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From the Department of Miarmacology Univenslly of Bergen, Ha kelundsvelen 10,
Bergen, Norway (Profemor Tollak B. Slres, M D)

The Absorption, Metabolism and Excretion of the Sulphonated
Azo Dye, Acid Yellow by Rats
BY
Renad R. Schellne snd Britt Losgberg
(Recsived February 25 1965)

The use of coal-tar colours In the food mdustry makes it
easential that the biochernical, phanmacological and taxicological proper
ties of these substances thould be known. WiLLaas (1959) stated that the
information 1deally needed about any compound used as & food additve
inclodes knowledge of its toxicity absorption metabolism, elimination
and gecurmulation.

The commonly used red, yellow and orange food colours are sulphonated
szo dyes until recently litthe mformation has been available in the
Iterature abont thelr absorption metabobsm and excretion. A few
recent publications help to remedy this shortcoming, and Danter (1962)
reported on the metabolsm and excretion of 11 azo dyes sulphonated on
one or both sdes of the azo linkage He found that only a few per cent
of the ongimal colour was excreted 1n the unine of rabbits after oral dosage,
snd various ammes and their derivatives resulting from the reductive
fanon of the azo linkage were present m the 48 hour urine samples
correspording to 60-80 / of the dose.

Evidence for this extensrve splittmg of azo dyes has also been presented
by Raposesk1 & MELINGER (1962), who made a detailed study of the
ebsorpion, metabolsm and excretion of Amaranth, Ponceau SX and
Sunset Yellow by rats. They found all the component amines in the urine
and obtamed results Indicating that these origumted from ther absorption
from the gastrointestinal tract after bactertal reduction of the dyes. Recently
Jongs ef al. (1964) have reported on the metabollsm of Tartrazine in the
rat, rabbit and men, and they found httle or no urinary excretion of the
dye after oral administration of sulphanilic acxd were

foundmLhnmine‘prunmablyformchmmraducﬁo;dLhndyebyth:
gastrointestinal flora.




2 R. R SCHELINE AND B LONGBERG

Acid Yellow (CoLour Inpex 1956 No 13015, Fast Yellow Yell
1s permutted as & food colour in several conntries mdud.hf:x o
lialy The Netherlands, Norway and Western Germany Its strocture
shown In Fig. 1

NaO,S@N:N NH,
_ QO,N&

Except for the findmg by RYAN & Waianr (1961) that small amounts
of Acd Yellow were excreted in the bile of rats after fts Intravenons
Inyection, no reports have appeared in the literature about 1ts bological
properties We report here on the absorption, metabolism and excretion
of Acd Yellow after oral dosage to rats.

Methods

Anlmats The raty wsed in theye experiitients wero adult Albino maks wrighing from 230
12350 g, They wero allowed freo acoms to food and water befors and dunag all sxperiments.
u;ﬂtuba-mmhnhmmdwbumceommmwbymlmmnmm)
administration, £od meburnal sodlom (pent, 35 my/kgin wat used
a8 anacuthetic in the balary studics.

Cheseicalt. Acid Yellow wes obtmuned from Farbenfaheiken Bayse AG and was an
cxtra pure product intended for ose &3 & fogd colour This wormally pave  singly spot an
chromatograms  bowsver when larpd amonnts were applied, & fzint yeDow spot of les
polar paturs was seen. Spectiopbolometfic estimation showed that (hiy substance re-
presanicd 0.07 4, of tho total amo #t of COloer present The amount of soluble deorgaoic
omteTial present wis cetermined 6y cxfMyumg the amount of Rdptasdi sckf (onmed
from known mounts f ho dyw af & rest of redoctive fsslon [ the &0 Bukage. The
parity was found 1o be 66 4, and the th k veries of the bolles of Actd
Yellow are based on this valus Sulphanile acid was btained from E. Merck AG end
p-phenylenedumine sulphonic acd dhydrat from The British Drug Hooses Ltd, Both of
the

of pp Ip acht were preparsd by the
method { JARKOVEKY & ALLAN (1939). The N-scety] dertratire of solphaniBe schd was
pwptred by wwrming an ethanolic sotution of sulphanic add wath eccue anbydride,
cooling wrd recrystallinng the product from ethanol-etber
Chromarographic metheds Urioe, bile 0y faeces extract sampies, together with  pjro-
prite stand ¥ d by nng chry on Whatman No | piper or by
Uda layer chromstography 0 0.3-03 am thick plates of exilwdoso (MN 300, Macherey
Nagel &k Co} Rfvakues f Acd Yellow ang related derivatires 2ro shows in 1abie 1 The
amino compousds were vunalized by sprayiag with Ehriich  reagent (50 mg p-dhssthyl
aminobenraidelyds dissoived i 10 mi ethangd contsbel § 8.1 ml comcentrated HC The
colours oblained are dexcribed b tatho
Deteraeinarion af Avid Yetlow and metabolites (n artme Tho urise and facces wers coflerted
separately In containems placed 19 solid carboy dicxide, the scparator nd metaballen cape
w;mwwﬂm(\MWY&vmwﬂMyby
«dding en equal volume of 4N-HCl o a smmbly dited sampls nd resding the oplical




ACID YELLOW METABOLISM IN THE RAT 3

Table 1
Rf vatoes of Ackd Yellow and related darivatives

Th leyer chromatography Ring chramato.
(celtulowe)

graphy (What
Compoand w000 1 pape)
Sotvent synlem Sofvent system
A B c D A
AcHd Yelow o 021 017 0.03 sl a4
Sulphanilic scid 0.27 0.37 018 o1 036 0.1t
N-Acctyl eafphamlic ackd 036 [X3] 038 o - -
p-Phenylerediamins sutphomic
wcld D16 024 Qls 010 024 Q16
L Acstylamino-2-aminoben-
roos salphonic acd oM 043 032 17 048 aas
2-Acstylamino-S-aminoben-
ze0e sniphowic sckd 41 043 Q38 04 - -
Solvent system

A pyridine ~ ethiyl acetats ~ 0.2 M acctdo ackd (1 2 2, wyrper phas)
B npropunel dhoman - 0.2 M acetic ackd (0 1 1)

C nbounol dka -3 ANH (L1 D)

D obwtanol  ghaclal acetic ackd - waner (4 111)

density at the becvption muximam of 493 mg on  Beckman model DB doubic-beum
apectrophotometer. The referencs solation was obialned by reducing the dye In 10 ml of
the mmpdo with 10 mp of $aCh
Salphamlic acid was dobermined bef o sod after acid hydrolysis by  stight modification
of the method of BraTron & MAKSALL (1935). To | ml msopke wers addsd 1 ml 2 N-HQ1
(tota) sulphaniic eckd wes obtainod by beuting the acidifed smple In - bolling water bath
for 30 rein ) and then 1 m1 0.23 4, NaNO; Afer 10 min, 1 ml 0.5 ¥ emmosism miphsmats
wes added and after  ferthar 2 min, 1 ml of 0.1% N-(1.aphthyf) ethylenedinming. The
mmple was dgied to 10 M nd the optical demalty merted at 543 mp Normal wrine
collechd dunng the two days befors dosing wus sseayed for sach rat  d sevved s o blank,
Thewe valucs wers subiracted from the results obtained for the 24 43 and 72 howr Bmples.
smiphonic ackd war delermimed In an Amdoco-
hmmmﬂmw#ﬁnﬂl’m between reiatre
w1 linesr over tho rangs of 0.02 10 /! when
-nn;uiuphxphmwﬂrpﬂl).mmmmpnlmm(mnmm)
nnd 428 mp nnd ot no. 1. Samples of 1 ml, before
und after beating with an equal yolome of 2 N-H( for 30 wim. on bothng water bath,
wers motably diweod with ph buffer and the fl Intenity
As normal wrine was fluoceacent onder thess conditions, the erise collected during the two
days befors and om the third wfier dosing wes weed to determine the blank foormcencs for
ech rat, Dd thi valos Wi Rubtractsd from the resoity obtalmed for the 34 and 43 hour
sarples.




2 R. R. BCHELINE AND B. LONOBERG

Acrd Yellow (CoLour INDEX 1956 No 13015 Fast Yellow Egg Yellow)
upcumucdasufoodcolourinlcvemloaunmamdudmg&lgium,
Ttaly The Netherlands, Norway and Western Germany Its structure i
shown m Fig. 1

NaO:,S@N-NQNHz

_ 50,Na

Except for the findmg by RyAN & WriaaT (1961) that small amounts
of Acid Yellow were excreted in the bile of rats after 1ty mtravenous
mjection no reports have appeared 1n the literature about jts blological
properties. We report here on the absorption, metabolism and excretion
of Acld Yellow after oral dosage to rats,

Methods

Anbmols The rats wsed in these experiments wees adah albino males weighing from .30
1o 350 g. They wero allowed froo access to food and water before and during all experments.
Light ethor anacsthens was msod when the compounds were given by o2l ov lntraperitonsal
sdministration, and me¢banmal sodtom (p 35 mafky Ty was maed
a3 anacsthetic in the biliary stodles.

Chendeals, Acdd Yellow was obtamed from Farbenfibriken Bayer AG and was an
exirm pure prodoct mtended for use a1 food colomr This normally gave e single spot o
chromatograms  however when large amousts were appbed, 2 fakat yellow spot of ks
polar nature way seen. Spectrophotometric cstimabon showed that thiy substance re-
presented 0.07% of th total mount of colour preseat. Tha amount of sefuble Inorganke
matenal present was by exth the amount of fic acld formed
from known amounts of the dye a3 & resuft of redoctive fesdon  f the azo aksge. The
purity wus found to be 66°% nd the 1 of the of Ackd
Yellow are bused cw this valoe. Sulphanyhce ackd was obialned from E. Merck AG and
PP 1 aod from Tho Britihh Drug Hoames Lid. Both of
the monoacetyl dervatrves of mine sxlphonic ackl were prepared by the
method of JA xovay & ALLAN (1939). The N-scxtyl derivative of solphanilic acid was
preparcd by warming an etha olic soluton of sulphaniic ackd with acetic anhydride,
cooling and recrystalliring the product from othanal-ether

Chrowaiograpiic mevkeds. Urine, bits and Cacces extract eamples, togrther with  ppro-
peiato were d by nng by on Whatman No. | paper of by
thin layer chromatography on 0.3-0. mm thick plates of colluloss (MN 300, Mucherey
N gef & Co ). Rf vafoes of Acddd Yeffow nd related derrvatves are shown in table | The
amboo compounds wers viumlizrd by spray: § with Ehrfich  reagent (50 mg p-dhmethyl
aminobenrakdehydo dissolved o 10 m! ethanol contataing 0.1 ml concentrated HCY) The
colours obtalned arc described o tablo 2.

mdxwym.mwn-umm-uw-mmd
scparutely in containers placed solld carbon dioxide, 1be separsior snd metabolnm cage
bd“mondoafbcdbme(lm).Adchno'mmamhcdcohi-ﬂﬂaﬂyw
addlsg en eqoal volme of 4N-HCl o suttably diluted sampio und readiug the opticel




ACID YELLOW METABOLISM IN THE RAT 3

Table I
RI vabaey of Acid Yellow and refated derfratives
Thin layec chromutography Ring chrormase:
(collulose) ey y‘(Whﬂ-
Compound man po 1 paper)
Solvent system Sobvent system
A B c D A B
Add Yellow 02 621 017 003 03 Ol4
Salphandlic scid 0y 4y 02 o011 036 631
sulphanihc acid 036 sl o on; - -
p-Fhesylncdiarine
ackd ole 024 o0 Gl0 024 Qls
S-Acetylamino- -aminoben-
rene rulpbenic acid 0 a4 o3z 017 Q48 035
2 Acetylamino- S-arinobes-
reso sulphonic kdd o041 04 036 O - -
Bobrent rystem

A. pyridine — cthyd scemt — 0.2 M scrtic o (1 2 2, upper phase)
B mpropanal — dloxan — 0.2 M acetic scd (3 1:1)

Cit pbotanol-dkman~3¥ NH; (3 1 1)

D orbutancl - plecul acetio e —water (4 1 1)

denadty st the abeotption maximum of 493 nm on  Beckman modd DB dooble-bsam
spectrophotometer The reference mlotion wes  buuined by redocing the dye tn 10 ml of
the satxplo with 10 mg of SaClz.

Zalphanflio acid was determmed before and after ecid hydrolysis by a slight modification
of the method  { BRATTON & MARIRALL (1939). T 1 ml camplo wars edded 1 ml 3 N-HCY
(iotal slphaailic ackd wat obtained by beating the scidifod sample In  bofling water bath
for 30 raln ) end thes 1 m] 0.2 % NaNOy- After 10 min, 1 ml 0.5 % xmmoatum miphamate
wem added and after  fusther 2 min, | ml of 0.1 4 N-({-oaphthyl) etbylonedmmine. The
sample was dilitrd to 10 ml pd the optical deasty mensured at 345 mp. Normal urise
collected durmy the two days baforo dosing wes sstayed for sach rat and served s blank.
Thess vatuas were subtracted from the rowntts obtaloed for the 24 48 and 72 hour samples.

P-Phaaylnedlaming smlphonic scd wes detsemined fluorimetrically in aa Amdnco-
Bownuam Bpectrophotofinorometer model 43202 KPP The relatlonship betwaen relative
t intenshty and w3 linear over the rasgo of 002 10 pg/ml when
wsiag 0.1 M phosphate boffer (pH 8), natrument sertings of 321 s (excltatbos maxtmem)
a8d 428 mp and olit »o. 3, Barmpdes of 1 ml, befors
and aficr hestieg with an oqml voheoe {2 N-HCl for 30 suo oa  bolllng watwr bath,
wers sttably dilnted whh phosphato buffer and the floorsecence Intsusky wes maasmred.
As mormal grine wis finoresceat mader these cunditions, tho orine cotlected during the two
dxys befors and o the Lhird afr doshig wes Tad 10 determine the blask fluccescence for
oach rat, xnd thiy valos was snbiracked from the ressity obmined for the 24 and 48 howr
moaple.
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Table 2
Chamacteristies { Acld Yellow and related derivathes
-3 é
gg § Fluorecencel) pH
E
2 Calour with _ﬂ:-g
Compound Ebrichs =z
5 rapmt § B Dxelistion Flaorecencs
2 g maim maxima
3 Ed%  mu oy
> 582
Aad Yellow yellow  red-ornge 34 - on
Snlphanilie ed none  yeliow 248 0 mu";" e
N Acetyl salptandic
acld none  yellow after
s fewhoors 250 - no fluorescence
p-Pbenylencdamine
sulphoaxc acld none  red 4702 321 4
S-Acetylamino-2-amino-
beazene walpbonk:
wcld none o g 257304, 310 i
2 Acetytamino-S-aminc-
bearene sulphomc
sad none  yellom-
range 8190 302 396

'} nstrument  alocy, se Mcthody.

Da erminatio of Acel Yelke  nd wacsbolusrs In forces. The combined 43 hour faecey
samples were bomogenized with 20 ml of water f reach 5 g f facces nd ceminfoped. A
total of five soch extractions was made, nd the pooked Fupernatants wers centrifuged st
20000 gf 10mh in  Servall refrigerated contrifuge. A measured portio [ the 1
salting supernatant was hested with an cqut vol me [ cthapof for five min in  bollag
water bath, cooled und centrifuged t 0,000 g for 30 min. This mothod, which b shaflar Lo
that described by RADAOET & B{ELLINGER (1962}, resulted 1o clear soperaatant auflabk
fos sy D € Ao Yelow ad pphenyiom
d-l-lrrun:wlphom: & 10 the faocos cxtract were carred owt as described  bove. The
colonmetnc amay { sulphanilec aced was affected by the lurge amounts [
diammo salphonkc acd pretest, nd a fooumetric amay (01 M phosphat buffer pH &
mmnﬂlmmujmpmduxmnmm 3) was therefore wed.

The botween Intemity and was lencar over the
g of 0.1 zpymmbmm&ﬂdfuummbcfmwullnmhﬂymytd
to buua blnk valwes for T ocid xod p-phenyh acid for
sach rat.

Determination of Acid Yellow tn bllfe The common bus duct  as cannulated kb thin
Plastic 1 bmg, wioch was ked to the cutnds laterally through tbe body wall. The rats werv
pleced In restraiaing cHge (SCATLINE 1965), and tbe bile and wrine were collerted im test

tubes muintained at —1-4°C
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ThcAddYtDcvpuumlnlh‘bﬂnmdmmhdbylhcmdhodo{Run&Wumn
(1981). T 4 m} bile wers sdded 3 ml 40% Zn30, and then 3 ml NaOH. After mixl g,
the mrphe wina centrtinged d docanted, and the precipliate was wathed twice with 3 ml
portions of warm water The volome wit adjasted to (3 tal, and Acid Yellow was deter
iecd x5 described above. A hariness oftsn developed on scldifieation, but this conld be
remaved by eenirffugstson. This method gave  recovery of 96 when kacwa amoants of
Acid Yellow wrre added to normal bike sampley.

Resudts
The 24 hour urines of all rats given Acid Yellow orally (100 mg m 1 ml
water by h tube) ined the unch d dye (table 3} This was

confirmed chromatographically before and after spraying with Ehriich s
reagent. Acd Yellow was not found in the urine voided after 24 hours,
and none was found in the facces,

Besules the observed unmary excretion of 1 14, the total gastrointesti-
nal absorption of the dye will inclode any quantity excreted into the bile
as well as th products of the absorbed dyo due to splitting by azo reduc
tase (FOUTS ef al 1957} The biliary excretton 1t shown in table 4 the
results indicate that ths §s & mmor excretory route, accounting for only
about 5/ of the amount found in the urnine. Chromatograms of these hik
sampies differed from controls only m the presence of & smgle spot, which
correspanded 1n Rf value and color to Aad Yellow The unnary excretion
of Acrd Yellow was consistently higher in these rats than in those not
operated upon (table 3) It was also noted that the latter group excreted
 highly colored urme durmg the first few hours after dosing, though this

Tabke 3

Exastbon fanchanged Add Yellow hn the urins snd fasces of rats
after oral dompe whh 100 m of Ackd Yellow

0-24 bour urine |24-48 hour tmas 043 how faeces Totsl
Rat no
< X k9 ¥
! 12 o [ 12
2 by ° [ 1
3 10 [ 0 10
4 e ° 0 a6
3 12 [} [ 12
s 15 o o 1.8
7 12 [} o '
Mesn 1 ° o T
e ‘ 01 - o

1) present bt mot determuned.
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Table 2
Characteristics of Acld Yellow and related dertvatives
e, ?
% % Fluoracenc ) pHAE
g Colow whn :g ‘
C mpound 2 Ehichs o
8 mm‘ x1E -4 n
g .gé maxima maxima
% E—
= my mp
5i%
Acd Yebow yelow  red-omage I - o fleprescence
Sulphsnile cid none  yellow I 25 M3
N Acetyl sulphanflic
ckd none yellow after
fewboun 250 - oo flooracence
p-Phenylenedlamine
salphonte cid none red 47022y 1 428
S-Acctylamino- -ammo-
benzene sulphonic
od not  ofange 237004) 310 us
Acetylaming-5-amino-
bonrroe suiphomc
nod none yellow
orznge 251(298) a2 3%6

1) mstrument slues, zec Methods.

Detcrminarion of Aced Yelw wd metebelltes ix faeces The combl ed 48 boor [ ecos
semphes were homogenized with 20 ml [ waler for emch 5 g of facces od cmtrll ged A
total of five sach cractions wes mude, and the pooled superoata 1s were centnfuged &
20000 g f 10 mun. Servall refrigersted cemnfuge. A mensured portion of the re
sulting supernatant was heated whh an eqoal voluome of cthano! for five min. m  bodlsg
water bath, cooked and centrll ged st 20,000 g for 30 min. Thrs metbod, whch &5 mmflur to
that described by Raposnaa & Mutreor  {1962), res ted cledr supernatenl soitside
r or flaort amy Dot of Aad Yellow and p-phenyhenc
diamine sulphotiic acid 1n the freces evtracts were curned oot a3 described  bovs, The
colortmetric misay of 1alphanilic acsd was affected by the lrge amownts of p-phenykeme
dmmine sulphosc acid present, and  flaonmetric asay (0.1 M pbosphate baffer pH &
eustation 231 myy, floorescence 343 mp and It wrrangesent no. 3) was therefore waed
The relatlomship between fuorescence ntemdty # d concentration was Linea over the
rln;'ofoI—Zp;/ml.'l'hfwcncoﬂmudfwuhounbdmdolhlmnmmﬂym)d
o blun blank valos for 2cd and p mise saiphonic acd for
ssch it

Determinatse of Acid }elfow béfe The common boe duct was cannulated » th & this
pmumhnnkh-nkdmmmhmnylhmwmbodynnmnum
phadhlmu:mh]up(&cmaxll%’k-.dlhbdlnnd.lm-maoﬂtﬂrdlnuﬂ

tubes malmained at —2-4°C
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The Acid Yellow presont In the bike was determined by th method of RYAN & WaoHT
Q%N T 4 m] bile were added 3 ml 40% ZaS0,; and Usen 3 mi NsOH. After miting
lbu-mpkmc-mr-pdmddcuntd.mdlhopndph:ummh:dlrhwuhsml
portifom of warm water The yolume wes adfusted t 15 ml, and Acid Yeflow was deter
mined us doveribed  bore. A bariness  flen developed on acidification, but ths eould be
removed by centrifugation. This method pave  recovery of $6* when Leowa amonnts of
Acld Yellow were added 1o normal bike samples.

Resalts

The 24 hour urmes of ali rats given Acid Yellow orally (100 mg in 1 ml
water by stomach tube) contained the unchanged dyo (table 3) This was
confirmed chromatographically before and after spraymg with Ehrlich s
reagent. Acd Yellow was not found in the urine voided after 24 hours,
and nope was found in the facces.

Besades the observed trmary excretion of 1 1 4, the total gastrointestl-
nal absorption of the dye will include any quantity excreted mto the bile
a3 well as thy products of the absorbed dye due to splitting by azo reduc
tase (FOUTS e al 1957) The biliary excretion Is shown m table 4 the
reqults indicate that this Is & minor excretory route, accounting for oaly
about 5/ of the amount found mn the orine. Chromatograms of these bile
samples differed from controls only in the presence of a single spot, which
corresponded in Rf value and color to Acid Yellow The urmary excretion
of Aad Yellow was consutently lugher-in theso rats than in those not
operated upan (table 3) It was also poted that the latter group excreted
 highly colored urine during the flrst few hours after dosing, though this

Table 3

Excretion of unchanged Acid Yellow in the wrmo and facces of raty
fler ornl domgo with 100 g of Acld Yellow

Rat n D—Zlbmwﬂr-rJthﬂu 048 hows faccen Toul
% ¥ b4 A
' 12 [} o
2 ) o ° ’ﬁ
3 10 o ° o
4 06 1 o o
3 12 o M 0
. 13 3 o
7 12 0 o s
Meoan 11 ° o 12

1
ey
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Table 4

Emrrdono(wichmpiAdchﬂuvln(hob&lndnrh'ofrmlﬁn
oral doage with 100 mg of Acld Yelow

’0—24hnurb&’0—!4bour-ﬂm Tout
o~

Rat no.
A b4
1 o1 21 22
2 010 5 26
3 012 3 12
Ma anz 26 7
Lem. +0.009 401 { +03

became normal m color before 24 hours. The rats in the bilary studies
showed a prolonged excretion of the dye, and small amounts were seen
a3 late as 24 hours after dosing.

The possibility of reduction of the absorbed Acd Yellow by the azo
rednmxmmmmnudndmumupofm:mnum“mﬁvm
an mtreperitoneal dose of 2 mg dye in saline, and the urine and facces
were studied for presence of the dye and possibic metabolites. The
recovery of unchanged dye in the 24 hour urine was 87 /4, and nane was
found 1n the 48 hour nrine or the 0-48 hour facces. Chromatographic and
fluormetrrc examination of these samples fafled to reveal the presence of
any metabolites Another rat was given 1.5 mg dye by intraspleruc infu
sion (2 hours) and the 24 hour unme and bile sumples were collected The
amount of unchanged dye found In the bile was about 3 / of that found
in the 24 hour urine and nather sample contamed any metabolites.
These results appear to rule out the importance of azo reductase in the
metabolsm of Actd Yellow and indicate that the urinary excretion value
of 1 1 / closely represents the amount of the dyo absorbed from the gas-
trointestinal tract of normal rats

The chromatograms of urme and facces after Acd Yellow admunistra
tion showed with Ehrlich s reagent several promusent spots not seen in
samples from untreated animals. The two most prominent of these
corresporided m color and Rf valves to sufphanilic acid and p-phenyl-
enediamne sulphomc acid farther samples diluted with pH 8 phosphate
buffer displayed the excitation and fluoretcence chamctenstics of these
compounds (table 2) The results of the quandtative determination of
these compounds after dosage with Acsd Yellow are glven in tables Sand 6
(the same anmmals &y table 3) which show that the excretion of meta
bolites was essentially complete withun 48 hours. Traces of p-pheny!
enedimmine sulphonic acid were sometimes seen in the facces collected
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Table 6

Exerwtion of p-phenylemediamine sulpb acid In the urine and freces of
rats after orml dosage with 100 mg Acld Yellow

0-24 hour  24-2% hou Total 048 bour | Totu! urine

Retn urine wrine Urine faccer und faeces
Free Total Frae Total| Free T tal| Fres Total | Free Totad
v / A A Y % Y A

1 -5 ] - 09 423 - -
2 43 854 06 ox| 49 62327 43 |m6 350
3 19 12 0 OX | 19 40 |39 323|412 623
4 19 18 0o ox 19 6 | 271 343 [0 384
3 33 43 0 04 35 52 W8 423 ()33 417
6 48 71 09 13 ] 57 g4 481 499 [ 513 s3
7 66 428 477 [ 471 343
3T 35T 492 | 40.29) 3600
£0.7 +£27 22 [x35 120

£0.15 £0.12(%

T} not estimated
) p-phenylenediambne snipotwic cld absent from 48-72 hour urines in snbealy 2 7

) mean values of nlmals 2-7
between 48 and 96 hours, and traces of sulph acxd were {onally
found m the 43-72 hour urmes.

The mean recovery of sulphanilic acid m the acid hydrolyzed urine and
the facces was nearly 95/ together wath the unchanged dye, this accounts

)for approximately 96 / of the dose Both urme and faeces gave hugher
recoveries of sulphanilic acrd after acid hydrolyss, and the bound form
was assumed to be the N acetyl dervative. Thrs matter was further
examined by concentrating on a rotary evaporator a 24 hour urine
sample after removal of talts by the addition of ethanol. The coneentrate
was streaked on cellulose plates, and N acetylsulphanilic acid was added
to the end of the band as a marker After development 1n solvent system
D this area was sprayed with Ehrlich s reagent to locate the marker and
the adjacent area was scraped off the plate The powder was eluted with
aqueous cthanol, chromatogmphed agumn and eluted with water The
eluate was found to give the characterstic fluorescence propertres of
sulphanilic acid (table 2) after but not before acid hydrolyss.

The excretion of p-phenylenediamine sulphonre acid, the other amine
ansing from reduction of Acad Yellow 13 shown In table 6 The mean
recovery of this compound was only 56 /4. of which about 10/ wun':nnd
in the urme. As the fes showed i d ts of p-pheny
diamine sulphonic acid efter acld hydrolyss, the presence of an acctyl




ACID YELLOW METABOLISM [N THE RAT b4

derivative of this amme was also suspected. Chromatograms of both
nrine and facces samples showed the presence of a substance having Rf
values and grving & colour with Ehrlich s reagent identical with those of
authentic S-acetylamino-2-aminobenzene sulphonic scrd. Further evidence
that the metsbolrte was acetylated on the amino group meta and not
artho to the sulphonre acid group was obtained by its purification from
faccal extracts, Further concentration end remaoval of interfering matter
from the faccal extract was obtained by alternate evaporation on a rotary
evaporator and addition of acetone The concentrate was chromato-
graphed twice (Whatman no 1 paper), and the final-cluate was diluted
with pH 8 phosphate buffer This solutzon showed an ultraviolet absorp-
tion maxmmum at 257 my and excitation and fisorescence maxinia at 310
and387mu'ru:pcd_rvc]y These values correspond well with those for
S-acetyl Iph ecid (tabk 2)

Th:wctyiaﬁunu{thpnhmrbcdmﬁmwlphonicnddswunudﬁedm
a groop of three rats given 11.5 mg sulphanilio acd by intrapenitoneal
injection. The 24 hour urine samples contamed 85 / of the doss as free
solphamlic acid and 13 / #s the N-acetyl derivative No sulphandic acsd
was found m ather the 48 hour urlne or the 0-48 hour facces. Another
group of threo maty given 5 mg p-phenykenediamine sulphonic acid intra-
peritoneally dmwcd the presence both of unchanged substance and
S-acetyl Iphonic acid in the 24 hour urine
semples,

In order to obtam further evidence for the gastromtestmal origm of
the reduction products of Acid Yellow twoxmcsornnmzlvmunl
doses of sulphanilic ackd and p-phenyi ph acd oqual
to the amount of these substances that would be fotmed from the com
plete reduction of 100 mg of the dye Table 7 shows that the excretion of
sulphanflic ecxd 13 ;milar whether it is admmustered as such or derved
from the dye (table 5) Both urinary and faccal excretions are srmilar and
pethaps the only noteworthy difference Is the finding that the excrctlon
uwmwhtmnmpmbnpdwhnAuchﬂwhmmmlufmm

ing p-phen Iphonic scxd are shown 1n table 8
‘When compared with those m table 6, they dicate that faccal excretion
o the same, regardless of the substance grven, whereas the orinary excre-
tion i3 slightly more than three umes as high after dotage with p-phenyl
encdmmine sulphonic scid This hugher value is reflected in the increased
24 hour excreton valoes, which in ane rat accounted for a third of the dose.

Discuselon
Our results show that Ackd Yellow when administered orally to rats, is
extenstvely metabolized and that only about 1 / of the dose i recovered
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Table 7
Mndwmmmmumwnum.mlw-qu
of salphanilic addd,

C-Mhbowr | 4-Whowr | Total | 04 pour TORIO4E
Rat no toe foecs  4nd frecm
Freo Total | Fres Total |Froe Total | Free Total Free Total
X S ¥ |Y X% 4 v A
1 196 499 04 08 400 307 302 427 T2 )4
2 411 530 12 30 423 s60 134 I86 15T M6
K 410 519 (3 30 423 559 233 41y 676 978
4 442 803 03 37 M7 M40 248 M4 HI S84
3 210 346 03 14 773 400 330 Q2 €3 902
Ma E 09 | 07 24 393 53 |31 416 [T04 MY
sem. 30 £33 (202 205 £I1 239 [226 226 (227 +£13
Table 8
E: bon of p 1 ackd In the grine  d facces of rany for oral
dozage with 169 myg of p-phenyloaediamine suilph ok &d dirydrtc.

Totsl 048

0- 4 hour 4-43 hour Total 048 howr 1

ariso unne uriny Istces and facces
R tno Free Total| Fres Total| Fres Totl| Free Tot!| Free Total

% % / » % PO

1 26 222 03 6t 209 220 271 487 40 N7
2 290 334 03 16 B3 IS I 26 364 676
3 51 68 0 06 1 74 N4 529 s @)
4 167 196 02 ©0S 149 200 413 479 602 &0
s , 33 7a o a3 53 73 41_eAy 44 T2
Mean 153 178 02 08 |155 136 | M3 494 %I &0
Lem 446 50 (200702 (=46 £2 [ 38 232 _38 .21

unchanged 1n the urine. On the basis of the theory of gastrointestinal
absorption developed by Brodie and co-workers (Brootr 1964), litts o
na absorption of this substance would be expected, owmg 1o the pn:’cw;
of two hughly romzed sulphonic acid groups. However Ackd Yd\owd_
readily reduced to its component sulphonic cid amines by the ﬂoram
the gastromtestinal tract, and there 1 therefore a competition between i
redection and its absorption Some preliminary results show that bc;cd
phosphate buffer extracts of rat faccal contents and Enterococess sp fsola "
from rat facces can readfly reduce Acid Yellow with the concomitan
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appearance of solphanibc acid and p-phenybenediaming sulphonte acid
(Lmnmﬂ&SulﬂmE.\mpub{mhnd).Itupotﬂbklhn!urcdncﬂanln
amlwxyoftbaintuﬁmlbmtcrbwouldmwltmlnmudAdchﬂow

Other factors may also enter here, and it is to be noted that the rats in
which the common bile duct was cannulated consistently excreted more
dye in the urine The reason for this Is not known, but the dye excretion
was prolonged in these ammals, and thss may reflect a reduoed motility
of the gastromtestinal tract, resolting n slower passags of the dye Also,
the absence of bile from the mtestines of these rats may influence the
absorption of Acid Yellow

The absorption of the two sulphonic acids ansing from redoction of
Acid Yellow was cansiderably greater than that of the parent compound.
Sulphznilic scld has & pKa of 0988 and will be in effect completely
jonuzed m the intestinal lomen. Nevertheless, it was found fn the urine to
the extent of about 40 / as snch and 15 / in a conjugated form, after dosing
elther with the dyo or with sulphanilc ackd itseif The absorpton of
p-phenylened. Iphonic acd was derably less than this, but
approumately 19 / of the dose was found in the urine after its administra-
tion. This lower value may be atiributed m part to the fact that the

s unstabl In aqueows solution.
These results arc in agreement with those obtained by Rapmamk1 &
Merimoer (1962) who found that l-er 4-naphthalene sulphonl

acid, one of the canstituent sulphonic aclds of Amaranth, was excreted to
the extent of 18 / in the urme of rats after oral dosage. Other reports
about the bolmm of the sulph d azo dyes (DANEL 1962 Jones
et al 1964) describe this extensive and sometimes quantitatrve excretion
of the constrfuent sulphonic acids afier oral dosage. This must bo con-
ndered to be the most striking fetture m the handling of these substances
by the body and B8 & good example of the effect of the normal Intestmal
florn on foreign organio compounds.

This subject appears to be redatively unexplored but a few recent
publications indicate that the reaction of aromatic dehydroxylation also
falls into this category Suaw f af (1961) reparted that the m-hydroxy
phenyl acdds found in the urine of human subjects and rats afier oral
dosage with caffeic acid (3,4-dlhydroxycinnamio acid) were absent when
neomycin was given before the caffele acid they believed that this dehy
droxylation reaction wms carried out by mtestinal
Boum&WwAm(l%Bn&b)xhowedthtdahydmxyhhonufcatcchnl
wdsmnbeaurledoutbylhzhnutmalumtmlsofmmymnmlspcdu.
snd KAmARA & Price (1963) found 8-hydroxyqmnakdic aad to be the
major urinary metabolite 1n rabbits given xanthorenic acid (4 8-dihydroxy~
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quinaldic acid) orally Apart from the fn Wrro reduction of Aad Yellow
noted above, saline or phosphate buffer extracts of rat facces are also
capable of forming S-acetylamino-2-aminobenzene sulphonic acld when
menbated with the dye (Lovopera & SCHELINE, unpublished). It i
concervable that the effects of the intestinal florn on the metabolism of
foreign organic compounds Is of wider significance than generally realzed
The metabolic pictare may b further complicated if these effects supple-
ment those of enterohepatic circulation of the compound or its metabo-
Intes.

Our results mdicate that biliary excretion 1s not an myportant route for
the excretion of absorbed Acd Yellow Only about 5/ of the absorbed
dye was found in the bile, a value m reasonabk agreement with the
results of RYAN & WRIGHT (1961) They found that epproximately 10 /
of an intravenous dose of Acid Yellow was excreted In the bile Thus
urnary excretion 1 favoured over biliary excretion, and it would be
expected that an intravenous dose, which gives a high blood concentration
at one time, results m a higher biliary excretron than that after the more
prolonged absorption associated with oral dosage

SMITH & WiLLiams (1948) reported that sulphanilic acd 1 excreted
unchanged m the urine by rabbits after ornl dosage However DANIEL
(1962) found that the 48 hour urmes of rabbits given oral doses of the
220 dyes Orapnge IT Tartrazine and Sunset Yellow contained 49 74 and
54 4, respectrvely of sulphanilic acid and 21 22 and 23 /4, respectively
of N-acetylsulphanilic acid. The Iatter findmgs were based on chromato-
graphic evidence and on the tncrease m colour given by the coupling
reaction of BRATTON & MARSHALL (1939) after acid hydrolyus of the
urmes. RADOMSKI & MELLINGER (1962) reported the presence of sulpha-
mulic acid but not its N acety] derivative m the urine of rats after admuni-
stration of Sunset Yellow Their evidence was obtained from chromato-
grams observed under short wave and long wave ultraviolet light. It B
possible, however that the non-fluorescent N acetylsulphandic acld was
not detected in the presence of the many sbsorbing and fluorescing
substances normally present mn urine JONES et af (1964) found ncreased
amounts of sulphanilic acsd 1n the acid hydrolysed urmes of the mt,
rabbit and man after mgestion of Tartrazine, They assumed this 1o be
due 1o the N acetyl derivative, but they drd not wdentify it.

As the presence of N acetyl sulphanilic acd wes also suggested by our
cxperments this matter was pursued further Chromatography of the
unnes with subseq) colour developr gave eq results,

because the yellow colour was slow to develop and was weak compared
with that of the other boll Abo chr ol‘unnclmdrl.g
give more diffuse spots. so that the presence of other metabolites, ai
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especaslly of urea, made the interpretation difficult. The N-acetylsul
phanilic acd sreas on the chromatograms afier two developments and
elutions were exammed, and the fluorescence charsctenstics were deter
suned before and after acd hydrolysis. The appearance of sulphanilic
acud fluorescence after hydrolysis strongly suggests that the substance s
N-scctylsulphanilic scid.

wat:nﬂar acctylation was shown to occur with p-phenylenediamine
sulphonie acid. Purification of this conjugate from facces leaves no doubt
that this acctylation occurred on the amumno group meta to the sulphonic
acrd group a3 Rf valoes, colour reaction, ultreviolet absorption maximum
and fluorescence charactermstics agreed with those of authentic Sacetyl
ammo-2-ammobenzene sulphonic acid.

It appears that these acetylated denvatives are formed both in the
gastrolntestinal tract and in the body after absorptron of the amuno
sulphanic acsds. The acetylated compounds found in the facces must be of
intestmal ongin, becanse they are absent from the bik, a finding that
rules out an enterohepatic cyde whercby the absorbed amuno sulphonic
acids could be acctylated and then excreted into ths intestine That the
acetylation also occurs in the body i shown by the results obtaned when

Iphanilre actd or p-phenykenediamt Iphy acid was given mtrs
peritaneally The N-acetyl derivative of each substance was found in the
nrine. It s not known whether this is the sole source of these urinary

metabolites, as it 13 possible that absorptfon of some of the intestinal
N-acetyl product may occur

Swmmary

The absorption, metabolism and excretion of the sulphonated azo dye
Acsd Yellow was studied in rats after 1ts oral on

Abont 1 / of the dose was found unchanged 1n the unne, and no dys
was present in the facces. Only about 5, of the absorbad dye was excreted
i the bile, and no reduction of the 220 linkage of the absorbed dye
occurred. Intraperitoneal ingection of Acld Yellow resulted in mpid
urinary excretion of the dye, but of none of its metabolites.

Acid Yellow was almost quantitatively reduced by the flors of the
mitestinal tract, and the resoltng sulphanflic acid and p-phenylened
sulphonic acxd were found In the orine and facces. Apprecabie gastro-
mtestinal absorptlon of these sulpbonic acids occurred. After Acid
Yellow administration, totals of 57/ and 6 / of the dose wero found in
the urine as sulphanilic acid and p-phenylenediamme sulphonic acid,
reapectively When the amino sulphonic acads themselves were given, the
corresponding valves were 53,/ and 19 4
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Conjugated forms of these two metabolites of Acd Yellow were found
In urmne and facces and shown to be N-acetylsulphanilic sad and S-zcetyl-
smmo-2-aminobenzene sulphonic acid, respectrvely These are formed
bolhinthemtcsthcandinl.hebodynﬂ:rubsarpdnnofﬂrcmmo
sulphonre acads.
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From tbe Section of Forsatic Chemistry (Panwy Hubstrom, Ph.D.). the Department of
Unlvorsdty of C (Profemor Kaed O. Moller M.D.)

p-Hydroxyphenylacetic Actd,
p-Phesylethylamine and Tyramive in Post Mortem Livers Stored
mnder Different Conditions
By
B. Kempe
(Reesived March 5 1965)

Ithwcl]—knmlhntnnﬂ)wuofnmnpsymatcﬂllforpobumoﬂcn
rovealsth of nterfer t mayhavebeen
formed, for example, during the c:m-wdon (Muqms 1896) or by post
mortem processes (amtotytic or bacteral or both)

The object of our investigation was to study the occurrence of three
such sobstances {n human liver tissue, with relation to the circumstances
in which the tissue had been stored.

The three substances tyramime, p-bydraxyphenylacete acld and §-
phenylethylamine, have all been demonstrated previously m autopsy
material

As tyrosine may be thought more or {ess responsible for the formation
of tyramine, p-hydroxyphenylacetic scld, and other psubsttuted phenols
(THIERFELDER 1924) determinations of the of free and of free
plus bound tyrosne were included.

Material and Metbods

consmted of trer b obtalned from 109 legal sutopwes. Of
the 10 speermens, 17 wers takea from pecsom dying during the warm season (June 10—
Sept. 11) spechmens oclpoated from ndrridualy dyteg from widely diffcrent catses. About
10, kad deod of potsomag, moet of thom with sarcobes.

Thw specimena to be stadsed were trested, 14 fir 1 possible, Lo coaformity with the
procedare wrually employsd for forentio spechosns, Thoy were storsd hn cranmed, bat
mowteriised, ghim-stoppeced glam tubes ad Isft n tho refrigerstor od freering cabinet
proscally ernploped for mach pectmsnt,

mmdhhma-&nmwmmdwwh
spectaens (106) of 50-100 graras cach wery stored 4 4-5  These had bey taken from 3
many individosls submitiod to legal WoPYY up 10 4 days afler dexth. Saven of Ceces spech-

P
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mnummmc:dhnnmdwmb:fmbdunond.mrmiml”mm
m-mmayormmmmmmam-nmmmumm
mmrpdmmmdvﬂcdhmmmmlm‘hkhwmwul—i or —11"
et anatysed agalo.

Five of the specimens stored at 4-5 wors analysed three times, the bast tme after orage
for 526 days.

Three specimens were taken on  lopsies carrked out 5 17 or 27 days after death.

Extractien

Liver tigne, 3 g was homogonked whb 3 ml of water nd the pH [ the homogenate
was determined with & glam ciecirocde. Waler was dded t 20 ml, and the midure way
deproteintsed by adding 50 mi of 30 4, (wf¥) trichl e nctd  d alter
standing for 10 minsies A portion of the sup Aol was rendersd 0.9 N
in hydrochlork ecid and binled ander reflux for 60 minetes. This camsed the trichlorscetic
acid t be destroysd. Aler coolmg down, the contents wers extracted thres Umes, esch
time with an equal volume of sther ( ), and then snother thres times, each time with an
eqim) yolume of chloroform at alkeBine reactlon, L e 2t pH sbove | (b). Satorated sodhere
borate solutlon, 2 ml were added, together with solld sodlem chloride In excem The pH
was djusted to boat 9.5 by means af 2 N HCL The mbxture was extracted four thrmes (e},
each time whh  equal volume of chloroform-hopropanal (3 + 1 by ol). The forr
subaisnces wers separaled by the procem of extraction, p-bydroxyphenyiscrisc scid beng
found in the cther phass (1) B athe Phase (8) tyramise in
the chioroform-isopropano! phase ( ), 1yrotine remamung | the agueons phase (] As-
hydrom sod om sulphat wes added to the non-aqueons extracts, which wers 1 bmitted to
filtrution and svaporatio to drypess, 200 u) f cone. HCI having besn sdded 1o the chloro-
form phase {4}, to co vert the volauls fp ato the eaponding hydro-
chionde before evaporation.

Total trrosiee cuntent (free and bound)
A weiphed amount (40-30 mp) of Iver bowogenate (1 + 3 wiw) was mued with 2000

of 6 N-HCl and mbroutted t scxd kydrolyys in saaled plass tsbes  a thermontat t113 for
4 boars ( bydrolyus trme of 41§ hours has been fonnd t be optimal) Tha hydrolysate
w23 then evaporated to drynoss 1 pen porcelas dih on @ boding water bath U remove

the hydrochiore aad. The renidoe was devsch ¢d 1 40.0 m! of water and tha solution wes

used for determune g tyromine.
By the procedar dexcmibed tyramine was iscinded  the determmttaon The tw  web-
wances can be by thin layer of the ressdoe after svaporston,

obtuned by sysem B, as decribed  table |

Thi hrrer chromatograph

Thi hyer chromatography was perforswd 0 20 20 om platay wh 05 mm kyer
of sibex pet-O actrrated by hesung t 110 for ooo howr The platcs were stored o
w&olmﬂa:fmdﬂdmﬁ'd‘ and localiatson bavs been sct Owt | table | The rendus to
be chromatographed wus demobved methanol Two measuted poruoms of the metbasot
sciutlon were tramferred 1o one section exch. T 1be methanol solutton containy g rOHo
frow the ether phase («) was added conc agneout mmonia 10 nestralbe  y wnconveried
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dehlcnc‘klnd.Ewtun{NH,-nlb‘nrmomdbymwﬂﬂoﬂbdm pplication.

ane scctlon of the dry chromstogram was Jocalised (the other was
mmm-hﬂ;s@ubmmumluwmm‘mmmwmm.
whh cone. HCl to bind ) The arss  the covered sechion correspond g 1o the Jocelhed

Table 1
Thin Jayer chromatography
Ry valuer, colour reections (in breckets floorescnce wnder 350 mp), and samitivity
(uglem?) for 20mo of (he substances that may occur  the residoes of the ofganic extracty
b wdd

Sefrext systams.

Systan A Lsopropanod, water and ethyl scetate 24 11 65 (37 uL & KALTINRACH 1961).
Tha chromatogram ataauted for 20 minutes  nd developed for 50 minotes.

Sysem B Chloroform nd duthylamine 46 4 (freshly mixed) Versel and versel plus
plate miurated for 30 and 10 mioutes, rapectively whh derdopment for 10 minote
Bystem C Butancl, glacial scetic acld, and water 40 10 30 (PARTRIONK & WEITALL 1948)
"The chromatoprem mturated for 30 minutes (lower phase) nd developed for 90 minntes
{uppw phase).

System D Come. NHy, water  od butanal 3 10 85, The chromatogram saturated for
20 mdnotcy  od developed for 40 miutes.

Roegenss

Reagent 1 Q1% 1-miroso-2 maphthol | cthanol and 2 N HNO; wlth 0.1 g NaNO;
added per 10 ml The plate heated to abont 60° (Gramorom, Vom & Heamin 1933)

Reapet 2 09% frah diarotised p-nrtrownifice. The plate speayed whiy 2 N-N 1C0,
after sbout 4 bown (Wicrsrasat & SALvizw 1932)

Submance "‘“‘F"h‘ v e | g Colou | Semltivity
doe Als|c|p|™ (1 orac) | (ugfem®)

phydroxypbenyh
acetic actd o 1 red (Ught
yellow) 0.3-0.4
P-hydroxypheayl-
propoaic sad oM - 1 red (reddiah
yollow 0.1-0.2
phydroxypheayi-
sthanol 093 ' red (ight
o
Phydroxybenzo reflow) 0,03
acd o rod _
p-iydrocybent
aldebydo 1 om
Bphanylethylamme b 042 - 2 red 101
ryptam 5
L -2 yelow 1014
rremine 035 0T 1 rdpelow)  0.83
yroeme d - 007 1 red(yelow) -
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sabstance was scraped off mdmumptnpmdmcdbysoﬂorm)'dhxmmy
ethanol for B-phenylethylamine) with magnetic stirrng for 15 minutes, The extract was
centrifuged, and measured portions wers taken for determlining the different subgtancrs.

Ouaniliative determinations

Tyresime tprawinc and p-hydrexyphemyimceri scld were detsrmimed fuorometrically
by 1 method bared he fact that variows para substituted phenols react with 1-aitroso-2
nephthol asd N NO; fn HNO, to give a finorescent dorlvative, The method b modifics-
ﬁunofo.ud:m‘lbcdbyWAum&Uﬂm(WST)fudﬂanlnjlymdmhﬂm
and tivmes

Reayext 1-pitroso-2 naphtbol 0.1 ! nitroso-2-maphthol In  mixture of equal
volames [56 £ ethanol and 0.1 N-HCL

Nitrite-R 24.5mlof1 5 ANOy( /v) mixed with 0.5 ml of freshly prepared 2.5 NaNO,.

Precedhars Messured portions of the cluates from the chromatographic purification of
the cther phasa ( ) and the chloroform-isopropanol phaza ( ), a3 well a1 30 il of the squeoms
phusa (o), wers dlluted each to 2 ml with water or ethanol to ghvs an akeohol concentration
of 30 4. Then ! mi of | nrtroso-2-napbthol R sd $ minptes hiter 1 mt [ ahrdte-R wers
wdded. The tube wus stoppered and placed in  bath of 33 for 30 minutes. After cookmg
down, 4 m! of chloroform and 6 mi of water were added. Tho tubs was shaken and esutri
fuged 10 remove cxcem of I-mitroso-2-paphthol from the nqnmmphlu.'rbtnqncvm
phase was tranderred o cavette and & Coleman
modal 12B. The marcury Bnue at 436 oy (iter OBI) was used ay primary bght, and a5
ncondlryﬂinY&rbthhhnpd’mnbhmHﬁ!o{nwhnﬂbmduAWm
scxd exces [ 1-priroso-2-capiithol wat
Mﬁmbmmdxeibymwhhm(man77 obtaksad
by adding 1 ml of 3 M KyHPO4 and about 300 pl of 8 N-N OH A reagent bla l“-

oyed allowed

for of the zero. The
ﬂunnfwuﬂm!.lnd\haewu betwern and
for comcentrations up to xt keust 0 4 pg/m! i ths final soloton
Tha P o sad, abo motked nwpty material,
Interferes with the of p-hydr ncid, the acid derrs.

thre finorescing with the same Intemity a3 the scctic ackd darrvative. The two sabslances can,
howewer boscparated by thin layer chromatography system A (tablo 1) p-Hydroxyphenyh
ethanol and p-hydro ybenzaldehyds may alo both be present 1a autopsy matersl The
Sertvathve prodoced from p-bydroxyphonyhkano! will fuoresce with the smme Lulematy
asth from p- ke acrd. However o, mo rare Lias
Unp-hydmxybmm-byd-dchumwmmﬂﬁvvuhmcmmmmmlhubnu
both soluble tn chioroform and therefors removed with the excess of 1-aliroso-  naphibol.

B-Phexpiethyiaming was d by s d by DILL et al. (1938) Tor
detaminl g 5 5-dphenylhydantotn. Th mnu-plcoflhimdhodhl.hl!o(mnlhjlbl
phenyl aucders of fi-phenylethylaming od reducmg the fitro group 60 & primary aromatic
amine, » kich i determuned by diazotisation and coupling, with centn{ gation and mesrare-
et of absorplion at 535 mp after standing for 4 bours

A reagent blank was aho exapuned

Bthlmﬂboddcsmhﬂd.Mp#mjpwuadnﬂmu{-boﬁDwa hyerof 1 cm
I tbkckners. Thare was between ad for

boss ¥p 0 & keast S pg/ml o the solution meesared, for which resson nly ooe standard
oded

“I:w‘n.mhd 150 found in sut pry material, will interfere whh the deternination of
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[ ! but the can be scparated by thin layer chromatography
rystem B

Amwwdwdllﬂwmnldhmmd
from coupllag with by Bayix & SkDoar
(K"O)ludmmnodbymml\’\v'mmvu(lﬁl).mmdbodcod.dw(b-wdby
us, howerst becamso from the =y Up the
reugent, so that the red colour characiariatyr [ prmary amises (Azs & ‘Wisasnvin
1941) cannot be reprodoced goentiatively

Recorocy cxperiments

T experimenis wers pxade on humen Gver thesoe from a persos kilied in A road secident.
The hver had been tored at —18 for 6 montin It displeyed no sigm of putrefaction,

Thhmth-mmhmopﬂhcd'ﬂhm.quﬂwddﬁd“wmhmcfm
tyramisa, # acid wers added $0 speckeens of
\n;-:h,m-mmuo(o.Iﬂ.iﬂ.nndsmu;pcrmmﬁmthnr.l’_qmlqmmufm
four subatances were  dded to each specimen of Liver bomogenate, After the solwtion kad

Table 2
Racovery by quantiative determumton of tyromoe, tyramine, p-hydroxypbenytecttic scid
and P-phenyletiylamise in two tpectment of the sama buman liver soalysed atan| terval
of 24 hours, after addisg known quustities of tyrowine, tyrimine, p-hydroxyphenyiacetic
acld snd P-phcrylethylamsine. For tyroune are recorded both th originl content, calied
th guomine and the propoftan of the added amount rreovered termed recovery™

Addsd pg per g Brer tios
Recovery Recovery | Recovery | Recovery
Trrasise ] 16 ‘ o H 43
' w2 0 10 n 4,,7

Averugs. ° ’ s s
(Rerovery m per cent) 1 o) 50) on on
Trreseine ° L7 e 188

o e 3TA »s
Awnage [ L7 ars 391
(Recovecy | pot cout) © *n an o
Fhrdrasyphenyisceric acd 0 77 | w8 wus

0 13 39 463
Averag 0 L 81 s 457
(Racovery m per cent) @ an an on
Prbmeriesiyiemine o 1] 407 466

] 73 na 163
Averzpt It
(Recovery In per cral) 7 3 448

| @ ] (v} on
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been added, the muxtits was dibuted with water t % total yolaroe of 20 m, znd amalyss
were then performed as described above, determimtions being carried out in duphicate.

The results of the recovery experimends arw recorded [n table ., which shos s that from
671057  of the added amounts werw recon ered. This percentage fs considered sethfactory
for the purposc.

Resuits

Tables 3 4 and 5 illustrate the occurrence of tyramune, p-hydroxy
phenylacetic acid and P-phenylethylamme, respectively in lver tssue.

Amounts of less than 3 pg substance per gram liver were too small to
be detectable by fluorometry or colonmetry the amount present was
then estimated on the bass of the colour reactton seen efter spraying the
plate chromatogram.

The analyses described above gave the results that the contents of
tyramune, p-hydroxvphenylacetre acid and B-phenylethylamme were

Table 3

Range of tyramine comtents i [ver tsne (ng/g), clasufied according to penod  nd temper

ture of gtorage. The total number of specimens 1 the group od 1he pumber of posfne

spechmens a1 & percentago of the total  amber are ghven. The period of forage af 4-5 &

reckoned from the day of death. The penod of storage at — 8 15 reckomed from the day
of freezing. Nothing demonttruted on day of freezeg.

Number of specimens
Total of | Percestage
’Dayzoruarlsu potltive apecimens | pothh
(<025}
lo.._;-._sls_o-nlm-m] >200

o ! [ ‘ |

04 0 0 o
5-13 » 6 43 ‘ 13
14-20 13 N t 2 3
230 5 3 3 2 W
3149 - 3 T 100
s0-120 4 « | 10 | 1o
526 (about
1% mibay 1 : s y oo
-1t
abowt 30 2,0
430 (about
15 wthe) 5 LI

} Below [kt of demonstrution.
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independent of the state of the tissue {whole or nunced) and of the place
where the organ was kept (in the cadaver or in a glass tube at 4-5%) The
concentrations were not much higher 1n tho specimens ongmating from
indviduals dying dunng the warm season (June 10 to Sept. 11) than in
the others.

Hence, none of these factors have been conslered in the tables. Table 3
shows that fyramine was not demonstrated In hver nssue Jeft for maximmm
of 4 days after death in the body (including the pertod m /a Morgue) or in
glass tubes at 4-5° Tyramine was noticed in some of the specumens stored
for more than 4 days in the circumstances described 1t 15 seen in the table
that tyramune occurred more frequently and i higher concentrations after
faurly long storege of the specimen, A content of 0.25-3 pg/g was seen in
some specimens after 510 13 days Values rangong from 3 to 10 pg/g have
not been noticed until after storage for 14 days, but a content exceeding
200 pg/g may be found after the same penod of storage

The analyses also demonstrated that the content of tyramine 1n liver
trsroe stored in ¢ yunced siate at 4-5* for about 18 months constitmed
only on an aversge 10 / of that seen after storage for about 80 dayx. This
tendency 13 {llustrated in table 3

Tabk 3 shows further that tyramine was detected in all the specumens
stored for more than 30 days st 45 but in none of those stored for the
same period at —8°

After storage at — 18" for 18 months tyramine was found m 25 / of the
speamens analysed, but at Jow concentrations (0 4 ug/g).

As shown m table 4 p-hydroxyphenylacetic ocid, unlike tyramine, wax
fourd m concentrations of ap to 10 pg/g in 75 / of the speamens stored
for & maxmum of 4 days after death in bodies or glass tubes at 4-5° though
the limit of demonstration 13 lugher for p-hydroxyphenylacetsc acad than
for tyramine, A concentration of 10 pg/g was noticed m some speamens

stored for § days. Over 200 ng/g was found in a single specimen only after
storage for 50 dayx.

Further the analyns of hver tissue stored 1n a mmeed state at 45 for
about 18 months showed that the content of p-hydroxyphenylacetic acid
unlike that of tyramine, mereased contrmuonsly during thrs period Thus
1s not clearty shown in the table.

Ithlkamownmlable4lhatt.bepmbubﬂny of finding p-hydroxy
phenylacetsc acid m thwue stored for more than 26 days in the circura
stances described 15 96.5 4.

Of the tissue specimens frozen down to —18  those stared for 30 days
were found to contain no p-hydraxyphenylacetic acid, whereas 75 4 of

the specimens stored for 18 months contained this substance, though at
low concentrations (under 3 py/g)
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Table 4

Rangs of p-hipdroxyphonylacetic ackd contents in Tver tias (ug/p, claselfied eecording
wpuiodundlnnp-mmofuonnmmunumbuohpdmhmempudth
nmb:rufponﬂnrpedmcun.wwnupo{lbmdmbummmpq-bdd
tloragnat 4-Y b reckoned from the dey of death. The period of storuge at ~18° It reckooed
fmmlhvd.lyof[r‘u:lnme.hln;d:moerudondlyuffmﬂn,.

Number of specimens
Days of storage Total of | Percentage
(<0359 poeitive specimes | posttive
0.35-2.9 3099 | 10-200 | >200

+s

[ K] 13 2 - 20 3

510 1 2 2 1 s -]

118 n 6 4 4 ©

049 - ] 2 3 13 100

50-120 1 - 1 7 1 10 %
326 ( bout

13 mths) - - s - 3 100
—1s

about 30 2 0
480 (sbout

15 mihsy 2 L3 - - 3

) Below Limit of demorstration.

In table § it is shown that S-phenylethylamine was not demonstrated In
Irver tissuc stored for a maximum of 4 days after denth in bodies or glass
tubes at 4-5* it must be pomnted out that the limit of demonstrtion is
comniderably tugher for p-phenylethylamune than for tyramune and
p-hydroxyphenylacetic aad.

After storage for more than 4 days the presence of p-phenytethylamine
was observed, but only sporadically A concentration of 3 /g was notieed
in some speaamens after § days, but values exceeding 10 ug/g did not occur
until after storage for 23 days. Values above 200 pg/g were not observed
even after storage for 120 days.

The table shows further that f-ph b ine was not d ble in
Trver tissue stored at —18 for 30 days or 18 months.

1t is worth mentioning that by spraymng diazotised p-nutro-aniline on the
plate chromatogram with the b remduc applied which may contain
p-phenylethylarmne, an intense red colour reaction would often occur
from specimens taken soon after death within the area near the Ry vaiue
of about 002
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Table 5

Ramge { fphenyieth; mine contynts ja Bver thoos (ip/p) classified according to period

mdlun;mmafnf:lg The total nmber of tpecimens o Lhe gronp and the  umber

q{paﬂhqdmulmo{mwnl wnber are given, The period of storage

21 4-5 b reckomed from the day of death. The pertod of stocage at — (3 s reckoned from
the day of frrexing Nothisg demonsirated on duy of freszing.

