOR & GARDNER 1959)

The results of the maze karning experiment (table 2) generally showed
higher median scores m Group 2 than in the other two groups, but the
spread of the scores was wide with complete overlap In each group Since
the distribution was markedly skewed, o non-parametric test was con-
sidered to be the mest suitable for statistreal analyss. The Mann Whitney
U-test (StEGeL. 1956) showed no significant differences in the rate of
learning (as indscated by error scores and latencles) at any stage of the
experiment between any of the groups.

Table 3 presents data for the skeeping-time test. Since the individual
vahres agam did not appear to be normally distributed, with thres of the
rats being unaffected by the p barbitons Infection and two sleeping for
longer than 3 hours, the Mann-Whitney U test was again used to deter
mine the extent of difference between tho groups. No ngnificant differenices
were found in the pentobarbitone sleeping times of the vanous groups.

Discrssion

Our observation that small amounts of NaF failed to influence maze
karning abdlity In mats suggests two possible explanatons 1) that the
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Table 3
Duratien of pentobarbitone-dnduced skeep (time n xiintey).
Group 1 (n = 10) Gmpz(n-lu‘)' Grop3( =9
@ 12 ' (]
40 3 L
“ 52 19
u 53 ©
b &) 103
L3 ki) 12
© a8 113
99 ” 14
ns 144 (1004)
140 180-+)
749 a1 553

Median = 80 I 71 1

chronio administration of ffuorids m low doses has no effect oa the kst
ning ability and memory of rats, or 2) that a maze kearning task s pot
sufficiently sensitrve to reveal the effects of small amounts of ffuande 08
the CNS

After completion of the present experiments, several reports of grdlat
studies, which had produced conflictmg results were fonnd in the e
ture. When sodrum fluoride was adminisiered to rats 1n the drinking walef
i:mpairmcnmfuondmmedruﬂcxucﬂﬁtywmfoundwithuhtﬂﬂﬂlwz
of fluonne (Aksvyux & Burychrv 1962) Similarly KNI'W"M
(1963) observed depreasion of the EEG with 15 ppm of fluorine, 03 b
other hand GAmWG{(l%Z)mpOﬂedﬂmtupm4ppm0fﬂumm i
water produced no sigmficant difference in performance on & com e
mazo and discnimmation Jearning task, A direct compasson betweet
present work and that of the above mentioned vestigators is meddﬂ&‘ﬂb‘!
beenuse of inndequate information on the behavioural methods
them, and on the levels of water intake by their mts. The maxsm
concentration of fluoride used by us was much hugher than those
by other invesuigators, even 1f one takes into account the lower P o
rate from food than from water (WoTHER & Proivs 1959). Ow
learning experiment, however was only performed after 4 months
chronlc fluonde adsumstration, whereas the tests of the other = vestigh
tors were performed after 6-9 months of fluoride Wﬂofgd some
Conditioned reflex methods arc considered by most Soviet
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Western toxicologists to be more sensitrve than other toxicologacal tests
(RUFFIN 1963) However GoLDRERG ef af (1964) have recently suggested
that the tests msed at present for measuring behavroural respomses are not
atways more sensittve than physiological methods. The ebservation of
KNizHNIKOV ef al. (1963) that the EEG was affected by fluorme, although
mmaze learning evidently is not, may thus jndicate the relative insenmtrvity
of the latter as a measure of behavioural toxicaty

The previously reported prolongation of pentobarbitonc-induced
slecping-time in fluonde treated animals (Lu ef ol 1961) was not con-
fired in the present study This may be duoe to the use of mak hooded
mis instead of femals albinos which were used in the experlment of Lu
et al (1961) It }s known that female rats are more senaitive than males to
barbiturates (Broots 196Z) and to fluorrde (MarcoviTen & STANLEY 1938
DyYBING & LOe 1956 RAMSEYER et o/ 1957 WUTHIER & PHILLIPS 1959),
and, although no information 18 available, there may also be a difference
in sensitvmity between the two strains Thus, in our axperience, a doso of
35 mpfkg ip of pentobarbitone was required to bring about the loss of
righting reflex in most of the animals, whereas 20-25 mg/kg ip was
sufficent in the experiment of LU e1 o (1961) Lower sensitivity to fluonde
in the hooded males may also account for the absence of effect on maze
learning.

Swminary

Three groups of 15 mak hooded rats each were given & control diet
alone or one supplentenied with 15 and 150 ppm of NaF Four months
later they were tested for speed of learning of a mutuple T mare. The
criteria used were running latencles and the number of errors. No signif
icant differsoces were found between the three groups. Three months
hmlﬁnufmmd-cxpaimmmlgmupundQﬁomthocuntmlsmup

toary barbitone-induced sleeping-time test. Fluoride
h:dnodtec\onslu:ph\gumc.
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From the Dep of Unsverty of Copeak
(Profesat Kand O Melor M D)

A Modification of the Rat Fundms Strip Method by Vane
for Assay of S-Hydroxytryptamine (Serotonin)
By
J Ass Jamsen
(Recwrved Jancary 2, 1967)

The content of S-hydroxytryptamine (5-HT) m blologrcal fluids and

tissue extracts is frequently determined spectrophotofluorometnically

GauLFIELD & UDeNFREND 1935) or photofluorometrically

after coupling with ninhydrin (VANABLE 1963). Thess methods aro very

sensitive and can be made fairly specafic by application of surtable artrae-
thon and purifioation processcs.

In cases where only few analyses are required, however it Is still more
convenrent to use a biological method smce the chemweal methods -
volve the development of extraction and scperation procedures. In
laborntories where a spectrophotofluorometer or a photoflucrometer b
not available, & blological method Is often preferred, tho sensitvity and
specificity of other chemical methods being exsentiaily lower Finally it
may be of value to use a luological method as a check on a physlochemical
method, particularly wath rogard to

It has therefore been considered of Interest to describe a moddication
of the biologieal methed of YANE (1957) by which it & posnible to ehimi-
nate the spontancows activity of the rat fundus strip thereby consderably

g the of the biologreal method

Methods

As bethaag solwton  moddicntion of the rat wiarus Ringer i esed (GAbous, PranT &
VooT 1949), (N (172 g, KC10.42 ¢, CaCly 0.06 g, NaHCO; 3.0 g, gflucoso LS gt 1 Litry
wath derneseralized H;O) This sohetion b seratod 2ith carbogm (4% CO7 + $6¥ O3) for
1 Wrwst hall 20 bour before sctilng wp of the preparation, to gh pH of 7 7L Throughout
mmmmhMMu‘llnmmmhmw
miydmhunjdno.lulhlprrﬁmmd-wnulunlhnelmbmpaﬂut.h
M At preremastepica, el 2. . )

~
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= bid

b= .
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)

Fig. 1 Diagram showing the organ beth und the perpet
fube which redmoes the volume of the bath to 5.5 ml. a) Bathing seloton.
b) Carbogen. <) Socthon at wash.

added I order to block the effbet of acetylcholloo and histamine respectively
bas, fn #&dition, & restrictive Infinence on the spoatancons setivity (cL. Vame 1957 T
vesel provided w8
this department). The seration will caoso circulation with dowwwand carrest
ocgan. The voheme of the bath 1 rednend to 3.5 ml by meam of  perspex tube (g, 1) 6
Scou fabed). To record the of the fundalatrip an nexgtooic peodect
Jover ta med (PATOX 1957) with & 16 fold magnificetion and 1.0 g Soad increes per 398
Mﬂcrmmmwmmmwwm¢mﬂ‘:
sufphate (Xgma Chem. Co.) m & ealntion of the compodtion MaCl 9.0 g, sscorti
10 mg, HQ1 100 ml 0.1 N to 1,00 ftre with domineralired HO Vi
Ahmdnluﬂp.nhum7cmlm;udl—lJnmee,bpnp‘nﬂnduaMUﬂn
(1957), etrotching of the strlp being srolded. Inmedmicly afier sErpension ia th0
beth. the strip b Ktretched siowly by sisedily Increasing foud (wrorm drive) (0 8 e
of 10 . The loud In the position of rest (the basellna) is about 0.8 § and docs wot
l.o,mcumnmv-m-mmod.mummh-wwtam@h:lh-mﬂd:
MﬂmmAmmmMmmmmmﬂw
10 seconde. In the remanmg period betwesn two contractions, wibings &%
#cry 30 seconge. At washing, the solution in the organ bath i exchasged bY
contact tine of 60 meondh b used with a cycho of 3 minutes-

Results
4-Point-assmy howa
With the procedure described at least 9 out of10l‘m'ndulSil'lli"“‘.5 ot
rectilinear log-dose/eflect-curve n the concentration range ?hlc
SHT base per ml The spontaneous activity Is negligible and
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Fig. 2 Kymograph trace of 8 4-polat-amay showing that the sportanscos
acthvity is pegligible end that tie restiwg length b almost constant,

kngth constant for 4-5 bours. The preperation is thus well sulted for
4-point-assays (fig. 2) On one preperation & 4-point-assay (6 groups) was
performed of two “test solutions” containing 30 and 50 ng 5-HT per ml,
after which the results were subjected to analysis of variance and the
contents calcnlated (tablo 1). The standard solution contained 40 ng 3-HT
base per ml The solutions were added to the organ bath in 50 and 100 pl
portions.

Table 1

The reulty of  4-point-asays on known “ustgolations  and
analysis of varksce of U results.

ng $-HT

Asixy i Found conteat
H % T T ‘ it ( in per cant of tres
1 2 4 JVC I} | 1, ed 109% ms
L I T 1044
Nutare of vartstion ! . e s
Betwocn dowrs <Q.00] <0.001
Between growps <0001 <008
Regrosion <0001 <0.001
Paraligtiara '

>0l >0.1
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5 HT content in moure skin

The following method was used for determmation of S-HT m mome
skin (cf. SEcAER HANSEN LANGGAARD & JANSEN 1967). A precs of tkm
(corrum -+ subcutaneons tissus) weighing about 250 mg was homogened
n 5 00 ml of the same sohition as used for making the siandard solutioes.
The homogenate was bofled for 20 minutes, cooled by standmg and
centrifuged at 1200 G for 30 minutes The supernatant was ksolated by
decanting and was applied directly to the fundal strip or after dilution. By
adding the 5-HT antagonist BOL 148 (2 bromo lysergic acid dethylamide)
to the bathmg sofution it was established that contractions caused by
this test solution were due to 5-HT aloue. In onder to examine whelher
substances are found in mouse skin (for instance catecholamines), whuch
would inhibit the effect of 5HT in the test solution, a quantity of SHT
correspouding to 50 / of the contents, was added to part of the sofutioa.
The recovery was 97 /, indicating that such an inhibltion did not oo
‘When 5-HT was added to a piece of tusue before hamogenization, corres-
onding to the tisyus s own content, 96 / was recovered, indicating Ut
no loss occurred duning the homogenization and bofting. [n normal miee,
a 5-HT content of | 35 ug per g skin was found (SD = 070, n = 16}

Summmary and Coandusion

A modification to Vane s method is deseribed for the assay of the SHT
1 biologseal flurds and tissue extracts. By this method, S-HT wm":
tions a3 low as 20 ng per ml are determmed with on accuracy wheh
normally greater than 90 /. For the assay about 900 ul of & sofutks

contmning 20 ng 5~HT per ml are required.

REFERENCES

Bowran, R.L P A G ulfkeld &8 L d Bp
mblo and ultraviolet. Scheacy 1955 112, 32-33

Gaddum, J H W S Peart & M Vopt Tttunm:lloacfld:mﬂnlmdlnndpw
n blood. J Phrsie! 1919 10%, 467481

Paton, W D M. A p- dulim utotonic laver J Physiel 1937 157 ISP .

Secher Hanten, E, H. Langgaard & J J osen Oodcmfomﬁoanrﬁﬂ'w"

o with and Shy ypumise srta pharront

o toxicel 1967 23 35— 66 or

V nabke, J W Nishydnn reaction giving mdﬁvvqunuuunumumm
Shydroxyiryptamne Amel Biockes. 1963, £ 193407

Vane,J R Auwdmmbod(mmumyd&hydmwuhtﬂl’“"
1937 13, H4-349

siric evmey Lo BV




Acta pharmacol et toxicol 1967 25 333-338

Department of Pharoscology University of Helamkd

Evaluation of the Antltussive Effect of Noseapine
and Codeine on Clirle Acld Cough In Guinea-Pigs
By
J E 1djopis-HelhkBL, K. Jaleacn snd A. Vartlabeen
{Recatred December 13 1966)

The antitussive effect of noscapine (formerly desgnated as narcotine)
has been studied {n numerows cltmeal and ammal expermments, Many
investigations have shown that the evaluanons of congh suppressants in
man are unreliable (GRAVEXSTEIN ef a/ 1955 PriME 1961) Man is beiter
able to control hus coughung voluntarily than ammals so that entical
evaluation of the real antitusnve effect compared with the placebe s
therefore unsatisfactory Furthermore, it has been difficult to develop o
reliable and harmless techniqoe for eliclting cough in anmals. A number
of methods have been tried using electncal, mechanical and chemical
stimulation of the cough reflex in animals (RowERE ef o/ 1956).

The results of the studles on the cffectiveness of noscapine as an
antitussive are varmble. RECHLE & FRIEBEL (1955) have reported that the
EDS0 of codeine and noscapine tested as antitussive compounds
guinea pigs is 80 and 18.5 mg/kg, respectively yet according to WINTER
et al (1954) codeine and noscapine have equal antitussive activity in
guinea-pige. Shmilar results i cats were reported by Konzert (1955)
Recent studies by LA BARRE (1959) show that noscapine Is about 50 /
more effective than codemne as an inhibitor of the centrally stimulated
cough reflex in cats. HARN & FRiEnet, (1966) have studied the effect of va
rious antitussives on the cough reflex centres m the central nervouns

ROt & FrIEROL have used a sulphur dioxide-nlr compound as a
cough eliciting irritant. We tnied sulphur dioxsde for the Induction of
cough in guinea-pigs but it was not sufficiently imtant and increasing the
sulpbur dioxide concentration camsed dyspnoe ond profuse bronchial
sceretions. Another method was therefore investigated. BICKrRaN e of
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Flg. 1 The apparatus osed in this work.
1 Air ctream. 2. Gas flow meter 3 Hg mancmerr.
4 Nebuftzer 3. Funnel 6. Capr.

(1954) used nebulized cltric acld as a bronchual frritant in their cioocal
experiments, and when we tested citne acid on the guinea-pigs it proved
to be a very effective and harmless cough irrtant.

In this work wo have evaluated the antitussive effect of noscapine 1
codeine by using inhaked atnic acid aerosol as an artificial cough eliciting
rgent in guinea-pigs.

Methods

nmm-nUmmeummﬁpmmm-mﬁmpmﬂ‘f'
Eaed. At 150 &nd of the exporiments thay wers 3 menths okd and wighed on sverags $11
(443760 g). Tha guines-pigs wore weighed cuch wack befors troatment.
mmwmmmm.mhammmmmmwmﬂ:
to rest. The grines—plgs wors given 70 g of swede and 20 § oats per anfoml, xod kaY
water ad lbitym. e
Both codaine a5d noscapins In dosss of 30 knd 70 mg/kg wers bnjected lato the
abdominty muac of the ankmaly, 43 min. later they were expossd to gho aebelurl
chric acld In the pjnnm:lhmmﬂg.lAk‘uptmdbtolhntbuﬂwl"“":
mnwmdxsmmmmmm-umwm-nﬂ‘”
mermdm}dn-emm’c-p..dmmwb,uummmmd‘h’u
w3 adfusted according to the sira rmmmnmmmmmﬂ
the citric scld acrosol. The namber of coughs wers registared during 2o rrication

of S min.
Guinca-pip which responded to the nebulized frritant (34) by coughlag wers <80
Two groups of 17 animals wers used for testing the drugs and Gne group of 20 ssioed
w control growp. p]
hp(grymm-dlm-odwmdlnuhm(mmdnn,mmddw#:ﬁ'“‘m
noscapine chilorkde s1ch 10 3 golwtlon in shoe were weed, [0 the followiss
Indieated the smount af cocamno and codene as thhir correspoodig falt
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control group
_,4.———-"&_*.‘

/

329 Aq noscapine
* 2.0%
codelne

658 A

DECREASEOFCOUGHS/
ges338358830

30 70
ME&/KE
Fig. 2. Decreass of the nmmber of coughs (%)
after adminlatration of Roscapias asd codeise (a
of 30 end 70 mp/kg.

Remlty

The antitossive effect of codedns in both doses was more marked than
that of noscapine (fig. 2). Codeins 30 mg/kg decreased the total mumber
of coughs by 329 / and noscapies 30 mg/kg by only 16 8 4. A dose of
mmykgwddncdcammdﬁnmbadwughsbyﬁs.s/mdtho
ponding dose of i by 420 4. With a dose of 30 mg
noa:xplne.not.dnghmhmloomplet:lynoppcdwu@ﬁn&mwml
number of conghs varred in the range 1-17 during the § min. observation
penod. On the other hand, with same dose of codeme, B/34 animals
stopped coughing. The number of coughs varfed between O and 20
The results with 70 mg/ks in the noscapine group wers 334 stopped
conghing and the wumber of coughs noted were 0-12/5 min. In the
codeine group (70 mg/kg) the results were 11/34 and 0-5/5 min.
The basal coughing Ievel In the group without drugs was the same at
the beginning as at the end of the 6 weeks examination perfod. Before the
experiments with the drugs, the oumber of conghs were 1-20/5 min. and
after the experiment 1-16/5 min. The mumber of coughs in the control
group varked duning the six week perod from 1 to 17/5 min.
Most of the guinea-plgs continued coughing after the citric acid irrria-
tion had finished and the animals had been taken out of the cage. These
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Fig 3 Distribution [ animals (34) according to
the time at which thay began coughing after citrkc acd
frrtation wes sterped,

after-coughs were recorded donng the followng 5 min. The mumber of

afrercoughs was higher in the noscapwe groups, than in the codase
u

mﬂ?munak rectiving codeme behaved more peacefully than thox

receiving noscapine. The guinea plgs gained weight normally througho

the investigation.

L BARRE ef al. (1959) reported that cats recerving noscapine ﬂ
coughing later than the animals receiving codeine. In this work the
from the boginnmg of the atric acid irntation to the first cough wes
Most of the untreated anumals in the primery and final control i"z
started coughing duning the first minute (fig- 3) The guinea-pies
noscapine group began coughing easlier than those 1 the codeine prov-
There were no differences with regard to the starting point of conglert
between the two doscs of the drogs.

Dhscrwdon e
HamN & FrueseL (1966) have reported that & deﬁnmdccm.:; "
coughing of guinea pigs was seen only when relaﬂvdy“llah
codetne (about 15-30 mg/kg) were used. In this work we e
and noscapine 1 doses of 30 end 70 mg/kg. The entcal cﬂ-‘“’w
antitussive effect was difficult wath smaller doses of the drugs.
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for the high doses was the use of citnc and which proved to be & very
strong cough-eliciting urritant.

Noscapine showed 8 wesker antiussve activity than codsine It is
well known that the first phase in the physical dynamrcs of cough is a
sharp deep Mypiratron, Some invesiigators have reported that noscapine
has 2 mild spaxmolytc effect on smooth muscle including the bronchl,
Codelne, on the contrary 1s 2 bronch ctor Noscapine tharefore
allows an effective, deep mnspiration. And the expulsive phase of cough 13
then stronger Codane acts as a deprexsant of the central nervom system.
Noscapine in doses within the therapeutic range, probably has no effect
on the centrml nervous system. Codewne is an antitussive which acts
principally by direct depression of the cough center Noscapie 15 elim-
Tnated rapidly from the blood stream following intravenous injection, and
it then becomes fixed 1 vatous tissnes mnciuding the lung, lver and kidney
of the cat. The concentration m the lung i almost twice that In the blood
stream (CoOPER ef o 193) In additi pine has anticholinerpc
actions (TANAKA 1961) The site of ncton of noscapme may be 1o the
afferent refexogenic zones of cough centre and in the receptive slements
of the hung.

In thls work the arumals receiving codeine almost completely ceased
coughing efter the citnc acid Irritation had stopped The antmals in the
noscapine group had more post-coughs. Codeme dminithes cillary
activity and has & “drying” action on the respiratory tract mucosa, which
may explain the difference between the two drugs in the post-cough
pherromenon.

Summary
Citric acid aerosol was found to be suitable in eliciting artifiaal congh
in guinea-pigs. The technique proved to be satufectory in the evaluation
of cough suppressants. The antrtussive activities of noscapine and codeine
were compared in two doses of 30 and 70mg/kg. Codelne was found to be

more effective Noscapine unlike codewne did not delay the starting pont
of conghing.
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From the Hows Offics Forgamic Sciencs Laborstory Hatogate

‘The Production of Cyanide in Post Mortem Material
By
A. S. Cary D. E. Price and E. R. Ruiter
(Racatved Jumusry 19 1967)

Death from oral ingestion of cyansde is usually o rapid that dgnificant
amounts can be found in the stomach contents. Usually no further
analyses are performed and hence despite the long history of cyamde

thers are very few data (BonniaseN & MAEHLY 1966
Cuwzy 1963a Harsraom & MOLLER 1945 SuntAME & FINKLE 1964)
on the distribution of cyanids m tisszes. In the course of many years
experfence of {c forensic t logical apalysls we have come to
the conclmsion that, even In the presence of a rellable history as many
tests as poesible should bo mads for common poisomt. It was whils
developing a scheme of routine taxicological analysis that woe found by
chance, a very faint smell of cyanrds 1n a distillate from an intestinal
content. (It has since boen shown that one of us can smell cyanide in
stomach and intestinal contents at cancentrations of balow 1 pg/ml)

This led us to lnvestigate more suitabl methods far cyanide analysls and
that of GETTLER & GowpBauM (1947), with minor modifications, was
the ono subsequently used in these mvestigations. The method involves
blowing outany hydrogen cyanide in the sample on to a fixed mmall area
of a filter paper impregnated with freshly prepared Gn sitn) ferrous
hydroxide. After the completion of the formation of ferrocyanide, the
paper is dipped in 50 / w/v hydrochlorio acld, contalmng & trace of farric
chloride, which shows cyanide a3 a stain of Prassian Bloe
with stains between the range 1-5 micrograms allows of identification
and estimation. Identification of cyanide i of great importance in thi
investigation and, in our opinion, this method is highly specific. It could
however be argoed that the addition of trichforacetic ackd to the test
medium before the patsage of nitrogen used for blowing out hydrogen
cyanide could bring about the decomposion of an intermeduate cyanide
complex but on several occasions the characteristic smell of cyrnlde was
alto detected, and we are convinced that it is hydrogen cyanxde that has
been produced in the biological systems described below The presence
dmdd:wmconﬂrmed[nlhcongimldlﬂlﬂmfmmt}m[ntudnd
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contents, but the amount (sbout 0.5 milligrans) did not seem reasonable
as the vichm had apparently died from acute barbfturate potsoning. We
began to use the method for examining blood samples, which at that tme
had been in the refngerator and discovered one sample, number 544/5
which contained 3 pg/m! This was in the blood of a subject who had
apparently died from berbiturate poisonung. As far as could be foond
mn the literature the production of cyanide in post mortem blood conid
not be expected to reach such levels (GETTLER & BaNE 1938), but since we
were not convinced we began o comprehenuive series of expenments man
attempt to discover how cyanide had appeared in the 1ntestinal contents
and blood.

Experimental

One of the early theorbes considered was that bacterls conld bo rewpoonble (or b
phenomenon. At a hater stage Professor F Londguist drew  ur attention to » paper ¥y
PaTTY (1921), and it was then obvions that the significence [ this very lmportaxt prper hed
not been roatsed by forensic Peity ed that F procy s
could producs cyantds and a further study of this particalar cberrvation wrs lacodsd
omnt serics of experimenty

For the first siage [ the axperimants we med the blood (34/59) to incabew bioed
samples which dld not contaln cyamds and to follow the cyanide concetrations o4 &
penod f tme. 1t was also obvioesly desirablo to try and determlno the maic 1t bk
cyunids prodoction occurred, whether the phenomeno was acrobic or sasrobic i

‘whether it could be pr We were 1n our cxpert ul}wmﬁ-ﬂ"“;
f blood (544/39) was of small voluie and was son cxbavsted. Howerer ¢ were sbit
thow that of P with blood not Iming cyanide did sot bt

the production of cyanide & d that fluoride knhibited hy prodoction.
A zurvoy of thess rexwtts s shown bedow

Table 1
| Cyanids
Case Number Dt Level
| =
Blood Sampics

Ny Hh Jaly 1959 oft
518/59 | 23rd Beptember 195% 3
S1nyse 4th April 1960 ;e
s14/39 | 19th July 1939 1 14
544/59 13th Oct ber 1939 ©
518759 10 m) incubated at 4 from I .n:frlr"'“‘
4759 0.5 ml 9th July 3rd Septamber | 94
S10%9 10 ml neubated U4 from t a0

344/99 05l 9th July .3rd Beptember
with added sodium fluoride [
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A«mmpamwthmmmwam(mma
date tramefusbon botties) with the fallowing varom straine of bacteria ~

Strep. poeumonkss Suaphyl aunes

Ascobecier serogeoes Staphyl albus

Protews sp. Moaltts xp.

Bact. colt Strep. pyogeocs (Lancefield Gp A)
Strep, prwumortiss orduary (Surep faccalls, B mycodhs,
Strep. virkdens Minocoecns totrogoarn)

N catarrhalls Parydomone procyansia

Theso cxpermenty conshited  { inocutating trple paraliel sets £ 10 mi of blood in test
tubey plugged with cotton wool at 0* 4t room tewperaturs { bout 207 and at 37° fo
varyisg Jengths of time of petiods Tp to 68 dayr The runhts of cyamde unalysss from
sclectad tobes were abo sumined In relatios to the blood growp of the sample. The blood
samphos rematning after 8 wfiquot had been taken for analysis wers reszamined bectariol

Tho tncubation f biood with added amounts of ammontum cxalsts ( mount 0.3
1.0, 1.5 20 2.5, 3.0 mg/ml), urea (05 1.0, 1.5 2.0, 23 10 mg/ml), trypsin 0.1 mg/mD,
eysteine and NH, formuts (1ame  mounty) did wot reveal any dgnificant Increass dus to
tho sddition of thews eobatrates
with wrum snd red cells with miloe, In # limitsd seles of experimonts
involving % samphes, | 1o case showed cyunkis production ower  period of two weaks at
room temperaturs althongh oo [ serie of 12 samples of the origiesl blood prodoced
Ccyanide la & concontration 025 pg/ml, Whan | ouncs samples of traasfusla  blood, I
tast tubes clowed with cotton wool plugs, were aliowsd to stand for two months t room
tmperatars, very high kvehs of cyenids wers obtained - | & of the order of 100 pg/ml,
confrouag the resalt ottained on $44/53 blood winch, w ghown in T ble 1 had {ncreesed
(0 40 Rgfml after 3 months 4

Results

As a result of over 450 cyanide determinations, covering many aspects

of out mvestigations on the posible influence of bactera it has been
poszible to show that

1) Cyanide production can occur sp ly in bactertologically
sterile blood st is not a constant phenomenon and so far no way of 1n
duang it has been found Toxicologreally signidfl can be

produced within a fow days,
2) Production can akso occur in the brain, iver kidoney and uterus as
well as h and inal
3) Production s completely inhibdted by sodrum fluoride In a concentra
tonof 1 / wiv
4) ﬂu:umpmbablytva*momtm[nvalvcd—ounmrﬂngun
result of blood the other {nvolving Pseud, Py
which appears to enhance production sightly No other bacteria among

those tested showed any nigmficant increass in the amounts of cyanids
prodoction
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5) Production by sterile blood samples is slightly better at room tem-
perature than at 37° or 4 psendomonas pyocyaneus incubation produces
slightly more cyanide at 4 than at 37° or 20*

6) Under the best conditions for production so far observed, levels of
the order of [ pg/ml can be expected after about 2-3 weeks nsing to many
tens of micrograms per ml after 2-3 months even after 10 months at
room temperatnre levels as high as 1 pgfm! have been observed.

Cyanide Production in Actual Cases

A young woman was found dead 1 circamstances which indicated tat
death was duc to shock followang ths Introduction of a weak eofution of
soap and chlorxylenol type disinfectant wnto the uterus by means of 8
syringe. The charactenstio smell of this disinfectant was observed whes
the jar contairng the uterns was openod and chemical analyses reveaked
all its constitvents, 14 days Jater when the utcrus was belng re-cxtmmed
a very fafnt smell of cyanide was also detected. Anslyss showed afisr
14 days heart blood nil and femoral blood 1 pg/ml whike afier B
days heart blood 1.2 pg/ml, and femorml blood 1.2 pg/ml

Washings of the uterus and stomach wall as well o5 of the kidsey bk
and liver all thowed cyanide in amounts between [ and 10 pg from 28
samples, but it was clear that the distribution within each ofgn ¥
irregular Drainings from the kidney showed tho highest concentratoc
to be 5 pg/ml, whils in the bran it was found thar only the
mancrattknmrfaoeofthnbnmconmuodcynnldaSnbwq\ﬂW““’
pmdbktoi&wt&mamswﬂchmnmiwddmhmz
visual inspection. The white matter ttﬂ]tugoodeoru'lltimlintln:bcdy‘M
zm-:bx-am,mtmn.udnocynn}d.-.Tm:wm-mcmust-.mlﬁndma‘“mi
otir previous expenience of cyanide posonings had shown that in
mss.cynnidcnhouldhnvebceupmmtlfcynnid:hndbcmlhc%
dmlh.Atthhlmm,mmplcsmmkmntmndomfmmmmd
cases which had been kept In the refngerator In all cases In whieh 563
ofpuknfnﬂbn\mlccn,cyumdemobulncdinmdnpm
over 10 pg/mL It was our impression that kidrey
mitubluforthhtypeofprodlnuon.mmmwthﬁﬂ@‘“?‘w
that an aerobic bacterial infection was responsible as a high s
oflhcdsmcwnplesinlhcmfngmmrwnmntdm“]“”“mh
a result of this that our studies on bacteria and cyanide %50 B0,
pursued On reflection, we still do not know whether tis €

uced by bacterml action or enzymatically tod
pf;jncewehav:becn aware of this phenomenon, the problems L On 0%
with interpretmg cyankde levels have became much more ddficed
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occa:im(lneon]mmionwtﬂlR.}LFux)inﬂmmcfadmLhon
December 15th the samples were taken into the laboratory on Decamber
21st. The stomach contznts at this time did not smell of cyanide. On
December 25th, however the somach contents wers found to contain
Z(Dpxofcyunide.mhloodbvdmthmluglglndthnMZMg.
Unfortunately the brain had not been sabmitted and no definite interpro-
tation of the reslts was possibls, However nitrogen was bubbled through
an abquot of the stomach contents for 2 hours until a fraction gave
negative results for cyanide. One week later a mmilar fraction gave a
positive result with an estrmsted concentratlon of 15 pg/mb. This cearly
indicated cyamude production.

The lowest leval of blood cyanido to account for death is probably
of the order of 1 pg/ml (CURRY 1963b), but in this context ono cass, m
which recovery occarred after a blood lewel of 7.5 pg/ml, fs dlearly
recording. A man in a chemical works collapsed from sccidental inhala
tion of HCN vapour st 8 45 a.m. At9 00 a.m. he was given an ntravencus
infusion of thiosnlphate/mtrite antidote and made a dramatio recovery
within 10 minutes Both fluorided and unfluorided blood, taken before
therapy gave the same valuo of 7.5 pg/ml as HCN

Discrasion and Swamary
It was tempting to sscribe cyamde production to bactorml contamina

thiocyanats to cyanide is attractive but as the normal rangs of

m the blood i sid to be only 3 1-25.5 pg/rl 1t seernt unilkely that there

is snfficient thiocyanate to account for all the cyanide found.
Notwithstanding the ebssnce of & demonstrmble mechantsm we fesl onr

resnlts worth recording n that attention it drawn to this phenomenon

whuch is of great inpartance to foronsic taxicologmsts, The use of the

whitc matter of the brain, protected from asrobic conditions and the nse

of freshly fluorided blood are suggested as means of minimising the
difficulties involved in this phenomenon
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From the Ressarch Dividon, Pharmecis AB Uppeala, Swedea

An Observational Method Estimating Toxicity and Drug
Actions in Mice applied to 68 Reference Drugs
By
Dag F. 5. Campbell and Woligang Ricirter
(Recoived Jennary 2, 1967)

The increasing number of newly syntt d organio compounds within
Llnphnmmcmﬂmllu.du.ﬁrymdthnduhnbﬂhyofﬁndlugmcfulwpﬂm
tions for these compounds, has stimulated the development of rapid,
reproducible, and sensitive small animal test procedures. As a rule, sfmple
observational methods in conscious animals are used to obtain informa
tion about interesting biological effects of new compounds, before more
elaborate instrumental methods are employed.

In!pﬂaofthnobﬂoudywldupmduworobccrvuﬂomlmﬂthods,fcw
publications exist on the applicability scope and technical details of
such procedures. Standardored obeervational screening procedures in
mice have been doscribed by IRwiN (1959 & 1962), HEMANSEN (1959 &
1960), SurrH (1961) and BASTIAN (1961)

We have farther developed the method of Hemuanaen (1959 & 1960),
which Is besed on some unpublished American industrial for
the estimation of toxicaity and observation of various symptoms. The
techniqus described here, which has previomly been presented briefly
(Rrcumer & Cavreerl 1962), has been used routmely for five years.
Results obtained with 68 reference drugs, exemplifying the main groups
of pharmacodynamic action, are presented. The procedure

enables
Identification of compounds with actiont on the autonomic and central
nervous system.

Materials and Methods

Ansnalt

Unfashrd aPuno pice of elther sx, weighing 16-30 g, froe the NMRI strata, wers need,
Apparerm

memo{mnﬂp-ﬂhm mintyters tharostor of the
Mmrm‘m-dmmllmmwm.nﬂﬁnwdphn
ianeter of 0.79 2. A Wihaatctont 8 bridge calibrased for mesnurements between 22-42°
B Ay phormesiepion. vel 11, Cuc )
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and a galvanomater wero wsed for measuring the changs in the resistance of the thermabstar,
mﬁmmmmmwhmwmmmmmﬂ-m
m-mpmamdmﬂmmmmmumwﬂm-mdwm
(40 x 40 cm) was found to be crumtial in order 1o minimbs refixes b the comes Ex
pertmants wero perfarmed ot 18-23

Dreg adminirtration
Corp were 1 eltber x3 solution bo 0.9 { sabies orm
smpention In 0.9 4 wline 034 e dlon of 2,1 45,

0.28 ete. /100 mL Tho volume administered varied between 0.1 to 1.6 ml per 10 g body-
welght.

Precedare

O3 the day of testing, animals were transferrod from the animel bouse 10 e labartiery
fn their bowing containers each containing ten mice, Tho eximals wrrs marked by colowhy
and distribated in groups of three Into cyftndrical gless containers (20 coa helghd aad B
dismeter) without accem to food or water Tho aximals wers welghed and rectal- esd pev
temperutures in *C wors memsmrsd.

The test compound was first Infectod Lp. Hnto tiree mics at the dosc Jevel of 200 mpy
Whbin 15-30 minutes after injection, cach antmel was observed within hs coxtainer for e
following signs: ptosk, p Strawb tall p and decrexsed of jacrmesd
motar activity Therealter each animal was succenstwely taken out of the conteiner, Wil
Teoplog the monse Emorobllired with oo band, i wes examined for tho followhng sips- Lt

Jechrymation, mydrisss and riosls. It wes thin pisced oo & oot eacfsce sed
obﬂndfwthfoﬂoﬁn;dpnzbdumdhlndhp.huddmpmdmmmoﬂhﬂw
reflex wis considered 1o be preaent, when the antmal, placad on fis back, rvmeiacd OcY
for at Jeast 30 soconds, Using Harrsmes techolqu (1929) & mmall artery dlip was 533
«ppbed 10 the tall 008 €m from the base, Tho test was considarod to be postive, whet B¢
andmal did Dot bits the clip within 30 secotds after application. Thirty misotes aher &%
imjection rectal - and paw semperatures were sasured sgtin. An incress of e F%
and of the rectal tomperutars of 2.0° or more, end decreass of rectal temperstare o 27
ot more, tadicated drug sction. No attention was piven to derroased paw tospersm

wmmwd&namwwnmwmd&ﬁf“‘:
A roactor 13 mowo shawing the presence of 8 sign which i ussmblpeoosty sbeered
& trained worker #nd which b bot prescat 1n mlmlml.AmmhM“
the chart by the digit 1 moo-resctar by a korizontal bar A vesy roag RO
Indicated by the digit 2. Any group of mics with (w0 of three posfiive reecon!
considersd  reactivs

groep. fatht
T king inte acaoum the number of desths Kmong tho okl gvwa 200 AL AL
€roupe wers Infected mobmvd.bm:mulmfmlhmhwﬂﬂ“‘:‘w
400,100, 50,28 12, 6,3 #te. At bast oow high dose which killed all thres snlmth 20
mm-mwmdnammm«mmimmm“‘“m
hluﬁmﬂdmmhmnqnmmmpmwmhmlm'
tion period of 30 wtnttes were costrolled 4, 4%, 72 etc. hown latrr wetll 50

occurred.

Expression of resirs -

Toxkty resaits were btelbed 1 0, 1 stmwﬁzdmfna
sxceptions, the sequence of tho number of desthe in adfacem grows dows. 97
three types 1hown in table § m.mnmﬂmmw
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SCREENING METHOD IN MICE
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348 D E.S CAMPBELL AND W RICHTER

Interpolation, an approximate fgure for the LD30 was obtaioed for ey obser stiox tme,

The ocourrence of sny ign ¢ each dose was sxprevasd In relation to the st toxkey
Tho highest dots Level at which no deaths eccurrod 24 hoom after tnjoction w e the Mgkt
dose 1t which dofinfte signs could be obeerved. This lattar dose was (erefore chosrs ®
reference Jovel snd designated as dosc level no 1 The snceesttve lower doses it fed
dose scalo wers d 2,3 4 otc. The I betwers the somber of
tho dose kevel end the LD30 for the most frequent sequency of deaths 333000k =
follows

Number of does level 1 2 3 4 5 & 1 3 * B
Do axpretsed & perosntage
of LDS0 6 33 1T 8 4 2 1 03 ol

A sgn oacurring t doss koved no, 1 wat deslgnated | 1 and  sign occtrriug s dour knc
20. 1 and 2 was designated 1 2 ete- By tabulating all elgn foe cach compound, 2 ag
profile was optained. An cxxople of  protocol b given in fig. 1

Reaults

Toxicity

The magnutude of the approxmate LDS0 sfter intrapentoncal o
mimstration varjed from 0 6 mg/kg for neostigmins to 1520 /g 0
trmmethadione, the most frequent LD50 figure belng 150 mg/kg. As &%
from table 2, toxicaty values at 30 mumtes and 24 hours after 1p. drt
admimstration wers 1dentical m 57 out of 68 componnds snd e I
remaining drugs thowed an increased toxiaty (seo table 3} Onlyd‘d“z
gAve toxicity moreases beyond 24 hours after injection, Le. 9/ o .
drugs tested. None of the drugs produced toxicity increase
hours
Of the 68 drugs 61v«mganuwlutxom,wd7unupcnﬂmlrﬁ
latter showed a toxicity which was generally [ower than that Of_rk
solubls drugs, nndth:n’lrm.tltymcrun.wdwhhtil?ﬂc("—'le"‘es(;'ﬂdtt
reproducibility of the toxicity results 1 iftostrated by the 16
estimations in table 4 columns 2 and 3 and by the ten time
determinations on pontobarbifal in table 5

Sign patterns
mﬂgnsobsavedwi!hlh:dmpoccunedeidﬂﬂnsiyﬂfl“:mw

tion, forming more or less typecal patierns The following drug

were clearly recognized m
1) Sympathomimetics characterisheally showed pﬂoertﬂ};ﬂ .-;:F“

dnasis in parallel at 2-7 dose levels. Some sympathomimet

increased salivation and increased paw tempersture.
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Table 2
Acuts toxidties and sign parternsol 68 reference drupy in mice.

In the first and socond columns the approximets LD SO valocs are shown. [n the third cosa te
highest nan-lethal dose for each compound bs ghven and designated ay efective dose bevelme. |,
In the following cotumm, the doscs st which the different dgns wers obaerved, are aoted be e

g, I [equa
52 1y £
28 .ﬁ‘é ‘g‘é i
i
£s &z i R
n on n
|
Naphazaline ’ " o - us
Isoprotercool 440 364 200 4% 8]
P +k n 2 12 4
tadrenaline 45 45 w m 22
Ephedrine 00 300 M0
Anpetine 150 150 100 1)
Guanethiding 110 110 0 w1l
“Sympatbolytica™  Phentotamine e 1 10 11
1 150 1%0 100 1
| T larolino ki 75 s 17
Phenoxybenzamine l w0 130 10 s 1
“Parusympatho~ Puocarploo ‘ 300 1o 0 nr
mimetics Neostigmine 06 o6 03 vl
Cartacholme K] 3.8 15 |
Bonsctyzine [ 10 1 10 |
Dipbemanil L 91 L 0 |
Hyoxcine methooltrate | 300 00 200
Parusympatholytics | Benroyh-hyocino - o
91 |
Hyoselao bromlde wo e 4w 11l
Atropise I 300 | 300 w11

i

H

3
8

88

Amphctam
CNS-wtlmulants  Pupradol 1% 150
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of two figures. The first fgure deslgruton the highast, and the secoad one the lowsst dose at
Eﬂ-mmmﬂnlll.lmﬁnlhmhmd&'mndm
vl no. 1 mamely 3/1 172, 1/4, 1f8 etz of doss Jovel mo. 1 Thus, for & compound with an
olfecitve dows Jevel 00, 1 of 100 tagfkg, 115 means, that the sign ia quetlon was cbeervod at
100, 50, 23 12, end 6 mg/ig. The sotation | | means that tho sign occurs oaly at the effective
dose Jevel no. 1

% =3 E a
i Eg 131 ¢
i 3 gg £, 29 8% 3
£ HECR T NERT
2 X A ER 223 ¢ E < B
7 4 15 1 17 3 135 6 1 12 4 s s
| 1 !
L I R I R R I T I T
14 - 13 14 - - o . 14 4
- m 12 - - - g - 12 -
21 :m2 12 b2 - - - - . 13 - .
B - LS 16 11 - - - I
- - - - - 111 - ~ 12 112 11 11
- - - 12 - - P
™ - - - - - - -1y us - -
- - - - - - - -~ 1t - -
T T T
- - - - - - - . a6 -
LI R I T T S T 17 A
[ S Y - -
14 14 - - - - - - -
- - 15 - 23 - - - - - 111 11
13w - - - m .-
- - - - - - - 12 .
13 L2 - - - < - -
- - mnz - 212 - - 11 w1y
- 1110 N N TR |
12 - 13 14 16 - - - 13 - - -
- - —\14 L R I T !
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352
Meprobamate
Hydroaidion
Nealtymal
CNS-depressants Thiomebumal
Pentymal
Pent barbital
Phenobarbital
Chiordlazepodde
Reserpio
Major Acepromazine
[
Promethazine
Strong M rphioc
amlgeda Prthidine
Antldeprenive Irupramine
pemits. Amitniptyline
Iproncaid
Codelne
Weak J Phenylbutazone
A acid
l Amdopynne
Coovula es Strychnine
Pentetrarod
Weak Cocaine
CNSstimnbant \ Caffeine
Phenmuimide
Anticonvulyrves Diphenythyds toin

Tromethadions

Approx.Lp LD30,
30 min, my/kg

> 1600

150
150

150

15
s

s

1200
>3200

|>350

Approx.i p. LDS0,
24 b, myjkg

FHE52858

Bgg

i

150

13
5

k]

1200

1700
350

Effective dose bevel
no. 1 my/kg

BEEHsBHE

100
100
100

8

888 Hs 42 ¥8¥5 Bas

o [ncroused paw
= tomperuture, 2°C

1t
m
34

22

Decreased rrctal
smperature, 2°C
Increaned roctal

~Operstere, 2°C

=)
o
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Dimethisoquine
Ditucatne
Local Pramoxtoe
anacuthetics Tetracalne
Lidocalne
Procalne
Pl muscle Aminaphylline
depressants Diph.-dim -aminobut.!
Papavetin
Bielatal musche Tubocurarine
relanants Gallamine
Antarline
A T i
Chiorphentramine
Dipbenbydraming
Rerotonin
Varla Histamine
1 Apomarphios
|
1 Dipbenyl-dimetbyl-aminobutans

Approx.Lp. LD,
30 min., mg/kg

e

Approx. Lp. LD50,

24 b, my/kg

£ Beafesw

- - Effecthve doss level
gu¥ BEndun pa. 1 myks

&%

88 sEus

m

-

nl

17
1)
Iz

2) “Sympatholytics™ includes hare compounds which depress ‘ﬂ’Wm’

activity 1n various ways. Most compounds gave jnareased
ture at manv dosc lovels, as a typleal sign The adrenol
major tranquiltrers also led to increased paw temperature
levels Tranquilizers were, however casily disanguished

Increased salivation. Neosit

ngns.
3) Parasympathomimetics all showed oot
s 24

mne and carbacholine also caused lachrymation.

produce lachrymation, but produced paradoxfcally

piloerection.

i actlty &

at many 0%

by eddioasl

&
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4) Parasympatholyties produced typically mydrians in 5-13 doss levels,
withont any other marked signs.
5) CNS Jants Increased | tor activity at 4-6 doe lovels was
“"mwﬂmfwmmmmﬂmhmmddm
eak CNS duced no charsctedstic tigns.
QCN&dmmnuwﬂluwmnrdnndmmmu” wed n
combination of signs, all reflecting Joss of muacla tone and #
Typleally these tigns formed a herarchic order related to the dose, Logs
of righting refiex occurred at the highest dose levels, followed by ano or
severel of the following four signs decreased | tor head
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Table 3

Toxicity incroase { compownds requinng an obasrvation tins
wxceeding 24 hours for determination of & final LD50 valve.

Appeoximats Lp. LD30 wg/kg et vanovs
Compound | 30¥utlon x thoes after bf
TN | 30 min. {24 bown 48 bown | T2 o | Mo
Trimethadions Susp >3320 X 1460 1460 1464
Diptenyliydantoln » >3200 1200 440 64 1Y
Acetytsalicylic scld 1460 72 440 “o 0
Meprobamate » 1200 o] &0 600 “
Phanoxybenramios » 0o 150 110 110 1o
Tpeontacid SoL > 9600 1200 1200 1200 %0
Chlordiaxepoxido » > 1600 364 o bt ad 1
Phenobarbital®) » T8 n {7 n n
Neallymal*) » 600 300 300 30 o0
Itopeoterenol » 40 364 30 300 0
Pllocarpine » 300 110 110 110 i

) Qlven 23 solutions of the sodmm salts

drop, abduced hindl dy gait The same sgms were A0
shnwnbyth:mnjurtnnquﬂhnnandbymnandd.eprmnu.[uliﬂm
however Lhomquﬂmlxmduwdlcvcralomadsﬂimdm
antidepressants produoced mydriasiy

7) Major tranquilizers The psychoactive phenothiazines dﬂofw‘“;
7:11:0m:u'lt'.uaup'mImmm:wcre1:11;1'n|:f.c:'lzm‘lI:tytlunh?[“ﬂ‘70“'""‘i“‘m;"‘:;_ui
signs &t 4-11 dose lovels inmscdpuwtm\pmﬂnmdﬂu”d i
temperature, decreased motor activity ptoss, abduced hindlegs,
drop and loss of righting reflex. Racrpimdidnmpmdummydw:
symptoms within 30 minutes observation time. s

8) Analgesics ‘Ihcnronguna]s:dmmarphlnemdp‘mfdm“h”m
positive Straub tail phenomenon, unique for this group posittre
test, mydriass, and increased motor activity ppesien

Allthcm.b.:rd.rugg;mups.comp'nxmgantidq:lrcxsnnti.“mk
convulnves, weak CNS-stimulants, anticonvilsives, local apesth
plain muscle depressants, skeletal muscle relaxants and antifstm
produced a vanety of observable signs without forming 'ﬂ""mg
ptumMonofﬁmengmoccu:mdatndngbcrnfcwhhh
but occasionally signs occurred at up to seven dose kevels.




SCREENING METHOD IN MICE 357

Table 4

Acuts toxicltios of vanoas dregs b mice determined with our toadclty
owmmmwmnmmmm

1 2 3 4 3 s
1p. LD5G, mg/ky

Lp. LD, mylkg
Compomnd ol Liwratwro data
proc. )
BT bocuratios 0.6 [ [X] - ol4
Strychnive nitraty 13 1 10 - 17
1A -~ 43 7.5 40 - 13
Amirriptyline bi] - 7% - u
Dipboaak - 174 - [ 2] 75 n
Peatstraml 74 91 23 - 90
Cocaton 7% - 150 - -
Diphemanll ” 33 a1 - -
Tripslennamios 91 ~ bl 3 43
Chlopromsrion no 2o 92 - m
Imipranioe 150 150 1y - -
Pentobarbital 150 1% 130 185 1
Pothkima 130 - 130 -
Chlorpbentramine 130 - i -
Frpradal 150 - LY -
Araprting 150 210 - -
Ampbetamine 130 150 120 - -
Benactyrise 150 150 100 -
Codaine phosphats m - 130 -
Fhenobarbital n 230 340 233
DipberyDrrdantoin 1+ 364 150 - 200
Chiordirsponsde mn 364 268 - -
Atropine sulphsts 2] 30 50 - -
Procaloe 220 30 230 124
ropeotervmol 30 - 30 - 500
Fhenytbatarone 30 -~ ne - -
Acatylmlicybe scd 440 364 45 -
Merphine “o - % - -
Meprobersats &0 710 - 300
Iproousid 1200 0 -
Serotonin 1200 - 853 -
Trimmthadeons 1460 - 1800 - -

) Opthe vernge, fivstosl §roups of 3 puics bavo bean ceed pur componnd for estimating
the approvmaate LD 30, Droses from the followiag scals (mg/kg) harn bosn used 1600, £00,

400, 200, 100 50, .3 etc. When scveral figures are gives, they Indacase resalts from defferent
»an or refervnon.

B Awx plrmisgies vol. 13, faac 3
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Table 5

1D30 vuloes (mg/kg Lp.) of pemtobarbital sodium
etimated {n four groups of three mbce esch on 10

different days.
Time after infection
30 minotes 4 horra 41 bours

1% 150 1%
150 150 1%
130 110 110
1o 1 11
1% 150 150
150 110 1o
110 110 110
150 noe 110
110 91 91
1% 150 150

Discassion

Considenng the extensive uso of mouse screening techniques fn =os
erial is astocithiot.

phermaceutical industrics, the scarcity of published mat
TRwIN (1959 & 1962) has given some details on such & procedurd
ﬁcdbyzomcrcfmc:dmp.Swm(l%l)mmdommnhﬂmﬂWd‘“
BASTIAN (1961) presents & specal observational tcchxﬂqm'l"’hdnﬁ;
drug moddfication of metrazol convulmons and gives resuls of
reference drugs.
Ourﬂndh\pxhow'hmdmaswlngmtht'uwmmhmd:f:-
Dervous system can be detected. With tralmed personnel, the e
loodngncdwwmponndswithmmﬁcmﬁmnﬂthaw
relative strength of actions in these drug groups can be et
dmgmups,mmwmawiﬂ]maﬂwdphmmwodfm“ﬁcwdm’
detection due to the abscence of observable signs. sty
Tn spite of the small number of animals used per composnd. <20
dn!.nob‘uﬂm:dw'hhom-proccdu.rew:rafmmdlobeofu:\nlnme
mngnlmd:uthourrpoﬂudintheumnne@m&mﬂ preset
1964 Usons & Amar 1963 SrecTom 1956), see tablo 4 TB2 FEC,
method nses about 15 mice per compound MZOMM'::M P
ip LDSO doterminations, chosen randomly were based oft 5570
Imals per compound. The agr found 1s explzined by
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thatmgmmLthodapouftheLp.donmuﬂnhtymunwpmdthu
andmnpadnsumfﬁmt}ymmwfurugoodwudﬁon.ﬁ:ﬂm
llnmkorhrpnmnbmufudnnhmmmmﬂdtymilmﬂy
avmanpha@d.compamdtothnofmanyaﬂmﬁaon(o.g.mm
et al. 1963 FEnGusoN 1962), umally not contralled. From the Hteratnro
(spﬁcmlgx)itxppclnthnthcnmoofohunnﬂonfardemmﬁmdom
of acuie 1.p toxkeity In mice vanes from one hour to more thaa o week,
the most frequent value beng about 24 hours. We found an observation
time of 24 hours sutficlent to determine the final tomclty In 869, and
72 hours sutfickent to grve final figures in all 68 drugs investigated.

A scheme with fixed and geometrieally spaced doset, enables comparl-
soms of the effects of drugs m relstion to their toxkaty irrcspective of
absolute doses. Inwnv (1959) meed the dose scale 3 10, 30, 100 300
mg/kg, but we found this dose speang too wide, giving too rough estimates
of toxicity and a too scanty yild of symptoms. We found the dose scale
3,6,12,25 50 mg/kg, proposed by Swrta (1961) more adequate.
Still smalier doso intervals would involve difficalties in clearly delineating
the dose levels which show symptoms and would again require lerger
numbers of animals per dose.

In observational mouse methods, the oumber of signs or symptoms
recorded i usually large (c. g. 44 IRwIN 1959), in en attempt to increase
the discriminating povwer of the procedure. It seemed to us, that recording
fewer signs, preferably reflectmg phar dynamio entites and repre
senting good wonld give maro relsvant information. The 16
nigns listed In table 2 were found most valnable whorsas the following
signs were considered of minor hmportance Vocalization, imtability
reactivity gripstrength, pinna reflex, comneal reflex, exophthatmus,
defecation and postural peculianties.

The information inherent 1n each sign has & maltidimemional character
expressable in terms of duration, intenslty freqoency and dose range.
One simple quantitative meastre of each sign is here abtained by fixing
the time of observation, classifying intensity per animal m the form of
reastor or non-reactor clasufying frequency at each doss level in the
farm of reacting or non-reacting groups and by steting the number of
dom]mlsmin;rmdngmpnﬁuwnyofqmnﬁuﬁngmmby
stating the number of dose levels 1s facilitated by our more parrow dose
spacing as compared with that of InWIN (1959) Also, by degnating the
highest non-Jethal dose kevel as dosc level no 1 (as & rule corresponding
to the LD%), the dose range for each sign is presented in a form which
has closa relationshup to the therapeutic index. This enabkes a timple
quantitative comparison of various signs and various drugs.

-
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As the yield of mgns generally decreated from 30 minutes after droy
wyjection, examination of antmals has regularly been performed 15-%
minutes after medication,

The route of adminstration is alwavs a matter of disanssion, Admbn
tration of six water soluble drugs by the Lv., Lp., p 0., and s.¢. ronte ws
made to compare the yleld of signs Subcutaneous injection yielded most,
ip and po less and L.v njection the least signs, The latter route u thes
not attractive, Compounds with low water solubflity or compounds,
which are not sbsorbed orally have to be given parenterally Routinely
wo have used Lp admmistration of drugs, but the s.c. route 15 worth
study

In the following, typical members of drug categores, producey
obsezvable antonomic and contral effects will be discussed. The cbservabt
effects whuch sympathomimeties are expected to prodoce, compax
piloerection, mydnasis, salivation, Increased body temperature, exopb-
thalmus, and vascular constriction. Qur procedurs shows that pilocrection
combined with mydriasis are the most constant characteristics, followed
by salivation and increased body temperature. The particularly strocd
calorigenic action of 1soprenaline (Moowz & Unpewoop 1%60) &
manifested here by increased rectal and paw temperature Tho
decrease ol'rwtnlt:l:upermm'o}:umduwdbymlp}uu.c.\lincl'm'lyb“"‘“""‘"”d
hy{ukmwnmﬁhummhxpmpcrﬂu.mpuiphmlwm
actlon of tympathomimetics is difficult to detect by paw temperstif®
measwrements 1n mice because of their normally low paw lemperatire.
A high paw temperature was found in guinea-pigs in which the vaso%
strictor action of ephednne produced a propounced decrease i F¥
temperature (RICHTER 1964) The “simpatholytic™ group Is repeesenied
by compounds showing alpha adrenergic blocking activity sdreoE
beta receptor strmolant and enti-adrenergic acton The
blocking action of phenoxvbenzamine, phentolamins, tolazofins, m‘l:
tine, and of the neurcleptics acepromazine and dﬂorpmﬂﬂmm
r:ﬂectedhylhd:mpadtytnhmpﬁwtﬂum“%
levels. Tho increase in paw temperature 1 mce i3 thus a very
dotector of alpha adrenergic blocking action because of the 10‘;_ "
temperature 1n untreated ammals, giving a temperature ‘P""m‘ beta
betwmbodycomanduuammmvnmdﬂnmrcﬂ'cﬁﬁmpwj
receptor sttmalants moprenaline and lioxsuprne and that of
muscle depressant amunophylline was also demonstrable bywc oss,
paw temperature Most of the alpha blocking ngents also Pf:d ol
but at fewer dose levels. FIrLoEN & GReeN (1966) stress tho e
ptosts as an ndicator of sympathetic blocknde fn mice. Increased
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temperaturo seemts o Ws an additional and more sensitive sign (Ricam
W}Th:knownmﬂhlrympathomhncm:ﬂmufgmnctﬂdlmand
tolazohms probebly explams the absence of ptosls and the occurrenca of
piloerection In our procedure. Among the parasympathomimetics carba-
cholme grves the expected saltvntion and Iachrymation. The vasodilator
action reported m the hterature (Bover & Bover Nrrmt 1948) was not
reflected by increased paw temperature No sweatmg was seen, as sweat
glands In mice and rats are restricted to the foot pads (HAGEMANN 1960)
The routme recogmtion of miosls was found difficnit. Neostigmine also
gives the typical signs, but rurprismgly only at the highest tolerated dose.
This may be due to the fact, that enrymatic actoerty in small amimals 1s
very high and neostigmine therefore produces asymptomatic enzyme
Inhibition until almost lethal doses are reached. Pilocarpine produces, in
addition to the typkal sativation, soms tigns of adrenergic stmulation
such as piloerection and mydrizsh, probably reflecting its known ganglio-
nic stimulating properiies. The parasympatkolytic drugs are detected by
therr well known mydriatic effect (PULEWKA 1932) without the presence of
any other digms The specificlty of the mydriate effect 18 ontstanding. The
strong CNS-stimulants amphetamine and pipradol markedly increased
locamotar activity The weak CINS+stmulants caffeme and cocaine
escaped detection, the moderate increase of motor activity produced by
these compounds bemg masled by the exploratory hypermotihity (peo
eg Foxsr 1939 KNowL 1961) cansed by the transfer to the new test
enviromment. The motar activity increasing action of weak CNS-stimn
lanty, therefore, is better detected by makmg observations after the
disappearance of exploratory hypermotiity Clinically CNS-depressants
produce sedation hypnosis and general anesthesia. The sedative and
hypnotic action has not been detected 1n mice. Subansssthetic and
anaesthotic doses in mico result in unsteady gaft, abduced hundlegs,
decroased rectal temperatore ar loss of righting reflex. Of these signs,
lonufﬂghﬁngr:ﬂexlnduunmdyglhmmoutypkuLHmth:y
only appear at a few high dose levels Chlorpromazine like componnds
produce o charagteristic s1gn patiern In mice ptosly, decrease of body
mpﬂnmronndmnpmmsufnmsdumkncum;huubdmedhmdlep,
decreased motor activity and head drop In addition, the known sdrenc-
lymicpmpumufmchdmgspmducoinumscdpawtmmdm
to peripheral vasodilation at low doses. This cambmation of well defined
and independent sigos allows detection of chlorpromazinelike compounds
wilhommnuscnfmorcchbontebdmﬂmmldzmctm}a,umedby
Tawni (1959) The activity of strong analgesics Is revealed by the Steanb
tafl phenomenon, which s the most specific symptom for this group and
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also by a poative Haners test. The known strong excitstory sctbon of
morphine like analgesica In mice (Furst 1935) resulted in increased motor
activity The correlation between the mydriatic and analgesic effects of
morphinelike drogs in mice it well known (JANYEN & JAGERAU 1956) and
was also found with the present procedure.

Summary

A simple observational proocedure in muce for the eshmation of toxiay
and detection of drug effocts in now compounds I described.

16 different symptoms or signs were chosen s¢ {ndwcatory of vanow
pharmacodynamic actions, A simple way of quantitation of cach sgn
used, ensbling the {oformation about the different actions of each e
pound to be presented in a concise mannee This abso fcilitates com-
parison of different signs and drugs.

The procedurs wat applied to 68 referonce drugs. The follwmy
categories showed typical sign patterns Sympathomimetics, tympatbé-
Iytics, parasympathomimetics, parasympatholytls, strong CNS-stim-
lants, CNS- depressants, chiorpromazine ke componnds and o0
Analgesics. Other drug categories, even with marked pharmacodyrams
eotions did not produce characteristic, observablo signs,

Unofmiswnﬂﬁvnobsemﬂonalmﬁhodforthcmhsﬂf:;
compounds will give an approximate LD30 figure and will detect
quantitate autonommuc and central drug effects.
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F‘mmdh&ptnmgmofl‘hmqogy Univmyafﬁa&bor;,hrdm.

Stud[esontheDutmcﬂonofAdrmﬂluainNnmm%lmhn
By

Juﬂlm]ndNﬂ.‘Smdnyr
(Recetyed Eeptember § 1966)

Adrenaling (A) 13 mprdly oxidized spontaneously at an alkafine pH
mhpmofum%mmtofmmmuhmﬂﬂym‘d
physcally fn 8 nutrieat solution 15 sufficent for this oxidation, at kast
with a moderate catecholamine (CA) concentration. The oxidathve
cltﬂrm:ﬁouilm:mlz:m:edbyeeﬂalniom,r:g.(.‘u++

mnnm“onmncﬂmoonnhommﬁmmm.them
isaﬂmphmdmnnmmntw}uuonwhmhmnman,MBOM‘
number of metal fons. This sofutson is then gassed (in acroble experimerts)
mtbpmnuxygenmanoxmnmhmmmpctmﬁnhﬂnfmm
d:slmcuancfALhmappcartobcwrygood.hmythcrdmbenbd
howlongdouanadtveAcormnumloummamtn!hcﬂnmbﬂﬂlm
doanotnppenrmhnwbecnmdhdwﬂhlhemommmfhﬂnbl
methods of A determunation.

Material and Method
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antemal for 7 days before belag kiisd. Afer proparation, tho rat et traoadoered
to fak contalning beffer where ft wes bacnibuted for 30 min, Immedhutsly beforo A was
1o bo sdded fho thwno wes trareftyred (0 another flask containing now bofler at 37° to
which the A wus idded. From this flaak the sumples werd then taken (tsbis 1) In some
experiments the thune was added 13 aod 30 min. beforo the sddrtion of A (table ) These
yalnes wers corractad for recovary (83 % table 7).

Rewolty and Discustion

The results are shown In fig. 1 and table 1 and 2. In buffer alone very
rapid destroction of the added adrenaline ocomrred in 3 cases out of 4 In
one case the destroction was less marked (ses table 1)

When the tissne spedmen was present, the rate of desctruction was
reduced. From the 15th minute onwards the A concentration was, on the
whole, t, and tha cc ation during the period was maintained
at over 50,/ of the orlginal valus both when this was 10-8 and 10 7 g/mL
The titsue from the thyroxine-treated rats did not differ from that of the
untreated rats.

Same factor in the tissue thus appean to protect A from destroction.

Per cent of added adrendd e

MIN
Fig. 1 Destriction of adrenaline (A) in  nwtriest bafTer
sobtion. Mean of A concartration In par centt of the Inftlal A concrntration

10~ or 107 gim! at dlfferent tine
X Buffer with no diephragm edted.
O-——0——0 A and rat duphragm added timaltanoously to buffer sofuthon.
00 Amdmdﬂphnmfmwrmbnmmmmaf,
to buller sotxtion.