Namber of specimens
Totalof Percentage

Days of morage
<15) positive wpecimens
¢ 1529 | 3.0-99] 102000 >200
45
o4 » - - - » °
5 6 1 - - 27 4
22 41 - 1 - - 2 2
piv 16 1 3 - 20 P
20-120 7 - 1 2 0 10 30
~15*
about 30 2 - - 2 [
480 (about
15 pwths ) H - - -

) Below bt of demonstrathon-

The analyses for free and free plus bound tyrosine showed concentra
tions of free tyrosine mnging from about 70 to 3500 yg/g, generally higher
the longer the specumen had been stored, even st —18

The average concentration of free plus bound tyrosine was determined
a3 6 5 mg per gram liver ussue. The resolts were based on speamens in
which no tyramine was demonstrated. After stornge for 18 months at
4-5 an average concentratton of 2.1 mg/g was found (from 1.2 to 37
mg/g)

The pH values ranged between 57 and 6 3 event In specimens stored
for one month. Specimens stored at 4-5 for 18 months were found to
have a pH of about 8.3 whercas the pH remained unchanged at —18

Summarising, the analysss gave the resnlts that p-hydroxyphenylacetic
actd was detected after storage for up to 4 days after death and that
tyramine was sometrmes demonstrable at & concentration exceeding
200 pg/g after storage for 14 days. The analyses also showed that forma-
tlon of the mterfering substances mentioned can be apprecuably reduced
by storing the tuxuc at —18

The ncids seem to appear before the ammes.
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Frnally 1t 18 worth notmg that tryptamine which may interfere with the
spectrophotometric estimation of ordinarily occurring alkaloids (ke
1965b) was detected by the chromatographic punfication procedure only
m the same specumens, except in one m which f-phenylethylamine was
observed. Sumilarly p-hvdroyphem lethanol which may interfere wth
the spectrophotometric estimation of 5 S-disubstituted barbiture acld
derrvatives (hampe 1964a) was only found by the chromatographic
procedure i nearly all the speamens contatning p-hydroxyphenylacetic
acid On the other hand, a positive reaction was more mrely seen corre-
sponding to the “pseudobarbrturic acid™ (JAcksoN & FivkLr 1963)
p-hydroxy phemy Ipropionic acid

Discraston

The substances mentioned above may interfere with quantitative deter
minations of certam poisons because of the smmilar conditions of ther
cxtraction.

Unless corrective measures are taken the polarographic determmation
of morphine (K£amPE 1964b) will mnvolve tyramme, this having approx
imately the same half wave potential (—0 95 v) as morphine (—1 02 v).
A content of 10 pg tyranmune will then correspond to | 7 pg morphine,

The absorption conditions at 240 my are the same for p-hydroxyphenyk
acetic acid as for § S-disubstituted barbitunic acid compounds (kaurs
19658) Here 10 pg p-hydroxyphenylacetic acid corresponds to a content
of 9 6 pg aprobarbital
J on analysis for amphetamine by the method of ALLES & WiseoARVIR
(1961) 10 pg p-phenylethylamine will yreld the same colour as 86 pg
amphetamne, Further the spectra of p-phenylethylammne, amphetanune
and pethidme in the ultraviokt region have many points of resem-
blance

In analysing mutopsy matenal for the porsons mentioned, a separation
is therefore required when such mterfening substances oceur

As mentioned previously (kBre 1964b & 19658), tyramine and
morphine as well as p-hydroxyphenylacetic acid and ordinarily occurmng
barbituric actd compounds can be separated by chromatography among
other methods.

p-Phenylethylamine can be scparated from both amphetamine and
pethidine, these two substances having Rr values of 0 55 and 066
respectively n em B (table 1)

The carryylng‘;gpucuy of the chromatograms used (Whatman no 1 or
0.25 mm thickness) 1s Judged 1o be 100 pg substance for an application

zone of 2 cm An application zone exceeding 2 cm s useless for analysss
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of small amounts of polsons. A concentration over 100 ug of the inter
fering substances will thus disturb the punfication procedure.

An amount over lmugw([lbcpmtwhmthenﬁucnnn}ywdcom
tained over 2.0 g per gram and the extraction Is carried ont on 50 g
tixsue, the amount usually employed in thus Department for direct extrac
tion. For extraction by the so<alked Stas-Otto method we use 300 g and
an application zone of 12 cm Dircct extraction for barbituric acd
compounds s performed on no more than 10 g tissue. A content over
100 ug p-hydroxyphenylacetic acid will therefore not be attalned below
concentrations of 10 pg/g.

As the three substances mentioned above may occur at the dusturbing
concentrations described as soon as 5 days after death, if the organ
remains 1n the body or 13 stored in the whole or minced state at 4 we
may conclude that 1) organs to be submitted to chemico-legal analyns
should be analysed rnmediately after the autopsy or 1f this s impossible,
should be stored frozen. 2) Spectal measures must be taken (¢, g. rechro-
matography) when analyung tissue stored for more than 5 days at 4
aor left in the cadaver

A corresponding analysis of gastric contents tnken from legal autopsies
nmust be expected to give different results, depending m some mensure on
the food consumed. For example, it may be mentianed that gnstric con
tents will contain tyramine {lately after ption of
cheese and tryptamine after

phion of

Sammary

Analyses of post mortem liver tissues kept for different perods at
different places and temperatures disclosed the presence of p-hydroxy-
phenylacetic acid in both “fresh” and stored materrl Tyramine and
B-phenylethylamme were generally not detected until after 5 days storage
It sezmed not to matter whether the organ was stored In the whale oc the
punced state After torage of liver tissue for {8 months at 4-5 the con
centration of tyramune was found to be lower than after 80 days, whereas
that of p-hydroxyphenylacetic acid was higher

The formation of the three substances can be checked by storing the
organ at —~18  Tyrosine was liberated even during storage at —18

The significance 1 discussed of the post mortem formation of tyramine,
p-hydroxyphenylacetic add, and B-phenylethylamine and their cffect
on the relabllity of the chemicolegal analyses for morphine, 5,5-sub-
stituted barbiturfe actd compounds and hetamine or pethid
Tespectively }
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Finally it 1s worth notmg that 1npramine which may interfere with the
spectrophotometric estimation of ordinardly occurnng alknloids (Ko
1965b), was detected by the chromatographsc punfication procedure only
m the same specamens, except in one, m which p-phenylethylamine was
observed  Sumllarly p-hydroxyphes lethanol which may Interfere with
the spectrophotometnc esimaton of 5,5-disubstituted barbltune acd
derivatives (h/D(PE 19644), was only found by the chromatographic
proceduro m nearly all the speeimens contarung p-hydroxyphenylacetee
aad On the other hand o positive reaction was more rarely seen corre
sponding to the pseudobarbituric acid” (JAcksoN & FINKLE [963)
p-hydroxvphen: proplonic acid

Discorssion

The substances mentioned above may interfere with quantitative deter
minations of certan poisons because of the similar conditions of their
extraction

Unless corrective measures are taken, the polarographic determination
of morphine (KEMPE 1964b) will involve tymmne, thus having approx
imately the same half wave potentinl (—0 95 v) 23 morphine (—102 v)
A content of 10 yg tyranune will then correspond to | 7 ug morphune.

The absorption conditions at 240 my are the same for p-hydroxyphenyl-
acetic acid as for § S-dsubstituted barbituric acid compounds (Kaurz
1965a) Here 10 pg p-hydroxyphenylacetic acld corresponds to a content
vof 9 6 pg aprobarbital

/ On analysis for amphetamine by the method of ALLIS & WISLGARVER
(1961), 10 pg B-phenylethylamine will yreld the same colour as 86 kg
amphetamme Further the spectra of f-phenylethylamine, amphetamme
and petludine m the ultravioket remon have many points of resem
blance

In analysing autopsy materiz] for the poisons mentioned, a separation
18 therefore required when such iaterfering substances occur

As mentioned previomsly (KaPE 1964b & 19658), tyramine and
morphine as well a3 p-hydroxyphenylacetic acid and ordinarily occumng
barbituric acid compounds can be separuted by chromatogrophy among
other methods. ] both ne and

B-Phen ylamine can be scparated from amphetam
pct]udm:,y‘ct;lhuc two substances having Ry values of 053 and 0.66,
respectively 1n system B (table 1)

The curryy-mg ?;padty of the chromatograms used (Whatman no ! or
025 mm thickness) 15 judged to be 100 pg substance for an application
zone of 2 cm An application zone exceeding 2 em is uscless for analysis



Acta pharmacol et toxicol 1965 23, 27-35

From the thal D Stato P catical L ctholm, Swrden
Wmnmwmmwdmmmumm
bolm, Sweden (Profesar Johs Lind)

Pentetrazol Indoced Setrures and thelr Antagontsm by
Barbiturates in Newborn and Young Mico
By

H. Ferngren
(Recetvod March 4 1965)

The Influence of age on effect of drugs has in recent years recedved
incressing interest from pharmacologists and pediatricam. The two main
reasons for this are probably the discovery of the immaturity of certain
drug-metabolining enzyme systems at birth and reports of enhanced
toxicity of some drugs in the neonatal period (for review see NYHAN 1961
and DONE 1964)

Because of the functional immaturity of the central nervous system in
most mammaks at birth, it would be expected that age woukd affect drug
activity in the central nervous system. In fact various age-related differ
ences in the effect of convulsants and anticonvulsants, as well as in the
effect of cortisol on the seizure treshold, have been found by different
workers (CAIMLHAC et o/ 1960 Pyixxd and Wooosury 1961 Koaay
Ani ef al 1963 VERNADAKD and WOoODRURY 1963 & 1964 VULyt et af
1963)

Our udy was undertaken to ascertain the anticonvubsant effect in
growmg mee of two comunon drug, phenobarbital (== phenematym
NFN) and mephobarbital (~ enph lum NFN) Pentetrazol (== pen-
tylencietrazol) was selected as the serrure inducing drug, becanse st has
been widely osed for anticonvulsant tests and 1ts pharmacology Is well-
known (reviewed by Harn 1961) By determining the medant convulsant
and anticonvalsant doses at different ages it wns hoped to obtain meaning-
ful comparisons between ages and drugs

Materials and Method
Tha #xperiments were performed  muce [ the NMRI stratn. Abowt 73 young anlmaty
wers oacd for eech ago growp asd drug. On the dey sfter birth the nimals wers recetwd In
tert together with therr motbere. The yoa g animals werw kept with thar motbars untfl
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Table |

Mean weight | p—-msuflh-mulmmb:rofywun}afwuchn.-mpmd.m
dgnificance f the differences between 3¢ groups (Stedent s t-tent) is gnen I the table,

Agel days ) n ' mean L gem. Comparhan P
of sge gronps
t 19 1.58 = 0.007% 13 r <0.001
1 397 199 L 00138 3-3 <0.03
5 703 245 + 0.0179 =7 0,00}
7 .53 3.07 = 00498 -5 «0.001
9 450 402 00783 912 <Q.00t
12 ™ 454 = 0.0456 12 21 «<0.001
1 H 317 L0477 2l-adalt «0.001
dult makes 4T 136 £ 00772

the trne of udy Each animsl was ined oaly oncr. The experiments were pesformed atm
ambient temperature of 20 No sttempt 1o separats the seves wid made. The mens »eghts
of tha d flerent ages and total numbers of grumals uscd in this stedy are given | table )

Tent selntions

1 P oaterezel A 10 (w/ )solutson 09 (w/v) N Cl was used.

+. Phenebarbitel = phenemalum NFN = (S-cthyl-S-phenylbarbituric acd). A | 4 (W/)
sol U ofthesodlum saht in 0.9 N (1 was oacd forall go groups except th 1-duy old
animaly, which received 2 0.2 { sol tioa

3 Mephebarbitel = mphenemalum NFN a (S-gihyh-1 methyhS-phenylbarbawnc acid).
Al g moant of the drug was drsolved m 4.06 mi 1.0 N NaOH xnd 40 g of propykesc
giycol were added dunog sow hesting. The solotion was made op to 100 m! weth distilled
water Thh 1 4 (w/¥) soloti  was waed for all groups cxeept the | day ofd  wmals, for
which a Q. 4 solatlon was wsed.

AMethod of infoction

All mpectrons were given subcu neoumly and dorully w th Hamilton mrosyringes
conta ning (0 Z5or 20! By vungremall olumes ofdrugs. w tor balance disturbascss  crv
minmized. The mjected volumes prr anonal vantd beween 2 amd § pi for pemetrarcd, 1
and 20 pl for phenobarb tal and | pd 28 1l for meph burtita) depends g ow werght.

Determisation [ CD3O

The CD30 for each age group was defined a3 i doss Al wheeh 30 of the anumal bad
serrure, elther tome o7 dome 10 type but occurrieg within 60 munutes of peoteirarol
fojection and bntleg for 1 leaxt § seconds. In each age growp of 75 ammats 3 to 3 doecy
were given at loganthme sicrvale. The cumber of n!mah-uhmmduomumhd:
was recorded. The CD30 a1 95 fdocml haoa ere cakeolated by probet  nalyms (

Nord. wol 1Y)
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¥ 1 1
LIRS R N arrive

2 adult
Age in days
Pig 1 Medhn convalaw dosad i mg/kg for peatetrarod (@) lojected subcwtanconsly
o growing mce of diferon: apee. Theorstieal CDN () erkeulated from the mean
body srea foc each ago group o relatlon to the mediun conveirdve dose and mean body
area for adult anemabs are incinded for compariyon. Verpeal bems indweats 33 % Sdncial
lmits.

Detersizacion of 2050

Tha EDSC for each age grovp and saticoavubrant drug was defined as thy does that
preeented convainoot o S0% T the animals when pestetrarol, t dose 13 thoes the
CD30, was njected st given mlerval After the antconvultant. (For phenobarbetal after
30 10 or %0 minetes, for mepbobarbital after 30 minutey). Both tarbetirates were | fected

3 1o 3 grosps of mice 1n sach apy groTp 1 kogurihmically spaced doses The pumber of
e with convileons from sech dose was recordod and the ED30 at 95% flduciel limits
wax calculated by probit analyns (Ph. Nard. vol IV) vong 3 4 or 5 dotage,

Results

The CDS50 of pentetrazol in muce of mereasing age s shown in fig. 7
The convulssnt dose decreases with advancing age until 9 days, when it
falls to the same level as in adult muce

Ax the body surfacs area 13 o 1y msed m ¢ ding doses
for children, theoretical CDS0 valuts were calculated on the basis of
body surface area related to sdult mice The calculations were besed on
Dawson s formula

o (2]
.
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EDSO Phenoba b tal
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30 90 merutes
25~
20~
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0~ 50 rmnutes B
15~
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-

//;_
20~ 30 mirutes ¢
15—
- .
N

1id -

Age ndays
Fig. 2. Medisn anticon whamt doscs n mgkg for pbenobarbital (@) fected sebew-
y galnm doted teizures n growing muce of different  pes. The
Istervals betw esn 1ho miccthom of the two drog are 90 mistes (A), 50 minotes (W) asd
30 mintes (C). Theoretical EDSO values () calcwiated froes the mean body area for each
age group and mterval in redatlon t the median astconvahunt dose and mean body arm
for dulit animah are ncluded for compunson Vertcal bars ndicate 95* fidweia] Taks.

with the symbols meaning

D = fraction of adult median dose,

W == mean weight of the age group, and
p =4 the mean welght of the adult mice
has been substtuted for 70
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EDS50 Mephobarbital
mg/kg
n-

“S—
10- ' /\[

St

|
21 adult

—-
w
[3,)
froye

Age 1n days
Fig 3 Medlan ntkonvohant doss fa mg/ky for mephoburbital (@) Injected subcata-
oeouly aguinct pentetraroidodoced seimures n growing mice of different  ges. Tho beterval
betworn the jajoctions of the two drags was 50 minutes. Theoretical ED50 values (0)
cakulutcd from the mean body area for ench age gronp in relation to the madhan anth
convglant doe and mean body are for  dolt animb are Incloded for comparison.
Vertheal bars focient 95 % fiduclal imha.

The calenlated theorctical values have been incorporated m fig. ! os
semi-open circkes for comparison with the values found experimentally
The type of convultion also differed according to age. In the newborn
body the colour became paler resprration ceased tonus of the body
incressed, urination occurred, and all 4 limbs were extended tonically
with the hmd paws tmitching. With advancing age this picture changed to
clonic-tonic convuliions with increaung clonle actrvity Urination did
not occar 1n mice over 9 days of age

The medmn effectrve doses of phenobarbital agamst pentetrazol-
indeced setzures in newborn and young mice at different time Intervals
ary given m fig. 2. This shows that the varation with age of the anti-
convobant effect of phenobarbital depends on the time after the injec
ton of pentetrazol when the phenoberbatal Injection s made. It s only
for newbom mice that the ED30 vatues are smilar for a1l three {ntervals,

The theoretkal ED50 values correspondmg to adult mice domge
corrected for body surface ares have also been cabeulated for pheno-
barbrial. These valves are included as semu-open arcles in the figare. Tt
can be seen that, regardiess of the interval between the injections, the

EDSOw}uufmthtywunmmhmhmumncrthanwculdbeupcucd
from their surface area,
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Table 2
loduction time, In minutes, for seizores after sub | Jection of into
growing mice. The significance of the differences betwcen age grosps (Stndent  Ltest) b
wiven [ the table.
Pentetrazol
Agel days
a mean + sem Comparison P
of agx groups
1 4 257214 13 <@.001
3 36 161+16 3-5 0.1-008
s E) 08219 59 =0os
9 37 152221 91 <6 i
11 s 33:a4 {-aduht <0.00t
adult malcs 26 108 =09
Table 3
Indociion thme, in musnies, for selreres sfier Injectio  of oo
growing mico infected 50 minntes p y with b L The of tbe
differences between ages groups (Student  t-4est) fs given In the table.
Phenobarbital  Pentetraml
Age in days pecson
n [ mean _ wem { Com 14
f age growps
!
1 I 25 202_19 13 -0.6
3 2 190 11 3-5 <00l
s [T 253 _20 L4 o100
9 21 184 - 23 921 o001
21 vt 46-07 21-adoht <en!
ad 1 makes ‘f b e s
i |
The median effective dose of mephobarbital against p 70}

mduced seizures n mece at difTerent ages 3 given in fig. 3 with theoretcal
vatues calculated from body surface aren included as semi-open crrcles.
This curve closely resembles that of phenobarbital for the same ume
saterval (50 mmutes)

The mean mduction time before the onset of convulsions after peaté
trazol mjected alone or followng a previous Injection of phemobarbhal is
given In table 2 and 3 for the different ages These tables shows that the
mean induction tme 13 relatively constant untl! after the age of 9 days,
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when a fall occurs down to the minimum in 21 days old mice. These
tahles also show that previous inection of an anticonvulsant drug does
not significantly affect the induction time.

Discmadon

The variation with age in the convulsant activity (CD50) of pentetrarol
has been studied by other workers. THEOPOLD & FORSTER (1956) injected
n standard dose (mg/kg weight basis) intravenously into rabbits of variows
ages and found an fncreasing frequency of sezures with increasing age.
CAHILAAC ef af (1960) fourd 1n newborn kittens, in which cortreal and
deep EEG recordings were studeed during barbiturate anaesthena, that
intraperitoneally imjected pentetrazol evoked selzure activity mainly
subcortically and that this activity was accompented by motor pheno-
menona. On the other hand Komavasut ef al (1963) could not evoke
szures with pentetrazol infected intraperttoneally mto newborn mice,
even m doses as high 83 400 mg/kg, but found what they call hyperkmesta.
Changes in the cortial EEG recordmgs were found from the age of 7
days. These young mice were studied in a special apparatus in which
electrocorticogram and whole body movements were recorded. This
involves other criterla for scizures than those used in the investigation
reported here, which may account for discrepancies.

The experimentally found higher CD50 values for pentetrnzol m me/kg
in young mice compsred with adults are 1n general agreement with the
rise fn values calculated theoretically according to body surface area,
Thus the high CD50 valoes m 1-day-old and 3-day-old mice can be partly
explained by the relatrvely large body area of these anmmals. However
tho decrepancy between the actual and the calculated values suggests
that some other factor may also be of importance

Pentetrazol seems to act on cortical as well as subeortleal structures
(HABN 1961) It 1 possible that theso and other structures responsible
for the spread of fmpulscs are less developed and more difficult to activate
m the newborn. In fact BERNHARD ef af (1962) found in foetal sheep
after evoking epileptic activity In the EEG by electrrcal cercbral stimula
tion or by pentetrazol inyection, that no cfferent {mpuises could be re
corded from the sciatic nerve The aitnation in newborn mice could be

nmﬂ.a:tothltinfoem]lh:ep.cspccnﬂydnc:th:shxpnbommhﬂvdy
mature.
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Different opinions are held on the permeability of the blood-brain
barner durmg development (For review see DAvsov 1963) As little is
known about the fate of pentetrazol in the body n adult animals, the
importance for the convulsant effect of pentetrazol of absorption,
penetration of the blood-bram barner and excretion through the hidneys
In growing muce is not clear An impression of the absorption factor 1
gained from the Induction times 1n table 2. The absorption from subcu-
tancous tissue 15 roughly sumilar m 1-5 days old mxx, later increasing,
and most rapid at the age of 3 weeks Why thus 1s so cannot at present be
explamed Penetration into the brain is included 1n these induction times.
The mutual order of the induction times does however not bear any
relation ta the corresponding CD50 values these, for instance, are similar
for 3 week old and adult mice, althouth the absorption rate 13 different.

For the barbiturates the same factors could be reckoned with as for
pentetrazol A factor of special importance for such a drug i the “peak
effect” 1 e. when it has its maximal effect To get information about this,
three different intervals between the injection of phenobarbital and
pentetrazol were chosen, It 8 evident from fig. 2 that the peak effect of
phenobarbital varles with age. For 3-5 days old mice it Is closer to %0
munutes, and from 9 days it is closer to 30 minutes.

But when the theoretical ED50 values according to body surface are
calculated, 1t can be seen from fig. 2 that the experimentally found values
in afl three experrments are smaller than what would be expected cven
when the peak effect glves a low EDSO value in the adult antmals. Not
enough Is known about the h of action of phenobarbital to tell
whether that could account for the age vanation.

About the distribution of phenobarbital in the brain n growing anumaks,
there 13 an interesting study of Dowex ef al (1960). They showed with
isotope labelied phenobarbital in kittens, that the drug 18 pnmarily
localized in the potentin] white matter of newbom ammals, whereas
during maturation the drug becomes more and more localured 1n the grey
matter If this 15 also true for the mouse, it could perhaps be related to the
greater effect of this drug against pentetrazol in the youngest mice

Mephobarbital compared with phenobarbital ~(mjection interval
S0 minutes) shows an almost identieal yanatfon of anticonvulsant effect
with age which confirms some of the clmical smpressions about the use
fulness of this drug In childhood epilepsy of grand mal type

Conclusions from these experiments must be cautiously drawn be-
cause the varmble measured was based on the observation of rerzures.
Subclinical seizures with cerebral epileptogenic activity may have occurred

1n ammals ot seen to have convulsions. Further studies are therefore

deslrable.
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Semoeary

Agerelated vanations 1 convulsant and antwonvulsant effects of
pentetruzol, phenobarbital and mephobarbital have been studied In mice
durtng maturity The median comvulsant doses of pentetrazol wers
determiped 1 3 5,7 9 12, and 21 day-ol and adult male mice and
were found to decrease to about § n-onatal value (in mg/kg) from birth
ta 9 days. After 9 days the convulsant dose was constunt The median
anticonvulsant dos=s for phenobarbrtal antagonizing pentetrazol-induced
finl 3 5 9 and 21 day-okd and adult mak mice were determined for
three diffevent intervals between lnjections. The age related varfation
was found to be dependent on thus interval. A companson with theore
tically calculated values corresponding to body ares showed that the
anticonvulsant doses in newborn animals were abont -} of what could
be expected from bady area. The medlan anticonvulsant doses of pheno-
bartutal and mephobarbital against pentetrazol (in mg/kg) had an almost
wdentical age varmtion during maturity
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There 15 substantial support for the view that dopamine (DA) serves as
a transmitter m the bramm Most of the DA present 1n the braimn seems to be
localized in neurons m the putamen and the caudate nuceus smaller
amounts, however are also found In the mesencephalon and the hypo-
thalamus (BERTLER & ROSENGREN 1959 BERTLER 1961) DA s inactrvated
in the bram by moncamme oxidase (MAO) to 3 4-dihydroxyphenylacetsc
acid (DOPAC) and by catechol-O-methyltransferase (COMT) to 3
methoxytyramine Both these metabolltes have been shown to occur in
mammalian brain (ROSENGREN 1960 ANDEN ef al 1963b CanrLssoN &
WAaLDECK 1964) The end product when the amine has been metabofized
both by MAO and COMT 1 homovenillic acid (HYA) Thiy 2cd has
been detected in mammalian bratn (SHARMAN 1963 ANDEN ef of 1963c)
and has aho been found in the cerebrospinal fluld of man (ANDIN ef of
1963e)

It has carlier been shown that monoamines and their metabolites can
be studied 1n the human brmn even after death if too long a time has not
clapsed between death and autopsy Because of this we decided to
examine for thear content of HYA human brams obtaned from autopsy
materia]

Materlal and Methods

Bral materal from man was cofiected in the xutopsy coom, ! 13 caumencd tae Lane
between death and  utopsy bad varted from 2 to | kours The patiesis had did erther
from Infections or from diseases of the crrealatory system. In ome an edvanced Parkbson/in
2fier encephabtls wio dragnosed befors death. 1 0 othery wers any diseases preseat that
could, as fis €3 1 known, mierfere with monoamine metabolnm Nor had (be patienis
recetred oy madical treatment kwown t affect the mctabolium. As w udmrddm;:
prefiminary tests suspsaously low afues 1n pathnts with dementla Jmds, chooss
materlal 50 3 to include 7 panests who before death had show gns of sdvasced demmentis
.cnm,udohndnﬂionmmom(rmmud7psum-hobdondumbsdlbﬂ-
n;e’“&:nmarm/« dufferent parts of che brak w  drtermencd by the mcthod
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of ANDIN ot &f {1563€) T most specinens the candate ruclens, ths putarmen, 1ho gobus
paltidus, the meseacephalon nd the hypothalameos wers cxamined, In ono the mesncepha
ton waa divided nta thres parts the dorml part, the mwciems raber and the substuntia nigra
asd th HYA of all these were determinod. Other parts of tho brula xho
(mmnmmmmmmwmmmmmmdmoumpu-mm
cersbellar cortey) wero samlned for thelr coatents of HYA, Soretlmes DA win deter
lﬂudummrhnlWAmdncniwddmulummh

1 order Lo estabiinh the idetity of ihe substance dettrmined, Un acthvation and the
ﬂmmofnu-mplammmpnndwﬁhlheno{rynﬂthVAh o
Arminco Bowmas spectro-pl by mcans of high voliage paper
clactrophoreis wis abo sometimes carried out. The bomogenatss from the braia pleces
weers thea dlvided bata three parts. The HVA contest of 00 was detsrmined In the ordipary
wiy A small amonnt of HYA sas added to one of the others n ths xnd in the thind the
HYA wat cxteacted and parificd esscntlally by the method soentioned above, but fastead
of the tris-buffir 0.1 M NaHCO) was oxed. The HYA was extracted Into thy solution. The
NaHCO; solution was sncked off and meade sad with 0.5 ml 6N-HCL This solwilon wae
ihen tatarated with NaCl and the AVA was extracted with ether Tho ether was evaporated
10 dryness, and the retdue wis extracted with 30 ul of pyridine baffer pH 6.0 or 3.9 for
the bigh voltage paper clectrophormis. Two portions of 10 pl of pyridine were put on
(be paper togrther with o referance smmpls that contaioed synthetic HVA, The paper
W ol imo twe plectt, ore tontuabry the Teferency solution and ome part of the extracty
from braun, the other contsining ths other part of the bruin exiract. The former way
spruyed with Tha wcis wus done ae devcribed by STUD-
WYz & Harasom 1939 A steip at tho place for the HYA 890t was cut out on the ofker plecy
of the puper This strip was exiructed with 0.001 N HCL and B contert of HVA wery
determoad aftov cxldation by the mwthod of Awndn of ol (1963¢)

Paper chromatography wis dond ln  syviem coatatming hopropanol, mmonia sobation
And water (B0 18) (SHaxman 196) after purification carried oct &8 for the chectropbors.

th, bat fina] extraction of the rvakioe was coadacted with scetone kostead of with pyridine
wolxtion,

Resuits

As shown in the table, the highest vatues of HVA were found in the
nemmmmlnﬂwwummlhcmcanvn!mm495pg/gmdmthc
caudate nuclens somewhat lower 3.31 pg/g. Comsiderable amouns of
HVA wero aha found m the globus pallidus, in the mesencephaton and in
the hypothalamuy, the mean valuer being 2.57 118 and 0.76 ng/g re
spectively HVAmnkofonndhlothuparﬂo(ﬂmtnln.Fdﬂyhiﬁ
amounts were recorded in the thalamus (mean valuo 0 57 pg/g) and the
medufia oblongata (mean vahue 0 54 ng/g). Somewhat lower values were
detected in the hippocampns, the motor cortex and the pons (table 1),
Tmmmmumbeﬂummdmmm

man part of the HVA in the mesencephalon seems 1o be located
d)awbﬂlnﬂummlnthhnuclmn,thcvnmcml7wﬂx.whnmlhh:
nude\nmborconmn:d045ug/gmdthedonalpmorﬂmmcmcpha-
lon 0.27 ux/g in tho one sample analysed.
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Table 1

Concentration of HVA In different parts of homan
bralna. Figures indicats the mean valwas + SEM
Flgures with! braciets refer 1 the nnmber of subjects.

s
N Candates 331 L0245 (13)
Putamen 4.95 £ 0545 (14)
Globm pallkdus 257 £ 0193 ()
Mecncephalo 118 £0.105 (10)
Hypotbalamns 076 £ Q015 (D
Thulamos 0.57 £ 0.156 ()
Medulla oble gata 0.54 £ Q.OTO(T)
Hippocampus 0.23 + 0.053 (1)
Motor cortex 0.19 £ 0.045 (5
Pora 818 £ 005 (1)
Cerebellar cortex 0.08 + 0.017 (4)

There seems to be & clear cut difference between the values of HVA in
the neostriatum of the group with symptoms of dementin and the group
without this type of symptom The former group had Jow values the mean
value m the nucleus caudatus was 2 73 4 0229 pg/g (6 cases) and In the
putamen 3 55 4 0.265 pgfg (7 cases) The corresponding values in the
group without symptoms of dementia were in the caudatus 3 80 + 0.313
1g/g (7 cases) and 1n the putarnen 5 15 4+ 0 820 yg/g (7 cases)

In the bramn from the patient with Parkinsonism the concentrations of
HVA were low In the putamen the value was 0.48 pg/g, in the nuckeus
caudatus 048 pg/g, in the globus pallidus 1 04 ug/g and 1n the mesen
cephalon 00 ug/g.

The DA determmations showred that DA 18 found as is well known, at
the highest concentrations in the neostriatum. Smaller amounts ere found
fn the phalon and in the hypothal. In some of our scries the
globus pallidus, the pons, the medulla oblongata and the hipp us
were cxamined for DA. No DA could be detected however by the me-
thod used (HXGGENDAHL 1963}

The vesult of the identsfication tests was that the cubstance determmed
showed the same chamcterrstics as did authentic HYA by both paper
chromatography and high voltage paper ekectrophoresss. In all the deter
munations, the spectra obtained from the brain extracts were almost
\dentical with those of authentic HVA The fluorescence obtained on the
cluates from the paper chromatography also agreed well with that of

authentic HVA
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Discrmsion

That the highest HVA concentrations were found in the neostriatom
is not surprisung, as these nucka contain DA and as 1t s known that HVA
s the end product of DA metabolism Moreover in the mesencephalon
and in the hypothalamus HVA may be considered to result from DA
metabolism The finding that the mesencephatitic HVA Is located in the
substantia mgra also supports ths assumption, because the dopaminergic
nerve terminals in the neostriatum are known to onginate from nerve cells
in the substantia ndgra (ANDIN ef al 1964 BERTLER er af 1964). The
somewhat high values in other parts of the brain, especually in the globus
pallidus, however are surpraing, 83 no DA can be detected in these
parts. In the giobus pallidus the presence of neurons which have an intimate
connection to dopammergic nerves of the neostristum mght be the expla
nation. In other parts of the brain, where no DA s present HVA Is
perhaps formed as a byproduct of NA metabolism. One way to explain
the HVA content would be to assume the occurrence of en unknown
substance that also has HYA as an end metabolite

From the subject with Parkinsonism 21l the samples cxamuned showed
low values, and no HVA could be d d in the phat
supports the mption that in Park ism the dop BIC Systems
in the mesencephalon and the neostriatum 1s disturbed (CARLSSON 1964).

One result of the investigation 1s that patents with advanced dementia
senilis apd with disturbances of motor functions eppear to have low HVA
values in the neostriatum. Further it scemed es though these low HVA
valucs could be correlated better with the intensity of dementla symptoms
and redoction of motor functions than with the age of the patients These
questions are to be furtber mvestigated.
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From tee central Mboratory the FILADELFIA colony Digmatund,

Determination by Thin-Layer Chromatography
of Phenytoln in Serum in the Presence of Barbiturstes and other
Antleplleptic and Various Drugs
By
O Vendelln Olesea
(Recerved March 17 1965)

Two methods are commonly used for routine determunations of pheny
toin m serum, viz. that of DiLL et al (1956) and that of SvENmuARK &
KrstraseN (1963) the latter s based on the procedure of PLaa & HINE
(1956) the direct measurement of the absorptlon in ultraviolet light.

The method of DILL ef af (1956) is time-consuming, and I am unaware
of any systematic nveshigations nto its specificlty SvEnsdams & knt
sTIEN (1963) studied the effect of 8 momber of substances on their
method of determunation, both in vfro and /a ritro They found that many
drogs wnterfered with the determinaton pnmidone (mysoline &),
ethosuximide (zarondan B), and according to the present authors
vestigatons, N4 -milphamylphenyD-butansultam<1 4) (ospolot @)
are among them, and 1t is these very medicaments that in recent years
have beent much used along with phenytom in the treatment of epilepsy
It was also found that large concentrations of sulphonamudes interfered
with the determunation. Further expenence shows that both hospitalized
patients and out-patents are not atways accurate in their reports of drug

Tuding that of contaminating barbiturates.

MACHATA & hassER (1962) use infrared spectroscopy for certain entl-
fication of phenytow, because no previously discribed detection agent
was found able to distingunh between phenytoin and barbiturates this
finding 18 1n agreement with my own results

For these reasons, we have worked out a method that is not more
accurate than that of SvENmtARK & KRiIsTENseN (1963), but has a far
greater specificity [t must be considered more accurate, however In the
range 10-10 mg/l, for with other methods sarum blank values in this
range can give rise to & large percentage error

The method is applicable both as a check on phenytoin concentrations
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found by spectrophotometric methods, 1n which case only a single deter
minatlon need be made, and when information about the medicine the
paticnts are receiving has made it clear that determinations by other me-
thods would prove impossible or inaccurate a duplicate determination
18 then carned out.

Method
Procedure
Bhake 3 ml of serum +4-0.1 ml of concentratesd HCI viporously for 10 seconds with .3 md
) add pproximately 10 g anhy sodiwm sulphate, and repest the Yigorom
theldng for pproximately 10 seconds. For dupBeate determinations 3 mi nd | wl of seram
are ectracted. Fllter the It 100 ml Ed fasks, end evaporate (o dryness

n a waterhath (approximately B0%) in a stream of alr Trest the residwe with 10 ml of
boling Q.01 N HCL, and cool the flasks down ta 4 [n refrigrator Filter the aqueos ex
tract through premolstencd fikers fnto 30 ml sepamtory funncis. Rinse the firks end
funnets afterwards with 3 m! codd 0.61 N HCL

The extraction s repented by sbaking with 23 ml CHCY, for 30 scconds, and the chlore-
form layer is fitered | 1o 50 m! Ectenmayer flasks through flters to wiach a small amoant
of dred sodlum salphats bas been applied. The chloroform is svuporated In the wimal
manner The reddoe b transferred to & centrifeps tabe with 2 x 2 ml CHCly asd tw
sotutlo B evaporated to dryess 1 & stream of air Tho resdeo b dissohred in 40 pl coro-
form-methanol 90 10 /v The solution k& then applied to chromatographic platm apply
3 pl of the test sotution to the left half of the plate (ws 5 1), to which stancards comtaiateg
12,3 4 od 5 g pheaytoln bavs proviowsly been apphod, kod apply 9 g of the text ol
thon t the right hall (o which #tandards contalmng 4, 6, § and 10 pg phenytoln have
peoviowsly boen applicd

By this means, 4 samplcs ca bo placed on each plate [ the analysa 15 performeed 313
control, and two @mpler can be placed oa each plato for & d plicat determimtion,

of plates 10 X 20 cm glass plates wre prepared by the standard method
described by STAML (1967, Adsorphion substamcs Kscselgel G (Merck) to whxh Lencht
pigment Z$ 8 per (Rieded de Haem) hes been sdded.

Solvent mraure CHCly 66 w0, methanol 33 m), mmonis sotutlon (234) 3 ml Chamber
Glats vemel (Desaga) with Hs Inner surfece covered by fler paper A yless trough of U
e kngh  the vessel s piaced on the botlom of the vemsel Tho trough b Aitled with
ammoata solution 25,

Equilbration time a1 le2nt 2 hoorn.

Developl gume pproumately 10 minuter

Length of ren 6 cm.

Identification The plates wro nspected in miiravioket bght and fluoroscent spots, 18-
d henytoln pots, are murked off

w‘r:;uumdrummmym stream of kot air and  prelimlisary comparison B
madola UV mtw‘mmmmuwpb:mo&nwurmmthmmm
powdaﬂdco(lh';hnpuuhmuuud‘l.hbolplpuidmcnpowbyphungm
faleon  warm Baibottomed veseel contas g piperidine for |} mi utes Tbcpl.u.lntb;
treated wlth CHCly -poummonmnynnuluhlhmau;hrymmd.-m:ud
ukcnﬂrmumldylﬂuwndxlndhnmm!ndrrn‘uﬂbhumtm ppro | dy
lsmmIMImmpmuhwmmmmﬂym the contrs
between fnorescent 5polt end beck ground s retained.
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Fig. 1 Pholograph ln UV Iight of stafoed plxte to Mustrate the teed system of ppHice-
thon. Fowr different sera, added to each with 10 pg/ml phenytoin huve besn ubjected to
the standard procedure,

The plates are now molstened throwghly whb a 1/ aqeeons CusSO, solotion and left
1 dry @ room lemperature. The Phetytotn spots are therwty Rained yellow comial
barbitareies at higher cooceatrutions &ro stained bloe, and the beckground fs a faint pale
e

Resnity
Quantltative determination

A vinnl evaluation can bo made with sufficdent accuracy on the lines
deseribed below if necessary i uitraviolet light, when the contrast
betwreen background and spots is best.

Priliminanly rough determination is made by means of table 1 where
the relation between the number of visibls spots and seram phenytoin
comtents is Indicated.

Table 1

The sumber of viuble, stained tpotx, by +) on the 3 8 function

of serum pheaytota m mg/l extracted from I mlor 1 ml f genon.

Afer this rough determlustion & comparison le mude with the standard spots. For the
syctaen of applcation, wee fig 1 and text

Left half of plets Right buif £ plate
G nl appd) 1l appl)

=/ la Serun extrasted Serum extracted

3 1 m 1w [t

°o o “+) -
20-3 + )
61 + 1 o
moro tha 13 + " + T
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On the basls of recovery tests it was stated that each pg in the standard
spots from the muddie to the left will as compared to 3 pl of the unk
solution correspond to 6 pg/mlin the sample 1-5§ pg will thus correspond
to 6-30 pg/ml in the sample, and if | ml of serum is extracted this wii
correspond to 18-50 pg/ml. To identify down to approximately 1 pg/ml,
more than 9 ul of the sample may be appleed I the standard spots from
tho middle to the right are compared with 9 ul of the tample solution from
3 ml of serum, they will correspond to contents of 2, § 12, 16 or 20 pg/ml

Pronounced drvergences between the sizes of the fluorescent spots and
the corresponding yellow spots suggest that barbiturates with nearby Rf
value are present in the samphke This 18 not important as no barbiturates
stain yellow

The stability of the developed stain is such that it will keep for at least
one month 1n daylight.

Recovery and accuracy

Recovery tests were made, partly by adding known amounts of pheny
town, from [-50 pg/ml, to tho same serum pool and partly by adding the
same amount of phenytoin to different sern. The average recovery was,
after correcting for demonstrated loss, 84 percent. More than 500 pheny-
toin analyses were carned out by SVENmMARK & KwiSTENSIN s method
(1963), and comparsons were made with these values (see fig. 2) Devir
tions of more than 2 pg/ml were rarely found, except when the pabents
were under treatment wath substances such as those mentioned in the
introduction An accuracy of 1-2 pg/ml 1s soon achreved

12 3 4 1 2 3} 4

Fg Check o phenylon concemrstom
found by 8 raswa nd K Btesarns (1963) spectropholometne method
I s than 2 pg/ml
2 $9ugiml
113 pyml
4 . Spg/ml
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Fig. ) Formuise {xg the clome p bet eom (0 wod cpldoos @
tha diffe R valoes are ad by means of photograp ln UV Hght of 8

vhlebﬁmmdmnmlummmncdmtrm patient both recelving epidons @
xnd ptTiytotn, The vpot benesth that of epidone @ metabolite of this drug, found {
blood fromn petlents wnder treatment.

Specificity

The antiepileptic drugs examined partly a3 pure substances and partly
by extraction from serum from patients who had been treated with these
drugs for a long period are enumerated below The WHO nomes are
given first, wath the NFN name in brackets when it dlffers essentially from
the WHO name

Acctazolamide, barbrtal (diemalum), chloral hydrate, epdone ® (5,5
dipheny}-2,4 dioxo-oxazolidine), ethotoun ethosuximide, mephenytom,
metharbltal (endieroatum) neo-crivull ® (a amino-3-diphenyt

hydantoy! valenc acid), espolot ® (N-(4 -sulfamylphenyl)-butnnsultam
(1 4), phenoberbutal (phenemalum), phensuximide, tnmethadione, and
G 32883 ® (5-carbamyl-5 H-dibenzo (b,-f) azepin)

Determinations were also made on serum from patients treated with
vanous drugs, psychopharmaca, antipyretics, sedatives (Incloding other
barbiturates), sutphonamides, etc. So far no substance has been found to
ghve me to confusion in, or mterference with, the determunation.

The only substances found to develop a simular yellow stain are S{p-
fiydroxyphenyl) S-phenylhydantoin, ahown by BUTLER (1957) and
MAYNERT (1960) to be one of the most sigmuficant metmbolites of pheny-
toun, and epsdone @ But the difference between the RF vatue of these
substances and that of phenytoin 13 $0 pronounced that then confusion
is not poutible (see fig. 3)

Discusalon
Lous (1945) and Brexas & PORTER (1963) have thown that no great
yield is obtained by acsddymg scrum before the extraction of those
barbiturates that do not differ from phenytoin in the extent of therr
recovery BIeRee & PoaTier have further thown that a shaking time of
2 xlomhmmumlwglwqmnﬂmmtmmiﬂhemmﬁm
have been preapitated wath todiom sulphate, 1t is our experience that the
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addition of HCI is advantageous when the extract ks to be used for
chromatogrephy as this will decrease the amount of undesfrable sub-
stances soluble in CHCl;. It i3 necessary to punty the evaporated CHCly
extract before application to the plates, if uniform Rf values are desired
for scrum extracts and pure substances. Moreover fatty substances from
scrum will be deposited on the sides of the glass, with the result that
quantitative solution of the reddue from evaporation becomes impossibke
mn 30 small en amount of liquid as 40 pl EBERHARDT ef al (1962) suggested
the use of active carbon and alumins for the purification in our experience
the yield so obtained will be frregular and the procedure 13 therefore not
applicable to quantitative analysrs. Florisil @ has likewise been employed
(PETZOLD et af 1963 STOKES ef @l 1962) 1t is then partreularly the more
acad components as well as some chromogens that are removed. As we
do not with to remove salicylic acid or other acid drugs, and as this
purification has not always proved adequate in we have employed
the method sketched by MAeHLY & LINTURI (1967) for removal of fatty
substances by transferrmg the desired substances to the aqueous phase.

Re-extraction from 001 N HCl to CHCly was studied It was found
that after no more than 20 manual shakings, corresponding to approx-
mately 10 seconds, more than 99 / of phenytom added was in the organk
phase.

Complete recovery was not attempted, so as to reduce the number of
operations, since the described method has to be used for routine pur

In agreement with PAULUS (1963), we did not find it advantageons to
employ buffered plates or to employ alumina mstead of hleselgel of
mmuxtures of these substances.

A strong eluant (33 / methanol) was preferred, thus avouding a great
number of nentral substances that show fluorescence in ultravioket ght,
upsetting the Inspection in ultraviolet Light before stuning. hriinmr
& ROLLASON (1964) employ e liquld with a methanol content of approx-
mately 20 / for separating barbitumtes. The Dquid used in our study i
likewise applicable for this purpose, and a modification of the procedure
czn be employed for determining p-hydroxyphenytoin in unne, barbk
turates in mixture, as well as barbiturates in the presence of sulphona
mide It is Intended to discuss these procedures in a subsequent study

Sammary

A wvisual method 1s described for the quantuative and qualitative
determination of phenytoin in serum by means of thin layer chromato-

graphy
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The staining reaction was the formation of a yelow CU++ piperidine-
phenytoin complex, whose speaificity has been studied.

No other contmoaly employed anticonvuluve agents interfered  in-
cloding other hydantoin preparations and barbrturates.

Sernm was exammined from patients recerving drugs of widely differing
kunds 3o far no substance has been found to fnterfere with the determina
uownhmlmlmnnhmad,lh:umltfordctcrmmﬁomis I mg/L The
average recovery was 84 4. The accuracy of visual evaluation is 1-2
pg/ml
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Names approved by
The Nordic Pharmacopoeta Comncil!)

(NEN Names)

(Recebved March 17 1965)

The Nordic Pharmacopocia Council announces its approval of NFN?)
names for the substances m the Lst below These names may be used
should ths substances be included 1n the Nordic Pharmacopoera, in ane
or more of the Nordic offidal formulartes or in addenda to any of these.

The substances for which these names have been approved are identified
by gving thelr chemica! names first, secondly the most frequently used
non-proprictary names, including the International Non Proprietary
Names, approved by WHO end thurdly & selection of the best known
regustered trade names and other names of pharmaceutical specalities
(preceded by the letter @) applying elther to the substance itselfl or to
salts of it or to preparations of which jt is the actrve principle. This infor
mation i given 1n a similar manner to that in the Council's publication
“NFN-navne™3) both in volume of information and in use of abbrevia-
tions%)

Names approved fn 1964%)
HEN-namse Other Nemes
AceChlnt Acxtic actd quiswdidinyl-(3}-eter
(PINN) (Parstympatomumetic)
Acstamiszm Acetic acld ester of N-{(4-wrséno-2-meth pyrimidingt
GINN) N-(2-acetytthlo 4-4 ydroxy-1
«D-yNormamide.
(Thmmme effect)
An(t;]NleT- 2(s-Acetylindolyl-O)rthylaming =~ S-acetyl

tryptamine.

{Aotsypertomsire)

} Tho Gumeral Sacretary Pack, Stookholm 60, Sweden

nuwmxmmm(‘wmﬁmﬂn
Pharnscopoaa

) NFR-pavac, 10d adition, C 1 Osko aad $tockhot
with Addenchers 196)

4} Tha abbreviaton UBAN" Indicates, that the mame is spproved by the American
Medical Amochation  Ummicd States

Nomsnclature
) Nuwues pproved (n 1963 woe thas Jormal 1964 21 123138,
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NFN sawe Other & mes
Acetyicysteinum N-AzetybLcystedne,
(PINN USAN) ® Mocomyst.
(Mucotytk)
Acidxm wrnm $-Aminob te acid.

(BAN pINN USAN)

Actdnm clofemamécan
(PINN)

Acidum fluforamicnm
(pTNN USAN)

Actdam fuzidicam
(BAN pINN)

Acidum fyticam
(pTNN USAN)

(BAN pINN USAN)

Acidwm e triroicnn
sodium salt natrdl metrzoes
(BAN pINN)

Acrisorcimem
(pINN)

Alazant triclef mes
(PINN)

AButelnam
(pINN USAN)

Abexiprizzm
(BAN pINN)

® Ambear Crprocid, Eaca, Epukapron, Epulos-
Aminocapronryre.

(Antlfibrinolytic)
N+(2,3-DichlorophenyDanthranttic acid.
(Anurheneatic)
N-(3-(Triffuoromethyl phenyNasthranilic arid.
@ Aref
(Antirheumatic)
Antibotic, produced by Fosidum eoccizewm,
e Focdin, Foclding,

11,2,1 4, 6)-h acld
cnu ~ inoeito] hexaphosphorkc acid ester = phytinkc
acld.

USAN Sodiom Phytate (sodiom sah).
® Rencal
(Treatment of hypercakioria)

(Treatment of tnes vermcolor)

lemzwmhﬂwm

{1

pound with z.u-«--cﬂowvbmnl

(Anthelmantic)

3-Altyl-S-mobutyl-2-thiohydantom

@ Evprux.

(Anticoavohive)

Polymere condensation product of slumisberm oxide tod
ackd = bauc lcylate

~complce.
& Palapns, Faloxm
(Anaiget)



NEN-aam

P

Amfepramenan
(DCPRINN)

Ao
(BAN PINN,USAN)

Amprriminas
(EINN)

Aserriowmr
trbodium alt
(@INN UIAN)

Amlamarim
(PINN)

Argiprexsinum
(BANDINN)
e aycimm

(pINN USAN)
Batrginm

(QINN)
(INN)

GINNY

(pINN)

(pINN)

NFN NAMES 1564 5

Other N mes
Jersethyl)-6-chioro- sl mogl3 4-iydro-
2H 1,24-benrothladlarisedioride{] 1).
UZAN ARbtazids.
(Diarguc)
Diethylarmino-1-pheayipropanone<(1)
BAN NND

Dicthylproplon.
& Diepropon, Dobesls, Netorexic, Regenon,
Tenuxte, Tyfinal

(Amoregenidy
({402 Amino-2-phenylacstam!do))-3,3-Hmathyl-
[3,2,07beptanecarbaxytic

3-PhanytpyrimidoH,s-dlpyrl QA7

(Digretc)

44{(4- Anditno- S-roifonaphthyd-(1)azn)-S-bydroxy-
I me acid-2.7).

BAN $odrem pINN A

oalricam, USAN MmAmmannm,
® Coomamls bue.
(D!Il‘mﬂfm dhygboytic parposes)
add esterof
(Antrbeamatic)

(Trestment of radunt
Phosphoric medd cxer of Ne{(4-amino-2-methylpy-
FkdiyH N oo

Y

loxypropanediol(l,.).
wekucwm)

mobyluten-(1-yormamids,
@ Bataqune

(Thigmune effect)

B.ma.: acrd -nn of N-(«-mhm mh"pyﬂmdhﬁ_
stiydrony |

Wl)—ﬂmm

® Nemnton,

(Tnammdne offect)

Q Exhyl ())H(4-trydn
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Benzilenmm
bromide benzflon! bromkdom

Bextodepn
PINN)

Retakistinxm
GINN,USAN)

Batatnchiorelum

Bisacodylam
(BAN pINN NND)

Busbentiaminnm
(PINN

Bokatterensm
(PINN,USAN)

Browacrphdm
(pINN)
Bufrnadinem

NFN NAMES (%64

Otker Namer

Aaﬂl:lddntnOfN.N—dicl.hyL!-hydmry—? 10-dt-
methoxy-1,34 6,7 11b-bexalydro-2H-benzofajquisch-
Hoecarboxamide~(

Uy
PINN Benmoisaxidum (USAN),
® Quantril
(Prycho-sedative, antheosetic)

BAN US’AN’BenﬂommB-rumﬂ:.pmN
BerzRond! bromidum (bromide).

@ Portyn, Ukoban.

(Anticholinergic)

(1 scid beuryl ester

Di
USAN Benrodepa,
@®: Dualar

(

1 Benxyl-2,3-dimathylguanidise.

3-Amlno4- acld<(24

ethoxy)ethylensr

pINN Betoxycatnum.

® Mitbcaine

(Local anaesthetic)

44 (Pyndyl{2)-methybene diphenal-durcetic ack! ester
@ Ciysodrast, Dubcolax, Penlae

(Lauirve)

D bonroie ackd ester of N N [dithdobi(2- -hydroxy-
cthyly-1-metaytvleyhene)} bis (N4 4-amuno-Z-methyt-
pyrtmid y( M) methy{ormammdc]

® Beston

(Thumine effect)

17B-Hydroxy-Ta,1 Ta-dunethytandrostanc-{-ome-()) =
7a, 17-drmethyftestostorone

(Anabolic, androgea)

N3 P 4

(Antmcoplastic)
{142 4ert Btylpbenyh-1-phearboetbory)-N.N

pINN Bufcnadrinom.
(Asthstaming)




NIN-nama

Bataporgrinest
(pINN UBAN)

Bataiortyam

GINN)

(PIRN)

Clefbratum
(BAN PINN.USAN)

Clowdiraiem
(pINN USAN)

Cimpamider
(pINN,USAN)

(BAN pINN)

NFN-NAMES 1984

Other Namet
[ [lHH*Hﬂhylp‘w-ﬂlﬂ-(tivwﬂ-
phenothlarny-(Z)batasone(1!
® Randolectil

(Prycho-sedatrve]
3-Pheyt-3-plperitinoproploak acld batyl eter
DCF Butumevérine.

© Cemors.

(Amticholinergie)
&Chloro-1sobatyk-T-mlfamoyh-1 4-ditydmo-
2H 1,2.4-benrothladiesinedioxide(1 1)

O Enncphnn.

2Pbmﬁ-2-#peﬂdb¢'oa¢tdda-bm xyethylester
(AntHtwedve}
3 4.Dhydro2H 13 Arvediom-(24).

(Apalpriic
2,2 Dickloro-N-{2-trydroayettryl-N-(4-(+
Yoerzylfacetamide

~mwthylnortropans,

(Anthbtaonmic)
2-Chioro-3{N-(2-disthylaminocthylethylamino)l
aceandide.

(Local amacsthatic)
301 Exhylpenty(-3-(irichloromt bylthio)-
rnddaxobdined kone~(2.4)

).
BAN USAN; Chlordantobt pINN Clodastanum.
@© Sporostacts.
(Fungickde)
ommide-(1,7).
DCF M
® Aquedur, Hafintan,
3

(Druretic]
2-(4-Chlarophemoxy)-2-methytproproaic acid



NFN-name

Cloxeclizem
(BAN,pINN USAN)

Crmtarebum

Cramemazionm
QINN)

Cyclarbamatum
(BAN,DCF pINN)

Crclogwani mbones
(BANpINN)

Cpeiomenslamt
(DCF.pINN)
C)
(pINN)

Dexipramixam
(BAN pINN USAN)

Dastamosidum
(BAN,pINN USP)

Dexecadrolum
(pINN USAN)

Diclefentmidum
{pINN)

(PINNY

NFN NAMES 1964

Other Names

&(3-Q2-Chiorophenyl)- S-methylisoarokecarboxankio-
~4))3,3-dimethyl 7-oxo4-thie lezbleyclof3,. 8

USAN Sodlum Q1 xacilli (sodtum eaht).
® Elwsalln Orbenin

(Anthiotic)

330 Methoxysthylldene)-bis(d-bpdraxy-
2H~chromeoone-(7).

BAN Cumetharol pINN Coametarotem,
® Dicumaxanse.
{Amtkcongniant)
103D 2
carboaltrile(2)

DCF Cyamépromazine.

(Prycho-sadative)
Cydopentylidenedimethanol dicarb nilke sad cxter

® Cusmalon
(Antico valtive)
1{(4-Chioropheny)-2,2-dimethyl- 1, 2-cibiydro-1,3,3-tria-
Hocdlamlne-(4 6) componnd (1) with embonic acki
USAN Cyclogmnd Pamoate.
{Chemotherapeutic)

-Cyclotiexyl 3,5-xykmo!
(Anubacterial)

(Choleretic)
$-03-Methylaminopropyf- 10,1 1-dihydro-91
-l
USAN D
© Nomqeamn, Pertofr

(Prycho-analepisc)
(+1IB{0-B-0-glucopyranosyl() — 4)}-0-f- N
i1 — 4)-0-p--dip
rl ——4)-a-o—d|¢mopynm’ymn-np.u-uy«o r
22))-olide ~ darscetyllanatostde

{+)> (2. D pheayl-1.3-dwrolany H4)prpending
USAN Dexoxadrol Hydrochlonide (chlortdel
(Prycho-analeptic)

4,5 Dachtorobenrenedrsulfontmide(1.31
BAN Dichlorpheaam de (DCF)
{(Carboanhydrass-inh bitor}

5.3-Daethyld 4.5 6-satrahydro- H13
~orannedsooe{ .4}

BAN Dwcthadione.

B Ledouten, Toce.

(Psycho-analeptxc)



Deaxs sycrmem
(pINN UBAN)

Efaxeiem

Eptitridum
GINN)

Xrhrieestromcinm

NFN-NAMES 1964 55

Othar Names
11 DincuyI—H:lpcﬂdimhﬂmL
{Antlhistaminic, antemctic;
NN mmhy\-)—phnyﬂmhnnnﬂ.m—(l).
(Amalgetic)
N N Dimethyl-2-(3{1 pyridyH2)}cthyidndemy!
~<Dethrytemlae.

BAN: Dimethindene. USAN Dimothindeos Muleats
(bydrogen makexte).® Fealstil, Fenoutil, Forhistal Male-

1o, {Amihhtaminkc)
2.2/,37,2*{(4,3-Dlp parkdinopyrimido]$ 4-
iz

@ Permanthy

{Covomary vasodihator)

2-(2 Dimapcapylaminoethyl-2-phenyl-2
mcetemide.

(Aralepiic)

17B-Hydroxy s .
USAN Dx Propk

s seler). i
® Droltan

{Androgen)

metbyl)-T4nlfkmoyh3.4~hhydro-2H 1,2 4-bearothis
dunsed: ude(l 1)

BAN USAN Epduaride.

(Dmretc)

17a-Ethylestoen{(4)-01(176).

PINN Ethylestrenotam (DCF UKAN).
@ Duraborsl, Orabolln, Orgabalin.
(Apabolle, androgen)




Eiymodielrm
dincetic acid ester

(DCF pINN)
Egyprenalinam

Fe
(INN)

Fenbewicillinam
(pINN)

Fencarbemidsm
(pINN)

Frogripstam
(PINN USAN)

{DCF pINN)
Flumetaseusm

(INN)

Flapervionsm
21-acethe sctd fuperolom
acatsy

(BAN,pINN USANY

Flapredaisolonwm
(PINN USAN)

Flwectiom

NFR NAMES 1964

Othar N mes

17a Ethinplastren-(4)-diol-(38,170).

BAN: Bthynodjol USAN Ethynodiol Diacetate
(ciacethe ackd exter).

(Qestagen)

1(3 4-Diryd. b 1
RAN USAN Isocthardne pINN Isoetarimm.
® Diabron.

{Sympetomimetic, broxchodllator)
L-Lysine-2-{phenylalininevasopremin.

(Spesolyticy
1-Phenyt-2-(pyriovidiny2)}-aminc)ethanol
USAN Femyripol Hydrochloride (chloride).
(Muscle relaxant)
1-(4-Flworophenyl)-4-(4-2-methoxypheuyh-
plperazinyt-(1))-butasons(1).

® Sedalands

(Prycho-sedative)
#a,5-Difiooro-118,17a,21-rihydroxy- 168

BAN USAN Flumethasone.
@® Loctaicn

(Qlwcocorticokd)
$-Fluoro.118,17a.21Aribydroxy-21-moethyk
prognadienc(l 4)-dicoe-(3.20) = 9-eoro-
21-maethylpredubclone.

USAN Fluperolose Acrtat (21 scetic ackd ester)
® Alacortrdl, Mattral

(Glmcocorticold)
6a-Fluoro-1 1, 17a.21 ribiydroxypregaadscnc
{1 4ydrons(3,20) = Sa-fworopredadaolont.
& Alphadrol

(Qlococorticokd)

$-Flooro-1 23 4tetrabyéropyrimsdinedions
-2,6) = s-fluorouracile.

PINN Flocrowrsdlss (BAN USANL
(Antmeoplastic)



NEN-samt Other Names
Plarstybem Bia(2,2,2-triftworoctiylather
(pINN USAN) ®1 Indoklow.
(hock-ndwcing agn0)
Galaxreriven 9-Methory-2-cuethph- 12,34 &7 74,1 lc-octahydro-
(DCE pINNY 43,2l (Tb
(Anticholivesterxss effect)
Ghecataxm Polymers compiex of glycerol with alominfum hydraxkde
PINN BAN Olycalox,
© Muotioex AG
{Aranckl)
Glrplmasicrn 1-(4-Celorophenytiioayl)--{kerbpdro-
[Gus sraplayt(INcarbamtde.
(Oral astidisbetic)
Hexmdkonm 2422 Dicyetol
GINN) {Couvpary vesoctilator)
Hrvemidinam 44 (H
(DCP,pINN) )
(Antibacterial, local scteroning)
Hexspyroen $-Q2.Cydioheayh-] pnylghpeotoptony)-t §
bromids dimethylpymrofidtniumhydroxids.
pycronl PN Hexop o i
(Anticholinergic)
Indomotecingnt 2-{1-(4-Chlorobanzoyl)-S-methory-2-methyl
GINN) indoty-CSTecetio ackd.
BAN USAN Isdomethscin
@ Indocld, Indocin,
(Amirhaumatic)
P
(BAN DCF.pINN) & Sanexm
(Monouxilne axydew
ftrassid tozpies 4 Meabybeamemeratfonts of nrtrk aad
(AN INN) @aminoctiryhesior.
@ Nilull
(Vasodilater miris cffect)
Jodwlemincn *Acetamido-2,4,4-riiodo-N-nsthylophthal
wodhm nkt amudic acid.
Jodtalmmirratrom PINN Atidom USAN Joih Acd
Ango-contey Coary
(X-ray comtraxt
NN Dsethyl- 2-2-(2-coetiegt-5-
(DCFINN) L{1)pemory)at, "y phenytpyroizh
® Leloplegll
(Antkonvalgre)
Lavegiaemidsm Olmtasnine,
Pl
(32422 Dipheayit
(GINN UsAN) M‘hﬁm

USAN Levoradrol Hydrochloride
(Pepcho-analeptecy



NEN-naoma

Lincearycioom
(pINN USAN)
Lynestremol m
{DCF,pINN USAN)

Lyprassinam

{BAN pINN)

Mecle eminam
(PINN)

Mecrsteinam
(PINN)

Megarzolum
(BAN pINN USAN)

M gestrolum
(BAN pINN USAN)

Af motropimcm

AMarakeinem
sodnm salt
meralainmatrium
(PINN USAN)

Metoredepum
(pINN)

A Iprapewnm
(BAN pINN USAN)
Meollnaronum
(PINN USAN)

Moroanidem
(PINTY

Nafcilteem
(PINN USAN)

NFN NAMES 1564

Odher Names
Arabiotie, prodaced by
® Lincodn.

17a-Ethimylesteen-(4)}-01-(178).
BAN Lynoestrenol.

Cysteine-methylester

BAN Mehy) Crstcine.

® Acdrile.

(Trestmamt of chronkc bronchitls)

176 Hydroxy-6-methylpregnadlene(4,)dtiane-(3,20.
USAN  Mapestrol Acctats (acetio acld aster).
{Gestagen)
176-Hydroty-6-methyl-16
-4 S)-d:oac-(].l‘m-
USAN Mdmgenrol Acetat (acctic ackd ena).
(Gestagen)

Human menopamial gnaadotrophin.

PINN  Menotrophisum

2-(6-Hydroxy 3-(hydraxymerear])-o7-duodo-
3-030-3H asnthenyH)borrenesaliome scid.
PINN Meralemum satricum, USAN Soduem
Meruleln (sodimm saht).

® Mercurex, Merodices.

(Ant[hactertal}

(Bis(2, .-drmethylusindiayl{ IDphosphinyl)-
carbarric s ethy! exter

USAN Metaredeps.

@ Turlos

(Antmeoplastic)

Methyl | 2-dpyndyH(dnpropancae{).
& Mctopron, Metopurons.
(Ant-aldostcrons)

N 1160-1 4-dsbydro-1,..3 “
M.nzlgcu:)

Q Diarolea, Pn!uhn-‘ Purod, Parolina.
(Ch llllnﬂ
P (1))-3.3-dwmethyl-7

athia | T
scid(2) = Qcthotymepbibyi{Ipprcllia
USAN Sodmm N folltr (sodrem safi).

R Unpen

(Aatibiotx)



NEN -t

Naha vamum
sodhum mlt

Nebaromom
(PINN,USAN)

Newciopiuem

Natrll blikiowslas

Mot ciasslias
(PINN)

Neris radio-fodudume 217)

Niclasawiden
(BANATNN)

Mfurnrelnie sem

Newerrinee
(PINN)

Dorvirneds chvm
EINN)

(pINN)

Ortrtemisn
(PINRY

NFN-NAMES 1964 5

Ocher Names
1-Eihyt-T-metby4-ox0-1 A-tibydro-1 $-
Iryric

—papht necarboyBic ackd-0).
BAN, USAN Nakdizk Add pINN Acklum
nalld(xicazm.

@ Nelrmm, Negram.

( h {6
17 Allyhd 14l 18

USAN N loxsse Hydrochloride (chioride)

(Astimarphlus effect)
26D

-6 1

locking)
Dlnatrimm-2,2 Ahobis(4,6-dichlorophenciate).

Natnomndio-dodide(1¥])

Ph.Noed. Solutio natrh rediofodsds( J) (sofution)
BP Sodlum lodide (1) Bolution, USP Sodm
Radbo-dodide Solmtio (olution)

PINN Puraxobdoasm (BAN NF).
&® Furoxon, Forotone, Tricofuron.
Antibactacial)
N-Nonyh-7H -pyrrobo[ 2. 3<dlpynimkdineexlxe-{ £}
(Anticonvnihye)

Via-Ethyayh-175-bydrozymtrens (X10)-ome)
BAN UZAN Norsthynodred (DCF).
(Crertagem)

Methylester of -acatylthio-d-[12-{N-[{(4-amiso-2
h 1

propen-{1)-y1} olo ackd.
@& Neovian,

(Thumine effect)

1 Metayl Q-tolylicthylamine.

(Ancrcugenic)

2422 Dipheyt-1,3-drovoleryh(4))plporkdine.
PINN Dicxadrolam USAN Droxadrol Hydro-
chlorde (chiomde).

(Prycho-armleptic)



NFN-aamy
Lircomypcionm
(PINN USAN)
Lymastreselom
(DCF pINN USAN)

Lypresinem
(BAN pINN)

Mecioxuminm
GINN)

Mecysteinam
GINN)

Mcgestrolem
(BAN pINN USAN)

Melengesiralon
(BAN.pINN USAN)

Menatropizam

Merakeinnm
sodlom salt
muralelnnatriinm
(PINN USAN)

Afeimedeprm
(pINN)

Mety rapomam
(BANpINN USAN)

Ao aezornm
(PINN URAN)

AMorimanidem
(PINNY

Aafcitiinem
(pINN USAN)

NFN NAMES 1564

Otker Neowes
Antbiotle, produced by Streptomyees lncotnentis.
® Lincocin.
17a Ethinylestreo-(4}01(178)
BAN Lynocutrenol.
® Orpamell, Orpametnl.
(Oral costraceptive)
$-Lysincvasoprenln,
(Vasopressin effect)
2-(1(4- Ciboropbenyl)-1-phemyiethory)-N N

USAN Mogeatrol Acetat (acetic ackd ester).
(Gestagen)

17a-Hydroxy-6-methyt-16

~(4,6)-dlone-(3,20)
USAN Mclangetrol Aceiat (acctsc acid ester).
{Gostagen)

Hums menopansal gosadotrophin.

PINN  Menotrophinam,
2-(6-Hydroxy-$-(hydrotymercar])-., T-dodo-
3-ox0-3H 11 thenyl{(9)}benrencrallonkc eckd.
PINN Menabd m patricum, USAN Sodfm
Monk! (sodmm salt).

@ Mercurex, Merodiccin.

(Antbacterial)
(Bis(2.2-dimethylariridinyt-(1)pbotphiayl-
carbamic acid ethyl ester

USAN Meturedepe.

@ Tarloc

(Astincoplaste)

Methyk1,2~de(pyndyi-(3))propancme-(1).
‘B Metopirom, Met pirone.

(Ant-eldoteTone)
3 Morpholino-3 4-dThydro-1 .. -benrotriarinone{k
{Anllpdc)

ide-(11

@ Dumzofin, thml. Farol, Przollos.

s(' m ,,..MIMJMH 7

-aam quoxymphthﬁ(l))?wﬂ‘
USAN Sodlum Nafclll (sodun st)

® Usipen

(Antiblote)




Pickrrdsan
(AN pINN)

(PFINN,URAN)
Poldent merhplcalfcs

(BAN,pINN)

Proey hivwnm
0INN)

Prrecaimmm
CINN,USAN)

Culnpctresm
(INN UsAN)

11 (Piperazi L 4 '
bis(3-(4-chlorophenylpwanidioe).
(Antibacterial)

USAN Plmetiss Hydrochlarido (chlorldel.

(Cardlovascular ggent;

2 w11 o

nlummethybenifite.

BP USAN Pokiine Methybulfate, pINN Poldinl

methybatiue

® Nactate, Nacton.

(Antichohnergc)

2142 Disthytamine scrto acidsier of 118,17e,21

rihydroxypregnadicoe(} 4Hone<(3,20) = 212
acetic sckd) weter of predaisclone.

®: Deltacortril DA

{Qlococortheold)

118,170,21 Trihydrogy-16-acthybncpregnadiene

{14-dlowe-(3,200.

® Decorttden.

(Qlococortxcokd)

3-Proponic acd ester of | 7Ta-thylestreos-

B LA

® Solover

(Avaboix)

3.3 Dimathyl-7-0x0-4{2-phenozybalyramido)-

Athis-]-azebicycion .

boxylic

- - (1

25 Dimethy}-2-pyrrolidiapt{1)-acetamilde.
® Endocaine.

(Local ennestbetx)
HCyclopaatylaxy)pregnadiese-(1, H-coe-(20-
(Gestagon)

61



NFN-name
Redio-smem(4 )

Radro—creobeninem(™ Co)

Radio-selpuridenxed® J)

Renytoharm
(pINN)

R syeizum
(BAN,pINN)

Sparsemreinam
(pINN USAN)

{pINN USAN)

Spectimemycianm
! (BAN pINN USAN)
StrRarm
wdid  wilban jodsdom

Streplonia ridum
(DCF PINN)

Sucrakan

(BAN pINN)

NFN NAMES 1964

Other Names
Radisactly 1%Au Radiogold{™Ay),
PINN Radi-aurum (1M Anrcollokdals (collokds! forml.
USP Rachogold Soluthon (solutlon).
® Aurcolold-198
(Radloactive subsience)
()-a-{(3,6-Dimethylbenzimidazolpficobamide-
~"Co-cyanld

a-(4-lodo-11]-berryD-derivate of polynnylpyrrolidons
=~ ©-{4-b0do-1011 bemayN-2-(*-0vopyrrolid oy
ethamer

PINN Radiotolp USAN Tolp n
@ Rsovin.

( for d dugooshs of
source of hypoalbum!

4(F1 5} i

USAN Paranyhine Hydrochloride (chionde).
(A trbewratic)
Antibsotle, produced by Streptomyces mediverrancl
® Rifocys.
Axtlbiotic, prodoced by
(Antineoplastic)
( }-Dodeeatiydro-7 14-methano-2H 6H-dipyrido-
[ 1,201, SHiaxocine
USAN Sparteine Salf te (snifat )
& Tocossemine Sullste.
(Uterossumulaung)
Antibsotac, produced by Strepiomyees spectabala.
® Trobcin.
1 Ethyl «6-b(4-pyrrobdinyt( D-styry-
pyridimumbydrotsde.
PINN Sulberi sodsdure, USAN Sultan m
Todsde (odrieh
B Monopar
{Anthelmumntx)
i 2405 SX¥
cyclobexyly-3-deoxy-20--deo 3 -mcthylammoal
a
p- -y

43 =

of streplomycmum

BAN, USAN Streptomscorid.

£ Streptohydrand

(Chemothernpeatic agaust 1 bercalosc)

C mpksof werose with abrmionem hydroude
® M ooako AS

{Antgctd)



NFN-same

{PINN)

(PINN USAN)

fodide tiersond Jodidum

HINNy

W st timerfonnadyTom

Trlbezomrm
[

TH prepemisey

(BAN ZINN)
Tolorromidens

AR HINN,USAN)
Tr“ih

TN
EAM LN

NFN NAMES 1964 63

Other Nemes

2-(4-$ulfamoytphenyl)-tetratrydro- H 1
Ahtarinediordde{1 1).
BAN USAN Sulthlaroe.

NN -(Pbenyhm-(l Adimettylenc)blad2,2
~dichloro-N-(>-sibovysthylfacetamide)

@ Falmonox.

(Amoobldda)

2-(Thiaroly}-(4))beanmidaroke.

USAN Thiabendarole

® Thibenzoke.

(Antbelmdntic)

4-(3-Hydroxy 3-pheny}-3-(thlenyHZ)propyl-
“4-methylmorpholinumbydroxide,

DCF Themootuas pINN_ Themonll kdidum (lodide).
® Vocmnlpoe.

(Anticholinerpic)

p i acid 302

USAN Tk : 4
® Trocinate,
(Amtcholinergic)

fe o
ekl

PINN Natrhi timverf mas, USAN  Sodium Thumerfonat
(roduim salf).

@ Sulfo-merthiolate.

(Anubacteial, jocul trestment)
$-Methyd-S-propyl-2-{4-totyD-1 d.2-dloraborioanc.
® Camil

(Prycho-sedative)

N N Dimethyl-3-phenyl-3-(4-tolyDpropylamne.
® Tyugd

(Amtihistamnic)

N Torylpyrrobdinecarboxam de-(1).

(Orel antidlabutic)

(2.2.2 Trichloroathylidihydropm phosphate.
USAN Sodmm Trickefos (monosodmm saht).
@ Triceryt

(Hypnotc)

N-{2 Amino-6-maethylpyrdy-{3)-methyl)-

3 45 rimetboxybearamide.

(Hypotsoeive)

310,11 Dihydro-SH-dubenz{b, fureplnyt
(9N N2-rimeabyipropytamine



NFN-mme

Tromesumolem
(PINN)

Troxemem

torylats troxomd tosylas

Trexypyrrelom
tosylate
troxypyrroll tosylas

Tyloxapolum
(BANpINN USAN)

Uramuxrioon
(BAN pINN)

Uredepum
(PINN)

Placrisrisam
(BAN pINN USAN)

Vinlouresinzm
(PINN USAN)

Viarosidfmm
(PINN,USAN}

Virgimrcinum
(DCF pINN)

Riciso mecregeium

NEN same
Asimaphemaremm

Choriongonadorept
Natefl radio-chromeas Cr)

NFN-NAMES 1364

Other Names
2-Amino-24hydroxy p a5
USAN Tromethamine.

BAN Troxonlem Tosytets, pINN: Troxoatl
tosylas (tosyluta).

(Antihypertensive)

1 Ethyl1-2-(3,4,5-trimethoxybenzoytozylethyl.
pymrofidintumh;

ydroxide.
BAN Troxypyrrotium Tosylate, pINN  Troxypyrrols
tosylas (torytata).

(Antibyperterive)
Potymero product of 4<(1 1,3, HctrameiiyToutyDpbenal

S-Bix(2-ch ming-1,2,3 4 Py
danedlone(2.4).

USAN Uracil Mustard.

(Antinecplastic)

(Antlnsoplastic)
Antiblotic, prodeced by Streplomyces virginac.

® Suphyloayos.

AHeratton In declaration

oo ether

The o chaaged 19
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Previeus NEN-reme
Amldopyrmmm
Chorboa-posadotropl oD
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Natrls radiopbosphas ()
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rom the Pharmuacological Laboratary Fercoam, M 1md d the Department of Pharna-
cology Royal Veterlaary Collags, Stockholm, Sweden

Distribution
n Mice of “C y{d-methylpiperidino)-p-fluorobutyrophenone
hydrochloride (FG5111), n Batyrophenoae Derirative
with Tranquillizing Properties
By

Nich Elner-Jenten avd Eskil Hammon
(Recttved March 31 1865)

Tt has been shown that y-ammobutynic acid has an inhibltory effect on
the central nervous system (CNS) A symposmum was devoted to the
subject (RoBERTS 1960) The importance of y aminobutync acld m the
fanction of tho CNS has not yet been fully clarified, but many attempts
have been made to affect the CNS by compounds chemically similar to
this mbstance.

From a senes of syntheses based on this 1dea, FGS111 (y-(4-methyl-
piperrdino)-p-fluorobutyrophenone  hydrochlonde)*) was selected for
further investigation after having thown tranquillzing propertics similar
to those of chlorpromazine and halopendole in emimal experiments
(CHRDTEXNSEN HERNERTAM, LASSEN & STERNER 1965)

Tranquillzing effects wers also cstabluhed in human clinical trials
{(KRARUP 1965 SCHULIINGER, KIRKPOAARD NIELSEN PAULSEN, VANG-
Tomp & GIEDDEBAECK 1965)

The investigation described below was carred out 1n order to study
the distritartion in the body and the excretion of the substancs or its
metabolites by the organism, especially 1is ability to pass the blood bram

Methods
Tha lubeliad sbriance was sywthensed by the scheme phown befow
Tb'p‘mtynnh-nbunc.mtm-dbypp«chmmmphyhmﬂmmmd

w;:cmnx(ummm._mn The specific activity wet
1 1mg.

*) Tk and the ‘C-hh‘ﬁcdmmmmlynwby}‘mmnl_ld Malma
Bweder,
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o Om,_ o BB o ic o

2) W o O(cm "coOr

Flg. 1 Echemo of synthesh of 14C FGI111

Each anlmal was injected | ly with 7.5 pC (cor [ng 10 0.5 rag), and the
rdloactive compound way dissolved in 0.2 m) saline, The  toradiographle fechalqme
described by UtLareo (1954) was used. Seven male mics (body welght 20 g) and 2 ke
pregount femals mico (35 g) wers Incloded in the experiment. Tho enfmals wers kilked by
immerston in a freexing mixturs of solld carbon dioxide & d rvane. The Interval betnsen
hnjectho  and sleughter for tee male aniosals wis 5a d 20 minatesand | 4 48, uad 6 howrs
The femmale ankmels wers killed 1 and 4 houms after the injection.

The frozen mico wero transfcrred 10 & cold room at & temperature of —10* and sgital
sectlots of 20 i awd 100 4 were taken 8t varions kovels throagh the whols animal Cotect
antoradlograms were then made by prewing the freere-dried sections  galnt Sractarh
(Gevagri)X-ruy film. The timo of cxposars varked from 12 to 40 days.

After the development of the films, the reading of the results was made 1y 8 sabjectire

i of the nder tho st For omparkon & scako of vrions
dotes of radioactivity was used (Bemun & ULtnema 1469)

Resuits

The results of the autoradiographic investigation are shown in figures
2-7 The radioactmity had largely disappeared from the blood within
S minates. In the autoradiograms taken at 1 and 4 hours the blood
mdioactivity tended to ncrease

Withun § munutes the activity in the CNS had reached a high level
High uptake of radioactivity were also scen In the pitwitary the adreaals,
the salivary glands, the lung, the kidney and the intestinal mucosa.

At 1 hour and later the radioactivity was d 1n excretory
organs such as the liver the gastrointestinal tract, the kidney and the

bladder

Central nervous system (CNS)
The uptake in the CNS was high $ and 20 minutes after the fnjection.

The cerebral cortex, the hippocampus and the thalamus showed the highest
concentration (fig. 2, 3 & 4). A decrease in radioactivity had
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Bt Lu g Kibaey

Sallvary gleml Ler  Biomach
g 2 A m showlng of rad ity (llght aresa) 3
minutes after Injection of 4C FOSH int trmle ouse, Note Lhe high concen-
trations | bratn, sabvary glands, kidoey Dver and stomach mocoms and pite-
ury Eacretha into tes Homach via Lbe Momach mwcose B seen The highest
concentration In the CNS e scen fn Lbo grey matter

B lumyg T Kidery

g L A i M thom of radloactivity

mimutss afler L v fefoctio  of 4C FGSI fnt

cortex, the thalamms and the hippocampis roisln sadioectrvity to o high degree.

after | hour and after 4 hours the radboactrvity In the brain was very low
The mamntmned the highest concentration of the braln
areas for the longest time., The concentration 1n the spinal cord was high
at 5 and 20 minutes after the inpction

Endocrine organs

A high concentration of radioactivity was seen 1n the pitwtary and
the adrenal medulla. An especially high concentration was observed in a

zome between the cortex and the medulls, Some uprake was also seen in
the thyrold.
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Cor bral ot Ippocamps

Fig.4 Part { whole body wtoradogram showing dietribution of radio-

acthity fntho braim 20 mi utesafterl  Infectt  of +C FG31)1 Thehighest

coocentration of radioactivity i1 seen the cerebral cortex, thalems
od hippocampus.

gram showr g of radiox (rght ree) ina

maje moute, 4 hours after  mpection of 4C FGS111 Most of the radloactnity
moseen  the lver the bike  d the gastrointestinal tract, indicatng the marked
bepatic excretion of th substance or ifs metabolltes of both,

Respiratory organs
A high uptake was found in the lungs at 5 and 20 minutes and | hour
after the inxeetion High activity was also seen in the nasal mucosa

Circulatory organs
A moderate uptahe was seen 1n the heart and the walls of the blood
vessel
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Spteen  Kaduay

Live Pancrens
Flg & A showing of rad brity (Lt areas) 24
houss efiec L iojection of 1 € FGSI1I Some radioactivity fs #een | bver
pancrens, splors, (otemines and kidooy Ouly traces ary seen in Other orpans
euplmﬂud(’-;hnd-hlhnnm'-ndn-pkmuﬁndaudmyh{md
In some small patcher

cunuuid- runn Placenta
showing (ight areas) o late
Pregnant moase | honr after Ly Ln}vmonofucmsm The sobstance pases
the placenta burreer bat the concentration i Lower In the fostus than | Lb-mmh-—
Nots the lugh concentration  the gull hisdder of the motber

Flg 7 A d

Gastrointestinal tract

The Irver accumulated & high amount of the myected compounnd. The
fughest concentration was seen from 5 nunutes to 4 hours after the Injec
tion. Saroe radloactrvity remained in the liver at 1 2 and 4 days afier the
injection and was then mamly confined to small areas (Ag. 6)

A high concentratron was seen 1n tho gall bladder from 20 minutes to
4 hours after the wnjection (fig. 5). The gastrointestinal content also showed
a high concentmtion, especially at 1 and 4 hours after the infection. The
salvary glands took up redinactivity to a large extent, The activity in the
exocrme part of the pancreas was fairly high and remained s0 up to 24
hours after the injecthon.
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Lymphatic organs

The spleen the thymus and the lymphatic nodes took up some radio-
actvity In the spleen the radwoactivity was mainly concentrated jn some
acuve spots at 24 hours after the injection (fig. 6).

High concentrations were found in the kidwey and the bladder from
5 mmutes to 4 hours after the 1njection.

The Harder 5 gland showed a fardy high accumulation of mdioactivity

The skeletal muscle the fat and the shelefon showed a low uptake of
radicactivity

The bone marrow showed & moderate uptake of radicactmvity 5 and 20
minutes after the injection

Placenta and foetus

The penctration through the placenta to the foetus was studied m two
pregnant mice killed 1 and 4 hours after the injection. The radicactvity
passed the placental barrser but the concentration in the foetus was Jower
than in the mother No specific localization In the foctus was observed

(fig. 7

Discusalon

Investigations by LARssoN (1965), unpublished have shown that FG3111

is metobolized into several more polar compounds in rats and rabbits.
) It Is therefore very [ikely that the autoradiograms show both the anchan
ged compound and 1ts metabolites.

Our results show that FGS111 and its radoactive metabolites rpidly
reach different parts of the CNS The highest uptake 1s seen in the thats-
mus and the hippocampus. The radioactivity leaves parts of the CNS
fardy raprdly but remains to & considerable extent in the hippocampis
at [ and 4 hours after the ingeetlon, whuch corresponds to the durntion of
the pharmacologicat effects (CHRISTENSEN, HERNESTAM, LASIEN & STIRNER
1965) The main excretory pathway seems to be in the urine, which 18
indicated by the present studics and the unpublished investipation by
LarssoN Our results revent that a conuderable part of the radioactivity
15 excreted nto the intestine vin the bile Since LaxssoN found only & fe
per cent exereted via the faeces, 1t s highly likely that reabsorpiion of the
substance or its metaboltes, or both, eccurs from the wntestine ;

Most of the radmctivity left the body within 24 hours. Rnd.-oﬂ‘g

was then mataly observed in the lver the spleen, the intestines t
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Kidrey The spotty appearance of radioactivity in the liver and the spleen
may indicate an uptake of the compound or its metnbolites, or both, by
the reticuloendothelial system. Approximately the same distribution
picture was seen in the liver and the spieen after injection of intiated
dextran, winch is known to be taken up by the retrculoendothelial system
(HANNGREN Harmson ULLsira & Azera 1959)

In many ways the distribution picture corresponded to what 18 found
after injection of 35S-chlorpromazine, which i distributed in the nervous
system of mmuce 1n the same way as FG5111 (SsbstraND Cassano &
HAKSON 1965) We noted the high upteke and retention of both com-
pounds by the hippocampus. After chlorpromanse, however the radio-
activity disappeared more quickly and more completely from the blood
than after 14C FGS111 The radicactvity stayed longer in the CNS after
chlorpromsunc injection than after FG5111 Both FGS5111 and chlor
promarme showed high radicactvity In the pitultary gland The high
activity after FG5111 in the adrenal medulla was not seen after chlor

promezine, which, on the other hand, showed high activity in the adrenal
cortex

Swmamary

The bodily antoradiographic distribution of 14C FG5111 (y(4-methyl-
pipendino}-p-fluorobutyrophenone hydrochloride) after intravenous ad-
ministration was studied in 7 male and 2 pregnant female mice

Th:cuehrnlcon:x,hjppommpmmdthahmmnhawdhighndio-
activity from 5 minntes to 1 and 4 hours after injection The activity {n
pituitary and adrenal medulls wes slso high during the same period.
Kidneys, liver and gastric glands excreted radioactive material. After
24 hours, most of the radioactivity was found in the Liver and the intes-
tipes, but i was only 2 tmalt part of the amount injected  Becawse of the
heavy excretion of radloactivity into gastric julce and bile, there was

probably h lation. The rad) ity passed the placen-

tal barrier in pregnant mice, but the concentration In the foctuses was

lowcrlhanhthcmath:mﬂremdbadxmymcvmlyduﬂ‘fh‘utnd
among the foetal tissues,
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(Professo Kowd O, Moler M.D)

A Titrimetric Method for Separate Determination of Specific and
Non-Specific Cholinesterase Activity in the Absence and
Presence of Irreversible Inhibitors (Paroxan and DFP)

By
Jens Jemves-Holm
(Recxtred Apell 7 1969)

As shown by ALLEs & Hawes (1940), the cholmesterases of the orga
nism 13 & mixture of two different main forms, best termed specffic and
non-specific cholinesternses. In erythrocytes the specific cholinesterase
slone is present. In plasma a mixture of the two m usually present, though
generally with preponderance of the non-tpeafic component, udged by
the methods employed so far (HAwkiNe & MENDEL 1947 among others)

These enzymes (survey AUGUSTINGON 1961) have been scpammte
determinated 1n accordance with two different principles the aid of
spectfic substrates or the ald of specific inkibitors Whereas acetyl-f-
methylcholive (metacholine) is hydrolysed by the spectfic cholinesterase
(AChE), benzoylcholine, butyrylcholire or proprionykholine 1 hydro-
lysed by the non-specific (ChE) As pomted out in Augustingson s sarvey
however the speafiaty is not complete This may invelve that, in the
presence of excess of ACHE, for instance, the valne found for the activity
of ChE will be a ittle too high, becuse AChE can also hydrolyse this
substrate, though to & small extent only Use of speciiic inhfbitors (in-
troduced by ALDRIDGE 1953) has within recent years been regarded as the
procedure of choice for i1 vitfro measurements as well as for histochemical
analyses. Here too the specficity is incomplete, however and the method
13 rather complex, &3 each samplo must be subjected to not less than thres
analyses

(2) Measurement of [AChE] by adding a surtable Ihibator of ChE,
(b) measurement of [ChE] by addmng a suitable inhibitor of AChE, and

© of the combined sctivity without the inhibitors used
for (2) or (b)
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The result of (c) should at least be equivalent to the sum of the actmite
measured by (a) and (b) This sim can, however be expected to be slightly
lower because the inhibitors used are not sufficiently specific.

Measurements of cholinesternse activity 1n cases of polsonng by
irreversible anticholinesterases require spectal steps to be taken in pre-
paring the test muxture, partly to provide against a possible spontancom
reactivation and partly to prevent any possible continued inhibition after
excimon of the desired organ (BLasem & Creasey 1959 Joamv-Hows
1960 SCHAUMANN 1960) As 1t is desirable not only to measure the
combined activity but also to know the relative shares of [AChE] and
[ChE] a method*) has been developed for which the above demands on
the procedure can easily be met,

Method
The method i based in part 60 Previous resuhs for the course of the enrymatic acth iy
at different y ! t At concen ding aboat 107IM the

pecific chol nesterase activity bs seen to decrease, wherers the nom-speafic acth Ry bncreases
(AvauyTomoN 1948 Jenern-Hotw 1961 If thess actnvaties are know  t two diferoat
sabstrate concentrations, it w U be posable by  single muthemates! cakeulatlon, to estab-
lish the relative cu m of [ACKE] and [ChE]

Symbols used
ACHL cetylcholine odud
AChE  specific chohnestoruse
[ACHE] specific cholinesterase acthity (umol =y mi1)
ChE  monospecific ch hinesterase
[ChE] non-sprafic cholinesterase activity (cxpremsed as for [AChED
G sobstrat  concentratson
) ps neg. Jog of Ca

Choll ectirity wos rically by medms of ™
t P and “T tngraph™ (ooan-Hows, Lauex, MitTHie & Moulen 1939). Ry meam
an external scalesxpander (Rediometer Type PHN 1) the scnuthty of the Pl""""m"
increased about 13 times, with  resulng cossderable mprorement n sccurdcy bk
teraperat re (33 ) and pH (7 40) were kepd constant. The tsne concentration u'n“
muxture was kept t hwmermﬂybetwmallndajx(mrﬂdcuA ypo-nw.
spontaneocs actd of base prodectson was carclully balanced by meams of an l-djmm
continvows ddibon of base or od (Iexu-Hous INIL‘th:radudlnlﬁchm
cosmumpton ( lh:ulnmph).ThmACh]‘uldd.dtol:o‘crmnuonoflmﬂ“"«
test mixture, and 2 IMML““WMM[;:W“IB:IA(\!

d bete ption st

:umm%?mmmm before the  ddihon of substrate I:;.m“
fmlhmooxymmmbﬂnuhydrvlpn-nhemudAclmmmm o
catcatited to be 1 03 per frour of the gasouat present bn 1he tent mrutire, rrespectn’
the conceatrations ksed

) The method was described paper rend befors The Second
cological Mertiag m Pragoe 1961

d 3 T

Istersations] Fharma
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0 ay t

0 4 8 2 min

Fig | Ezamples of utrimetrio recordisgs used for

scparuting [ACKE] from [ChE]

Absctma  Thoe fn minaies.
Orlinets ool of NaOH 1mad 1n the thration.
1) The pon-saxymatic hydrolyss { AChLat 10 mM t & volunee of 30 ml saline.
b) Lo the presence of erythrocytes (grmoas pug). The lefy part therws the thght base consump-

tion before  &&ng ACH] The middiepart. t1mM TACHL Theright part 110 mM
of ACHI

©) 1n the presencs of retroplaceiia screom (Cotm  fractiom TV-6). The three stepe of the
curvw a3 10 (b)-

Remlts
ACRE alone

Hrythrocytes from man apd guinea pig were chosen as examples of
occurrence of AChE alone. After centrifugaton and washing several
times with 0.9 / sodivm chlodde sohution, haemolyns was produced by
means of dustilled water After the pH had been redoced to 6.5 the
“shadows™ were centrifuged to the bottom. Thess were washed several
times at the pH stated (Jomess 1932 AvoustiessoN 1948) Then the
enzyme sctivities of the “shadows” were determined at | and 10 mM of
AChL The ratio of the actrvities of the “shadows™ at 10 and | mM proved
to bo identical with that found for plasma-free haemolysate and almost
identical with that found for unwashed erythrocytes. The ratio of the
activities at the highest and lowest substrate concentrations mentioned
mcu.lcuhtedlobc.0645i0m5(u.m.,n-=ll)LalhtactIv'}tyﬂt
10 mM wes found to be about two-thirds of that at | mM The ratios
found for human and gumea pig erythrocytes were identical
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ChE alone

No organs, nor even any parts of organ nor plasma, contain noz-
spectfic cholinesterase alone (ChE) A suitable preparation was therefore
required Measurements on plasma from normal humans gave ratios of
activities at the hughest and the lowest Cx, ranging from 1 70 to 1.5,
agunst 1.35 to 145 i plasma from guinea pigs. The relative amount of
[ChE] must therefore be greatest in human plasma Certain known factors
were utilised to remove all AChE. ChE 1s completely destroyed at pH 2.
At pH 4.5 AChE is destroyed (AuGusTinssov 1948) By temporary
reduction of the pH it is possible to destroy ACKE without an apprecuble
amonnt of ChE being lost. Thus, for instance, by reduang the pH to 39
for 90 seconds and then rapidly re adjusting it to 7 40, the ratio between
the activities at 10 and 1 mM AChI was found to be increased to about
196-1.98 in both kinds of plasma (from human and gunea pig) With
purified retroplacental serum (human Cohns fraction IV-6 (AB
KABI)), the mtio wus cakulated to be 1975 £ 0010 (s.em. n=6)
i.e the same ratio as for the add treated plasma Acd treatment of the

Table !
Cakulatson of JACKE] and [ChE] In a random thewe specimen.

The eoalyshy Inclodes determmation of the cholinesterase actnity t
1mb (A) ecd t 10 Al (BL The specdlc companent will be redwerd
at indicated, and the non-specific one will be ncremsed by ckovating
the substrate coscentration from ! to 10 mM The actnhty of ACRE
and ChE at | mM could now be found by solution of the tuo slmphe

shown. In practics mmadoby the
Guotkent (B/A) winch i then found i the somogram (fig 2. bere
the percentags distributton betwren [ACRE] and (ChIJ at [ mAf can

be read directly
ACHI 1 mM 10 mM
{ACRE] X X 08
(CuE) Y Y » 1978
Som A~X Y E=X 06S+Y 1978

Aand B 1 keow (ibe mixcd sctryities mcreared f the t gab-
strate concentrations wacd). X ndYanberm-dby.olmbnoflM
equations
197354 B ]

0 643A
X = '3 and Y = 3
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fraction of retroplacental serum mentioned had no effect In altering the
atio of actrvities st 10 and | mM AChL

The procedure for calculating [AChE] and {ChE] in & given tissue
sample is shown 1n table 1 After determining the ratio (B/A) between the
activity at 10 mM (B) and 1 mM (A), this Is found in the nomogram
(¢, 2), where the percentage dutribution between [ACHE] (below the
fine) and (ChE] (above the line) can be read directly The extreme points
of the line, corresponding to the mtwt 0 645 end 1975 show the presence
of [AChE] and [ChE] slone, respectively That the curve Is & straight line
3 evidenced from the smpke equations given. The amows seen in fig 2

refer to ratiox found for some organs, the snbject of further comments in
tablo 2,

Table 2

Datermuosiion of [AChE) and [CWE] t 1 and 10 mM ACh! In
difforest orgam (Trom men and guines-plg).

Inthe table 1o prewented the reulty fdetermining (ACRE] and [CRE] in erythrocytes and
plasmg (rom man and gmnes py. The distribution s thown t the two tubstrate concs
trations uaci fn the method described. The ratios (B/A, wee tabls 1) ar shown. For erythro-
cytas from man and gaines pig they wers found (0 be the sams and  a grooped Lopether
For the 1beoen and brum from gones pigs, the teealts ste shown partly for wntrestsd
ainal, pastly after kilffag them with parcxan (detyh p-oftrophenylphotphate) given
Imtravesomly The ratkas for both  rgans are Increwsed samewhbat afte the paroxan frest
oecnt. [ACHE] mmt tharefors be inhiblted more than [ChEL

[ACHE] and [CuE] In % of total

mioBAL em)) | mM ACh 10 mM ACK
[AChE] [ChE] | [AChE] [ChE]

Thwns (normal) | n

v erythrocytald 1 Q64 0 oS0 100 g 100 ]
b trafa*) 3 ary 00084 912 [ %3 nv H k]
c. teun’) 3 1302 00340 s0.3 492 pi ¥} 40
d plasroal) 3 1336 466 4 2. 78
« plagmaf) 14 (s 00043 186 4 65 N1
€ feaction LV-4

o sckl treatad

plasara 6 1973 w0104 o 100 [ 100

Afu paroxa
bramy 17 aT7e 0oz %o 100 752 242
Uwmtal} [t] 1lamM 00490 “s 335 08 »2
%) bumana

) goins pig, N standard €rror of the mewn,
) cersbruat minm cerebeiun and medullt
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[AChE]& [ChE] at103M ACh

e o
’e whe) -
C
50- d "
2% Ao e 7

f
% @ 12 1% 18 1 u'w"'
ratios B4

Fig. 2 Nomogram f r ths drtrdbution of specific and po -specific
chollnesterase ctivity t 1 mM of ACh!
Abscisa The ratios between the measnred cholincsterase activities at 10 aad | mif of

AChI (B/A)
Ordinate  {ACHE] as percentage { the toml chol nesterase activiy measured t 1 mM
T AChH!
After determind g the ratio (B/A) descnbed, the pount om the -

fo nd. Below and bove will be found [AChE] and [ChE) as percentages of the total

activity meesared t1 mM of AChI
The rrows tu, b d, e ndfghve cxamples [ ratios grvem 1 table 2 (normal tnoa).

The effect of DFP (dilsopropyt-phosphorofiuoridate) in vitro
incubation (hwnan plasma and erythrocytes)

DFP 11 known as an irreversible inhibltor which at low concentratien
srill marnly inhibrt the non-specific cholinesterase In some experiments ks
vitro DFP was used to show the effect on the ratio (B/A), for human
plasma, in which we should expect the ratro to decrease, in human
crythrocytes, in which the ratio should be unaltered and finally for a
mixture of the two 1n which again we would sec & decreasing ratio The
results are presented in table 3 DFP was used at concentrations from 2 (o
20 ng/ml made from & stock solution of 10 mg/ml 1n propylene
glycol diluted I 1000 with distilled water The reaction volume was 50 m!
time of 1ncubation was 50 mun., at 38 and reaction ncutral The pH was
taken to 740 10 munutes before addstion of substrate. and the utrabon
procedure was started

From table 3 1t 13 seen that for plasma the ratio decreased from [§2]

to & because the

to 1.37 Further d was impossibb
en be too Jow for exact cafculation Tix

t of [AChE}.

activity measured would th
snhitation of [ChE] s mare pronounced than tha
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Table 3

“The quotknt (B/A) of human plaston (1), buman erythrocytes (73,
end  mixtwre of tho two (3) at Incrensing coacentration of DFP (dr-
hopropyl phosphoroficoridate).

The plasma nd erythrocyies osed origieated from the sme normal porson. DFP wes
edded to (ho comctiratiom set out. facubation at pH 740 was stopped after 50 minetes
bylhelmno(AGilfﬁmlwnﬂoﬁlﬂerﬂlombﬁ.mmntbt
hi;h'lndlouumhtrmaooccnmtbummmtd nd the ratio betweea them
(B/A) we foand. [ACE] and [ChE] were caleuiatod x| table 2 For better eomparton,
the acttvities { t 1 mM) are expresesd o5

(1) Plauma per 200 1l
) Erythrocytes per 60 1
() The mbxtars of tho two per 200 al plasma und 60 p! I erythrocytes.

Incu-
pEP Ratio
batson MCHE] (4) |(CEE (V)
el ey | BA
(1) 1 of phum |
400 0 1748 Q0746 0369
400 [ 173 0 07]2} 100 0.173} (oo
400 2 50 1602 00572 (76.9) 0203 (%46
400 5 0 1574 00390 (324} 0091 (24.5)
400 10 50 1375 00184 (207) 0016 (44)
@ w1 of weythr
160 ° 0665 0333 (100)
160 2 0 0.690 0.728 (¥74)
180 10 0 0675 Q1B (465
160 w0 “© 0.673 0137 (34I)
) plasraa 200 a1
+ eythr 60 4l o 1071 08% (1000 0404 (100)
5 0 0888 0615 (798 Qiss (e
- 10 50 0753 Q05K (6307 0036 (1Im
0 50

0671 0416 (484) 0009 (2.7

On uosing erythrocytes alone, the ratio was rather unchanged. This
means that we here only have ACHE, and that the degres of inhibition
at 1 and 10 mM of AChY 1s rdentical.

Inth:mlnu:eofphmandcrythmcymlh:mtiolp.lndmmd
with increasing concentration of DFP from 1.07 in the control to 0 67
ltthcmx}mcommuonmed.mmemowﬂm[AChE]m
reduced by about 50/ and [ChE] was reduced by 98 /
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Faroxan in guinea plys

In gutnen pigsy poisoned by paroxan (dsethyl p-mitrophen: hosphate,
E-600) (Jensen-Hotrum 1965) the ratio for the g'lmi‘ (tahll’-: 2))\13]: found 0
have nsen from 1.30 in the control material to an average of 1.38 Max
imally 1t was found 10 be 1 70 In the brain the ratio rose from 0,74 10 0.7
(maximally 109) The groups of anmmals numbered 18 and 17 All the
analyses showed the cholmesternse activity to be reduced The finding of
the somewhat increased ratios for both organs probably ngniftes that the
mhibition was most pronounced for [AChE] (cf ALoriGE 1950 Briie-
WICZ-STANKIEWICZ ef @] 1954 Heatu 1961)

Discusston

The titrimetric method described above for the separate determination
of [AChE] and [ChE] in the same vesse! i3 simple and therefore offers
certamn advantages. On the other hand, it also has its limitations, being,
among other things, inapplicable 1n the presence of reversible inhibitors,
becauss these, by competing with acetylcholine, will have an unpredictable
influence on the results Use of the method as described also presupposes
that the apparature affords a possibility of adding acetybcholme by tao
stages and preferubly that there 1s connection to a recorder Furthermore,
an exact knowledge is required of the enzymatic activities of AChE and
ChE ot the substrate concentrations chosen In the case of very pro-
nounced inhibition it 1s & considerable advantage to Jncrease the sensitity
as described above, by attachung an external scale-expander

While, as stated, the method 18 unswitable in the presence of reversible
inhibftors, 1t is parucularly suitable where trreversible inhibitors are
concerned  Using the dilution of tusue samples prescribed and the faidy
rapid addition of acetykcholine (cf SCHAUMANN 1960) no further inhib-
tion nor measurable reactvation of previcusly inhibited enzyme wil
take place dunng the analyss A nse of the acetylcholine concentration
from | to 10 mM has no wfluence on the degree of mhibution of [ACKE]
or of [ChE] It must be consrdered an advantage that by the procedure
described above the enzymatic action 15 expressed directly by the ability
to hydrolyse acetyicholine, which is the physiological substrate Allhough
the analytic precision is high. the determination of [ChE) 13 admittedly
less accurate 1n cases with very low quotients (0 ¢. approximating 0 643-
Convertely the nccuracy of determination of [ACKE] will be reduced 8t
very high quotients, approximating 1975 This is, however in both a8
2 natural consequence of the fact that the activities mentioned then are

very low
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To demonstrate the usefulness of the method, two series of experiments
have been carred ont Plasma and erythrocytes were Incubated I vltro
with increasing amounts of DFP which Is known as an inhfbitor first of
all of ChE. In plasina, which contains both lands of cholinesterases, the
quatient Is reduced with Increasing concentration of DEP from about 1 75
to 1.38 showing that ChE is Inhibited more than AChE. In the case of
erythrocytes, where AChE alone is present, the increaning inhibition did
not mftuence the quotient. This means that the inhibiton degree at the
two substrate concentrations used is the same. In the mixture of the two
systems, the quotient agam is reduced with ncreasing inhibiuon as was
expected. From table 3 s scen that AChE 1 inhibited to a smaller extent
than ChE, but the results could not be directly compared, because the
amount of tissues wsed in the three serfes could not be the same. The
behaviour of the speafic cholinesterase, however seems to be the same,
showmg that AChE is contained also 1n human plasma. A direct compari-
son could have been done if & great surplus of DFP was used, and the
incubation should then be stopped after & few minutes. But such a surplus
might possibly compete with acetylcholine,

Paroxan i3 known to mhibit AChE shightly better than ChE. In ex
periments on gumea pigs grven paroxan intravenously at different rates
of 1nfusfon until the animals were killed, the [AChE) and [ChE] o the
brain and lower parts of ileum was determinated by the method mentioned
On an average, [AChE] was inhibited slightly more than [ChE], and r3 a
consequence the quotient was clevated somewhat. In case of brain, the
quotient rose from 074 to 0 78 and 1n fleum the quotient was increased
from 1.30 to 1.38 The total activity at the moment of death, measured
at 1 mM of ACAI was found to be 7.3 / (brain) and 23 1 / (ileum)

In the two seres carmed out, wo found that the quotlent in the presence
of DFP was reduced (or in the case of erythrocytes unchanged), and 1o
the presence of paroxan the quotients for the brai and ileum both were
Increased. These results could be taken as a proof for the vahdity of the
procedure.

We are not yet able to setile the exact number of active, enzymatic
centres, but are obliged to express theur action by the ability to hydrolyso
an existing substrate, among others. The absohute values as well as the
pcmauhgedhtﬂbuﬂonoﬂhcucﬁvhybctwemAChEdehEdcpmdou
the substrate concentration chosen

At6x10'1M.,[AChE]inhmnanph1m.umﬂmnml.5/ of the

bincd activity d. It i mteresting to campare this result with
that reported by HAwkns & MENDEL (1947) By converting the figures
g;lwnthnnbumdonm:ﬂmrmmﬁunngwtyidmﬂnemdnxtnchoﬂnn,
into values expressed by ACh alone, we find that [AChE)] comstitutes
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{ChE}in /e of total

100 4 —
plasma ,/"
75 ot ’
4
Fd
50 - #
/I //
‘/’ “ fleum
25-7 i
/I ’/f
7
786 8§ & 3 3 |

Fig. 3 The courso of the distribution of
[ACHE] and [ChE] {n huma plesma and o guines pig Heum, ot different
coscentrations of AChI

Abschta DS = the negative kog of C, (the coocentration f AChI)
Ordinate [CHE] as percratage of the total activity mensured st diferent concestrations
of ACh!

Upper corve  Human plauma (mea of 14 sorma! persons)

Lower curve Guines pig teum (mean of § ancmah)

The cunves show perceniage distmbutions of [AChE] nd [ChE] t differest

ceatrutlons. The relatve sh re of (CBE] b ~d t wburate

{ ACh. The broken limes e extrapolations, mude partly on tie basts of the results obtristd

by Jusmn-Tiors (1961) who determined the course f the scuvity of enythrocyies ndof

plasma (bumsn) st varoos susbtrate concentrations. The share of [ACHE] in plamny  of¥

then subtracted from the plasma sctirity mearared U the different wbstrat comcoutration.

I the ileum the drstributions 1 | and 10 mM were directly determined The brokea ks
from based o3 bore.

sabstrais cos-
Jows

about | 6,/ of the total actrvity measured at 6 > 10 3 M ACh (cf Davils
& ONa 1950).

In fig. 3 is shown the percentage distnbution at different substrate
concentrations, illustrated by two examples human plasma, and fleam
from gunea mg. The plotting of the curves are based on 8 hmkd%rﬂf
the course of [AChE) and [ChE] at diffe t
(Jexse-Houst 1961) wath a necessary correction for the share of [ACRE]
1 the cholinesterase actrvty of human plasma, the influence of which had
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been estimated too low in the reported stody In the case of plasma,
{ChE] at ugh substrate concentration was found to be almost equivalent
10 the total actrvity measured. At deereasing Ca the percentage share was,
however cakulated to be very considerably reduced Similar estimated
conditions were noticed m the case of the fleum. If the extrapolations
petformed are correct, the curves suggest that ChE at Jow (physiologteal)
concentration of ACh has no or very little acetylcholine-hydrolysing
action This hypothesss m in fair agreement with results achieved by
Hawkns & GunmiER (1946) Hawxna & Menpel (1947) Sreiiey
(1955) and m part also with those of MUNKNER e7 al (1961) and Jamre-
son (1963) These workers 1ncline to the view that ChE hardly has any
(nigoificant) physiologreal or phar logic funchion as an acetylcholine~
hydrolysing enzryme.

Sommary

A snple titnmetro method has been described for sumultaneous
determination of epecific and non-speaific cholinesterase actevity in the
same test mixtare with acetylcholine as the only substrate, successively
at the toro concentrations of 1 and 10 M The ratios between the
activitics at the highest and the lowest concetrations were calculated as
0 645 for [ACRE] and 1 975 for [ChE] With shmultaneous occurrence of
the two cnzymes, ther relatrve shares In the actvity can ensily be caleu-
Iated.

The method described 15 sensitive It 13 suitable not only for normal
orgam, but also in the presence of frreversible cholinesterase inhibators,
but not in the presencs of reversible inhibitors. DFP and paroxan, as
cxamples of frreversible inhibitors, were used to demormtrate the validity
of the method.

It hos been conchuded from the present and previous results that the
nonapecific cholinesternse (ChE) has poasibly no ngraficant acetylcho-
line-hydrolynng action in riio
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(Proferso Xnnd O Maler M D)

Resplratory Chranges In Guines-Plgs Polsoned by Intravenous
Paroxan ~ With a New Method for Separated Electronic
Registration of Inspiratory and Explratory YVolmmes
By
Jevs Jewsen-Holm
(Raccived May 3 1965)

Numerous biological experiments includs measurements of respiration,
whether from 2 wish to study respiratory functions or merely to check
whether respiration is normal during an experiment. As a rule the classical
method employed consists in recording by means of Marey’s tambour
By this procedure it Is probably a combination of the volume and the
flow rato of the tidal air that is meanured.

With the introduction of an electromc apparatin 1t became powsible
to express the respiratory functions more accurately by means of physical
units. For instance, wo can measure the mate of the alr flow (m millilitres
per seond), the volumes of expired and inspired air (in millilitres), as
weﬂuthcrwimmryraic(lncyt]upcrmlume),th:mnvcmuofﬂm
thorax, and the fluc )] Each of the fu
mtiomdembercmrdndbynuub}c elcctmnk: equipment (JorRGENSEN
1964). As rate meters there can, for instance, be used an integrated im-
pulse tachometer or a digital tachometer (which indicate the frequency
by measuring the interval between two successive impulses)

The system employed for our study (sec fig. 1) is in the main well-
known 1n principle and was originally introduced by Fresm (1925 &
1935), who described the poeumotachograph. His system consisted of o
differential pregsure manometer for meamring the difference between
Lhcprumruintwodlﬂ'ermtm:dmofnrpadaﬂycommdmbe.
through which the m-going and out going alr were ensured laminar flow
The faster the afr passes through the tube, the greater §s the dufference
in the pressures recorded. The system was improved by Fremm (1956),
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ER R

Fig. | The exporimental 1xp for detormining respirniory fumctiox.

Iy, b (A. Flebsh) dtoa

T Low pressare dfforvutiol tromadncer (Btatherm, mods] PM 197), by which the preururs
L. cd from the p are Into dectrlo farces,
waplified by an

3) Anpliher (Mmomsen & Wesl model A 39). From thls amplifier ars cannections
to the writar (6) and to an

4) Integration ampiifar (Stmoneen & Wesl, woded A 391, Betwean the In- and emiput is
placed an

5) Ausewaric (iarerpheric) care adjuster (Simomen & Weel, roodel AZC-64). The botegrs

model TLS- 1), Recordings ase shown to

By (3) tbe respuratory air specds are recorded. By the lategratton amplitfier (4) thess are
tramaormed futo alr volomes By mouns of (5) the yolrmees for insplration and exphratioa
are deparated and the amphtodes are placed above and beneath the common zrre Lina,
o iestrated n §g- 2amad 3,

abrays becoosts xxro. It takes § moec ' wttam the  wtoomstic a0 beval When the relry
ek thew opens, the emplifier can Imtegrats gan, The pparatos further affords the
Powlulity of leithag the Taro sdjosie Twmaln activated throeghont b epinatory or
inepiratory phase, so that the amplfer for brtegration shows zero voitage during the
phese (nrolved. This allows tracng of the volyme cirve fo7 the other phass slone.
The rero sdfmeter descetiod hes besn cotatricted by the Arm Blmonses & Woal (Model
AZC-#4. AZC = utomatic mero control). The followlag specications ar  requbred:
Seautrvity 10 mV pf. Input mepedanss 10 ko ohm. Outpot tmpedancy 100 obm.
Tiaw of sbort clroumt S msec. or half period of eignal The spparatos b able to follow
fatey of up to sboot 30 He

€ wrepk ink writer (Eloca-3cb Mode TLI-8), provided wht § guivano-
oectyms, of which & are osed {  recording variow feactiont asd two ere fateaded for
Thatking tirse ard svexts. Dunng our exporinents the papar was sdvanced at & rate of
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mi/gec!
A ’
1
A ~time
Y

B-1

ml;

FIg L Decermination af respiratory velumer by Ixtegranow of the air speed daring e
respirasevy cycles  itheut and by w3t of the amemanc (interphasic) 2ere odinster sy b
sckemmtlc way
Upper corre et tn mt wirfec. (ot Tha abachisa 15 the Lime

course. Tho katched aress are kspination volume (1) or explration volume (CL

Mediswt curve The respiratory volimes (ml air) determined by {ntegration withost the
d

use of tho automatic zero sdjuster Tho volumyes 1 tho areas
abore are shown. Bocunse (1) i3 dilferant from {(E), the curve soon will cutemd culside
the recording puper

Lewer cares The respuntory voluses by nd ne

of the axtomuric tere dfurter wihich will split up the curve (from the medlom cotve)
bero as indlested. The reapiratory volumes are now placed opwards d the cxpirstory
J} volumes downwards from & common basc fine (rero Linel Every time oas pasws from
the 0 to the Uppotite respiratory phase, the cwrry imovediately & taken down to the
22710 line. The mext phase will them be written 1t the otber direction. The thec of shofl
arcuht # S muec. beeavsc of thrt we ste an Indication of the base ima being o brokes
Niow, nseful m the readmps of the tesults
It bs posuble to get tracmpp fo erther L msparatoey or the expratory volumes alose

between 0.5 bd § mmysac. At the tlowent rates it fa gencrally mectasary (o was an  soiliver
for adyerting he Bre itk 1o the deured gabasometers, for the purpose of traxyormiss
the others b contimuos Lwe of Nk 1o & narrow bundle of kk drops, 10 avokd ket
biots on the paper

The sutomatic zero adpater dewcribed 1 combuned with a8 mtegrated Empalse tacho:
roeter which can be msed ewher for umullancows measrement of the Teplratory rate o
In free positon for an mmmmw-:mmhﬂ‘
experiments described below

Th  uwiomstic rer  adjuster (1) In tho ystem reported has not been described beferé
[ this form H was wied for separsted ehectronk crgtr tioa of Insjrred and evpered 4
volomes The valwe of the  ppararus will by shown belos
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By means of the aaplier (3} carve ks traced giving  tinsar expression of the rate of
the air fiow oDe way the otber throwgh the Fheh tube. If desired, the carve esn easily
ba calibrated to mlsec. No soch cahibration was preformed in our experiments. Tho conree
of the curve for  resplrutio s shown ia fig. 2, A, Tha spacc between he traced enrve and
2 bass Un, cotrespomding to an br fow rate of rero (L ¢ o measarcabl differencs In

) Is squrvalent to the toin] vokane f air passed during the perfod concened. A
M;hlhﬂavnflhnnﬂnmbu(uhdklhdwlb-rhhthﬂ;LA)ntdmumulny
th f the specs loned, cven though the maxlmom of the

carvs thereby rises comidenably The alr volome pased b calculated by memsyring the
mmumw,mwmwmmmammmwbn
e ln fig. 2, B-1 ‘whecs the rising sections of the curve (L «. the difference {n helght
betwsen the Jowest and the next highest soction), fo {ostance, equal the yolmes of -
soired {r The deceeding sections then correypond to the tosyrred volwmes. The rmaxtma
and minima of the curve B-1 arc uteated ot tioe Jevels corrmpoading to  cours { the
sespinatory ruis (curre A) pamsing zsro. It s scen that the curve B-1 i o0 b way out of
the record space Tho curvs can be bronght back  galn by setting the amplifier for {ats-
pgration at off” for  worent This waaccuyTe cas with sdvantags be sxecutad axtomat
wally t the conchuskan of each phase by the sutomatic 110 djurter deacribed usder (3).

A Mesywremeni of the cupcrsd and expieed oir  olxwaes by thacwends Ixtepratis ond w3y
of the axrvasatic rere sdjuiter

Tho prsciple of th  rrasgement han besat descrfed  bove. The result of the co-
operatha  of the rtro adarster b shown b fig. 2, curvo 52, The ascendiag and

#extbons seen [n curve B-1 are here sipamted, so that each phaso abvays begine at  commo
bem I yero knw For inetance, ths tacending sections represent the yolomes  f ineplred
Alr and the descendrug the volumes of explred It Tho prrod for the  mtomatic edht
memt t gero Jevel bang, & stated, § mste., & cotrapoadingly thort curve section wall
accordingly be st out. A collection of swch cirve secticus will now constkeio a disthnct
base fire, from wiich the [0-golng £nd owt-goeng volames of alr can readily be ertlmated or
mearured. It m evident that  drifing 1 the brtegration cores out of the record space
now i yolded.

The experinent carrled out to demonttrate the mefulocm of the  pparates { described
below

The wx connacted with  ayrioge, whoss phiton wws pewsed
cortaln distance forwards nd beckwards, corrasponding to for tnatance 10 ml, fmitating
fosprratory ard caprmtory volumet The spesd st which the pston was moved varid,
The rwalts are thown bn fig. 3 ( end 4L 1 both 32 and 3b the Ppef curve fy a messare
of tha rute xi which the a1 has passed throngh the Flexh tobe, € of the specd af which
tho piston hus besm moved. This speed can be cabibated ko mljwa, The bower corre T
nrnn&amnunnh:mhmmmcdbymdmmﬁmurmmm
wih the rero adjmer tschad In with the ara of the experim
the deficctions &rv seen t0 be 1 the mme eira whetber the fiston was moved dowly o
quickly The opward deflections cotrespond t puming of the piston In one drection knd
‘hbnmmhmmwumnhanmbowlrﬁd.mm
record the daflections i the ooe direction akeoe. The ordinate hers ©prowed in ml
#nd can be calibrated by betizng the eyrings yeeid 2465 aad 10 ral at tho thoe, By sach
mhmnmﬂnuwrm

daflactions oblained, Proveded the frmits charnctsest Pprwtnotacho-

BTUPD, the tramsdwcer o7 Ust Ink-writer wery mot exceaderd. o of the
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Pig. 3 Determination of air velemes, originated frem « syrisge puhed to asd fro, by
electramic Integrasion nd we of the axtematic (inferphasic) rere affiter
The curves hers shown Tepresent the tame as Indicated by the npper and Jower cancy
from fig. 2. The mto of the nir paming the pacumotachograph b expressed [a mlfses.
(oot calibrated hers), ead the yohmoes, after untegration of thw rate in thve are expresaed
in ml, la which the ordinate bt callbruted (Jower curve in « and in 4).
The sigoals are made by meass of & syrmpe, airfiled and conncctad to the preumotycho-
graph. The piston n moved at  anows spectds, bart the volume per cycls f4 kept comisst
The pper curve (In  or In 8) will show the speed of the al prusing the tube At bigh
specds the amplitudes are wacreased, and at low sperds they are decreased. [ndepesde
)} of the specd oxed, the clumes recorded m the lower curve §  or 1a 3) are Mestial
o3 woald be expected At extremaly high spesds, & shght decrense in the vol mo measarrd
will be seen, becanse the rangs of the pweumotachogr ph n then excesded.
The sapat and output of It 7¢ seen to be separated s the curve reprosenting the mearured
volumes. From the common base hine the inputs are & ccted upwards  ad the ocifei
dowawards. 1t b shown, toc, that the £ero adjusier affords the posibay of recorday
the one phase alone. The rest of paper them could be wsed (of other purpaser.