S99 Awdicd to buffer which hed beca Incubatrd
with posgm
enia_ befors the A sddhicn. ke 1%

——

—
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Table 1
Changes In sdrenaline (A) In bk buffer alooe and I baflr @
from and Inc-trested rats added ot the came tiome 1 A. T2l
A concentrations 10-¢ and 10~7 g/m{ buffer Each column represcry ome expenawst.
Time after A Concxntration of A in pg/ml bafer
(min.) Initlal concentration of A
1.00 l o108
Buffer alone os ’ an 084 e sou
15 ~ 001 a0 000
150 ' - aet oo 000
3.0 027 0.00 003 oo
60.0 J oo 0.00 0007 00
Buffer + diaphragm ‘
from untreatod rats (%] o4 080 o083 ait
.5 oTy 050 ool "
150 a.52 0.5 .0M tos
300 X2 066 [¥r Lioid
6.0 | 049 0.50 00% oul
Buffer + diaphragm
from thyroUnetreated
2 1-3 03 - 0052 Lon
7 . 0.082 eost
150 - - aesz 9%
300 | - - opss 0%
wo | - 005 (L]

As carly 83 1922 MarwEG found that the stabilty of A was Iocsessed s
l!rnddiuouofblood,wmchh:mﬂndtowmpmwh\mthl}’“‘;:
action. It is possible that this factor may consist of some reduding
mnmortbnitmayhin.dnrmllomoﬂmponmfaﬂheeﬂd‘ﬁw'
momemofmuptmommmmmmntwmﬂmw
f’ml.thcuuﬁicntwhnionchmgummchnnmcmﬂww
theaxidampmom.ThninmalnpiddutmdhndAm!h‘”m:‘
0 be dus to the fct that this factor has not yet been sufficently #72
wthebﬂersuludon.Thumfmherﬂudbdbyndﬂlﬂ!Aan‘m'ﬂﬁm
asabove) [5 and 30 mm after the buffer solution had been
the rat diaphragm. As shown in fig. 1 and tzble 2 no marked
occurred up to 60 min after the addition of A. In & control e £t
Mthuodhphrngm,lhndcsu'wuonquwuVﬁYﬂPw“i“

part of the present fudy
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Table 2

Mwmmumw«mmmm-mmdm
wruxsmmmmmmwummmummmm
eorrected for recavery (83 0. For farther nformation e table 1

Timo sfter A Coacontrstion of A {n pg/ml baffer
(min) Initial conc. of A
1.00 w100
1
Bofler alone s - 009
73 - 0.021
150 - 0.000
o - 0008
€0.0 0.003
Buffer + diaphra gra pralacubated
13 mis. [X] o.6s 0.108
73 o5 0083
1.0 043 a4
3.0 0.78 aroe
0.0 o o141 )
Buffar + duphragm preincubated
% min. os 056 0.082
73 100 .08
150 on 0.0
0 10§ 0.093
Ll om 0.097

*) This vaine ppears (o be too bigh of technical ressane.

Tt is possible that the capacity for protecting A from destruction vark
with different titsus specimens.

Sumamary
The destruction of adrenaline (A) in initial concentrations of 10-6 and
107 g/m} In Krebs-Hanselelt bicarbonate buffer gassed with carbogen
(‘9‘5,4o,+5/coz)mnndkdinthnprmmdnbmofm
phragm. The A on was determined by a fluorescence
method according to the principles of the trihydroxyindoks reaction after
purlficatron with strong cation exchanger An inhibtory effect on the
dmrncﬁonol)\mdcmonwnwdwfcnmdhphmgmmm
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Danphragm from thyroxmme-treated rats did not differ in this respect from
that of untreated anmals. When rat diaphragm was prencubated 15
min before addition of A no destruction of A wos observed,
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From tho Department of Genara! Hypers of the N tiorm! Institweo of Pubiic Heatth, the
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Tar Conteat and Clliotoxdcity of Cigarette Smoke
By

Tore Dalbaraa and Ragnar Rybosder
(Recatved Fabruary 3, 1967)

In addition to their possible effects on the clearnnce of the respuratory
tract and the hung, the cillotoxic property of vanous can be
congdered as an Index of thelr cytotoxicity in general. Tt {s thus natural
that in the evatnation of the blologial properties of tobacco smoke the
cifiotoxic effect is of particular interest. This property of tobacco smoke
hay been stodied nsmg a number of different experimental designs and
although 1t is generally agreed that tobacco mmoke is cillotoxdc, there
is controversy as to which component in the tmoke is the most harmful,
Certain reports indicate that the gascons phase s the most clhotoxic
(Kmare & Batroora 1963 GuUILLERM ef o/ 1961), others that tha
particulate phass which mainly consists of tar nucotine and phenol is the
most cillotoxic (BERNFELD et al 1964 FALX er af 1959)

In order to elucidate the significance of the tar content 1n cigarette
smoke as a determinant of the dillotoxic effect under exposnre conditions
which resernble human exposure, shart term exposure experiments were
performed using animal preparations i1 vivo

Methods
Foll grows cets were snmestbethied and tholr trecheal cila  baerved by meany of

eyl to that of cat momth wws connected (0 the traches fort briow the karyax and to
Twplraiory pamp supplying mobe air Tha frequescy of the pump wes adfused to the re
wpiratocy raty of the entmal

w-ummnmm;m.mdwhmmnmu
Weatica) eocaposition of the [racoes s were wed. The composition of T s510kn wes
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Pults
500

400

Tar

° 0 5 10 15 20 Mglhdlg
Fig. 1 Number of pnffs required to arrest cliiary sctivity in trectee ot
varieas tar Jevels in clyaretie tmokn,

dotarmined uslng methods described previousty (Resarch Div P me.&m"“;
Sreans 1963 Qmualuunlm).lnnd.dldmthmkvdnpn:-cduﬂ“&!
determined (RCRULTZ & Breaxs 1966 The cigaretiss wers compected Lo 8 riof .
17.5 ral were drawn rather rapadly and 1 m] wes immodistely "'ﬁ
“moth of the snimal This mrmwnmmmm“‘ﬂ*
{uffs the snixml was alowed 1o rest for a period of 3 roimmies. Tho saber of poft
Mwmummﬂmmmmmwmﬂ"""

Resalty

Gsnxmuofﬂvcdlﬁm‘mrkw’dsmwd-&dlwwug
udmmist:redtoﬁvcd:ﬁ'cmntnnimnhinarnndommdmnnnﬂ’hl v
to decrease the experimental error 'I‘hemmﬂ)erc:tl'}ﬂﬁ'l"“‘-"‘I“h"’dn1
produce a complete arrest of the fickering light reflex, Le. ciliostzs® %
unwhokmobmvcdmmudemmmmmum@
prucus was present when ciliostasis occurred the possibility that
could continue to beat under a statlonary layer of mucus was i
Contro! animals expased to air only had unaffected ciiary sctilty 2207
npmodcqun]tothmmq\dredtopmdncccﬂiuﬂaﬂsﬁnwmbwdwd
snlmn!s.‘ﬂwreﬂﬂum:hmhﬁg.lwhcrefofcnchw



CILIOTOXICITY OF CIGARETTE SMOKE m

ammal, the number of puffs required to produce clliostasis is gven. An
increass in the tar comtent of the cigarette smoke resulted in an increased
dﬂotonatyi.c.fmpuﬁlmmqnncdtomthcdﬁn.

Discrodon

‘Tha emoke exposure involves the ad ration of standard
tzed amounts of clgarette xmokn, produced under wdentical conditions
from the differont cigarettes. The smoke dosage apparatus previously
described (DALHAMN ef al 1963) is not sultable for the present type of
experiment a3 the piston device in the apparatus canses & small loakngs
of afr into the smoke. As variations in the tar kovel between the different
agarettes used In this expediment are sssoclated with varmtions In pressure
drop across the cigarette when sucked, the leakage and hence the con-
centration of smoke would be different for the various tar lovels if this

Il

that no difference could be detected in the effects registered. (DALEAMY
& RYLANDER 1966).

Althongh the results of the presant expermments indicate that tar is an
important determinant for the clliotoxic propertwes of smoke, it appears
possible that the gascous phase could be more important 1f other expo-
sure methods were msed. This applies particularly to experimental models
where the normal mmcus layer of the trachea Is not present, e.g. when in
mmpr:punﬂommmd.mmoondmmmghmnmm
conditions, however an exposure model which resembles as near as
possible the exposure conditions present under normal smoking apposrs
10 be desirahle.

Moreover preliminary results of cxpermments on the absorption of
vartous componenis of cigaretts smoko in the mouth of human smokers
(SreARs 1965) Indicate that the gascous components are to a larpe extest
absorbed within 8 very short time. Although it has previously been re
ported (DALHAMN & RYLANDER 1966) that the amount of gaseous matter
m the smoke i3 also a determinant of the ciliotoxis properties, the resalts
of the last mentioned experiments suggrst that the partculate phase might
be more 1mportant for the bialogical effects encountered during smoking
in man.

The results of the experiment reported here also stress the importancs
of determuning the exact composition of the tobacco emoke when exposure
experments are carred out. Rerefences to “tobacco smoke™ or “filter™
and “non-filter” cigareties do not give the necessary Information about
the exposare agent.
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Sommary
The cillotoxio property of cigarette smoke with varying tar content was
examined in short-term exposure expenments wsdng anmal & v
preparations, An increased toxicity was noted when the tar content in-
creased, The posuble sigmficance of this finding in connection with
human exposurs to tobacco smoke is discussed.
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Interference of Phenoxybenzamine and Guanethidine
vwith the Vasoconstrictor Responses of Noradrenaline and
Angiotensia 1T in the Hand
By
Matis Hesming xad GliSe Jekmmon
(Reccived Apedl 24, 1367

The mechankm of action of anglotennin 1 complex. At one time the
direct stoooth rmuscls strmulating effect of ths drog was conmdered to be
the main determunant of its pharmacological effects. However during the
last few years a number of other actions of the drug have been revealed
(teview by DoudaLas 1965). Antmel studies recently described indicate
that the vasoconstrictor and hypertensive effect of anglotenun Is not
entirely due to & direct action on vascular mmooth muscle but is also
partly dependent on an ndirect effect on the cardiovasculsr system
mediated viz the sympathetic nervous system (BlcxEaxaroN & BuckLey
1961 HALLDAY & Buckrey 1962 LAvERTY 1962 & 1963 Znouemuan
1962 McCuBmN & PAae 1963 McGIFF & Fasy 1964 Benertr Deira
BaLLA & GaNDINT 1964 Voo & BUCKLEY 1964 Youmams ef af 1964
SwookLex & Bucxiey 1965)

From studies on emumals there 15 evidence for both a peripheral
(ZnnEran 1962 McCussiN & PAGE 1963 YOUMANS ¢f al. 1964
Bertripy, DELLA BELLA & GANDINI 1964) and & central mite of action in the
sympathetic nervous system (BICKERTON & BUCKLEY 1961 HALLDAY &
BUCKLEY 1962 LAVERTY 1962 & 1963 VOGIN & BUCKLEY 1964 Su0orien,
& Bucxiey 1965).

Intheprucmmdymanemptmmldcmma}ymﬂxmhmof
the rictor action of angl in in the hrman hand. This was
dons hycompurl.ng tho eﬂ'a:t of the peripherally acting sympathetic
bPlocking agents, p and hidine, on the vaso-
constrictor effects of Intravenowdy or mlrl-urt:fmlly administered nor
ld:emﬂmmdlngiolmthomcofthzmluhlwbeenrcporwd
mwmnmmmrm(mmﬂm&mnms}

B A phmsivgien, ol T, foee. 4
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Methods

Tho experiments & ere performed on healihy stodents at & room remperature of 7108
A thin polycthiylene or teflon eathoter wis introdaced 1nto one brachial artery s previosly
dascribed (AyLap, Jormason & Hoomeo 1961) and through U phenorybenzaring -
cthidins, noradrenaline, anglatensin or kotook saline was infused ab & constant kow e
{0 6 ml/minute) vaing & motordriven syrings. The Intra-arterially sdmisissered drags vew
Fiven in low dases which only affected the blood flow of the Ipsitsteral hand (et body
whilo the othet hand served a3 & contro! (cootrol band). Infesioas of poradrenalias
saplotentin wero also mads ioto & wperficial arm vein. The blood fow of tix kesdy B
recordad by venoas occusion plethysmography onco or twice & mimate. Detalls of U P
thysmogrphic method have been described previomly (Asiap, Josmamon & Hredne
1961 X 1962

In another werics of experiments the mean arterial Rood prosure after poradrenioe
and anglotensin was recorded on u Gras Model 3 Polygraph through & tefon cathesT b
the brachisl wtery comocted (o & Statham stralo guuge trasducer

Most of the experiments proceeded acrording to tho followkg pattern. When the bioed
flow and blood pressure knd reached  stable lyvel, noradrensting or angiowmsie wo -
fosed Intravenoutly or intra-arterially for fiwe minttes, The intarval betwacn the sdmin
tration of tho drugs was always enfBclently loag fof the effect of one drog #o deapres
before the next one was givin. Following the vasoconsitictor tests, -
guansthidine wes Infoted intra-arterially for five mizoies (fest hand), Whes the okl
teng effect of theso drrgs had reschad & constant bevel (cf. Honawo & Jomamar 1967) 8¢
mﬂwmﬁmwﬂhthemwmmumwpard.lnnhwdyﬂ
of the visotonstrictor drog wis ghvm. The resuhis of the crpenmests ver sholtar $ et
two or oaly on vasocometrictor drug wes med. Moreover (a6 resghs  cre qealtaely
the 1ama, independently of the doses oeed,

mhhﬂﬁhmmnymwdmo(nmdrmﬂnb&lm‘uulw
(mpm-uuuumxmmdmaummwﬂywwlwﬂ*‘d:
Lated &3 the aride, kypertansin @, Cbe) was 2.2 pg/minots (raago | 9-24 ppmicss <&
lnouenpuhnmtuwmlnmlmcmmdhthmhﬂym”u
mummmuuwmwlnmmmlnmmdw“’

' Ph "y dine @ Smith, Khne sod
mmh-mﬂwdmdnﬂ?m[(ﬂlﬂw—mﬂb'ﬁl‘m"w gt
(melln ® ) m o total mean doss of 1.3 mg (renges 0.5-2.0 mg). The o
venoaly ¢ and sngotensn
of magnitud (n each of the three series A, B and C as shown [n 1he renfts. b

The recorded besal valnes ke means of determinations made over two-oirws

latety before the ofa o ""““:J:ZWM"‘
biood flow nd mean arterial blood premurs changss | 1oy WS

photeasin arv mewos of Mdﬁngmhﬂlwwﬁmw

RmMmumcdun—uinundmmndmwmmwﬂp
was breed on the t-test (Framen 1938) for differeoces b rabjecis The ssatint 00
formed on the differsaces betwern tho sbsohuts blood flow changes fa the ¢
duced by the differemt stimud
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Resalts

A. Effects of Intravenously administered norodrenaline and angiotensin on
mean arterial blood presnure
The effect of intravenomly Infused noradrenaline on arterial blood
pressure was studred 1n 5 subjects (14 infoslons of the drug were studied)
and that of angwtensin also in 5 sabsects (17 infusions) The basal mean
arterial blood pressure was roughly the same in the two series, i.e. 90+ 2.0
mm Hg before noradrensline and 88 4+ 19 mm Hg befare angiotensin,

)

53 8

@
3 5}
N

OO FLOW wW/A00m TISSUE PER MINUTE
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Frg | Effect of mfosion of dren (roeam of 7 and of
anpotcram (mee of 7 experomcnts) on blood Bow in the hand before nd  fier admenh-
trabos of phenorybemramins (ato the brachlsl artery on 1be same side a3 the bl husd
{solxd kow). The otber h od sened 83 control (drthed ko) Mew  + se
B
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The corresponding values durmg intr. mfuson of dremak
and angiotensin were 114 & 2.5 and 111 4 2.5 mm Hyg, respecinely
Intra arterial infusion of either of the drugs dud not change the artenat
blood pressore.

B Effects of phenoxvben_amine on the action of intravenously odmbnistered
noradrenaline and angiotensin in the hand

The effects of intravenously administered noradrenaline and ango-
tensin on the blood flow 1n the hands before and after intra-artern! s
minustration of phenoxybenzamine into the test hand were both studied
1n 7 experiments (fig. 1) After phenoxybenzamine, the blood flow grade-
nllymcruscdinth:tuthnndandmchedllmblelcvchﬁ:rnbmnﬂ-
60 munutes The basal level of the blood flow in the hand and the Incresst
after phenoxybenzamine were gbout the same in the studwes with por
adrenaline and angiotensin.

Before the 1nfusion of phenoxybenzamine, naradrenaline prodoeed 2
quantitatrvely stmilar reduction 10 blood flow in the two hands i
decrease 1n the test hand being 5 7 - 1.30 ml/100 m] tissue/minute (i e
following abbrevizied as ml) and in the control hand 57171 &
(difference 0.0 - 067 ml) After pl had been ghven, e
effect of noradrenzline on the test hand blood flow was much smiit
{han on the control hand blood flow namely 1.2 & 1.56mland9 0+ (¥
ol respectrvely (difference 78 -+ 1 16 ml p < 0.001)

Before the administration of phenoxybenzamine anglofensia produeed
about the same decrease of blood flow 1n both hands. The decreast ¥
91 200 ml 1n the test hand and 91 1.24 ml n the control o
(difference 0.0 + 1 11 mI) After the infoston of pl m{bf
:ﬂ'cctofangmtmﬂnonbloodﬂawmmmhlcuinthcwmnhd
control hand. The decrense was now 0.5 & 1.93 ml aod 8517
respectrvely (difference 80 4 1 63 m! p < 001).

c Eﬁ’nuafmerhﬂbxmtkmimofwmmamfrmw
adrenaline and angiotensin in the hand
{reraline and angiosi

The effects of intr ly admini d nor
on the blood flow in the hands beforeand afterintra-artenal -dmhﬂ’:ﬁ
of gnanethidine were both studied in 7 experments (fig- 2) lﬂ“:;"dw
ments, gnanethidine induced an imtial decrease In blood flaw f i
an increase 1n the test hand, while only an increase was wifzcd B2
other experiments. The Increase 1n blood flow hdwm‘;“mm
about 30 minutes. The basal levels of the blood flow in the
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Fig. 2. Effect of i fuson of (mean of 7 axpert amd

aaglotewsin (mean of 7 experiments) on blood flow n the hand befors and after adminmg-
tration of guanethidino kot the brachial kriery on the same side 11 the test hand (salid Kne).
The other band served a3 contral (dashed Bae). Man + pem

increass of the test hand blood flow after goanethidine were of the same
order of magnitude in the stodies wsing either noradrenaline or angio-
lmnnundmcompamblntolhaucmrdedmﬂmentudyw‘:ﬂxphmoxy—
berzamine

The effect of noradrenaline on hand blood flow was essenthally the same
i the test and the control hand, before the administration of guancthidine.
Thus there was & decrease of 70 & 190 mland 6.6 + 2.2 ml respectively
(difference 04 + 0 63 mi) When guancthidine had been Infused into the
test hand, the decrease 1n blood flow after noradrenaline tended to be
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somewhat greater in this hand than in the control hand, 9.3 4 1.57 ml s
compared to 7.2 £ 1 75 ml (difference 2.1 4- 0.57 ml p < 0.02),

Anglotensin caused a mean decrease of hand blood flow of 59 + 181
ml in the test and 6 8 4 2.10 ml in the control hand before the infuston of
guanethidine (difference 0.9 £ 062 mi) After guanethidine, anpotensin
caused a slight increase in blood flow of the test hand (10 £ 2.06 m)
The decrease in the control hand was roughly the same as that seen before
guanethidme administration, 6.5 4- 1 54 ml (difference 7.5 + 274 ml
p < 0035)

D Effects of intravenously infused noredrenaline and angiotensin on the
peripheral vascular resistance gfter phenox) benzamine and guancthide
The following calculations were performed s order to obtam a rough
estmate of the effects of intravenously infused noradrenaline and ango-
tensin on the vascular resistance in the hands afler infusion of phenory
benzamine or guanethidine into the test hand. The effects of the dmgs an
the mean artenial blood pressure (reported 1n A) and on hand blood fow
(B and C) were cakulated on a percentage basis These valoes and ¢
percentage changes in perpheral resistance units (PR U corresponda
to PRU 100 of GREEN 1948 calculated by dividing the mean of the mea®
arterral blood pressure by the mean of the blood flaw In the hands) are

Table 1
Percanteal changes of mesn arterial blood presaure, hand blood flow and P KU (PR U=
une, di £ t0 PRUjge of Green [$451
Mean + se.m -
Incresso Blood fiow Pl-llur‘
Drug mean decrense ot Iperesse per
arigrial ,__,___P:r——-————’—/
taew | tateartrianty Test | Cootro)  Tewt c."
weooly | woteband  C namd | basd  band -
\ pet cont
[ 5 M2 2283 @ &3 niW
, amd amr =1 foo
Noradrenaline ' Goanethsdios T 21 45 €9 4 k6 1

a=id nm=1? el
e T
Anpicnn Phenoxybenzamine 3 - 14 1 L 68 40

ner? om= 2l
Anglotemm | Guancthiiee 8,18 -2 70 41 79 P

n=17 el =T (
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os and of {rwesn of T exp into the brachlel artery on

the samw gids a5 the test band (solid Bns) befors and eftsr administration of phenoxy

benraning nio the same ertery The ofber hand secved a8 control (dssbed hoc). Mean +
e

shown in table | The increase 1 peripheral vascular resistance produced
by noradrenaline was reduced by phenaxybenzamine, but not by gusn
cthidme. However both vasodilator drugs mhibited to a large extent the

eflect of angiotensin on the peripheral vascular resistance.
E. Effects of phenoxyben. amine on the action of intra-arterially adminictered
and anglotensin in the hand

The effects of intra-arterially administered noradrenaline and angio-
tensin on the blood flow in the hands before and after intra-arterial ad
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ministration of phenoxybenzamine to the same hand (test hand) were
studied in S and 7 experiments, respectively (fig. 3) After phenoxybens
amine the blood flow gradually increased in the test hand and resched s
stable level in 30-60 mimutes The icrease in the blood flow after phenoty
benzamine was on an average about the same in the study with intra-
arterially infused noradrenaline as in the studies reported 11 section B,
while 1n the study with intra arterially angiotensin, the mean blood fov
ncrease after phenoxybenzamine was more marked (fig. 3)

Before the adminstration of phenoxybenzamine, the
infusion of noradrenaline (1/60 of the mntravenous dose) reduced the blood
flow 1n the test hand by 87 + 1 62 mlL Only small and varmble changes
wero observed in the control hand in which the blood fiaw decreased by
05 & 111 mL The “net effect” of noradrenaline can be calculated accord-
1ng to the formula “Net effect™ == (text mbtus control hand blood flow be-
Jore the drug) minus (test minus control hand blood flow after the drg)
‘with this method of calculation a “net decreass”™ of 8.2 + 1.86ml(p <000
after noradrenaline was found 1n the test hand. This decrease was of the
same order of magnitude as observed when noradrenaline was inflesd
totr ly Afer phenoxyb jrenaline reduced the blood
flow to a lesser extent and the “net cffect™ of noradrenaline was then
304084 ml (p<005) The difference between the effect of nct
adrevaline on the blood flow before and after phenotybenramise ¥
52+ 149 ml(p <005 1

The dose of the intra-arterially administered angtotensin was sboul
of that given intravenously By ealculating the “net effect”™ OTUW‘-’""O;;’
a5 described above for noradrenaline, an intra-arterial infusion was f¢
to decrease the blood flow by 8 4 4+ 1 15mi(p < 0001), and this decress
was similar to that observed after intravenous administration of the et
After phenoxybenzamine the decrease 1n blood flow of angioteant mdr-
the tame order of magnitude as before and the “net effect” was ”:;‘t:‘ o
crease of 6 [ + 1 68 mi (p < 002). The difference between the s
angrotensin on the blood flow before and after phenoxybenzmine
234 152ml

Discrysion
The blood flow in the hands 1s characterized by marked cfrpoﬂ"”“’b"”
variations and 1s greatly influenced by emotional stimuli Eh: f'"‘w' e
GREENTIELD 1963). Hence conuderation must be given to the pos¥
that the intravenously administered noradrenaline of ::t:n
consciously noted by the subject, leading to increased m 1be
in turn could be responsible for the increased vascular resisianct
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hundzhmushuymptﬂm-admmldimmﬂrhuponibﬂltymmbe
ndudcdbythcfanlhnthtmbjecumnppmenﬂymphmyun
aware of the drug infusions and on questioning afterwards denied any
senrations, The results of this study are in full agreement with those
obiained in our previows study on the wdireet effect of anglotensin in
which the subjects were given a hypootlc dose of pentobarbitone to
efiminate the influence of psychic factors (Jornzson, HovNiNG & AsLAD
196
T?cinm—nnmialdmuafpbemxybumimundmmhldlmmod
m the present study have previously been found to bring about a partial
Block of the vasoconstrzctor tone in the hand phenoxybenzamine acting
through an alpha receptor block and gnanethiding through an adrenergic
neuron block (HENNDNG & JoHN®SON 1967).

The vasoconstrictor effect of intravenously or intra-arterially admin-
bstered noradrenaline was ized by phenoxybenzamine. The effect

of ly ad ed noradrenafioe wag, if anything, increased
by goanethudine. These data are consistent with data previously reported

(He2omva & JamesoN 1967) and indieate that both intravenously and

Intra-arterally b line eticrt riction in the
hand through a direct stinmulation of fts vascular alpha receptory.
The vascconstrctor effect of mtr ly admmistered angi

differed froma that of norsdrenaline since both phmexybmzan&;km md
gianethidine produced a marked inhibition. The finding that fntra

arterially ed guanethidine inhibited the cffect of intravenously
infoted angl indd that the v ictor effect of anglotensin
In the hand {3 mainly due to an effect mediated via the sympathetic vaso-
constrictor fibres. If release of catecholamines from the sdrens] medulls
{f Froprma & LEWIS 1964 RoeDwON 1965 PeacH, CLINE & WATTY
1966) had been a significant factor m the vasoconstrctor effect of anglo-
tensin in this study the alpha-adrenergio receptor blocking agent phenoxy-
benzamine would probably have antagonized the effect more than the
adrenergic neuron blocker guanethidine The reason why the effoct of
intra y giotensin was not completely aholished might
dtp:ndmthcfutmal:ympaﬂrﬂclcﬂﬁ:ymnotmmnyblockcdby
ﬂrmodﬂamrdmg:tnthudmmcd(de«m&Jaﬂmmlsﬁn
These resalts obtatned with intr ly infused angiotenun, which
Nulemeﬂmmmc:ympaﬂnﬂcmﬂu:kmrﬁbru,mnﬁm
those obtained in & previous study (Jorason Hevmo & Astap 1965),
lndmmmmntnmmmofSamr&Wm(l%ﬁ).mm
VERUgators observed that the vasoconstrictor effect of angiotensin 1n the
hﬁdmgrmuyrtdnwdbyph:noxybeﬂnmlmqrbntyh\nnwwhm
mdlhs:utinunumﬂylympathcctomiz:dhand.
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The localzation within the sympathetic nervous system of this effect of
anglotensin is not known Pomible sites of attack are e.g. the sympathene
centres in the brain or spinal cord, the sympathetic ganghia, the post
ganglionic nerve endings or sympathetic reflex mechanmms, The rents
of our experiments with intravenously infused angrotenun indicate that
this drug affects the sympathetic system though the exact site of action &
unknown However a companson between the results obtamed with
intra-arienial and intravenous infusions of noradrenaline and angoicnsin
suggests that the penpheral sympathetic nerve endmgs in these exper
ments were not greatly influenced by anpotensin, The ratio between the
mtro-arterial and intravenous dose of angotensm, which produeed
similar decreases in blood flow in the hand was approximately | ¢
whereas that for noradrenaline was 1 60 These fgures are of the same
order of magnitude as those reported by Scroop WaALsH & WHELAN
(1965). It is probable that dunng intra-arterial administration, consider
ably more angioternun reached the sympathetic perve endings than »hen
the drug was given Intravenously however the decrease 1n blood flow
was about the same 1n both cases. This may indicate that intravenousiy
infused angiotensin affected the sympathetic nervous system proxumal to
the peripheral nerve endings. ’l'hueﬁndmg:mhxngmmmmlhd:u
previously reported by JomnssoN HENNING & ABLAD (1965) and Scroo
& WHELAN (1966) The observation that the effect of intravenous but ot
that of intra-arterial angiotensin was greatly reduced by p
amine, may indicate that the effect on the hand blood flow of Intravesousty
bat not intra-arterially administered anglotensin is to a great extest
mediated via the sympathetic nervous system. This finding fs akso o™
sistent with a site of actlon of angl on the r‘"‘cnﬂ'"";};
system proximal to the penipheral nerve endings. It is probable that
effect of intra-arterially infused angiotensin in these expenments ¥2F
melnly due o o direct stunulation of vascular smooth musce ¥ #
receptor other than the adrenergic alpha-receptor

Summary
Inteavenously infused angiotensin (mean dose 2.2 pg/minute) and 8¢
adrenaline bitartrate (mean dose 18 pg/mnute) elicited ‘Wmm
in the hand. Phenowvbenzamine administered into a mﬂlu:w

greatly reduced the effect of angy in and nor
responding hand while guanethidine, also given into a l:mdb'l;]ﬂ”
inhibited only the effect of 1ntr 1y infused ang

of noradrenaline.
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Angiotensin, when admb d into a brachial artery had to bo given
hcrd;ﬁwlyhighdwucumwcdwithmuinmmomdminordcr
tnpmdm:ubamthenm:teducﬁonofuoodﬂowinthelpxﬂatcmlhmd
Thus the doss ratio betwoen Intra-arterally and intravenously adminis-
tered anglotensin was I 5 while the corresponding ratio for noradrenaline
was1 60 Moreover the effect of mira-artenally administered angrotensin
on the hand blood flow was not inhibited by phenoxyt ine. The
findmgs 1ndicate that angl i with the pathetic nervous
system and that the aite of action for this effect on the hand blood flow

sems to be malnly localized to a nite proxumal to the perpheral eympa
thetre nerve terminals.
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From the Department of Plarmscokgy University of Goteborg, Giteborg, Sweden

Comparative Effects of Intre-arterially
Administered Isoprenaline and Sodium Nitrite on Blood Flow
and Volume of the Forearm
By
GIlts Jommon
(Recebred Tuso 20, 1967)

Tsoprenaline st vascular f-recepton and induces s vasodilatation
in vanoms vascular beds with a concomitant riss in blood flow (Green &
XrrcraR 1959 Ampquist 1965). This drog appeans to be » paritenlarly
potent dilator of resistance vesscls Le. mainly arterioles in skeletal muscle
(32 .5 GraBuURG & Coenord 1360) Ammal studies by Fouxow (1560)
wd Arsqud ECE¥TEIN & ZDOFRMAN (1965) indicute that lsoprensline
ko dilates capadit vessels (ie. pred ly the veins, seo FoLxow
1960 MELLANDER 1960} in tho tissne. capacitance response, however
was found t0 be weak compered to the smultanconsly recorded dilatation
of the resistance vessels,

In the present investigation an attompt was mads to evaluate the effects
of intre-arterially administered froprensline on the and capaci-
nce vessels in the buman forearm, A plethysmographic technique was
@sed. The effects of {soprenaline were compared to those of sodhmn
nitrite, o drug, which has a xmall dilstor effect on resistance vessels but o

sarked effect on capacitance vesseh (see ey WiLxpw, Harg & W)
1937 Ancan 1963) =

Methods

T cpetimnts were performed on heakthy stodests accordbeg 1o 8 procsdre
Wﬁmwdkmn!m(\anhrnﬂmﬂmﬂr:p.
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plethy y m prov deser({bed Qontmon 1967), Flow was determised st
tancoasly fn both forearms once or twike a minnte. Coulinoows meassremcats of the
chaxges [n the rolume of the fwe foremrms were made stpartely frome (e recordrgs of Ue
blood flaw During thit procediire, the arms were kopt [n the same position 59 duriey te
periods of blood flow recording. The upper part of the foccarms was at e Jeret of the
sternal angle and the water level la the expansion chamber of the plethymmoprip s

bout 10 cm highet than the upper surface [ the farsarms. 1t wus comidered deskrable w
mafutaln sovolumetric conditions tn (be forearms before the drogy were ghen. T =
accomplished by maintsining a constant presure of 20-25 cm HzO Lo the provioat o
cluston coffs during the volute messurements. Hand chrenlation was occluded dunog the
period of forearm volums recording and throughout 1l drug Infosons by madctrissg
supresyatolic pressuro in the distal cuffs.

Four main typss [ exporime ts were performed. In ong sries of experiments hepro
aline was infosed into  beachlal artery {test forearm side) for 7-3 minates and fn ¢Sy
forearm biood flow oc volume followsd. (A in the results), These experimets e pet
formed | order to detsrmine when the sffect of fsoprenaline on biood flow and vehwet
enched u stendy slate Jevel

Inlwcondtrptofapvﬂmmtb.cﬂ‘tmofboduhopnmummdnﬁﬂﬂﬂ‘“
forearm blood flow and volame wers compared kn the same experiment (B in the remiil
Tho basal blood Bow was followed for five minutes. Five minuies later the basal foream
volummes wero recorded for 34 minutes. During the comtmnous recording of the vohwa
1oprenallac or sodlom nitrits way Infascd Intra-artestally Isoprrealine way bafed fo
7 minutes and sodlum pitite for 9 minwtes. Doving the lst tn0 miautcs of the tafilea o
the drugs the contlauous recording of foreanm volumes was siopped, and frstesd e Waod
flow wes repistered. Aftec the subject had rested for ( Jeast 30 mictes U saen %
procedure wes repeated, Bow with the otber drug Tsoprenalias wes given m 1o £ 6%
1o 4 subjects nd sodinm nitnte to 3 sobjects. T two rubjects en addiomal experimeat .
camed out, vﬁmhwpmnmnndmdlmulm‘mﬁm‘“‘h"‘"'w'
described In these Intter experiments plethysmographs were not applicd bet
the axterial blood prewure was messured with comentlopal auscalatosy ekl

12 1 third sertes of were made of the 0F 0
voam-dmmumfmwmmddmuwwd:_
1opeenaline or sodiam mtrte (C In the resahts). Iodo a subcatantoss v w"‘“m‘
tha volar part of the test forearm, Lod:uw('plnﬂcwmnnww-“
WaioHT & JNEo 1958). Thr catbeter was conpected (0 an opes vertioal plaie >
an mnfouon bottle contalning motonle mlme The venous pressurs wis mesasd fost
tracting tb beight of (ba fusd berel m the expapsion chamber of Lhe pietbymef s
the beight of the Tevel 1 the flsud cotum  in the plastse tube. £ &y

£ based on 35 mcasurements in each subject [1otonic saline wit
of 0.5 mi/mzmmte through U enous catbeter when the YeRO prewars e 8% PO
Tsoprevatine was given sa the fle drug to tw subjects #nd nodromm pirite 10 154
subjects. The snterval between the infomon of the t o drugs wat at ket 0 o s

] -fommdumwwwdmmummdwm‘ o
brachial ertery bef re ead afict fnfunson of propranctol luto the zuoc s ©
mumn:vuhmednmhmrmmmuummulﬁm’""
cedury exnchd

mampm-mlmmumulmmmm"“"““fmoma
Nydrochlonde. The mirs-tricral doscs of 1-woprrsallae tolph te raaf™e 90
0015 pyfminets 2d thosw of sod wm mirle from 032 to 08 mg'™

to! kydroch Ioto & brachlal artery wi © 0 DE

prof



JSOPREMALINE AND NITRITE ON BLOOD FLOW nt

Rascls m@nmgmﬁmdmm(umxmmw
-ky--nmbud o8 the tiot (Fosen 195%). The “et efect of e drags on Lest fore
I blecd flow w1 cakaiated actonbeg 1o the formala (1) -
Hﬂlf«f—umd-aaudlcmwhv-fmﬂ(h)ﬂm(w
toicrs! forvorm bheod i befort e doog)

Tou"met efieet of the drugs ou Ot vetuime of Uhe 1o fortsrm wan cakenhated o the
ewropoodry RAROCT

Rexits
A, Efiects of isoprenaline o blood flow and robume of the forearm

The efiect of intra-artenally infused ioprenaltne on blood flow was
stodied fn § subjects. Fig. 1A shows the result of one experiment. 1so-
premlins nduced an increase of the blood flow In the forearm on the side
of infigon (test arm), but no signifieant change in the other forearm
{control arm) A marked Increase 10 blood Bow octurred immediately
«er the start of the nfusion and & steady state kevel was reached within
23 mmntes. This time-effect patiern was reproduced in the other four
cxpermments. When comparing the effect of uoprenaline on blood flow

&nmgﬂnpcrdemmutamuﬂnnmd‘hcbfmlonvmhthcpm-
drug value, e

mimux"o(&tiﬂ?ml/l(!)mllk!mﬁnmute(inthc
wamg‘ml")mrcmrdtd(nt-ﬁ.mmrmpondmgmuwlutfw
nﬂcrlh:nnnnft}wmfudmv.uﬁ}i

hbodﬁavdnrmlth.epcnodanDdS—ﬁminmnaﬁcrth:
Hnmu(mprmalm(diﬂ‘mnwﬁl;tﬁ.”ml) st ol the
The effect of Boprenaline on forearm volume was studied on four
mm volume of the teyt forearm Ths
— Wmmmdmmonmwumk
lbotnmminmehu:r(ﬁ;ll!) Mmd:bhodﬁawmpomlu
;Fmﬂmmmmrdcd,apukvnlmwpmﬂymmu
mrmm}n;umg.muaboutznmtu&uformm volume had
ﬂrrufwonlynmﬂchlmﬁ:vohmmrnd

vatue was Q. period, the
Q-ﬁsmmmmlm;mm“i'om 1al/100 m tsue

bl
Hmm oz deappeared wihia (S mimutes 00d flow and
lehm(ndhm!hn
0 vl Bsoprenaline prodnceq
o Wmﬁmmm“mm{;;“;‘;“::
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P graphy a8 ribed (Jorressan 1967)- Flow was determiscd 1
tancousdy in both forearms oncs or twics a minote. Continnows mcessrements ¢
chaages in the 1olxmes of the two foresrms were made separately from the recordinp
blood flow During this procedure, the arms wero kept In the snce poslton s dani
periods of blood flow recording. The upper part of the forcarms was st tho nel ¢
stornal angle and the water bovel In the expamsion chamber of the plethymmognpt
abo t 10 cm higher than the upper surface of the forearma. It wus consdered dnity
maintain Lsovolumetrke conditions la the fotearms before the drugs were ghven TH

period of forcarm wolume recording aed throughont all drwg infremons by netictir
soprasystolic pressuro In the diial cuffs,

Fmrm(ntmofnpcrlmumwﬂnmlnmwdunfawwh
aline was infizsed into & brachlal artery (test forewrm side) for 7-8 mlaotes and by .
forearm blood flow or volume followed (A In tho resuttsh Thew experimaats e
formed in arder to determine when the eflect of hoprenatine on biood fow xad vo
reached u steady uate level.

In & second type of cxperiment the cffects of both Boprermalins eod wodium sirt
forcarm blood fiow and volums wers compared In the tame experiment (B f the e
Tho busal blood flow was followed for five mizutes. Five minctes later tio besel for
volumes wers recorded for 34 minutes. During the continuom recordiag of te ve!
Boprenatine or sodium nitrite was Infusd Lotea~arterially Isoprerabat wis efon
7 mingtes wnd sodhum nitrito for 9 minutes, During the last ts pufautes of t bl
the drags the continnous recording of [ rearm volsmes was stopped, aad lnstead the b
ﬂwmnﬁuwﬂi.AﬂaLbowb}euh;dmlcdfcrummnﬂwmtkut
procedare was repeated, pow wlth the otber drog. Isoprrnallos was ghen w1 the %
ta 4 rabjects and sodlum nitsite to 3 sabjecty. I two subjects a0 eddilonal expertmes
anicdcul,mvhichkopnmﬂmndwdjmduh.mdwnhl}nm-nw
dexcribed. In these larter experiments plethywmographs were not appled bt b5
the axtenial blood presare was messured with €0 vertional auscakatoey trciigoe

1n w third sertes of expert e eage of the st
volume and enors pressse | the farcarm before nd during fotra-srierial Isfukc
Roprematioe o codl  nitrite (G fa the resuka). Into & subcutescows vela pesr (bé cibe
the volar part ftho test forearm,  Rechester plastic catbater was tatrodeeed (K
WAtaHT & Jtn © 195). This eathter was eonmected to an oped verbcal phsts T
mmmmmmm;mmmmmmmw"l
u—-cun;uemw;«muudwmmapmmmb«dmwmﬂﬁw
the betght of the brvel of the fuid colun in the pleytlc tube. Bvery valwe for 9 40
prcqunnhsudwl—imww:mulnuchmh}cd.lwluﬂ:uﬂm HH":‘H\
of 0.3 mYmunnte throngh tho enovs catheter when the veaoTs TTY .23 00
Tsoprenaline was given a1 the first drog to two abjects and soJlum pilrits 10 184
tubjects. The foterval betwcen the inftlons of the two drups was tieast Y0 KUV

I & fourth senes of experieacnts oprenaline or sedhm nitrito was ad ot
brach al artery before and after Infusion of propranchol bito the sana 87T
results) The olusme chanpes in the £ rearms were sndicd durtag this &
ecedurs.

The drops waed were l«wmmﬂmnﬂplﬂu.wdlmmdunﬂmﬂk

The p

| doses of 1 sulphate paaped hoe "‘

0.013 pg/minute and those of sodium nitrite from 0.32 fo 0.50 mg/mérese. T
' tnt0 & brechial artery was 0.30 74

prop
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anwum‘wmﬁwmun)mmw
m&*mhﬁmhtmﬁmlmm‘dm‘ﬂmdmmwtw
o hood fow was cakulited accordiog U the formmia (1
mwf-wmmmwpuwmamm(nw
cocval friorm bheed fow before the dreg}

The “net offect of the dregt oo the volome of tewt forearn was cakutated bx the
correspondmy manter

Remlts
A Effects of isoprenaline on blood flow and rokume of the forearm
The effect of mtva-arterafly infused sopremalme on blood flow was
studied m 5 subjects. Fig. 1A shows the resuft of one expenment. {so-
prenabine mduced an inerease of the blood flow in the forearm on the side
of infusion (test arm), but no significant change in the other forearm
{contro! arm) A murked ineresse in blood Sow occurred immediateh
sfter the start of the mfiruen and 2 steady nate kevel was reached withln
7.3 mmutes, This time-effect pattern was reproduced in the other four
experiments. When companng the effect of soprenaline on hlood fow
turrog the period 3-4 munutes afler the start of the infusion wth the pre~
drug vatue, & “net wcrense” of 5 4+ 0.89 m/100 ml tusue/minute (in the
folowmg “mi™) was recorded (o == 5). The corresponding mean value for
the same § subjects 56 minutes after the start of the infusion was £3 &
025 ml. There was thms no sigaificant difference between the effects on
Rood flow durmg the penods 34 and 5-6 mimuiet after the start of the
Ixfumon of Boprenaline (difference 01 3017 mb
The effect of {soprenaline on forearm volume was studied on four
Tbyects incrensed the volume of the test forearm This
eflect et in immediately after the start of the infuslon and reached a peal.
vahe sbout one mrmute lter (fig. 1B). When the blood flow response to
noprevaline was recorded, a peak value was generally also recorded at
the coteaponding time. After about 2 minutes the forearm vohime had
almost kevelled off and thereafter only small changes in volume occurred
dommg the drug infusion. No significant changes in the volume occurred
in the control forearm. Duning the period 3-4 miinutes after the start of
the infimon the “net merease” of the volume 1n the test arm was 0 42 -
006 mlf100 ml thssuo and during the following 2-minute period, the
vatue was 0.44 3 0.07 mi/100 ml thsoe (difference 002 -
?-mmﬂlm&ﬂsmlneeﬁccno{mmﬂmbothonbbodﬂowmd
erearm vo
on ot df“::wenmd within 15 minutes afier termmation of the
| Tha resalts tines yodicate that Soprenaline produced an Increase In test
| ™ volome essentally co-ordinated In time with the effect on test xrm
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pheth, s previously d (Joirason 1967). Flow wis dctermined stmal-
taneously lo both forearms once or twice a minute. Continnows meuwrements of the
chanper ke the olame of th n forearma were mado separately from the recordings of tee
blood flow During 1bis procedare, the arme wers kept in the same positics as darieg the
pertods of blood flow recording. The upper part of the forcarms wrs at the Jeve) of the
sternal angle and the water Javet in the expamlon chamber of the plethysmographs was

boat {0 an higher than the upper surface of the forearms. [t was consldered destrabie 1o
maintatn Bsovofometrke condlifons | the forearms before the drugs were gheo This was
secomplithed by maintsining a comtant pressure of *0-2% em H:O In the proow! oc
cinlon cuffs during the volume measorements. Hand dreulation was occheded durlag the
perfod of forearm  olume recording and throughout all drug infotions by maletsizing 2
suprasyrolic prenote In the distal cofly.

Fou main types of experiments were performed [ ono serics of cxporbarcnts Mopers-
aline was Infused into & brachlal artary (test forearm side) for 7-8 minutes and s effects oo
forearm blood flow or vofame followed (A In the results), Thess cxpetlments were per
formed In order to determing when the effect { hopriatine oo blood flow and oluwe
resched  steady stste kevel

1n & weond typs of oxperiment the cffects of both Bsopremains and sodlom nhirisx oa
fm:mbbodﬂu‘mdwlmmmp:ndlnlbema‘pﬂimmwhﬁtm)
The baxaf blood flow was followed for fhwe minuter. Fhve minwtes Liter the basal forcarm
volumes wers recorded for 3o4 minutes. During the contlatous recording of t  oleme
bopremafine of sodlom nltnte was infosed intra-arterially Isoprenallos was infused fof
7 minotes and sodlum mirit foe 9 minutes. During the st two minstes of the bafiesion of
the drugs the contipous recording of forsarn votumes was sopped, and fmtesd the blood
Row was registered. After the subject bad rosted for st feast 30 min tea Lhe same test
procedurc w &1 repeated, now with the other drug. Jsopremaline was ghven it the et drug
10 4 subyects and sodfom nftrits U 3 subjecty. In two subjects an sdditions] exprimat 25
carmed out, 1n which lsoprenallne und sodiom nitrts were gven in the ame manwcr 51
Gesenbed. In these latier experiments phethymoprsphs were ot pplied but lestead,
the artenal blood premure was with t y techalgee.

Tn & third senes of exp were mude of the chaagei i1
volome and mmhrhfww-bdmudd-ﬂuxbu‘nwﬂlh!numd
Boprenafios or sodmm nitte (C m the resaka). Into & sabeotancous veln pear the clbon o8
the olar part of the tet foreartm a Rod:cs:c{‘pmﬁcalhﬂwmhnodndlk ™,
W RIGHT & JivKo 195K, Thry catbeter was connected to an open verikal plasth, tuby o€ 10

dwwboﬂhcmmm.nmm-dlm.mmmrmnﬂ‘umdby»
tracting the helght of the fuid Jevel in e cxpansion chamber of the picthysmograph et
lhchd;hloflh:lncln{tbtﬂm.dcolumnmth‘plnlkrubttcryv‘lncfoflbl\m"
pressiars 1 based o -5 mocasarements o each sabject. Tsol ol safles was Iafoted st 1%
of 0.5 ml sinate throngh the  enous catheter when the mmpﬂm-umm-ml
Noprenalioe »  guren e the At drog (o two sbjecty a d sodi m pitsite 10 the ofber £
subperts mmmummmmrmmdmno&upmukm’onhﬂﬂ-

n four\x:m-m«71‘rqu-rmcm|xsc;p-rm:arkmonodtmmu-ﬂcmnufudﬂlnzx-rdI:f\:jt
brachial artery before 0d after afuuoa of propranotol laio the same riery (D ia
fetalty The  fume changes i the forearms wers studied during bl e
cedare

The drugs mved were 1-soprenaling sulphate, sodium nitrite and racess ook to
hydrochlonde The ntr artertal doscs of tdsoprenahioe sxiphat o ped from o
0.015 pg mumwte 10d thoss f sodium plirite from 0.32 to 0.0 mymipute. The dow
FroT J dInto  brachlal wrtery was 050 eg
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Mmmnmxmﬂmdmm(unxmm
mlynruh’donlhoHtﬂ(melmThl‘ldtﬁm*o(lbtdrnpnnuﬁrm
amt Bood flow » a3 cakenlated secandiag to the formads (1)

Nt cfect” = (saat mimas comtral fortarm bived flow after v drag) mives (rest misxs
cantrel farcurm bloed fow bofere the drey)

The “set effect of the drugs oa the wolame of the test forearm was caleulated | the
caruposdieg manner

Remlts
A Effects of isoprenaline on blood flow and volume of the forearm

The effect of intra-grtenally infused lsoprepaline on blood flow was
stodred In 5 subpects. Fig. 1A shows the result of one expeniment. Iso-
prenafine induced an increase af the blood flow in the forearm on the ude
of mfmdon (test arm), but no significant change in the other forearm
{control arm) A marked increase in blood flow occurred mmediately
#fier the start of the infusion and a steady state level was reached within
2 3 minmtes. This time-cflect pattern was reproduced in the other four
aperments. When comparing the effect of {soprenaline on blood flow
durng the period 3-4 minutes after the start of the wfusion with the pre
drug vatue, a “net increase™ of 54 £+ 0.89 ml/100 m] ussuc/minute (in the
following “mI™) was recorded (n = 5). The correspornding mean value for
e tame 5 subjects 5-6 munutes after the start of the infosion was 5.3 +
085 m! There was thus no significant difference between the effects on
blood flow dunng the perods 3-4 and 56 minntes after the start of the
fotlon of hoprenaline (difference 01 + 0 17 mi).

The effect of isoprenaline on forearm volume was studied on four
subects. Tsoprenaline increased the volume of the test forearm, This
effect set in immedintely afier the start of the Infusion and reachied a peak
vahwe about one minute later (Ag. 1B) When the blood flow response to
Bopenalme was recorded, & peak value was generally also recorded at
e time After about 2 minutes the forearm volune had
almost levelled off and thereafler only small changes in volume occurred
during the drug infusion. No significant changes in the volume occurred
T the control forearm During the period 34 minutes afier the start of
e infusion the “net increase™ of the volume In the test arm was 042 +
006 ml/100 m! ussuc and during the following 2-minute period the
Srresponding value was 0 44 + 007 mI/100 ml tissue (difference 0.02 +
003 m1f100 mi tissue) The effects of oprenaline both on Hood flow and
forearm volume disappesred within S minutes after termination of the
tfusion of the drug.

The renults thus indscate that fsoprenaline produced an | {0 test

™ volomie essenthally co-ordinated in time with the effect on test arm
-
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blood flow Furthermore, it scemed posyible to compare the effects of
isoprenaline on forearm blood vohime 3~4 minutes after the start of e
infusion of the drug with the forearm blood flow duning the followng 2
minnte perfod since the arculatory effects of the drug were relatively
constant during these penods.

B Quantitarive comparison between the effects of isoprenaline and sodiem

nitrire on blood flow and rolume of 1he forearm

In o previons investigation (ABLAD & JotnssoN 1963) It was shown (bat
the effect of sodium mtnte on test forearm blood flow was well co-
ordinated 1n time with ats effect on forearm volume The effects Ofw‘f‘;‘;:
nitrite on blood flow and volume set in immediately after the start Dfm
mfusion and the effects tended to kevel off within 5 sunutes Whet
infusion was stopped the test arm blood flow and volume began to
decrease and the blood flow reached the pre infusion value aboot
minmutes later
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Fi 2. Increnser of test forearm biood flow and  olome duging infudon  § Soprenaline or
yodurnt altrits ito the cormesponding hrachial arkery Mes tyem ( = 7)

The results reported above for isoprenaline and sodfum nitrite indicated
that 1t should be possible to compare the effects of both noprenaline and
wdmm nrtnte on the blood flow as well a3 on the volume of the forearm,
b the same subject, This wus done on scven volunteers. The results are
presented in table 1 and figure 2.

mecreased the blood flow in the test forearm by 47 + 074
rl in 3-4 mimutes after the start of the infusion of the drug No significant
chmges occurred in the control forearm (+0 1 4+ 0.09 ml) The “net in-
rax  calculated according to Formula | was 4 6 4 070 ml, The in

Teae of the test forearm volome was G 42 4 ¢ 09 mi/100 ml tissue, 56
Wautes wfter the start of the infusion as compered to the pre-drug value,
Only mumor chianges occurred 1n the control farearm (+-0.07 + 003 ml/
190 ml tissuc) and the “net increass”™ of the volume was 035 1 0 06 ml/
100 el yssoe,

Ahcrwdmmmtntcthcbloodﬂowinthctmfomrminmmdby
ui074rn1.5—6m1nuttuﬂcrthemnot‘thchfmion.)loimngmﬁant
“ages occurred In the control forearm (—0.2 + 022 ml) The “net in-
st of the forearm blood flow was 3.4 4 073 ml The increase of the
;ﬁhmwlmmmnwnmd and amounted to 087 4 0 10 ml/
b thssue, 7-8 munutes after start of the drug infusion. The volume of
M‘WﬂTugimmd}dnotchanpdplﬁmnlIyHoosiOOGm],IImnﬂ

T et increase” was 082 + 0.10 m}/100 ml tissue.

trierial blood pressure - recorded in studies on two subjects — was
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blood flow Furthermore, It seemed possible to compare the effects of
1soprenaline on forearm blood volume 3-4 minutes after the start of te
infusion of the drug with the forearm blood flow during the follownng 2
minute period, since the circulatory effects of the drng were relatrely
constant during these peroda.

B Quantitative comparison between the ¢ffects of sopremaline and sodium

nutrite on blood flow and volime of the forearm

In o previous investigatson (ABLAD & Jounssow 1963) it was shown that
the effect of sodium musite on test forearm blood flow was well &
ordinated in tmme with its effect on forearm volume. The effects of sodrm
mitrite on blood flow and volunte set In immediately aficr the start of g
fafuston and the effects tended to level off within 5 minutes, When
infusion was stopped the test arm blood flow and volume began w30
decrease and the blood flow reached the pre-infision value abost
minutes later
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F g 2. Increases of test forearm blood fliow  nd wolume durteg lafuston of hoprembne or
sodiam nitrite Int  the corrosponding brachis! artery Mea tvem ( =T

The results reported above for 1soprenaline and sodmum nitrite indicated
that it should be possible to compare the effects of both kaprenaline and
sodium mitrite on the blood flow as well as on the volume of the forearm
n the same subgect This was done on scven volunteers. The results are
presented in table 1 and figure 2,

I;oprmghnclncn:andth:bloqdﬂowinthztutfnmrmby47i074
ral in 3-4 minutes after the start of the infusion of the drug. No significant
chunges occurred in the control forearm (4+0.1 £ 009 ml) The “net in-
crease” calculated according to Formula 1 was 46 4 0.70 mL The in-
arease of the test forearm volume was 042 o+ 009 ml/100 ml tisue, 56
rinutes after the start of the infston as compared to the pre-drug valuc.
On}ymmchmwmcdmlh:conuolfufturm(+007:|:003mll
100 ml tissuc) and the “net nerease” of the volume was 035 4 006 ml/
100 ml tasue

After sodium nitnte the blood flow n the test forearm fncreased by
32 4 074 ml, $-6 mmutes after the smart of the infusion. No inngoificant
anges 1 in the control forearm (—02 + 022 ml) The “net in-

"or‘_herom:mblmﬂo"“’:“i()ﬂm] The increast of the

test f, wmvamnoum and amounted to 087 X 010 m!/
100 ml tiseye, 7-8 minutes after start of the drug infision. The volume of
the contro] forearm dw not change significantly (+0.05 3 006 ml/100 m!

The “net § was 082 3= Q.10 mi/100 m! tresue
mm Nwm_mrdcdlnuudmonmmb}cm-m
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oot shyficantly influenced by the doses of isoprenaline or sodium nltnte
sdmmustered intra-trtermll
Whmwmpntdinth:émnuhjmhopmmﬂucinmmdih:b\wd
firw more than sodmm nitnte \houghm:hncrdmabadnmommarked
et on the forearm volume. Statistical evaluation of the dufferences
betwern {he calculated “net effects” wittun each experiment shows that
the vobue {nreese after {sopremline was 0 47 & 0.07 mi/100 ml tissue
smafier than after sodiom nitrits (p < 0.001) and that the aversge in
e In blood flow was 1.2 -+ 0.5) mi greater after soprenaline than
e 1odum nitrie
Far a further evalnation of the results & calculation was made of the
oothent
“net increase” of test forearm blood flow
~ iget Increaze of teat forcarm volume

In the scven experiments the quotsent for moprenaline was 148 2.5
an far sodiom nitrite 47 4+ 11 The difference between the two quo-
tents was 10,1 = 2.4 (p < ©01).

C. Quritative comparison betiveen the effects of Isoprenaline and sodium
Mtrite on wolume and venous presture of the forearm
In four subjects the volume changes

in the forearms after soprenaline
o sadivm autrite were recorded stmul ! }

y with the
Yeous pressure in the test forearm (fig. 3). The intrm-arterial mean dose
of boprenalme (0013 pgt ) was /at hogher wnd that of
odun nrnte (051 mghmnute) wmewhat tower than 10 the ntudes
Teporied under B (table 1)
Before mfusion of oprenaline the venous p was 91+ 1.03em
B0 When uoprenaline was adminstered intra arternlly into the test
muwﬂmpmnmimndmdmumfouwtdnﬂmﬂu
L2 course a3 he volume incroase. When the effect of fsopreaaline was
’}?”Mvmbk.mamammmhsdnmmmliomun
0 Oocresse 11 4+ 0 13 cm H,0) 34 rainntes after the stact of the in
byw of Boprenaline. The “net increase™ of the test forearm volurne was
i&fﬁml/lwmlmedurlugtbcumlmmntzpa‘tod,
the administration of sodfum nitate the subcutancons venous

zmm%61030:mﬂzoinlhnaﬂomrm‘Duﬂngthtmfuﬁun

%MMWBWMMBM\&MF
h‘“ﬂ "dldmih:rumemudnmhmmmw!nth:cﬂ’m
*%013 n\uhchdmchcdanmdyk‘ﬁ,thevcnomprmmm
= mHﬂﬂﬂSﬁmOJiOchmH;O).‘hhdm“nﬂ
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Fg 3 lncresse of venows presnrs and vol me In the test forearm dureg lafuskon of
soprenaline or sodium netrite Into the corresponding brechial artery Mean £3 e (a =4

of the test forearm volume was 0 50 -+ 0 04 m/100 m] tissue dunng the
same perod (5-6 minutes after the start of the infusion of sodiom nitrte).

In every experiment 1soprenaline produced a greater increase in venous
pressure than sodnum nitrite provided the two drugs were compared at
time when both drugs had produced a mimilar increase of the test fore-
arm volume. Statistrcal evaluation of the difference between the caka-
lated cffects within each experiment shows that the increase of the venous
pressure was 06 4 0.10 am H;O (p < 001) higher after Isoprenafine
than afier sodium mitnite, while the volume increase was, if anything.
somewhat hugher after sodmum nitrite (difference 007 - 004 mlj100 m!
tissue)

D Effect of propranolol on isoprenaline-induced Increase of forearm olime

The effect of propranolol on the rsoprenaline-induced Increase of the
forearm volume was studred 1n three subjects. Defore the PfDP""“d
infusion, mtra artenally administered fsoprenaline produced a “net In
crease of the test arm volume of 045 + 0 |1 m/100 ml tssuc Proprane
fol (050 mg into the brachial artery) totally abolrshed the cffect 0““*'
prenaline on the forcarm volume (“net change™ —001 2 0.03 mi/100 ™
ussue). In an additional experiment it was found that pmpmnolol did not
nfluence the volume increase due to sodium nitnite
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Discassion

Ths results show that lsoprenaline dilated the resistance vessels rela-
tively more than sodium nitrite, but increased the volume of the forearm
relatrvely less thao sodum nitrite.

The jncrease i the volume of the forearm produced by the two drugs
could be the result ot changes in vascular blood capacity or of changes in
extravasculer tmsuc volumme secondary to changes in transcapillary fluld
exchange. The latter changes could be due to an altered capillary mean
hydrostatic pressure brought about by & change in the ratio of the pre-to
postcaplllary resistance (MELLANDER 1960) The cffects of vasodilator
drugs on fr Jlary fluid exch can be I} d from the tissue
voloms changes under steady state vasoconstricon or vasodilatation
(MELLANDER 1960) In the present expenments isoprenaline induced a
very rapid 1ncreass of both the volume and the blood flow of the forearm.
The blood flow was essentrally unchanged and the forearm volume tended
to incresse only shghtly fram 2-3 minutes after the start of the infuslon
until the infusion was termunated. Thus the predominant part of the fore
arm volume mncrease after moprenaline appears to be due to an increased
vascular capacty The increase in forearm vohmme during infusion of
sodium nrtrite intra-artenalty was probably also mainly due to an In
creased vascular capacity smce the volume increase has been found to
level off at the same tme a3 the blood flow reaches a steady state, je.
about five minutes after the start of the Infusion of the drug (AsLap &
Joemeson 1963) In studies on cats ABLAD & MELLANDER (1963) showed
that the vasodilator effect of sodium nitnite was not accompanied by any
ﬁg]ﬂﬂmntmofumuswlar fludd volume.

e could have mcreased the vascalar blood capecity In the
rm{ummﬁmlmcmﬂdhepardyaphmcdbyln
“sctive” reduction of the smooth mscle tone in the capacitance vessels
mdmywmmmmnmdiﬂmbnonhnpoummuhr
vessels, sinco the pressure in these vessels could be expected fo rise

1o the dilatation of the resistance vessels. Isoprenaline pro-

& 1u)mwndvdymmmdumonmumrmdxumenndln

1 yenous pressure relatively more than did sodium nitnte Henee,
1t can be concluded that the passive distention of post-arteriolar capaci
tance vessels thould be of relatively greater importance for the volume
increase due to lsoprenaline, than for that duc to sodium nitrite 1t can
not be excluded that the greater part of the Inereased vascular capacity
prodaced by isoprenaline waa due to o passve distension of capacitance

vesseh, P

In wiew of these ¢

it can be concluded that the “active™
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vasodilator response of Isoprenaline was relatively more marked on the
resitstance vessels, while that of sodium nitrite was comparatively more
marked on the capacitance vessels.

In order to elucidate whether soprenaline has any “active”™ dilating
effect on capacitance vetsels, & study was performed on anaesthetized cats
(Jotrason & Oserg 1967) The responses of the resistance and capaci-
tance vesseh m the cat hindquarter to soprenaline, nitroglycerin and
sodrum nutrite were recorded. The results obtained in this antmal study
agreed well with those in man n that {soprenaline produced a greater
dilatation in resstance vessels, but s smaller increase in total volume,
than either sodium nitrite or nitroglycenin, To elucidate the magnitude of
the “active™ dilating effects on the capacitance vessels, drug infustons
were also performed while the blood flow In the hindquarter was mah-
tained constant The venous transmural pressure can then be expected to
be relatvely constant during the infusion pertod. Volume changes will,
in that case, only reflect an “active” dilating effect by the drugs on the
capacitance vessels. The results indicate that isoprenaline had & small
“active” dilating effect on the capacitance vessels, white the effects pro-
duced by sodrm nitrite and nitroglycenn were considerably greater

Previous {nvestigations have {ndicated that the effects of different drugs
on consecutive vascular beds in man agree well with those in cats (¢f
FoLkow 1960 ABLAD & Jounsson 1963 ABLAD & MELLANDIR 1963}
The rosults in the present study are in agreement with the corresponding
results in the study on cats by JoenssoN & Opera (1967). Hence, it scems
reasonable to astume that {n man, too isaprenalme has & small “active
dilating effect on the capacitance vessels In & skin-sheletal muscle region.
Such an interpretation 1 supported by the findings of SCHARPLY SCIAFER
and Grssura (1962) By using & technique in which they related the mie
of venous pressure rise per unit of inflow they showed that isoprenalme
caused some venous dilatation in the forearm

The p-adrencrgc blocking drug propranclol abolshed the capacitance
vessel response to 1soprenaline m the prosent study The same dose of
propranolol has been shown to produce almost total block of the response
of the resistance vessel 1o saprenaline In the forearm (Jotresoy 1967%
1t has previously been reported by other investigators that woprenalare-
induced increase in forearm or keg blood flow Is inhibited by ﬁ*‘dm‘:
receptor antagonists (ABBOUD, ECKSTEIN & ZINDIFRMAN 1964 LowE
Rosinson 1964 BRICK ef af 1966 ManoN 1966 SCir00P &SGNTDT‘;:
1966). These findings are 1n agreement with Ahlquist s postulate that
effects of 1soprenaline are pnmanly due to activation of p-adreneric
receptors (ALQUIST 1948)

The present resLts indseate that In skin-skelctal muscle tissue vasodia
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tsbon through P-receptor actrvatlon Is of greater importance for the
coatral of the remstance function than of capacitance function. Forkow
(1960) has previously come to the same conclusion on the basls of studies
with 1toprenaline 1n ammals and with adrenaline 1n man

Semmary

Iroprenaline (0010 pg/mim.) or sodium nlitrite (0 58 mg/min ) was in-
fsed 1nto & brachial artery and the effects on blood flow and yohume of
the upper part of the forearm were studled scparately Both drugs in-
eased the forsarm blood flow and volume. A companson of the effects
of the two drugs showed that isoprenaline produced a greater wncrease in
blood flow but & considerably smaller increase in volume of the forearm
than did sodmm mutrite. The relative mopartance of vanous mechanbsms
for the volume increass 13 discussed.