B. Kegtitration of respiearsry voinmes b ehectronic sregrasien  ihowt  vixg the
axtomatic rerw adjasier

In fig. 4 arvsbonn the resulls famea hor Xpefiment on  gmimes-pig gren cont wooh
ntravenons infunlo  of seetylchaline sodsde. The upper curve shownng Lhe arterial presmire
Is of mo interest #n this connrction, The middke cuny  haw  the rate of rosplnatory ¥
flow Imo and opt of the poeamotschograpb, conmocted 1 traches. The bottom cony
yesuhted from an clectronke ategration of the cune of the rate [ the air flow Lhe €%
preming the volumey passed It i secn, 1 lpl.lbd.d.ctpﬂ'mnw-a}wnzﬂ-(ﬁ'
system before recording, the curve 1 %00n 6n 4 % y owt of th revord pace, (0 kich
1t was browght beck several umes The cxcwrmons  the vol mecurve traced were bett
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Fig. & Detersainction of respirasnry vivmes by chectrosic invgration of the air specis,
witheat x:¢ of the mxtomatic (Uctwrpharic) v alzster during brtrevencus Ixfitien of
sceipichellne e pulses-piy
The figurs thows the offect of L infosion of %o koio & guines plg
(urethane woaertbouls, 1.5 g/kg) On the respiration. The mpper curve reprasent tho arterfal
prosure fa the carots (mexsured by meems of  $tathasn high presaars transdacer Moded
T2IAA) The seslzm corve ghyes the cpoeds of the expiration and insplestion, and the fover
carve ropeesents the volomes recorded aflar integration withoot unng the auntomatle pero
adjoster (carlior cxpachacxt). 1t i seen that this curve s0om disappeared from the writleg
rangs, 1o which from time to time K wes brovght back mamally Tho emplitedes were
kept eoaall im order to keop the recordings v loag &3 possible within the visiblo range.
After §3 seconds the volemes wero redoced, and tie respiratory eir rats way decressed

abso, afler  trunaistory bacrease. The frequency was reduced.

1 spits of the continmed bxfirxion of acetylcholine, the respiratory fenctions shown wem

1o be norratiwd again {pomibly owing to sdapiion to & comstant conceatretion of acefyl-
choling), whcrees the blood premsure  nd the paiw frequency renained reduced.

kept small  an attempt to keep the curve within the record space st long a3 posible.
It W evident that the raro  djuster described abave fa grestly miesed.

Morsover the expertoient showed thut coutlmued taftmion of scetylcholine (19 4 wg/kg
and miia) gredually raduced the rexplratory fasctioms. The alr fiow it after  abort

form of tolerance to  consant concentrato of
wcttyichollne bad vory (apidly taken place (f KXavey & Wriis 1956 Brounm & DuBon
1964). The curve for ke rierisl blood presurs shows no sach retarn 10 normal.

C- Mrenurwmenis of repiraiory ol mes besed o 1he separared clecrremic regixrattos of
ixtpwed oad cpired aur velumer In qunen-pogs roeted by comtimens ixirarrnens ixfurion of
porexss (diethytp-otrophanyl phosphate). The rates f the resphatory alr flow wero
maaestd who the expiratory frequency was found by timple connting of the cycles i
hort periode.

Tho expeciments wits coudacted on tew grines-pigs ( verugs weight 570 p) wader
ure(hane nnasstbesia (1.3 gky eubcutunsomaly 90 miautes bef rr) Aa tnserted tracheal
axnuis was conmected with the Fleh tobe [ sesurements of resplration. The blaod
Premare wat measured {rom the carotis connected to a tramdocer (Stathare,
Modet P 23 A, raaximal etraln 750 v Hy The poles rate wes found by cocating th
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portods. A thig poltyvimyl cathetor was insorted o the juutar vein, proximil-
qd.’hmwﬁm P ¢ variadle th hfdcnd’puﬂun.Thlpccd!do.
nfosion rungsd between 16.1 and 263 pg/kg/minote The experiments
imrﬂmmwomnmlm)w 20 mm loag,
thinsalied robber balloon, mernring abont 3 mm b Gumeter and Blled with water
waa {mserted in the Deom. The ballson was ] Iy with » lowep
mmdm(!hm.uoddPﬂBﬂ,muxlmunﬂnhmme.Tkmfdhrp
were performed s described above. | fig. 3 tbe resnlty origiuating from guines-phg no. 19
ars given b axtract. The uppermost f tho four curves shows the fluctoations of the bstra
haminal premure s the feam intepurfied during the tafwion. Next comes the curve lov
arterial preswere. The thind curve Uhnetrates the £ais of Uy rospirtlory flow tbe spward

bng o the phases and the downwards to the fespinatory
(ef LiwvDaman & SUNDWALL 1960} The lowsst curve represents the volumes of expired
ur calewlated by Integration of the alr fow rates In the phases of explration, recorded
by wewrs of the x70  dfuster deoxriberd. The Instrumedtal posdbllty of leavimg out one
wet 1 volumes (here the yolxmes of nsplration) i utiliscd.

Resalts apd Discosmion
Rexults of the experiments with intravenous paroxan

Tt is shown in fig. 5 (from guinea-plg no 19) that the maximum speed
at which the expred air passed through the Fleish tobe gradually in-
creased considernbly to fall again to values appreciably below the initial
level towards the conclunon of the experiment. The mspired arr behaved
somewhat differently the pessing speed of thds having become slightly
reduced at first, It then 1ncreased above the starting level, though not a0
much as that of the expired air The final fall was also less pronounced
Tho small excurtons seen at the extreme end of the curvo were impartad
by the heart action. For the measured vohimes of expired air the single
deffections moreased somewhat during the first period, to decrease ap-
preciably towards the end. The respiratory frequency was decreased

Survey of ten experiments

Thﬁruuluo(thamuxycrhncnupu‘hrmdwmonmlmp
approximately the same as shown by the example in fig. 5 no matter
whether the speed of mfusion was hugh or low | e whether the animals
died after & shorter or longer perfod of infusion (the shortest and the
longest period were found to 653 and 5563 seconds reapectively The
mcmentufdmﬂlhadbcmd:ﬁncdmldﬂncembommd)er
arrest of resplration, estimated on the basls of the volume curve)

ﬂknmammmmownmﬁg.Gmdﬂ;7 In both figures the
mufmlfmmbegmnluginfuslonwlh:lnlmﬂ'ldnmhubccnktnl
100 ﬂtﬂnmmncﬁommthmnudkdlﬁamcfmlwlo—m
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Fig. & Deteradnaria  af che respiratery sir cater during infusion by parexes o guiscepigs.
The experimental condhsons are detalled bn the text to fig. S for one of the aaimals. I8
the other § the coaditons were smilar but the rates of Infuwon ra ged from 161 (o 2430
kg/ky nd mm (of paroxan). The timo from beginning the infoson untll death ranged
from 633 to 3543 secondse. The trme of death was dofined a3 cesation of respirstion for
10 secomds, pedped by the recoed of expintory volumet
The Y air rates wers cal a1 the means of ut leus 10 peak valoer The
teadiogy were made before begraniag and at 16-20-30 etc. */ of the thue from beglning
o death.
The lenor 1 o owrea slustrate the mean of the expiratory and wspiratory | rates dorang
the experimental penods TAe  xpwrarery air rate (£) wis increased after the start, sndnt
reached o manimom a1 bowt (0% of the tme Therealter u i decreascd 1o kess s 8-
of tho inltial valoe Th [aspiratery e rai (1) was shghtly decroased ln the frst half of
the tinme, Then & wcreased anmd mavimum was reached at 70 of the tmz. Lastly there
was found & decrease gamt Mavel just below the mitial raloe

W may therefore compare the respiratory coadition jost before death (wih a protonsed
expiration) with that of a3 attack of asthea Wronchale,

The spper corre show the  atios between the rupuatory nod brsperatory skt ratea (E/0-
1t 1s scen, that EfT was clevated dunag the 8rt 70 of tha trme, itk matfmam {abost

35 .1 the final perfod E/T wan decraased stoeply
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~— exp vol./cycle
— Imin

0 20 4 6 80 100
of time

Fig. 7 Determination of expiratory vl maz per cycle and per mimere during Leiravemsmly

tafusion by parexen ixto puinen-pigs
Tho reealts oripmate from the murrey of the 10 antmels to which Ag. 6 refers, For fartber
dvalls, wen the taxt to g, 6. The cxpiration rolames ars the xeess of boot 20 rsediags
on sech axtmal. The meam of the valwes from the 10 animah are given a3 percentages of
the metn valos jost before beginning. The frequency i esfimated from the curves s
Cyches per minute (the cycies read over 10-20 sec.). The axplratory volume per minste
fs the roanlt of the Arst mertioned functions. Al vahees  re sxpressed a9 percemtages of
the matial valnes.
The huitia] valoes were

freqoency  78.0 cycley per min.
apiratory vohume per ¢ycts 3.55 ml
apirtory volame per min. 277 ml.

The axpirst ry siagl volurmes waro fncrmesed durtag the smost of the period. A maxh-
mum was reached ln the muddic of the tins mnd was sbout plus 10%. Then the
wplnodes dacraased more axd mors. The frequeacy wis redoced over the whols time.
The curve shown ssems to indicate two steys in this decrouse. The flaal reduction goes
on rpdly The axpinatory vohume per minme & redocyd ko 1n two stepe At the first
o tomae corpanmtion was brought bout by tho Incresss b the stogle volames of expi-
ration. The second fall m sacoelorated becaoes then the Mght expinatory volimet were

decroated raors aod more.
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etc. per cent of this period Fig. 6 shows the average courses for the
flow rates of expired and inspired air The relation between thess rates
is also shown. It is seen that the maximum flow rate of the expired alr
dunng the experiments, both the absolute rate and that measured m
relation to the rate of the inspired air flow d connderably during
most of the peniod, with a subsequent steady steeper fall to less than the
half the initinl values. The conditions were otherwise identical with
those illustrated in fig. 5 Dunng the penod Immidiately before the
animal s death, a prolonged expiration was found, and at the same time
the phase of inspiration was of shorter duration, glving greater deflec
tions. The condhion therefore is comparable to an attack of bronchi
asthma.

In fig. 7 are shown the average courses for the single explratory rohames,
the expiratory minute vohane and the respiratory frequency The expiratory
single volumes increased by up to 10/ above the initml leve, to fall
stecply during the Iast quarter of the penod The regprratory frequency
fell gradually dunng the entire course. The single volumes having in-
creased somewhat duning the first three quarters of the experiments, the
fall m expiratory mumute volume was less pronounced than the fall in
frequency Towards the end of the penod, when the single volumes also
fell considerably the decrease in expiratory munute volume consequently
became more pronounced than that in frequency

The average courses of the changes described show that an attered
respiratorv function was found mmmeduately after the infuston had been
begun In another study (Jensen-HoLm [965) 1t was shown, in relation
to these expeniments, that the specific cholinesterase actinty st the
moment of the death had fallen to an average of 117/ d(blnr;h;i)g;,:
23 m) of those in a control senes. The correspon
forth{:n(cir}:u—cpeaﬁcdwhnumacdmywmlo 1and 30.6 / respectively
Immediately after beginning the infusion the cholinesterase actnty could
not possibly be wnhibited to any great extent. Even a stightly reduced
cholinesterase activity must accordingly have been able to produce the
pharmacological resplratory changes recorded.

Summary
1) An electronic equipment 15 described for the measuring of
iratory air flow rates,
8 ud: E;n:d ;ynd explred single volomes, recorded separately and
¢} the respiratory frequency (or rates of other functions) @
In connection with (b) the automatic (interphaste) =ero adpuster hb:st
scribed. By means of this volumes are recorded from & common
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line If peeded, the apparatus makes it posuble to record one of these

volumes alone.

2} In guinea-pigs, killed by infusing paroxan (an irrevensible choline
sternse inhibator) #t various rates, respirstory functions were followed
n)mrMeqfrrpIreduirﬂowwnsincmmdd\n-{ngwﬁmm/of

the mean period untll death, and then it decreased to below 40/
of the values at ytart.

b) The rate of inspired atr flow was, after a slight decrense, mereased
also In the last 10/ of the time it was decreased to just below
the level at start,

) The expired volume per cycle was increased durng the fint three
quarters of the perod and then decreased steeply

d) the expiratory volume per mimde decreased throughout the ex
perimental period, and the same was true of

o) the respiratory frequency

It 13 pomted out that these respiratory changes took place soon after

beginning the paroxan infusion.
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From the Department of Fhyslology Royal Veterioary Coflepe,
Untrershy of Londos.

The Toxicity of Some
Halogenated Fatty Acids and Their Derfvatives
By
N. Le Potderin
(Recetred Apal 8 1965)

The fluorinated fatty acids show a mode of toxic actlon different from
that of the other halogenated fatty acids (PATTISON 1959) In thy stedy
the term ‘halogen fs therefore taken to exclude fluorme Some of these
halogenated fatty acads are known to be phytotoxic (PeGNANT & Ricard
1957) and some toxic to stock (DALGAARD-MIKKLLSEN & POULsN 1962)
"The toxicities of these compounds are of mterest, unce they are employed
in agncuiture as herbicrdes and are also used as food preservatives. The
only systemanc study of their toxicity has been made by Morwiso (1946),
who investigated the effects of a (ew of them on mice Previously he bad
studied their effects on yeast respiration (MorrsoN 1943)

In our studies an attempt was made to relate the toxclty of mono-
halogenated fatty acids and their derivatives to their molecular structurs,
with a view to deciding whether or not the toxsity s related to the
lability of the halogen and its ability to combime with thiol groups.

Experimental Methods

The acids 40d ceters not 8. aidable from commercil soutces were syntbeswed by sundand
memmmmmwﬁ‘mmﬂxdﬂhmwu
solution, and the esters wers dusobved 10 3 ., { Jv) cellosolye Jajection £0.$ m) guxatsics
st whito female muce of 25 g body weight was Doss tvels wory f02
1000 w7k downwards, in twofld seral cilution. Al beast thres muce wcre wsed for ek
dosa level They wers prven free accets 10 food and water Thoss dylng within scven &373
from fnjection were held to ha bnnhn.dbyxh-nmhka:d.mmwlbﬂ
wer calenlated by the metbod of I wiN & Crrrsenay (1939).

Results
The results are given in tables 1 243
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Table 1
LD30 valoes of some balogeneted fitty ackds for mice.
Intraperitoneal (mg/kg)
‘ Chlore- | Bromo- ‘ Todo-
9 15 43
>1000 200 283
>1000 >1000 12
>1000 32 an
>1000 >1000 >1000
> 1000 >1000 >1000
- >1000 7
- £33 ~
D) -
- Et7) 556
- pLvy -
- %0 -
- m %)
- 117 23
- 204 -
566
Table 2
LD30 valmes  the estars of some balogenated fatty cids for mics.
Intraperitoneal (mgfkg)
‘ Chioo- Bromo- Todo-
!
223 (LK} 7
- 11 -
- > 1000 -
120 w1 07
707 500 >1000
»l > 1000 »l
»t %2
- 707 -
B nz -
- T07 -
7 -
- 07 -
- > 1000 -
- 120 -
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From the Department of Physiclogy Royul Vetertnary College,
Ucirerelty of London,

The Toxlcity of Some
Halogenated Fatty Acids and Their Derdvatives
By
N. Le Poiderin
(Reestyed Apddl 8, 1969)

The fluorinated fatty acids thow & mode of toxic action differeat from
that of the other halogenated fatty acids (PATrmson 1959) In this sindy
the term ‘halogen is therefore taken to exclude fluorioe. Some of these
halogenated fatty acids are known to be phytotoxic (PGIGNANT & RrcuARD
1957) and some toxic to stock (DALGAARD-MIKKELSEN & Poutsey 1962).
The toxcities of these compounds are of interest, since they are employed
n agriculture as herbicides and are also nsed us food preservatives, The
only systematic study of ther toxicrty has been made by Morrison (1946),
who investigated the effects of o few of them on muce. Previously ho bad
studied their effects on yeast respirntion (MORmrsoN 1543)

In our studies an attempt was made to relate the toxidty of mono-
hafogenated fatty ecids and their derivatives to therr molecular structure,
with & view to deading whether or not the toxcity © related to the
Iability of the halogen and 1is ability to combine wath thiol groups.

Experimental Methods

Tho acuds and exters not avallable from commercil s0Troes wors synthostesd by sthot
Wmmmwmmmmmnmmmmmammw
solution, and tha estors wers dsolved m 3% { /v) celtosolve, Injection of 0.9 m) qeass
Unto white fecale mice of 25 g body weight was Doss levels were S0
1000 mg/ky downwards, 1a twofold verisl diuthon. At losat threo rmce were nacd for ek
dows trvel. They were given fre access to food and water Thoso dylag within sovea ders
from impection were beld 1 have boay killed by the sebrtaace injectod. The LD vabse
wrery culcuhited by the method  f Inwiw & Cromoian (1939).

Resuity
The results are grven m tables 1 2 & 3
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wonld be expected to render the higher actds more toxic than bromo-
decanofc,

The higher 1odo acds were not examined es thoroughly as their bromo
analogues, as ft was not possible to prepare pure samples of them Never
thelers the crude samples showed similar trends of toxicrty They were
less toxzc than their bromo analogues, a feature that could be associated
with 2 moro rapd hydrolytic dehalogenation and supports the view that
a combrmatron with thiol groups 1 not involved. On the other hand, death
ensued more rapidly from the lodo acids than from the bromo opes.

As the halogen atom of csters 18 rmore labile than that of the free acids,
it might be expected that the esters would be more toxic Thys has been
found 1 vitro (MACKwWORTH 1948) The fact that the esters were less taxle
could be explained by the fact that they hydrolyte more rapudly than the
correrpondiog acida

A possible mode of action of the higher halogenated acids that would
explain why there was 2 maxmum toxtaty at a particalar chain kength
could take mto account the fact that fatty acid oxidation is {nhihited by
some unsubstituted acids of specrfic chain lengths (Hocustrx & QuasTEL

1963) and ravolves an inhibition of enzyme systems associated with fatty
xaxd oxidation

The toxcity of bromopyruvic acid, which approached that of fluorscetic
aad, deserves special mention. MAaer & BLAnk (1954) showed that
fluoropyruvic ackd was consderably less toxic to mice than fluoroacetre
ackd. PeTers & HaiL (1957) argued that the presence of two adjacent
carbomyl groups renders the fluorine atom sutficiently Iabite to combine
with thiol groups. As the extent of such a comblnation usually increases
with the atornic mumber of the halogen, 1t would be expected that chloro~
pyruvic and bromopyravic acids would be more toxic. This was found to
be 30 and bromopyruvic acld was the mont toxs of the acids examined
As methyl and ethyl bromopyruvates possess & umilar toxsaty and are
hydrolysed almost instantaneousty by water 1t 15 evident that this toxichy
depends on the bromopyrovate fon and not on the undissociated molecule
The fact that these compounds are toxic has special fnterest because thoy
are being used in aynthetic organke chemistey

Smmmary
The toxmity to mice of & number of monchalogenated fatty actds and
their derrvatives has been studied. The towcity depends upon wnbstitution
of the halogen at the 2-carbon atom and increases with the atomic
number of the halogen. The toxicrty of the 2 bromo acids decrenses from
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bromoacetic to bromovaleric, but increases to a second maximum af
bromedecanofc acid, The exters were less toxic than the acids, Bromopy-
ruvic acid possessed & simifar order of toxicaty to fluoroacetic acid,
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Glycogenolysis and Lactic Acid Productlon by
Isolated Diaphragm from Fasted and Fed Rats in Bicarbonate
and Phosphate Buffera, with Special Reference
to the Effect of Adrensline
By

Nibs Sredmyr
(Recehved April 28, 1965)

SHAw & STADIE (1957) found that imsulm n the presence of glucose
stimulated Isctic acld production by nolated rat diaphragm fn bicarbonate
buffer but not in phosphate buffer The synthesis of glycogen, on the other
hand, increased to the same extent m the two media, RANDLE & Surma
(1958) found that the rat dwphragm under anaerobic conditions ntilmed
glucose in hicarborate but pot in phosphate buffer Hemuan & Rarsy
(1960) observed, moreover that sdrenaline depressed tho uptake of
gtacose by rat diaphragm in phosphats but not in bicarbonate buffer

Adrenaline stimulates gfycogenolysts and lsctic acid production in
strated muscle, probably by activating phosphorylass, an enzyme that
mtensifics the breakdown of glycogen into ghucose | phosphate (SoTrER
LAND & RALL 1960) Tho study described here was aimed at fnvestigating
thess effects of adrenalme more cloxly and it seemed of interest to deter
mine whether the action of adrenaline was the same in bicarbonate as in
phosphate baffer

The expeniments were performed on fsolated rat dwphragm, a tiyus
i which Rresser (1947) WALAAS & WALAAZ (1950) and WALAAS (1955)
hed previomly stadied the glycogenolytic and lactie acd-stimulating
effects of adrenalive The tests were made in the absencs of glucote,

1t was incidently found that spontaneons lactic ackd production in
disphragms from fasted rats was appreciably greater than the lots of
ghycogen. This inftiated a study of the carbohydratt metabolism in
diaphragms from fed mats as well
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Methods

Fuured rats. Diaphragms from three or foar previously welk-fod rals waghl 5 120-1%0g
were med n cach run of experiments with bicarborate or phosphats buffer mediven.
Dwmmﬂlphnmmmdfwﬁnbhmnmwdphmphummm
rocelved 1o food for 20 bours and wers kifled by & blow on the bead, after which thalr
duaphragms were dhsecied 0t and lmmersod ln the particulec ke cold baffer soluthos &9

bo wod wubsequently In the exp Esch was divided centrally one baif
belog usod a3 a control, and the other half for hcubation with adreraline, After 30 alrwes
t37°Cla 13 ml b buffer each lon was dhided

once again. After careful drying on filter paper oo part was frozen fa difluordichloraetksne
(Frigen or Freon 1 } containing earbon dioxide now and then one third of it wes takes
for glycogen asay od the rest for Isctic acid determination (basal valucs) [ thetests b
adrenaline the remaining quarters of the daphragms wers Incubated [ r 135 minutes o
37 Clo 13 m! baffer fnds H ta of 10¢

Fed rets. 1n another series of experl; the sp g Tythc it od ket
acld productso  In bicarbonate and phosphate buffer modia wete studied B dlaphrages
from fed rate § these tests pisces of the sems wrre h In b o
phosphate baffer medix for 43 min. The tests wure in other respect performed as described
bove.

On completion of incubatio  th muscle was amayed for glycogm and hactic sad, &
doscribed  bove, and tho lactic acid coments f the Incubation sofutions were abo deter
mined. For calculation of the lactic sckd prodoctio  derieg nebation, e kmount of the
substance fn the muscie at the begianing of tho experiment was dedocted from the wmoont
at the end of the experimont togsther with that | the incubatlon solution. The degree of
ghycogenolyms was estimated from th differsoces m glycogen cnntents befors and after
Lncubation.

The bicarbonate buffer kad the molar compotition N €1 Q.12 KC1 00047 CaCh
00025 MgSO 00012 KH;PO 00012 N HCO; 0.025 When arrated witk 55 Os
and 3% CO  the solution smumed  pH of 74 The phosphate buffer was commposed of
NaCl 013 KQ 0005 CaCl; 0.003 MgS5O 000 NajHPO, 00l asd RQ 0002
Acrated with 100 Oy, thrs sol ton had  pH of 74 Both buffer 5ol tions were gracose
fres.

Th giycogen content was determuned by a previowly repovted method &
Mownr-LuN woLw 1957} m groups of thres or four strips of duphragm, totaliag 0 -
0.135 g muscis tmoc

For dstermination of the lactic sad conte 1 te musco the frozrs pecparations, Wi
total weight of 0 25-0 35 g, were mmersed m 5 mi ked 10% nchloracetlc scld and then
homops wred in an Ultra-Turrux pwmm(muhmuvdby]m!&lunnlm
pparstus was rimsed with an dditonal 10 ml [0% tnchiorsestic sexd, th bomogeantls
w1 contnf ged and the solutlon wes then amayod for et #cxd by tho procsdure of
Frumears & Grarses (193Y) The lactic acid cootemt of tho Incubatron solion wes also
determuned by the sem  method after additon {15 ml 10 tnekjarmcetic aerd

Results
Glycogenolyns and lactic actd production In digpéragms rorm fasted retd
fled m tables 1 and 2. No

ts of adrenaline The results arc detai
ffecis of g the 15 minute meubation

unequivocal spontaneous glycogenolyus dunn
period was demonstrated in the control experiments with either bicarbo-
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Table 1

The effect of adrepaime on ysis of lolated rat from fasted rats In
biearbomate and phosphats buffer P-pmhobﬂ.hymxl-he:ﬂ-ﬂwudwlﬂchn
= n mber of testx.

Changs of glycogem costent from Mean differesce

Basl 08D | Ty valim, w100 P13 min, | adrcratine
cotent contral
=100 g control adremaiios 154 |1y the sams tests

Bicarboratebuffer] 1373171 | 784128  —490x113 63290
o=12 P <0001 P <001

Phowpbatebaffer | 1264 2113 | —T12€4 -9 %64 DELII
[ P <001 P <0.05

Difference 1n adresaline effects in bicarbonate and phosphats befler- 33.0 & 1.9 P < 0.02.

Table 2

The offect of ndrenaline on lactic acid production of holted rat diaphragm
from fusted raty [ blearbonat  od phosphate bofler

1 ackd prod Mex increass of
mE/100 13 mrm. factlc acid produc
ton after adremline
10 the eume tests
contro! asdryntline 10+ mg/100 /15 min
Bicarborats buffer 03134 463 €8 26.0 + 54
-12 - P <00l
Phowphats butfer 186 47 M0+47 154 £ 67
-9 P <003
o Detwesn effects In and baffer 106 1+ 3.6,

nate or with phosphate buffer In these experments, however apprecisble
lactic acld production was marnfest {n each of the ncybatfon medm. In
brcarbonate buffer the Iactic ackd production excceded the change of
glycogen comtent 1n the same tests by 281 + 81 mg/100 g/15 min
(P < 0.02). It scemed likely that thes lactw acxd had been formed from
some other source than glycogen.

Under the influence of adrenaline, glycogenolysls increased marhedly
in bicarbonate buffer and the glycogen loss and Iactic 2ad production
were of the same magnitude, Appreciable glycogenolysis was also de-
monstrated jn phosphate boffer but the effect of adrenalme on the
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Table 3
P Jil yals nnd lactic acld productls of hotated rat dmphragm from fad
U in bicerbomats and phosphats baffer Mean of 13 tegtn, Glycogenolytls and hctie ackd
prodoctio o my/100 g mruecle/4s min.

Deceasce Ip glytogen content Lectic acid wetion
Busal giycogen et
content bicarbomats phosphate blearbonats phosphate
boffer bafler buffer baffer
7681 £ 230 1 180 CREESLE] Q0+90 57218

glycogen content was only about 40/ of that in bicarbonate buffer
The difference was 330 4 12.9 (P < 002) Hence adrenaline probably
had a lesser glycogenolytic effect in phosphate than 1n brearbonate buffer
In both medin, however 3t fesity simulated lactic actd prod
Although the effect appeared somewhat greater m bicarbonate than in
phosphate buffer the difference was not statistically aignificant.

Spontaneous glycogenvlysis and lactic acid production in daphragms
from fed rats The smaller glycogenolytic effect of adrenaline in phosphate
than in biarbonate buffer may possibly be attributed to more rapsd
spontancous glycogenolysis 1n the former To exclude this possibility
spontaneous glycogenolysis and lactic acd productson in bicarbomate
and phosphate buffers were determned 1n different preces of rat diaphoagm
from the same animal. As the glycogen content of the dlaphregm may
have a rate-limiting effect on spontancous glycogenolyns, the expediments
were performed on dinphragms from fed rats, which explains the higher
basal glycogen content than in the previous set of tests. As may be seen
from table 3 spontancous glycogenalyns in these tests was the same in
both phosphate and hicarbonate buffer The loas of glveogen was, more-
over greater than the lactic aad production, so that the giycogen in
diaphragms from fed rats probably constituted the substrate for lactie
acid formation.

Discosdoa

SHAW & STADIE (1959) suggested that the enzyme phosphofructokinse
had a decreased activity in phosphate buffer MURAD et al (1962) observed
that the stimulating effect of catecholammnes on the formation of
35 AMP in ritro v less in phosphate buffer than in Tris buffer Inﬂi\:
muxpcrhmnﬂth:;bmg:nolyﬂo:ﬂcctnrndmmlmwum‘fl‘fm
phosphate buffer than m bicarbonate buffer The lactic ackd stimi
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effect was the same in both. Nether spontancous glycogenolysls nor lactc
acid production was reduced tn phosphate buffer “These results may indl-
cate that inhibition of the adrenaline effect was due to the fact that the
activation of phosphorylase by adrenaline was less in phosphate than m
‘bicarbonate buffer

In diaphragms from fasted rats the spontancous Iactic actd production
was greater than the loss of glycogen, whereas In dmphragms from fed
animals the glycogen loss was more than sufficient to provide for the Lactic
acad producthion, These tests secmed to demonstrate that dmphregms from
fasted animals were able to produce lactio acid from some soarce othrer
than glycogen.

Sonrmary

In experiments on solated diaphragms trom fasted rats in glucose-free
‘bicarbonate buffer lactic acddd production was appreciably greater than
the Joss of glycogen that i, Iactic acdd was formed from soms source
other than glycogen In fed rats the degree of glycogenolyns was greater
than the lactic scid production. After adrenaling the glycogenolysis and
lactic acld production were of the wams order of magnriude 1n diaphragms
from fasted rats. The giycogenolytc effect of adrenaline was greater in
glucosefree bicarbonate than in ghacose free phosphate buffer No
significant difference was found between the lactic acld strmulating effect
of adrenatine jn phosphate buffer and m bicarbonate buffer
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Phermacologieal and Toxicological Stndies on
y-{4-methrylpiperidino)-p-fisorobutyroph (¥G 5111) -
a New Neuroleptic Agent
By
J A Curisiemsen, 8. Hemester, J B. Lamen and N, Sterner
(Received Febranry 12, 1965)

The introduction af chlorpromazine 1nto peychiaine therapy (Detay
1952) marked a great ady in psychoph } Since that time
scveral phenothiaring and thisxanthene derrvatives have been mtroduced.
In spite of the appearagce of these new and often valuable agents, there
still seems to be # need for new peuroleptica with fewer side effects or
having & different chemical strocture and so abo another mechanism of
sction,

FLomEY (1956) reported the presence in the mammalmn bran of a
certain factor I which iphibuts the generation of impulses by stretch
receptor neuropes In the crayfish. FLoxEY & LENAN (1956) showed this
factor to have an inhibdtory effect on central synaptio transmission in
manumaly. Tnvestigations by ELuor & Fuowey (1556 1957) indicated that
the active sbstance of factor I i yammobutyrio acsd (GAna), and
HAYAsa1 (1959) assumed that the real central imhibitory factor fs y-ami-
no-fhydroxybutyric ackd (Gavoe)

In the search for new paychotropic drugt related to Gama, we have
syntheszed and pharmacologically investigated a series of butyrophenone
derivatives. One of the most active ceniral deprestants among these
substances 3 FG 5111 Jansew of of (1959) bave prepared several
butyrophenone related to pethidine, of which some have been
introdeced into psychiatry The one best investigated chinically i halo-
peridol (fig. 1), which waa introduced by Drvay et of (1959)

Chemically FG 5111 is 1-{4-methylpmendmo)-p-fltorobutyrophenone
hydrochlonds (fig. 1) It forms colouriess crystals, m.p. 209211 soluble
in polar solvents such as water cthanol and chloroform. Tt » Hght
resistant, non-hygroscopic and hitter in taste,

¢ A Phwnseleging, vl 21, s 3-1,




[y CHRISTENSEN NERNEXTAM LASSEN AND STERNER

F O €O CHy=Chy=Chy- NQCH,

[2cR-111]

FOCO CH~CHy CHb H

HALOPERIDOL
1

Fig. 1 Stroctoral formulae of FG 3111 and haloperidol.

Studies of metabolism and excretion of 14Cabelled FG 5111 are In
progress The resulls abtained 30 far on rats and rabbits have shoen that
ufter admmlistration of a single dose most of the radioactivity may be
recovered within 24 hours in the urine and facces (Larsson unpublished
results) After 72 haury, up to 70 / of the activity had been excreted. Only
afew / of the dose, however scemed to be excreted in the unchanged
form. In rat urine at least 10 dufferent metabolites were present, the min
one probably being hydroxylated in the benzene ring. In rabbrts, an the
other hand, the main metabolite was 1dentified as p-fluorohippuric ackd,
but small quantities of other metabolltes were also found

The distribution of radicactive material after Lv mpection of 1C
tabelled FG 5111 was investigated autoradiographucatly by Boee Jooe
& HANSSON (1965) in pregnant and non-pregnant mice

Methods and Resnits

All the LDS0 and EDS0 valuss gaven below and the confidence Hinlts
(Pn0,0S)wmcn}aﬂawdbyth:mahodofmumn&meomﬂ

(1949)
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Table 1

’ of 1 I by Jon of the
barbiturats at different times  fier the test droge.

Elesplag time 10 mum. after

Gompound +h th | 2b 4 7h
FQ 3111 10 mg/kg e | ® 1 " 9 [
Chlorpromazive I mykg  ve | 30 16 % s 7
Control (mlme s.e) 4 4 4 4 4

A. Potentiation of anaesthesia
Barbiturate anacsthesia

Skepmg time was determined m mice after intravenous injection of
hexobarbital 50 mg/kg The sleepung times of muce, pretreated subcu
taneoualy with the test compound (6 mice/doss) 30 min before the hexo-
barbital fnyection, wers compared with those of untreated controls by the
method of WiNTER (1948) The ESD was tho doso that prolooged the
aleeping time to four times that of the controls. In other experiments the
effect of a standard doso grven at different times before the injection of
hexobarbital was determined.

The ESD for barbiturate potentmtion was 2.0 (1 6-2.5) mg/kg com
pared with 10 (0 8-1.3) for chlorpromanne and 5 (3.5-7.2) for halopen-
doL The duration of the hexobarbital potentiation was about the same
for FG 5111 and chlorpromazme (sce table 1).

Ethanol anacathesie.

The test drugs were admunistered orelly (10 mrce/dose) immediately
beforsani p doso of 5 g/kg cthano! The aleeping times were determuned
by the method of ForNEY er al {1962)

10 mg/kg FG 5111 6 mg/kg chlorpromazine and 2 mg/kg haloperidol

were the lowest doses to give a mgoificant prolongation of ethanol
ansesthesia (Student s test, p 5 003)

B Effect on spontaneous actirity
Climbing test.

ﬂurmthodmdaajbedbyKNﬂP(l%O)mdSmBm(WS)
Groups of 6 mice were put 10 a cage with & net Iadder which permitted
the animals to climb out of the cage oormally all mice kft the cagein a

"
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Table 2
Mancﬂ‘mhedm(mlfk;Lc.)lulunnnrpommlcd‘ny
Compound Climbing test ED50 ! Acthity wheels EDS

Fa 5t 1208-1.9) { 2601 649)
Chlorpromadne 1401 29 SI(1E&LD
Huloperidol 130129 0.3 (02-0.40)
Meprobamate 138 (12%-151) 180

Chiordiatspoxide 19 (1317 0 (3659

few minutes (high exploring activity in o new environment), The test
were admunistered subcut ly (6 h/dose) 30 min. before

the test. The EDS0 was the dose that made 50,/ of the snimals remam in
the cage for 10 min

Activity wheels

A specal dedign of activity wheel, giving the animals free choice to
enter was used (LYUNGBERG 1957 STROM( 1964) One mouse was put in
each cage with a revolving drum 15 min after a subcutancous injection
of the test substance, and the activity in drum revotutions per hour was
recorded Half the anfmals were given phyxiologeeal saline, the other hall
receiving the test substance. After three days the procedure was repeated
with the groups interchanged, so that each animal acted as its own control.
Indrvidual quotients of actlvity and the average values of these quotients
were calculated At each dosage 12 mice were employed. The EDS0
was the dose gving a 50 / decrease in activity

As shown in table 2, FG 5111 chlorpromazmne and haloperidol greatly
reduced spontaneous activity in both tests. In the activity wheel tesh
however halopendol was considerable more active than the other 670
drugs. Only relatively weak cffects were exerted by meprobamats

chlordiarepoxide

C Effect on motor coordination
Rotating rod

The motor coordination of mice was determuned by the rotating rod
procedure (DUNHAN & MDA 1957) The test substance were sdministered
4. c., (6 mice/dose) 30 mun beforechnlkﬂg{nglhnubﬂityo(thcmicﬂw
rmnlnonnmmﬁngwoodmmd(dinmwtcr45an1m/mh)fﬁ1°ﬂ°
mlmmEDSOWuthndosethntmund50/0f!hemlcewfuﬂ0ﬂ'l-h¢

rod.
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Table 3
EDS0 (my/kg £.<.) In tests oa molor coordiastion.

Compound Rotatrag rod Inclined plass
FQ 51 31 (3-41) 231 625
Chlprpromerine 20 (1526 13(1.0-1.5)
Haloperidal 7{3-10) 1HRI1Y
Meprobamets 90 (74-110) >140
Chlorturrpoxkie 35 (18-44) >10

Inchined plane,

The test of NIEScHUTZ ¢t al (1955) was used. A mouse was placed on
# zmooth metal plate at an angle of 30 to the horizontal plane Normal
muce could move on the plate without difficulty but ataxc mice ahid off,
The test drug was injected subcutancomly (6 mice/dose) 30 min. before
the test, The ED50 was the dose causmng 50 / of the animals to shide off
the plate

The ataxta-inducing effects of the test compounds are shown m table 3
for which it is apparent that FG 5111 held an intermediate posthon
Halopenidol was most and meprobamate least active,

D Effect on conditioned aroldance response

The apperatus of JACORSEN & SONNE (1955) was used As described by
Coox et al (1957) rats were trauned to avoid an electric shock (uncondl
troned stimulus - US) by escaping from one compartment to the other
when 8 buzzer signal (conditioned stinrotus — CS) was given. When they
responded to the CS, a conditioned response (CR) was considered to have
‘been eliclied.

The test drug was given subcutaneously to 10 raty on each dose, After
2 hours the rats were placed 1n the cage, and the reactions to CS and US
were observed. If the ammals failed to escape after CS but reacted to the
'US, a speafic blocking action on the CR was conndered to have been
obtawned. The ED50 was the dose at which this occurred 1n 50 / of the
animaly

This reflex was specifically blocked by FG 5111 chlorpromarzine and
haloperidol The EDS0 values were 66 (49-87), 2.0 (1 1-3.%) and
0.5 (0.3-0.8) kp/kg, respectrvely showing that FG 5111 had the weakest
nndhnlupcrldnlthanmna:nammyortheth:wdrus:.Mcpmbamate
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Table 4
Effect oa body temp 1n mice (5 animat
Fall ln temp. | Max. effect
Compound ( Rowts Ibonm;/'k, Contiprad I proty
Fa nn ve 25 20 ! @
N Lo 30 3 @
- te 100 40 L)
- so 200 st 12
- p-0- 250 (¥} »
- po- 0.0 40 2]
- p.o. 1000 1] 0
Chlorpromazine tc 121 18 0
- e 25 19 150
- te 20 53 1,
Haloperidol e 10 24 12
- 12

was not active at the dose tested, and chlordiazepoxide had & weak on-
specific action (ED30 =~ 20 mg/kg, on which dose the animals were
atnxic)

E. Effect on body temperature

The rectal temperature of the mice was determined with & thermo-
couple, readings being taken every 30 min The test compound were in-
jected subcutaneously (6 mice/dose) The expeniments, each inchuding
! 6 experimental and 6 control mice, were carned out at constant room
temperature (22°),

FG 5111 chlorpromazine and halopendol exerted a marked hypo-
thermic effect upon the mxe. Table 4 lists the results of temperature
experiments, and fig. 2 shows the temperature-curves resulting from gving
5 mg/kg subcutancously of the threc substances. The temperature
reducing effect of FG Sllludhnlopcndolupmmdmbenbcutﬂu
same, but the effect of halopendol was longer lashng than the effect of
FG 5111 Of the substances tested chlarpromezine showed the strongest

and most prolonged hypothermuc effect.

F Analgesic activity

Writhing test.
1nto nice has been shown

Intraperitoneal injection of srritant substances
to cause 8 specaal syndrome, which may be sbolished by analgss
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Flg. 2 Hyp o cfect b mics (6

(SEGMUND ef al 1957 ECKHARDT ef al 1958). As irritant acetic acld
(15 ml/kg of 2 0,5 / sotation) was wed In 100 / of the control animals
this solution provoked & wnthing syndrome. The test substance was n-
jected subcutaneously 20 min, before the acotic acd (6 mice/dosc)
10 min. later the antmals wers observed for the wnthing syndroms
during § min, The ED50 was the dose at which the writhing syndrome
mnboﬁshndmﬂ)/oﬂhnanthhntutmuhocmple)’cdto
ascertain whether the analgesic effect of sub 5111 was

by nalorphine with morphine as reference substance.

Hot plate method.

Thermal pein stimul have been utilizod in different studies of analgesic
activity Th:mﬂ.hodome&MmDomw(lemmed.m
test sub was b ed (6 mice/dose) 30 min.
buforephdngmnmlmkonmimnplnlcﬂxrmmmnmﬂyeunﬁuﬂcdlt
55* The control mfce thowed active dgns of ducomfort. The EDS0 was
the dose at which 50 / of the animats did not show this reaction i1 15 sec.

FG 5111 chlorpromazine, and haloperidol ahowed activity in the
analgesic tests at dowes similar to the effective doses of morphine, but
pethidine had a weaker effect (table 5)

Nalorphine, 12 mg/kg sut letel d the
Amwccﬁmormpmﬂmﬂkg)hﬂnwﬂmm;mbmdbduct
infinence the analgeslo action of 10 mg/kg FG 5111
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Table 5
ED50 (mg/kg - c.) in tosts on analgeske sctivity
Compound Writhing tet Hot phate mathod
FG 5111 ~3(1.5-3.4) 432549
Chlorpromazine 23(1.53 4 152359
Haloperidol 1.5(16-23) 140 5D
Morphine 1.2{0.%-1.5) 7 6{10-11.6)
Pethidine 18 (11-30) .5 (203D

G Anticonvulsant effect
Maximal electroshock (MES) test.
Amod.iﬂcauondth:pmcedmd:wdbedbySwmm(l%m
employed. Mice were fixed by electrode clamps m the skan at the neck
and the tail An electric current (100 V 20 mA, 0 2 sec.) induced marimal
tome sexzures in 100 / of untreated controls. The test compound was
adminstered s.c.orp © at different times before the electroshock was
appled The ED50 was the dose protecting 50 / of the animals from tonc
convulsions.

Pentetrazole (metrazol) antagomsm test.
The test substance was injected subcutaneously into mice (6 antmals/
dose). Pentetrazole was mjected subcutancously 30 min. later 150 mg/kg.
,Th:EDSOwuthodoscpmtecdngSO/othcmmagxinﬂcmwbmu
. within 30 min. after pentetrazole injection.

Strychnine antagonism test.

Thhtcutwmmmcduutmmemwnyuthcmﬂ-pmtcmmlcm
except that strychnmo nitrate, 1 mg/kg, was wected subcutaneously
instead of pentetrazole

Injected subcutaneously into puce 30 min. before testing the anbcon-
vulsant actrvity (el. thock, pentetrazole, strychnine) FG 5111 and hafo-
pendol showed an anticonvulsant effect like that of phenytofi. Chlor
promazme had no enticonvulsant effect (table 6)

When admunistered orallytonmm2,4or7huunbefom testing antr
convulsant effect (el. shock) ha.lopcﬂdolhldmaﬁ'cct and FG 5111 only
aweakcﬁ'cct.conmamdwhhthoﬁeofphenymmandphcmbnrbmf

(table 7)
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Table 6
ED50 (myg/kg s c) fn testa on sntheomvulent effect.

Compound Elektrothock ‘ Metrarsl \ Rerychnlne
Fa I 11 (3-19 Jl peimy)] 20(16-29)
Chlorpromaroe >50 >50
Hudoperidol 6 (49 15 yo-2p 20(14-28)
Preaytol 18 (14-23) 30 )Q437) 65 (34-T8)
Phnobarbital 30 (-39) pEdv: StV ®{72 1D

) Did not protect gainet closlc convalsion but ouly guinst the termina] tonic phese.

Table 7
D ration of anticonyulant affect messored ko the clectroshond, seraro test,

Esctroshock EDSO mrky p. o-
Compound 2h after \ AR after ‘ Thafisc
Fasi 73 (@-120 75(:0411) >1oo
Haloperidol >20 >
Pheaytoln 2003-31) :o(u-m m(u-so)
Fhenobarbital 140-31) 146-21) 2013-31)

H Tremorine antagonism.

EVERETT et 4! (1956) reported that tremorme produces tremor and
parasympathetic stimulation in laboratory surmmals, The test substance
wes admingtered to mice (6 muce/dose) before 20 mg tremorine/kg
intrapentoneally The number of mice showing iremor or salivaton
withun 30 min. after the infection of tremornme was recorded. The EDSO
was the dose protecting 50 / of the mice agamst tremor or salrvation.

Protection agamst tremonne-mduced tremor In muce was shown by
FG 5111 and haloperidol but they did not prevent the cholinergic
cﬁ'cctoflrun’mr{ne,meanntdbylhcproﬁmnhv‘ﬂﬂon(mbleﬂ’) A similar

agatnst the effects produced by axotremorine was shown by
FGSII[ (B HotsTEDT personal communication 1964) The antf
Parkinsonlan agents atropine, scopolamire and benztropine completely
inhibited all effects produced by tremorine.
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Table 8
Anth-tramorine acthvity in mice.
Intorval to Protection agaixst
Compound Routo treaaoring Tremor Salivetion
fof min. | D3O myky | EDIO mgng
FQ 5131 Le 0 200133 | >
- po 0 1(123n | >3
Chlorpromarine o [ >3 >30
Haloperido! Po. &« 100718 | ~2
Atropino po o %1 20
Scopolamine HAr PO 2] 10{s-16) -1
Beartropine p.o 0 37 200

1 Amphetamine antagonlem
Rats were injected sube Iy with D b suiphate
(3mg/kg) About half an hour later the mats showed abnormal stereotyped
behaviour as described by RaNDRUP ef @/ (1963) The daration of the
typical stereotyped movements was about 2-3 hours. The test compound
was given to 8 rats per dosc
Appamnﬂy FG 5111 chlorpramaznne and haloperidol antagonized
ine-induced abnormal beh (table 9) The effective doses
Ofchlorpmmlﬁnupmdnmdnedanonmdntnxh,butthsmmbmtd
with effective doses of FG 5111 and haloperidol were nearly normal m

, Appearance

Table 9
Inbubition  stereotyped smpbetamine-induced activity 1a i
Interval to
Compoond Routs arphetamixe ED ng/ks
Ig), ;mm. {
¥a s we o 13 e
_ e @ 15 (02
, N e o 13 @&l
- ( P «© ; 15 O—I‘I)_Om)
o coia @l
e | e | meiew
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K Apomorphine antagonism.

Rats mjected intravenously with apomorplune show typleal behaviour
(JANSXEN ef ol 1960) This effect is antagonized by several tranquillizers
and anti-emetics.

The test drug wos adminlstered subcut ly (6 ratsjdose) 1.25
mg/kg apomorphime by slow intravenous injection one hour later The
mﬂmthcnplaa:iinwpmumcaguudcmvedfcrzomln’lhc
EDS0 was the dose at which 50 / of the animals did not Ik or chew
during the obrervation period.

The sategomtic action of FG 511 sgawst the special behaviour
provoked by apomorphine in mats was relatively weak, the EDS0O
mg/kg being 6.2 (5.3-7.3) compared with that of haloperidol, ED50 =
03 (02-04) but of the same order of magnitude as that of chlarpro-
marine, ED50 = 2.5 (1 7-3.8).

L. IDPN ontagonisn.

Adminstratron of high doses of p-imino-diproponitrile (IDPN) has
been thown to proyoke abnormal behaviour in nuce, characterrzed by
rapid arcing moverments, which persust for the rest of the ammals life
(DELAY ef al 1956). This abnormal activity may be suppressed by tean-
quillizera, o. g. chlorpromazine.

The mics were injected mtrapertoneally with IDPN 1.5 g/kg daily for
4 days, When the arcling activity had been estabhshed, they were divided
mto groups of 5 and the activity of the group was recorded by the photocell
techmque before and onoe hour after subcutancous admmutration of the
test drug (one group of 5 anmmals per dose level) The ED50 was the doss
that reduced the IDPN-indoced hyperectivity by 50 4.

Both FG 5111 and a3 well as halopenidol suppressed
the hyperactrvity caused by IDPN the ED50 fn mg/kg bemg 3 6 (2.0-6.6)
30(18-51)and 0.5 (0 3-1 1), respectrvely

M Reserpine entagonism.

Tha wtagontem 4o pine-lodeced bypothermin was deieTmined in
ke, The test compounds were admini d sub Iy (6 animals
pcrdou)bd‘oreintrnpmton:a]mpdmnofmcr;ﬂne_ihrccmltcmpcﬂ
tute was measured thermoelectrically In each experiment 6 mice treated
only with reserpmo and 6 untreated mice served as controls The room
temperature during the test was 19-20°

When administered 1 hour before the reserpine FG 5111 1-10 mg/k:
showed no antagonistic effect. o o

Results of experiments mvolving injection of test drugs 4 hours before
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Table 10
Effect on reserploesdnduced hypothermiy In miee.
Reverplos | Body temperaturs (€ 4 SEM)

Pretreatment mg/kg L p.

mgkgec h afte At pretrax 20 h afler
FG 5111 -4 5 369 £ 1.0 27419
FG 5111 - 5 34106 376403
FG s111-1 5 169 + 0.6 360 4 e
] s 105 HEEY-
0 ] 315 a6 P+ 10
FG 5111 -0.5 3 Mo xos S1L17
FG 3111 -0.25 5 I3 0.5 216408
[ 5 37504 U528
0 o M3 +10 379 £05
Chlorpromarine — 4 s 3403 2135213
Chlorpromazins - 2 s 375105 202 25
Chlorpromazioe - [ s 2£ P ] 208 £05
[ 5 37604 201 £ 035
0 ] s L02 389 £08
Haloperidol ~ 4 E] 508 197 £ 08
Haloperidol ~ 5 369 + 0.5 21005
Haloperidol ~ 1 5 367 £+ 0.6 20.7 £ 04
o 3 369 £ 03 04207
° ° 367+ 0.5 9 £ 10
3

Haloperidol ~ 0.5 3 LA FY ) 23 x0
Huloperdol 025 s 37504 215 £13
Huloperidol 0.125 5 374+ 08 L
0 5 377410 a7+07
"] 369 £ 06 369 £ 08

¢

reserpine are thown in tabls 10 The hypothermia provoked by reserpine
was mhibited by FG 5111 (1-2 mg/kg) whch delayed the other symptams
(sedation, ptosis and dinrrhoea) due to reserpine. In doscs of 4 me/ks
and more FG 5111 dud not antagonize symptoms due to reserpine Chior
promazms (1-4 mg/kg) and halopendol (0 125-4 mg/kg) admimstered
4 hours before reserpine exhibuted no antagonistic effect.



PHARMACOLOQICAL STUDY OG A NEUROLEFTIC AGENT 121

N Electroencephalographic studfex

The technique previomly described by STeRNER (1963) was used The
FEG vwas recorded 1n unanaesthetized rabbits with chronkeally miplanted
electrodes,

The test substance was administered intravenowsly and the EEG was
recorded comtinuowsly in connectron with the injection and then at
various increasing intervals The effects of different external stumuli were
studsed. In doses above 0.5-1 mg/kg FG 5111 chlorpromazine and halo-
peridol showed unambigeous EEQ effects, which, however were different
for FG 5111 and haloperidol on tho one hand and chlorpromazme on
the other The EEG effects of the two former compounds could be
characterzed by an {nttial phase of & continuous arousl pattern with a
duration of 10 to 30 mun., depending on the dose Thus phass gave place
to tlow hugh-voltage activity (with occasional short periods of fast acthty)
of 2 to 3 houns duration, during which a partfal block of external stimmuli
could be obtained. This block was more complete for andiogenic stimull
than for stronger strmuli, e. g. mixed audiogenic and vibrational, Fig. 3
shows EEG records from one experiment with FG 5111

On the other hand chlorpromazine gave, soon after the Injection, tynt
chronization of 2 to 3 hours dumation, with at least partial block of
arousal reactions on afferent strmulatron (STERNEX 1964)

Higher (toxw) doses of FG 5111 and halopersdol (6 mg/kg) gave a
marked pattern of excitation 1n the EEG similar to that of an epileptic
fit, whereas chlorpromazine, 1n doses over 6 mg/ks, produced contimuous
desynchronimtion of several hours duration and thoreafter (with de
creanng effect) the same EEG pattern as lower doses.

O Effect on spinal reflexes

The effect on two different spinal reflex pathways was determined n
consclous denervated rabbitx spioalized by sectiontng the spmal cord at
the tenth thoraco segment. The amumals were allowed to recover for 24
hours. The patellar refiex (monosynaptic arc) was elicited mechamcally
The fiexor reflex (polysynaptic arc) was provoked by eiectrical stimulation
(10V 1 mwex, 03 eps) of the ibral nerve, which was cut penpherally The
reflex respomses were recorded kymo, The preparation was
d:mk:dwhhmqﬂwminwhjch.[ndosucfabomﬁmg/kginm\tnumly
shoukd grve & clear reduction of the flexor reflex without affecting the
w&mmmm!xmmundummﬁgaﬁcnwnwaedianw
wmlymlnnunngdmmdetermh:thcdommmmgncumplacblod:
of!hmﬂampommwupcrmumdomformhwmpam\d
ﬂtEDSDmﬂwdowauuugm/inm‘brﬂunoﬂh:mﬂ:xrnpcme
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] Pig 3 Effect on EFQ of unanaesthetized rabhlt (monopolar lesd from
sensory-motor cortex). A; and Ay = different types of sudlogome stimull. AV = nbn-
tonal stlm los

All the compounds FG 5111 chlorpromazine, haloperidol mephenesn
and chlordiazepaxide In the doses tested had an mhibutory effect on the
flexor reflex without affecting the patellar refiex (tabls 11) The effective
flexor reflex inhibiting doses of FG 5111 chlorpromarne and haloperidol
also cawsed depreswion of the blood pressure, 30 that the reflex inhibition
might be secondary to the cardiovascular effect. In contrast, mephenesin
and chlordiazepoxsde showed no cardrovuscular effects fn doses pro-
ducing refiex inhibition
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Table 11
Effect on ficxor  nd patelar reflees
In sploalizsd rabbits.
Acuts average redoction doss

Compouad Fhat rreflex Patellar reflex
ED%0 ED30
(my/kg L (ogxp L

FG 3111 33 =10
Chlorpromazing 03 -1
Haloperidal 0.3 > 1
Mephoomin 320 >80
Chlordiarrpoalds 18 >3

P Effect on blood pressure
Unanacsthetized rats.

Rats were placed in a special chamber that permitted plethyamographic
measurement on the 1ail of the systolic blood pressure A modification of
the technique described by BYRoN & WiLsoN (1938) was used The rats
were kept 8t a tempernture of 28° for 1 hour before and during the
experimen

ts,

After subcutaneons injection of 1-20 mg/kg FG 5111 shight increases in
blood pressure were seen, and 20-50 mg/kg cxmsed more pronounced
increases (25-70 mm Hg) of longer duration (20-140 min.).

Chlorpromazine (1-10 mg/kg) cansed some depression of the blood
presyure (1040 mm Hg) lasting for 20-40 min.

Haloperidol (1-5 mg subcutaneously) decreased blood premsure by
10-25 mm Hg for about 30 min. and 5-10 mg/kg incroased blood pressure
by 40-50 mm Hg for 90-180 min

Figure 4 shows some effects on blood pressure recorded for the thres

FG 5111 exerted no adrenaline antegonism in doses from 1 to 50 mg/kg

b ly Chlorpromazine (0.5-2.5 mg/kg) reduced, suppressed
and even Tevensed the me of blood pressure prodoced by adrenaline
Halopendol (1-10 mg/kg) had no anti-adrenaline effect. Fig. 5 shows the
cffects on blood prewsure of 10 mg FG 5111/kg. 2 mg chlorpramarine/ky,
and 2 mg haloperidol/kg subcutancourly 30 min. before 0.5 mg adrena-
line/kg intraperitoncally
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Flg 4. Effect on blood pressure in unanacsthetirsd rats.
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Fig. 3. Astdreralme sciivity mestured by blood presure effect
unansesthetred rets.
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Anaesthetized cats.

Experiments on cats were performed under surgical anaesthesla (ether +
chloralese) The Jeft common carotid artery and the trachea were connee
ted to Statham pressure transducers and a Honeywrell Vistoorder for the
recorting of blood pressure end respiration, respectively The right
common carotld artery was prepared for occlusion end the nght vagus
nerve for stimulation. Test substances were adminustered ntravenously
(Lhroughthnmnnula:edldlfanorﬂvm)mtna’nﬂnadmmeﬁ'm
on the blood pressurs wete recorded and so were the elicrations in
standard responses produced by each of the six procedures | Adrenaline
(5 y/kg) 2. noredrenaline (5 v/kg), 3 isoprenaline (4 y/kg}, 4 acetyl-
choline (57/kg) 5 occluston af the carotis for 45 seconds, and 6, electrical
stimulation of the vagus far 15 seconds (3 V 10 msec, 0,3 cps)

Tn doses of 100-1000 pg/kg FG 5111 gave a brief fall in blood pressure
(25-35 mm Hg) with at higher doses & subscquent shight secondary fall
of 15-30 mimutes duration. The carotld occluslon reflex was depressed
and the rise of blood pressure after injection of adrenaline or noradrena-
Iine shghtly reduced (fg. 6)

Chlorpromazne fn dosex of 20-800 pg/kg produced, after a latent
peziod of 3-6 min. a long lasting (several hours) fall of blood pressure
(10-30 mm Hg), sometimes preceded by & short lastmg fall. The cffect of
chlorpromanne on carotid occlusion and on adrenaline and noradrenaline
injections was somewhat stronger and longer Jastmg than that of FG 5111
(fig. 6) Haloperidol in doses of 100-1000 ug/kg exerted approximately
the same effects a3 FG 5111 (fig. 6)

Q Local anaesthetic ¢ffect
Surface anaesthesia in rabbits.

A1/ solution of lldocalne was mstilted into one eye of r rabbit and a
1/ solution of the test substance into the other eye, The comeal reflex
was tested at intervels of 2 min. by touching the cornea with a thun glaw
rod, and the time was recorded dunng which the reflex was blocked If
the test compound showed & local anaesthetic action, the test was repeated
with lower concentrations of both substances, The valee of the Jocal

hetic effect was calculated as & relative setvity (lidocaine = 1)

Infiltration anaesthesia in guines pigs.
The method of BULRRING & WAIDA (1945) was used,
lnthcgmnen-plgmﬂhnﬂouthGSlllxhnwdndmlomlamaﬂm

e action, which could riot be detected m the tests on surfuce ansesthesia
im rabbrts (1able 12).
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F g 6 Effect en blood premure In ansesthetized cats.