On the baus of the present results and results of animal studses, 1t is
concluded that msoprenaline has 8 marked spasmolytio effect on the
reshitance vessels and a weak effect on capacitance vessels In o akin-
skeletal muscle reglon. Sodium nitnte in relation to its effects on the
reslstance wessels, has a considarably more marked spasmolytic effect
than hoprenaline on the capaci veswels,

The volume increase produced by Isoprenaline was completely blocked
by propranolol (0.50 mg intra-arterially).
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Studles on the Metabollsm of Chlorprothixene (Troxal ®)
in Rats and Dogs

By

L Huos and A. Recf Kian
(Received Aogost 3 1966)

A pood deal of work has been done to investigate the metabolic fate of
phenothiazine tranquillzers and chlorpromazine, Up-to-date the data
wnilable on this work show sulphoxidation, ring hydroxylation and nde
cham degradaton of chlorpromarine which has brought the number of
Keptified metabohtes of this compound to about fifteen (Fishman et al
1965).

Chlorprothixene, trans-2-chlare-9-(3-dimethylaminopropylidene)-thio-
xanthens), has been in wse as a tranquillizer for many years but no specific
wark has been published about its metabolic fate. Early investigations on
this mbject carred out in our labortones, show the presencs of chlor
prothixene-salphoxide In human and animal unine (Allgén et al, 1960)
Improved methods of thindayer chromatography have enabled us to
study the blotransformation of this compound in antmals 1n more detail
nd a general survey on this subyect is reported here (fig. 1)

We have been unable to find as large & number of metabofites of this
mpomud.ureponodforchlorprommnn.'l‘humnybedmtnthcfla

that chlorprothixens contains a thiaxanthene instead of 2 phenothiazine

:l-m'nn excretion of chlorprothixene (CPT) albto demonstrates its
ty

Methods
T dops were maed bu the tast. Unmmmucctdbd‘mh-mmtlndmdu
ool A dow 5 mg/kg of we grven foe four days and

“mmmmmwmmfw,uanmmmm
eornd bn the redcigarator and pookd togetker befors analyshs.
M Ao pharmas singi, et M, fane 4
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wetgcHneSR  orenzon 3
cl L CHy
—_

CPT CPTS0

gH-cHrcriC® oo
“H oL H
—_
NH-CPT NH-CPTS0
Flg | Structnre of idantified ftes of {CPT)1 Calorp

sulphoxide (CPTS0) demathylchlorprotiveme ('NH-(r_'PH) and demethyichiorprothlvesc
sulphodds (NH-CFT30)

Two grotps of 10 rats wors used in snother test, Control write was collected before
medication. The rats were given & dose of 23 my/kg intraperitoncally foe foar days. 24 hown
wrine samples were collected for the following six d ya and stored bn tho refrigerator

Extroction

For extraction, 500 ml of doy's urine was concentraied to 100 m) a & rotary ev patisor
L 40° under vacoum and 50 ml of rets urine was taken for extraction. Tho urine &
edjusted to pH 9.0 by sddition of 30% sodium hydraxkhe solution and extracied slth o
cqual vol mes of ethykne-dichlonds To the resldual i from the Ark sxtractioms, 50
sodiem hydroude sol tion equal to 1/10 of t volume was sdded and apain evtracsed ik
two equal Yotumes of cther (tbas procedure was dopicd to extract 1 ponible polir axd
non-polar metabolites).

The onne was shalen mechanically for *0 mimtes nd separated by centnfegag 1be
contents fo 10 mingtes st 10.000 /. The separsted ofgank cutracty were dned over
ankydrons sodiem  ulphako and flltered. The filtrate was dried fn  otary evaporator wad™
vacu m. The rendos was dimolved b 0.5 ml of etbanol fn the case of the dog's uriee axd
in 0.3 mi of cthanol in tho case of et urine.

Hydroirsis

The resdual nne after the rtractions, »#s subjected 0 scuum at 40 for few minmct
1o remove any traces of orpame soh et asd then edjwsted to plY 5.3 by the sddition of 6 N
hydrochlonc ad. The urine samples wers divided imt 1 portoss. To o pories
Bghecurondae (baciemal) »  added to g1v4 & concentraton of SO0 pityiel of ot
Incubated for 40 howrs ¢ 37 mhmmhqpomonmmm:druwu-ﬂ‘?“
» ithowt the addrthon of -siacaronudasc The wine was thea sdjunied 10 pli 90 by pdfing
1 N sodtitrm hydronsde sobrtson, extracted with  equal otumes of etbylme-dchoride #
prepared for chromat praphy as mentioned above.
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Cremmography

29 g thick plates { Klosclpl G nach Stahl (Merek) were proparsd and sctivated at
116 for one boo 10-30 1l of ethenolic extract was spoticd on the plases aad developed Lo
the following three sohvent systems.

| Benmne Ethylace’ to Disthylaming (30 20 10).

1 Chloroform Acst  Dhethylamins (87 3 10).

1 Berzeno Isopropanc] Ammonka 1, (43 35 20) (upper phuse med).

For UV carmination of tho chromatogram, the pletes were sprayed with  mixture [
miphonic ackd formalme (48 21 Other locsting reagenis sach 11 Dragend " rapes
(AL 1965) and Todoplatinate reagent (SHTTH 1963) were abso used. For Identlfcation
of the spoty, ninbydnn (f  primary minos) nhtroproside-acetaldebyde (for mcondary

tamin ferricynnide and fest blos sah B (8 AL 1960) (for detaction of phonots) were med.
Permuiphate reagent (Surmit 1960) was waed 10 differentiats the spots For UV bsarption
shadm, the corrcipanding spots were ciuted In 6.1 N-HCT from  duplicate wwtained

xed bsorption wan resd  Zales PMQ LI spactropbotometer using eluats
of a3 ¢qual area of the mmo plats & blank.

Results and Discirsdon

A) Non-conjugated fraction of urine

In urlne from rats and dogs various spots detected on a thindayer
chromatogram (fig. 2) are shown in table 1 and 2 and which also give
their approximate Rp-vatues 1n thres solvent systoms.

Spotlwuconud:redtobea:ﬁmlchlurpmthnmumdjmmdby
its Ry-value in three solvent systems, sdentical to CPT It gave a strong
yellow fluorescence m UV light when sprayed with a mixture of sulphunc
sld-formaline and a piok colour with persulphate reagent. It gave a
Mgative colour reaction with ninhydrn and nitroprusside-acetaldehyde

Table 1
ppeoumats Rr-vahse of metaboletrs | 1he nen-coafuguied
A T fracton of rats.
o Sotvent sy : lotwntzrynrm loh\:i]rymn
1
. 5 E. a3
Eed n 7
2 - kN e
3 %0 k{1 -
4 2 £ a3
‘ “ “ -



400 1 HUUS AND A, RAUF NAN

Table 2
Approxt Ry-values of 1 the | d
(racthon of wrine from dop
No. Sohvent aystem ’ Sotvent system Tolveat syvem
1 3
1 as R 4
2 byl K1) b
3 [3} k] £
4 - -
5 - -
6 “ 6 28

{ndicating that demethylation of the side chain had not occurred. The cor
responding spot when chuted 1n 01 N HCl from a duplicate unstabned
chromatogram gave peak absorption at 268 and 230 nm simitar to CPT
(fig- 3)

(@] -1- D E

O - O 31

© = Q st

R 5

O+ 3

5 5
o+ 9 ou

a b ¢
Mg « Chromatograms of akoholk extract of dog's and rat s wrine ”,;‘
canfugated fract:on), 80l ent system  Benzene koproparel  mmonia | [
(s) Nen-conjugated fraction of dog s urine
(b) Non-con) gated fraction [ ral’s orise
) C mpued fraction fd g otine.
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A

L2

—

T Ty RN S T S Y
Werelawgth L)

Fig. 3 UV absorpuo  curve foc chiotprothizens *CPFT” (.

UV ebsorption cxrvs o spot No. 1 ‘CPT* (———)

)

Further evidence was evaflable when the efuate of this spot in alcohal
showed identical Ry-value and colour reaction with suthentic chlorpro-
txene-sulphoxide (CPTSO) after oxidation with hydrogen peroxide (3 /
alcoholic) This confirmed the excretion of CPT n urine by both dogy and
mis. The sdentical Ry-value of spot No 2 to the snthentkc CPTSO
suggested that it was CPTSO Tho spot gave a dustinct red fluorescence
wim:ulphudcu:d-formjlmemwmmdnhlmﬂumwrvmethh
persulphate reagent but a negative colour reaction with ninhydrn and
nitroprusside-nceiakiehydo reageat, showlng that it was the
oxidation of the nng snlphur The spot when eluted from duplicate
unstained chromatogram in 0 1 N HCl for UV absorption studies gave &
peak absorptlon at 261 and 221 nm einlar to CPTSO (5. 4),

Spot No 6 was monodemethylchlorpr
,u]}foha,,dc (NH-CPTSO) as it gave identical Ry-values In thres solvent
systems and  reaction with permuiphate reagent (bluo flucrescence tn UV)
timilar to the authentio NH-CPTSO synthesized in our laboratories. A
negative colour reaction with ninhydrin and a posltiye colour reaction
with mﬂopﬂuﬂdﬂmﬂdﬁyde (bluc) confirmed the presence of a mono-
mﬁnmgdcchmmmmdntcdﬁomldnpllmteumuhfd

eromatogram in 0 1 N HOL and showed fn Uv.y peak sbaorP
tlon at maximum 261 and 221 nm typteal of suipharide (fig. 5).

Nather of the two identified metabollies Le CPTSQ apd NH-C ¢
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Flg. 4. UV b bon curve for aath foxide *CPTRO" (———)

UV utsorptio  curve for spat No. 2 CPT30 (~——--)

was a sulphone &3 m that cass the peak absorption in UV would have
shufted from 221 to 205 nm.

Nons of the spots shown in table 1 and 2 gave positive colour reaction

1
YT A B mo o MBS s oy 3o RO
waerlrogt
[ il ]
Fig. s warpoonwrnfortmhemk byl foakse Nt

CPTSO (——m)

UVlhmrpdonmrwfofrpo(No."Nll-Cmo‘(—-v——"‘)
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with ferric chloride (methanolkc) ferric chloride-potassium ferricyansde or
with fast bine salt B thus indwcating the absence of phenol types of meta
bofites. It 13 possible that NH-CPT 1 excreted by dogs and rats and spot
No. 3 was considered to be the same, as its Ry-value m three solvent
systems was practically identieal with tho authennc NH-CPT But 1ts
colonr reaction with a mixture of sulphurc acd formaline (reddish pmk
fhuorescence) did not correspond to the colour reaction of NH-CPT
(yellow fluorescence) This may be due to the fact that oxidation has
taken place at the N position. Only shight amounts of the other two
metabolrtes were found in the non-conyugated fraction of rat s unine and
they thowed an orange fluorescence 1 UV light after spmying with
sutphmric acd formaling mixture.

B) Conjugated fraction of wrine

1In the urine from rats after hydrolyms for 40 hours with p-glucuronidase
w pH 5.5 and subsequent extraction at pH 9 0 with ethylene-dichlonde,
we have not been abls to detect any spot giving a colour reactron for
phenols 23 mentioned above. Thu shows that ring hydroxilation had not
occurred. In the case of the ghucuronide fraction of dog s urine we have
been ablk to detect two spots which gave a falnt yellow colour with
methanolic fernc chlorde and a dustinct yellow colour with fast blue salt B

After the spraying of fast biue salt B and when the sams chromatogram
was oversprayed with a mixture of sulphuric acid-formaline, the two
spots mentioned above gave a brght reddish violet colour which mdicated
that the spots rep d two bolites. Their appr Ry-val
m three solvent systems are thown in tabls 3 (conf. fig. 2¢).

As we havo not been able to synthesize the phenol type of authentic
metabolites, the comparison of colour reaction obtained and thelr
wdentification have to be deferred until we can get some phenollo types of
metabolites of CPT

Sommary

The metabollc fate of chlorprothixene has been studied by thin-layer
chromatographic methods. The excretlon of unchanged chlorprothixenc
along with two of its metabolites L.e. chlorprothixene-sulphoxide (CPTSO)
and monodemethyl-chlorprothi Iphoxide (NH-CPTSO) by dogs and
ats 1s described. Hydroxllatlon of the thiaxanthene ring by dogs is also
indicated but the rdentification of phenolic type of metabolites cannot be
undertaken at present slnce authentic metabolites of thrs type are not

wvallable,
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Table 3
Approd Ry-vduey of in the
fraction of urlne from dogs,
No. Solvent systermn Bolveot aystem Sol ent syttem
1 2 3
7 41 (1] A8
3 M 47 fon 3
A 1 Ry-valows of dards when taken from urioet

Solvent system ( Sofvent gystsm Sohend tystem
1 2 3

CPFT [ ] 3% 23

Cr130 u 24 13

NH-CPT 54 74 [

NH.CFTS0 44 56 a8
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Comparison of the Inhibitory Effects
of Tertiary and Quaternary Compounds on the Gastric
Secretion of Rats

By

Sizen Amtruwen
(Recerved December 30, 1966}

Inuprcviousnudy(Amom&Nmml%s) fn which the effects of
stropine and a quaternary atropine compound were compared, it was
found that the quaternary compound had a more marked and prolonged

effect on the gastric seeretion.
Inordertcdct:rmm:mwhatmnh:qunlmarymum

has an jnfluence on the mbibitory effect on the stomech, wo co
some new QuUAtErOAry compounds with the corresponding mpaxt ed

Th:ccmpaundswcdh)dudedonewnhum, cho
acton and soms with a1 inhiyglctory cffect on the stomach, but nluno a.nghn
cholinergio or other spasmolytic actions.

Thenworpnoﬂlofquumrymdmrympom e
gastro-intestinal canal differed appreciably and it was ﬁomm —
thelr actions after both oral and parenteral adminsstration. Ty

Experimental Methody
spesanolybe cffes were teiied - the kiolaied .
- (AnTorarn & N 19463 riome-ply Loteutine, s descn

Th.zcmonmmmci-mw"dl-rﬂynn.,m,hm“ ot
o o o s A 80 e
g1 & Cirrron g (1999) tcst-mmes! -,‘.‘J

(ANTOngTN 1965b)

(=
N s pharmssebepen Yo BB
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Compornds terred
Two g 1k P comp descriied prevlonaly (Antonmw
19452) benzytri-(Bp fodide (UMT 51), and Wenzprtp.

tertiary comp N N Y benylamine, HCL
(U™47-125 and N.N-tibuoayethyl  bearylmioe HO (U619 The

quagernary
anticholinergic compotnd 1 methylA-piperidyl 11 phemylactiate mactholodid
(U247-96) and the compound  1-methyl--piperdy cyclopeatyl
prenylaceinte chrate (U247 99).
Fustber the quaternary =rh 4 (diph A ameity

Mﬂumlmmdkh(mﬁvph@):'nnn;fmmmmnhp«h;w;x
All thesa compoynds wite prepered In oar chemical research aboratory
In sddition, atropine ruhphate was (acladed ln some of the tests,

Resaits
Effect on isolated guinea-ply intestine
Nedther U247-51 U247~73 nar the corresponding tertiary compounds
U247-128 U247-90 bad any fc effect on vicholine, hist

aming, banum chionde and serotonm. When glven in farge doses they
may produce s0me contraction of the intesting.

U247-95 was about 10 tmes more active than metropin @ and abogt
1 5 times more active than atropine es 2n anticholmergic drug. Its anth-
higtarmnic action was only about one-third of that of metropln B
whereas rtg antagonism of serotonin was 10 times stronger

U247-96 had an anticholinerme action which on pre-treatment for 30
seconds was the same as that of U247-95 namelv 10 times more marked
than that of pin @ 1f the i Ins in the bath untl full
equilibriom bas been attaned it effect i 70 tumes that of metropls ®
and about 7 times 1bat of atropine. Its antagonism to histaraine is 1o
more than 1/30 and 1o serotonin about 10 times more than that of metre-

pin §

Effect an Shav rats
A. Aaticholinergic compounds

The effects of intrapentoneal doses given simaltancously wath hpug:
of the stomach are seen in table | The quaternary compound U247
had the strongest effect. The effect on the ulceration was 10 times :rf:;:
than that of atropwne, and the dilference between the effects on the -
secretion was even greater The cffect of U247-95 was likewise about
umes that of stropme  though smaller than that of U247-96 The dunlm
of the raydriste effect of atropme was similar to that of U247-9,
that of U247-95 was of consderably shorter duration
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Table 2

Effects of metropln & U 47-95 U479, and atropine ghven by wouth to Shay ran
4 b ur bef rothe ligation Ligatlon perlod 16 hours. 4 animah o each dose.

Gaure contoets
Sabsuses | O Uk Index Volume
pH
mt

pHS [ pHE2
Control 25 x 100 =150 165 159 07132 1104
Metropin ® 10 40 X 100% =400
Atrop.sulph. 10 QYT ¥ 30 = 19 10.1 159 0452 o0}
U247 93 10 175> 75% =130 (R 1.8 0475 o
U247 96 10 [ 82 2010 o4 s
Control 75 X 100% =275 142 1) | o35 | o8
U247 96 3 163 % 1009 = 163 129 1 ol 0381
U 47 96 10 037 x 5% = 28 ] Y 1 [E>e] ol

Table 2 shows the effects of equal doses of these compounds given by
mouth 10 mg metropin @ had no protective action. All the animals on
this dose developed perforation of the stomach or ocsophagus, 5o that
figures for acid were not obtainable. The two tertiary compounds U247-
95 and atropine had approxmately the same effect on the acid secretion
and atropine a shghtly stronger effect on ulcers. U247-56 was found to
have by far the strongest effect. Even if the compound js quaternary &
sufficient amount 1 absorbed from the gastro-intestinal canal to give
definite protection

Since the dose was mven 4 hours before the experimental period,
which extended over 16 hours, the duration of the effect of the test com-
pound was very important. Atropine and U247-96 have protonged
effects and arc bound firmly to the receptors, so that in the in rlxlmld
periments on the ntestine, for 1 many washings were req to
abolish the effect. Metropin ¥ and U247-95 on the other hand hae
relatrvely short, reversible effects.

The results set out in table 3 demonstrate the importance of prolonged
action 1n experiments on Shay rats. The effect of metropin Jv ﬂ‘zﬁ
aqueous solutions was compared with the effect when gisen dissoly of
40 / polyvinyl pyroldone (P V.P). P V P reduces the abserpuon "’l;\
a compound grven tubcutaneously (ANTONSEN & RROIGAARD 1953 T~
TONSEX 1956). The figures for mydrmtre effect show that v P profon
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Table 4

Effects of U247 51 U247 125 U247 73 and UN? 900 the gastric secretion of Shay rats
Intraperitoneal | Jection. Ligation period 3 hourt 3 rats to eech dose.

Gustrc coatents
Volume Taration valoes
m! pH o oatg

pll 1.3 pH Y.

Control 74 11 0647 o4
UM7 31 L Smg 19 213 320 060
U 47-125 2.3 mg B3 127 0383 R 1)
U247-1.3 10 myg. 41 128 0.2%6 0261

Coatrol e 107 0398 oe
U247 73 1.25mg 24 190 o123 ol
U247-90 10mg 43 134 032 L&Y

U247-90 20 mg ] 23 K V) 0125 LAEA

the effect of metroptn @ thus reducing the amount of acad sccreted
dunng the expenimental period

B Non anticholinergic compounds

The effects of the two quaternary compounds U247-51 and U247-73
on Shay rats have been shown previously (ANTONSEN 19658). They have
2n inhibitory effect on the acid secretion and the ukceration both when
injected ntraperstoneally and when administered into the gasio-
intestinal canal. Compartsons with the corresponding terbary compounds
are shown in table 4 Ukeration cannot occur in so shoft 2 llpuog
period as § hours but the quaternary compounds have an effect 10to]
times greater on the acid secretion than the tertiary compound. The two
qunternary compounds had approximately the same effect, but it seerns
as1f U247-73 had a relatively stronper effect on the acid secretion than on
the volume in

The effect of oral administration 3 hours before Ligation are showa
table 5 It is seen that both the quaternary and the tertiary com,
had to be given In about 10 umes larger doses in order to obtain the same
effect as alter intmperitoneal inpection

Statstical mlmlnplcgn, bused}coc: Student s test, of the difference gc
tween treated and untrented animals showed that of the doses haviog i
same effect on the ackd secretion w hether administered orally of pafen
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Table 5

f Shay ratc
Firy of U247 31 UT47-125 UZ4F-T3, and U247-90 on tha gastric sectetion of
Orn) adimlatration 3 bowss befors e Bpation. Ligation period § bowrs. 5 rats to cach dose

Gautric contents
Titration valoes
V“’m‘“‘ - 1n meq
pH S pH 92
Coatra) 65 119 0.503 0.609
ey Smg 61 184 0202 007
U0 10 g 73 116 0.530 0.634
V0 2mg 98 120 0.645 790
Coutro [ %) 10 0 LY1ES
V- Sig 73 17 alss o2n
W90 s0mg (%) 159 LX) .y
UMEST  10mg 67 203 0221 0332
U247-128 100 mg 96 te 0304 0319
Table 6

mn.o(um-;s U247 96, and UZ47-T3 ghvem Into the doodeswm of Shay raty. In the
Fhroe exportment $ snlmals 1o each doss, and | the Fhoor @periment, 4 anlmsls

Castrk contents
Do
Sektiacy oy PEO0d Ulcer lndex vi
xl
Comtrol 16hre, 30 » 1004 =300 128 134 0.637 o9l
t’nm% 3 b 16 x 9K ~12 113|174 ase9 0492
UzM H Shm 03 x 40K~ 20 103 | 159 | 0444  0.643
43T 3 I6hn 12 X 40X = 48 11.2] 144 | 0509 g4
CU‘;‘N tho 10 x BX =15 N7 137 a3 osm
4144 13 e 425 x 3% = 6 R4 130 0616 o712
Um)“m"‘l‘) ;;.;J Bho 0 75 183 033 o726
T o s
l,_’,:"’"’ 1 3 142 042 o871
47-96 .23
Gy Thin °

77 147 o
0.3 091 0736
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ally the oral doses had considerably less effect on the volume than the
doses intraperitoneally

C. Mixtures of anticholinergic and non anticholinergic com
pounds
Table 6 shows the effects obtained by adminsstration of the compound
into the duodenum at the same time as hgation. Here 100 the qinternary
compound U247-96 had a stronger effect than the corresponding tertiary
compound (U247-95). U247-73 had approximately the same effect as
U247-96, both on the recretion and ulceration. Simultancous adminis-

Table 7
Test-meal experfment on ratx. Comparhon of U247-95 with U247-56 Lo crom-over test
0n 15 aniemals. Histamine 1.3 mg Lp d i tbe difference beiwern the mean valow snd the
bern calcplated by Stadente t 15t

U247 95 UMT %
Contral Imglp.  OSmpip

!

HQl peg. ¥ 973 H2 52
d 131 410
N 036 N
P 0.1-0.8 <001
pH v .38 232 6
4 o0+ 3%
t (&1} 110
P -03 «0.01
V Lsecr ml ] 16 14 13
d 02 al
P (313 03
b ~as >03
13
Vopp ml 16 33
: o1 o3
N o (1
[ >0.8 0103
Fhenol wd per ceat ‘ y P “ 4
f ‘d o l;”
~0.3 ot
P
|
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tration of half doses of the two compounds had a somewhat greater
effect than a whole dose of each given separately while onequarter doses
of the two compounds combined had almost the same effect as the full
doses given separately

In other words, an intenufication of the effect {5 obtained by mmul-
tantous admimstration of the two types of quaternary compounds.

Effects in test-meal experiments
A. Anticholnergic compounds

The effects of mtrapenitoneal doscs are shown in table 7 The quaternary
compound had a greater effect on the acdd secretion than twrce the dose
of the tertiary compound. In the doses given nons of the compounds had
a0y effect on the volume or the emptying of the stomach.

The effects of 10 mg of the two compounds given by mouth, both 5 and
15 hours before ths histamine-test meal, are shown in tabke 8 At no
time did the tertiary compound have any significant effect, whereas the
quaternary compound had an effect on the acld secretion both after §
and 15 hours.

mepaﬂmnohheqmmm:ywlmthetrnhrycompoundn
shown in table 9 1 mg atropme and 0.5 mg U247-96 had been given
mtrapentoneally 1 5 and 15 hours previously The given doso of atropine
Produced in the course of one hour a maximum dilation of the pupil and
rudlndrythroltﬂuthwudifﬁaﬂttopanumbethmughitﬂn
dryticss had partly subsded after 5 hours, and after 15 hours the pupll
was normal in size and there was no dryness left. An effect of atropine
on the aad secretion was observed after one hour only U247-96 was

found to have significant 1nhibrtory effect on the acrd secretion after 1
1S o, e O e ether worda, the sctons o thes

er onc hour WOl of
observed but only aft 45 dufered very considerably

two anticholinergic P

B Non anticholinergic compounds
proviously (ANTOSIN 19650), the two quaternary compounds
As shown nh;b;{zfryeﬂcctonmz;‘anrkmg:donmmmmlu
pertments, both after oral and after parenteral administration.
shows the result of & direct comparison of U247-51 with the
Tabke lgi terttary compound U247-125 To produce the same efle
mid“mﬁmm‘m d had to be administered
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Table 8

Test mesl experiments on rats. Comparison of U247-95 with U247-84 given by mouth
5 nd 13 houn previonily Two crom-over tests on 15 anbmals Hhtamine 1.5 mg Lp,
dandtayin table 7

3 hry. before 13 hny. before
U247-95 | U247 96 U198 | UT-%
Control | 10mg W0mg Control| 10mg 10m
onlly orally onlly onlly
HCl peq § 858 €11 403 1018 | 1184 5.
d 187 433 46 a6
t 128 338 064 a7
p Q105 | <00t >05 | <oot
| -4 137 293 Y 231 ]
PH d o.16 0.52 ole an
t 091 160 153 247
P >0.5 o1-0.8 o105 |001-00
Vol secr mt y 14 15 12 16 13 13
d ot a2 o) o)
t 0.52 1.08 on o
P >0 01-0.5 of-0.% 0.1-0.5
Vpp m | y kR4 1 31 [x} 40 3s
d a1 o o3 o4
t oy 176 Q.60 ()]
» 09 a ~a3 | oros
Phenol red " ' | 3 , 3 ‘ a“ - n ’;
per comt d 9 b4
[ " oom 143 a8 ol
! p o108 0103 6105
|

) >0.%

doses about 16 tunes greater than the quaternary both intrapentoneally
and onlly When the compound was given orally 5 times larger doses
than those given intraperitopeally were required to obtan tht I-'lﬂ":
effect. After intrapenitoneal myection the quaternary compound brough
about an augmentation of the volume secreted, whereas a slight rcd“‘:’f"“
‘mmmmponscxothclmnrycotnpo‘md.Ana'nmhdudnﬂm ont
the volume was slightly reduced in response to the quaternary com ol
and this considerably 50 1n response to the tertry compound. I3
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Table 10

Teut meal experiments on rate. Comparison of U247 51 with U247 1S enlp and by
mouth. Two crosy-over tests on 15 animale. Histambse 1.3 mg | p.
dandtas| table?

Intraperitonalty only
c U247 31 | U247 1258 U247 31 | U247 18
15mg | 20mg ‘ 6&Smg | 100my
HCl peg 9 | wsas | 0 59 10443 | w17 o
d sB47 347 [To] HH
t 403 n ST [F]
P <00l | 001-0.08 <001 | <001
PH L2 X 71 423 P ] 346 17
d 16 0.0} 128 as3
t 317 ot 120 3
P <0.01 01-0.5 <001 | 0.01-005
VoLscr ml 252 in 2.1 PR R 190
d 120 0.31 s 093
t 247 0.4 104 07
P 0.01-0.03 [ o1-05 0.1-03 [001-003
Vppm b 436 341 pEL} 413 4.8 b1 ]
d 143 131 001 x.;:
t 339 438 o.16 -
P <0.01 <001 [.X] <00l
Phenot red ! ¥ ‘ L sa.s4 4865 354 ! 8 !;j'l
peT ent d nn 1487 [ l) .
t | 269 253 el
P | 001-005 | 0.01-003 | >os
!

cases the tertiary compound greatly restricted the gastme cmp():ﬂmﬁ
whereas the quaternary compound had no such effect when administ
by mouth

Disensslon

ANl the compounds tested had an mhibitory effect on the gastne
secretion of rats. The quaternary compounds always hﬂ‘d a ’”“?f::
cffect than the corresponding tertary compound v i Beult
showed howeier that a direct quantitative compapson was
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The mndividual compounds differ greatly both in ther absorptron and
mtbc{rcﬁcctonthelddmn,mﬁouufgumcjmcc,mdgamc
emptying.

It is well-known that the quaternary compounds are less readily
tbsorbed from the gastro-intestinal canal than the tertiary compound
(LEVINE et af 1955 LeviNg & CLARK 1957) The relation between the
effects of quaternary and terhary anticholinergic compounds in anmal
experiments depends on the test used (LUbUENA & LanDs 1954 Ursito
& Crawx 1955). In the above-mentioned cxperuments on Shay rats the
quaternary compounds were absorbed In sufficient amounts to demon-
strate that, also when administered into the gastro-intestinal canal, larger
amonnts aro required of the tertiary than of the quaternary compound
to obtain the same effect. The canse of this is possibly the more prolonged
action of the quaternary compound, the duration of the action having
been demonstrated as being of great importance. To ensure in such ex
pertments that one 13 not examining local actions, the componnds used
in the Shay test must be given a fow hours before ligation, a procedure
which also requires prolonged action of ths compounds. Atropine was
found to have a smaller effect on the stomach than might have been ex
pected considening s prolonged and marked mydrmtic action.

Simuhaneous admnistration of quaternary anticholinergic and non-
anticholinergic comp ds 1nto the duod had a greater effect than
mmbegxpeaodfmmth:eﬂ'ccuofthctwutypummtdy
The non-anticholinerge compounds were prepared in our chemical
laboratory snce we hoped that by simal oral admini of
these compounds we rught be able to improve the absorpton of active
qmmmmpommmmd:ﬂ'aaofmdmpiu@hubm
shown previously (ANTORSEN 19652) Contrary to cxpectation the com
pounds were found to have mdependent inhibitory effects on the stomach.
CavALITO & O DELL (1958) have shown howcver that one can increase
the absorptron of active quaternary compounds by means of the mactive
qmﬁ:?:{mty:l method, which is much better for studying the effect of
orally admi ered compounds, has also shown & stronger action of the
quat anticholmergic compound than of the tertiary compound
The difference cannot be due to & difference in duration of action sinco
the ental period was only 45 minutes, and the expeniments also

dcm:' ted that admnistratron at different times previously did pot

alter the conditsons observed. The effect on the gastric secretion was not
to the penpheral! anticholinergic action.

Pt st eal cxperiments i the oomantiholinerpe compounds,

doses wero red with app y Hdentical y effects on
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From tbe Pharmacological Laboratory Alfred Bestaa, Lid
Copenbagen ¥ Denmark

Comparison of the Stinmlating Effects of Gastrin and
Histamine on the Gastric Secretion of Rats

By

Steen Antomsen
{Recetved December 30, 1566)

A stimalating effect of gastrin on the gastric secretion has been dem-
onstrated 1n many different ways in cxpesiments on dogs, cats, m%
and man.

Gosy & ScHILD 8 (1938) method of measuting the secretion o anses-
thetrsed amimals has most frequently been used for standardisation on
rate. Rats with chronic gasiric fistula (ADASHER & GROSMAN 1963
SCHOENFIELD ef af 1966) and rats with higated stomach (Sna@ 1966) have
been used to demonstrate the effect on nomanaesthetised animals
KRAHLSON ef al (1964) have demonstrated an effect by means of THoRN
ToN & CLIFTON S (1959) test-meal method Previous experments wilB
histamune (ANTONSEN 1965b) showed thrs metbod to be partutary
uscful. It has therefore been used for o further investigation on the effect
of gastrin in rats.