A = adrenaline. € = carobd ocel V = vagu
Ach = ucetylcholine. NA = Bne. | = isoprenalt
Table 12

Local anaesthetic activity [ FOS111 chlorpromatine and
baloperidol compared with that of lidocaine.

Burfuce Infiltration

refative potency)relative potency)

|
s
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Table 13
Antagoakem [ stlolant gandard swbstances on bolated
Fubrca-plg llrom (ID30 pg/ml bath),
Compound )Ag.-tykbnu-n) Abtamioe ’ Serotonin Nicotine

FO 3111 0 o »
i azin o2 00202 | 00-02 0022
Huloperidol 220 ! 12

A 001-0.02

ropene 001-0.03
Hexamethonlom B

R. Effect on isolated rat diaphragnt

The neuromuscular blocking action of the test substance was investl-
gated on uolated rat diaphragm — phrenic nerve proparations. The nerve
was shmulated electrically (0.2-0.8 ¥V 10 msec, 0.33 ¢ps) and the contrac
tions of the diaphragm were recorded kymographically by means of an
hotonk kever Direct stimulation (2-4 V' 10 maec, 0.33 cpa) of the muscle
was used to ascertan the srte of sction (nerve incl. neuromuscular junc
tion or muscle) of the substance,

In this preparation FG 5111 chlorpromanne and haloperldol blocked
musclo contraction, but relatively lugh doses were requmred for 2 100 /
Block (2.1 2.5 and 08 mg/bath, respectively) compared with that of
curare (100 pg/bath). The local anaesthetio lidocaine had a blockmg
action to about the same degree as FG 511)

Qnly curare was antagonized by neostigmine. Direct stinmlation of the
mmuscle was blocked by ebout the same dose of FG 5111 as indirect

stimulation, indicating that the site of action was not the neuro-muscular
Junction.

S Effect ot lsolated guineaply llewn

hohlod‘ulmpigﬂcummutdforrmdyingdlmdnimuhm
activites on amooth muscle and 1o acety 3
werotonin and nicotine  Atropine, di hydramine and b honyim
wcmuscdurd‘crenocrubstmmmmwmthndoxcnmhgnm/
inhibition of the to the d

P

Nodh'actmmulndonofnnoommmdcbymsnl wmfcmnd,und
he of

dard

h

the
nermonlnundnbmme.mmk(mhle 13)
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Table 14
Acuto toxiclty In mico and rats exprevsed ws LDS0 | mg/ky.
Componnd ‘ Route Mics Ras
!
FG 5111 Ly As(25-55) 4001
- Le 230 (177 300) 20 (L4314
- po 230 (180-264) I30Q216-505)
Chlorpromerine Lv 370 25-338) wiu-4)
- Lec 250 (205-310) 00 (185-43%)
- p o 200 Q20-287) 370 (230-600)
H loperido! L 30214 ) 20(14-0)
- [ 60( 45-75 ) 75( 52100)
- 'S 75( 5993 ) >718
T Acute roxicity

The test compound wns admunistered to groups of mice and rats fn
increasing doses. The ammals were observed for 48 hours, and the
lethality after that ime was used for determinlng the LD50 value

Teble 14 shows the LD50 values for FG 5111 chlorpromazine and
halopendol. After admunistration of FG 5111 and chlorpromanne i
doses approaching the LD50, the animals showed hypothermma and kox
of nghting and pain reflexes. The duration of the symptoms was 3-8 hours
with FG 5111 and up to 48 hours or more with chlorpromazine The
ammals died after lethal doses of FG 5111 2-18 hourx after subcutancous
or oral administration and within 2 hours after intravenons fnjection.
With lethal doses of chlorpromazine the animals died in 18-48 hours by
subcutaneons or oral administration and in 1~48 hours after intravenows

! ingection.

The Is treated sub ly with halopenidol (30 mg/kg and
aver) showed clonic convulsions of 1-3 hours duration some of tho
animals survived the convulsions and then showed symptoms similar to
those of antmals treated with FG 5111 or chlorpromazine. After wntnt
venous injection of halopendol in doses approaching LD350, clonic
convulsions of shorter duratton were observed. With haloperidol the
duration of the tranquillinng symptoms and the time of death after ketha!
doses were about the same as with FG 5111

U Subacute toxicity in rats

For & penod of 15 weeks FG 5111 was admnistered orally to 20 young
rats weighing about 100 g (10 males and 10 females) The drug was g1ven
dnﬂymndoseofwmg/kgonMund.aytn'I‘hmdayandtwicconFndl!
A corresponding group of rats recedving physiologeal saline n:rwdli
controls, The food consumption and growth were recorded througho!
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Fig. 7 Growth curves [ EG S111-treated and saline-trented (coatrol) rats.

the test, and every 5'th week the blood picture (Hb-vatues, red and white
blood cell counts, differential counts) was checked. At the end of 5 and
10 weeks four rats and after completion of the test the remaining rats were
killed, and the weights and macroscopw appearances of various organs
(heart, splesn, liver kidneys, adrenals, thyrord and pituitary glands) were
examuined. The Iiver kidneys, adrenals, thyroid, pituitary and bone
marrow were studied histologically also 1}

As shown 1n figure 7 the growth of the animals receiving FG 5111 was
somewhat kess than that of the controls, probably owing to the sedstrve
actton of the substance and & secondary appetite-depressing effect. The
blood picture or the weight and appesrance of organs from FG 5111
treated ammals did not show eny differences from thoso of untreated

anmals, Histologkal exammation revealed no pathological changes
attributable to the treatment.

Discosdon

From a number of GABA dervatives exerting psychotropic effects
FG 5111 was selected, and jus prychopharmacological “activity profile”
was determined in companson with those of two well-known psycho-
therapeutic drugs, chlorpromanne and haloperidol

) Performed by K. M.D chief pist, Copenkagea Comnty Howpl
Clostrvp. oepltal




130 CHRISTENSEN HERNESTAM LASSEN AND STERNER

§

o (i |;
=

§o |

E - ‘ 41 Lo —_'

i ! ! TEST
THEHHHHHNE

3',3 g Elxllisly g i

Fig. 8 Actvity profiks™ {FG 3111 chiorpromarine and baloperidol. Akong the verticd

ax are the Jog ED50°t in varions tests described In the text. The upper and kower cdgs of

cach rectangle show tho 95 % confidence Hmts. The urrows Indicats that no effect was e
in doses up to thase mentioned.

1) DK not protect agatost clonkc convulsiont.

2) Text substances admintstered orully

3) No protection from chollnergic effects.

Fig. 8 shows similartties and duffe between the compounds studied
m tests i which the EDS0 was determined. The compound FG 5111 hsd
an effect on spontaneous activity and motor co-ordination at the same

} dose levels as chlorpromeazine. Unlike chlotp FG 5111 showed
some anticonvalsant effect, but this was weaker than that of phenytoln et
phenobarbrtal. It inhibited tremornenduced tremor bat did not protect
agamst the chohnergic effects af tremormne. Haloperidol wasalso effectrveln
the anticonvulsant tests and the anti-tremorine test, but less so thanFG5111

In tests generally used to determune spectfic psychosedatve activity
(depression of condrtioned reflex and amphetamine antsgonism) all three
compounds were cffective haloperidol showed remarkably strorg
antagonmm to amphetamme. The fact that the structurally umPi‘;
compound FG 5111 exerted an activity 1n theso tests may indecate
possible clinxcal value 1n varions mental disorders.

Th:th:cecompoundswucuﬁveintumnudmmm:mﬂsﬁi'
activity but at dosages affecting spontancous activity and motor coording-
tion the analgesic effect may thus be unspecific.
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The observed antireserpine effect of FG 5111 is puzzling and not due to
MAO Inhibition (SQUIRES, personal communication 1964)

mmmpcundhldmlnﬂvdymkuuwmmkcﬁmnnditmfor
future clhinlcal experiments to show whether it consequently gives ris to
fewer sids effects than other neuroleptics.

Sommary

This describes & comparative phar logleal and toxicologlcal study
of FG 5111 (1-(4—methyipipend1no)-p-ﬁuorobutyropbenoue). chlorpmma
nne and halopendol,

The compound FG 5111 appears to possess a nenroleptic activity
similar to those of chiorpromanne and halopendal Likn the latter sub-
stance, FG 5111 has a weak anticonvalaant and antitremorine effect as
w:ﬂnubiphndcwﬁunontheuorﬁcﬂ]EEGofmbblu,Mdlnninnhl

fration synchronimtion. In contrast to the
reference substances, FG 5111 shows some sntireserplne properties.
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Histocherical Demonstration of Adrenergie Nerves In
Cortex Pla of Rabbit

By

B. Falkk, G. L MchedBdlll* and Ch. Owsan
(Reesived Aprd 20, 1963)

There sre toveral reasons for believing that ndrenergio mechaniams are
operative In the cerebral cortex. Thus, holamines have been d 4
chemically although in famrly small amounts fo the cortex compared
with those in certamn “decper” structures of the cerebral hembspheres
(Yoar 1954 CarLssoN 1959 KUNTAWN er al 1961 HATIoRI 1964)
The specific enzymes responsible for synthesis and metsbolism of mono-
amines are present m cortical timue (¢f KUNTZMAN ef o/ 196] WEDER
1961 McCamaN & APrsoN 1963 MCCAMAN e/ af 1965) Further
cortical slices have been shovwr to take up and concentrate catecholamines,
especially norsdrenaline, agalnst & conudersble gradient (Denaie,
SrteceL. & Trrus 1961 TiTus & DenGLer 1962 Rosy & Renyt 1964)
This is a characteristic feature of adrenergic neurons both 1n the central
pervous system (Fuxe & HiLLare 1964 Fuxe & OwMAN 1965) and 1n
peripheral tissues (HAMBERGER ef af 1964 HIiAwP & MaLurows 1564)
Finally it has been demonstrated that smgle cortleal meurons readily
respond 10 the application of different monoamines (KrNieEvi¢ & PriLLIs
1963)

In order to undenytand adrenergic mechanisms 1t is, however necessary
to localize the monoammes at the celtwar level Recently Farcx &
Hizarr devised & method for the demonstration of certain biogeruc

by flu py (FALCK 1962 Farcx et of 1962
Courobi & Hirare 1963 & 1964) sensitive enough to make visible e.g
mtrancuronally located nomdremaline (FALcxk & Towe 1962) Our
investigation was copcerned with direct histochemical localzation of
udrmcrgtncnu.bothmcomcnlﬂnmmdnmundﬂmpm“:whu
well as in the radinl artenes penetratmg 1nto the rabbit cortex,

_"mlﬁd:m Iastituts  { Physology Georglan Academy of Sciences, Thilim,
VISR

Asia pharmcstegice. . T, Dk, 3-3
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Material and Methods

ml&uawhmlmdhmecbﬂnhﬂybyﬂumuhoddFm(lmmFm
& Owuan (19630) were ottained from rabbits of both sexer Six sormal ankoaly ey
nmlmp&w(&fpﬂmu)m-dmmwh-do-NSmm,M
fo four animah, which were kifled after 24 hoon. A monofmine oxidess ahibitor
nhhmld&(Nnmld.Pﬂm’)—mh}eatdlnmperkmnﬂy(lsomm;)hw!hrwld—k
which were killed 6 hours Mter In moother sericy, four ankmals wars it sbiecisd to
bilsteral cervical sympathectomy by remov] g the supsrior cervical gagha 2oder mcbema!
(nembual) ansesiherla, and thin on th 4tk postoperatlve day infected with 200 mg/ig of
nialamide, which was repeated aftor 16 hours the antmals were killed 5 bowrs after the bt
Infection. Blfateral cervical sympatbectomy alone was doas on five aalmaks, which wer
Lilked 4 dayx leter Fioally threo animals wore ghven 200 my/kg of w-metbyhncistyrose:
by the Intravenous rout and killed 24 hours Iater

Tho animals were killed by intravenons sir (from some the tisnes to bo sodied @
eoved nnder nrethane anaesthesda), and pleces of the cortex (two t elght per axtoal),
incloding th pla mater mestnriog about 4 X 4 X 3 mm werc dissected ont. As cosrol
organs for tha histochemucal resction and the pharmacological trestmments, picces of the
heart vortricles wero 30 Inctuded The xpacl were treated Jn accordance with the
description ghven by FALCK & Owaan (19658) Thh Incledas formaldebyde condremttion
of the ines, whereby the L and S-hydroxytryptamine form intenacly
fuofescent products emitting & green und » yellow Hght, respecthvely uadar the condinoss
af floorescenee microscopy wsed.

A uimple techmque was osed fo  plal thoue, Foor anbmaly wers killed #5 described bove,
and under a dissecting microscope small plecrs of pla measn hig aboat 4 X 4 mot, wee
wtripped off from the ondertylng cortex aad stroiched on  alide, which was dried for oM
Mr-tmmwmwmmmwwhrm
hyde gas, the preparations wero analysed directly in the Anorescencs microscope.

Results

In the cerebral cortex of the normal rabbit a dmstinct fluorescence of
green colour  charactenstic for catecholamines, developed only in
delicate varicoss fibres. Ths fluarescence was not of & very high intensty
although 1t stood out clearly against the cssentally datk background of
thcbrlmmmoﬂyfmnmﬁbmoffnhiylnrpmﬁbmmﬂmdl
moreimmhghLAJJt_beﬁbmu(ﬂg.l)hndﬂnnmcdmndaﬁﬁc
nppeamceﬂxth:ndmncrgicmtcnnhallcbcwhtrcinthﬁ@“‘l
nervons system (¢f CARLESON ef a] 1962 & 1964) or m peripheral tssess
(Nowmeno & HAMRERGER 1964 FALCK & OWMAN 1965b) No difference
hl!hcchnua:ﬂsmofmnﬁnumnmmobscrvedwtcthuﬂw?;
pamdonswmdmectcdouthvimorimmedhtdypaﬂmﬂﬂﬂ
Ceux & ERULKAR [964) mﬁuommmdtywunotmw
mpmpmnmmumtedmfurmddehydemformmhammﬂﬁ
one hour Thus, a pnmary not 2 secondary catecholamine wes
probatility present (s2¢ FALCK & OWMAN 19658).

Inthcaumhymofthnmﬁa,thcﬂnomcmtmnﬂmmvﬁ
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Fig | Termiuel vaclcows parts [ edrencrgic axoa qyanlng (8 the scocoriex
of normal abbu
(4) Long varicose rerve, measarnng sbout 0.6 mom and rupmng in - fuurly stralght co o,
IL:8

{b) Az00 running conngnow to three xox-Auormcent cell bodies (xrrows) The rounded
Black areas seprevent tho cell nnclel x 310

()} Yarmoss fibrs, widch ends on s son-fluorecent cell pody (apps part of Lhe figure)l
EILN

sbundant end ran manty parellel to the cortical surface (fig- 7) They
were usually short, not exceeding 0 1 mm, but sametimes the fibres were
fairly long (fig. 1a) Some of the Abres ran superficially lying in close
proximuty to the plal vessels. In the deeper layers the nerves traversed the
cortical nervous tissue more frregularly in all directions, to create a three
dimenmional rather scanty meshwork of fibrey (fig. 3) The course of the
nerves was largely straight, but here and there bending to pass contiguous
to non-fluorescent nerve cell bodies (g, 1b) Sometrmies the fibres seemed
1o end on such a cell body or on the most proxmmal part of its axonal

1
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Flg. 3 Abundanco of fivorescent nerves, many of which ru  paralie to the surface (apper
part of the figure) in the cuter lyer fthe neocortex. In th pla at the serface & few goto-
fluorcscent celh are seen. Sympathectomized rubbit treated with nmbrmude. > 150

Fig. 3 Decper e { nencortex mmummmwm.ﬂm@
brtween Bou-Inorescemt norve celh, whose oolel ro sem 3 black reas Sympathect
omized rabbit treated with  walamide. 200
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;nucux.nﬁerhnvingnmoniurmfm(ﬁg.lc) The nerve fibres often
etotsed the course of radial blood vessels to the brain, but in no instance
were the fibres seen to cross the perivascular space to run along ths vessels.

Hnomlxnlmnuhrnnteﬂnlwuoﬁmminthecdlbodhs The
fluorescence Was present even in preparations not treated with formalde
hyde and thus represents antofnorescent gramules. Moreover this
matcmlcmmndllghlinthnbrmy:ﬂcwmnm,mdﬂlh in contrast to
the flmorophores of the biogeuc monoamines, did not fade in nltraviolet
light finally it was not affected by rescrpine (see below)

In the pla mater vancose nerves having the same morphology and
calibre as those in the cotiex, but emitting a fairly mtense green light, ran
along the blood vessels often n smail bundles of two or thres fibres, with
frequent intercommunications between the bundler, This gave rlse to a
wade-meshed plexms supenmposed upon the medie. The Innervation was
by no means as rich as that seen in certoin peripheral vascular beds
(FALCK 1962 NommeG & HaMBERGER 1964 FaLcx & Owiax 1965b)
The phal veins wero enclosed by even fower fibres, arranged in 2 dmilar
manner as 10 the artenal plexuses, The fibro system around the radistmg
vesscls of the braln substance thowed the same construction. These nerves
could often be followed from the pul vascular nerve plexuses on the
cortical surface, whero they took a new and essentially perpendicular
drection to continue mto the brun tisne, where they mn along the
rediating vessels,

Sometimes the pual vascular nerves scemed to run directly 1nto the outer
Layers of the cortex. When such nerves were followed in serial sections,
1t became obvions that they were somehunes related to the radial vessels.
In other instances, however the netves were secn to letve the arteries at a
conspicucusly acute angle and continued in this direction within the cortex
without relation to the vessels, Often the course of a nerve fibre was
interrupted for & short distance where it passed through a narrow space
between the plal membrane and cortex, Thus loss of continuity was
evidently an artefact occuring during the quenching or sectioning of the
preparation. A further feature, especially evdent in the stretch-prepara
tions of whole pial membranes, was that the vascular nerve plexuses of
ndpamtvcudxdmwedhnmnnecdnminthepmnmbydngk
ﬂbrummﬂhmﬂuornrbomnmmmwnmjmdmmn,
filled wath granutar matenal showing an orange sutoftnorescence (fig. 7),
but they did not interfere with the i | ammins localt

After ijection of the ins oxdase Inhibitor nialamide, the
green fluorescence of the cortieal nerve fibres became somewhat more
intense. Nerve fibres obviously without any notable fluorescenee under
uuxmaloondﬁhmmwuhfhwdnmomorlmlntcmcmh;mm
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genctalnrmngcmcntdidnotd;ﬂ':rfmmthatobscrved[ulhzmunwd
amal. No increase occurred in the fluorescence of the vascular nerves.
Noctnngamnowdmwantoﬂumtcdh,mwutabcﬂpcaai
Nordldnnyoeﬂbodbwilh:ped:ﬁcﬁuomccnccsbowupaﬁerdnmah—
mide administration.

Rescrpine treatment caused & complete disappearance of the fluore
scenco In all types of nerves of the cortex preparations, as well as in the
nerve fibres of the control thasue (heart) No change occurred in the agto-
fluorescent materral.

Bulateral cervical sympathectomy along with nialamide administranon
(fig- 2 & 3) cansed a total loss of fluorescence from all vascular perves.
The same results as those with nialamide alone were thown by the fluores-
cence micnsity and the number of fluorescent cortical nerve fibres.

After bilateral cervical sympathectomy only the fluorescence in al
vascular nerves was abolished. No changes could be seen in the number
or fluorescence intenmty of the intracortical axons.

@ Methylmetatyrosine caused & severs depletion of monoamine In
cortical and vascular nerves, In some of the animaly the cortex showed
only few nerve fibres with extremely faint flnorescence, The flusrescence
in the vascular nerves was somewhat fess reduced, but remained fo & few
locations only particularly where the fibres ran close together in bundles.
A depletion had also occurred in the adrenergic nerves of the heart the
number of fibres was senously reduced, and the fl of the
remmning ones was less intense than in the normal animal

Discossion

+  In preparations from the cerebral cortex and pis mater of the rabhit 3
system of fino varicose fibres having the same appearance as the
parts of adrenergic axons in peripherul organs (see FALCK 1962 Nomsexd
& HaMprroe 1964 FALCK and OWMAN 1965b) have been demonstrated.
The colour of the emitted light and ths reaction conditions under which it
developed suggest the occurrenca of a primary catecholxmine in the nerves
(FALCK & OwMAN 1963a) Similar nerves have alto been demonstrated
in neocortical tissue from rat (CAmissoN, FALCK & Hiraxe 1962
le%Su&b)mdmn(Fm&meN,unpubluhcdobmﬂﬁom)
Reserpme and e-methylmetatyrosioe, when given in doses wuﬂ;g
disappearance of catecholamunes from nervaus tissues (CARLSSON ef
1957 meox&[mnqmlm),momorlwnboruhndm:ﬂumﬂ;
c:nc:inﬂuconu-pumlnhibrﬂonofthcmomammcoxﬂlrlh'
ukmpmiut.hcinncﬁwuounnhcmonmmlnu(Smual 1957)15111:;
minaamhthnhtmﬂtyafmnﬂummummﬂhmmd
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mumber of fluorescent nerves. This fs in agreement with tho fact that

mine axsdase inhibitors canse a derahlo 1 in the mono-
amine levels of the brain (CarLsson, LINpqvist & MAGNUSION 1960)
mthnrmlucfm:phanmmlog}mlmmmudwcd‘bedmmhh
further strong cvidence for the assumption that the nerves contam a
monoamine.

The fldorescencs reaction docs not directly permit any distinction bo-

noradrenaline and dop o Methy Tosne has been
found to canse a fairly Jong-lasting depletion of naradrenaline in nervous
tsrue, whereas the dopamine levels so0n rotorn to normal (CARLSSON &
LiNDQvesT 1962) The fact that the fluarescence of the cortical nerves was
found to be strongly decreased even 24 bours after the adminmtration
inrdicates that the primary catecholamine mvolved 18 — at any rate mainly
— noradrenaline.

The fluorescent nerves enclosed the pial arteries and also formed
Inter ications between sdjacent vascular nerve plexuses in the pla
mater A moall mmmber of fluorescent flbres coursed along the radiating
arteries of the cortex. All vascalar nerves are postganglionic axons ronning
in the superior cervical ganghia, as demonstrated by the complete aboli
tion of the fluorescence on removal of these gangla, This loss of fluore
scence {n the distal stump of transected sympathetio fibres has been shown
to precedo the structural disappearance of the axons (Farcx 1962
HAxAnson & OWMAN 1965).

Green-fluorescent nerves were also present In large amounts In the
cerobral cortex, especially in the superficial layers. The cortical axons
often ran, and sometimes ended, In closo contact with non-fluorescent
cell bodies. The contact did not take the form of a charactermtic basket
formation of fibres as seen In, for example, certaln ercas in the hypo-
thalanus or 1n the spinal cord (CARLISON ef al, 1962 & 1964). This, how
cver by o means excludes the possdhility that the perve fibres in question
form a synaptic contact with the cell bodies.

Sympathectorny had no apparent effect upon the cortical fibres, which
thus seem, at least etsentially to ordgmate from intracerebral cell bodies
whose localization is as yet imknown. The existence of adrenergic cell
bodies at different aites of the central nervous system is wall known
(CaxrsgoN, FALCK & HILLARP 1962 DAHLSTRIM & FUxe 1964 Fuxe &
OwMaN 1965). In our investigation it wes not possible to determine
whahcrornotmyoorﬁnlﬁhmmlouurwrlympmhmmny owing
to the seattered armngement of the nerves. Such nerve flbres might then
hxwudzlmtedtmmthelympmhedcﬁbrmnmundthnvwdﬂnthnph
nm:rlnﬁct.am]]numba-afunmuhmgfmmthﬁlymm&hnde
plexus around the pia] vessels wero seen to fawe into the cortex withont




140 B. FALCK, G 1. MCHEDLISHVILI AND CH. OWMAN

having any further obvious connection with blood vessels in the cortal
substance.

It 1 known that increased functional activity of the cerebral cortex 1
accompanied by increased cortical blood flow and that the pual arteral
system geems to play an umportant role in this regulatory mechemtm
(¢ ScaMpT 1960 MCREDLISHVILI 1964) Recent results fndicate that
the “nutntive  dilatation of the pml arteries 1s under direct pervowy
control by the cortex (MCREDLISHVILI & DEVDARIANT 1964 McHDLD-
HVILI & NIKOLASHVILI 1964) The possibility of an adrenergm mechanism
being involved in the physiclogical regulation of the pial arterial syrtem
(OwMAN, FALCK & MCHFDLSHVILI 1965) 18 now under investigation.

Sommary

With a fluorescence mucroscopic method for the celtular localization of
certain monoamines, a faidy rich distribution of noradrenergic nerves has
been demonstrated in the cercbral cortex of the rablut. The pral vessch
and the mdial arterres recmve & scarce mnervation of postganghosk
noradrenergic fibres ansing in the superior cervical ganglia, A small
mumber of the pial nerves probably 1ssue 1nfo the cortex, although the
bulk of cortical poradrenergic axons orignate from intracerebral cell
bodies of as yet unknown location.
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The Effect of Atropine, Histamine Liberators and Antihistamines
on the Absorption of DF=P by Mice, Rats and Gulnea Pigs

By

B. Y Ramackandman and G Agren
(Rucalved My 3 1989

In & previous paper (RAMACHAKDRAN & AGREN 19638) it was shown
that the absarption mite of radicactive dilsopropyiphosphorofluondate
(DE3P) by rat truss wea considerably reduced if the organphosphate
was mixed with atropine before injection. As this observation may have
some practical significance, especially for the mode of adminustration of
oxime antid against organphosphate poisoning (RAMACHANDRAN &
Acren 1963b) farther studiey have been undertaken to obtain informa
tlon abotrt the mechanism of this ph One of the causes for the
reduced absorption mto may be the release of histamine at the adte of
injectlon, the so-called phenomenan of “self-dopression” (Scxou 1958)
However self-depression has so far been demonstrated only in the rat
(Scaou 1961). In our studies 1t is now shown that atropine retards the
absorption of DFYP in the mouse also Some results are presented on
the effect of other atropine-like compounds on the wbsorption rate, as
also on the effects of the powerful histamine liberator Compound 48/80

and the soff histsmmic drug mepyramine on the atropine
depresuon,

Materials and Methods

The Radrochamecal Centre, Amersham, soppbed the DFRP 1t had & specefic sciivity
of abowt 300 nC/g A ttock soltion ses prepared in propylene ghyco! to contain ppcox-
fnatedy | ag of DFP bn 1 rad and way prwesryed ot —16 Quastities of the tock solvtion
were weighed and dilated ten-f M with physiological sa¥os fart before the expuriments.
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mnuepinnulphﬂauxdmo(plnrmpuulqmmy obtained locully The
ther compounds wied and their sources were Mepyremine maleste (antibinn @ My
& Baker) Histamine dibyd do (Merck, Dh hrdrob
(Sandoz, Bascl) pine by (Bochringer lapelbeim am Rhein) Corthone
xcrtate (oortane @, Merck Sharpo & Dobhme} Compound (Wellkome Remrch
Lab B b Keat) O bromids (antrenyl ® CRx) Hyomcys:
mino sulphate (Nutritionsl Rlochemicals, Cleveland, Ohjo) The amamats of (e besa
mentioned In the text refer to their salta.

Male 1blna mice weighing from 25 to 30 g were uted. The rats tser wwre of the Spregas
Dawkey strain and welghed frox 200430 g. Tha infection valume of DFIP was treariably
0.1 ml to muce. This volume conteined approximately 0.0f mg { DFRP und guve courtiop
of 0.2 to 0.3 ¥ 10% cpm, deponding on (he exteat of decay of BP The volume kojectad
into rats and guines pips was 1 ml When atropine o other adfuvants were to bs iscor
porated, the test subitances wers dheolved ln the DFRP solution, wdmtments beeg
mads In the NaCl coptent 30 a3 to give fsotonllty

The caperfmental procedure contisted in infecting an animal subcutansouly in the beck
and kifling it after the neceszary time fnterval. Mico and rurs were sturmed and decapitatad
guinot pigs were kilind under ethor anuesthens. The lver kidrsys and tomgs wers hoosapre
trod {n salime in & Poster Elvehjem type of homogwmbser and 1 ml porthoas of the uafforn
suipemions wers plpetted into glas cups and dricd at 110° aftor sdding a drop of 3 N-
NaOH. The brain tiwno was prepured by dinolteing it In hot 1 N-NsOH Radwestlty
determmations wers carrisd out ¢itber in o Tracerlab 5C 18 Buperscabr or in 3 Robot
Scaling Equipment {LKB-Prodokter Stockh [m) fitted with & TGC 2 end-wrsdow Jaga
tube.

Groups of 5 mice wers uyally esgpl yed for exch determination, but the ustlys »ov
unﬁdom-pmﬁyrrmmmv-mmuwmlmwbmmb
fected are extimated at 0.00% ml, introdocing an ero of +3% from L toures.

Resuits

Atropine-irduced retardation of absorption in mice

When DF32P 15 mixed with atropine and injected subcutaneously into
mice, the rate of absorption 13 considerably decreased. Fig. 1 shows the
uptake of DF2P in the liver the kidncys, the lungs and the brain, wih
and withot atropine, at varous mtervals after the injection The yaloes
are for the activity in the whole organs as & percentage of the total amount
ofncﬁwtym]actcd.Theuvmpwdghmofthﬂorpmmhml?Ui
026 g, kidneys 048 4 0 12 g, Jungs 0.22 4 0.04 5 and bram 038 £ 0.058
(o = 200) The hmg tissue was sometimes highly contaminated widihl:::]
Tt i3 seen that there in a conuderably reduced uptake at the 15 mm. snt
by all the orgems. Tho difference bemt:ehn the control and the X
mental values decreases progresmvely with time

Thzmmtofth:mmrmngcﬁectdcpcndxonthnmmmﬁ;ﬂ“‘:
atropino used Table 1 gives the amounts of DF¥P lncoxpcrltcfd
nrgxmatvnnmndmclcvehofntrupm:a.ndaﬂ:daaodumao bﬂh;
wiz., 15 min., 30 mmn and 6 hrs The results are expressed as percents,
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Pip. 1 Tbe s of incorparation of DFEP in mowse organs. Exch point represents (be
verage valoe fo 5 mice. Groups of 3 mice wers Inpected with DFRP of a mixtare of
DFRPaod tropine st 30 meg/kgfn  volume of 0 1 ml and counting 332 X 10 epm doo to
TP The sximmh were kifled after the requered nterval of Lo #nad the radiasctivity in the
otgam wat ceamared ag described under methods. Contteaom lines ropresant the controh

axd the broken haes thoss of expeciments with atroplne.

of the values jn control expenments caroed out umultaneously When
more than 6 ammals were used in a serdes, the results of 2 or more sets
have been pooled. For liver there was a pronounced reduction o the
uptake of DFXP at the 15 min. interval even at low concentrations of
atropme. At the 6 hr period there was a significant difference between the
P contents of atropine treated and control mice In the idney the
amount mcorporated at the 15 mm interval was keas in the presence of
atroping, but the difference between the and the control
values is not of the same magnitude as that for the Iiver at the 30 min
and 6br Intervals. At low concentrations of atropine, viz., 10 and § mg/kg
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!
Gro [ of 4 to 6 mace wers njected subcutancouly 0 1 m! ssch of DFYP solistion, cke!
alona of containng the requited amount of stropise. The animaly were kified ficr the
req ired interval, nd th organs were apalywed Individaally ndﬁuﬂbﬂiu‘dﬂmﬁh"‘;
The valwes are cxpromed a3 percentages of thoso o the control growps. The fgec=t
mckmmlhnu-mbmoranimhmrnn}ucnmmpwmhwmmﬂﬂd
when ore than § nimats are {adicated. T comserve epace, valoos of 1 and P aro omai®d
mmwmwmr&d;m«nmﬂeuuvo-wnmmmmﬂ-ﬂ-

Table |
Tocorporation of DFRP fa mouse rgans n the prosence
of various dowes of tropine,
laterral between hijection aad slagghter
o Ateopine 15 tln. 0 win 6hn
i ke Adivy | [ Aciy Acirelry
wooof |9 u nof ﬁ /e f
contro] a4 Al candrol < H control § 3y
Liver Nit 100 20) 49 [ 100 (43 27 ? 100 (15 39
50 41 30) 49 e an ss w77
0 3 (p 45 8 (5 72 709 120
30 46 (10) 37 o (1) 63 BCH W
20 805 &l “ )y &9 T (o) 4
10 a0 & 20 a0 6
s 3 am 69 n(n s 0 (1 L1
Kidney NIl 100 200 28 100 40) 25 100 (I 33
L] 61 (15 st B an 47 %0 (1) 36
“© ST (5 6% 5(8 T2 w0 (5 M
kN 300 T4 9 (1) 16 B &
-4 82 (1) 71 9 (I1) 46  105KI) 13
10 010 63 M (10) 44 102D &
L] %0 (0 0 IRKIO &2  IHHE L
Lungs NI 100 (20 43 100 0% 22 | 100 (14 25
50 ®an 32 I0LKH L4 | lsKn 70
40 2 (10 7 SHE L7 wKy W
30 5 (10 &0 »an 39 B(5n
0 &0 &3 103411 48 | 100 (5 112
to 9 (10) 46 L 91 (4H 17 103 Koy 28
H 97T HI®) 37 N(H 83 100 (10) &2
Brala / Nt 100 20y 46 100 @M 17 | too un A2
50 i an 13 16 (1) 1S 92 §10) (04
40 &1 (5 137 7 (6 68 (s 4
30 ey 1 w0 (5 141 Ny 3
b s (% 16 @(H 13| 1wKn O
1© %0 (10} 33 90 (9} 16 | 106K% 122
| ] oe k(5 138 | 12Kn 18
!

l 9IKIO) 51 1
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and at longer mtervals, the differences were not statistrcally significant.
mnpmkninthclungtﬁxuarquwadndiﬁacntwumfmﬂmim
the other organs, m that there was considerable mcorporation even at the
15 min. interval in the presence of high doses of atropine. The gap
bctwecnﬂrcoumlmdthcacpcnmmtalbemmeimigmﬂantutﬂn
30 min. and 6 br mtervak, Erratro values wers sometimes obtained owing
to the presence of high amounts of blood in the fung tissue. The uptake
by the bram was slow 1n the presence of atropine, the effect beng com-
panbleulthnlSa.nd}OmhLimcrwllwﬂhthatonlh'er At the 6 hr
period  however the differences were hardly significant, In general the
retarding effect of atropine in mico was much lexs than in rats, as reported
earlier (RAMACHANDRAN & AGREN 1963a & b) and below (sce table 3)

The effect of other swbstances on the rate of absorption In mice

Below the mombers 1n brackets correspond to the senial numbers of
expertments mn table 2. Hyosane (scopolamme) (2), hyoscya
mme (3), homatropine (4), oxyphenontum (5) and morphine (21) when
administered at similar molar concentrations, depress the rate of absorp-
tion of DF2P Oxyphenonrum was the most effective, as also found by
Sunp & Scaou (1964) on rat muscles. Hyosane was the least actrve. From
the degree of inhibition obtained with hyos w, It is not possible to
conclude whether or not the optically actire component of atropine was
alone responsible for the depressing effect,

The extent of retardation by atropine was not affected to an appreciable
degree by the systemio admunistration of mepyramine 45 min. before the
injectson of atropine DFP muxture (6-9). Mepyramine is known to
abolish the to st )i (BYOCKLEHURST ot al
1955) and to counter the effect of self-depression (Scou 1958 MiLTHERS
& Scuoy 1958) Mepyramine itself when mixed with DF2P and injected
subentaneoualy (11-12) depressed the absorption rate, in contrast with
\bﬂnﬁmgnuflh:abave—mntdluﬂmnudngmlphmmmldeand
morplune &s the test substances. Even mice systemically treated with
mepyramine absotbed DF2ZP at a slightly slower mate (10) Compound

48/80 admunk locally at & ron of 90 yg/ml (Scaau 1958)
decreased the corporation of DFXP and this decrease was partlally
mtmedbyprbrt:unnantwithmegyrminetynanbuﬂy 13 & 14
Smilar results were obtalned with histamine, ¢ -

Amdmmhev.mﬁvmdnﬂyhmpcﬁmnulmkcdomof
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Table 2

I fluence f vurlous substances on the ruts of
abiorption of DFUP In the monse liver

Activity

Set Do ol |y or |y Dver | 4 ean
No. Aduvant to DFNp ':,j:;‘m anleals | et | ok
1 coatro]
1 DF2Poaly - is 100 3y
2 Hyoscne (50 pmol) 219 10 9 [t}
3 Hyowyamine ¢ - ) 11 10 5 14
4 Hometropine ( - ) 11a [t 61 (%]
5 Oxypbenonlum(AntrenyD ( - ) 14 10 4 103
6  Atroploe C - ) 174 15 6 43
7 ~ (144 pmol) 300 s “ 51
s - after mepyramine  p. 174 10 3 1]
9 ~ - - 500 5 4 12
10 DF®Ponly fier mep. Lp. - s 0 54
11 Mepyrumine locally (30 pmot) 201 10 E Ll
12 - - as -y %0 5 4 110
13 Comp. 48/80 locally @l 20 1 Iz
14 - - aftermep Lp 0l 0 91 31
13 Histamine loally 038 10 L 4.
16 - atemelp a3 10 2] «r
17 DFXP only after hist, depletion - 4 74 717
18 Atropine after hiit. dephtion 50.0 5 “ 41
19 DF2P nlvt corthmne trosted - 3 2 127
20 Atropl et cortisone treated 50.0 s 2 [1]
2 M rphise (30 gmol) 188 10 6 52

Groups of 5 mico ware ijected with DFRP etther alone ¢ mmed wiih the Decesety
) compound Th volum impcted Into ench mouss was umif rmiy C.1 ml Names of bass
refer to the capective tahts. All anumabs mere killed 15 min #ftar the infection of DFYP
Mepyramine maleste, when oeed systemcally was at 50 mg/kg Lotraperitoneslly 43 orie.
before admnutering DFEP Depletion [ body hrstamine wea carrhed out by the $-417
schedule of Fromo & TALENT (19531 C rtisono ecetaic was gven o § dafly k-
peronea!l dases t 10 mg/ky. Whers moro than § entmal are Indicated, the values of 267
more sarkes have been pocled.

compotnd 48/80 at the dose levels grven by FrLpsmra & TaLewx (1953)
forrats, iz 15 20 2.5 30,35 40, 4.5 50 mg/ks from the Ist o the
8th day to deplete them of ther body histamine content. One monse died
on the firgt dav ToLhnmmvondhufbﬂcdmngxpsDF”Pmd
atropine-DF¥P mixture were administered on the 9th day It wus fourd
(17&.lg)thntlhmc\murﬁd’uwduptlkﬂofDFuPlnboLhmﬂ‘m'

panised and the control groupy.
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DFOP 4 hiwtemros locelly of 036 my/kg.

43
As above after mepyrambns L p.

52

Table 3
Incorporation of DFRP in parmal and histemine-dephted rats
anfler varku
i
. Moot 4Ly
Deta
N animaly of control
| | DFEP only 3 100
With atropine st 17 4 mg/kg M §
3 | Avaboys after mepyramisa L p. 3 10
4 | DFEP oaly to kistaming-depletod 4 139
$ | With atroplnc st 17 4 my/Xg to hhtaming
drpleted 4 1
6 | DFEP + mepymming locally et 20 mg/ky 3 5
1 | DFRP + 43/80 locally et 0.36 /Ky 2 st
] A3 above afiex mepyrariea L po 1 49
2
2

5o

Expesiseuty | to 3 war curried out In oae seriea an male rats, abont 200 g axd experi-
ments § to 10 were on ancther scries with rats of bout 230 ¢ Histamine depletion was
carried 0u1 with Compound 4380 by the S-day scheme of FILowoa & TaLzerx (1953
Two {the rats died on the fint day Syvtemical mepyramine was given at 50 mp/kg 45 min,
bafore admiaistmng DFEP ARl {nfectlops warw In - volums of § ml DFSNP with any
sdhrvast wer mpected subcutansonsly vader the Jooss skin n tho meck, and th gnlmale
wece killod 30 min after the Injections

Cortisone administered ntraperitoneally for § days before the injectton
of DF*?P-atropine mixture did not seem to have any enhancing cffect on
the rate of absorption (19 & 20)

Experiments ont ranz

Since the effect of atropine in retarding the rate of absorption has bean
found to be pronounced in the rat (RAMACHANDRAN & AGREN 1963b)
s0me of the expediments carmed out on mice with mepyramme and
compound 48/80 were repeated on rats. Table 3 glves the results, Tt is scen
!hntlhndcwudun:ﬁcandbyutmph\ewurutorcdtoamgmmmby
mepyramine adminkstered systemically beforo DFiZP-atropine (2 & 3 in
tablo 3). There was 2 high uptake of DF3P much above thoso in the
controfs, in rats thet had been depleted of their body hstamine by
compounx 48/80 T‘hhi:meonmnwiththnﬁndinpwithmm(itcmﬂ
m table 2) Atropinc-induced depression was only slightly restored but
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not abolished 1n the histamine depleted rats (4 & 5 in table 3) Asin the
tnice, mepyramine itself administered locally depressed the rate of absorp-
tion In rats (6 m table 3)

Experiments on gulnea pigs

Guinea pigs are known to have a low skin histamine content of 3 ks,
which is resittant to release, in contrast with rats and mice, which haves
high skin hustamine content of 40 pg/g. most of which is releasable
(PemRY 1956) Guinea pigs also differ from rats in therr susceptibility to
allergies. It would thus be of interest to find If there 1 any retardation of
absorption cnused by atropine in thiy species. Some preliminary experk
ments camed out with a hmited number of animals show that atropme
does not have any appreciable effect in dep the mate of absorption
of DF%2P (table 4) Only with a high dose of atromne is somo depression
perceptible. The overall incorporation in all the atropinised anmals in
table 4 wos about 90/ that of the controls.

Discrzxion

The results reported above indicate that atropine Iohibits the rate of
uptake of DFP in the mouse, but that the effect 13 bess pronounced than

Table 4
Uptako of DFP Iu the Guines pig liver In the presence of atroplae.
N :J‘r:l Atropine | ecrifics “““D:T’h
3 my/ky tlm mla. m % 107}
1
1 160 - 15 57
2 150 174 13 3
) 410 - k] 131
4 410 174 x 162
3 4 - ] e
6 410 174 60 207
7 40 - 30 33
H 4 3.0 0 201
9 70 - 30 ™
10 70 00 30 sie

f abont the zame welghit were chosen, and 038

Palrs of grunes pigs b of

nnhnﬂmmDFﬂPhlmlmdlhlolhﬂ
DFYP contalaing the dded stropise. The mats were Kufled by
Mmmmm-mmm-«-;—w
in the gxual way for mdicactivity
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in the rat. For Instance In the presence of 50 pmolfky of atropine the
amonnt of DF3?P incorporated In the rat hiver was as low as 6/ in 30 min.
{table 3 hmZ)whcrwntwofth:crdnn[m/inﬂwmouxundcr
amilar condutions (sce table 1 at the 20 mg/kg level for 30 min or item 6
in table 2 for 15 mun ) A possible explanation i that the mouse Is known to
metabolise atropine at & much faster rate than the rat, GOSSELIN ¢f of
(l955)foundthntlbom70—&)/ofﬂmiqkﬁcdnmpmcmnatwdin
the mouse in 6 hrs. in the rat about half of the quantity remamned un
excreted even at 48 hrs This specaes differcnce Is also interesting in rela
tion to the ph of “yelf-depression” since the rat and the mouse
have about the sgame skin histamine content of 40 pg/g (PEary 1956), most
of 1t in g releasable form.

The muxtare of atropine with DFP results not only in a reduced rate
of uptake of the latter but also in an overall reduction of the amount
sbnorbed by the liver (Gg. | 48 hr values for liver) Since DF2P and
atropine do not mutuaily react (unpublished results), the reduction m
uptake ruay be due to formation of & depot of DFP at the it of injec
tion, allowing more scope for the detoxicating enxyme, DFPase, to act
(RAMACHANDRAN & AOREN 1963a) It is scen from fig. 1 that the liver as
a mngle organ absorbs more DEFXP than the combined total in the other
three organs. A reduction in 1he total uptake effected by atropine may thus
have a practical significance for the mode of administering drugs with
atropine as an aduvant. A case 1n paint is the administration of oxirme

id in anticholi ase polsonung, when massive doses of 24 to
48 mg of atropine may be required for a person in one dey (Gron 1963)
The mode of administration of the oxime, either separately or with atro-
pine at & high concentration, may make a difference to the absorption and
climination of the oxime, depending on whether atropine exerts its
Inhibitory effect in the human subject.

The mechgniym of retardation in the absorption rate 1s thos worth
stody tut the few expenments carmed out by us to investigate how far
stropine Induced inhibition 1 @ part of the phenonienon of self-depression
have led only to Inconchuxive results. The fact that the atropine effect is

1n two species alone, tho mt and the mouse, which have »
hlghconmutuhklnhimmh\e,andthuﬂhuhmtfmmuwgnjnmpg‘
wh.rd:hunlawnhnhmmme.polnnmonglytohk\nmnepbymgl
role in this phenomenon Og the other hand, the relatively lomgrificant
influence of mepyramine and hi depk by

mpound 48/80 {n
cnunlc.dngth:lnophwcﬂ‘cctindmruthuatmpinemdﬂmﬂn[:m—

pounds may have an cffect per se apatt from the refatively minor retard
effect medmted by the liberated hustamine, 8

ﬁ:eﬁmdmcpynmhwlueﬂ‘inmdudngmuubmrpdonutnof
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DFP is a forther polat to nate since this drug 15 found to enhance the
rate of absorption of sulphacetamude (Scuou 1958) and morphine
(MILTHERS & ScHOU 1958) It has been verified thet DFRP and mepyra-
mne do not mutually react (unpublished results)

Soxnmary

The rate of absarption of subcutaneously infected DFXP in mice was
redoced by the presence of atropine in the test solution The extent of
returdation depended on the concentration of atropine, within certin
Unuts The degree of the reduction 1n uptake by the 4 organs tested, vz,
the liver the kidney the lungs and the brain, was different, the incorpors-
tion of DF32P in the Jungs remaining relatively unaffected by ths presence
of atropine 1n the injection fluud.

The retarding influence of atropine was less pronounced in the mouse
than i the rat. A few expenments on gunea pigs xhowed that atropme
was without retarding effect in this species Besides atropine, many
atroplne-like substances had a retarding effect in mice, the most effectrve
being axyphenontum bromude (sntrenyl @) The atropine-nduced
redardation was not comntered by the prior depletion of body histamine
by compound 48/80 or systemuc admunistration of mepyramine.
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Table 2

A:dnmdmo#-udmﬂ—ﬂmmbmﬂbnlnlh‘ynmmmmlhb
tom. [ the three-bour expertment five animals to each doso fn the fve-hour experimant
fons snimats.

Gastrie contants

e Mydriatic activity
Substence Period E In meq
1 Jhn (8

32 pu jpHISpH le 1.3k b
Coatrod Jbe 123 1313 0521 1088
Metropta 2 mg Im. 17 304 0025 007
U247-42 1 mg 3k 20 436 0000 0.043
Control Shra. 159 129 1147 132 © o ] [
Metropis 2 mg Shre 48 219 0143 0252 354 WX 134 2%
U247-42 I mg Shre 13 202 Q1 @193 0 L o [
Metropm 2 gl Shr 08 436 0000 0.013 €% 70, 47% WX
U247-42 lm]}

Metrophn | myl She 31 314 0015 0139 4% 3BV 20V 13
U47-420.3 ;g

tropin waa increased somewhet when U247-42 wns given at the same
time,

There 11, m other words, no doubt that ths three quaternary compoumds,
when edministered intraperitoneally to Shay rats, have both a protectrve
action aguinst ulcers and an inhibitory action on secretion. The effect
on the stomach 15 additive to that of a imultaneously administered antt

chohnerpe substance, and an increased absorption of this possibly
resuhs.

Actlons after oral administration.

The Shay rat test 1 less suitable for studying the actions of drugs given
by mouth, though it has also been nsed for this. Protective actions of
antacid and antipeptic agents mtroduced into the ligated stomach have
been observed by SHAY ef o/ (1947), Kowarov ez af (1950) Grover &
Massxe (1953), and KeriXmeN & Paasowen (1957). Sallcylo acld
compounds given in the same manner likewise have a protective action
(PAULS ef af 1948 KA1z ef of 1949) CaHEN & TVEDE (1951) compared
the actions of methantheline bronude and atropine after subentaseous
or orsl administration to Shay rats and found that to obtawn identical
effects after the two forms of administration the oral dose of atropine
had 1o be 3 or 4 times greater than the subcutaneous, whereas the oral
dose of methantheline bromude had to bo 14 to 15 tumes greater

An experiment was conducted to investigate how a quatermary com-

1
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pound {3 absorbed from the gastro-intestinal tracts of Shay rats Metropn
was given partly by mouth ons hour before the ligatlon or snirodueed
fnto the lignted stomach hmmediately afier the operation and partly
injected into the cascurn during the operation

As seen from table 3 the greatest effect wes obtalned when metropn
was given direct into the infestime, The action was not less when the drug
was ntrodoced nto the higated stamach than when it had time to pass
into the intestine before the higation. Some absorption 1tms seerns to take
place direct from the stomach.

Table 4 showe the action of U247-42 admmmstered pertly into the
caccum and partly into the ligated stomach, No effect could be demon-
strated when 5 mg was introdnced into the caecum, In the animals grven
the oral dose o marked effect was noticed on both uleeration and acd-
ity However it remains possible that some of the drug adminstered had

Table 3

Action of mooptn. given to Stay rets by mouth or wata the intestiee.
Poriod of £pation nine boars. Four animals 19 cach dos.

Admiaktration

0L hr bators
Onl after Vgt
Oral after ligat
1 Ject. into ceecnm

Ulerr | dex 'g
g
> 8

10 |3 RIWA4 =) 98

10 |13 x100Y =330 | 99
s 111x100/ =170 97 | 132 | oad | o®
10 oy x 0y =72 | 43 } 150 | oy | o
.
Table 4

A:thnosulﬂ—nmodmdmolheumuﬁmvymo-mmshvm
Wdﬂpmnmmﬂnw\on&m

| Gutric contents
Tirazion vatees
Dom [ Utear iodex vV lome "
P!
ml
Control 20 % 0% - 160 10y 159
V4742 Smgln
cecom 19 % 0,=152] UL ;ﬁ
Cantrol 4 X 100% =30) 108
9.3 pX~3

U414 3 mg orally }LOX 30X = %0
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been left 1n the stomuech and that accordingly the effect may have been
due to local actlon.

To be able to introdunce the test substance as high op 1n the alimentary
mupoa{bhbcuauxoftbchgamnthnpmwdumunplowdwmu
described below After the ligature had been tied round the pylono
sphincter the test substance was injected just distally to ths site of Liga
tion. Finally an extra ligature was applied distally to the site of infectian.

As illustrated in table 5 5 mg metropin administered in this way had a
marked effect, which was intenaified by simultaneous inpection of U247-42
The effect seemed to be due, at keast in part, to increased absorption of
metropin from the Intestine, the mydriatic sctinty having been consider
ably intensified.

Action on histamine treated Shey rats

ALPHIN & LiN (1962) compared Shay rats with mts having a chrome
fistula and found the latter to be far more susceptible to histamine,
presumably because the secretion was almost at & maximum in the totally
lignted Shay rat stomach, so that any shmulating action was masked. The
fact that no additional secretion takes place m the stomachs of Shay rats,
when they are exposed to further streas during the period of Hgation also
proves that gastrio secretion iy at its manmum In thess rats (MENGUY
1960 BrooE et of 1962 SEGAL 1960) Kyig & WELIRAUM (1956), how
over found Shay rats to respond to large doses of histamine by increased
secretion as well as kceration.

Table 5
Astloss on They rats of metropin and mbxteres of metropin and U247-42 Introdocsd nto
the ducdsacma. Penod of Hgaticn nise hoars. Foar aatmah (o sech dose.

Mydriatic
Does
3 9
bre. hrv.
Metroph 5 mg 07 X €1T% = 47 4. 145 QKD OTTIZIN TX 0 ©
:‘clmpml.!m 16 X 100% =260 173 168 035107700 4% g @
tetropia 3 my [ 435 229 0126 0.2007% 97
24m,} KITKIOIIK

156 0615 03TA2X15% 0 0

Metropin23mg] 125 x 75% = 84 137
U442 20mg
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The action on histamne treated Shay rats 1y shown i table, 6 Subey-
taneous hi inpected diately after the ligation and again one
and two hours later each time at & dose of | mg, increased the uleration,
s0 that after ux hours grave ukers were seen, often perforated. The
values for acidity were therefore worth little. Doses of 5 mg metropln had
a marked protectrve action. Forther # was notable that the ulcors devel-
oped m the metropm-treated ammals were localed in the glandolyr
part of the stomach, as rarely occurred 1n untreated Shay rats. These may
accordingly have been ulcers of different etilogy agninst which metrope
had no effect.

In doses of one-fourth and one-eight that of metropin U247-4? lke-
wize had a protective action on these rats

In five Shay rats, which had had both vagus nerves transected at the
same tume as the ligation of the stomach, we found no ulcers nine houn
after the [igation. This observation is 1n agreement with the flndings of
other workers as mentioned above in the review of the literature.

In exploratory expeniments on vagotomised Shay rats even nine dosss
of | mg histamine each, injected subcutaneowsly durng the ligabon
period, cauted no gastnc uleses. In another expenment, therefore, toven
doses of 2 mg histamme each were given durng & nine-hour hgatiea
pcrlod.Itulhownmmb}c7thntthhmmomdouofhlmnﬂmmnﬁ
provoke ulcers in the vagotamised ammals U247-42 doubiless had 2
certain protective action.

Table 6

Actlons of metropin and U247-42 o H od Shay rats j 31:*:
1 mg edmin stared mbeutanconsly immediately ad AL one and 1wo hourt
operation. Period T lypation six honre Four animale 1 tuch deee,

| Gton contert
Tiragioy o
Doso
Sabetnnce ; s | Ukert d= £ " P
| | Zs ogter [
.

Control [ 325 100, =928 ‘boulﬂ/ 136 lubout) ! ml
Metropn 50 Q715 0%~ 3 w2 110 | ::15: s
U742 128 {113~ 0y - 36| 34 | 1480 Sl

4742 0.625 / 15 T3% =113 | 128 ) 13
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Table 7
Actlo  of U24742 on vag red, ne- tod Shay rats 2 my, ghven
wbcuiuwn}ynvmumnrlchlnlhﬂu.uhnwﬂodo(nlm bours. Esch batch com-
prised five animals.
Gastrie comtents
Ttiravon vajues
Dase Uleer fndex v Iu]m' - s ey
o,

Topfer |Phenolpht
Coatrol 1.6 ¥ 100 4 = 160 72 1% .00 0207
U247-41 2.3 mg Lp. ol ¥ Waw= 2 i6 120 0.000 olx

Action on Shay rats given gustric Juice

A falr proportionality was found m the Shay rat experiments between
the secretion-Inhibutory sction of a drug and its protective action agalnst
ukceration. The anticholinergc substances are d to sct by blocking
tho parasympathetic pervous system, but this cannot be the mechanism
of action af the quaternary non-anticholinergic substances. It was there
fors thought to be of interest to compare the protective actions of the two
types of drug on the stomachs of Shay rats given gasime julee wmto
the ligated stomach.

The experiment was carned out as described bedow Gastric secretion
was collected from Shay rats kilied six hours after hgation. After centrl
fugation, there was from mix rats a total amount 77 ml of pH 1.30 This
was stored In refrigerator until the next day when the Shay test was
performed on 12 rats. After ligation the animals received etther 09 /
sodlum chlorde, 5 mg metropin or 2 mg U247-42 intrapertoneally
When fully conscious after the ansesthesia, they received orally by rubber
tube, 2 ml of the gasine secretion and then 2 ml of water This was
repeated about two and about four hours later and the animals were
killed after seven hours of ligation. The results are grven 1n tahke 8 The
control animals were then in a poor condition Perforation was seen 1n
most, and the gastric contents were 30 filled wath blood that valees for
scxdity were worthless. It 15 seen that both metropn and U247-42 had
protected agninst the corrosive action of adnunustered gastric secretfon
Metropin at a dose of 5 mg had a somewhat stronger eflect than 2 mg
U247-42. It is remarkable that the pH of the gastrre contents from all the
treated ammals was higher than that of the sccretion given, and that ths
volumes found in the stomachs were fess than the 12 ml admunistered by
mouth doring the experiment.




162 STEEN ANTONSEN

Table 8.

mﬂmhmulﬂJlmS&ynnﬁmwjﬁwhm
Pq-lodofﬁpdonmnbnnnﬁmrlnhmhwud\don.

Gastric contents

Dose Thrutlng valnex
e v

Topler Phesolpht

Comtrol 40 x100% = 400 - - -
Metropi Smglp 025> 50,/ = 12 3 141 0lsg o8
U24742 2mglp. 073 x 75% = 561 100 11 0.232 0337

Discussion

The quaternary non-anticholinergic compounds were found to have 8
secretion-inhibitory as well es o protective action against ulceration in
Shay rats. They seemed alsa to be capable of stimulating the absorption
of quaternary anticholinergic compounds from the gastro-intestuml
canal, The drugs had & protective action on histamine treated Shay rats
and on histarmne-treated vagotomised Shay rats. Further protectrve
action was notsced against the cotrosve action of gastnic secretion intro-
duced into the hgated stomach. The anticholinergic drug metropin was
found to have & similar action. Besides 1ts action wa the autonomous
nervous system, this drog must therefore also be assumed to have other
ways of protecting the ammaly

As stated in the introduction, most workers are of opinion that the

2 ulcers in Shay rats develop by corronon of the parts of the stamach not
normally exposed to strong scids. Although several workers have em
ployed the Shay test as a basis for ascertainmg the actions of new drugs,
they do not all agree 1n their Interpretations of these expenments.

LAMRLING et af (1953) have advanced the hypothesis that the develop
ment of ulcers 1n Shay rats Is a stage in a diffuse visceral diseaso resufting
from the irritation of the pylomic sphincter As evidence in support of the
view that the attack by pepsin and hydrochloric acd is not the cssentsal
factor it 15 simted, among other things, that atropne only profecs
ngﬂunulcenwh:nngmxnmudlhrg:rdosuthuthoxruq’umdm
prevent secretion and that entihistammes protect without fnhibsting
secretion

Bendes there being these two theories of the pathogeness ofulcmﬁ
in Shay rats, otber workers have pointed out the importance Ofw)
clectrolyts loss through the gastric secretion (KOWALEWSK f af
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and of the vasomotor renctions caused by the ligation (DeBRAY ef af 1950
Gami et al 1961 Lozzio et ol 1961)

SeasL e af (1952) and HAROUTUNIAN 7 ol (1952) notwed that in
general toxic actions on the animah, certain drogs can protect the
stonach,

A drug that by a known mechanism reduccs the secretion of gastre
fuxce and prevents ukceration can be compared quantitatively with well-
known drugs by the Shay test On the other hand, the test has been found
unsurtable for solving the problem of what is the mechanism by which
theso quaternary nop-anticholinergic drugs inhitut secretion.

Summary

The actions of three quaternary compounds, benzyl-tri-n-amyl-animo-
nlum iodide, benzyl{p-propoxycthyl}-ammonfum iodide, and benzyl-
(B-tutaxyethyl}-ammonium bromide have been studied in Shay rats and
compared with that of an anticholinergic drug (metropin @)

The test substances had an inhibitory action on the secretlon of gastric
juice a8 well as on ulceration, either given intraperitoneally or introduced
direct into the gastro-intestmnal canal An mhibitory sctlon was also

biained 10 d and in hi treated Shay mats,

The three quaternary ds have no Iytic achions or any
effect on the sutonomons nervous system that can explain the mhihrtory
action on Shay rats,

The resplts bave been dincussed in relation to the differeat views
provioualy advanced about the pathogenests of the nlcers in Shay rats.
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Gastrie Secretion of Rats after Test Meals

By

Steen Antomsen
(Recrived May 21 1965

The function of the stomach 13 studsed clinically by giving a test meal
and subsequontly aspiratmg st. This procedure has been employed to 2
small extent 1p animal expenments

THORNTON & CLIFTON (1959) devised a method for use on raty It was
based on climical expermments by HUNT & SPURREL (1951), and 1t was later
employed by VALRERG & WrTTs (1961) in a somewhat modifed form.