In addition, rats with bigated stomach have been used (Shay rats}
In previous expenments we found the acid secretion of these rats 1o beso
strong as to render the anmmals unsuitable for studying a pousible stimalat
ing effect (ANTONSIN 19650). BaUME & Law (1965) observed howered
that dunng the first two hours of the ligation period histamune it 2
sumulating effect. which changes to an inhibitory effect during the nest
two hours. Further kv & Stoe (1963) have shawn that by simaltantot

ligation of the oesophagus, the secrebon 18 d 10 much l::ul:\’:
srumals concerned can be used for demonstrating the effects dmmthc o

drugs. While compasing gastrin with histamine we have
portunty of studying these problems.
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Methods

The sust-meal wrethod was used bn the same manner 14 described peoviowty (Asrrers
1943b).

Shay ratxy wery med os etperimantal nimal, some as in previom expertmenty (AT
o0 1953 ANtowsr & NLsew 1961) and  thers with edditions] Hpstien of i o
optagie. After e bomimal Inciston  Wgature wes put rowad the polyric sphiocter. Ther,
fter g inchon into the neck, the 0sophagos was ligated on  kvel with the farr,
Hero caro ahonld be taken 0ot t - Injurs the vagos perves. After both Incisfonal wovmn tay
mmmnmmmmuﬁmnmmbwmmn
periconeally tmmediataty after ligation.

Dregy

tre was dan the dimolved 2 0.9 £ NoCL Tae g
preparstion veed was highty pordied prepanution produced &t Levess Lo o o
Copy It was rosed Y o LAY (I94) wrtng oy,

commumeation by O Bepam) Batch po. 63031 contabulag 160 arbeney o, o
Inpoule Wit ted throughant the expenmenty

Resulty
A Test-meal experiments
The average results of a senies of experiments are shoy By
Tho amount of acid secreted increased proportionally wy, el m r’{

Table 1

hmu-mmn:d-mulcqxrlmu
Efects [ gustrm and rogetber with the ezt meal, L M £ ey 1y

N I3 b umber of rats Phenol red pet cent 18 U6 percentapy o,

e
the and of the experimeral perod ¥ Bp- B (8 ehonay py, Y ’;""‘”;f‘“
s

period (43 min) Them
sphincter darin tbe expenmental (43 teag
o duriog snc emptying, T £l G pyon o8

Dese [N‘uarq| pH "::':v,, ,
I : T W
Con o | s XTI
Nitsme 01508 | 13 e g o ;‘
Histamune 1 3 mg :1“1 :215 h a5 ,:
Hutamise 3.0 g 2 wt 1% ;'J 2¢
Castein 0.5 6. " | 102} I Mg
Qustrin 1.0 0 21z m Bun
Oaurin 2.0 o I Te | 1aze 22 L]
Gastrl 40w " l 13 in ¥ peid
Card 10w [t e
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Table 2

Crom-over test betnern hinsmine and gastrin la test meal experiments. 12 animals o
each dose.

The doses were given Lp. mmedlately after the toat meal Phenol red and Vppo s bs
tabh 1 dblbcdiﬂnmcvbttvccnlhcmn n}uu.nnd!hub«uu}cnlmdbyﬁnw;

l ‘ c val ‘ Hhumine ] Gutrin l Gaatrin
dmg 4o $u

HC peq ( [) ’ 1245 1262 169.5
d Bs 852 1248

1 [+ 51 114

P <0.01 <00l <001

pH 4 3 213 193 121
d 100 as 097

[ 41 37 8]

‘ P <0.01 <0.01 <00t

Vol secr m! $ 204 243 23 3
d 033 013 Lred

t 16 oy ot

p 01-05 0108 ol03

Vppom ? 401 194 1 407
P 1.08 o o

t 37 07 ol

P <001 o103 ~08

Phen 1 red per cent ] iy 533 "4 32
It 174 33 ot

N - o9 a7

I p! <001 01-0.3 ~08

P

gastrn, and the maximum cffect of this drug greatly excreded that of

histamune. As in previous experiments (ANTONSEN 1965b) the aed s

cretion was no greater with 3 mg than with 1.5 mg hustamine The

doses used produced a marked delay in gastnc emptying. This was 20!

seen even after the largest dose of gastrin. the
The straight histe representing the relation between the toganthm of

dos of gastrin and the acid secretion has the following formula

y = 747X + 1023
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Table 3
Effects of pritain and hislamise on Shay ruts In 3-bour and 4-bour expetiments.

Oyenition V comprises the experinsents with ligation st the pylotic sphincter anly In the
nputntaumﬂ:dV+DLhcuwphlmmlhoUpttd.

Ders Thratioo values
Yolume in meq

Operation Doso ton | N ot pH
i b pH3S  pH93
Comtral 18 3& 225 016l 0.S2
HirtnmieelSmg 2 13 231 231 007 0143
v Hawtamune20mg 2 11 132 1S 0085 0135
Hhtamine3.0wg 2 $ 237 224 o7 e
Gesrind o 2 44 175 0303 o3
Coatral 2| 14 oes4 | 230 o003 | oom
V40 Hibtemie15mg 2 ¢ 100 | 170 0068 | 009
Hitymlne20mg 2 t 125 | 177 oo | anw
Gratrin 4 2 ¢ ass | 208 oom | aios
C ntrol 4 1| 340 1& o4 | om
\J Hiwrune L Smg 4 vl osss s asw | o6
Gastrm 4w 4 7| 745 130 o6z | oso0
Control 4 ] A48 133 a2l (Y53
Y+o Higtarume 13mg | 4 ] 104 196 0.0m o101
Gustrim4 . 4 8| 184 212 oo4s | o6

Table 2 shows the average results from a cross-over test between
Bsirin and histamune, 4 u. gastrin had approximately the same effect on
e ackd secretion as 3 mg histamine While hurtamine was seen to cause &
bughly ngnificant delay of gastrio emptying, this was not seen exther after
4 o1 after B u. gastrn. None of the doses grven cauted any dignificant
tTation fn the volome seereted.

B. Stay ras

Thnmnluonhaaqmimmucnsmynumlhownhuth

ofﬂrttmmchbothuthco:w-plngmmdutﬂmpyloﬂc
Whﬁm:ruvuamuchlcwrmcdonlhmﬂpdanatﬂmpylonc

™
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Table 2
Crom-over teat between hhtamins and gustrin in test-meal experiments. 12 animah w
each dose.

The doses were ghen Lp. Immaediately after the test meal Phenol rd 2ad Yppomaln
table 1 d bs the difference betweon the mean valoes and t bas been cakwlsed by Soademt 3

test.
c 1 Hbtxine Cextria Gastrin

3mg 4w LIS

HCl jreq 13 410 1245 1262 1605
d [EX] 8 1243

t 6 51 14

P <001 <001 <ol

pH y s 18 233 2
4 100 o5 os?

1 43 37 1]

p <001 <001 <00l

Vol. seer m! [ 03 243 133 14
] 033 023 an

t 16 oy o3
P 01-05 ol-as o

Yppom ] 4.02 294 n bl
d 108 04 083

t 37 a? ot

P <001 0.1-04 >04

Phenol red per cent g 339 53 »4 wl
a 174 13 o1

¢ 42 o9 o7

v <0.01 0.1-05 >03

gastrn and the maximom effect of this drug greatly exceeded it of
histamine As in previos experiments (ANToNsER 1965b), the a0d
mﬁunmnommwith3mglhanwﬁhl.5mghmnmh=mmms
dotes wsed produced a marked delay in gastric emptymng This ¥&
seen even after the largest dose of gastrin.

The streught line rcpruanmthzreIntionbctwcmthe}Oﬁmhmdm
dose of gastrin and the acid secretion has the followng formela

y = T47X + 1023
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Table 3
Effects of pastrin and bistamine on Shay rats 1 2-h ur and 4-honr experiments,

Openation V comprscs the experiments with ligatio st the pyloric sphincter only T the
experiments marked V + O the oesophagos wes also Ligated.

Duare Thratlon valwes
Volume o
Operation Doss don | N YOOl oy meg

I bra. pH3S pHS2

Control 2 M 3e 225 oae o232

Hitamine 1.5mg 2 13 231 231 o007 0.4

v Hitamine20mp 2 11 232 215 0085  a1ss
Hitemoe3dOmg 2 9 237 224 o7 ol

Gastrin4 . T8 4m 175 o33 o3

Coatrol 2] 14| o 230 00w | oesm

V4o Histammno1Smg 2 | 6 | 100 170 o068 | .09
Histamne20mg 2 | 8 | 123 177 ooss | o11s

Qustrm 4. 2| 8| o5 200 oow | oios

Controt o) 8| s e ocda | osm

v Histaxune 1.5 mg 4 4 543 136 o510 0634
Gustrin 4. a] 7] 145 ) 13 aez | omo

Control 4| o | oas | 239 | aos | oon

vio Histamino 1 5mg | 4 | 8 | 104 | 136 | oom | ool
Gastrin 4o | 9| 14 | 212 { oous | coew

Table 2 shows the amzewmh-m from ;m ﬁrtm-overmy ore test bcmmﬁ
gastrin and histamine. 4 u. Appro; tame cffect on
the acld secrebon as 3 mp hustamine. While histamine was seen to canse a
highly egruficant delay of gastric emptymg, this was not seen esther after
4 or after 8 u gastnn None of the doses given caused any algnificant
alteration in the volume seorcted.

B Shay rats
The results of the experiments on Shay mats are shown in table 3
Ligation of the stomach both at tho oesophagus and at the pyloric
sphincter gave a much lower secretion than ligation at the pyloric
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Dhscowdon
The experiments showed that 2 stimulating effect can be demonstrated
by gastnn and histamine on the gastric secretion of non-anaesthetised
faly, no matter whether the Shay test or the test-meal method s wed.
The test meal method iy best sulted for measuring the activity of the
gastin prepamtion. Uncuﬂtyhmbcmbﬁwmthedmcmdﬂm
effect on the acid secretion. UvNas & EMAS (1961), in €Xpenments on non-

the effect of gastrin on anaesthetised rats. AGASER & Grossaan (1963),
I €xperiments on rats with chrone fistula, similarly found linearity be
tween the dose and the effect of gastnin, and, further a much greater
maximum effect of gastrin than of hrstamune SROENVIELD ef of (1966),
on the other hand, found no Unearity 1n the cases of rats with fstla
&ven an impure gastrin preparation.

With the Leo Gastrn preparation used 1n the present expermments
CHRISTLANSEN (1966) m clinienl atodies, obtawed results which differsd
from thow wath pure gastrin BanAusS ef al (1966), 1o clincal exper-
melts with Leo Gastno obtained the same secretion curves as with

Oncompanngthccﬂ‘ectsofglmmdhmhnbyllpﬂ‘ﬂmnﬁ
m&kmcmnnthjmpmmtmmmmatmmmmndduﬁ
the gastric secretion, which 15 not noticed after gastrin. This difierence 13
fot demonstrable in experments on rats with fistols, on apacstbetised
™t according to GHOSH & ScHILD 3 method (1955) ar on Shay rats.
If tho same difference between the ¢ffects of the two drugs can be dem-
onstrated 1n the human stomach, this shonld be important in assewing

clinxcal results.
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The results of experiments on Shay rats confirmed that ligation of the
oesophagus brings about an excessive redoction of the secretion Accord
ing to LEvINE (1965) thus is solely due to the abolition of the sumulating
effert of salive. BroDIE & KNAPP (1965) on the other hand, believe that
1t is the accumulated saliva which induces a vagal inhibitory action.

Though stimuizting effects of hutaoune and gastrm can be demon
strated in rats wath higated oesophagns and stomach, the method is not
particularty suitable for this purpose. The basal secretion Is very low
and measurement of thiy subject to considerable errory. The volume
secreted s not augmented by prolongmg the ligation period from 2 to 4
hours, and a further prolongation is probably harmful. Tt was dear that
the animals exposed to double ligation were far more stressed than those
with e single ligation. Further a great disadvantage of thrs method 1s that,
mlike the other methods, 1t does not allow a companson between the
effects of different doses on the same animal.

Sammary

The stimulating effects of histamine and of a gastrin preparation on the
gastric secretion of rats have been compared.

Using a test-meal method, proportionafity was seen between the dose
of gastrin and the degree of acid sccretion, This was not observed with
the histamine doses given In cross-over tests 4 uw. gastrm and 3 mg
histamine were found to have approxmuately the samo effect on the
fastric secretion but gastrin did oot bring about such a delay of the

pastric emptying as histamine.
It wn:nx]howngm experiments on Shay rats that smultancous Ligation of
the pyloric sp and the ph caused a derable reduction

of secretsion. Histamine was found to increase the secretion in the
mhu;rv:m double Ligation. Gastrm had a stimulating effect in both the
single and the doublke-ligated animals. Prolongation of the cxperimental
pmodf‘mm2[o4hound1dno!-ug;rm-mdvcgmlm:nccrrﬂunofﬂvc
animals with ligated h Further b ire did not have a more

marked effect in the 2 hour experrments than in those lasting 4 hours.

Acknowledgemett 1 Hundborg, MbsH S Eckhard
nks are due to Miss t,
uﬁéugo; I.A‘zm for efficient and comcientious help
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From tho Phurmacological Laboratory Alfred Bemmn, Lid,
Copenhagrn V Denmack

Antagonism of Gastrin- and Histamine-Stimulated
Gastric Secretion in Rats

By

Btrea Anfomses
(Recrived December 30, 1966)

A test-meal method has been used for the quantitative determination
of the stimulating eflects of both histamine and gastrin on the gastric
secretion in rats (ANTONSEN 1967b)

Using this method & difference was observed between the dose response
curves of these two drugs, and histamine was shown to cause a delay in
the gastric emptying not seen after gastrin.

Previoms investgations (ANTONSEN 1965b) showed that the antl-
hstamins antaroline may bring about an increase in the hustamine-

lated secretion. Antich gic sub and some quaternary
ammontum compounds, on the other hand, were found to have a marked
mmpnMc:ﬁad(Amml%Sc).

Compaﬂmmhnwbemmdcofﬂneﬁmonthemﬂn—;ﬁmuw
secretion in order to find out whether the actions of thess antagonists are
similar when stimuli other than histamine are used.

Methods

The serrmeel methed wis wed m 1o STe way 8 previowaly described (AwTorsDX
19686).

Drags

istamiss wis caed bn the Form of the iydrochloride, Th gratria weed was & preparation
from Lavens Kormtsks Fabrik, baich 63031 wbich costeins 160 units per axepowte (AnTom-
00 1967 b). Atropine wes e | the form of the riphate, and antaro¥ine as the preparation
antistina @ dotwicd whth 0.9% NaClL [n addition, the quatrrnary actichollnergic dmg
awtropin @ and two quatermiry noc-antickolinergic compoands, U247-51 2ad U247 73,
were v, a3 deacribed previoTaly (AxTovmn 1963 1367 ).
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Table |

Effects of antaroline and atroplos on gustrinatimoiated acid secretion o tos-meal exped-
ments o rats. Antazolise od atropine ghen subcutancously tno bowrs before the tet
meal Gusirln, 2 u, given !otraperitonsally immediately after the test meal Crow-over tegt
with 12 antmals for cach dose. Phe ol red per cent is the percestags of the wt meal re-
covered in the stomach at the end of the experimental period. V p.p. is the amosot of
ustric Juke paslng through the priotic sphincter dutlng the exporhncntal period (45
min). d h the difference betwren the mean vatues, and € kas been calenhated by Stwdent s

ttest,
c " Auntzrolbse Atroplos
| ) [ § g sube. S wog sabe.

HQ peg. b4 1327 1133 B4

d 192 ”

t 119 1095

P [N} <001
pH b2 2126 224 349

4 [.¥3 1

t 0.06 34

P >005 <apl
Yol. secr ml $ 228 px -] 148

d st o

t 127 036

P 1003 >3
Vpp ml 3 415 412 445

d am

t 008 0514

P >0.3 et
Phesol red per cent 2 154 k21 3l

d 2. 007

t 05 [

P >0.5 >03

Resalts

effect on the
f antazofine

amonnt of

Table 1 shows that atropine had & marked antagonstio
gustrm-stumulated secretton of adld, whereas the same dose o
bad 1o such effect. None of the drogs had any effect on the

juice secreted ar on the rate of gastnc emptying.
anb%eZtha:ﬁ'mofmmmhnconwn-mdhummMmﬂW
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Table 2
Cocsparhaon of the effects of on and gustr] pustric
#Ten0n I test-meal experiments,

Eight animals to cach dose. Antaroline given snbcutaneomly 24 hours befors tho test-meal
Hbstamine, 1.5 my,  gastrin, 2 0., ghven ntraperttonsally immediately aftes the test-meul,
Phenol red, ¥ pp., d, and t us In table 1

Gustrin stoomul. Histamine stimul.
Contral | Amtaolioe . Amtazoloe
Smg smg
HO peq I 939 6 HLs 145
4 37 160
¢ ol 13
» >0.5 0.1-0.5
[ 257 26 40 238
oH e 003 002
¢ oot 024
M >0.5 >0.5
v y 201 mn e’y 284
ol seer ml ! 03 s
N 0.36 ass
P >a3 >0
y 4x 486 19 4.3
Yee d 0.46 om0
' on 137
P 0.1-0.8 o108
341 308 410 e
Phecol red per cent z 56 14
N 095 1
N ar-as oS
. on y have been compared. As had been observed

b), antazolint caumsed some increase in tho
"_;';’““‘ly (AN:nthm&mwd rats. This wes ot found In the
mastrin-treated animals. Among the control animals, the gastric emptying
was slower n the histamine-reated than in the pastrin-treated, but the
cﬂmdumoﬁnemuﬂmmo{mmmﬁuwutheminl}n

two experimental series
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Table 3
Effects of metropin, U247 31 a d U247 73 on gustrin-atimulsted gustric secretion s
test meal axpetimonts.
The test compounds given Intraperitoncally thres bours befc
ore, and gastnn, 4, g
intraperitoncally immedlately Mer the test-meal.
Eight enfmab to cach dots. Phenol red, Vpp, 4, aod tas in table ]

) ,Cwm l Metropin | UML) | UE-n

Smg 1mg 1og
HQ peq y | 4 19.0 158 73
d 100.4 1019 114
t 193 183 47
P <001 <01 001083
pH * M 407 470 600
d [RH] 3 .66
t [r.3 587 1nn
p <0.01 <001 <001
Vol seer ml [ 2.10 167 A1 1
d 43 [ o
t oss 110 141
P 0.1-09 0.1-0.9 ot
Vpp.ml ) I 318 4.6 43
M o 08 oM
N 1.60 1.3 0%
P 0.1-0.9 [NE.E >03
Phenol red per cent y 36 s 39 uo
3 120 17 ‘4
N e oss oR
p 0801 >0 >03

In table 31t Is secn that U247-51 and U247-73 s well as metropia &
havenmuk:dinh[bituryeﬂ‘cctonthnaddmdimmmm
peritoneally three hours before gastrm. Neither U247-51 nos UM
canscdmydthyinthcgutﬂc:mptyiﬂ&mdmw”m’y'mtm‘
mmthnmhmmmd.mexpmmmuwimhmmmrﬂm“h”d
gastrlc secretlon o have found proviously that theso antagonisit B 4
m@m:ﬁﬂon&u&dmﬁoﬁwhﬂﬁmmemwm“l:
stmulation, while the delaying efect on the gastio cmptyng 454 0
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crease In the volume seereted was seen after one hour and had disappeared
by 3 hours (ANTONSIN [965c) This is also seen to be the case with the
gustnin-stimulated secretion While in this experiment U247-51 showed 2
more marked inhibitory action than U247-73 the reverse was obtained
n all the expermments with histamine.

A direct comparson of the effects of the two quaternary noc-anh-
cholinerglc drugs on histamine- and pgastno-stimulated secretion &
shown in table 4 The doses used were only half of those given mn the
previous expermment, and the compounds were administered one hour
instead of three before the test.

The dose of gastrin (4 1) given to the controls increased the sad
secretion more than did the histamine dose (3 mg) Nevertheless the two
compounds were more antagonistic to gastnn than to histamine. As
usually U247-73 had a more marked antagonistic effect than U247-31
on histamine, whereas the two compounds were about squally effectrve
against gastnin

Inthccxpﬂ'hnmnwnhhummlnelhctwocompcundxuumduaﬂ'ﬂin
delay 1n the gastnc emptying, while In the gastnin experiments U247-51
had & marked delayving effect while [247-73 had no such effect.

Discussion

In test-meal expervments on rats anticholinergre compounds were
found to have a marked antagonishe effect on the g:utd.n-ni‘mﬂh!ﬂdumed
gastric secretion, similar to that found previously on histamine tim
seeretion.

Such a pure antlhistamine as antazoline antagones perther histamine-

nor n-stimulated secretion. The increase m the aad secretion eeen
o histaming 13 not observed whet

when the antihistarmne is before
mbmnmw?}?hmbcmshownprcﬂom}yww
causes a delay in gastric emptying which 1s not scen aftet astrin (ANTORGSEN
1967b). In the present experiments 1t appears a3 thongh the mmdlﬁ'a’w
mutedmheﬁccnnhhposdblymeup\mmcnofthﬂ
between the effects of an sntihistamine on histamuns-
stumnlated secretion.

The qusternary non-anticholinergc compounds have & li;f:\nvz:ﬁ:‘
gonstic effect on the gastrc secretion stimulated by gastdn b
stimulated by hrstamine Tho cause of this js unknown. Most Wﬁbmtm‘
believe, however that gaston acts on the gasine secretion T2 2
of endogenous histamine (HAVERAACK €f gl 1965), & procest
presumably facilitates & blocking of the action.
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The inhibitory action of these drugs on the gastric secretion doubtless
involves a certain sympathomimetic effect (ANTOMNSEN 1965¢) Hanwies
(1956 & 1957) has shown that nor-adrenaline inhibits the gastno secretion
1o an extent dependent on the kand of strmulatron used

The sympathormmetro effect is characterised by an mcrease in the non
panctal gastric secretion and In the bile production (THOMPSON & VANE
1953 HaRrIes 1956) When U247-51 which hes a much stronger sym-
pathomfmetic cffect than U247-73 is given three hours before the experi-
ment, 5-6 ml of bile-coloured gastric juice can be aspirated from the
stomach as compared with 1-2 ml of clear Juice found normally

I as the results of the expeniments suggest, sympathomimetic drugs are
characierised by being highly antagonustic to gastrin-stimolated secretion,
this also explains why U247-51 has a relatively stronger action aganst
pastrin than against histamine.

Sammary

Using a test-meal! method on rats, wo have studied the influence of pre-
treatment with anticholinergic drugs, antthistamines, and some quater
nary non-anticholinergxe compounds on histamine and gastrin-stmu-
lated gastric secretron.

Both atropine and the quaternary anticholinergic compound metropln
® had a marked antagomustic effect on the gastnn-shmulated secretion.
The antuhistamimne antaroline had no effect on the gastrin-stimulated
tecretion No increase was observed in the aad secrction simular to that
seen 1n relation to histamine shmulated secretion.

Two quaternary nor-anticholinergic compounds, U247-51 md U247—
73 which have a marked istic effect on hi
sccretron, were found to be even more antagonistic to gastrin. While
U247-73 always has a more marked antagonistic effect than U247-51
on histamine-stimulated secretion U247-51 which has a considerable
sympathomuroetrc sction, has the same antagonstic effect as U247-73 to
pmin-smnulnmd secretion

i of the test pounds used on the rate of gastric empty
hgdoubumbmnwmenhnmtoun:ﬂ'euohurmdoutbcmm
secretion.
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Subchronic Toxiclty of some Erythronrycin Componnds fn Rats
By

E. H. Kalttala, O. Risdsen, E. Herva end N T Kiekl
(Recened December 30, 1966)

Clinfcal expenments have shown that erythromycm bas a low toxiaty
(HaGHT & FINLAND 1952 HEIAMAN ef al. 1952 SHOEMAKER & Yow
1954 SoLosoN & JOENSTON 1955)

Investigations 1n expenmental ammals have confirmed this view
(MCGUIRE ¢t af 1952), with the exception however of gunea plgs and
bamsters which die within a short time of administration (hAPAININ &
FAINE 1954 TroerTT & GOCHENOUR 1957).

Erythromyan base decompoacs readily under the influence of hydro-
chloric acid (SMITH ef af 1953 KImBY et al 1953 JosstLyN & SYLVESTER
1953), but propionyl erythromycln lauryl sulphate on oral adminsstration
m’uhigh:rmummhoflheanubloﬁcmmgbemmmbumm
some of 1ts other compounds (KUDER 1960 GrrrFe 1960 GuurrTH &
Brack I%Z)AtMItmdthllhmmhud]ymymed[m
with propionyl erythromycin lauryl sulphate (Kupex 1960), bat soon
there were reports of patients with hepatitis of the cholestatic type follow
ing ita administration (KOTHLSTAEDT 1961 Jomngon & WINDELL 1961
Rowmoon 1961 Havins 1962)

Thh:,-peofhepaﬂmhunotbcmnnwd.cﬂnmuyntmhm
nection with the use of other erythromycin compounds on the other hand
there is no satisfactory explanation to account for the hepatotoxic effect

ycin
< lactoblonate (EL) and proplonyl crythromycin tauryl
(‘E]i)hn%mw; rats, and the serum levels of the antibic
ds on oral administrath -

obtnined with these comP
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Serum enzymes

The alkaline plosph and gl do pyruvic t i of the
serum 1n the different groups at the end of the experiment arc shown
dgmm.m]]ylnﬁp.lnndii

The alkaline phosphatase of the scrum in the EB group at the end of

Table 1
Hmmdmmwmﬂmtmnwmmm
mycla Leuryl sulpbate, €Y base and ex L for dx weske
The cally oral dosc ded t $00 my ex body weight. The mortalhy

during treatment s aleo shown,

Welghts of andmabs () | Weights of

Mean & SEM Hen(p | No.of
Treatment Before Aftee Mean | survivah
treatment s weeks 13EM

P [N 200+ 44 00l /30
Propiomyl erythromycla eyt
wiphets.

V19 176L38 s2xal 1320
E LLESE) 195 & 43 76 %03 10/20
E,,.hm.,_:oumu 414 192180 ¥3I:QI L7

M Aem phareiepics, val T8 b 4
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Fig. 2. Mean serum alkaling phosphataso and SEM | different entrmal growps treated for
tix weeks with proplonyl erythromycin hauryl salphate, erythromycin bese €3d aythro-
myeln lactoblonsts corresponding to $00 mg srythromycin/kg body welght.

the experiment was 5 0 Bessey Lowry umits (SEM 0.9), and the glatame
pyruvkmnmnimseofthcmum\mmeb}mki‘luniu(SEM 7.

For the rats treated with EL, the corresponding valoes wero 7.3 Bessey-
Lowry units (SEM 0 7) and 308 Wroblewski’s units (SEM 6).

For the animals of the PELS group, the mean alkaline phosphatase of
the scrum was 17 Besey-Lowry units (SEM 03) and the glutamic
pyruvic transamnase was 300 Wroblewski's umts (SEM 1)

‘The valoes for the control group were 3.3 Bessey Lowry units (SEM
0.3) and 260 Wroblewski's umits (SEM 6) respectively

5
i -
g.- . f S =] PROMORTL CRY THIOMTCR
5 _ 2 Q mmn:-
§= SN Rty
E3™ - 7 XN
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4 - 7 N )

rrest xaima!
Flg. 3 Motn serum glotamc pyrwvio tramsaminass (SGPT) ad SEM In
groups treated fo dx-u-nhmp(wﬂuydmrdnhﬂfﬁ"‘”“‘;:’”m’
mmmﬁnmmmwmmqﬂmw ]
mycin/kg body welght.
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Fig 4 8idn of rat treated with proploayl erythromycin loryl miphate for dx weeks,
Tie dally oral dose was equivalent t 300 mg ery yein/kg body weight.

Histological findings
Hacmatoxylin-eotin staining revealed no significant changes in the
Ever kndoeys and adrenals of the test animals of the various groups as
compared with the control group
In the skin sections of the rats of the PELS group the hair follicles wern
markedly atrophied and the cpidermis was hyperkeratotic. Slight para
keratons was abso visible (fig. 4).

o 0 macmm
OPIEY R THROMYE m ooy
=
1 ERTTRAONTICN BA ST - AT
WETTHACKYCI LD TR £ "
a 'ﬂ' - - -
i ! 0
A= “ r
i.o, A g
3
a O LT A0 MR RITIAT

Asr A A
Fig. 5 Graphic presentatson of the conteat of fat nd glycopen and exzyme activitics ia
Erera of different growps trosted for w %ok whth proplony! erpthromycin eyl enlphate,
Ty throycio bese end erythromyc ht!bhmmmd:ﬂymldo-quukmm
500 mg erythromyct/kg body welght.
I
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Flg. 6 Liver of mt treated with erythromycin i f sk weeks. Fuzty degeneration.
Ot Red-O stafning % 400.

Histochemical findings

The fat and glycogen present in the liver and the stamning activity of the
enzymes studeed are shown in fig. 5 Staning for fat revealed that the
anmals of the EB group showed a fairly marked increase in fat compared
with the other groups. The fat was present In the form of iy drops in the
cellular plasma and the intercellular spaces. The changes were Jocal over
relatively small areas (fig. 6) Fig 5 shows, further that differences m the
amount of glycogen between the animals of the different groups were
negligible.

The actvty of glucose-6-phosphatase was highest in the anmmals of the

Fg 7 Liverofrat treated dally
Alkallne phospiatase ecltivity in bitlary capillaries, 0.
Froren section fced [ Formol-Ca Gy Macrodax foc 10 min-, Incubation thae 30 mi. X
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Fig. &, Grapiic presentation of the content of [ t and giyeogen and cnxyme ectivities b

Adneys of different groups treated for o weels with proponyt erythromycin lanryl sal-

Foute, ary yein basc and e cin Lactobk Tha datly oral dosc was equiva-
Jont t $00 mg erythromycin/kg body welght.

PELS group while there was pone i the liver of the EB group (fig. 5)
Acd phosphatase was slightly increased in all experimental groups as
compared with the control group. There was hardly any actrvity of
alkaline phosphatase 11 the buke docts of the control anmmals, whils 20—
30/ of the animals of the PELS group and the EL group showed some
activity This occurred in the billary capillares, canalicali and ducts,
whﬂ:ﬂnhcpauccdhmnlmoﬂfree(ﬂg.7).Hg.5dm“,runhcr that

{J"J.'-l": "‘::'1:( fia

rat trewted daly for sy evk  uk propiomyl enythrowycls Laury
2;:.:;“":: :,,_ pborpbatrse ecthity I the proimal 1 bules. Froren section
ormoh-C

F .a_umodcxrwlnm-..muw-um-)onmwwn/
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Flg. 10. The & erage erythromycin concentrstions (ng/mi) after siagle aral dowey of pro-
plooy! erythromyed  laury) sulph te, ery bese and er ol k
equiraknt to $00 mg erythromydnfks.

the actvity of sucanate dehydrogenase was slightly lower in the liver of
the PELS group than m the other groups

Figureﬂdcn]:mththebdncyﬁudb,dmﬂﬂtothmco(thcﬁm
presented 1o fig 5 The kidneys showed nelther fat nor glycogen. The
actvity of glucase-6-phosphatase was higher in the PELS group thaa in
the other groups. Acid phosphatase occurred in relatrvely large quantities
in all the expenmental groups. The activity of alkalme phosphatase was
Iughest 10 the PELS group it occurred in the kudneys primerily in the
brush border of the proximal tubules (fig. 9) There were no apprecuble
differences between the groups with regard to the actrvity of snceinate
dehydrogenase,

Skin sections showed fio glucose-6-phosphatase. The activity of acxd
nndal!mlmcphosphatx:sc\-vmh.u;hettiuthnlnna{'Lhems1.\:t.thELS
group

Serum antiblotic activity

Thbe results for the different groups are gr
uutcdwthBnnd]:'Il.thcpenkscrumlcvelwurcnd)cdlnhllfanb];our
IuLhcmBm!edbyPE]Sthepmkoccu:mdnﬂHShoun-Aﬂeﬂ LUt
the mean concentration m the serum was almost the same in all grovp-

ven In fig 10 In the rets

Dhcrsdon
In the present test, subchronic adminstration of uymmmby:n;g
pounds, EB EL and PELS to raty in large doses killed & num
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anmals, The mortality 10 each group was significantly higher than that
of the control group

The mortality of the animals treated with EB was 50 / of thoss treated
with EL and PELS 338 / and of the control animals 16.6 /4. Conse-
quently there were no significant differences in mortality between the
different expenimental groups.