This is the only method in uss that leaves the animals intact As they
muffer no harm of any kind, the anmuls can be nsed more than once,
which renders cross-over tests posaible

Methods
Procedure

Female raty weghmng 150-225 g werw used. T scowre swopty slomach and safficent
brydration of the anim I, thees had bewm phaced 24 houirs surber In wide-menbed wiro cagey
with fres aceen 10 & solutlo  conturstag 3% glucoes and 0.4 X sodinm chloride.

A rubber catierter Nelaton no 9, wes weed for ortl adnfnistration. Wheress TRowNTON
& CLETOM (1939) worked with trained snimaty, which ofered no ressstancs to the introdee

fats On thw wire cages and taking  flrm bold of their nacks, we ad 150 particlar diffudty
in 10lrodmcrrrg (he Catheter labracated 1n dvancs with piycerine, Loto the stemach Only
fow ammals had to be drscarded after the it attenpt. bactwss they wonkd not sabmit ta
e traatmewt. AfeT short trmnung, omly & Lght kold of the back of th neck was required.

The sonach was wished Ars wikh 3 ml [ bouked watsr 1t 37* which wxs aspirated
suaattatreely and thes with 2} ml, which way kkewisa espareted. As the aatmabs bad drunk.
fuiely large quantuisns of Ghe ghacoes-selins salwtion durmg the 24-hoar preininary period,
focd residmes  ere rirely present to any sppraciable extet b the stomach. Next 5 ml of the
tost el bratad (0 37° were hitrodaced into the empty stomach. The test recal was 2
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-oludouorlsxcmummmcm’:,'hhphmdmitdbdhnmmd&lum
#0d with the pH adfmted to abost &5 by addithan of 0.1 N Hy30¢ Histamine wes phes
lmmediately after this, nd the nalmals wers roturmed to the cages without eceem (0 wrixe
or food. Exactly 45 minutes later 1be gastric contonts wers aspirated, and the slomsch
was weshed with 3 ml of bolled water bosted to 37¢ which was expirated quastiativdy.
The gustric contents phy washout wero centrifigad, and thelr pH wat morsored with to
clectrode. Tiration was then with an. the titrator (EL Y to e
PH of the test meal by 0.01 Nhoamuwmd:ddmwnw
Jentt of HCL The amonnts of phenol red fu the tegt men! £nd in the tapirated Soid v
determined spectrophotometrically st 360 my after difation with & 0.5 M solotion of
NagHPOL 2H;0 which flzed the pH at 9.36. The amomnts of phecol red in milgram
could then be read front & etandanrd curve based on a solttlon with 15X sacrose The
extinctlon conformed with Beer’s law the plotred curve, with concentration o nginl o
abscism and B as ordinate, constitat! g a ctralght tne.

Caleulations based on the results

An tho stomach war act Hpated, the arpownt secreted duting tha exparintstal paied
tectuded thet sspirated (comtained in gastric contents (OC) plas final washoot (FW) »
well a¢ the amoant pasad through the pylosic sphincier (V pp).

Y pp b calenied from tha equation
v PRTM ~ (PRGC + PRWO)
PP (CPRTM + CPROQ) 2
PRTM = wmount of phenol red in test mwal,
PRGC ~ amouat of phenol red fa gaatric contents,
PRWO = amount of phenal red tn washiags,
CPRTM =~ concentration f phenal red fa test meal,
CPRGC = coneentration f phenol red In jatric conteats

b the

The appraximation emplayed bors was that the verage phonol red conemtrston
mmmmmmmmmmmm.mmmarmrmm
half 15 yom of the fnitial nd tbe fisal concentratione i the stomach. Th concminytiod
dpbmlndmtummmmahhmbyﬁnﬂn;mmdmw
by the volume found in the stosmach.

The mmofﬁdmthdmndmmmmwmm::::‘:
mmmmwﬂnhpmdmwdmwmd&u
HQ concentration [n the stomach. Thi having begua & 200, ft becamo
concentration

Frudly the total amoumt £ acid was caleclated a3 the T of the amoust expleeisd
from the stomach and that pagsed mio the Intestna.

The valecs vet oot ¢t the tables Siustrating tho rewihy are lh'lenlb-mu:u:hu:
end of the expenument, the volume secrated during the perid. “"’"w
y L cd pecreted, exp ] +q "lhcwlum-dﬂuﬂpt"n
mmwmva»-dm;mmawrdm:"nww
mﬁpdmtmuodncrdlmumammmhohﬁunha “h‘h"“m‘“
mmuﬂmmp‘upfmmmchwmwmw
less obstructod,

Tha sccuracy of the absolnt mmurvnmmmamwh-w“":
10 question. The valots scem, however 10 carrexpond fulrly closcly thowo gbi:
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s by ther procedures. At any rate, they can be tsed & busts ¢ comapa heon of rats
treated wihth dfferent drugs

Effect of histamine stimulation

mmuwﬁdmmﬂmvnibmyhmmhm&hym
wmmum(bemmobjradmnpﬂmummmp‘mm
acilors af & tagonists, the sportancous secretion daring 43 mimutes was, fn o 1 vkew too
Jow and Irrepdar fo  this purposs.

It seemed most nataral to use histamine o stlmulast, Opiriens differ eomsderably
however abowt the senaftrvity of rats to histamisa. Thh b probably dus to the many diffe-
rent macthods used for mensoring the secretson.

Rom & Browna (1934) choss rats for ting the loo of histamine [ the

cholme. Famnsan (1943), on the other band, poticed no sction of Msamlns ca gautric
sacretion. KOMAROV et wf {1944) found histaming to bave moch Jew effect on rats than o
dogs, cats of pan, and Loww (1947) stated that the rat m ummftable for experiments with
histaruins becsms of the large dosey rwquired. Hanxnw ¢f &b (1347) c0 1d not peovoke
grstrie nkowrs in the rat by treatment with hisaming in an oflwax eovpenston. Kt &
WiLLsouN (1956) had to e largs doscs of hishaming to raise the secretion In Shay rats,
Noanwpk &k Axson (1934) seccorded m ralang the gestrie secretion of ruts i pentodarbi-
wl n by Infecung dy doses of bhtamine s large 24 my.

Whh s spechal techmique, bt has, howsver bern pomdble within recent ywiry to demon-
strats tho effect of moch smalles doses of histumine on the rat stomsch. Gnoen & Scmtn
(193%) who parfused the stomachs of anaesthetiecd animaly with 2 wesk bew, noticed the
simalating action of 30-100 ug hisamine gheen (ntravencusly Thess were the s daver.
@ saffiend for a4 method lwdving o diabyzh beg Jnserted Ju the somuch (AxTosm 1959),
A etimulting sction { physiologicel doses of histansing bas 1ho beea demonstrated oa the
Aomach in son-asacsthetised ruts with gustne fistniee, e tated by lvy (1935, Laoex ¢ ol.
(1957 found 0.1 mg to have  stirmuleting action, and Arrmn & Lix (1962) stated that
maxinum simatation is obtaned by | 2 mg sabentancomly wheress ot doses ars bew
atitys owing to the general toxclty of the drug In comparative experiments on Shay rats,
blstamine admesiytered i doars of up (9 40 neg/kg had no etimalating cffect (Lo of o, 1961}
Apavrx &k Grossiane (1963) lkewme fowsd  maxforum effect of 2 mg kisamine ghven
sbcatausousty ta rats with gustric 85t Lee.

Unug the rt mexl method, THORNTON & CLSTON (1959) etpertmented with dosss of
bmtsnine phosphate rangag from 05 10 3 g sb Hars, too,

*ffoct wys cbtalaed with about 2mg VALMEO & WITTs (1961} tested dow ranging from 4
10 230 mgfkg mibcutaneotly and foued Increestag offects up to 25 mafig.

Results
Table ! Mustrates the actions of drffe h ine doses admumi. 1
after fntroduction of the test meal {nto the stomach.
Both rubcutancous and intraperitoneal does are active. As, however

mbcunncomin}ecibnmtabepaluf\ﬂmdoﬂcnnmnecrmh,
thus making the animals tnfit for cross-over test, intraperitonsal admint

ﬂnﬂonmemplo)cdlntheu’pcrmmtxnpoﬂedbdw As 3 mg had

M e phmrsiagie. vl 2, o 33
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Table !

Tho stimufating actions [ different doses of histamloe
in test meal exparhments.

Dose f N“:‘rb“ w Lvermt treg Vol prad
hittamtne P oL ml | HQl peq hto intestine
animals Prem  Nppm
0375 mgsube, 19 283 19 .3 pd 165
075 mganbe. )] 215 168 1566 24 ar
a75 mglop. 3 p&i 1%4 120.0 25 472
1.50 mglp. 77 203 23) 1363 u an
300 mglp. bl 221 10 1ty n 4.30

no greater effect than 1.5 mg, the latter dose was chosen, The 136.5 peg
of hydrochloric acld secreted during the 45 mumtes corresponds fairly
closely to the amount to be read from the curve plotted by THorNTON &
CLrFroN (1959) Change of histamine dose seemwd to bave no effect 6a
the amount of fluld passing from the stomach to the intesting during the
expermmental period, the Vpp as well as the recovered emount of
phenol red being approximately the same in all the tests.

Table 2 shows mean values and standard errors calculated from 100
resulty on altogether 29 rats used a3 controls, These results were collected
for an expenmental period of about 6 months, the animals having only
been used at intervals of 8-14 days and only about every third time as
controls. The figures vary considerably presumably awing in part to sach
factors as differences in temperature in the research room and differences
m the intake of fluld dunng the preliminary period

Table 2

Mean valoes and xandard errors of 100 reyulis ackdeved § 179 s
uted @t controly. Botamine dase | Smg P

W o
sem = /ooy

V Losecr 1 ml 196 078
HCl secr In g Ny 07
H a7 o

P
Vppam 451 108
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The experiments must therefore be carried out as cross-over tests. To
compare the actions of two drugs we used, for example, 15 raws divided
into threo groups of five ammals each. During three expenments, at
Intervals of 14 days, these groups recerved both drugs, as well as 0.9/
sodrum chloride as control. Sometimes, however we stopped after two
days. Further the vatus of the figures found was tested by calculating
the t vatoo (Student & test)

Actions of compound 48)80 and caffeine

The powerful hutamine [berator compound 48/80, was injected
at a doss of 0.5 mg at different times before the test meal.
Tt 19 seen in table 3 that 48/80 caused a marked redection in acid secretion
by rats. Though the figures represent only a single expermment, they show
plainly that acid secretion had almost ceased. The same doso of 48/80
hes m other rats provoked gastric ulcers, which thus cannot have been
due to Increased acid secretion. The figures for phenol red and removal
from the stomach show that the drug caused some retention. Retentfon
of the secreted acrd in the stomach may possibly be a concurrent camse
of the harmful effect of the drug. If not, vescular factors must ba assumed
to be jnvolred.

Owens ef ol (1958) showed that histamnine iberators reduce the volume
of the stomachs of Shay rats as well as their acld secrction SimnHancous
admmustration of atropine effected arrest of the acd secretion, but all
the rats had gnstric uleers, The ulcer provoking effect was assumed to bo
dus to action on the blood vessels of the stomach. Mowmno & Bropie
{1962) noticed excessive ulcer formation 1n rats given the histamine
ifberator polymyxin. They showed that uleeration could be prevented by
anthistamines and adrenaline, whereas the current anti-ulcer drugs had
00 effect. The action was not dus to acd production, but to vascular

Tuble 3

Effect of 45/20 on tho wecrtion b test mea] experiments.
Hoghe sxperiownts on fonr animals to sech dose.

o \PH|VDL: HCl ‘m Vpp
g per cont m!

NeQl 1mlee 247 21 Is4.t iU} 0
4180 03 mg 15 m bef re [S] 04 o9 39 37
Nm. 4 ar 3z 44 25

- wm - i os 34 - 24
12n s e Y 4 10
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Table 4

Bffect tuﬂtﬂonmmhwmum
Single sxperimants o foar animals to each does.
Intazllhod.mcm;lw:nlnmdhtdybdmlh 1t mesl, in test 11 30-50 minctes
bef re and In test U1 $0-75 minmtas befory,

Ten, Vol secr HQl | Phenol, Y
Dowe 232

n PH ml beg pxcent m!
NaClimlLp 261 17 79 19 At
1 Caffeloe | myi p 257 12 n7 n 4
- 25 - - I 15 664 13 11
- 50 - - ) s (% 13 47
NaCllmiLp 4 23 1089 20 54
i Caffefne 25 mg §. p 268 21 101.5 13 33
- 50~ - 154 2 557 pr3 32
- 100 ~ - <7 24 387 45 A8
NQ mlonl gl 212 1483 13 57
u Caffere 10 mg orul. 340 23 M40 F1s 47
- m - - 43 -1 196 42 47
~- 4 - - 403 12 126 12 13

changes. FRANCO BROWDER ¢¢ al (1959) who likewise saw excessive mieet
formsation 1n rats after adminstration of polymyxin, thought that thzt
drug caused hyperaemia of the submucosa nnd congestion, with subsc-
quent haemotrhage. The seeretion was not considered as pariking In the
pathogenens. SELYE ef al (1960) found stress ulcers in rats to differ from
"those provoked by 48/80 The Iatter could, in ther opinfon even be
prevented by mmultanecus exposure of the animals to stress. TSURAMOTO
(1961) laxd baro tho 1nside of the stomach and paited it with Congo red,
# procedure that permitted direct observation of the acd secretion 18
this way he found histamune to be active at concentrations up to 107
wherens 48/80 had no effect. The failing sumulatory action of the katier
on acd secretion is possibly spectfic to rats. SxarH (1953), for instanc®
observed Increased secretion after injecton of 48/80 imnto chloralose
anacsthetised cats
mmmuofzxpcﬂntnuwithcqﬂ’ewcmn{muhmmmh
table 4 Contrary to expectation this drug had a markedly inﬂblﬂ
effect on acid secrction after both Intraperitoneal injection and
administration. The r~ after by mouth was, howers

possibly due to o gcutrul"' on,
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Table 5
Antagonistic cffects of subcutasoout od orel daves I ;oetropin
oa histamios In teyt meal experimeaty.

d b the differance between the mex  valoes, and thas baea calenlated
by Student  test.

Dose f| Dose [ Yol sect Phepolred
N pit ‘HC\M mt VY pop ml por cent

pX 1 3 19 46 b
L6 313 1.63 14 pH
033 Mo 056 0.35 7
111 168 179 118 1.67
QI-0.5 [001-0.05 0.03-01 001-005 0.1-08

smg
ONSmg  mubc

Co trol
Metropin
d
P
Cotrt | 208 | 1363 233 4 2

Metrop
d
t

C mrol

Metropm
d

Smg 224 [T 193 w0 ]
15 mg sabc a1 476 040 050 3
174 s 186 185 14
01-0.5 001 | oto 005 0103
L2 1360 i 490 23
10 mg 24 1093 142 443 2%
073 mg o0 267 043 037 !
134 14 1.35 oss 03
001-005 0103 | 0.1-A5 0J-03 os
Comtrel 24 | 1393 21 425 3
10 mg Metropin 183 1152 % 423 37
15mg oral d ol1e 241 089 o o7
t o2 177 | 182 o 0.2
P 03 o1 {oaos o [

dyimg on the next night. No cffect was noticed on the amount of gastric
Juce secroted nor on that passing into the mtestine
The stinmelatmg action of cafferne on the gastrc secretion of man is
unquestionable The same 18 true for cats, 1n wiuch, moreover the agent
t the a-tion of hi inc (ROTH & IvY 1944a & 1945) On the
other hand, these workens found no effect on dogs (RoTH & Iyy 1944b)

Actlons of anticholinergic compounds

For these investigations we used the quaternary compound (diphenyl-
metoxy)-ethyl-methyl-dlethy} fum fodide (metropin @), whose
effects have been described previously (ANTINEEN 1953 Axcroress &
NIELEEN 1963), and atropme sulphate.

Tho antagonistic action of metropin aguinst different hustamine doses
B shown in table 5
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Tuble 6
Effect of 5 mg atropine sulphate given subcntneomty
" HQ | Volere. | Vpp | Pasoted
s Heq. ml ml | perem
{
Contro! 220 1360 1.57 400 23
Atrop. wilph Smgec 267 647 1.7 A4 pil
d. 0.47 n3 0.60 036
t 141 336 161 0w
)] .01 0.01 o103 PREE]

Subcutaneously § mg were given 30 minutes before the test meal, and
10 mg by mouth 90 nunutes before.

The subcutaneous dose, which was sufficently large to canse some
mydriaxis and some dryness of the throat, had a marked inhibitory
action on the secretion of both acld and gastrio juce. The effect wat
greater on the secretion of acid than on the amount of juice seereted,
possibly because histamine acts faltly specifically on the former (Kostaro¥
et al 1944 SEGAL 1960) There was no essential difference between the
antagonhtio effects agatnst the small and the large histamune dose. As
might be expected of an entichohnergic potnd, it inhibried the
passage from the stomach. The Vpp decreased, and the recovered
amount of phenol red Increased.

An oral dose of 10 mg metropm had & shighter action than the b
cutaneous dose A greater antagonistic effect was noticed on the smal
dose of hustamine-than on the larpe one The passage from the stomach
»did not appear to be inhibited

The effect of 5 mg atropine suiphate mpcted sub ausly if o2
in tabls 6 This was a derably larger anticholinergic dose than 5 mg
metropin, and accordingly it hed a more pronounced inhibitory aetion
on acid secretion. It had no greater effect on the votume, and no fnhibition
of the ge from the stomach was scen,

Thnlt):nmmmlmcthodmbamedfcrmvuﬁpdnsmﬂdmdﬂdm‘
actions of antagonists on the stomach.

Table 7 fitustrates the action of § mg metropm given htrm“’“?g
1 3 5,7 10, and 15 hours before the test meal. Each doso was

ded by sdministration of 1.5 mg ine The test was
through as & cross-over test for four expenmental days on 32 rats e

Axmu'kndinhﬂ:lm-rym:tjm-lwmncoticedcmtrcltﬂ‘)’'113“1"}":0“_L
after 1 3 5ur7hnun.’1'h:mnx1mumd]‘camobmwdnﬂﬂ5 o
This was sirpasing, because with intraperstoneal inyection of metr
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Table 7
Durttion of action of metroptn (n test rosel
)l-tmpln,im;Lp.mnﬂﬂmlimclbdmhhunlm,lJm.Lp.
and test meal.

Time a hours betwern sdmishiration nd test-menl

Coatrsl 1 | 3 s v | w s
!
1 ns2 147 s34 417 30 1075 1024
HQ xoq. 4 - 148 61 785 62 117 16k
t 1 47 10 530 08T 1ie
v 0105 <001 <00l <00! 0103 0.-0.5
s 215 236 15 1 2m .t 1w
P ¢4 - 02 a4 am a3 en 0ds
t 251 476 &1 3N 100 167
° 001005 <00l <00l <00l Q1-03 0I1-0.3
¥ 2 13 16 12 19 14 21
Voleer ml  d 07 o6 10 03 a4 ol
¢ 17 21 107 113 s 17
p| - aoioos|osaos <00l a0 0103 o3
g 43 46 40 42 43 42 40
Vepm o d o1 os | 03 o 03 os
vl - 0z 2l om - o 1o
M 05 |aroselas - olos a8
R s I® w2 o
Phanotred al - 6 5 1 1 2 1
percent ¢ u 1M 0B om ex 140
P 00301 €105 | 05

o | 03 0.1-05
|
1 prononnced mydriatic effect was seen shortly after the Injectlon and
reached & maxmum 15 to 30 mmutes later Ia the test meal expenment
the throat was found to be extremely dry at the time of introducing the
rubber tube. This dryness Iasted 1 to 3 hours after metropin had been
given, but was not particularly noticeable later Thus the side-effects did
not colncide with the maximum effect on the stomach. The Shay test
affords no posnbility of demonstrating this fact, as 1t only shows the
final result of an influence lasting several hours,
Retention was at no time significant, but was most marked after 1 and 3

Stgnificance of histamine antagonism.
Metropin thos doubtless has an whibitory action on histamine stimu
Iated acd secretion in rats. This agent baving an apprechable anticholiner
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Table 8

Comparison of acthom of metropin and U247-65 in test meal experimenty,
Motropin and U247-65 ghven thres hours before 1.5 mg histamine and te mesl

Metrop, | U24109
Control JNm:;rtpp ;Jm‘:;zi Control | 10mg 10mg
orally onlly
|
[ 6 413 Mz 1070 950 23}
HCl poq 4 - 413 s1e - 120 192
t - 231 297 - o2 14
3 - 001-8.05 <0.0! alas  aios
¥ 18 288 3% 1% n M
pH d - 016 061 004 oos
t - 123 148 - 043 s
| p - 0103 ees01 - oS olas
12 K] 1.5 15 11 16 18
Y Laseer d - 03 03 - al 03
ml t - 123 138 - L) 1.5
P - Q105 | o108 - 0.8 0.1-08
2 46 46 45 39 37 4
Y ppml d 0 ol 2 ol
t -~ - oy [N} n
P - - 0s - 0.5 ot
12 7 2 24 38 » “
Phenolred d - 2 3 4 9
percent t - a0 07 - 076 282
P - L8] 01-0.5 a1-0.5 00501

g6 and antihstamunic action 1t has been considered of interest to ko
which of these actions predominated in these tests.

To investigate the signfh of the hi f & COMperr
son was drawn with the analogous compound a methyl-metropin (00:;
name U247-65) This compound shows histamine antagonum in fsolal !
gumen pig intestine 17 times that of metropin, whereas s anticho
inergic activity 15 no more then 0 8 that of metropin
Table 8 shows the effects of 5 mg given intrapentoneally and of Ioﬂ?ﬁ
given by mouth three hours before the histamune test meal! It bs scen -
U247-65 had a greater inhibiting action on acid secretion than mlhc
The oral doses of both agents had conniderably weaker actions, b:l(ows.
matio was approximately the same as that for the intraperstoneal
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Table 9

Actlon of antazolioe | test oeal mperiments.
Flve anlmals to esch doss.

HCL VoLuer | V pp | Phenolred

Dose g pH ! ml per cent
Control 156 130 21 41 n
Astazol. 75 mg sube. 1671 207 26 47 b3
50~ - 1921 208 23 43 2%

suggesting that the drugs are absorbed to a fairly equal extent from the
grstro-intestinal canal

The incrensed inhibitory action thet occurred simultaneously with a
more p d histam} was rather surprising. According
to the literature any inhibrtory action of antihistammes on the gastnc
sceretion hay rarely been noticed 1n ammal experiments.

The effect of antazoline (antistina @), which has a two or three times
greater aniagoniem to histamine action than metropin, but 2 weak
antricholinergio achion, 1 shown In table 9 The experiment was carried
ont as a single test only on 15 rats, but showed farrly clearly that the
antthistamine had no mhibrtory action. On the contrary aad secretion
was found to be mcressed in the experimental animala,

Discvsion

Unlike all other methods employed for studying gasinc secretron in
nat, the test meal method is performed on compietely intact animals,
This has the great advantage that anacsthesia and surgical {ntervention
are avolded and that cross-over tests can be carrred out.

The method grves Information on the secretions of acld and gastnc
Julce separntely and also on possible retaining actions of test substances,
becanse the extent of parsage from the stomach to the lntestine can be

Though the accuracy of the method of calcnlation employed b open to
discrstlon, the values found secm to agree fairly closely with those ob-
mrormbympmmmmmmmm
OV¥er no more than 45 minutes, we must try to give the drogy at different
intervals of times before the test meal m order to get an expression of the
duration of the sctiom of these drugs.

To be able 1o study the achions of lnhibltony, the secretion was stimm
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lated by histemine This resulted in & mixed spontancous and histammne
stimulated secretion. The question whether hustamine enters Into the
normal mechanism of secretion has been & subject for discussion (Surm
1961 LN ef al 1962) and has probably not yet been finally clanfied,
Whether thus is so or not, histamine may be regarded as the most physh
ological stimulant and antagonism to it as an adequate expression of the
action of the drug concerned

Ths hustamune liberator compound 4880 having a marked inhibltory
action on acid secretion the uleer producing effect of this drug on mts
cannot be due to increased acid secretion

The secretion stumulating action normally attributed to eaffeine could
not be demonstrated by the test method employed The doses given, both
oral and 1jected, depressed gastric secretion, The only probable explans-
tion of this 19 that the response of rats to the drug differs from that of man

Aa has been noticed with other test methods, the anticholinerme agents
were found to have a marked inhimtory action. It 1 remariable, however

that such festations of anticholinermc action as mydriasis and
dryness of the throat did not comade with the effect on the stomach,
It is umversally recognised that anth ines fail to the

action of hustamine on the stomach. In agreement with this, such a typkal
antiustamine 23 antazoline was found not to reduce secretion, Neverthe-
less, an increased effect of metropin was obtained by altermg its structure
£0 a8 to make its antagonism to histamuine greater

It seems clear that the question of the effect of 8 new drug on the stomach
can be answered to only a limited extent by experiments on fsolsted
guinea-pug intestine.

Swnmsry

The test method Indicated by TRORNTON & CLIFToN (1959) has beet
employed for testing the effects of varous drugs on gastric sectetion
in rats.

Ths lustamune hiberator compound 48/80 and caffeine reduce histamin?
stimulated acid secretion

Anticholinergic agents have an inhibitory action, which reaches s
maximum at a time that does not coinade with the other ous
of their anticholinergic action, dryness of the throat and mydrasis.

An intennfication of the histami of an snticholinere®
drug causes 1ts inhibrtory action to be mcreased The an
antazoline, on the other hand, wos found to tdmu.ht:wtﬁcm’ﬂmd

The fest method described has been found to be y usel
It can give mformation that has been found impossible ta obialn o8 rats
by other methods employed.
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Application of Test Mesl Method for Investigating the Effect
of some Quaternary Noa-Anticholinergic
Substances on the Rat Stomach

By
Steen Antonsen
(Recetved M y 21 1965

In a previous paper (ANTONSEN 1965a), the effect of three quater
nary non-antichobnergle substances on Shay rats has been discussed
Theso substances caised a reduction of acxd secretion as well as r protection
aganst ulcerntion, though 1t was impossible to explain theso effects from
their other pharmacological effects

To investigate how theso substances affect tho non-lignted stomach of
pormal raty, tho test meal method described by ThornTON & CLIFTON
(19%9) was applied.

The three snbstances investigated were benzyl tri-n-amyl-ammoniom
fodide (code nume U247-42), benryl tri(B-propoxyethyl) ammonum
todide (code name U247-51) and bemxyl tn-(B-butoxyethyl) ammonmm
bromide (code name U247-73)

As previomly mentioned (ANTONSEN 1965a) these threo substances
have about the same protective effect on Shay rats, but they do not thow
any antagonst effect as well whach might have explained the pharma
cological effect mechanism of this protection,

For comparison, 83 In the previous expermments, the quaternary ant-
cholmergle mbstance (diphenylmatoxy) ethyl-methyl-diethyl-ammonmum
lodido (metropin ®) was included.

Experimental Method
The wodification of THoaxTon & CLirrox's (1939) metbod we bars spplied bas
Prevocdy descnbed (ANToran 1965b). been

A Ptemstopicn, v 20, e 30
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Table 1

Effert of U24742 and UM7-31 edmhuktered abeutancously sad oraliy.
H 5 mg admb 41 eritoneally
Thlvmpvdn-{arum:dmﬁmnhuﬂCrorcmmmlnnutmdkﬂw
tand p were calcutated by Stadent s teat.

Antagomiet c l T d I t ’ P
[
HQ peq 1365 508 17 | 52 <ao
pH 05 283 oTw) 4% -
U247-411.29 mgac. Vol mer ml pAL] 137 Q48] 20 a0t
V pop-mf 470 355 (13 s ool
Phanolred percent - 42 4 41 -
HCl peq. 1393 513 5.0 i0 <001
224 204 264 060 60 -
UZ47415mg ol Vol secr ml 212 130 o0& 2193
VY ppml 425 48 ol7 om0
Phenolred pereent 3 1 1 ol
HQ um 1365 531 (LR} 53 <001
PH 205 248 om| 33 -
U247-511.25mgsc. Vol seor mil 7313 200 033 132 ar-83
¥V pp ml 47 38 031 233 |001-0%8

Phenolred pereaat b1 n 10 iy

HCA peq. 168 526 | t42 56 [ <001
pH z4 243 033 1%
U247-51 Smgonl | Vol soct ml 198 14 ads | 19 [0S

Vppml 50 | 37 13 ) an | om
Phumoired percent z {15 481

All experiments were executed as Crovi-over tosts, and tho averags resalis s exs cowyared
by applying Student” ree

Fm\&wmrnumpmmmﬁwmbdnpvﬁhrmmw:mw
ning 3 glucose and 0.4 % sodrum chlorkde 24 boars befors the axperimeemt.

Regults

Effect of U247-42 and U247-51 upon oral and
subcutaneoys odministration
From table 1 wo see that both U247-42 and U247-51 had & sirong
inhibitory effect on stomach secretion Admindstered tubcul
125 mg had about the same cffect as S mg admunntered orally
subcutancous injection cansed conniderable flnd retention In the st
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Table 2

Effact of 1.25 mg U247 51 dministersd Intrapecitonselly
1357 16und 15 houn bafore histamine test mesl. Histamlne 1.5 mg
L p. Crose-over test on 32 rafs. $-average.

Co Hours between pro-treatrxent and test-meal
v

s s o | o | s
!
? 1oss 2 ne “6 761 ne M4
HQ peg S PR 1 ] 61.2 27 253 144
t - A40 515 164 17 151 0.68
P - <00l <00 <0l 00SRI 00801  ~0s
b4 23 146 4.50 13 3.04 2% o.1s
pH d - m 217 097 a7l a7 a1s
t - 14 506 se4 262 14 09
P - <00l <001 <001 001005 0l!-05 Q109
¥ 24 36 24 23 3 20 1.9
Vol secr ml d - 1.2 o o1 %3 a4 (5]
t 4.7 - o1 0.4 184 265
P - <001 >03 >05 0001 a.01-0.08
b4 43 z1 31 335 52 51 4
Vppml d 17 as a7 04 03 a1
t s0 091 164 119 o 032
P <00l G105 01-035 01-0.5 Ol1-05 >0.%
§ 7 7 24 13 22 bl n
Fhenolred a4 “« 3 ’ s € 4
peresat t - (5] o7 22 1.24 154 1.06
P

<081 Q1035 001005 Q105 0405 O1-03
| |

an effect also shown by U247-51 admimstered orally but not by U247-42,
These substances are, however not suitable for subcutaneous Injection,
3 they cause frrintion and pain at the stte of injection. Excitation affects
the antmals, 50 that more force than normal mrst be wed to insert the
rabber catheter and the test will thus not take place under phymological
ditions, A sympatt ic effect of the substances may contribate
to the excitation, as they cause an adrenaline like pressor effect when
administered intravenously to anaesthetired animals,

Duration of the effect of U247-51

Anlnvuﬁsnﬂono{uudmﬂonorthzcﬁcucnmtrtpuﬁoml
ton is fltustrated by table 2. Doves of | 2Smgweregivenl 3 5 7 1(131‘51

H
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280 ———— HCl pag
~——= Vol seer

140

100

80

20
2 4 6 L2 < - S T
Fig.1 Ffiect [1.25 mg UM7~3] dminhizred lntraperitonaally
1 357 10und 15 houm befors butamin  test maal
Abacira Time in boors. Ordimate the values for the trented ammals us percentages of
those for the co trol animah investigated dmnhtancomty

15 houre before the histamine test meal. The test was executed a1 o cross-
over on & total of 32 rats for four days of expernment. The maximmum
inhibitory effect on the acid secretion was s¢en after three houry, but there
was also a significant effect after both one and five hours. We found a
short Iasting stmmulation of non-ead secretion after 10 and 15 homn
there was some lowering of ths secrchion There was albso strond,
though brief retention of the stomach contents, later on replaced by
some 1ncrense in the rate at which the contents leave the stomach.

On fig. 1 the values for the treated anmmals were expressed s percer-
tages of the values for the control animals, treated smultaneously

Comparison berween the effects of Ul47-51 and U247-73
adminigtered Iniraperitoneally

The effects of 1 mg U247-51 and U247-73 admunistered intraper-
toneally one hour before the histamine test meal, are grven i tabe 2

As shown in table 1 there was no essential difference between the effects
of U247-42 and U247-51 However here U247-73 clearly differs. uM?
73 had a stronger imhibitory effect on the acid secretion than U24:-81
but lacked completely the violent retention effect of this substanc®
Comparedwithth:mnuolmumk.mmhhuccvcnudxg,hﬂyinﬂuﬁ
rate of passage into the ntestme After U247-51 there)s an mereass
the volume after U247-73 though o famt reduction.
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Table 3
Comparion between the sfect £ mg UMT 51 aad | mg U473
anp«tounl}yumhmrbd‘nnhhnmln-mtmLymr
Crosvover test 08 15 iy

uut 81 U247 73
Costrol

1mglp Imglp
t
¥ 921 387 67
HQ peg d - 564 854
t - 136 €37
P - <0.01 <0.01
3y 265 171 39
pH d - 106 274
t 20t €36
P 00301 <agol
12 3 3l 18
Vol sccr ml d - ot o4
t 206 112
P 00301 0.1-0.5
2 49 23 12
Vppml d - 26 02
t 45 0.
P - <001 05
¥ 38 64 13
Phenolred d - s 1
percent t R &1 24
P - <0.01 0.01-0.05

Compuarison between the effects of U247-31 and metropin
adminlstered intraperitoneally

On flgures 2 and 3 a companson 15 shown between the effects of
U247-51 1.25 mg and metropin 5 0 mg, admmistered intraperitoneally at
varjous times before the hrstarmine test meal The maxmmum acd mhiby
tory effect occutred somewhat later after metropin than after U247-51
and at nio time wax there any increase of non-acd secretion after metropin,
a3 we e from U247-51 The brief strong retention effect of U247-51
wat also characterntic here. The figures for Vpp and recovered phenol
red after metropin at no time differed from those for the control animals.
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220 PH o——o U247 51

= o -0 Metropla

200 HCl peg ——— U 247 51
s - Mriropia

180 Yol secr &0——a U247 4

— — & - Metropts

H 4 8 8 10 12 "

Flig. 2. Comparison between effect oa mcld secrethon of 1.3 mg U247-51 and 5 0 g s
tropin, dmlnbstorsd mtrapertoneally 1 3 5,7 10 nad 15 kowrs befors histamkns test mesl
Abscista and ordinate ax ia fig. |

Comparison berween the effects of U247-51 and
metropin administered orally

Although the quaternary non-anticholinergic substances in these tests
as well had an inhitntory effect, definitely there are fderable differen-
ces between therr effects and the effects of an anticholinergre substance.

For this reason, 1t might be of interest to investigate how a mbxture of
metropin and U247-51 edmunustered orally at the samo time, would
affect the stomach,

The doses, dissolved in 2 ml water admnistered by means of a fubber
catheter into the stomach of the fasting rats, were S mf
U247-51 2.5 mg and & mixture of metropn 2.5 mg and U247-51 25 m.

The results, uprmedupcmmsuofth:nmufordncml!ﬂ
animals tncluded at the same time, are shown in figures 4 and 3 e
effect of metropin on acid secretion bs sbight and canonly be demonstrated
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&
240

220 Phenolco—oU247 81
— — o —-obetropin

100 Y.p.p.mle——a U747 51
— — - Metropln

2 4 6 8 0 17

Fig 1. Comparison between effect on gastra rescation of 1.33 mg U247-31 and 50 mg
wetropin sdmimstered Intrapecionesfly 1 3 5, 7 10 and 15 hoan before higtemine test

meal.
Abschaa, and ordusate e in fig. 1

after one and three hours. The effect of U247-51 was connderably
stronger and was significant after ane, three and five hours. The effect of
the mixture is only greater than that of U247-51 after one hour otherwise
they are about the same. We did not notice any effect on the vohmme
elther of the muxtare or of the substances separtely The retention effect
of U247-51 which only 15 seen after one hour was not modified by the
admixture of metropin Everything considered, the two substances scem
to have operated more or less independently from each other as U247-51
had the stronger effect, the curves for the mixture were most like the
carves for this substamce,
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PHe  oMetrop.

- ol 5

— o ——oMetrmal 247 8¢
HCl peq = - Matrop
m—— U7

= = ——aMatropsU 24T 51

180 Yolaece &~ —nMetrop.
— — 247
1o e b —aMatrop. U247 5t
no [N\
120 e
N -
YA A X T~
100
Z
x VR
80 - -
I -
-
so | _../
[
w0 Vv
20

4 4 ] ] 10 » 14
Fig 4 Comparison between effect on scld seeretson of 2.5 mg U247 51 apd 5 0 my metre-
pin, plv  mixture of 25 mg U247-31 and 2.5 mg metropun, adm antered orally | 15 7
wnd 15 hourt before histeming test meal,
Abscima od ordmato as m fig |

Dhcrmion

Experiments by the test meal method have ghown the inhibitory effect
that these quaternary non-anticholinergic substances have on the Lgated
rat stomach afso to be demonstrable on intact rats. However we &
considerable differences from the effect obtained with an anticholisergl
substarce 10 spite of the strong inhibrtory effect on scld-secretron, the
quantity of liqud secreted is not reduced, and we may even ¢ 22
increase

The to substances U247-42 and U247-51 caused a strong retention of
Jiquid 1n the stomach, whereas this was not observed with U247-73
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Phanolcs- o Matrop

— - 0—=olWT N
— — oo Matrop U 24754

yppmlw» - Metrop

180 - - —— U7
— — ——x Metrop+U 247 51

s

~3

60

20

2 4 ] 8 10 n 14
Fl§ 5 Comparis between cffect on gastne retention [ .3 mg U247 $1 od 30 mg
mtropin plus  muixture of 25 mg U247-31 ind o3 mp metropun, 2dm( bstered orally 1
3,5 7and 15 boam befors hhunniioe test oecal
Abscrsea and ordioate as m fig. ]

Although ths substances have a typically quaternary structure, a
refatrely strong effect is obtained after oral admmistration they are not
sultable for injection, because of their locally irmating effect. Whereas
some of the Shay rat expennments (ANTONSEN 1965a) might seem to indl-
cate that theso rubstances can increase the absorption of a quaternary
enticholinergic substance from the gastraintestioal tract, no alteratton 1n
the effect of the separate substances when admmistercd soraltapeously
conld be established 1n the test meal experimenty.

As mentroned before, the substances are mactivo 1n all fn riro ex
periments, with no ganghionic blocking or mhibstory effect on the anto-
nomic nervous system. Administered intravenously to anaesthetred
animals, » brief adrenaline-like pressor effect was caused by U247-42
and U247-51 but only to a less degres by U47-73 posaibly some kind

of sympathomimetic effect may be involved in the effects they exert on
the stomach.
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Somewhat contradictory 1nformation is found n the Merature about
the action of sympathormi, bst. o st h secretion
1934 Linoe 1950 Cope 1951 FoRResT & CODE 1954 Hamwm 1956
PRADHAN & WNGATE 1962) However it is agreed that they have a
whibrtory effect on aad secretion An increase in mucous stomach
secretion has also been detected after thess substances,

Summary

The effects on the mt stomach of three quaternary compounds, benzyt
tn 2 amyl-ammonmm 10dxle, benzyl-tri{p-propoxy-ethyl) ammonjum
fodide and benzyl-(f-butoxy-ethyl) ammonfum bromide compared with
an antichohnergic substance (metropm ), have been investignted by the
test meal method of THoNTON & CLIFTON (1959).

All three substances had a clear whibitory effect on acid secretion on
both p al and oral adminkstration Two of the substances brought
about an increase of the non-acid secretion and caused the passages of the
stomach contents into the wntestine to be delayed

The duration of the effect of the substances has been investigated by
administration at varous times before the histamme test meal The
pharmacology of their mechanism of action fs not known, but possibly £
sympathomimetic effect is lnvolved.
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Relative Effects of L-DOPA and Its Methyl Ester Glven
Orally or Intraperitoneslly to Reserplne-Treated Mice
BY

Jobm D. Uthey and Arvid Carimon
(Received I me § 1965

1n laboratory sntmals pareateral administration of & DOPA results in
central stimulation as well as peripheral symptoms These effects are
probably due to decarboxylation of L DOPA to dopamine (DA)

Clinjcal studies have shown that pL DOPA given omlly causes an
increase 1n total plagma catecholamines, an increase in blood pressure,
nmut bradyeardiv and certain peychic symptoms fo patients pre treated
with o MAO inhibitor but not in patients pre-treated with imiprammne
or & placebo (SCHILDKRAUT e a! 1963 KLERMAN er af 1963) Oral pL
DOPA did not alleviate mental depression (KLERMAN ef al 1963), nor
did it revense drug-induced extra pyramidal reactions (McGeer et af
1963), although the last-named workers found evidenco that some
DL DOPA was absorbed orally and mcreased blood pressure was seen
in the one subject to whom an MAQ mhibitor was given first. Other
workers have found, however that oral &nd parenteral admmstration of
DOPA alleviated akinena or ngidity of parkinsontsm or both (Bamreau
eral 1962 Brxuwaver & HomnyKEwicz, 1962).

Studies on fntraperitoneal injection of the highly soluble L-DOPA
methyl ester hydrochloride show that this compound reverses reserpine
effects on cat-brain catecholarmnes and conditioned avoldance response,
probably after belng de methylated to L DOPA in the body (Harsan
& UTLEY 1965) It was therefore of mierest to campare the effects of
L DOPA and its methyl ester hydrochloride when given omlly and fntra

pa‘ltoncnﬂytom}cahymeaswﬂngbm}nDAlcvehmdbyomg
their behaviour

} Usited State Publc Hoahth Service Postdocioral Fellow (7 F2 NB (9 754-03),
Hatiooa] lastrtute of Newrologwal Drsstses aad Rfind s,
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Methody

BrﬂnDAmdﬂmnlundbydnﬂuodmﬂr‘ckchulquu(Cumawnm
(IOS!)udeﬂcdbyCAumu&anavm(lmLAnhmhm;th-mmﬂn
fntraperitoncally 20 bours bel re 400 mg/kg L DOPA or Ity methyl cxter hydrockoride,
aknbited a3 L DOPA. No difference la brotption was found whether oml L DOPA v
wiven in aqueous swpension or dissolved In HCL The methy! ester was disotved b waser.
Intrepacitonoal tnject ons were mada tn mlins.

Expoclownt wese pecformed t - efiminate ponlbls foormcmrs {18 LDOPA eyt
ester Tmmmpomdmrwnawbonmmlnmmrmnuepmtu
norudrenaling wnd the Jodina method for DA. With model extracts containkng U mctin|
exteT th componnd was adsotbad o the rexin knd ciited with the DA fraction. Therefore
part of each DA elutt wws ox[dized by meas of ferricyanide with @ methyl ester standard,
an acthvating wavelength of 335 my end a fluoracent wavekngth of 470 mp. The resaltist
mmple finoc excence velue wis to ity eq n In the kodTes method
by oxidizing & methyl ester anderd slong with the DA ertiations. Tha cokvected methyl
exter fluoreacence was subtracted from the DA i orescence and found to eontribate ko
than 1%

Hearts were thken (rom some salmats after 20 nd 30 minoies ( cwethyl exter extime-
tlons and were found to contaln ¢ 1y trace wmounts of methyl ester

The SHTP decarboxylass sctivity was mesrured | Ire {lor Intraporitonoal Inection
of the L DOPA methyl axtes 200 and 400 my/kg, into rrsecphra-treated mice nd thax u
no dgnidcant difference from control vatoes.

Rexuits

Fig. | compures brun DA m muce at vanaus intervals after intrpefs
toneal 1. DOPA and its methyl ester With . DOPA there s an initally
higher peak after which the curves are dmilar

Fig. 2 shows that oral admuistration of the methyl ester causes 2
higher brain DA peak than an equvalent dose of oral 1 DOPA, but
afterwards the curve is mmilar s

Fig. 3 compares brain DA after different doses of + DOPA and
methyl ester given intraperitoneally or orally Both compounds mh‘;
high brain DA levels 30 mirutes after intrmperitoneal njection, but o
methyl ester 13 apparently better absorbed by the oral route than - DOll’ud

Penpheral and central effects were observed alter both L DOPA ”
its methyl ester whether given orally or intrapentoncally in dotes
200 mg/kg or lugher These cffects began 10-15 minutes after the com:
pounds were given and ended about 45 nunutes afterwards,

Discusalon y
neal cav
Since mast substances are absorbed easily from the pento
{he methyl ester of L DOPA probably enters the blood stream i‘fm’iﬁ
s then hydrolysed, possibly in the iver From the shapes of the
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Famries After rcim
Fg !l Bram DA levels  rescrpoe-treated mics sfte
0 gty wtrapetht naal DOPA (D———0Q) L DOPAmethyletesr (@~ -~ @)
cakenluted as L DOPA

DA curves 1n fig. | it may be conchuded that L DOPA t3elf is even more
easily absorbed from the peritoneal cawity than its methyl ester or that
ull the ester is not split rmmediately The results in fig. 2 show that absorp-
tion of orally adminustered L DOPA 18 poor relatrve to that given intra
peril Ily The orally administered methyl ester however s ahsorbed
better than L DOPA indicating that the methyl ester Is absorbed mntact.
Fig. 3 shows that the difference m intestinal absorption 1s more pronounced
after high than after low doses of the drugs.

Sommary

Both L DOPA and 1tz hughly soluble methyl ester hydrochloride were
edmnistered oralty and intrapentoneally to mrce pre treated with reser
pine Braln dopamine rises faster after intraperitoncal L DOPA than after
118 methyl ester but faster after oral methyl ester than after 1. DOPA.
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Hyaluronidase as an Accelerator of Muscular Absorption
of Water and Water-Soluble Compounds

By

Reldar B. Sund ) and Jens Schou
(Recetved April 4, 1965)

In a previous paper (SUND & ScRoU 1964) the absorption from mt
thigh muscle of the carbohydrates mannitol sucrose inuhn (m w 3.000-
4000) and dextran (m.w 60 000-90 000) was reported. Thelr clearance
rates (relative clearance) were inversely related to mokcular size in a way
that indicated the absorption process to be duc mainly to diffusion.

In further experiments the absorption of these substances has been
studied with hyaluronidase added to the mjection solutions, Moreover
the clearance mate of tritated watar 1n absence or presence of hyaluroar
dase wes determined. The results, which are presented and drscossed
below show that the enzyme promotes the absorption of the various
substances to an extent increasing with their molecular sze. Thus findmg
i 10 qualitative agreement with results obtamed in in vitro studies by
OGSTON & SHERMAN (1961) and LAURENT e7 af (1963)

Materials and Methods

Test nbstances
Tritted water YHowater f specific acthvity 250 pC/g. obtalsed from New Dngld

Nuckear Corp., Boston, USA

Raso-carboh, drate Th tame laballed mannuol4C ancrose- 4C methory-trshaH
and carboyi-dextran- 4C @ used previomly (SUnp & Scrav 19642

H) fwomdase Abatch {penetrsse @ commoreual partficd and fyophieed testicatyr
hydluronsdase obtained from Leo Pharmacentscah, Copenhages.

The infection soby was ware prepared whh glas-distiled water wuhhyt‘w'd:
present, they contuioed 0.35 w/v sod um chionide, otherwiss 0.9% Those of radio-».
wnludﬁ—!mluutlmmmdmrbohydmmmmnuwz
npmlnu!y(!mn&&cuwl%ﬂ:obdhphrowmmbohdfmﬂyw s

duy and was sdded In u fisal concentration of 300 LUJml Thit w3

) Prost ddrem Blologecal Department, Institnte of Pharmacy Univeruty of Os0

Noreay
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conceatration ebove maximal, eince even | f thiy epacentration appeared to gire the
ape rerlts e those repocied below A solutio waed 10 deterraine the €xits of s and
dextrsx from the blesd contained 1.5 nCiml dextran-carboxybt4C 21 mg/mb, 8uQ/ml
Iun-wathoxyVH (1.5 reg/os?) and 0.9 % sodlawm chioride.

Anintal experiments

The adworpiaen cxperimens and the welysls of the mascic sampiet wero curiod out 1y
deoxibed sartlar (SUND & BCHOU 1964). Throughont Use work, a constant volume of 16 it
was Injected.

T eelode the posahility that the pron unced inflwence of hyskeronidess upon the
dextran clarance could bo Ia part doe to  spiltzug up of this polysaccharide by the
eoxymoe,  wpecml mperiment wws performed A standerd infection solutlon of dextran
@1 we/mD was ncobated (x ire with hyaluroaidess (300 LU/m at 37° for 18 bours,
Noxt, the surymo was tmctivated at 120° for 20 munutes. The alghtly tarbid sohition was
inpectsd tuto ruts in the semal mamer Part of the same dextran solotlon, but withowt
hyalzronidase, wes carried through the sme procedurs, mrving as  contro! to the effect
of the heat tryatment upon the compound.

The kearwace of ixulln and destran from the bosd wes sinched fa malo rats weighing
160 10 230 g They were anecrtbeiized with sodiom mebomal (pentobsridial) ntraperd-
tonelly (30 mgfky), a3 in the chearance s before doubls neph by the
dorml pyrosch. Then 100 1l of the saletion meationed wus {njected into tha exposed
femoral vein by owess of 80 Agla @ micronwicr syringe. Special attention was ghvea to
preventleg kesknge denng and afer the fjection. Blood eamples (250 pi each) were
drawn from & tul vem [sto s heperinfmd plertio straw 5 15 30, 60, 170, 180 and 40
miwstes after the mjection. From single animal  muxdmom somber of 4 samples were
drawn. Te remove protein 100 pl piesma upderwent rins hydroxide precipitation (So-
moaT1 1930), Aflter splnning, 190 pl cear supernatant frome a sample wers added to 4 m!
of scintflatoa medsom (BrAY 1960). The redoectivity { each mmpht was menured
bn & Uqui sciotdletlon counter (Tsotope Developments LTD) For the estimation of

4C and InohomehoxyH In the mumpk, the sarrening method of
OWT ot ol (1957) was waed.

Remits
Clearance of tritlated water

Fig. 1 shows a semilogarthmic plot of the tage residual amounts
ofmdro»wuzr.gamnum:.whmthemmpoundwmm}cacdmthor
without hyaturonidase It 1s concloded that the clearance rate of radio~
water is the same whether the ‘spreading factor” m present or not, The
curved line hag been drawn in the figure to give the best fit for all vatues.
The water ciears the muscle farly rapidly at a rate similar to but alightly

lower than, that of manmtol in the absence of hyaluronidass (ef Sunp &
Scaou 1963) ¢

Absorption of carbokydrates

Thcrsulu[mma:.bcxpu-mmtmmbularedinmblzlnndmfunha
mnmtcdhﬁngormmpnnmmmrormumlmddanmm
I Arm paraesioghe, el 20, faec. 3-3.
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Vertical burs indicats 8.E.M  in the horiromtal brackets are given the numiber of desr

misations.

the absence of hyaluromdase (from SUND & ScBou 1964) have abo been
included in the figure. The fastest moving substances have been followed
until about 10,/ remains unabsorbed. Below this vatue the accuracy of
the estimates 13 considered too low for quantitative comparison. The
clearance rates of the various substances are inversely related to molecular
size, ot previowsly noted (SUND & Scuou 1964).

Since even a semilogarithmic plot of the rendual amounts against Lme
shows curvature, the absorption rates cannot be compared by a singe
“clearance constant™ (KETy 1949) It seems for our purpose
however to calculate a “clearance factor™ for the various experimental

penods. This factor (F) 15 defined a3
po Bi—Ry 100 I
Ry t -4y

R; = residual amount at time t; and
Ry= -~ - - - >
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Table 1
Alzorption of warions sized carbobydrates in presesce of hyalsronfdase.
16 ! ;oples of the solitions listed below ull contaiaiag 300 LU penetrase $/m! and
uNmMmMMmMulummpmm
+BE M. resaining at spacified periods after the lofection. With the cxceptions stated,
all moan valoes come ftom 4 periments. The apertmental rermlt were comparcd by t-tast
with the control figures ghven by Sowp & Scmou (1964) bn table 2

2} or
4 3 min. 5 exdo t'ﬂn&n. 1Smin. MNumin S0ma

Manmrial 4C 2} o Rl
2.1 mgfml 425350 245124 - L1425 - -
Laorose14C

Q1% mgfm! - 76433 - L7413 - -
Inulin-

athoxydH 3 min. )

19 mgfml 2122 - 358117 43174220 165112 -
carboxyh 4C

21 mgfml - [LE FU X - €T3 4104 S135 294 95.6.£4.64)

Hiaph NHieph HP<0OS HP <0001

-
"
" S e
LA I
H
«
n * witn H
= HY W0 143
wn oo 5
" 4
. s E
¢ uTE
v I3 » “ .“ w

Fig. 2 Absorption rutcs n the preseace (optn chries) and absence
(solld crrcles) of kyaluronidase,
= Kmankol, 3 « eocrom, M-l = methazydoalls, C-D =
Abscira Timg (ioated) after dats.
ritsate Perceniags unouat wnsbeorbed. Logartimbe scal.
CHTVES Aty drawa on the beis of [he fignrm coisbaed
2 12 table 2, Srn & Remou (15464). fn table 1 of tha pecssnt paper

e —
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Mathematically the factor expresses the avern absorption rate
(/ fmm.) yn the period (t; — tz)whcnwmauntexutigutm:bcpnnhg
af the penod is taken 03 100, We are well aware of the inezactness of
thus factor, but it represents & usable mean for a semiquantitative compark
san of absorption ratex. The tatio (Fuy/Fo) of the factor obtatned for each
compound 1n the presence (Fay) and ab (Fa) of hyaluramidase ks
shown for the varous expenmental penods in table 2. The essentual
ﬂndiuguthmthn:uppeuntobeaprommmscinﬂmnbmrpﬂm—
enhancing effect of the enzyme with jncreasing molecular weight of the
ebsorbed substance Thus, the absorption rate of mannitol 1s increased
only by abaut 10,/ during the first 5 mutes after inection, but that of
sucrose and 1mulin fs increased by about 20 and 30/ respectively amd
that of dextran about 100/ Contrary to the findings for the other
compounds, the enhancing effect on dexttan absorption appears to
mcrease with nme.

Effect of hyaliranidase upon dextran in vitro

From 5 ratainjected with dextran that had been Incubated with hyaturo-
nidase, the mean restdual amount (£:S.EM ) 15 minutes after injection
wot 824 4- 1 7 Four mats injected with dextran that had been camied
through the same procedure (without hyaluronidase) as a control gave 2
mean of 83,2, + 2.2. The two results do not differ significantly from
each other nor did they differ from the mean obtained fram 4 other rats
(716 + 1 7) injected with dextran that had been subjected to nesther
hyahmonidase treatnment nor heat. It could therefore be conchuded that
splitting the dextran molecule by the enzvme was not the reason for the
{arge enhancing effect on the absorption of dextran or for the fncrease of
this enhancement with time.

Table 2

Reta of chearsncs faciory
Clarance factors (cf. tex1) t tha specified absorption prnods bk &

Souou (1964
Period after wpection
95 515 15-30 [ 306
) min min. min. e
|
Manohol o 1.0 ’
SoacTose 12 i -
fethoxy-auln 13 14 12
::.rboxy-d.tnﬂn 11 16 4 LS
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Clearance of dextran and inwlin from blood to interstitial flutd

In this experment the decline In radicactivity of the blood was followed
after simultancous mtravenous mjection of carboxyl-“C-dextran and
methoxy-*H fulin Into nephrectomized rats. The pookd results from
soven anmals are illustrated in fig 3 where the “volumes of distribution”
for the two substances are plotted agamst ime The “volume of distribu-
fon™ as a percentage of the bodyweight (R) hsa theoretscal vatue caleulated
for cach of the compounds on the basts of the amount (cps) of radlo-
activity (D) 1njected, the mdioactvity measured at the time t for the given
tracer m cps per ml of blood plasma (c), and the body weight (b w)

D x 100

Re= o Xbw

1t expresses the percentage of the body weght that should serve as 2
solution medium for the substance with a concentration the same #s that
1n the blood plasma, to account for the mjected matenal, at a grven tome.

‘The results demonstrate that the applied preparztion of dextran s
pertly cleared from the arculating blood. The clearance curve for dextran
is mainly the samo shape as the curve forinulin an indicator accepted as
being dstributed in the extracciiular compartment, although dextran
travels at a sgnificantly slower rate Four hours after the mpection the
calculated volume of dextran distribohion 13 ebont 15,/ bw st & time
when tho concentration of dextran in the blood still decroases with a
declining rate.

Discumion
Clearance of tritiated water

The net absorption of water from the injection deposit cannot be
axcertained from the experiment described Probably this absorption
proceeds at a slow rate because only small gradients in water activity
and m ommotrc and hydrostatic pressures, exst across the “absorbing
membrane” The clearance of tritinted water is thus assumed to be for the
most part dus to the usual (physlological) excharge of water mokecules, by
diffusion and paracapillary circulation wich normally occurs between the
interstiial and the qrcalatmg water

ﬂledcnnncemnberemdcdua.nmwpﬂmnfwmtdnwer 2
compound forelgn to the body Two observations wers made 1n thiz
connection. Fint, the absorption rate is not enhanced by hyaturonidase,
Le netther filteation rate nor diffuddon rate, appears to be increased
This fallure of hyaturonidase to affect the diffusion of the small water
molecule I8 10 complets agreement with the results obtained for the
carbohydrates of various molecular stzes. Moreover thisabtenceof effecton
the flow of water suggests that hyahironidase does not increase capiltary
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YOLUML OF SLETMK¥TIOn
(% poor vt {

“
Rt

mEwTry

°s8 2 (1) =0 "0 uo
Fig. 3, Volams of distribution of dextram-carbaxyh14C  nd Inniin-metboty-IH in aneestse
tired rats. Pooked vrloes from double tracer expariments on seven animalse The carvey
begin at the valn 4 4 body waight, which way cxperimentally determised 1 the plroey
volome fn mico (HvIDaxR0, LAwcaien, Scrou & Srromny 1964).
Abstissx  Time (minutex) after L. v Infection.
Ordinste Dextran (@ @ — — @ @) and inulin (X ¥ — X X) compartmesis, expresed

43 pereentage of body welght.

permenbility Different opinions have been held about this, However ¥
such a mechanism vas part of the pharmacological effect of hyaturonidase,
the water flow probably would increase, (¢f Usina 1961). Secondly fo
spite of a much larger diffuslon coefficient in water (at 35° 3 x 10 3 em?
sec! according to Wawo et al (1953), compared to 0.8 x 10-% for
mannitol according to International Critical Tables 1929), the absorption
mte of tritum oxide was similar to but slightly lower than, that of
meannitol (SUND & Scuou 1964) This finding indicates, as might be
expected, that a large proportion of the radio-water enters the cells
within the infection zone, whereas mannito! does not.

Absorption of carbohvdrates

Our results confirm and extend the observation of SCHRITMAN &
KONDRITZER (1957) that hyaluronidase enhances absorption from muscie
The lack of effect of the enryme on water clearnnce mgs_cﬁsdlﬁ_rﬂﬁ

increased rate of absorption is inlly due to an
rate. It is reasonsble to believe that the mucopolyssccharide barrier 10
dxmmon,whldlbbmkcnduwnbylhcmzymc.hfomwdbylh:[ﬂm
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lﬂmlmmhlth:mmuylooscintmmusmluwnmcﬂwﬁmrc.m
woukd be expected from the high putritional requirements of muscle
fibres, thus matrix has but & small restraining action npon the movement
of mmall molecules such as those of mannitol. It is evident from table 2,
however that the ding effect i with | ing molecn}
volume of the travelling substance. This observation k¢ in qualitative
accordance with rerults obtained by in vitro experiments with hysluronic
acld jellies (OGSTON & SHERMAN 1961 and LAURENT ef of 1963)

From previons work (SUND & SCROU 1964), when tho same substances
were studied withont hyalromdase, it was concluded that diffusion was
n main dnving foree for their absorption. This conciusion was denived,
firstly from the observation that the dearance rates wero inversely re
lated to molecular size. Secondly the ratlo of the “clearance factor™
(within u specified period) to a reasonable free diffeson coefficlent (D % 106
37°) was fardy constant for the various substances. There was, however
a tendency to an increase in the ratio with increasing molecular welght.

Thus, for the first 5 minutes the ratios named from mannutol to dextran
were 16,17 2.1 and 30 In these further experiments figures of 1 7 1.9
2.8 and 6.8, respectively were found.

The deviation from a single value within each set of results may be
explained if the observed absorption mtes are the sum of two rates, the
first one due to duffusion and mfivenced by hyaturonidase to an extent
determined by the sze of the diffusing compound. The other comes from
sotvent drag, does not depead upon molecular size and is not affected by
hyataronidase Thms is in effect the samo view as that put forward by
ParpeNuEMER ¢f al (1951) for the penctration from blood to the inter
stitial trssue. According to this view the fatrly close correlation noted
carlier between “clearance factors™ and the fres diffumon coefficients, m
spite of the varying restrction put upon diffuson, fs due to compensation
(and ) by a contribution of solvent drag.

Evmﬂthonanhmrpuonofm&omthnm}ccdonmmpmm
slowly lhnbulkﬁawmybccouﬂdmbhbymyofthapﬂrmpiﬂary
arculation and lymph flow

Aenping e vumme difusion coelfickents as previousty and assuming
that hyaluronidase atways Ietely abolishes the restriction to diffusion
a solvent carresponding to an increment in the diffision coefficents
of about 0 15 X 105 cm? sec~t appears to give the best fit to both sets of
clearance vatues. However the relatively few results, the expermental
nmrlnvohednndinpanhnﬂuuncuum&ulboutﬂ}efmdlmmon
wdﬁdcnuorunrhmﬂnmddmnnmﬂon(!hnvﬂmhambcm
lakmfmmtt:litemtunmdwmnotdztm]nedforourparﬂaﬂu
beterogenous compounds), as also the possibility of hustamice liberatior
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by dextran - ol these indicate that a quantitative Interpretation must be
treated with reserve at the present time

The previous statement should be extended to the statement tha
diffusion is one of the main and may for the smaller molecules and joas
be 1n fact the mam driving foree for their absorption. Since, however the
hlndmnccmdlﬁunonmmmwnhth:dmchhcdﬁtmngmmmd,
the transport by sobvent drag it likely to be of grester importance the
greater the molecule. For molecules es large as dextran solvent drag i
probably the principal factor

There i a tendency for the effect of hynluronidase on the ymaller sred
compound to decresse with time (table 2) Since hyaluronidase itself is 2
large molecule this effect could well be expected. MALMoReN (1953)
estimated a.m.v of 11 000 for the testicular preparation

Dextran It hos repeatedly been shown, for instance, by Seupie
{1954) and GrottE (1956) that even large molecular weight fractions of
dextran are able to pasy from blood to the tissues, This 13 substantrated fn
outflow expeniments with our dextran preparation (fig. 3). The fairly larpe
distribution volume found after 4 hours suggests that, under the expen-
mental conditions of our muscle clearance expermments, dextran will cros
most capillary walls, including the muscle

The information about the exit of dextran was obtained in double
tracer expenments with 3H labelled inulin as a reference substance that
is distributed 1n the extracellular compartment. The curves in fig. 3 shows
that dextran is distributed at e significantly lower mte than jnulin. It
could be tempting to compars the extt rate for the two compounds
according to the method described by KRUHOTFER (1946) We have
reframned from attempting such & quantitative companson, however be-
cause of the heterogenity of the dextran preparatron and possible libera-
tion of histamine by thi compound factors that may alter the rafe-
determing pattern for the exit dunng a given time

The decline in the concentration of dextran in the blood might zot
be due solely to transcapillary passage, if the substance was taken up by
macrophages at tpefic sites. In severnl of the dexiran expenments ¢
measured the radioactivity in the spleen, fiver and bone marrow afler
processmg. We did not find any accumulation of radioactivity 1a these
tssues,

Moreover in recent experiments (unpublished), Schou was able to
samplo mdioactive blood from the cathetenzed rena cara i/ hnnrdl-"-&)’
after injectlon of radio-dextran into the thigh muscles of ratx. Slnctw
lymphdmnagelhrmqhthcthonucducnnthaennlnmhnonlyﬂ e
1 mlmour (BoLLMAN ef af 1948) the results clearly mdica!:“l:-'lﬂ‘
absorption of dextran proceeds essentially ocross the capillary
not by tymphatic drainage.
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Hyahzronsdase did pot split the polysacchande chaip of dextran. The
mmudms:hwthntmntbzlnrgc-dmdﬁnmmofdmmm
absorbed at a consderuble rate when the enzyme i added Otherwise, the
absorption of thess fractions = thought to manmfest itsell by the rapid
decrease 1n the clearunce factor of dextran with time. Thus, in the obaence
of hyrturonidase, factors of 1.5 1.2, 033 and 0 13 were found for the four
expermental periods, compared with 32, 19 14 and 1 1 In presencs of
the ¢nzyme. This gives rse to an increase in the mtios of clearance factor
{Fiy{Fo) with time.

It seems difficult to explain the difference in behaviour entiredy by an
increased diffunon rate of dextran The compound is known o be 2
hrstamine liberator The thne-course of any possible histamine Jiberation
in the two conditions, and the relatrve amounts of histemine liberated,
should perhaps be considered. Any increase 1n the pore mze of the ca
pillary wall caused by histamine could have 2 pronounced effect upon

osmotc water flow hence upon olvent drag effect, as pomted out by
Usstva (1961).

Sommsry

Labelled mannitol, suctose, lmulin (m. w 3 000-4.000) and dextran
(m. w 60.000-90.000) wers inpected with hyaturonidase (300 LU /ml) 1n
a small vohume (16 pl) into the exposed m extenvor quadriceps femorts of
apacsthetized rats. The sbsorption rates obtmned were inversly reiated to
molecular size as estimated from the amounts absorbed during the first
5 min,, they were less satufactorily correlated with the free diffusion
coelficients of the compounds. The enzyme enhanced absorption of cach
compound, but to a different degree During the first S mun  the mean
increase (o absorption rate compered with control vatues was for jmannitol
sbout 104, sucrose 20,/ inolin 30, and dextran sbout 100/ The
clearnnce of 3H-water was not enbanced by hyalurooidase

The experiments provide evidenco that the extent of the resistance to
diffusion provided by the int L tissue depends on
the molecular weight of the diffunng substance, Further 2 significant
solvent drag 13 supenmposed upon the diffusion rates, the absorption
futes being deterruned by the combined effect.
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The Local Effect of Cholinergle Agents and Cholinesterase
Inhibition on the Clearanee of Sucrose from Muscles
By

Akmel F Jorgemsen and Jeos Schea
(Recaived April 26, 19465

1t has recently been reported that the absorption rate of sucrose Injected
into rat muscles is d d by the \ local istration of
stropune or any of several other anticholinergle drugs (Sunp & Scrou
1964b)

Az 2 workang hypothesis, these anthors suggested 2 cholmergio system
constantly liberating acetylcholine as of physiclogical importance in

by antrcholinergic agents could reduce tho mutritional blood flow and
thereby decrease the absorption mate for sucrose,

In his fundamenta] work on the 2NaCl-clearance from muscles as
mexsure of regional creulation, KETy (1948) thovwed that methacholine
accelerated the clearance of radioacttve sodium chloride, The intm
arterial infusion of methacholine has further been shown to increass
blood flow as well as clearance rate of Na'31I from cat mrscles (HyMaN
etal 1959)

In our expetiments the method for absorption studies described by
SuND & Scrou (1964a) was used. The mies of clearance of MC labelled
sucrose, {npected intranmuscularly were determined from solutions con
taining exther one of the two cholinergic agents, acetylcholme and carba
choline, or the chaoli hibitor parwoxon (p ). Special
muubnmslvmtomncﬂ'mofurymgmmmﬁumormdng‘

2nd to the quantitative drog response at varous timey durmg the first
15 minutes after the mjection.
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Metheds

Mlktlb{nonl;of!dnﬁaﬂ.nln.wd;h}u[llo—lw;.‘mm}nmwmlwi
haborstory dért with water ad libkinm.

The T 1t ware as described by SunD & SCmou {1%6a).
Brisdy Kculo(lmhﬂon.coonmnlhbcﬂ.-dlme.lhcdm;udndlmchbddnh
liotontcfty were nfected lnto the exposed m extewsor guedricesy femoris of the nity,
wnesthetized with mebumal (pentoharbital) Intraperitonoally At variows iy alte
infaction (5 10 and 13 min) the muscloy ware omoved. After chemics] troatment (Sur
& Scwoy 19648) the remalnder of the Injected yocrose was determbaed a3 radionctivity

by Bqud scintitl \’ The amount of wucross remalning at the end
of the pethod was expr " op s of the amount kafected.

Labelled sucrose

UC-crome, uniformly labellod, with specific acthyity of 361 AC/g was phiabmd from
the Radlochemical Centre, Amersham, Enpland.

Injection solutions
Tho three types of {nfection solutions wers ail prepared fn glasr-distiiied water comtehe
1ng 0.9  sodlum chiorrds kad o trcer (35 my/ml, cormy
vponding to 12.6 mC/ml)
poin‘l,'*‘ lodide, untabelled, way teed at f moss pMA s
y/ml) up to 5300 pMf (1.3 mg/mn) X
2. Cartach lint chlorde, wnlabelled, was used at from 027 pWd
.03 10 2700 s ‘ml).
© 3 ;;:J;ﬂ)u:p(- Wﬂ. dl n::lL, 1 pkr wis wid gt concestre

Bors { om 8 4 uM/1 (23 pg/ml) pp to 2500 pM/1 (0.7 mg/mi).

Resulty

Cholinergic agents

pereen 1dual amounts of sucrose in the extensor quadmeeps
fcm.Trl:nt;.l muu:l‘:g:e:‘:rns::d 5 and 15 min. after injection ofwiuﬂolf;i
contamning 0.55 55 55 550 and 5500 uMJ1 acetyicholine lodide (136l b
At 5min after the injection the amount remainmg is sigmfteantly la\;ﬂ‘
than 1 the controls n the expenments with 55 550 and 55‘2‘:;“
demonstrating that an increased clearance rate for sucrose Is eff |
{hesc concentrations. At 1S rn., only the expenments with \h:ltwﬂfﬂ "
mentioned concentrations of acetyicholine showed a significant o™

with control values
w?rﬁ:smt comparnson of the effect of the drug on Lhc r-tcn:cf:;r;f
absorption in the two penods 0-S and 5-15 nun. the “cleam
(F) defined by Sarou & SUND (1965), has been used.
“Thus factor 13 defined as
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po®I~R) 100 1
Ry t— 1ty

whete Ry = rendual amount at time t;  and
Ry= ~ - = = L{ta>t)

Mathematically the factor expresses the gverage abso e
(,Q‘miu)mlbcpmud(t,-t,)whmt}wamounwdsdngutthemnmn;
oftbeperiodutakcnn.slm/,.

In table 4 (part 1) ix shown the ratio FufFs of the clearance factors for
the concentrations of acetylcholine applied (Fa) and the control expert-
ments (F ) in the two periods. This ratio expresset the extent to which the
absorption process in the experimental condition (with acetylcholing) &
accelerated compared with the control. The figures in table 4 confirm the
accelerating effect of acetvicholine at concentrations of 35 to 550 pM{l
on the absorption mate of socrose In the period 0-5 min. During the
period 5-15 min. an Increated absorption mte was found only In the
experiment with an inrtial concentration of 5500 pM/] acetylcholine. The
apparant depreasion of the absorption rate obtained with 0.5 M1 b
the perjod 0-5 min., and in the period 5-15 mun for the experiments with
an initral concentration of 55 and 55 uM/1 soetykcholine, cannot be
considered significant, although it may be of relevance (ieo below).

With carbacholine chloride significantly Jower residual amonnts of

sucrose were found m the muscles after 5 min. when the drug wes added
in concentrations from 27 to 540 pM/1 (table Z). Higher and lowes
concentrations than these did not significantly affect the residual amouats
after 5 mimutes, With the ugher concentrations, (1350 and 2700 M/
the animaly were systematically affected by carbacholine, showisg €gn®
of general (absorptive) vascular insutficiency Tn & single experiment the
absorptive effect of carbacholine was partly inhibited by the lntraperh
toreal {npection of 28 pg stropine sulphate 3 minutes before the Intra
mascular injection of tucrose containing 2700 M1 carbacholint. Five
minutes later a residual 389 + 2.5 £ of the injected sucrose was fooed
1o the muscles, compared to 504 % 1.5/ in # control experiment
1nvohving 1ntraperttoneal atrapine igjection without carbacheline in the
tocal sucrose solution. At [0 and 5 min. after the infections, sgneficatly
Jower residual amounts of sucrose were found in the cxperments widt
rbacholine at fons from 2.7 to 540 uM/1 (table 2)-
These results have been used for caloulanng the matios Femssewsned
Feeasrets shown in table 4 (part 2) In the period 08 min., the acceferstitd
effect of carbacholine at concentrations of 27 to muMﬂismlﬂ'ﬂ"‘;
ant. Dunng the period 5-15 min cven initial copcentrations dova
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0.27 1M1 seemed to accelerate absorption. The lowenng of the 0-5 min,
Tatios by 0.27 and 2.7 xM/1 1s not wignificant (compare table 7).

Cholinesterase fnhibitor

With parowm (paraoxon) In the inpected sohtions, the ressdual sperose
after 5 run was ngnificantly decreased for the concentrations 840 end
2500 pMJ1 (table 3) At 15 mm also 84 pM paroxan decreased fhe
residual amount of sucrose (at the 5 / lmmit of probability). The effect of
the cholinesterase inhibitor akso is shown by the figures n table 4 part 3.

Discussion

The absorption rate of sucrose from muscles was found to mereas
gradually when the cholinergic agents acetylcholne (lodsde) and carbe
choline (chlonde) were added to the injected solutions at incressng
concentretions above certain thretholds (ca 55 and 2.7 yM{/1 for the two
drugs, respectively)

Sucrose was used In tracer concentrations only with sodium chionds
added to isotonicity It is pharmacodynamically inactive and represents
a substance for which absorption s mainly due to duffuszon through water
filled pores that penetrate the capillary wall (conf SUND & Scrou 1964
Scuou & SuND 1965)

The effect of cholinergic agents upon sucrase clearance is most ikely
dus to an increase 1n local nutritional blood flow caused by a difatatin

of precapillary sphincters An increzse in the number of active capiliarss
in the absorption ares lowers the mean distance requured for sucro

Table 3

*
mmmmw.wmermm(-m.wm«mﬂw

Absorplion rats of sucrose (0.35 meml) rafected | @93 selise (540 150 . exvexser gekios S

of the rat. The Sgures daenod tha pereentags of the Mjected amount of swcrost tu’-“"’”

SmdlSmfunanamwmmer-Lnbndmndknunnmbaﬂapuhmﬂ .
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Toble 4
Ratiar [ clesrsace facrors
wamrw(dmmb.m@mwwmmmsmﬂmm
wthons of ichol holh plmunlnlhl"c-rmnhtbn.'lhndo(?d?.)
denotey the IncTesss 1a the abeoption rate caused by the drigs.

Acrtykchotine concentratlo (M/D) 0.3 59 s3 50 5300

6~ 5min 053 11 12 13 14

315 mia. - an (X3 10 11
Carbucholioo conceniration (RM/Ty 027 27 ko] ™ 540 00

o 5 raba. a3 093 11 14 14 10

s1S b 12 14 13 12 14 -
Parogan comceatratlon (WMD) 14 (2] 0 2300

o Smin 3] 11 13 14

315 min. 11 11 11 13

molecules to travel to a capillary wall and represents an increase in the
total area of the absorbing membrane. Further the mcrease in caplllary
perfusion through the area allows a greater quantity of sucross to be
transported away per unit time, These factors provide the most probable
and r bi \{ jon for the in absorption rate A dilata
tion of the waterfilled pores would increase the relative area of the ca-
pillary walls acceasible for the difusion of sucrose. Thih pomibility
mentioned for completeness sake, although it 13 considered less probable
that cholinergrc agents would produce such an effect.

The accelerating effect of the cholinesterase inhibitor paroxan on
rucrose absorption ind dog Iiberation of acetylcholine, which
reaches & concentration suffictent to allow an increase m nutrtional hlood
Bow dunng the action of the iphibitor In previous experiments, atropine
was thown to decrease the absorpton rate of sucrose (SUND & Scioo
[964b) The hypothets that acetylcholine locally mught be of mportance
for maintaining the actual lovel of capillary flow was suggested. Thix now
weemt more probabie from the cxperiments with the esterssa inhititor
described here

For all three substances, concentrations below the threthold Jevel wrere
found to decrease the absorption rate of sucrose, although none of the
single values differed sigmfcantly from the controls (tables 1 2, 3 and 4)
A similar reversal effect hias been demonstrated for subactive atroplpe
concentrations (SUND & Scuou 1964b). Although only ess fmportance
mmbedmwdwmmmmhmimmmttoadiﬁmmbﬂm
Gnluuiﬁvhyof\hetrueprempiﬂary:ph%onthonmhmd.mddn

M A i, v 1), et -1
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tphincters determining the flow through arteno-venous shunes on the
other to the effect of phymiologeal and pharmacological stimulation w1k
yasoactive compounds

Summary

Radiosucrose (14C) along with acetylcholine 1odide, carbachofine
chlonde or the cholinesterase inhibitor paroxan (pataoxon) wes imected
into the exposed m extensor quadriceps femoris of anaesthetired s ma
constant volume Clearance rates of sucrose were studwed by liqud
scntillation counting.

Both the cholinergac agents and the cholinesterase inhibitor above
certain threshold concentrations increased sucrose absorption with a
positive dosage response.

The results indicate that acetyicholine Jocally plays a rale in majntaining
outritional capillary flow
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The Infience of Thyroxine Treatment and Thyroldectomy on the
Glycogenolytic and Lactlc Add Producing Effects
of Adrenaline in Isolated Rat Dixphragm

By

Nl Svedmyr
{Ruceirad April 28, 1965)

In experiments on fasted intact rabbits, jt was found that thyroxine at
a dose that raised the basal oxygen consumption by about 50/ increased
the calongenic effect of adrenaline and ity capacity for ramsing the lactsc
acid content of the blood. Thyroidectomy reduced both these adrenaline
effects (SVEDMYR 19652). Comui (1931) suggested that the stimulating effect
of adrenaline on lactc acd prodoction m the blood was provoked by
increased glycogenalysis tn the skeletal muscles. It was therefore consid-
ered of interest to attempt to determune whether thyroid hormone wflu
enced the glycogenolytc effect of adrenaline on striated nmuscle. A stody was

thes made of the way 1n which thyroxine apd thyrowudectormy affected the
glycogenolyte and lactic acd stimulsting cffects of adrenatine in fsolated

disphragms from fasted rats. In this tissue Rimser (1947) WaLaas &
WaLaas (1950) and Waraas (1955) had previously demonstrated and
studied the glycogenolytic and lactic acid-stimnlating effects of adrenaline,

Method
Thyroxine treatment and thyrotdectomy

The Oy-comsnmptroes of the thyroxine-trested raty wers determined both beforw trest
T and sfher daity sabcurtueoas inpechons of 100 pg Hiyroxine (evan @, Nypuerd)
fo 7 days The weights of Use aximasle rasyed from 140 1o 260 g Thyroitectomy waa
performmd 34 wonlhs befors nlmals wars watd for the sxporimwente. fn arder to provent
teaay 1 CaCle was nided to thelr driniing water for 7 dags post-operatirely The O
Comamptons ware determined both befors the epeitio  and immediately before the
nﬁmuﬂ.mwmoﬂh-:umhmpdrmnlnwm;

02 wss In  growp of 4 sximah
methad praviculy desabed (SviDura 19653). o7
"
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Preparatlon of the diaphragrs

Tho acieabs were first fasted for 17 4 houm, 1n ardar that 1be pripamiory trestocst
whmm-ulnmmmu(smxmmym e
killed by 3 blow on the neck. The disphragms from 34 enimaly were dicried oxt nd
Immacsed in deecold Kreds-Hemckit bicarbonate buffer withomt glocose. Bicarborrie
buffer wea chown bacawse the glycopesalytic effact of adraealing appian 1o b proe
in this than {n phosphate buffer (SvEoaYR 1963c). Thw rat diaphragm varks costiniy
in thicknes In differest perts, 2ad ft may be axamed Uset By mretabolen may 1o iy
in ordst 1o redoce this canse of varlation &3 mnch as posalbie, 34 dmphrages, cach of
which was divided [nto twe oqual pacts, were wsed [ ¢ the cxperiments. The dhphogn
hatres osed for the contrel and the adremiine experiminis wers chosn I such & wiy
that the two cxperiowntal groups were as almilar a1 pomibh bn their Jocaltation i tw
daphrapm.

Tho dlaph batves wees lacobated ¢ +2* fo blearb buffer without glacoet e
30 minmter. This was dons 0 that 1hs [nitlally high lctic ackd conlent In the mosclo vl
have time to decrests and becoms stable at & low valnd and 40 that 1he ghrcopeschysh
and lactls 1odd production thou™d srach & wimdy state, AT thin pre-lacabation paried
the dlaphregme in both coatral and adrenallos groups were onco mors divided. Ooe of
thew fourths (benl preparation) from each divided daphragm was dried rapidly st
Ahter paper od fromm st —80 with difiwordichl {freoa 12} g ary .
Ona third af sxch of these basal preparstiony ws thea taken ( ¢ ghytogen santph The
remainder was homogeained with § ml 10 trichiorecntic seld for Jactic wekd daalyt
These asalyses grve the besal yaloer of ghycogen and tactic scld I the comdloed pies
cfdhphnm.mdhphn;mnmphhlhmmlmm\hnw"ﬂ
15 ml fresh bicarbonate buffer for 15 mingtes st 37 The adramatise grovp saple vt
locubatod fn the same way but with the addition of adrensiizo at n conctrition of
104 At b cod of hs hacobatlon perdod § of each pieos of munck w1 LaXea for gheoyd
wsalysly  d § for lactic scld anslysia. Tha lactic acid content of the Maprazion sottios
wiy also determined

mnhu-dyrd‘hmmmtﬁouohdmﬂmmmfulhrvmhm
At on TabbR (SYEDUTR 19635) Oryroxine potsntisted e lactie acid niboststiog of«
of adrenafing [ bigh bt ot in, low dases. The adreaaline concentration choaca wss I
nmdbyww(nsnwmmmumumwynwdw‘lﬂuw“’:
ﬂmmm;mmmmwmhhmmﬁllm“mw,
oxidired fn the relativety alkaline oxyprnated snypension soltion aad thar the Lssst

o by prop ty d drenat lon. Oxida! -
redia (sscorbic acid ootnmbuﬂlphh)mlﬁ:&hhbcmmnﬂdﬂrdrwm'
-dmumwmmypwuyhnumdhdm;ﬂlwmw

any of them.
mﬁna’umpmhbnofmbhrbnnub-ﬂalnm"’ Nacl uz;xd.”‘;
Oall; L0025 MESO, 0.0012 KH,PO 00012 NaHCO; 0023, When sersted
35 O3+ 5¥ COp thasolution had a pH of T4

Method of analysiz

The Jiycogen comlent wi determined by FhOpers
LusDmots & Mokut LUNDEGLM (1957). Three or fosc mop!
-u-wwmuml-&lilmmmmwmwm

o
method i the wodficion
\es of different SaphP
clgtrongmi e
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wmﬁamls!iﬂ-;mmmhodndmhqmﬂyufﬂywﬁmdlw
mined in kmown solntions with & recovery of 87 £ 36%.

Todduuum(b'huxaddmwfuummdc.mermmpkcuo(dhphnmruh
wwlwws;mwmsmuwloxwmm
bomogenurd [n 2 Uhre-Turrax app The wi and thy
lactic sckd content of the extracts asd Incubstion solotions was, | most expariments,
determbned try the method of F mogsany & Onastrx (1933). As It was found, Ja rome
cxporiments, that lactic keld formatlo  excosded that of glycogeaclyshs the remlt was,
hmmmﬂummmmww
Motm-LunDmous & Yamos, 196)) Thh control confieoed the reschs  blabwed with
the otber method. The acciracy of the metbod bas been tevted ta a previows stndy
(LumotoLu, Mora-Lusomots & SYEDMTR, 1963).

The mouot of LY ksod from the ta ghycopen content
betweea tho bami preparation at the boginning and the controd or sdrenalice preparation
1t tha end of Lhe incebation persod. The lacilc ackd production wis determined from tho
differemes between the sum of the kictic sckd contents of the muce und suspsoston solution
xt e ed of the experiment and the kactic acid conteat st the beghuning of tho experiment.

Resalts
Oxygen consumption in thyrotine-treated and
thyroldectomi.ed rats

Thyroxmne at a dose of 100 pg/animal{day for 7 days increased the
oxygen conmumption by an averags of 30 4 of the basl value Thyro-
id. d d the ption by an average of 25 4.

The basal glycogen content of the muscle was of dgnificance it con-
stitnted an upper limt for the degres of glycogenalysis and lactic add
production, expecially since the experiments were carrled out on fasted
animals. As mentloned above, no glucose was present in the suspension
medrum. The basal giycogen contents are therefore given below The
amount of spontanecus glycogenolysis and lactic #eid production m the
control preparations are also given. The effect of adrenaline on glycogeno-
tyds and lectic acld produoction is reported in two ways, first as the total
effect and secondly as the change in relation to spontancous glycogeno-
Iyshs and lactlo acid production, named below the “adrenaline effect

Baval glycogen content The basal glycogen content was highest in the
diaphragms from thyroldectomized animals (1748 ++ 280 mg / the
mnofjnpeﬂnrnuonumbmb}mdbmmm&ymxlmmmd
(1209 4:152 mg/ 13 expenments on 45 animals) In the normal
lnnmkﬂncoutmtmlﬂl:}:137mg(l7expuﬁn:nuon51m1mab)
Inuomluem:mﬂ‘nmdmﬂﬂmmltmnmtthmdumbeummcd
ﬂmmwumumxbmmm:bcnlﬁymcommtmntﬂbmdm
thcd}ﬂ'minglycogcnnlyd:nndhcdcnddpmdmuninthcdlﬂ‘nmt

Spantaneous glycogenolysis As shown in table 1 & certun degree of
tponmncomdyeogeno]ymoeaumdinthsmntmlcxpcﬂmmnonm
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Preparation of the diaphragms

The antmats were first fasted for 17-24 hoars, In order th t the prepariory tretment
should be the 3ame a3 fn the rabblt experiments (SvioMTe 19654, b) They were o
kitled by 3 blow on the acck. The dlaphragmm from 34 animab were diesected oot aed
immened fn loecold Krebs-Hemedelt bicarbonate buffer without glocose. Bicarbossis
buffer was chosen becauss thy glycogemolytle effect of adrmaling appears to be proskr
in this than In phosphate bufler (Svapsve 1965¢), The rat diaphragm varics concdderaply
In tbikckne in different parts, and It may be sorumed that bts metabolm may vkeo vy
In ofder to redece this causo of varistion an rmuch &3 possble, 34 dlaphragree, esch of
which was divided Into two equal parts, wors osed [or (ho exparinmis. The diaphrm
Balves used for U control and the adrenaline experiments were chosen ba ruch 8 wry
that the two experimamtal gromps wers as simblar 9 possible in their localization ln te
disphoagm.

The diaph hatves wers i at +2 o bk buffer withaol ghacose kar
30 minwtcy This was done 3o that the Inftlalty high Jactic ecld coatamt in tis meecke  oxld
have time to decreass and become stablo at & low valwe and 5o that tho piycogesdiyse
a d lactic acid prodoction should reach  stcady state, After this pre-incsbation petiod
the diaphragms i both control and sdrenaline growps were once more divided Om of
thess fourths (busal preparation) from each divided diaphragm wus dried rapidly with
filter paper and frozen at —90* wih (frean 12) dng dry b
Owe third of sech of ihese basal preparations wes than taken for glycogen amiye The
remeander wat homogentzed with § ml 10 trichloraortic achd for Jectle edld avalyh.
Tt analyses gave the besal valum of glycopen d lactic acld In the comblned piees
of diaphragm. The daphragm samples in the coatrol gromp wers then incubsted K
15 m! freah bicarborate brffer for 13 i mtes a1 37 Tho adremallne growp sampies o
incubated In the samo way but with the sddition of adrenaline #t & concentrution o
104 At the ond of the lcubation period § of each piccs of mwschs was taken fot ghoep
analyth and } for lactlc acid analyxts. The Jectic acld contoat of tho satpeosios solstier
was also determined.

The relativedy high concentration of dremallng was chosen for threo ressons. In cxper
ments en rabbas 19450) potentiated the Iacthc acid stimulaticg eFx!
of ndrenaling I high but not ua Jow doses. The adrenaBino concentration thosch L
fonnd by WaLaas (1953) to have the maxumal glycoproolytic effect b experimeats o8 X
mmmm;mmmmnhwmlmamwb
oxidired i the relatively alkaling oxypensted suspontion sofution sod that the e ¥
affected by a progr Cadgtion-taiobhing
media (swcorbic med mﬁmmlphh.)m,mmbmmnuaumunzh«ﬂ'
adreaaline but they may porsibly huve other #ld effocts, and T thercfore deckded st
wilng any of them.

The composition of the bicarboaate buffer im M/l was NaCl 0.2 xdﬂﬂ’“’.‘
CaCl 00015 M3, 00017 KH;PO, 0.0012 N HCDp 0025 When soruted
95 01+ 5% CO; the solutlon bed & pH of 7.4

Method of analysis o

The ghycogm content was determined by Pdger’ mcthod"""“"““h..,_
Lunoois & Moinst Lusowow (195T). Three or four tamples of difereet Pt
»ith 8 1012l Weight of 0.1-0.15 g were wsedd for the analysis. Thetotal questity o 7o



THYROXINE AND ADRENALINE IN RAT DIAPHRAGM 215

was 153 £ 70 mg. Wuth the method wed thh quanthty of glycogen wat detar

mined in known solutions with  recovery of 87 £ 56X
T determing the lactke seid coatent of ihe muscle, the frozon pieces of dlapkragm with
Ala(xlndﬂlofﬂ.}—dj!lmlmmndh!nﬂkt@lﬂlo,.uﬂmhldd ad
homogealzed in Ulrs-Terrax  pparatos. The homogenate was centriTagsd aod the
factia acld coutent of the exirects nd [scwbation solutioss wia | most sxprriments,
determined by the method of Fronema & Gaanaa (1913). As b wma found, In some

MoHus-LuNDmoLd & Vauos, 1963). This cootrol confirmed the rereits obitned whth
the oiber method The accuracy of the method bas been tested In & provious stwdy
(Lumcuoiu, Momur-Lunomois & Svepurs 1383)%

The amount of glycogeaciysin was d from the dHT in glyeogen coatent
betwren Uhs basal perparation t the begmning asd the control ot drenaline proparation
21 the sod of ths lacubation period. The hactic ackd prodection wes deternined from the
differvoce betwesn the sum of the bectic acdd contents of the mincls snd soiperaion sotutio
1 the end of the exprriment il the Lactic weld contemt t the beglantng of the cxpertment,

Results
Oxygen consumption Un thyroxine-treated and
thyroldectomized rats

Thyroxios at m dose of 100 pg/animal/day for 7 days increased the
oxygen consumphion by an average of 30 / of the basal vatue. Thyro-
idectomy decreased the commmption by an average of 25 4.

The basal glycogen content of the muscle was of significance 1t con-
stitated an upper Hmit for the degree of glycogenolysis and lactic acd
production expecially since tho expeniments were carned out on fasted
animals, As meationed above, no glucom was present in the suspenmion
medfum. The basal glycogen contents are therefore given below The
amount of spontancous glycogenolysts and lactic acid prodoction in the
control preparations sre also given. The effect of adrenaline on ghycogeno-
Iyds and lactic acld production 1 reparted in two ways, first as the total
effect and secondly as the change in relation to spontaneous glycogeno-
s and lactic acld production, named below the “adrenabme effect

Basal glycogen content The basal glycogen content wus highest in the
disphragms from thyroidectomized antmals (174 8 4- 280 mg / the
mean of 5 expermments on 14 antmals) and lowest in the thyroxine treated
(129 £ 152 mg/ 13 expernments on 45 anmmals) In the pormal
lulmnlxth:mnt:n!mlwli]}7mg(l7:xpedmmon§lmmmh),
Innonewzrethsdjﬂ'mnmdmﬂﬂmmltanmtthmfmbeumed
with certainty that vanations In the basal glycogen content contributed to
the differences In glycogenolyas and lactic acd production in the different
wroups.,

Spontoneous ghrcogemolysis As shown in table 1 & certain degree of
spontancous glycogenolysis occurred In the control expetiments on the
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Preparation of the diaphragms

The animals wers Brst fantod for 17 24 kours, |n order (hat the prepartory tresme
should be the samo a1 ia the rabbh experiments (SvEDMYR 19650, b). They wete thes
killed by & blow on the neck. The disphrapm from 34 aoimalt wers dimccted owl ead
imomersed in dce-cold Krebe Hemseledt bicarbonate buffer withowt glocose, Bicarboome
buffer was choten becawss the glycopenolytic effect of adrenaling appesns 1o be groskr
in (bis than fn photphute buffer (Svaoaye 1965¢), The nat diaphragm varks
ln thickpen in different parts, and it may be asuemed that Uy mataballm may cho vy
Tn order to reduce this cause of varfation e much &s pomdble 13-4 dlaphragms, esch of
which was divided Into two eqnal parts, were nsed for the experiments. The dephrigm
kb used for the control and the adrenslins experitvents ware chosn In such 2 way
1hat the two cxperimental groups wers a3 almliar et povaiblo [n thelr Jocallmion b te
diaphrugm.,

The diaphragm Raives were Incubated a2 42 In b baffer withoot gocoes for
30 minutes. This 8¢ done so that (ha inltially high lectic acid content fa the mwsch would
bave time 1o decreass and become stable st Jow valoe and 20 tbat the glycopeaetpd
and hactic ackd production should rech a ttsady state. After this pre-incobation period
the diaphragms In both control and adresaline groups wers ance mors divided Ose of
these fonrths (basal preparation) from each divided dlaphragm was dricd rapidly winh
flter paper and froze st —$0 with dif hl haoe (freon 12) dry ks,
Ono third of cach of thew basal preparntions was then taken for ghyoopen snaiydh The
remaindet was bomogenizsd with 5 ml 10% trichloracrtic sckd for bactic acid aoalyie
Theso analyses gavo the basal valwes of glycogen and hactic acid In Use combloed pert
of daphragm. The diaphragm camples in the coatrol group wers thim Incubased wid
15 ml fresh becarbooula befler for 15 1 ot €37 Tho drenalhes group samphs  &F
fncubated in the tame way but with the sddition of adrenaline at & conceatration of
1074 At tho end of the incubation period § of ench piece of mwsclo was taken for iyt
anatyths and § for lactic snad analysis. Tho lactic ackd content of the puspention wiedos
was alyo deterrained

Tha relatively high concentration of adrenaline was chosem fof three reasom. In cpec
ments on Tabbas (§ 1965 ) the lactic acid stlmalstieg ¢foct
of adrensbing n bigh but oot m low doves. The adrenaline conceatration chosea B8 B!
found by Wataas (1955) 1o hay the maximal glyeopenolytho effect in experiments oa 1t
dlaphragm. Duriog the incubation period 1t i probable that part of the adremlie #
oxkdized In the relatively alkallne oxygenstod scspention solgtion and thai the tiesse ¥
affecied by  progr ly decremal g s
media (sscortic aid sodium bisalphit ) might have been coasidered for stabiiziag e
adremaline bt they muy poeubly have other tlde effects, and 1 therefore deckded P90
wing a y of them.

The compoution of the bicarbostte buffer ia M/l wr NaCl 0.12 KCI 00047
CaCl 00025 MgS0 00012 KHyPO, 0.0017 NallCO:0.025. Whea seraied 44
95 0343 CO; the solution had & pH of 74

Method of analysis

The glycogen eatent wrs detcrmined by Pdger  msethod In 1ae moddteaties
Lionotat & Mownet Lirouous (195T). Thres o four tamples of difereal dafinfn)
»iih e total weight of 0.1-0.15 gwere weed for 1he Anabyds. The total quantity of greose
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mmbumlslimm&whhm-mhodmdmhqnmhyo(.{mn‘nddu
xioad bn known solutions with  recovery of §7 2 5 6%,

To determtze the baetic scid coatent of the musche, Lhe frozen pleces of dlaphragm with
\med&u—mslmlmh!rﬂhddloxmchwkuﬂm
homopentrsd  wa Utn-Torrax apparutus. The wa rif) and the
Iactic ncid contewt of the extrach nd Incubetion solitions wia, Ja most eprriments,
determined by the mcthod of FArDaMANN & Gramen (1933). As ft war found, in somne
::prrhnmu.lh!hﬂknddfomubnnmd-dthlofﬁmpﬂyd:mmmm
| some experimests, checked with a more speeific eazymatic method (LusoHola,
Mormii-Lunonoi & Vauoe, 1961). Thh control confirmed the reseits obisined with
the oither method. The accuracy f the method bas berm tasted n 8 prvviows smdy
(Lunohot, Moma-LUnNDHOLM & SveDsTR, 1963)

The umount of g lyshs was from the dl; in ghycogen content
between the bem] preparation st the begimulag and the costrol or adrenaline prepration
at the sod of (he (ncubatlon perfod, The lectlc ucd prodoction wes determndned from the
driference betwesn the um of Lbe Lecthe gcid contents of (s Muscls and saspentlon solutlon
a1 the sud of (ho apaciment wad Lhe bactio ackd content at tha begiming of the expertment.

Resilts
Oxygen connummption In thyroxine-treated and
thyroldecromized rats

Thyroune at & dose of 100 pg/animal/day for 7 days increased the
oxygen consumption by an average of 30 / of the baxal valus. Thyro-
idectomy decreased the consumption by an average of 25 /4.

The besal glycogen content of the muscle was of significance it con
stituted an upper limit for the degree of glycogenolysls and lactic acld
production, expecially since the experiments were carried out on fasted
cnimele. As mentioned above, no glucose was present m the suspension
medum. The basal glycogen contents are therefors given below The
amount of spontancous glycogenolysis and factic actd production in the
control preparations are also given. The effect of adrenaline on glycogeno-
Iysis and lnctlc adld production is reported in two ways first as the total
effect and secondly as the change in relatron to spontancous glycogeno-
fysls and lactic acid production, named below the “adrenaline effect

Basal glvcogen contert The baxal glycogen content was highest in the
diaphragms from thyroldectomized animals (1748280 mg / the
e of S txpesiments on )4 animals) and Jowest in the Myroxine-treated
(1209 4 152 mg,/ 13 expenments on 45 animaly) In the normal
mlrmhtbccontcntwuHDIi137mg(l7cxpuimmuun51mhmh)
Inmnuwwath:mﬂ‘mugniﬂmLItcmnotﬂndombeunmed
mhmmmtymnvnmﬂcminﬂmebualﬂymmmtmtmmﬁbumm
Lh:djﬁmminﬁycumcﬂylhmdhchcnddpmdudmn]nlh:dm’mt

Froups,
Spontaneous glycogenolysis As shown in table | 8 certun degree of
fpontancons glycogenolyws occurred in the contro] experiments on the
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Table 1

Drecreas In ghycopen content ln from ) § treated and thy-

4 lred  mimah. sy and the effect of sdresalizs. Olyco-

gnolysh | mg/100 g wet muscle/15 min. n = aumber [ tests P = probabiliy that the
effect was due to chancs,

Changt after
Control Adrenaling | ndrensling men
n tho same ctp.

Thyroldectomized n=$§ —389 1+ 193 5341180 1651143

P <0.03

Untreated n =17 +263194 —412 + B6 —s04 111
P <0001 1 < o0l

Thyrodse-treated n=13 -—1244+52 ~544 194 —415+28
P <008 P <0001 P<oml
Difference Dufference  Diffcrence betwe-

between between en chanpe afier

control values [sdremaline valoes  sdreasibes

U treated — thyroldectombred 394 1213
Uetreated  thyroune-treated 150 + 103
Thyroxine-trested thyrotdectommed 243 + 200

32 + 200 339 2 110
&2 4130 [XERLS
1.0 £ 203 26.6 1 166

thyroune treated animals. A tendency to glycogenolysis (4 out of §
experiments) was also observed 1n ths control experiments on the thyreld-
e d 15, No signife differences in the degree of spontancous
glycogenolyxis were demonstrated between normal and treated ammals.

Glycogenolysis after adrenaline After adrenaline significant glycogen-
olysis was shown in all three groups (table 1) in all, it was approximately
50 mg/100 g/15 mm  and no obvious differences between the total glyco-
penolysis i the different groups afier adrenaline were observed. In the
normal and thyroxine treated animals, however the adrenaline cffect
was significantly greater than spontaneous glycogenolysis The adrenaline
effect 1n the thyroidectomuzed animals was significantly smaller than the
mmoflhccﬂcct!ml}wucnna]nndlhyroxhw-mtcdnnimﬂbvm
difference was 304 4 150 (P < 005)

Spontaneous lactic acid production A signt degres of spo
lactic acid production was d rated in the control expenments 2
all groups (table 2)

Spontaneous lactic acid production was significantly higher n both
the thyrovine-treated and the thyroidectomzed group than in the u
treated group
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Table 2
[‘djclddpmdmlmhd]lphn.m,lmmmumd.mymxb-uuuﬂ nd thyroldecto-
mired xalmals $pontancom lectic ecld producion nd the effect of adrwnakne, Lactio
acld production In mg/100 /1S min. nand P as for teble !

Cha ge afler
Control Adresaime L:-ﬂmnmm
the sam# exp.
Thyroklectomized a=3 466170 464241106 ~33 100
rcom P <000l
Untreated =17 + 4127 +460 + 3.6 + 1.9 £ 43
P < 0.001 P < 0.001 P < 0001
Thyroxinetrentad nm=11 +H3+I3 1023 £5.95 +640 £ 93
P < 0.001 P <0001 P <0001
Difference: Differencs | Dlffercocs betws:
between. hotween ot change after
eoatrol yulos vl adrenyline
U towatad — thyroldectombzed —54172 —198 L 120 252 £ 119
P <0 P <003
U treatnd — thyroune-treated —142 1+ 59 ~4%3 1110 421 £106
P < 005 P <0001 P <000l
Thyremee-treated
thyroldectomired WIL178 71 £ 142 613 £ 133
P <002 P <000t

Lactle acid production gfter adrenaline Total lactic acid produchon
after adrenaline was significantly greater m thyroxine treated animals
than in the normal and thyroldectomoed antmals (table 7) In the normmal
and thyroxine-treated anmals the adrenaline effect was ficantly
greater then spontaneous lactic acsd production. On the other hand, no
drenaime effect was d rated 1n relation to the spontancons lactic
acld production in the thyroidectommed animals. In the thyroxine group
the adrenalme effect was ngnificantly greater than in the normal and the
thyroldectomized groups. The adrepaline effect was also mgnificantly
greater In the nommal group than in the thyroidectomized animals.

Discoeston

.Adn:mkhle stimulated both glycogenolysis and Iactrc acld prodoction
in*disphragms from normat and thyroxue-treated animalt. On the other
hand no unequivoeal adrenatine effects were observed after thyroidectomy
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Table 1
Decreass In glycogen content i from thyr ed and Uy
unlmats 8 } h 4 the effwct of adromaline. Glyes-

genolyds | mp/100 g wet moscle!!S mhn. n = numbser of tests, P = probabality that o
effect was due to chance.

Changs after
Control Adrenaline  adrezalios mcan
n the mume exp

‘Thyroldectomlred n=3 —369 3193 =534 1180 165143

P < 0.05

Untreated no=17 +26 £ 94 —482 : b6 —504 £ 111
P <0001 P <000l

Thyroxdastreated n=13 —124+352 —544 194 —415 188
P <0.05 P <0001 <0001
Differencs Differencs  Differenco betwe-

betwoen between en chanpe afkr

control valoes adrenailn valoes  adrenshoc

Untreated - thyroldoctomized 394218 32 £ 200 319 180
U treated - thyroxine-treated 150 £ 108 €2+130 892142
Thyrosine-treuted thyroidectomlzed 2485 + 200 10 + 203 266 £ 168

thyroxine-treated animals. A tendency to glycogenolysu (4 out of §
cxperiments) was also observed in the control experiments on the thyrokd-
ectomized amumals. No significant differences in the degree of spontancous
glycogenolyns were d rated between normal and treated anfmak.

Glveogenolysis after adrenaline Afier adrenaline, significant glycogen-
olysis was shown in all three groups (table 1) in all, it was spproximately
50 mg/100 /1S min. and no obvious differences between the total glyco-
genolyss 1n the dufferent groups after adrenaline were observed. In the
normal and thyroxne treated amimals, however the adrenaline effest
was significantly greater than spontaneous glycogenolysss The adrenafine
effect in the thyroidectomized antmals was significantly smaller than the
sum of the effects 1 the normal and thyroxine-treated anfmals. The
difference was 304 + 150 (P < 005)

Spontaneous lactic acid production A slgnificant degree of spontancous
lactic acid production was demonstrated In the control experiments in
all groups (tabke 2)

Spontancous lactxc acid production was significantly higher In both
the thyrodne treated and the thyroidectomized group than in the v
treated group
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Table 2
Lactic ackd productian s diapbragms from nntrested, thyroxine-treated and thyroldecto-

mired anlmsls, tectio scid and tho sfTect of adrenaline. Lactic
lddpmdmicnlnmlllmﬂlsmnud?nforﬂbhl
Change aftst
Coztrol Adrecaling |adremsloo mosn
the sams exp.
Thyroldectomezed ne$ 626170 +652 4106 ~3.3 £ 100
P<o0z P <0001
U trouted o177 +240£27 +H40 L5356 +29 4S8
P < 0.001 P <g 00l P < 0001
Thyroaiss-traated =13 +33+353 +1023 L 9.9 +64.0 £ 5
P < 000! P <0001 P « 0.00]
Diffsrence Difference | Differency beiwe-
between between @ chungs after
eantrol valoes val adremling
U trested ~ thyrokdectomtized ~4H5 172 ~19.8 4 12.0 252 4 110
P <Oa2 P <003
Untrested  thyroxbee-treated —142 59 —363 110 421 4106
P <008 P <0001 P < 0.001
Thyraxinetreated
Unyrobdectomured 3031748 371 £ 142 673 + 134
P <002 P <0001

Lactic acld production after odremaline Total lactic acd production
after adrenaline was significantly greater m thyrowune treated anmals
than in the normal and thyrokdectommed animals (table 2) In the normal
and thyroxine-treated animals the adrenalme cffect was significantly
greater than spontancous lachic acid production. On the other hand, no

drenaline cffect was d rated in relation to the spontanecus lactic
aad production in the thyrodectomized animals. In the thyroxine group
he adrenaline effect was mgnificantly greater than in the normal and the
thyrordectomized groups. The adrenaline effect was also ngmificantly
greater in the normal group than in the thyrotdectomized animals.

Discosdon

K d both glycogenolyns and lactic acid prodoction
n"daphragms from normal and thyroxine-treated animals. On the other

kand no unequivocal adrenaline effects were observed after thyroidectomy

Ad Tme gl
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The Effect of Thyroxine Treatment on Phosphorylase Activation
by Adrenaline on Isolated Rat Diaplwagm

By

Nk Svedmyr
(Raceived April 28 1963)

In previous experiments it was found that thyroxine increased the
capacity of adrenalne o ralso the lactcc sczd content of the blood in
intact rabbits (SVEDMYR 19652) In eapenments on wsolated duphragms
from thyroxine-treated and untreated rats (SVEDMYR 1965b) the stimula
tion of lachc acld production by adrenaline was found to be greatest
the former The glycogenolytic effect of Line was not potentiated
by thyroxine. There was a possibility however that a lack of glycogen
had mited the glycogenolytic effect of adrenaline in these experiments,

The stomulanon of carbohydrate metabolsm by adrenaline jn the
skeletal nruscles 1 assumed to be provoked by actrvation of the enzyme
phosphorylase. Two forma of phosphorylase are found 1a muscle, aand &
the 4 form is active in the absencs of adenosine monophosphats (AMP),
and the b form 13 only active 10 p of a non-physiol Ity high
concentration of AMP Adrenaline stunmiates the trangformation of
phosphorylase b to phosphorylase @ (RALL & SUTHERLAND 1960)

In considering the potentianing effect of thyroxine treatment on the
stimulation of carbohydrate metabolism by adrenalme, it seemed of

mterest to deterrune whether thyroxine affected action of adrenaline on
phosphorylase activation

Method

Tha 0ty to be treated whth thyroxos ware knjectod with 100 g levorln ® (Nygaard)
T aaunal for 7 days This dose jocreased oxypos coorsmplioa by about L5 %. Tha
vd-nudhuththnumn«mwudm-unuuudnumwmmmlm;

Each 1t was kulled by blow on ths weck, end o daphragm wes disected ot od
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divided into two equal parts, which wers then weighed the weighls of them habres raaped
from 0.09 1 O.1. g Each plece f dlaphregm was incobated In a test tube conlnatag
10 ml hrebs-Henselell glucose-{ree bicarbonats buffer scrated with §  CO; and 933
03, which produced & solutlo  of pH 740. Afler 30 minutes preincubation 10 pg of
adrensline disolved in 0.1 mi of solwtion (0.9% NaCl 4+ 005 NSO, 4 HCl to pHl
3.0 final dremallne concentration, 10-¥) were added to oac sample 0.1 rol of the solotion
used for dlhnting the drenaline were added to the control samphe. Afer 135 misutes
locubatio  each diaphragm sample was extracted In the cold with 4 ml of  solstioa
contatning 002 N NaF + 0.001 M calcium teiracemln disodiom (EDTA) by grindieg
them together with a little quertz sand In  mortar After amtrifugation 1 ml of the exiract
was diloted with 7 ml of & soloticn comibstlng of 0.04 M sodlom glycerophosphate, 00
M cysteine hydrochloride and 0.2 M NaF whoso pH wat  djusted to 6.8 Of this solation
0.8 ml was then takem for determining the phosphorylase actlyity ay described by Cout,
ILireowoatr & K (1935). The acthvily was determined both i preseacs (0.001 M)
and absence of AMP The rvaciion tims was 15 mlootes. The totsl scthvity is expressed
3 my biberated P/g muscla/min. The whale of the Incubation softlon (1.6 ml) was amalysed
for lporganic phorphate &3 described by MAXTIN & DOTY (1549). The phosphorylew
nctivity & cxpressed as the amount of P {{beratad without ALIF ws a percentape of that
Liberated with AMP

Results

Table 1 shows that the phosphorylase a activity in the dmphragms from
norma! animals was 17,/ and that the total phosphorylase activity
cotresponded to & liberated quantity of P of 0.24 4 0 04 mg/g musche/min.
After adrenaline the phosphorylase a activity increased to 31/ and the
total phosphorylase activity was also somewhat increased. After thyroxine
treatment the total phosphorylase activity appeared somewhat higher than
m the untreated amimals, but the difference was not statistically sigmificant.
The phosphorylase-activating effect of adrenaling was not affected by
thyroxine treatment.

Discusston

These experiments showed that the administration of thyroxine to
#normal antmals did not affect phosphorylase actrvation by adrenaline in
isolated mt dmphragm. These results are in concordance with previous
experrments on the rat draphragm (SVEDMYR 1965b) in which it was found
that thyroxine treatment increased the stimulation of Iactic acid produ
tion by adrenaline but not its glycogenolytic effect. It has also been found
that thyrovine treatment does not increase the enhancing effect of edrema
line on the hexosephosphate content of the ratdiaphragm (SvepMyr, un-
published results) which indicates that the glycogenolytic effect of adren
line is not affected by thyroxine. Thyroxine treatment alone affected peither
the total phosphorylase activity nor the phosphorylase a activity of the
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Table 1
The effact of adrenaline om the phoepboryluse scilvity [ dlaphragrm from nntreated end
umﬂnonamdanm;lpbmpboqhnwhhymmdamﬂmdhmpmmacr
0.001 M AMP snd Js recorded as mg Inorganks P liberated per g muscle per ntn. Phos-
phoryhese  actirity bs the mowunt of P Libyrated without AMP expresed as o pereentage
of that kerated with AMP P = probability that the effect was dus to chanco; = aumber
of teste.

Ustrested animah o — 10 [Thyroxinc-treated safmals = 2

cha go cha g»

cont ol | adrenaline fler control | drenallng)  &fter
sdronallee drenalins

ectinty 16942, (311445 [142423 194237 MTE51 149:20
per eent P <0.001 P<00t

tote] sctivity 0.24£0.04 (0324004 40018 030+ 0.04 Q.3840.04 0084002
P ey P <0001 ? <001

Ixfherence in adrezaline effect 0 # activity betwen thyroxne-treated and untreated =
+0.7+ 11,

Differvacy int total phowpborylaw activity In coutrol msts between (hyroxinc-treatsd
od coireared = G 06£0.08

dinphragm. Thiy agrees with the report of HarNeRoOKX & Broby (1963)
that thyraxme treatment did not influence the phosphorylase actinity of
tkeleta] muscle from the rat.

Semmary

It wns demonstrated in previous experiments that the administration
of thyroxine potentrated the stimulation of the carbohydrate metabolizm
by adrenaline both in the intact rabbat and in 1solated rat diaphragm, It
was found Jn the studies bere recorded that the phosphorylase activation
by ndrenaline in 1solated rut disphragm was not affected by thyroxine
Hven in & dose that increased the basa) axygen consumption by about
u/hlhuuutcdnnhmh.h‘mhﬂdldthymxmexmtoulphm-
photylase activity
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The Effect of L-Thyroxine Treatment on the Metabolism of
Trithum-Labelled Catecholawmines n the Rat

By

Nils Sredoryr ssd Bertil Waldeck
(Recerved May 7 1945)

Thyromne potentistes several of the effects of adrenaline and noradrena
tine, both metabolic and cardiovascular (review Hoch 1962 HARRISON
1964). Varions explanations have been postulated One 13 that thyroxine
nfluences the 1nactivation of the catecholamines (CA) in such a way that
more amine i3 made available to the receptor mechanbym, Another
explanation is that the senntivity of the receptors mereases.

The am of the investigation described here was to study the first of
these two hypotheses.

The effects of a moderate dose of thyroxine on the concentrgtions of
MHenoradrenaline (3H NA), 3H-adrenaline (H A) and the metabolites
*H-normethanephrine (3H NM) and 3H-methanephrine GH M) were
Investigated In the cardiac muscle, femoral muscle, diaphragm and blood
of the rat after infusion of these JH-CA. One sencs was performed with
*H NA and one with 3H A, sinco these two amines have different effects
ou the distribution of blood to different organs, especially the muscles,
tnd also on a number of receptors. The thyroxine dose used hay been

found in other studwes (SVEDMYR 1965 8, b ¢, & d) to potentiate some of
the adrenaline effects.

Materdal and Method

Thutythees folly grown male rats with  mean weight of 257 £ 3 g wre wed In
ach ieries, expecineents wer performed oa  growp of rafs ghven sabcuta.

e tjections of 100 g L day for seoven dhwotved In
#3 L-byroaine per day days, botonk sodiem
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In ottt 1o redncs the chrenlatory effect of the hnjected CA, this was ghven by intravesons
Infusion for 30 mioutes In a totsl dose of 1 pg/kg (dHorm) The purity of the labelied
CA wur lgated by paper whareby 000 batch of JH A wn foasd
to contaln at bewst 35, of JH NA swch s check is thus obviomly Important,

When the oxygen comumption had been meastred, the animaly were phaced bn speehal
cages (dmcribod by Bonaluno 1962) and a floc plastic cathater wus fatroduced ints eme
of the caudal veim by the method of Banattwd (1962). The cages contalning Uhe raty
wero then placed in & separats cupboard, whers they food for the remaiader of Ihe o
perimant. The plastic tubes wees drawn out throngh & bole 1n the cupboard door to &
fnfuslon pump, and 0.9% sodhm chloride solotion with added eparin (total beparin
dows 0.015 g) was Infosed at & rato of 0.1 mlfmin for 30 minutst in order to obtain beml
condltigns. The redevast IH-CA was then Infosed for 30 minuten at the same rabe &3 the
domage mcttionsd above. When the infinfon wes completed, the animal was killed by s
blow on the nock and then bebsaded the bjood was collected, and a plaam exirect wes
prepared by th method of HXoompaL (1943). The heart, daphragm asd femorsl mwck:
were quickly diesected ont and cxtracted with perchlario acld by the mathod of Raxvim,
CartsaoN & Rominounk (1958). lon exchange chromatograpby wus performed on Ue
extract as deseribed by Cariason & WALDaCK (1963), the coatenls of 3H NA and JH NM,
od JH A mnd JH M being determined. Ssmples from animaly that had been Infosed
with JH A wero eluted, howerer s deacribod below The first 12 ml were dhcarded, U
next 10 ml contained the JH A and the pext 18 ml ufter contalned the 3H M. The 2l M
nd 3 NM determinations in the beart werw exchuded becanss of the lack of specdlcky
(Cantmson &k Watnzcx 1963). For further distonion on jon cxcha go chromatography
ses HXoomipaL (1963).

Results

The mean weight of all control animals was 257 g (s.e.m. = 9 n = 14}
and the weight of the heart was 069 g (s.en. =~ 0.03 n = 14) the
corresponding weights in the thyroxine-treated animals were 257 £ 6
(n = 19) and 0 80 + 0.02 (n = 19), respectively The thyroxine treatment
hnd pot altered the weight of the animals, but it did give risc to $ome
cardiac hypertrophy the difference in average heart weaght from that of
the control group beng 0 11 + 004 (P 5 0.01).

311 A infusion (fig. 1)

The concentration of 3H A m the heart was not significantly Jower in
the thyroxine-treated group When correction was made for the cardse
muscular hypertrophy the quantlty of 3H A was found to be cxactly the
tame in both groups,

Strhated musche took up much less CA than cardiac muscle, probably
becanse of 1ts less abundant supply of adrenergic nerves (Hrxmna €f &
1961). Thyroxine treatment had no effect on the quantity of 3H A fakes
up, and no significant dufTerence between contents of SH M was obiained.



THYROXINE AND CATECHOLAMINE METABOLISM a1

I

FOOMCMIT  Rmm W8 A
O oo tm ) [ oo e -1
Fig. | The effect of thyroxine treatment on the turnaver of infused tetmm-
labsiled  drecaline o rat.
IH-A was Infused in  total dows of | pg/kg for 30 minutes. Thyronms 0,10 pgfantmal/day

for Tdays. Contart of I A und H M m pgfg theeos immediately after the end of the Infa-
don.

The content of 3H A in the plasma appeared somewhat [ower In the
thyroxme-treated group but the difference agein was not statistically
ugnificant. The contents of 3H M were also sfmilar in the two groups.