According to KAIPAINEN & FAINE (1954), guinea pigs die quite shortly
afier the adminmstration of erythromycin. Oral doses of 33-65 mg/kg
duily canse the death of nearly 50/ of the test animals after 3 dayx of
treatment. In the present work the rats received the erythromycin com-
pounds m doses about 12-25 times larger and not until after 4 weeks of
treatment did amumals start dying. According to the literature (McGURE
et al 1952) mice also tolerate large oral doses during long periods and
few test animals dio even after soch 2 large single dose as 4000 mg/kg
smilarly the toxicity of erythromycin 13 very low for dogs.

The increase 10 the weight of the test animals of the PELS group was
ngniﬁuuﬂylowﬁdmnthatofthecoutmlmimah@(OOl) In the
other experimental groups too the increass in weight was smaller than
among the control anmals the differences, however were not dgnificant.

After treatment for 6 wecks the glutamic pyruvio transaminase of the
serum 1 no group cxceded the normal upper humit. The upper lumit of the
normal was taken to be 350 unttsfml (WrosLEWAK] 1958). No group
differed significantly from the control group.

Nor did the alknline phosphatase of the scrum in any group rise to &
pathological level. However saumnlhllnephtﬂphntxnhlLBpoup
mdcu]yhi;hcrthnnmtheoth:rmm

Autopsy revealed no distinct pathological thnae changes, a finding that
agrees with carler investigations.

Histologically however changes have been found i the liver and other
orgmuo{;omctmmhmlsbﬂlhlnmikrmdmdxprumtnndiu.
although never fmportant enough to account for the death of the antmals
(KAIPAINEN & FAND 1954 Txcrnn&Goumumwm

As previously demonstrated histochemically activity of aed phos-

canaliull, The actuvity weakens towards the centre of the lobuls (Waci
TN & MerseL 1959 NOVIKGTF 1959). Slight activity of .Jknmw(wphm-
W.@ﬂnommhmwmwhb&wmm
ally in the mﬂm'ﬂd the tissue surrounding the bily ducts (WACH
Mt

m;lnxt‘:e present tody to0, activity of alkaline phorphy e vrag noted in
the conpective tissue surrounding the blle ducty ang 10 the

walls of the liver of the control rats, while & few animagg yhoied neghigite
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actrvity in bile canalicul: In contrast, alkaline phosphatase activity was
relatively high in the bile canalicull of some of the rats of the PELS and
EL groups

This may be attributable to a slight intrahepatic cholestasis not yet
visible and the other stains MEYER & WiLLIAMS (1954) showed that the
alkaline phophatase in mice, whose hepatic ducts had been Hgated 5 days
previomsly was greatly increased in the intrahepatic bile canabculi,
although the other histochemical methods revealed no abnormalities 1n
these livers.

It is jnteresting to note that the glucose-6-phosphatase activity was
highest in the llver of the mts of the PELS gronp, while the amount of
glycogen In their livers was not high (fig. 5). Usually the hugh glocose6-
phosphatase activity occurs in areas where glycogen has accumulated
(Novixorr 1959).

The activity of alkaline phosphatase which 1n the kidneys 13 concen-
trated In the brush borders of proximal tubules (LONGLEY & FrsHER 1954
WACHSTEN 1955 SACHS & DULSKAS 1956 RHODIN 1963), was highest in
the ammals of the PELS group. This phenomenon is difficult to explam,
since alkaline phosphatase activity decreases 2t least in atrophuc tubuks
(WACHSTEIN 1955) and therefore degeneration of the cells of the tubules
cannot be involved.

On the basis of the present inveshgations we are inclined to believe,
like PLANTLLES & CHARITINGVA (1964) that the death of the cxpermental
animals 13 attributable to a change 1n the intestmal flora released by the
antibiotics. This agam, 1n the course of time, leads to disturbed vitamm
metabolism and malnutrition of the ammals. This view s supported by
the retarded weight increase before death and the obscrvation, that the
rats treated with EB EL or PELS regularly ato the dead anfmals If keft
1n the cage. No such cammibahism was noted among the control animak.

An intereshng observation was that the fur of the mats treated with
PELS was macroscopeeally scen to have thinned and decreased during the
expeniment. Microscopic studres then revealed a marked atrophy of hait
follicles. Sirilar observations have not been reported in the Iterature
before The atrophy of the hatr follicles is difficult to understand unks
avitaminosss produced by the antibiotic 18 taken to be the primary “’:
mtlmcx-.ue.uthcun;:mr\‘.nncec:fvmmmuintl:‘el!»l"'o'w"-h"““h‘ur
already been concluxvely demonstrated. s

Also bearmg 1n mind that in the PELS group the weight ipcrease
smallest, it seems to us that PELS produces in rats more scvere ﬂuuicn_d"w‘“l
disturbance than LB and EB which agaln s responsible for the
noted.
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Sommary
In & subchronic toxxaty test on rats, proplonyl om;
la
sulphate was found to produce a significantly ;may emhxmghyﬁnmuryi
than that noted in the control anmals, and those treated with erythro-
mydn base or erythromyan lactoblonate (p < 001)

Mortality in all groups was definitely higher than m the control group
The canse of death could not be traced by hustological and histochermeal
stodies, nor did the surviving animals thow any pathologically significant
dmnpint_bnlive“r }ddﬂ:yl.lfifﬂmk,tcmmlcvdofglumpymvic
fron Mhhgrlomﬂ tha o “h}v:ukud atrophy of halr follicles

nof y 1 the mts o propionyl erythrom; 1
sulphate group but in no other group n et

None of these erythromycin compounds could be shown to produce a
definite hepatotoxic cffect, aithough mmu of alkaline phosphatase
sufficlent to muggest incipient intreh is were demonstrabke
hinoehcm:mllyinthebmdncuofth:rmimlhtrmtudwﬂherythmmydn
lactobronate and propronyl erythromycin lauryl sulphate.
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Awtorsdiagraphy

Whit Tico weghing approxlmstely 20 grams recelved 0 37 mg O pQY of 14C-proprncs
lulhyd-md\lefld:luﬂ.lmlofphydo‘oﬁc-ln]inﬂwlnﬂonlnlkhﬂvdl.mnﬂmh‘m
wacrificed after 5, 20, and 40 minutes, and | 4 and 24 hours. Pregnant mice bnjected with
the smme amount of radlescthve propranciol wers sacrified after 20 minwtes and efer
4 hours.

Lnlmlh:fiﬂtuofapcdmmkepﬁumdﬂ\h14my\|dphmrybmnﬂn
iv mhjmcdﬁmhmuhmwhh&hmiuumdlwmwm
Theso snimals were secrified after 20 minutes,

Under ether anestbenda, the mke were quickly frozen by tmmerskon bnto hexane cookd
with solld carbon dioxide. They were then embedded In carboxymethyicliuions ssd
sectioned for whole body autoradlography #3 describod by ULLkrma (1954) Sectiom
twenty p a0d 80 u thick were prepared and dried n & cold room (—107), then evpossd &
Structorix x-ray Mo,

For the study of 14C-propranclo] distnibution In the breln, mak Spragse-Dawky rsts,
weighlog bout 180 g were Injected with 1.57 my (5.5 pC) intravenously and sacrifeed after
3 and afler 40 min. The brains wero quickly removed and frozen on & block of solid carbo
diaxide. After embeddiog in 80 p thick frontal mctlom e

prepared and sutorsdiographed.

Thiswe exivactio
Two male albino mice (20 § body weight) wero ojected L kn ths tal veln with 0 57 g
(2 1C) of UC-pr pranokl hydrochloride dissotved In 0.2 mi of physiological saline s0o-
Jutloa. Ome mouss was sacrificed after 20 mio. and the other after 40 min Braby, (nog
fiver LKdoey and heart were removed and wolghed Each organ was bomogenired o ax o0
glam homogenirer together whh  ml of distilled water After homogenization, the pH
was dfwmted 10 9 by the addition of 0.5 N-N OH. Tho homogenety was shakea for 15 mis-
with 20 m! of chioroform and crmtel ged. When MC-propranciol was added to thwecd
beforc homogenintion nd carrbed through the extraction, more than 93X of the rado-
activity was found 1o the layer The in the the watet
phase, end trsess debris wa determined | o Pachard hiqeid sciotillaton coomar Oné
tenth m] cach  { the chloroform and water pbeses wers connted | mivturs of 7ml Q5%
DPO (2.5-dlphewryloxazale) 1n toluene and 3 ml beohute ethanol A §3ml quantity f03%
DPO -+ 0.03% 1.4 bis-2-(4-nethy! S-phenryt cxazolyl) benzene POPOP and 4% Astoell i
toluepe was added to the tetue debma (BumLER 1962 3wroax & STrrrna 196). Th
hl rpform phase was concentrated under stream of nitrogen, and the rosldpo taken (of
thunlayer chromatography Thio-layer wilea gel Gr plates were preparcd sccordhag @
S . (1962), and developed | cthanokamm muwster (80 4 3) Radioactivity on te
tharl phtes wa rmined firat by waing Kodirex x-ray fim for
bﬂunilhundhﬁhnﬂllndmndlybymph.mmhﬁmlbocmlﬂﬁ
giasm vials and caunted 10 & Tespension sccordung to Bowiem (1962)

Resalts
Distribution studies
Within 5 min. after the intravenous injection of 147~ lol
radioactlvity was taken up by most tsoes and had UTCHDVL

to a low level Those tissues accumulating t
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Fig | Autoradlogram showing dest bution of mdloctivity (hght arem) fn  mouse §
mimriee after lntrwven vs pection [ 4C: N ta kigh In bruin,

lung, liver stomach mocose and kdney

hhhﬂymmnpummryandmymucrofth:bnin,thehn&bmnchz,
liver krdney and gastnc mucosa (fig. 1). The pancreas, spleen, Intestines,
beart, skeletu] muscle, salivary gland, and thymus all accumulated radio-
activity but to a lesser extent.

The brain retained hgh actvity in the 5 and 20 minute expertments and
the activity then decreased although the cortical gray matter and the
bippocampus decreased at a much slower mate (fig. 2) Some activity still
remained in the hippocampus 4 hours after the injection (fig. 3). The
Pituitary was very highly mdicactive within the first 5 min. and was still
active after 4 hours.

Thelnngswmv\:ryhjghlylnbeﬂcdnndthcmﬁwtymnlhndqmmhigh
even after 4 hours. The bronchi abso retafned high activity

Smnal  ord

Hard g wd Sali Live  Stemach Int ta

Fig. . Dutnbwtooa of radroactnity b mouse | bowr ler batravencos Injection of 14C-
Yol High concentration i secn fa th Irrtestiaal content, brat, b Hwer andd
Propranc bladd L

gland
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H ppoc mpe C g nke med

activity tn rat brae
Fig 4 Actoradt howing the distrib ¢ (Hght arees)
3 minetes (A) and 40 mtuutes (B) after rmtravenous Lafoction of 14C-proprasokol

In the metencephalon the arcas -:--umamshwmwwg
muﬂlymmth:nudﬂokw:h,mmtpuulumiﬂmhmdw
bulans, and cochlearis. After 40 min. the radioectivity decreased
rcantly in these areas, becoming weak and diffuse

The resencephalon n 3 min. showed a high localimnon of hﬁ
MC-propranclol 1n the nucleus interpedunculans, substantia )
nuclens nerv trochlearis puclens ruber corpus gemculatum o
and the eolliculi, There wax & general, low kevel of radioactivty throu
out the mesencephalon at 40 min with a slightly higher activity remamng
mon}ytbecorpmynmﬂntmnmcdhkandnmmlﬂpdmg’:‘m

Moderate 1o high levels of radisactivity were observed in t‘ﬂagmtn.ﬂ
plmlanmmnlylnlhelhulamm,nudmumndanulndpmn'mh‘d
but decreased to low levels at 40 min At this time tho thalam
alightly higher activity
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The cerebral cortex was found to take up high radioactivity within
3 min. and was the most active among all the areas at this time, At 40
min, the cortex together with hippocampus and thalamos equally re
tuned the hughest level of radicactivity in the CNS. After 4 houry, the
hippocampus was still labelled,

Discution

The distribution of radioactivity after the intravenous mjection of
WC propranclol, the recently mtroduced Poreceptor antagonist, was
traced in mce by whok-body autordiography However interpretation
of the mutoradiogram sections may be complreated by the fact that the
radicactvity in the sections may not only represent the injected drug but
alto the metabolites. To determine the percentuge radicectivity represent

necessary to use solvent extraction and thin-layer chromatography on
sedected thwncs. As seen m table I even after 40 mm., substantial amounts
of unchanged 14C propranolol are still present.

Propranolol follows a distribution pattern quite similar to many other
orgamic bases stodied m thrs laboratary Followmg intravenous inpection,
14C.propranckal rapidly cieared from the blood and appeared to be achve
lymkmupbyu:rmmﬂmmmoﬂahthulmuhMuo!nd}oadiﬂty
in an organ may not nccessarily Indicate pharmacological site of action,
the three preceptor blockers, DCI (MAYER 1962) K8 592 (Stock &
WESTERMARN 1965) and propranclol show a similar rapid uptaks and
dutribution picture, bat one which is different from that of the @ receptor
blocker phenoxybenmmice, (MASUOKA ¢t al. 1967). Moreover the In-
MondPMmybmmmmlmonmousnwmm.cuﬂerdjdmtmEﬂ
the 14C Wo}oldmdbudonmd binding picture The present study
by autoradsograpby shows that m some of the organs sccumulatmg rado-
activity there are certain stroctures which are particularly active, e.g.
germinal centers of the white palp of the spleen, lymph nodules in the
}mmpamucu}etwm.owﬂnnfomﬂsmdmmm
the ad lmcdu_[hmdnona_ltmaybemmﬂcdumlhuurmptor
blocker phenoxy! showed Do activity in the white pulp of the
spkeen bst slight acuvity In the red pulp, as well as some in the corpus
lutea and adrenal cortex (MASUOKA et af 1967).

In view of the potent action of propranolol in blocking the cardiac

and inotropic effects of catecholamines (BLACK et al. 1964 &
mmﬁ.ﬁwaofmﬂcdloaﬂmuoﬂmthchmmmmm
mhﬂofm,dba]mhnmypoﬂblybcaphhcdubdng

to the ulupmkﬂm" non-specific sdtes or storago sites and;,_

20, s
B ac plermsipia. ™
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fact that the ratio of P-receptor sites to tissue mass is low Recent studies
in this laboratory on the subcellular fractionation of rat heart indicate
that labelled propranolol may be bound to membrane stroctures (Ma
SUOKA, ALCARAZ, & EARLE, unpublished).

Pharmacologreal and climcal studies (Leszrovszry & Taxpos 1965
OWEN & MARSDEN 1965 GRANVILLE-GROSSMAN & TURNER 1966 Mux
MANN ef al 1966 STrPHIN 1966) have indicated that propranol bas no
effect on the CNS Indeed the present mvestigation reveals that labelled
propranolo] easily passes through blood-bram bamer and is, In fact,
accumulated In high concentration in the gray matter The acute toxic
effects of these compounds in mice have been attributed to a non-specific
action on the central nervous system and not as a result of freceptor
blockade (BLACK ef al. 1965) On the basls of autoradiography sectrons
of brain prepared in this laboratory showing the distribution of U
albumin, 1t appears that the Inrtial 3munute distribution picture of 14C
propranolol may refiect to some extent the vascularity of the varions areas
(CASMANO ef al. 1965). However the 40-minute picture indcates that
propranolol is taken up and bound by certam structures especially in the
gray matter of the cerebral cortex, hippocampus and thalamus. Whether
this prolonged binding indicates binding to p-receptors is not known smcs
the presenco of such receptors in the brain js stifl oncertam. There 1,
however some evidence to indicate that frreceptors may be present in
the CNS (GoLpsteny & Munoz 1961 Gagron & Mruviie 1966
SHARE 1566)

Sommary

The distribution of 14C propranclol was studied m wholebody sections
of mice and brain of rats by autoradiography Radioactrvity disappeared
from the blood withun 5 mun. and was taken up W“m'“d
tissues especially the CNS lung, liver and kidoey After 20 and 40 ey
various tissues were extracted with solvent and jt was found that 2 e
stantial percentago of the radicactivity remaining in these tissoes
represented unchanged propranolol.

In the CNS high radicactivity was localized mamly m the gray matter
of rat brain.
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From the D Unbversity of Ci

I35
(Prafessor Jens Schoa, M.D)
Release of Histamine from Sensitized Rat Peritoneal Cells
by Specific and Unspecific Antigens
By

Svend Nom
(Received May 3 1967)

Histamine is released [rompmton:almmar.l]zornmtcryof
sensitized rats on incubation in vitro with a specific antigen (horss serum)
(UveAs & TroN 1959 Mota & Isam 1960 GARCIA AROCHA 1961
PrRERA & MONGAR 1963 Noan 1965).Thilrc1u.scilinhibhediftbcnu
are treated with varjons antirhenmatic agents administered towards the
end of the sensttization period (NORN 1965).

The object of the present study was to Investigate whether this release
of histamine takes place only on incubation with & specific antigen, wm-
specific antigens being meffectrve. In that case, the release of ustamin®
would result from a speafic antigen-antibody reaction. Morcover the
question was investigated whether the antigenic factor 10 horse serum 18
a hugh- or low-molecular substance.

ExpednelumdMabod'
Sera

Serum from hore, ., rabbit, man, and rat was hactlvated by hesting to 36 for 30w

Dislyscd herse sram

0 ml odified Tyrods sohutios &

ey radius {24 A) phaced In 1lnder with 20.
e : o the outer ol changed 3 time 11

water a3 outer flurd. The cylinder ws geatly rocked, aad
4-hourty imtervals.

Noasouiltized rat
Those rats wers female [boso rats welghing froam 130-200 §-
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Semltized raty

The same typo of rats, welghing between 120 and 150 g, were seusitieed to hocso serom
(Noax 1965) or to ogp afbumin & follows 10 my dried egg albumin (zot crystallized)
dawlved tn 1 ml modided Tyrode solution was fnjectsd ssbentancomly lnto the mts.
At the same time the raty were given intrapertoncalty 1 0 mi pertusds vaccine (1019 bas.
terie/ml, Statens Beruvucsthut Coponhagen) coltured om lquid medinm without esram.
5 wecks aftor thhs trestmant the s wers used as the semitized ammak

s

A peritonesl cell sasprasion (PCS) wes removed from s w1 rom pon
sensitired raty In the folonbng way 16 mlof 37 modified Tyrod LAk 104
MNaQL, 3 X 10 > M KCI § x 104 M-CaClz, 8 x 10 3 M NaxHPO,, #0d 3 x 10
M KH POy was lmoctsd intraperitoosally The amtmab were killad by sxsen
from the curotid arteries na the peritoneal canty was e 1 and dMl“h'dmm
«l contant of the fimd manly onssted T lhympbocytes, ec Btl'ﬂwlrﬂadncrlu,mdm
exils ( bowt 2%0) (Nomw 1967b).

Refoare of hlstamine by dsatrrrd and non-ssalysed seram
Peritooeal cell suspencions from rats seeitired to horso serum wero poajed. From this
pocl sermpies of 3 %0 ml were removed. To each sample 250 ul horse s added,
rther or dialysed  gamst wrter or modifled Tyrode sof c .
mmmwmammdmmnmmhmuﬂdm 2t
ummmmﬂmdnmmdwrmﬂmﬁm ""‘m)‘
uﬁ!-mplnmumblmdfu}ﬂnlmnﬁ Therwafter “"'lmtﬂyo!mwnﬁmh
Mheratcd was detgrmmed £ per cent of the total coatent (Nomy 1967), so ey
made of the small quantity { bastarmime which was hbersted by the mcchamdcal
thon, maslps-

mm-t-nh-nbyrpuurnd.wmﬁc..f,-

Carrespondln, nm‘pkl'crlmwn tready memtioned, with bors
(peciic sntl] )’wmhmﬁmnnbb’kmwm(m.- )_A"‘m““‘k
prgt partty the earme kiad of smpien tacabated with modiled Tyrod

and raphes of PCE from noo-scasitized rats, mcabated
Iibﬂmh:ﬂndofu:ﬂm r.ﬂly s = lncnbeed
N o were carried oat OB sampha of PCS from run sensidnad to e

Albamn (cf. table 2 A2 ppecsfic ntigen 250 11 133 cpg afowmin (3 X crystaltind) was
wed,

Reszits

Release of histamine bY diafysed and non-dialysed serwm
orPCSfmmnurnﬂﬂmdmhumm\unwnhdnlyxcd
bo?:m:nmmmu;e came percentnge of the toral hisiamine content of the
tample (about 42 ) 8 refessed as on mcuhul.icr;:hh M‘;‘ilmyﬁd horse
serum Tus applies when this serom been dialysed against
mwmgl%kwgc sofution of against “ﬁmhﬂ‘v&owﬂ}
t rom the dralysis
PCS samples with the respeetive outer <
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Table 1

Release of hi: In peri eell sk (PCS) from rats seochined to borme

scrum by diatysed and no dlalysed borse serum, outer flcdds befors snd after first dialysis

of hore sertm (fner Auid) Histamine reiaxse ghven In per cent of total content. Duplosts
determisations.

PCS incubated with

oater fledd onter fluld
borwe serum frer dialysh befors dhutysls

noo- mod.,
dialysed mod. Tyroda water Tmim
Tyrods

4
41 41 44 1 2 2 3

~
&
S
»
&
~
~

horse serum does not result in the release of more histamins than docs
incubation with modified Tyrode solution or with water (blank sampks),
in which cass 1-4 / of the total histamine content 1s released,

Table 2
Relcass f bbat: in pectt cxll susp from semsitized and nog-semaitized res
by sers, egg albumin 0d modifed Tyrods solution. Deplicate detemalnations.
Hhtanlae Bbevated
PCS from rats which were PCS Incobated with (per oxmt of totaD)
mod, Tyrods 2 3
non-sensiired. horse serum 1 3
¢gg afbumin 4 3
1
horse seTum ] a
bovino serum 2 3
scasttized t borse serum rabbet 1 !
bomame ! 2
rat 1 3
mod. Tyrods 3 }
cpg wlbumain 46 hd
senaltized t ey albumin horse serum : ;
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Release of histarmine by specific and unspecific antigen

Table 2 showa that in PCS from mts sensitized to horse serum, about
half the total histamine content of the sample Is released on Incobation
with horse serum. Serum from ox, rabbit, man or mt does not release
more histamme in PCS than does modified Tyrode sotution (blank sample),
in which about 3 / of the total hrstamine content Is released. The same
applies if PCS from non-sensitized rats is incubated with horss serum or
with modified Tyrode solution.

The table also shows how muoch histamine is released from samples of
PCS from rats seositized to egg albumin, when these samples are 1n-
cubated with egg elbumin, horse serum, or modified Tyrods solution.
The egg albumm release abont half the total histamine content of the
umple, while horse serum and modified Tyrode solution releasa only
sbout 3 /. If PCS from non-scnsitized mats 1 incubated with egg albumin,
the released quantity is also sbout 3 / of the total histamine comtent.

Discassion

In peritonesl cell suspenuons from mts senntized to horte serum
about half the intracellular histamine content of the cells i3 released on
incubation with horse serum. On the other hand, practically no histamine
1 released on incubation of the cell suspension with other antigens such
23 bovme, human, rabbit, or rat serum. In such cases the release is less
than 3 / of the total histamine content, and thus must be doe to the
mechamcal manpulation of the cells, since this {3 the same
which is released when the cell suspension is incubated with modified
Tyrode sotution tnstead of serum (blank sampie). The same applies when
saspensions of pertoneal cells from rats sensitized to egg albumin are in-
cubated with egg albumm or with horse scrum. Egg albumin relcases
46 / of the total histamine content, while horie serum releases only 2.

On incubation of pentoneal cell suspensnions from non-sensitired rats
with harse serum or with cgg albumin, no more histrmine fs released
(about 3,0 than on corresponding incubation with modified Tyrode
solution. In other words, the perttoncal cells from non-sensittzed animals
are Insensitive to thess antigeas a3 are corresponding cells from sensitized
anjmals 1o unspecific entigens-

The cxperments show that specific antigen relcases histamine from

ausaf)cnslﬁzbdﬂ“-m“mpcdﬁcmmmno

histamine. Thus, the relcase of histamin i crused by o speciic antigen-
antibody reaction.

Dialysed horse serum releases Just as moch histamine iy (e peritoneal
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cell suspenmon from rats sensitized to horse serum as non-dialysed
horse serum. The dialysate has no histamine liberatmg effect. Thus,
snce the entire histamine-releasing activity is found in the dralysed serum,
it must be dus to lugh-molecular substances, presumably plasma protems.

Sommary

The release of histamine was studied In suspensions of peritoneal cells
from sensihzed rats following /1 vitro incubation wth specfic or nn-
specific antigen. Specific antigen (horse serum or egg albumin) releases
histamine from the peritoneal cells, while umspecific antigen has no
histamine liberatmg effect. Thus, the release of histamine fs effected by 2
specific antigen antibody reaction.

The question was investigated whether horse serum loses ity histamine
releasmg actvity after dmlysis. As this is not so, the histamme-liberating
actrvity must be due to high-molecular substances, presumably plasma
proteins,
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From the Departmest of Pharmacology Univensity of Gateborg, Swedea,

The Stablllty of Noradrenaline in Infodon Solutions
BY

Jax Higgeadel sod Gills Jobrmon
(Recetved February 22, 1967)

Noradrenaline (NA) and adrenahne (A) are often admmistered thera
peutically ms “drop” mfosions dunng several hours. The catecholarnines
are dissolved in diff solutrons ining e.g. 0.9 / sodium chloride
or 5.5 / glucose. The stability of the catecholamines m these sol
must be taken mto account since these compounds are readily oxidized in
certain conditions (seo e.g. voN EULER 1956). Factors which favour the

ivation of these compounds arc ¢.g. alkaline milicu, high temperature,
Indttnprwa)c:ufhcnvymctllm“’m(wﬂ)foundthatthemvity
of NA in distilled water m 5 / dextrose solution, and in isotonic sodiam
chlonde was redoced about 40-60 / when the solutions were stored for
48 hours at 18° When the soluthons were stored at 37° the loss was abont
80-95 /. The rato of destruction was greater when the solutions were
stored at a higher pH

Thus it scems posuble that NA when wsed thermpeutscally can be
destroyed during 1ts storage m the infuslon bottle. In fact some drug
compantes advise that NA shonld not be added to bicarbonate solutions,
In order to elucidate this problem wo have determuined the contents of NA
in different infusion solutions at different times after the drug bas been
added to the solation.

sl 1.4 mpgmdmw—mmmmmmu
ml:mh’?,wmu 3.0,a0d 7% reipectively An Infusion spperstoy was covpled
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Paper Chromatographic Evidence
of the FlimInation of *C D honlum s the Unchanged
Compound in the Rabhit

By

C. Broea Clristenses
(Recowved M rch 7 1567)

A study of the renal excretion following intravenous mjection of 14C
decamethomium In rabbits has shown that approxumately # of the com-
pound s excreted within 24 hours (BROEN CHMSTENSEN 1966) Paper
chromatography of samples of urinc showed that decamethontum s ex
creted in an unchanged form within the first two hours after injection,
but chromatography of sampl, liected later however gave the im-
presuion that @ metabolite was d. A 14Cd honrum compoursd
with a relatively bow specific activity was used and hence the chromato-
graphc studses of samples with a low content of decamethonium were
subject to considerable uncertanty

In studses on the fate of 14C-decamethonium after intravenous wjection
into cats (WAstR & LUTHI 1965) 1t was possible to demonstrate a slight
amount of a non-sdentified bolite in an extract of liver
tissue, whereas chromatography of plamma, muscle extract and urine
showed only unchanged decamethonium within the first hour after in-
jection. 14C-decamethonium with & high specific activity was used for
theso studees.

Thcob;cctofthnlmdyhn!lhmforcbecn!otcex“tupo;ﬁbk_[u
more thorough investigation, to d rate & bolite of d h
nium after intravenous Injection into rabbuts of a 14C-labelled compoand
with a high specific activity Inaddition a more senntive method has been
developed for ing the radi ity on the ch gram  thi #s
described in the following.
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Methods

Experimexts! rechxiqes
12 aThino rabbits welghlng from 1930 to 3150 g were used for the stady A singlo doss of
90 g 14C~decamethontum dibromide per kg was nsed Io all tho exparimonts and bnjectad
into the margisal exr vein using u carrier free 0.9  solution of NaCl The H4C-decamethonk
am was p by The Redloch Centre A bam, England, with & speciio
acthvity of 139 pc/my. The redlocbomical purkty of the componnd wes vrified by paper
chroamatography at the beginning and end of the experimanta] series. It wit fownd that the
th ded to tho ghven mory than 97 % of the sctivity resulting

The methods In general have been descrited previously (Beosw Cinaroaay 1966
In 9 short term cxperiments, & cannula was Introduced into the traches and  polythess
catheter Into the carotid artery while under balothans-N;O-0; anaestbests, Tho object of
this was ¢ register the respiration and blood pressurs. A trans-srcthral catbeter was dho
Introdoced (nt  the bladder for fractional urlne collection in 4 of the anfumale. At the end of
the experiments, Le. 1—4 bours after the decamethoniom Injection, the animats wero kiled
by intrsvenom inesffation of air and samples from th bver and the femon cxteoser
quadriceps moscle wero rmoved for chromatogriphic ody “The pH of the nrine saepies
were mearired by glan electrodes and o pH-meter 23 (Radfometer Copenhagen)

In 3 long-term experiments on Intact enlmals the 24 boar wine was coliccied after te

The messurement { the radioactivity In the urine samples wes carried owt e proviooaly
described (Broex CHRITarmN 1966) by the liqukd scitiTlathan tchnique misg a Packard
Tri-Carb Scintillation spectrometer model 3003

Th chromatographic techriger
Chmmmmphyofurhn.nmnmmdmndnhjon:dmurﬁdvﬂwﬂ
mﬂhl"chnlqmuﬂm‘nplpamlTme:ymmmudnmw'
phase A.HmlmLﬂhllehdﬂncmkndd,m:r(llls)mdB»ﬂbﬂd-m
ammonia (75 25 2). The technkqoe has been described in detall b & previod PP
(Brow CrmusTrnerx 1966).
mmmphyammmphmmmmmmmmuﬁu:
60 an axtract of urino contalning equal parts { mod aicobol (etbanol, glecal acrtio
ndmcrlu”vhmsmmp;orm-hbdumh-ww‘d
In 100 ! of water was wsed m the control
1 g of tisene was hamogenized [n 5 mi 80 4 methano!
The resutting supernatant flusd was evaporated and the residng
of water which wes applisd to the chromatography paper Non-iabeflod
tdddmthﬂn-cmwhumlmunlmimklnnmmmwhnblw'd“
of relerence spot o the paper by DragendorfTs reagent, was med &8 reference. -
Two methods wars uaed for scanning the 14C-radumctivity on the chromatofraed
e ctomatke chromatogram scanner (model Phfllpt) secondly voore pexskive 2CER
based on uquumunmmmmnhmwbumdmﬂﬁ"zm
umndmyhhmmm(wmmkwlmAﬂ:im
Aromstogram with width {2 cm was eut {pto rectengular pieces (2 X Temvord
Tho pheees of paper were placed at the bottom [ wunﬁn;vhlh‘ﬂ‘d'ﬂ"m'ﬂ“
mediam (Baay 1961) The addition of coscentrated hydrochlork: ecid 10 the e
modiam (100 1 concentrated HCl to 60 ml scltiilation medlum, sce Hrasead
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scemary In order to avold sporiom counts dos to phospborescence. The rwatty of the
mesrareracts of the activity were foc with the ref.
aecs wpat (g 1)

Repeat counting of the sampics after whaking tho cowmting viah showed that the post-
Sem ftho paper at the bottows of the counting vial had no sotrworthy floencs oa the
oot Thm 6 of mmpla [ activity
g ) shownd a standard deviation of 7.5% of the mean valve.

Resalts

Itmpouibletum:ovcrunlm;eofﬁ/(nng: TB-89 /) of the
fmpected dose following measurement of the radioactivity in the urine in
the 3 experments in which tho urine was collected for the first 24 hours
after the injection In 4 tests, mn which the urme was collected for the first
4 hours after the imection an average of 54 / of the dosc was recovered
(mnge 42-71 4)

Mummnentofthcndmﬂvityiﬂmmmplﬂbdmmdnﬁcr
mmnwm!.vﬂy{ngmtu{mencﬂvuymldbe
m'c‘tmmgmmonmuhdmthcmmplufmmtholong-
term experments, where up to § of the redioactivity could be precipitated

by centrifugation.

Chramatography of the wrine samples

Chromatography of fresly pamed, undlated urie from the long
l:rmacpcdmamsﬂwn"“lwfml‘c WETS Very near the Ry
Yalne for authentic decamethonium  however the chromatograms showed
some tafling.

Ivent A (o-butanol, ethang|

Chromatography with 50 L, glacal acetic

.dd,,,,d,.g 8 2 1 3) of unac samples collected from animals sub-

at times clearly showed two
jected to ansesthesia, mmm.mﬂmr;ux
slﬂRr“‘“‘(“‘“MW-potmp.mmm
wummmﬂmpwrmmemzm4mﬂlﬂumampcdom
mmpﬂonhe“ﬂn‘“’mys's‘”dél(hlummu
the pH was between 8.0

Wth—lOPldnmwmmﬂhm‘mnddedwdf
samples, it WS h‘umﬂ“’dmﬂlmm( to demonstrate 22
on the chromatogran 12 £he 3 localization oy the ryajgacrivity T
was also the case WHeT® "RIOPET contatned two
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200

pa
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100
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0 @1 Q2 Q30405 Q6QT Q8 Q910 AL
| —

Fig. 1 Sc-nnln;mum[mmplpu'chmmmmphyu(nﬂnnmphmlkﬂtdlm—ln

miomtes aftor Imtravenous infection of 90 pafkg MC-docamcthonlum. Solveat yee

p-butanol, sthanol, glaclal ecetic ackd, water (3 2 1 3). Distribatioa of 1C-sctivity de-

tevted by llquid sctnnllation (npper broken Hne) compared with the rasit obtathed with £

tomatlc chromatogram scanner (black colxmne) Abscise Revaloe, Ordizate Cowntd

minute. At the bottom Control of authentic Iy stakned witk
Dragendorfl’ reagent

Ghrwnmographyoftheemaaofzhzwwmhndddwlml

As mentioned above a varylng amount of the radioactivity could be
precipitated by centrifugation of the urine samples. An attempt Was
to find a colvent with which the total nmvhvmuldbccnnct:dﬁ'um:
samples. The results of the extraction by shaking the urme with g
parts of different solutions are shown in table 1

Following these tests, aczd alcohol was chosen as the ﬂmg
sohution, It was only possible to demonstrato traces of mhu 12
organic phase after shaking the unne sampls with n-butanof
dichlorethane.

Chromatography of extracts of all the unnc samples sfter shakmg with
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Table 1
Extracton of 14C-activity {n urine with different sotvente

To the orine samples equal volumes of sotvert were addod. This was shaken mecbanically

*ad them centnifoged for 10 minutes £ 3000 .p.m. Extraction f14C-acthvity b expressed o1

counting-rat fo tho soparnatant In peccent of comnting rat for the mixters bef re
eentnlugation.

Ethanol,
glacial ucs-
Sotveat H:0 I;'_ad; Methe B e,
water
a1y
Percentage extraction » m K “ 1

) Result from  single experimunt. The everage from all expertments (7) wae 92 + 5%
(M & 3D}

1a1d adcohol gave the same Revalues for the mdioactivity s the authentic
decamethonrum with both solvents, and 1n no case was there more than
one peak of radioactinty The results of two experiments are shown in
table 2. In one experument urine samples were used which had shown two
peaky of actrvity 1n the chromatography of the untreated sample (fig. 1)
and In ths other a ssmple from a long-term experiment contatmng ap-
mﬂmaLdySS/oftbelq;uﬁcddmcmmcd_

Table 2

" lon of 4C in extracts of urine with ackd
i okl ftec intrEvenons tojectio  of 14C-decamethontom.

ucnﬂ"m‘umbthuld'dhﬂmlmcmohm“

Solrent Re-valos
Sampls orstem Coatrol | uc
after lejection A a7 a4s
Urire cotlected 120180 aun- ‘ B ‘ [¥~] l o6
fer ajection A ads 045
Urlae coliocted 0-34 B » ‘ 061 l 0.87
Mm@ﬂmu
) ‘mA,n-mmoLMﬁaddlcﬂk-:H nd water (3:2 1 3)

end ammonia (75129 2.
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Fig 1. famning resuhs and ch from paper ky of methamdl
extract of thynoe. Sotvem system n-butanol, ethanal glaclal acetio scid and water (h12 1 5
The scthvity was dotected by Ihquid scintiMation. The coatrol spot was deveioped by
Dragendorfl™s resgemt. Samphes were taken 60 minutes afier Intrvenom kijection o
90 pg/kg 14C-decametbontum. A. Extract of llver homogenats, B, Antheatc decametho-
nlum added to mysche homogentts from comtrol antmal. G, Extract of musclc bomogseals
(from the same anbmal a3 A)

Chromatography of the organ extracts

Samples were taken from a total of 6 antmaly from the Lver and
uiristed muscles respectively 1 2 and 4 hours after the inyection of dec-
methonmm. These were subjected to chromatography with both salvert
A and B The results from ope of the experiments arc shown in fig. 2
together with the chromatogram for the authentic decamethonium. Jt
m.nbemﬁnmthcﬂgurethuﬂCndbwﬁvlryhu‘hemw
as suthentic decamethoniom,

Discslon
The results of the l‘Cmnmnuofﬂmmimump}ade’i‘
the 24 hours after the decamethontum myection are in agreerzent with
results obtmmed from the use of a preparstion of low specific activity
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No support has been found for the suspected renal excretion of a meta
bolite, starting some hours after intravenous adminstration of deca-
methonmum into rabbits (BRoEN CHRISTENRSEN 1966). The study has shown
that more then 80 / of the injected dose 1s excreted as decamethomum,
In sctunl fact some of the decamethontum is bound to a non-identfied
component of the urine. This binding can also be observed f1 vifro and
unchanged decamcthonium can be liberated from this by extraction with
2cid alcohol The maximum activity with a Re-valoe higher than that for
decamethonium shown 1n fig. 1 must presumably result from & complex
i d hond t h as the extruction from the spot

with acid alcohol liberates a 14C labelled compound which 1s chromato-
sraphrcally identical with decamethomum. The complex is poorly soluble
n water

The study of the fate of decamethonrum after mtravencus mjection
into cats (LOTHI & WASER 1965) has shown that up to 50 / of the dose 13
eacreted in an unchanged form in the urine within the first hour after in-
Jection. Litthi & Waser suggested however that part of the decamethoni
um #s bound to the proteins in the bladder mucosa.

Ithpotd'bhthntmndnmetcdﬁomlbecplthdlmnnnhemnnry
tract binds decamethonfum. Studies of other quaternary ammonium
compounds fuggest that the onfum fon under physiological conditions
can be bound by scid mucopolysacchandes. Thus 21 vivo studies on mts
have shown that mucm hike hyaluronre acid and chondrortin sulphate can
inhibit the absorption of the onfum Jon from the jepunum (Levine & Pe
LIKAN 1961 LEVINE 1961).

Itiskncrwnfmmtﬂvﬂranudnaumumumioul.tlphyﬂoloﬁmlpﬂ
canbcboundbym;;is;wwdﬂmﬂmm form poorly soluble
complexes (ScoTT

oﬁrchmmatogmpht studies of liver and muscle extracts support the
view that @ honlum 1 not metabolized in the orgamem. The alight
amount of radioactvity in fis. 2 1-2 / of the total amoumt) which does
not have the same Re—vllueru authentic decamethonium, can hardly
be considered as consisting of metabolites, ay ' ly 2/ of the
14Car clivity of the comp infected as mentj J.bm.céoe, not
result from the um.

Smmmary
Paper chromatographic studies of the urine, extracts of hver 24
mnsc;’:‘unue from nbbluwh}chhnnwgopg/kg ° m

venously EIVE DO SUDPOTt o the is
e otized fn the organism. snpion that decameibon™

»
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Within 24 hours more than 80 / of the dose s excreted in an unchanged
form in the urine.

In the unne a varying amount of decamethonium s bound to an m-
wdentified component of urine from which it is liberated by extraction
with acid alcohol.
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Urinary and Gastrointestinal Excretlon
of Metabolltes of Labelled S-Hydroxytryptamine and
5-Hydroxytryptophan
By

Mamo M. Almioieen and Kimo Mattila
(Received November 23 1966)

It is well known that there are specaes-speafic differences in the meta
bolism of S-hydroxytryptamin (SHT) (Naxa1 1958 Mclsaac & Page
1959 ARAKSINEN 1963) After parenteral admnistration of labelled SHT
some radicactivity has been found in the faeces of the rabbit (Mcluac &
Page 1959) and rat (KEGLEVIC ef al 1960) In the rat this was partly dus to
SHT-metabolites excreted in the bile (Amaxstven 1963) Tn the present
paper the metabolites of labelled SHT and S-hydroxytryptophan (SHTP)
were studled 1n the cat and rabbit representing & camivorous and a herbi-
vorous species. In additron to uane and bile the gastric and intestinal
(4 pencreatic) juices were also analysed. The eflect of & SHT antagonlst
(methyserpd) a SHT releaser (reserplne) and an amite oxwdase inhibitor
(pargylme) on the gastric excreton of the metabolites of labelled SHT

was studsed 1n rats.

Methods

Mate white rabbets  eighrag from 2.4t 1-6l|mmk=lhoiuc‘d.u,”,' 16k
.mnq,...mom.,;.arwdrum-d-nwmmwmnqm Ihndl.:

closed by anotbey
fartver dow  the Friartme jcjumein was bgrtvry aad plasic tare
irereed yts the dwodemal 84 Janal HEeT bove v bpsturey | ryopis the d
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canmla coliected malnly pencrestic ukce, but in cats bt was mehily doodesal secretlon,
#ince the main pancrratic doct In cats wrnally rans down into the junum. When all the
tubes wore well [rorted the abdomen was chosed

S-bydroxytryptamine-3 -14C croatinine sulphats (doeags 10 pcfkg + caner to 10ng
SHT bas/kg) or D L-3 324C (] chemical Centrs, Amenh
(10 pe/kg 23 mp/kp) In safino was Infused for ono honr Sampies of pmetric, doodenal and
Jejunal fuices a3 well a2 bile and urine wero collected fn 3 8 and 24 bowrs paraples from
tho start of the drug Infustaa. Tho lows of finkls wes corrected whth Ringer sotution, =4
required.

Tha rats were ansssthetized whth ethor The pyloros wes Hpated and thes the abdomes
wat closed and the rat dllowed to waks up (SRAY «f el 1954). Thea 14C SHT (20 elkg
10 g base/kg) was adminlatered subcutancomly After 4 bours the raty were decapitabed,
the stomach wi removed and s contents tncluding the eaally rmoveble moacst fake
for nnalyshs,

A portion of the samples was axtracted with 3 volumes of scrtone and the siiment rv-

axtracted whis watee Both wcrtons extract, water extract #0d orlgiol semples e o
il cinined %

for paper chromatography and after drying on the

In previous studies (A 1963). A dn, by bn butanotecctic sdd-
water (4 | 5 and Bopropunobammonis-water (10 | 1) wis wsed. Indofic fpots wero
vismalized by spraying with p-dimethylarinobenraldehyde reapent. For tha focalirsnon of
the spots, wero devcloped on X-my fim

(Kodak Blus Raod). One-dimensiona] chromatograms wero thso counted diretly 0 pper
(ARAXINEN 1963}

Readits

ﬂ:ameuonnfndbac&vﬁyﬂhw:admmmdmofhbeﬂcdﬂn
and SHTP 1n cats and rabbnts are shown in tables | and 2. The toaal
urinary excretion of labelled compounds was somewbat similar in rabbits
and cats. All gastrolntestinal excretions after 14C SHT 1nfusion wert
lower in cats than in rabbrts per time unit. This difference was small pt
mlm1;ast|1o,]uic:,bcmusut_hevolumesexx:'ctl:dwvr:xmnhcrinthtﬂl
than 1n the rabbit. There was only little pancreatic and Intestinal excretion
of the metabolites of 14C SHT m both species but slightly more ¥

d after the admunistranon of 14C SHTP of1C

There were considerable qualitative differences in the metabolites of
SHT bctwecuthe'cwoq:vcr.:lm.'l'hecl.'ndc::n-rcrtroml0‘3’‘-“7’1""‘1“1‘;‘:a=
SHT 5-hydroxytryptophol and SHIAA to any great extent although
2re found 1n the rabbit (fig. 1) The corresponding Osnlphmm;‘:f;
metabolites 1n cats (fig. 2 and 3} InthcunnnﬂﬂAAhom:quhcca
mctuboﬁusmbcthrpecmbmtnmndlguﬂvemmomﬂﬂlymm
SPHAAw:found.Verymlﬂmuunhofmnjusﬂtﬂd"cﬂw
prncntmtbegutncjumo{mu,mbbhxandrutl(ﬁs-‘)md I tbe
uommth:bﬂc,A]l!bemdioacﬂwtyinthnbﬂﬂmdmnﬂyl”m‘f‘
g:nnnwuluaa.ﬁ:rﬂ{ngmlnutrndonncuwdtobeinthﬂfm° cong
gates of SHT S-hydroxytryptophol and SHIAA.
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Table 2

Excretion of radioactivity after Intravenons Iafutlon of 14C-d,1 SHTP (10 pefig, 25 my/kg
into two rebbits (two first valoes) and a cat (tast valoe) durtog enscxtimds.

Radlosctrrity Exercted
Cumulative votume
ml % of Dose
Cumulative pnoles/o]
Urioe Jhr 28 13 0.6 402 089 121 191 135 530
- T- 2001 80 144 3792 96 1536 S0 193 34
- 24~ 300 192 366 5339 1723 31w 426 I 150
Blle Shr 82 43 21 093 a4 09 03 0;m a#
- £~ 194 168 33 203 153 Q4 02 025 44l
- 24~ M4 414 1535 2335 235 140 Ol 009 013
Gastric jukce 3hr 115 03 14 010 003 O 003 Q¥ O
- - B- 496 273 5D Q34 3155 003 002 07
- - 24- T3 661 106 227 37 0oy 024 oeo1 00l
Dooderal fuics  3hr 37 23 ol a3 ooz 0  GI7 60 @
- - $- 106 65 0] 034 006 0 004 002 O
- - 24~ 178 M5 02 041 006 O 003 0 O
Jefunal joics I O0. O O o o o 0
- - 3 - 04 03 - 0 0.00 04 0 -
- - 24 - a7 o1 - 004 oot als 0ol -
v OO,
H fn
1
12 v ar
- w*

e
L_. | ;

Fig | Clmomatoradiogram of rabbt crine $-24 hr after intrawnom dmabstraion of
(from left t ﬂmumwmmsmmmmw
in this and other pectares ISF[T-O—;tmndc.ﬂ!Frf—o—mlphuALll”ﬂM'o""'
phate, IV 5-hydrxytryptoph 1-O-ghucoronids and sumA.o.mdd-.w\li[ mgmu-
Xytryptopho-O-sulphate, V1 JHT VIl unidentified (rabblt-typical) spot,
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T [
t
) 1

|
“v

b '

b—- v

L _"aln. b1

Pip. 2 Chromutoradiopam of vrine of €8t 3-8 h {laft) and 8-24 hr (right) after 14C
SHT For other e the legend of g, 1

After the admmustration of SHIP one of the major spots in urme

activity in the secretion of the alimentary tract. In gastrec, duodenal and
Mjmu,mpanofthcmd}onmvnymhtcdcfm
metabolized SHTP In the bile as well as in unne the pattern of the meta
bolites of 14C SHTP was more like that of I4C SHT though non
metabolized SHT and in rabbits, a spot assumed to be SHTP-O-glucn-
ronide were also fornd

Table 3 shows the effect of methysergide, reserpine and pheniprazine
pretreatments on the gastric excretion of total 4C SHT metabolites 1
Pylorus-higated rats. In the control raty, the gastric excretion of radio-

Ev
(2 »

dogram of blle of car )y p,
Frg. 3 Chromss o1 14C SHT pdmlnfuranion. o7
otber 0 the depend of g ¢ =
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v

N

=

Fig. 4 Chromstorsdiogram of tho acetons extract of rat gastric fukco 04 hr afeer 14C-

SHT b Flirst run als-water) from bottom to siop, second

i (butanol-scetic-acid-water) from right to beft. For explanation of the spots st Jegend

of fig. 1 Note that nearly all the radioactivity i In the form of conjupates athocgh moch
of the glocuronides Is not taken up by the scetoms extract.

activity duning 4 hr was higher than in the anaesthetized rabbits and cats.
Methysergide in the same dose as SHT did not produce any significant
changes 1n the excretion, Reserpinization, on the other hand, markedly
decreased the gastric excretion of the radioactrvity and the amount of

Table 3

Effect of scwne drugs oa the gastce fluld votume, gastric excretion of labelied SHT aod it
content In the gastrsc wall In four hours after | edminkstration of 14C SHT (20 pekse
10 mp/kp n young rats. Nomber of asimabs kn beeckets, Metlysergide and resrpine
wero adminetered 2 hr phenlprarine 2.5 my/kg 24 b and 2.5 mgkg 2 br befors e
Injection f14C SHT
Radiosctive wbstances i gastrkc faid
acttond  ggbstxoces b

Mean
Pretrotment extract  guvtric wal
vl gordor | mmoreiml |ty B craom
of total
1 | 1
Nooe ) 26 2474112 Lmzo3ly Tl o0
Methysrpmde
10 mg/kg (5) 40 2811135 102 + 0.8 ™y 034£000
Reperpino
3 my/kr (3} 2 00 L009 I8 i00s 94 00700
Phenipranse
3 mg/ky (9 13 111214 aTols T4 0.12 £ 086
y ot 004

reserploe (4) 1.3 0.5 + 0.4 0.70 £ 0.38 760
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belled compounds in the gastric wall 4 hr after the 14C SHT adminis-
tration. Phentprazine tended to decrease the radioactivity of gastric jolce
and wall when expressed a3 per cent of the dose, but also produced a
decreass m the gastrre fimd volumes, and the radicactivity per ml showed
only & nonugnificant decrease (p > 0 05). Pheniprazine, however blocked
the inhibitory effects of reserpme on the excretion of radicactive com
pommds and gastric fluid volume.

Reserpmo decreased the acctonc-cxiractable fraction of the madio-
activity m gastnc Juice In reserpmized rats, the glocuromdes of 5-
hydroxyindokes formed neardy all the radicactlvity excreted. Pheni
prazine decreased the amount of SHIAA and its conjugates. Methy-
sergde had no effect on the quality of the metabolites of SHT m gastric
Judce.

Dicoudon

The results indicate that metabolites of SHT are excreted into the gut
contents mainly in the bile and gastric juice while little is found 1n the
pancreatic and intestinal juices. The gastric and intestinal excretion may
be higher when the animals have food in the lomen, as the wall distenaton
of the digestrve channel (BULBRING & CreMA 1959 KARKI et af 1960) as
well as salts and H rons (ERsPAMER & BEXTACCINI 1962) can release SHT
both Into the portal blood and gut lumen. But the physialogheal SHT
release into the gut contents probably orlgimates mainly in the mocosal
enterochromaffine cells and not m the blood. This 1t not reveated by the
study involving SHT infused into the circulation bat, however expert
ments with SHTP may reficct partly the decarboxylaton in the gastro-
' inal wall Radi “nr\hk‘mulho‘wth‘[mhmup
better than SHT by the exocrine cell groups of pancreas and mucosal
enterochromaffne like cells of the stomach of rats (RITziN ef af 1965).
In our study b much of the radioactivity in the gastrointestinal
seeretion after 14C SHTP mfusion was not metabolized and the Jower
excretion after 14C SHT inistration can be explained partly as a
result of its effect on the gastrointestinal circulation and the decrease in
secretion volumes.

The gastric excretion of SHT does not appear to be mercly a passive
diffsion mnce ft s inhibited by reserpine. Probably SHT is actively taken
u-plyysomeldndofmuconlccﬂsﬂutcmmcuboﬂmﬁﬂmdm
the metabolites into the gastric juice. Reserpine can lohibit this by
peeventing the SHT uptake into mocosal cells. It Is not known 1if theye
SHT metabolizing and excretory cells in the gastnc mucosa are entero-
chromaffin or other types of cells.
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m

Flg. 4 Chromatorsdiogram of the scrtons extract of rat gastric juko 04 kr sfver 14C

SHT First run {a-water) from bottom to stop, second

run (butancl-acetic-scki-water) from right to keft. For explanation of the spaty see legend

of fig. 1 Note that nearly all the radioactivity ks fn the form of conjugates althowgh mwch
of the glocurooldes & not taken up by the sostone extract,

actwvity durng 4 hr was higher than in the anaesthetized rabbets and cats.
Methysergide In the tame doss as SHT did not produce any significant
changes 1n the excretion. Reserpinization, on the other hand, markedly
decreased the gastric excretion of the radicactivity and the amount of

Tuble 3

Eﬂtacfwmndmponth-mkﬂuhvﬂnm:.pmkuuﬂiounlwmwﬂm

content in the gastnc wall in four hours after Ly sdministration of HC-JHT (20 pe3,

10 mg/kg) ln young rats. Number f animali | bracksts Methysrgide end

were dmimstered 1 hr phemprarine 15 my/kg 24 br and 2.3 mgfkg 2 br before the
Infection of 14C SHT

‘ Radioactive substasces bn gastric fud .
Moan wrtone mbm::
Pretreatment ettt gpraric
vol
e X ofdose mmala/ml | ey ordos
of tomal
} | o
Nons (D r 29  247&112 103£039 TR 0P
Methysergide
10 my/kg (5) A0 W13 Lmaoas T 0M0H
Smykg (9 22 030009 aigpoos B4 eo7x0d
Phamrpraxine
3 my/kg (0 13 tusia emsors  ME oizxed
; - 0.19 3 0%

rescrpine (9) 18 030X 070036 760



EXCRETION OF SHT AND SHTP METABOLITES 479

Iubelled compounds in the gastnic wall 4 hr after the 4C SHT admunls-
tmtron. Phentprazine tended to decrease the radloactivity of gastric julce
and wall when expressed as per cent of the dose, but also produced a
decrease 1 the gastne ffd volume, and the radioactivity per ml showed
only a nonsigmficant decrease (p > 0 05) Pheniprazine, however blocked
the inhibitory effects of reserpine on the excretion of mdioactive com-
pounds and gastne flmd volume.

Reserpune decreased the acctone-extractable fraction of the radio-
activity in gastnc juice. In rescrpunized rats, the glucuronides of 5-
hydroxyindoles formed nearly all the radioactivity excreted. Pheni-
prazme decreased the amount of SHIAA and its conjogates. Methy
sergsdo had no cffect on the quality of the metabolites of SHT in gastric
Juice,

Discoelon

The results indicate that metabolites of SHT aro excreted into the gut
cortents mamnly 1 the bile and gastric julce while littke is found m the
pancreatic and intestmal juices. The gastric and intestinal excretion may
be higher when the amumals have food in the lumen, as the wall distension
of the digestive chanpel (BULBRING & CREMA 1959 hXRKI et al. 1960) s
well as salts and H+ lons (ERSPAMIR & BERTACCINI 1962) can refease SHT
both into the portal blood and gut lumen. But the physiologxeal SHT
release 1to the gut contents probably originates mainly in the mucosal
cntcrodJrOmnﬂlnewmnndnotmLhnb}ocﬂ.ﬂmhnotrmkdbymc
study mvolving SHT Infused into the caculation but, however experi-
ments with SHTP may reflect partly the decarboxylation n the gastro-
) 1 wall Radi ...hk.smdiulhowthusmhum
better than SHT by the exocrine c=il goups of pancreas and mmucoset
mterodnomfﬁnc—hk:celkof!hcnomuhormummud 1965)
In our study however much of the radioactvity In the gagtroj
secretion after 14C SHTP lnfuston was not metabolized ang ihe [q
mwmﬂlﬂm.dmlnmnﬁoncln&%cdpam e
result of s effect on the gastrointestinal circulation and the degry -
n ol of SHT d ’
The gastric excretion 03 not a
dmmnmmhhluhmwdbymmmjgj‘_?ﬂYle
upwwmmormwww:m%ﬂ?ﬁym
the metabolltes Into the gastric juxe. Reserpine and releasc
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The gastric excretion of 14C SHT metabolites is not correlaied with the
secretion of H* 1ons or pepsinogen (MATTILA, HUTTONEN & ARAKSNEN,
unpublished) Since SHT has been reported to increase the gastric mocus
n some mammalian species (GARATTINI & VALZELLI 1965) this suggests
that SHT is taken up by the mucous cells and that its metabolites sre
excreted in the mucus. In our study in Shay rats SHT increased only the
relatrve amounts of mucus components (hexoses, hexosamine, sialsc add)
m gastric julce while reserpine was shown to inhibut the gastne mucns
production as it inhibited the gastric excretion of SHT metabolites
(MATTILA, HUTTUNEN & AIRAKSINEN Unpublished resolts). Mcthysergide
had as Lttle effect on the gastric secretions as it had on the excretion of
SHT metabaolites in the present study On the other hand, the components
of saliva and their probable action on gastnc excretions (LEVINE 1965)
were not excloded m this study

An interesting observation is that the carnivorous cat excreted Jess SHT
metabolites fn foto and also per ml into the gastric juce than did the
herbivorous rabhit and the omnivorous rat After SHTP mfusion there
swere less species-specfio differences In the excretion of labelled compounds
and fewer differences between the varons digestive secretions.

The very weak actrty of glucuronyltransferase in the cat 1 well
known Our results indicate that, for some substrates at least, the cat
compensates for the lack of glocuronsdation by increased formation of
sulphate esters, WELCH e af (1966) recently reported, however that cals
were unable to form readily not only glucuronide but also O-sulphate of
N-acetyb-p-aminophenol /2 vivo It remains to bo seen whether there are
different types of sulphate transferase for 5-hydroxyindales and N-acetyb
p-aminophenol or 1f some stramns of cats have a defect 1m O-solphuration
of phenolic compounds like Gunn rats have with glucuronidation.

S-Hydroxytryptophol 1 formed by mapy mammalan species. It B
major metabolite of SHT in the blood platelets of rabbit (BARTROLN
et af 1964 PAASONEN & ARAKSTNEN 1965). O-glucuronde and O-
sulphate of S-hydroxytryptophol are found in the unne of mis (K¥E
DR e af 1962, ARAKINEN 1963) S-Hydroxytryptophol 1 8 betler
substrate for glucuronyltransferase than SHTP SHT and mAt
(ARADIINEN ef f 1965) The large amount of 5-hydroxytryptopho
O-sulphate m the unne buemdpxmcjmeenfmeat-ndlh;
absence of uncorjugated 5-hydroxytryptophal iodicate that this m
also true for the sulphatetransferase. Luxpeck ef af (1965) recen!
described only three conudernble spots, corresponding to SHT S ol
and SHIAA-O-sulphate, in the chrc of intestmal mucosa &
venous blood of cats after the sdministration of 14C SHT into the loap of
the small intestine. Since they used only butanol-acetic acid-water solvent,
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it is very probable that the last mentioned spot also included 5-hydroxy
tryptophol-O-sulphate

For 5HT the “blood-gastromteshinal barrier™ seemed to be similar to
the hlood-bram barrier nonmetabolized SHT does not penetrate it but
its metabolites as well as SHTP can go through more easily The firdrmg
that after 14C SHTP admmistration, the portion of SHT from the total
radioactrvity excrcted was not as high in digestive secretions as 11 unne
also mpports the theory that the urinary SHT 13 mainly formed in the
kidney (AAXSIVEN & UuseaX 1961).

Sommary

The excretion of radioactive metabolites 1n unne, bile and gastric,
duodenal and mtestinal fuices were studied in apaesthetzed cafs and
mabbity after intravenous infumon of 4C-labelled 5S-hydroxytryptamme
(SHT) and 5-hydroxytryptophan (SHTP). Tho effect of some drugs on the
gastrc excretion of the metabolites of 14C SHT was also stodied 1n rats.

About half of the grven radicactivity was excreted into the urine mithin
24 hr both n cats and rabbits After 14C-SHT admumnistration the bile and
gastrre juke contaned more radicactrvity than the duodenal and jejunal
Juices (with pancreatic jurce), and the gastrc juice of mbbits and rat
more than that of cats. In all the gastrointestine! secretions more radlo-
activity was excreted after 14C SHTP than after 14C SHT infusion, SHT
was present 1n gastrowntestinal secretrons in the form of the same meta
bolites as were found in the unne major metabolites were conjugation
products. After d,]1 SHTP admb ation, the h d SHTP (prob-
ably d-form) was one of the main compornents of ali fluids stedied, the
excretjons as SHT fsell was also quite high 1n the unoe, other meta-
bolites were stmilar to those found after SHT administration. Rats and
rabbits excreted SHT mainly as SHIAA and glucuronides of SHT 5-
hydroxytryptophol and SHIAA. In cats the corresponding O-sulphates
wero major metabolites. Reserpine markedly inhibited the gastric ex
cretion of the metabolites of 14C SHT while methysergide was without
any effect. Pheniprazins d the inhibitory effect of reserpine, but
fteelf slightly decreased the saste flud volume and the total amount of
radroactivity in the gastrlc josce.
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Kristinn Stefdnsyon

Kristinn Stefdnsson died on the 2nd of September 1967 About 1§ years
ago a carcinoma of the colon was diagnosed and in July 1966 he under
went a major abdommal operattion He recovered rather well after the
operation and continued m relatively good health for several months
afterorards. At the bepnning of this year however 1t became clear that
his condltion was rapidly deterforating. Thus, ths previously healthy
and actrve man died shortly before his 64th birthday

Stefinsson wms borm m 1903 He matrkulated n Reyljavik and
graduated in 1932 a3 doctor of medicine from The University of Iceland,
Reykavik. A year Iater ho went abroad and studied pharmacology in
Capcnhn;n,Munh:hmdinLondonforlhogctbunbmn4m

AlcUpmhnscnS:cﬂnmnwnrkcderofmorBockxdepammtm
close collaboration with hnud O Moller who later became professor
and head of this department and who is known as the author of one of
the best student textbooks m pharmacology In Munich, StefAnsson
worked with the famous pharmacolognt, Professor Straub During these
years, several publcations appeared by Stefionson and hit co-workers,
Thuepuhlmdouxnuu!wStdimwnnmt‘b{hy“‘muﬁc
research worker and emphasize his kmowledgs of basic pt togy

St:ﬂnmuwuoﬁ'crtdlpoﬂlbmdbuthed;mtam to settle
in s native country 0n0¢ﬁ0bﬂ]ll]937bcmw
ermphummlogy at the University at " ml ucmthu
time was the best chair in pharmacology 1n 1957 hie was finally apeoiated
mpmrmofohherncultynduirbcwmﬂhhl Wlhh
life, Stefimsson bad lectured in pharmacology for atmo MD“““ the
oaly Intermussion betng @ yar of stndy in Munich 19381539 yeurs,
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In small countries bike Jeeland the same man and particularfy if he has
great mentsl sbility Is often calked on to work 1n more thae one field
Thus, two years after being appointed associate professor in 1937
Stefénsson in addition to this was given the post of director of The State
Import of Drugs and Medrcine, which he also held until his death. Due to
Stefansson s great energy and dnve The State Import, which Is a kand of
wholesale firm and pharmacy serving the state-owned hospitals and the
dispensing doctors, became greatly expanded and s at present an ex
sential link in the Icelandic health service

Stefdnsson sat on many committees, among others, The Jcelandxc
Pharmacopoela Comnussion which was established in 1963 and The
ITeelandic Medical Council which he attended for many years. He was
Teelandic delegate to the meetings of The Nordic Pharmacopoeia Council
from 1948 untul this year Duning the last 2 years, Stefinsson alo sttended
the meetmgs of The Nordic Drug C which was establisived
4 years ago In order to pave the way for further co-operation m the drog
field between the Nordic countrics. He took & great Interest in this work.

During the two last years of his hfe, StefAnsson sat on the board of
edrtors of thes journal. Previously he had been one of the editors of the
Teelandic Medical Journal and chairman of The Icelandic Medical As-
sociation for 4 years (1957-1961)

Stefinsson was onc of the keenest hunters 10 this couatry and made
many hunting excursions to the central uninhabited highland of Iceland.
He also was one of the most enthusiastic anglers in Jceland and caught
salmon summer after summer in one of the very best rvers 111 the country

Professor Kristinn Stefdnsson was a lovable and conscentous nmo.
His friends and famly mourn his untimely death, He would have been
64 years old to-day

Honoured be his name

Reykjavik, October 8 1967
Torkell Johannessont