3} NA infusion (fig. 2)

The results from animalt fofused with 3H NA were in the main the
tame as thoso for 3H A, but the scatter was somewhat greater ths serfes
of experiments having been spread out over & longer perfod

Discrmdon

Cireulating CA Is luactivated partly by the action of enzymes and partly
by being taken up and bound 1n the hasees, where 1t i protected from
breakdown for a certain (AxzaoD & ToscHick 1960 WHITBY
AxELR0D & WEL MALEEREE 1961) Blocking of COMT especially 1n the
Htrer (AXFLROD ef of 1958 AXELRoD 1959 De SHARPDRYvER & Kusi-
Mex 1961 CARLEON & WALDECK 1963) and inhibition of the uptake of
CA m adrenergic neuroves (Wrrtny  HerTrvg & Axeraoo 1960)
Teralts in a higher concentration in the blood and at the receptors and in
lhhwnypot:nuuumdpmlanpmwdoulnhzmnrpmnmminoth:r
T Ace pewmsstepias, v, 21, fame 1.
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Sl

Ocommopn ;T nmows maces v

Flg. 2. The effect of thyroxie treatment oa the tarmover of nfused tridom-
labefied norudrenaling Ln the rat,
IH NA was infused in s total doss of | pr/kg § 730 minmes. Thyroxine 0.10 yg/anlmalidey
for 7 dayy. Content of JH NA and 7H NM Lo pg/g tiame immedtately fler the end of the
tofovon,

wise unchanged (WyLie, ARCIIR & ARNOLD 1960 CARLISON & WALDICK
1963)

A number of Investigntions have been made on the concentration of CA
1o different organs both under normal conditions and afier the administrs-
tion of thyroxine (review HARRISON 1964). The results of these vary
greatly pousibly owing to the large differences between thyroxine doses
used 1n the different investigations and also to the doses being often high.
It is well known that wath large doses of thyroxine o number of effects
without physiolopical relevance can be obtained on different enzyme
systems (review  Hocn 1962) Large CA doses were used In several of
these investigations.

BLAVAN, CosTA & BRopIe (1963) found in mice that a thyroxine dose
that rarsed the oxygen consumption 75 / did not unequivocally affect the
amount of endogenous noradrenahine (NA) 1n the heart. The content of
tritium-labelled NA (*H NA) taken up was insignificantly reduced, and
the JH NA turnover in the cardiac muscls was not afected

WURTMAN, hoPIN & Axrirop (1963) however observed hypertrophy
and n decreased ability of each unit weight of the hyperthyroid rat heart
to inactivate 3H-adrenaline by binding.

In our imvestigation no significant effect of thyroxine treatment, in the
dosc used, was shown on the uptake of 2H NA or 3H A by the heart,
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femoral muscle or diaphragm, nor was any cffect on the 2H NM or the
3H-M content demaonstrated

The concentration of 3H-CA m the blood should e after infusion of
SH.CA If the uptake 15 reduced and if 1t s not metabolised to an Increased
degree. Inhibition of COMT a3 mentioned previously should also give
an increassd concentration 1n the biood and thereby increased uptake.

In our expeniments the contents of both 3H NA and *H A in the blood
were the same In both senes. The contents of H NM and 3H M were alio
unaltered, which mdicates that in theso experiments the uptake mecha
nism was not affected, and that thyroxine did not inhubit the COMT

It seexns probable, therefore, that the sensitizing effect of thyroxine on
the action of the injected catecholamines can to ¢ minor degres only or
not at all, be attrfbuted to changes in CA uptake ot brenkdown buttoe
great extent depends on changes 1n the effector cells.

Sommary

1pg3H A or 3H NA was infosed intravenously for 30 minutes into fully
grown male rats in two different senes of experiments, each comprising
a control group and a group recelvmg 010 pg L thyroxme per day
subcutaneously for 7 days.

The oxygen consumption m the thyraxine treated antmals had increased
by 30 /. The uptakes of the labelled CA and of the metabolites 3H NM
and H M were studred m the heart 3H A and *H NA only) femoral
muscle and disphragm. No mgmficant effects of thyroxine in the dose
wed were thown, The concentrations of 3H NA and H A, and 3H NM
and 3H M, m the blood also remained nnaffected by the thyroxine treat
ment, Tt bs suggested that the sensitrring effect of thyroxine on catechala
mines may be attributed to changes 1n the effector cells rather than to
decreased nptake and metabolism.

Acknowledgements.
This work has been supported by grants from the Swedish Medical

Retearch Council. For technical assi we are indebted to Mr, Inger
Biriesson and Miss Ingrid Welgner
REFERENCES
Asirod, ] & R. T Tomchkk O-methyln £ enion
d.a.rhu.amxmm.m-m Porine wod otber cate-
T Mutabok krine el otber

19% 9 151776, Mnes Phvsial Rev

m



230 NILS SYEDMYR AND BERTIL WALDECK

Axelrod, J & R. T Tomehick Incroascd mate and mrctabollm of eptnepistas and nar
cpimephrine by sympatomimetic amlnce. J Fharmecel Exp Ther 1960 130, 347 39

Bavan, M. A, T B, Costa & B Brodke The turnover of norepl ephrine n thyretode xed
nonthyrotoxke mice. Ly Scf 1963 4 41- 47

Berglond, P A 1! for renal in the rat. Scend J Clin. Lab,
I esr 196, 14, (suppl 64).

Bertler A, A. Carhson & E. Rosengren A method f  the flootimetric determinanon of
drenatine and noradrecaline in ssoes. Acte phrriel scend. 1938 44, 213192
Curlson, A. & B. Waldeek On the role f the live catecholO-methyl tramsfernse bt

of clreulatl techolam, Acta phormecel 1 toxicel 194, 10 41-35
Carlwon, A. Functional signlficance f drog lndoced changes in bral  monoambne bnete
Pregreny [n Brain Reesarch 1964 8, 9-27
De schuepdryrer A, F & N Kirshner' The metabolism of DL-adrenmline-2 14C in tho eat.
11 Thame metaboltim. Arck, J 1 Pharmocedyn 1961 131 433449
Harron, T §  Adrenal medallary and thyrokd relutiomshipe. Physied Rer 1984, 4 2,
181 185
Hoch, F L. Blochmnl:ﬂlamohhymidhm‘momﬂyﬂ Rev 1962, 42 4, 605471
L) A P method for finorienetri of small  mouats of
adrenafine and noradrensline i plasma  nd trwmer Acte phvifel scand, 1963
24 234

Higgendal,J & N § edmyr The effect of trik oo the Limine contax
{ the blood durmy infoskon of edrenaling in man. Arts phydel coesd, 1963 xnpfrlt

S edmyr N1 The influence of thy wnd thyrodd, on the cak
and some other bolic cfetts of sdrenaline od drenapo in i on
fasted rabbits. Acta physol sound. 1963, In pres

8 cdmyr N Lactate and oxid in unitrexsed asd

thyro Inctreated mbbuts. Acta pliysiel. roasd 1965, bn prem.
Sredmyr N Tho Influencs of thyrovn trestment and thyvokdectomy o the gycope
molytic and lactic sekd producing ffects of adrenaline n f1olated rat daphragm. Acw
1 rovicel. 1965¢, 213120,
Svedmyr N Tho laflumce { trikodothyronias treatont on some of the metabolic effectt
of adrenal ne and noradremaline in cxperiswents N muan. Acte phyriel soend. 19634

pres.
Whitby L. G J Axcl 0d & H Werl Maltwrbe The [ te of 3H-norcpioephrine i aninsh.
I Phermace! Exp Ther 1961 132, 192-201
Whitby L.G G Hertung & J Axtlrod Effcct of cocalne on the disposktion of sorsdrms
Nine Labelled  fth trsmm. Nasaee 1960, 187 603403
Wylle 0 8 Archer & A Amold Aumnmdphamxolapalpmpemnfwf
‘ by Qemethyl L Exp Ther 1960, 19
239-244
Wortmes, B3 1) Kopia & § Axtlrod Thyrokd function and the cardc dispowtson of
Qtech lamines Lndecrinedorr 196) 73, 63-T4




Acta pharmacol et toxdicol 1965 13, 231-234

Prom the pcal Dop ent, the M 1 Ingtitwte,

D
Unfversity of Ovlo

Excretion of Urduary Kinlos in Rheumatold Arthritls
By

Kjell Briveid Jewsen, Sidsel Flem Riarik and Olay KJell Dyrad
(Recelvad M ¥ 17 1965)

In a previous paper (BREED JERSEN VENNERUD & RINVIK 1965) values

were grven for the excretion of the utnary kinins Z, and Z, by heatthy
persons as well ns by subjects suffering from various diseases. The kamin
excretion 1n two cases of theomatold arthrris was signdficantly lower than
In the control material, and an investiganon of a larger number of such
patients seemod demrable. Previous chromatographic and pharmacological
experiments had suggested that bradykinin was the main constituent of
Z; and kallidin of Z, (Breserp JERYEN & VENNEROD 15622 & b Bamem
1DBEN,VENNEIDD&DYI.U'DI963 Brozn JeneeN, RINVIK & VENNEROD
963)

In our work we have invertigated the kinin excretion 1n 24-hour urine
specimens from males with established rheumatold arthritis. They were
Patients at a hospital for rh tio disenses (Oslo S
Revmathumesykehus, Head Erik Kiss, M.D)

Tenings
&

Techigue
Tha eollection of urine 4 prep of 1Z) and T3, and asay
dmmmnwywmmlmmmtmmn

Resutis
The excretion of the kinin fractions Z; and Z, was estimated in 1}
mulkes, within the age range 44 10 66 years, The amounts of kinins excroted
were cakeulated as bradykinin for Z; and kallidin for Z,, and the resnits
mmmubluluumbnmoepanhnmmuhlnhnmmt
the average vatues of Z, and of 2 for the 11 patents were roughly the
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same and that Zy{Z, = 0.8 which was also found for the 12 healthy males
previonsly examined (BaisED JonsEn, VENNERDD & RINVIK 1965) As
proposed In the previous paper the Z; and Z; excretion values were
genenally calculated es average values from three 24-hour urine specumens
for & penod of 3-5 weeks.

Table 1 shows that the average total kinln excretion value was 23 4 g,
with a standard error of 2 6 The value was considerably higher than the
avernge excretion value previously found for 2 patients suffening from
theumatold arthrtis (13.3 pg) but still significantly lower than that
observed for 12 healthy males, which was 34.3 with n standard error of 3.5
(BrisaD JINSEN, VENNERDD & RINVIK 1965) In the newer material 10 out
of 11 subjects had a lower excretion of kimins than the average vatue for
the control material.

Discrafon

When considering the results, it should be borne In mind that no with
druvral of medical treatment took place during unne collection periods.
Table 1 shows that 10 subjects were given salicylate alone or topether with
phenylbutazone, gold, chloroquine or prednisone. One patient recefved
prednbone only If ths test group and the control group previowsly
considered might in other resp be idered equival this would
mean that the lower output of unnary kinins In the subjects with rheuma
toid arthritis mught be ascribed either to the therapy or to the pathological
condition itself If the lower kinin excretion values are correlated with the
discase, the fact might indicate a ion wath the pathophysiology of
the discase, or 1t might be only a secondary phenomenon

The decrease n excretion of unnary kinins might be caused by decreased
formation (lower level of rel ot of kinlnogen) or by in-
cremsed inactivation (higher level of kiminase) The exerction might
refiect alterations in the plasma kinin level or it might be due to local
changes in the kidneys. Investigations in progress on the plasma kininogen
and kininase actrvities 1n healthy persons and in subects suffening from
rheumatoid arthritis should provide more information on the subject.

Summary

The excretion of kmn fractions Z; and Z; in 24-hour urine specimens
from 11 males with rheumatold arthritis was jnvestigated Previows
chr phic and pharmacological experiments had suggested that
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Table 1
Uristry evcretioa  { kinln fractions Zy and Z; fa maks
with rhsnmastold arthoith,
Tee kinla yaloes refer to 24-bour urimes.
The Zy valuss aro expremed &y yg bradykinln,
the Zy values se 1y knilidin,
The Mractioss wers tested on rat sterus
Trestszent F43 Z; Z 427
Sabeylits 4 11
Phenylintarone 124 94 1.3 93 19
1.3 23
172 13
Saficylats 112 127 143 132 259
107 [X]
16 10.3
Balicylats (Y] 70
Gold 135 112 200 148 260
134 16.5
Ralicylate 17.4 3
Chioroquine 167 169 140 187 326
161 148
Sallcylats EE ] 70
Predaisons 40 60 &0 13 1.5
82 $s
Balicytets 124 173
Gold 194 168 198 203 37t
187 ne
1n7 173
LaTicylate 134 123 00 163 b1
148 108
Sakcyiate A8 (1)
Qold 147 97 170 124 1
9 123
73 0
Predzisome 64 77 253 138 ¢
LX) [R]
Sakcyiate &1 70 T s 105 175
Predrisono [ 9.5
Sallcylate 13 13 13 83 126
107 127 204(£2.6)
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Z, consisted mainly of bradykinin, and that kalhdin was the main con-
stituent of Zy

The average daily total kimn excretion, Z; calculated as bradylunin
and Z, as kallidin, was 23 4 pg with a standard error of 2.6 The observed
value was significantly (P «= 0 05) lower than the excretion value pre-
viously found for 12 healthy males, 34.3 g, with a standard error of 3.5
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Effects of Inhfhitars on the In Vitro Inactivation
of Bradykinin by Varjons Kininases

By

Ofar Kjell Dyrnd, Sidse]l Flem Rixvik and K}l Briseld Jenses
(Received My 17 1965)

Several papent have been published on the effects of inhibitors on the
In ritro inactivation of kinins by mactivating enzymes of different arigin
(WERLE & GruUNZ 1939 ARMITRONG JeEPsuN, KERLE & STEWART 1955
Lrwm 1960 Werir 1961 Eapds & SLoaNe 1962 Eaplds, Renerew
SLOANE & WomLFR 1963 AMUNDZEN & NUsTAD 1964 Krivoy & Kros-
GEx 1964 AMUNDSEN, WAALER, DEDICHEN LALAND LALAND & TPoRs-
DALEN 1964 and BRowD JENEEN, RINVIK & VENMERUD 1965) Some 4 vivo
Imrvestigations have been carried out on the inhibition of plasma kininases
(Exnls & WonLER 1963 Eapds, RENFREW SLOANE & WOHLER 1963 and
Banem Jenyen, Dyrup & Rinvix 1965).

In the work presented here some drugs used in the treatment of rheuma
taid arthntis were tested for possible kininase-inhibiting effects. Previous
experiments had shown & reduced outpot of wrinary kanins in subjects
with the discase mentioned (BaneID JeNseN RINVIE & Dyrup 1965)
I additon, the effects of some substances already known as kininage
infdbitors were examined, This was done partly fo test thefr activities under
more dandardized conditions than had been done previcusly and partly
to 5o if ft was possible to distingrith between the kininases examined by
their behaviour against several inhibitors.,

Techriqne
A. Materials
| Mrma smbocrase from b max bipod, ith Lisiwave wes prepared by the method of
:}ﬂmngme(lmm;mmmu and the ackiification to
1M—~w-~pumuﬁdﬂdummhm-m he
SerTapoading wibetrate from bomen blood. ik
TV Ao ermasiegion. vt 11, tuag. 3-1
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3. Eryshrocys Aieimase prepacotiens from buman and rat blood were prepared w
preyioumly docribed (Baarmn Jowsak, Roovic & YVioaedo 1965).

4. Rat small ntestine kixtasie, The amall Latestine of a 300 g make rot wuy cot, ditally
10 the deodenum snd proximally to the caecum, snd washed thoroughly with 0.9 sodiem
chiorkde solution. The gut, which weighed sbont 6.5 g after carefully drytag betwecn fiur
Papey, w1 cut nto | cm pleces and homagralesd with cooling by ice water for 10 minutes
In 65 m1 0.9 X sodlum chlorido soluthon. The homopemato way contrifuged for 15 ot
222001 p m.and§ and the supersatant was distribated ta 1 and 2 ml allguots and kept
at ~20° untl use,

3 Chemicsly, Bradplicn (syothetk) In ampoules of 100 pg/ml, Sandoz, A.G., Basd,
Swirertand. Calefum chboride Cakdumchiorid Dibydrat krist. swr Analyse, Merck, AG.
D Germany Card, fuse B (CFF), COB 6064 107 U/mg. Worihington
Biochemical Corp. Frechold, New Jersey USA. Cobalt chioride Kobalt (11)chlorid mr
Aratys, Merck, A.G Darmstadt, Gemany Dimifrem Antabas @ D mex Chaadal
Dirtsbon, Damex Limbhed, Copenh Denmark. Erk i srtrg-acrtic scid
odam salt (EDTA IN ) Thripkex 111 Merck, A.G Darmstadt, Germaay Hrarocwrr-
some “Leo™ @ for spplication to the eye. 0.3 my/ml [n methylcelinlose and water Leo
Pharmacentical Products, Copenbagen, Denmark, Gold sedtum thiomalety Myocrish &
18 ampoules of 100 mg/ml, May & Baker Ltd,, Dagmbam, Esgland.

Hydroxycklorequine sulphate Ercoquin @ A/S Farmectutisk Industri, Oslo, Norwsy,
1 10-r hroling o-F y Merck, A.G Darmstadt, Germusy
Sedium salicylete N triomuslicylat, relmt, krstallabert, Merck, A.G Darmwtedt, Ger
xRy Zisc chiwride Zinkchlorid, trocken rur Aralyss, Merck, A.G Darmitadt, Gemany

B Afethods

For each kinknase preparation the main aeps of th experimantal procedare were &1
described below

From prehi y exp there was tecd the of caxyme v
quired to break down about T0-30Y of & standard coacentration of bradykdaka (1« pifa)
1 & tandard trme (8 mlantes). Tho extent of tactivation was el obecrved after 16 od 32
miavter, m oTder to secure that the earyme preparation was active beyond the B-miuuls
Incobation penod

Next, an nhibitor-cffect curve wis extablrhed by sddiog dlifsreat amousts of balubita
1o the enzymw and eubstrate Comcestratlon chosen, the olber exporimental conditions
mhh:umnmm:oommﬂnndhhbﬂorfmdwhhlbhp‘rﬂymmn
tion, 20-50 fbndy‘u-inbdqukmd.m.lmalmhmmmtbmnedhlﬂlﬂ
eyperiment 15 which the woactivation was recorded at 8 16, and )1 minates

1o few <pertments the sabsirato was preincubated with the lakabror before caayme
was sdded

™ mummmwﬁmlhmwummdnlw
kinisase were carned out in tr buffer @0 M pll 7.3), but wo buffer was sdded In the
plasma Kiomase cyperiments. Drsutira was added disotved in seetone, .05 ! pot 110
ml (103-1 15) meubation muxiare, the otber cmals and (he Halnasw preparatiom i
0.9% sodim chlondo sohetlon. Acetoss was ek sdded 10 the control sohatlom tocwbated
la paralle. The mcobatom were carthed owt at J7

The mume batchn of kinate preparatioss were wued for all the "

Th inscivation caperiments were stopped by adding 004 N sdtop
aboxt 1.4 1.0 mi ecd to mlnommw.mmwmbdn.mad(sn!tum
plasma kinknsss), and then heatng for 10 minwtes 1 37 Each tninaws prepanation
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beea teated fn sdvance, to earrs that po enzyme activity wes kit after the scidification
procedare, Just before atmy 0.1 N sodium hydraxide was dded to pH 7.3 £ .1 about
1.3 ml being required per about 1 10 m lncubation mistare (abeut | 9 ml for the plasms
bicfaswe experimenti), The ctivitkes of the samples were tested 0 the Imolated rat Tterm
13 described previomly (Brwrm Jeva, RINVIE & VENKIRDo 1965)

C. Conwvments on the mathods

C 3y bigh axyms th dingly abort Incobx
pniod:(lubmt-)mmdhordawmhhnhpomnmrﬂuﬂormm
asd tho he effact of time on lasctivation of the cnzymes. It chould be noticed, kowever
that this cansed the reaction time f  cozyme-tahibitor to be toa shott for & muxboal effect.
Exparbosats carried out with a peeincubatio  period of rat gnall lutesting kinimase mmd
EDTA IN1 bofore adding the substrats showed & consldarably Increased Inhibition
(table 7).

“The obecrrations a1 16 and 32 minvie demonstrated whether the enTyms in qoestion
was stll activy of Aot If no Mnla destruction took place after 8 or aflsr 16 minutes, the
caryres might ekher be nnspecificenlly tnactivated (tbe highly parified CPH sesmaed to be
Ioctivatad fuddy quickly at 377 or tho wnhibetor had st that time resctsd with the whols

{preincubation;

The comcentrution of bradykinin chosen, 1.2 pg/ml, way of the same order a1 that pro-
vicaly foand on enrymutic reicuse {n humas plagma sampies (Rt Joaa Roonx &
VYooaxto 19695).

Hydrocorthsons was chosn a3 the ropresentatrve of the gincocorticolds used In s
told artheitis becanm of R relatorely high Hatulity and as  physiologically occur
mmmmmmmuwumwuwwwmhv
wolnbility

Demifirars wis testad to o Hedt of ooncrmtration of about 1104 M, which jost gave &
txrbld solotion. At higher concentrations  precipitats was formed.

mlkﬁntd.hnﬂmlmlﬂdahnmwm‘dxdhodhmlmﬂmhhdho-

Gars chclates wers proyared from amounts of -dhodlom and the
Chlorides of the mictals Sodlam was addod to the bydro-
chilarw acid formed.

Results
Concentrations of enzymes

Table | thows the results of experiments carried out to sekect suitable
concentrations of the vanous kiunases, The vatues quoted, do not, how
©er apply to the disulfimm expertments. The acetone used to dissolve the
Fubstance fncreased the mhibition, and sbout 50/ higher kininass
Concentrations generally had to be msed.

Relative cffects of the tnhibirors

T-bbz-ammmudm:hhﬂﬂmkhmmmm
inhfbhonwnntmedrordlmcﬂacuunsldnimmmpanmm
ddiﬁﬂm!uﬁgin_lnmhlﬂth:mlmvﬂuu&omtnblml—émrmnm
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Table |
laactivation of bradykialn by kininsses of different origine.
Dilutioms of the enzyme p pondlog to  lzacthy of T0-30  of Lbe

subtmats
Incubatio st pH 7.3 and 37
1. pg bradykinin per ml incubation mixture.

Entyme prepars- % bradykinin after
Enzyme tion per ral Incw-

bation mixture 3 min ,llmh.'nnh.
Catboxypeptidass B o1 pg 20 1l 3
Homan plasma kintnsse 025 ml pL] 2 1
Homan erythrocyts kinfoaso 00l ml s 3 2
Rat erythrocyt kinintse 0.005 ml 25 3 3
Rat small Intesting kininase 0.1 ml 25 3 1

mzed the concentrations of nhibitors that were approximately equiactive
are given 1o molarities From the tables it can be seen that phenanthrofiee
proved most active, concentrations of an order of 104 to 10 3 M being
effective under the conditions chosen. Then followed dlsuffiram and
hydrocertisone at concentration ranges of about 10 3 — [0~ M. The
gold preparation myoerisin ® hydroxyehloroquine sulphate and EDTA
2Na were only active as Inhibltors at rather high concentrations, about
10 2~ 10-3M and sodim salicylate was inactive at a concentration
of3 »102M

It should be pointed out, however that such a comparmson of differeat
inhibltors presupposes that all the substances act at the same rate One
mmust assume that the 8-minute contact time was too short for & maximal
effect of the inhibitors, and that ably lower concentrations would
suffice with a longer contact period. Tt is also probable that this was more
important for some of the inhiblitors than for others, thus partly invaludat
ing the companson of effective dose ranges. The significance of contact
time for the wmhibitory effect of EDTA 2Na js cvident from table 8 A
60-munute preincubation of the enzyme with inhibitor before adding
bradykinin made a concentration of 1 mg/ml of the inhibitor far more
active than 2 mg/m! wathout preincubation With no preincubation,
1 mg/ml of EDTA 2Na had no effect st all. Tables 2-6 show that the
quantities of bradykinin recovered when there was no 1chibition and also
in the control experiments varied more for carboxypeptidase B than for
the other enzymes Thus might be partly ascribed to the fact that carboxy
peptidase B as a lughly punfied enzyme was particulary liable to destruc
tion
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Table 2

Inactivaton of bradykind by carbaxypeptidese B in the presence
of potential mhititor.
The figures given refer to abowt 1 1 ml [ncwbation mizture with 1.2 pg bradykinia and
0.1 yg wnxyme.

Incubat. Brady- | lacobat. Brady-
Inbbrtor tme [ BPMO | g | e loRBIOR
21 n
mfontes A rinntes b4
s ° % ] ° 19
Phecanthrokas x 4 - 100 35
- 100 ] 16 - 36
3 - 2
] ° £
Disaitram - % " No [nhibition
- 100 M 200 g
- 200 13
1 0 H
Hpdrocortisons - 4 5] No Lohfbitle
90 » at 180 g
10 i
1] o pil
Myocrisin @ - 250 15 N inhibeion
- 500 10 11000 pg
- 1000 17
| ! !
1 0 n
Hydroxyetloroqutse ~ 1000 »
talphate 2000 %
- 4000 “
s 0 11 ' 0 2
EDTA 2Ny - 2000 B 4000 ©
4000 L1 16 - Vil
n - 47
Sodkm mbcylate N
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Table 3
Inactivation of bradykinin by hwman plasma kinlsase In the
presence of potentlal [nhibitors.
Theo figures given refer to bout 11 ml incobation mixt re whh 1,2 pg bradyliain end
0.25 ml enzyms preparation.

Incubat. Brady- Incabav Brady
Inkiblto time Inhibitor Lnin time Inhibite e
miates | 78 7 winotes | P8
] 0 b ] [ n
Pheeanthrolins - 123 R - S €
~ 2 ki 16 - n
~ 30 o n - 3
] [} Fil No tnbhuttion
Diutfiram - 100 24 ot 200 ug.
-~ 200 4
[ [ - s ° bL}
Hydrocortirone - 30 56 ] k]
- & L) 16 - )
- L] " jH ]
' [ 28 ] ° 4
Myocrhls @ - 2% 37 3000 q
- 1000 45 16 1
- 4000 5 32 - 2
s 23 s ] b4
Hydroxychioroquine - 1000 » 2000 (4]
snlphate - 2000 57 16 el
- ” 32 - 2
s 0 Kl s 0 25
EDTA 2N 1000 56 2000 o
- 2000 [ [ L2
4000 E: ] 2 @
Sodium salicylate | No inhib o

‘ ar 4500
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Table 4

Tosctivation of bradykini by human erythrocyts kininaw in the
Ppresence of potsrtial nhfiton
The fAgnres glven refer to sbost 1 1 ml tocubation micturs with 1.2 pg bradykinin and
0.0] ml suzyme prepamution.

Incubat, Brady- | lLocobat. Brady-
Inkibitor time | ST i | e (MR g
iawte | PB P g p;

t [ 26 ] ° 2

Pheweathrolixe - 25 3 - s ©
~ H P 16 - 50

-~ 10 104 3 - 37

] o 2 1 [ 2

DiniMram - .5 41 ~ 0 55
- s 6 16 “

- 100 « n - “

] ° z

Hydrocorthone - 150 5
16 - ]

32 - 13

] ° 18 s [} 18

Myocrn @ - 2% “ 1000 4
500 33 16 - 52

~ 1000 “ 2 - 2

H o Pl L] o 26

Hpdraoychloroqulas - 1000 % - 40 ")
rulphste 2000 47 16 - »”
4000 @ 2 - 32

s o 33 ] o 33

EDTA 1Na - 1000 27 4000 15
- a3 16 - 4

4000 53 32 ”

Rodkm mikcyiets ‘ No tabubition
4300 pg
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Table 5
Xmﬁhuhnofbrldykhhjbyn&uﬂhrﬁcyukhinsnhmem
of potenthal inhibltors,
The figures given refer to about 1 1 ml Incubation mixture with 1.2 ug bradykinks and
0.005 ml enzyme preparation.

Incubat. Brady- | Incubat. Brady-
Inbibitor time  LSEBHOT i ma | TRROT] gy
wirutes P8 % | wlioa| ¥ A
] 0 » s [ »
Phenanthrotine - 1 n
- 1 3 16 - i
~ s [+ 3 b23
] ° n ' ° n
Dhalfiam - 28 4 - L ]
- 50 36 16 - *
- 100 b n 47
s [ 2
Hydrocortisone - 150 43
16 - 10
2 - 7
L] 0 bR s [ 17
Myocrisla ® - 200 k] 1000 L]
- 500 43 1% - n
1000 ] 2 n
T [ 21 T o n
H, 1000 36 4000 ]
salphate 2000 47 16 33
- 4000 7 n ke
Il o L] T [} n
EDTA 2N - 1000 7 ~ 000 &
- 2000 4 16 hed
4000 ki 2 - »
Sodiwm saleylats No nhibsteon

at 4600 pg
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Table 6
Inectivation of endykfnin by rat soal! intesting kininas i the
presace of potentul | hibltors.
The figurcs givea refer to about | 1 ml locubatio  mixtere whth 1.2 g bradykinln and
0.1 ml enxyme preparation.

Incubat. Brady | Incubst. Beady
Inklbitar tren | DT gy | e | TERIBMO Ty
e ]
ml otes A minwtes 7
!
1 0 ] 0 n
Phesasthrotme - b1l 42 50 14
- P %) 16 - 57
100 m 1 M
1 0 19 No inblbitlon
Diralfran - 100 19 1200
- 00 19
[ o u
Hytrocortiaone - 150 P
16 P |
n 4
3 0 2% [ o 2
Myocrkin @ - 2% b - 750 6
300 4 16 - [
1000 & 32 - 2
0 o 2 1 o 1
Hploaychloroquine 1000 » . “
salphate - 2000 n 1 - 18
- 4000 1 3 - |
3 o 24 1 Q 24
EDTA INa 1oa0 n - o 6
- a7 16 - 6
4000 sl 2 1
todtum miicytata N inhibrtwon

at 4800 g
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Selective inhibliion of the enzymes

Tables 2-7 show that only phenanthroline and EDTA 2Na inhitated alt
the kininase preparutions, carboxypeptidase B belng unaffected by the
other inhibitors at the concentrations used Carboxypeptidase B was thus
clearly distingushable from the other bradykinin-inactivating enzymes
examined Further human plasma kinnase differed from the cellular
enzymes innsmuch as disulfiram had no inhibiting effect on 1t at the highest
possible concentration. Human and rat erythrocyte kininase seemed to be
smilar to each otber almost the same concentrations of the two inhibitors
being required for the same cffects. The mt small intestine kininase
requured sigmificantly hugher concentrotions of phenanthroline than did
the erythrocyte kininases being further entrrely unaffected by disntfiram
1t rught accordingly be judged different from them. Even if it Is considered
that the enzyme preparation was highly impure, and that contammants
might react selectively with the two inhibitors mentioned, thereby
Increasing the amounts of them necessary our results seem to Indicate a
qualitative disumilanty between the rat small intestine kaninase on the
one hand and the two erythrocyte kininases on the other

Inhibition of rat small intestine kininase by the calctum
inc or cobalt chelate of EDTA 2Na

Table 8 shows that not only EDTA 2Na but also the calcium chelate,
inhubited the ngctrvation of bradykimin by mt small intestine kininase.
The inhibition, however was weaker than for the sodium salt, 1n spite of
 60-minute preincubation of inhibitor and enzyme The zinc chelate also
inhibited the enzyme under the same conditions, but not the cobalt chelate.

Discusdon

The selective inhibitfon by different inhibitors wus used by Exods,
RINTREW SLOANT & WouLEr (1963) to distinguish between human
plasma hinmase and human erythrocyte kininase AMUNDSEN, WAALIR,
DIICHIN, LALAND LALAND & TIIORSDALEN (1964) observed thal
urgocylon a materal Isolated from ox liver wnhibited the kininases of
humen erythrocytes and of liver cell homogenates far more powerfully
than it did the plasma Kinmase Besides some of the inhibitors uscd by
the above mentioned authors, severnl other potential inhibitors of hininase
activity were tested 1n aur work Of the 5 enzyme preparations examined,
the two erythrocyte preparations (human and rat) could not be disti
guished from cach other under the conditions chosen but carboxypept-
dase B human plasma kirunose and rat small intestne kininase were
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Table §
Ieactivation of bradykialn by rat soall iatestine kielnase In the
presenco of variods potential [nhibitors.
The fgures given refer t about | | ml focubation mhuure with 1 2 pg bradykial and
0.1 ol enzyma preparation.

; Tunt (a misutes Tahibitor | Bradykbala
Preincab. Imcub "
o t ° M
0 - 1000 u
LDTA 2Na ° - 2000 st
13 - 0 3
-~ 2000 100
18 o -3
EDTA-CalNa - -~ 1250 b
_ 2500 4
[ J [ »
EDTA INa 1000 ’
I - ]
3 - b
«@ s [ 1
EDTA-Ca.N - 2600 &
1% «
n 17
© ' 0 7]
EDTA ZnIN 12% ©
2300 a
0 3 ] i
LOTA-C Ma [ wse EH]
] 300 EH

! i

found to duffer from the erythrocyte enzymes and from each other It
munt, however be borne In mind that the only punfied enzyme prepara
tion was the carboxypeptidase B and that contaminants in the other
mght mask similarities between the enzymes, different contaminants
adsorbing to different extents the Inhibitors used

It should be mentioned that EDTA 2Na was found to inhibit all the
hininases examined and also carboxypeptidase B at hugh concentrations
(001 M) Foik, Pz, Carroit & Graowtx (1960) did not find that
EDTA affected carboxypeptidase B when tested at the same concentra
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ton they did, however use hippuryl L-arginine 23 substrate. Further
Expds, RONFREW  SLOANE & WOHLER (1963) could distnguish between
human plasma kinlnase and human erythrocyte kminase by use of EDTA,
whichinhibrted theformerat3 x 10 3 M butnotthelatterat7 x 103 M
In our experiments the substance inhibited the plasma kinipase at
$ % 10-3M but also the erythrocyte enzyme at a higher concentration
{10~ M),

Some expeniments were carried ont with rat small jnlestine kuninase
and drfferent chelates of EDTA. Both the Ca and the Zo-chelate were
found to Inhibit the enzyme, though to a less pronounced extent than did
the EDTA 2Na, but the Co-chelate had no effect, in spite of 2 60-minute
preincubatson time The regult might suggest Co to be a metal exsential
1o the kuninase in question, or it mght mean that the Co-chelnte wonld
tequire a still longer chelate-enzyme contact tme. BrDDs, RENTRCW
SLoane & WorLer (1963) found that both the Ca and the Mg-chelates
of EDTA inhitated the plasma kininase, but not the Co-denvate.

The ahions of inhibitors y for lnhibiton were sometimes
rather high. This might, however to wome extent be sttributed to the thort
incubation time used, 8 minutes Experiments carried out with preincuba-
tion tumes of 15-60 mimntes showed that the amount of inhibitor conld
then be considerably redoced. It is also probable that the different
Inhibitors requre different tmes for development of maximal effect.
Tables 2-6 show that EDTA 2Nz will requiro a Jonger contact ttme than
the other inhihitors, as the observed recoveries of bradykinin did not
serm to be much reduced by extending the incubation trme from 8 minutes
1016 and then to 32 minutes. This observation suggests that the copcentra
tfiom of EDTA 2Na that hed to be used to cause sn inactivation of
bradykinin of 20-50 / might suffice for compiete inhibitson of the actual
Amounts of enzymes The stability of substrate in presence of EDTA
bowever was not 30 pronounced for the two erythrocyte kimnase prepara
ﬁomurururoﬂmkm!annth:othcrhnnd.thwtwnmzymu
were strongly inhibited by another inhibitor drulfiram, cven beyond the
firut 8 minutes incubation trme.

Of the drugs tested becanse of Mesr use 1o the treatment of rheumatold
arthritls hydrocortisone, gold sodum thiomalate (myocridn ®) and
ydroxychloroquine snlphate exhibited & more or sy pronousced
Kainasc-inhibiting effect, but sodimm saficylate did not. EDTA. ZNa,
'hkhmncthtuthjghcommﬂomon]y mught also be incorporated
fuongst the thewmatold arthrts druge, being used expertmentally
(BovLe, Crarxr, Mosmen & MCCANN 1961) The two enzymes of Interest
‘n‘hﬂmmnmhmnauphmklnlmscandhumanﬂ'yth:ocyte
Yunase. Both enzymes wero inbibited by the 4 above mentioned inhibi-
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tors, roughly the same concentrution of inhibitors being required to
inhibit the plasma enzyme and the e enzyme,

The previous observation of a reduced excretion of kining in utines
from patents with rheumatold arthritis (Bristip Jensrn, Rinvik &
DYRUD 1965) together with tho present observations of inhibition of
kininases by drugs used in the treatment of the disease, suggest a com-
parative nvestigation of kinmogen and kininase activities in healthy
persons as well as in pauents with rtheumnatoid arthnits.

Summary

The effects of some potential kininase {nhibitors (phenanthroline,
disulfiram, hydrocortisone gold sodum thiomalate (myocnsin ®),
hydroxychloroquine sulphate, EDTA-2Na and sodium salicylate) on §
kininase preparations of different ongin (carboxypeptidase B hurman
plasma kinmnase, human erythrocyte kininae, rat erythrocyte kiminase
and mt intestine kininnse) were tested

Of the inhibitors examined, only sodum salicylate showed no kininase-
inhibitory effect. The combined use of several inhibitors made {t possible
to distingnith between carboxypeptidase B human plasma kininase, rat
small intestine kininase and the two erythrocyte kinfnases. The erythro-
cyte kint could not be distinguished from each other

Phenanthroline was the most effective mhibitor concentrations of the
order of 10+ to 103 M being required. Then came disulfiram and
hydrocortisone at o concentration range of about 10 2 to 10~4M
Myocnisn ® hydroxychloroquine sulphate and EDTA 2Na were only
active at fairly hugh concentrations, about 10 210 10 3M The concentra-
tions necessary may have been somewhat overestimated, since an incuba
tion time of only B mumutes was used In experiments carmed out with
EDTA 2Na and premncubation tmes of 15-60 minutes the concentratfon
of inhibitor required wus considerably reduced.

Besides EDTA 2Na the calcium and the ninc chelates Inhibited rat
small intestne kimninase, but EDTA-Co2Na had no effect under the same
conditions.

REFERENCES

Armundsen, T & K Nuatad Kiammrso ach dy of kwman salva, Awterr 1954, 201 1226
[ P

Amundien, £ Nustad, h & B, A. Washr A stablosubstrate (o tho ssay of plasima kina:
frm gearymes B J Fharmecw 1961, 21 300-503.

Amusdscn. E Baakr B A Dedeben, J Laland, P Lalind, 3. & N Tboﬂd-l;l
Risinase nhibion by » fnorescent subttancy prepared from lnee Aarser (L2
1248-1 48



[NHIBITORS OF BRADYKININ INACTIVATORS 249

Amstrong, D Jepeom, J B, Kewle C. A &J W Stewart. Activation by glass f pharms-
calogically actire  grnty In Blood of varkoot speckes. J Phyrel, 1955, 179 S0P
Doy, A.J Clarke, N E, Mosher R E & D. 5 McCann Chelation therapy In clrculs-
tory and sckroting dissaver Fad. Proceed. 1961 20 243-23.

Erdw E. G & E M Soune An enryms [n hemnan blood plarma that nectivates brady-
Hiein and kallidhms, Rjechean Pharmece! 1962, 11 335-3..

Erdoe, E G., Renfrew A. Q Sloanr, B M. & ] R. Wohler: Enzymatlo studies on brady
Kinln end dmiler peptides Anx N Y Aced. St 1963, 104, 22234

Erdts, & Q. &£ R, Wahler- Inhib of the Ix vire in of b
and kalidly. Ly Sctencer 1963 4, 270-"74.

FoX, T E, Piey, K. A, Carroll, W R & J A Gladoer Cerbaxypeptidase B. J Biof
Cheee 1960 238, 1272 2177

Jusen, X, Briscid, Dyred, O. K. & 8. F Rinvik: Depreasor sffect of padutin ® (bog
peacrens kafFkreln) bn rats treated with disolfimm. Acte pharmece] of sxiced. 1963
12, 196204

Towica, X. Briseld, Riovik, §. ¥ & O K. Dyrod Bacretion of uritary kinlus In rhenmatold
wrthratis, Acts pharmece!. ot taxicel. 1965, 13, 231-234.

Jommen, K. Briseld, Rigvik, 8. F & A. M. Venuersd Experiments on the (x irre teactiva
tion of plasna Hning by carboxypeptidass B, plerms koinew o

Bt J Pharmacol. 1964, 12, 329341
Levs, G. P Activ polypeptides derhrod from phisma proteine Phrdal Xev 1960 49,
47676

Wels, . Klaloa und Anglotentoa, Pharmak logie, Chemle, physbologiache wnd pato-
Bedeutung, Axpew Chem 1961 7, 69483

'-h.r;&u.m—m Zur Keantals der dert, utery

Wotdrocksnkeaden Substany Dk Biscke Z. 1939 201, 429436,

und



Acta pharmacol et tovicol 1965 23 250-262

From the Instiuts of Pharmacology (Head: Profeisor 1b Holm Jmaen, M D),
Univenilty of Asrhes, Aarhi, Denmsark

Absarption of Mercury Vapour from the
Respiratory Tract in Man
By

F Nichen Kudsh
(Recrived Jume «, 1965)

It i3 well-knawn that {nhalation of afc d with mercury
vapour may lead to polsoning from the absorption of toxic amounts of
mercury from the respiratory tract.

Extensive studles within the field of industnal hygiene, first performed
by NEaL ef al (1937 & 1941) have reveaked a valld correlation between the
mereury ation in the atmosphere and the fncid of chroni
mercury poisoning. On the basis of these studies, industrinl hygenists in
the US.A have fixed a toxwc threshold limit vatue for mercury vapour
and inorgank mercury pounds in the phere at 100 pg/m? under
conditions nvolving constant daily exposure within normal working
hours Thys threshold value bs still maintained by the Amencan Conference
of Gover ! Industrial Hyglenista (Acami 1964) British investigators
have advised a threshold limit vahre of 75 pg/m3 (BUCKELL ef of (946
BRrooxs & Hotues 1958) In Soviet Russia, the toxic threshold himit value
for metallic mercury has been sct at 10 pg/m3 and for mercunc chlorde
at 100 pg/m? (ELxms 1961)

Some diversity of opinion thus exists as to the maximum allowable
concentration of mercury and its 1norganic compounds in the atmosphert
until our knowledge of the toxicity to man of low concentrations of
mercury 1n the wr has been extended, the fixation of o tode
value must therefore to some extent be left to individual Judgement.
Among the difficulues encountered 1n fixing ly the lowest
level of toxc concentrations in the air is the fact that the mildest
symptoms of mercury polbsoning, which are of a prychopathologres!
chameter may also occur in persons who havs not been exposed (0
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mercary Thus, TURRIAN et al (1956) demonstrated a causal relationship
between the average mercury ation 1n the atmosphere and the
Inczdence of certaln psychopathological and neurological symptoms of
pelsanmg present in 15 out of $8 workers who had been exposed to
mercury concentrations of 10-600 pg/m3 The frequency of symptoms
was abo abnormally high smong workers who had been exposed to
concentratrons below 100 pg/m? bat none of the affected workers exhib-
ried the fully developed picture of chromic mereury polsoning.

In azimal experiments (rats), FRIxera (1959) and RoTasTEIN & HAYES
(1960} observed that inorganic mercury administered parenterally accumu
hted In conniderable quantities in the brain and was bound thejt more
firnly than n any other organ of the body In experiments on mico
performed by BERLIN & ULLsERG (1963) a single Intravenous dose of
MWHgCT, resulted in considerable accomulation, especially in the grey
matter of the cerebellum and in the fuber cinerewn and corpus nubfornk-
cofls BERLIN & JoRANSSON (1964) demonstrated that the brains of mice
that had inhaled air contaminated with mercury vapour (10 mg Hg/m?
for 4 hours) contained 10 ttmes as much mercury as the brains of mice
given a similar intravenous dose of HE(NO;), The rate of injection was
not stated  Thus, absorption of mercury from the respiratory tract scems
more than absorption by other routes to fead to its accumolation in the
beawn. This may perhaps abo offer an explanation of the correlation
demonstrated between the concentration of mercury in the atmosphere

«nd the Incid of psychopathological and neurologcal manifestations,
inctodmg tremor

Absorption of tnkaled mercury

Detalled knowledge of the extent to which mercury Is absorbed from
the respinatory tract wall clearly be of great importance m an attempt to
fx more precisely the maximum daily dose that can be tolerated during
tomstant exposuro to mercury vaponr in the inspired air

1t teems that the extent of absorption of mercury vapour from the
Taphatory tract In animals and man has not previously been clenrly
dttermined. On the bans of & comparnon of the amounts of mercury
Sxcreted in the unine and the concentrations 1n the inspired arr GOTHLIN
(‘mwponcdthxlthaupmkc of mercury by man was almost complete
when the concentration was less than 250 pg/m3 However Hots Jmaen
(1548) contested GOTALIN s method of amlysis and expressed the view
that b3 determinations of the mercury concentrations of the inspired ar
Poulbly had an appreciable negative error and that absorption was In fact
anomPlﬂc.lunnmﬂmm;bcrofex-pcrhne.nupcrformx:donthrccvuhm—
P A perascueie vt 2, e 33
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teers, GErsTNER (1931) found an absorption of 34-77 / on inhalation of
air contalning from 10 to 100 pg/m3 In dogs breathing air contatning
from 3 to 26 mg mercury per m? Frasew er ol (1934) found a falry
constant absorption from the respiratory tract, averagmng 25/ BatT-
GELLI (1960) expressed the opinion that this also applies to human bengs.
By means of the mercury vapour detector described by Woopsox (1939),
SHEPHERD ef a/ (1941) performed a few experiments 1n whuch they found
that the air expired by persons who breathed air with a mercury content
of 60 pg/m3 did not contain mercury On the other hand, when the mer

cury concentration of the atmosphere was increased to 200 pg/m? the
expired air contuined about 10 pg/m? In rats exposed 1o an atmosphere
contaning 1 mg mercury per m? GAGE (1961) found an absorption from
the lungs of about 50/ Havis & Romistein (1962) exposed rats to an
atmosphere with a mercury content of 14 mg/m? for from 30 munutes
to 5 hours 20Hg was added as a tracer By calculating the amounts of
inhaled mercury from the mimute volume of breathing (fixed in refation
10 the welght of the anmals) and determinations of the total amounts of
mercury found 1n the amimals, the authors concluded that the absorption
from the respiratory tract was complete

Material and Methods
Personal investigations

o rdef to throw Bt on the xient 1o which mercury Tapowr f absorbed (rom the
respinatory tract wan, T have wodsed b four vohmteers (including mysedf) the rano of
lb:mpmmmnmmnumnpiruddrwm;n(m-hnplrdmmm
wa determained at dafferemt constant concentrations of mercary bn the hmpired alr and fer
roughly constant mimule votures The influence, if aay of the raupiratory rate on the b=
$0Tplon wat aho doded. A altempt was made to gain some fmpreson of the amticst
1 merTury concents tion I the expired alt dating the sndvidml expirations,

The mereury concentrations n the wspired ale were determiaed both by ultravkot
photomatry 1n a shghtly modified form of the mercury-vapos driccio designed by
Rusrr (cited by B o0%s & lotuzs 1935) and maswfactered by Hanovia  aad by the
chemical method previously described (NIEUMN KUDST 1964) 31 2 comtrol. O ly the Litter
method w  sed for 1he average of mecrcury 1 the capered alt

T sena f previows capermments b which dircet determisation of the mercwry
concentratian  evpired air wer  performed by means of the mercury-+ powr detector [
had observed th 1 the ret Ut were affected by the mownt of % ter vapout of the expired
4 rther vudies showed that  ndder yock conditions the revahts read on the detector were
100 low This cbrers 3o probable sxplum why Snrraaan of ol (1941) found ealy $
ormono tuall fihe inhaled mercury m 1he evpired al they wncd  detector of shrflar

Afte some I i1n reducing the water powt
coment [the cvprrod a1 by condemanion to tuch  extent 1hat the negat o reconling of
ihe rewdoal w ter  pou by the detector berase acglpible and comtent, thowt 437
concurtent kor  f morcury 16 the condemaer syMem.

The contiamous direct records g of the mercary conceniration m (he evpired &7
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wean of the mercery-vepogr detector und connacted potentiometar recorder that wa
resdarwd possible by this method was ussd in all the experiorents, with muhancous coliec
ﬂmﬁmnﬁﬂmmdmfwwmmw[mmﬂmHmm
e corves obtained ahow only to a Omuted extent the hors Ln the mercury

tica of the explirsd aur partly because an appreclable mixtore of the expired sir occon In
Un refuthvely large dend space [ Lhe condenmer svatem, and partly becaoso the results
recorded by the detect © at Bow rates below  bout 2 Htres per minat are  Little too low
Likewise, R b o ly possibls to determine the xverage concentration of mercnry | the
expired aft with  Hmfted scenracy  the bashs of these cirvee. Nevertbeless, it appaurs
cletr from such  graph of th mercury concentration fa the expired alr direcly recorded
during aboormally slow nd muximal Jom (preceded by dop that §
these chrormetances the st portion  f the expired al & virtwally freo from morcury vapou

Experimental set-1p

Tha experionents wers performed | room with  pot volome of 40 P From an sd-
Joumierg room, meercory vepour was convepsd throngh  plastic tube bato the experimental
oot conetant rute, which wus sdfusted on the besds of the venidlstion of the room  d
the concentration dexired doring tho cxperiment concerned. In sorne s far u pablished
erperiouenty, 1 hed ascertained that the volome of &l ko the experimsntal room which b
clearad of mercury every minate fakly closely corroeponds t  the wentlation rate [ the
ot ) m)/min), L ¢ chemical conversion or sppreciabls adsorption [ mercwry doex
aot ocour The rais at which mercary vapour o to be conveywd int the room 1 order to
mabbtiky  eteadystats comcentratio o thoy equal (o the prodoct of that concentraton
od the veanlation rute, provided the ventflmtion fi constant during the experimental
period Thae air in the room was sgitatad by two eectne fam n order to emure an even
dwribotion | the mercury vapoar | orderto bta  tho desired steady-stat concentra-
Lon withi  reesosablo thne, the mercury vapour wes at first lod into th roam ta hsgh
T When the desired concentratio was btaloed, the repply was adjsted to the calcu
Irted rate. When the comtancy of the mercury cowcentration had been cheched by the
mercury-rapowr detecto for  surtable peciod, the tests were begun The temporature of
the room was 23 1 1

The expermantal setwp smploved [ the of the
= vt expired af b1 sbown oa sem!-dingrammatic form i Ag. | The explred e b conducted
trough two condensers connected in series. Th second copdenser { Friednchs type)
Soeged In & coxstant-tempersture water bath  djusted to 11 The water from the bath I
recirclated by memns fa pump thro gh the Friednichs condeeser a 4 doubleancl ce

cxtiide the water bath. Both condsesers are provided with  rescrvolr
for the collection of condeased water From the conderser system the expired  tr b con-
“oxted Mito the mercary-vapour detector which by meam [ a connectsd potentioseter
Tecorder records Uks meTeary concentration After the detector  brathing bag of sstatke

Wbber Jn maerted foto the system fo temporsry ~ollectio of the part of th axplred air
Bt bt a0t at once paased ¢ by the a pemp. 1 the same place, the ystem | provided
:{ﬂ vatvy for the ropply of dry rocreary-fres arr Thas valve b actuated when the volum

lhnwbylhcpumpf thort period oxeeeds that of the cxpired | The pump,
¥ich b operated from an a.c. stabuesr sends the aur through arcury abiorber

ouly descrfbed (Noresew K L
of the DaK 1984) t peewarv of bowut 100 min mercary abore that

HMOLEIMTY and 4t & comstant ruty of 7 Bres per minute, Tho Sow rate b mesared

W-Mmﬂmwrmam

As tlrmdy mntioned, the Hagovm  wercury-vapour detector was med in alightly

3
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wodited form. The modifications mads condsted ta (1) slight chenge in the elactrc
ciremt or the 17D ad)mxtment, (Z) pawer smpply through an s.c. gabiliser (3) removal of
the buiR-ln | purap, and (£ carefol tightening of all the nir-duct system of the tnstrumant.
Py thes modih wd by means of alr contalaing known th
of mercary vapou i was posafble 10 obtaln  sensitivity of 3 g and  meamring accuracy
of =15 g/ when the mowt sensltive messuring rs ge wit Died. The  Retiprotor™ ale
Jaxp weed was complctaly tght, and the passage of al through kt did ot give rise to any
demonsiratle loss of marcary no did s y soch loss occur in the broathing ey,

Expertmental procedure

tramediately befors each axperk ks mercury loa ba the afr of the room
wits detemniped by mcans of the dstector whlo the air was beiag pessad throegh the
apparatos described, with the  beorber ct ot By adfwsting the wc supply voitage to the
PAEp the afrflow muie was set at 7 lkres par minota,

Thea the anthre apparatod was “waghed™ with mercury-froe & Tke absorber was then
instrtad, and the voluntesr trader teit now expired akr throngh the spparatus. The amount
of marcury contalsad in the sxplred als wus collected In the fluld of the absorber f r»
pariod of 5 roluutey, MWercury-fros air which way gypplicd to the systsm only In few
spsriotaty, was meatored by means of the gus meter thown In g, 1 At the end of the
exparinent, the apperdtus wax  paln waahed with mercery-{rm alr after which the ebsorber
a1 wpain eat ont, and the Mooy conciration 1n the roota ar way decrmied ot ax
balore the experimest. 1n ull the cxpertarents, the yolinteers inapired the alr through the
0w ad expired ft throwgh the mowth and  short leogth of phstic tobleg commectod with,
the apparatos. During sxpiration, the volomtesrs closed their mostril with thetr fingen.

T twercury concentration In the expired br was abo recorded graphlcally throughowt
the period by mewms of the potentiometer recotdst comnectod with the
detector (g 1) Om the basls f tho floctwetios in the metrury coacentration thown by the
Fph, the nember ! exprations doring the expearimental period conld be conted, As
alrrady mentioned, the curvee obtalned did ot permbt an sccurate datermineton of the
Irerage cosmtiration of metcory in the axplred wle yad tha concextration was theron
aleolated o the bty of 158 amotmt of mervary collected duriag the axpermmental period
end the voloma  f expired Air nteanured At the ambsent temparstors (23 + 1 G

The mercety concentratlon In the air  the expsrimental room was detarmined st
(requeat Intervale, both before and afier the experimenty, by the chemical metbod pre-
iy deecribed (Nomew RUae 1964) the reealts 1 thes daterminations waro In close
tEemnest with those  btnood by the detector Tho coademsed water collectad from the

condenuec yyvtorn durtag the sxperiments did sot conttln domonstrable smounts { mer
cury (Gthirowe determinations).

Remlts

The results of the expenments are shown in table I The volumes of
Cpited air were determined with a margin of error of kss than +5/
The average tidal volumes (ATPS) 1nvolve errors that do not exceed
10/ The exror of the caloulated amounts of expired mercury given In
the table a1 percentages of the inspired amounts, is lexs than 420 ¢ at the
towest concentrations in the expired arr (about 10 pg/mY) snd Jexs than
+15/ at higher concentrations.
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Table 1

Resutts of the expert showing the of mercury  beorbed during intatatios

of alr co talning metcary at various concentrations [n relation t e averape tidal volomes

(ATPS). The table alw showy tho expired amounts of mercury & perceatapes of the

amoants leapired These fignres o taken as expressions of Lhe percentaps that a aoliomal
dead space for mercury absorption represents of the average tidal vokmse.

Explred Hg| Absorbed

Volunteer| Hg cone, Hg conc, Py Hem N 1 A
scx, [inspired ai  expired air P 1 Udatvolaree,

weight | I pgimd i pg/m? of of S 2l
isapired Hy| taspired Hy (ATFS

ENK., 493 101 204 ™6 u 148

M,92hg 47 104 190 o b 182

413 107 25 7.8 22 159

%0 180 181 "o 4 148

109 150 18 162 1 K2}

102 153 133 X 23 140

19 ns 150 850 20 173

205 »o 19 5t n 125

210 178 178 2.2 3 138

343 502 14.5 313 n 152

3% s 184 86 25 140

340 58 17 21 n 159

BP., 520 [ 16.5 3.3 13 140

M, 63kg 320 57 188 s 3 13

0 us 29 T 2 140

910 143 45 153 24 146

1 9o 176 178 2 n | 1B

| 104 130 173 ” 2 | 17

(.1} 44 122 s 21 15

| ‘ 01 156 e * 138

207 »3 160 840 3 m

L] ©@) 13 8 | 147

s LI ] 156 M4 n 15

o boa 4y 18 s 3 140

‘ 1

aLM., s ] 1wy | 17 743 “0 a.s

I s4xg 520 168 322 18 £ .80

50 I 164 s 614 ] a.s?
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Expired Hy. Absorbed

Volonterr Hg cone, | H conc., o He s Noof "‘:]""
e, fmspited ab] axplred alr p ) 1 “""‘h ome,
dgbt | pmd | inpg/m? of of nsmin (A‘"“

tospired Hy jmapired Hg TPS)

GLM, %0 1 211 769 LS 0.60

Fskg 106 28 0.5 X 5 as3

102 252 253 4T 6 a4

204 a7 8 762 6 ass

201 LLX] 246 754 sl a7

193 412 245 55 [N as7

anr 1069 n2 N [3 as?

50 [LX] a7 76.3 34 o.6s

348 LEK] 9 761 » s

oc, 520 140 289 71 n 0.60
W7y 518 152 n2 ne 6t 0.57
02 149 13 n 2 o.67

no 261 772 728 57 a6l

970 4 240 760 36 0.a

108 8 s 752 3 .66

198 422 13 L8 5 .66

193 496 250 790 54 oes

196 a7 247 753 - 063

n m™s 213 s 4 0.64

350 sy 31 769 52 s

M0 ~4 262 733 30 o

|

A study of the results obiained shows that the extent to which absorp-
ton occurred m the individual volunteers was subject to only relatively
small variations. The ratio of the absorbed to the fnsprred amounts of
ToETCury seems {0 be targely independent of the meteury concentration in
1be inspired air although absorption was & Inttlo lest at the lowest concen-
tation In the fnspired air (50 pg/m3), even if allownnce is made for the
wider margin of error of the determinations there Adsorptrve processes
12 the respiratory tract thus seem to be of only minor mportance in the
tbsorption of merctry Incidentally 1 performed a fow experments o
Which air with a varying content of mercuty vapour was allowed to pass
In through the nosirils of a volunteer and out through the oral cavity
During this pastagn, the loss of mercury was abowt 2,/ st a concentration
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Fig. L. Gruph showing the rek hip between the gical dead space, 13 a per
centage [ the tidal volume, and the tidat volums. Brsed on reenlts of Aswussen & Nt
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of 350 pg/m?3 and less at lower concentrations, as determined by means of
the mercury vapout detector connected with the apparatus described
above

The percentage that the amount of expired mercury constitutes of the
amount inspired may be regarded as an expression of the percentage that
a notonal dead space for mercury absorption represents of the average tidal
volume (ATPS) listed in the table AsuUstEN & NiELseN (1956) studied
the physiologicnl dead space a3 a function of the tidal volume (BTFS) in
four young men On the bans of their results, I have constructed the curve
shown in fig. 2, Indicating the relationship between the physlological dead
space, as & percentage of the tidal volume, and the tidal volume The
uverage tidal volumes (ATPS) listed in table 1 are based on measurements
at 23 of the volumes of expired air saturated mith water vapour at that
temperature The correspanding tdal volames (BTPS) d and
saturated with water vapour at body temperature will thus be about
8.5/ larper

A companson of the figures in table 1 and the curve in fig. 2 shows that
the notional dead space for mercury fairly closely corresponds to the
physiological dend space However at the lowest concentrations In the
inspired air the dead space for mercury was a fittke higher in several of the
experiments.

The results of the experiments thus suggest that the uptake of metallic
mercury from the inspired air choefly oceurs from the alveoll of the lungs
and that this alveolar absorpuon s almost complete and t of
vanations in the mercury concentration in the inspired air within the




MERCURY ABSORPTION FROM RESPIRATORY TRACT 59

range from 100 to 350 pgfmd The slightly lower uptake at a mercury
concentration of 50 pg/m? suggests that adsorplive processes are of less,
ot probably almost inngnificant, fmportance in the absorption of mercury
from the respuratory tract n man. A pervon breathing air contaminated
with mercury will thos presumably take up per minute an amouat of
mercary that at & closo approximation is equal to the product of the
mereury concentration In the inspired alr and hus alveolar ventilation.

Discosion

Absorption is most commonly defined as the sum of all the processes
by which a substance from the uite of absorption enters the arculating
hlood. In the experiments reported here, this defimtion was applied to
the uptake of mercury from the inspired alr In expeniments on mats,
Haves & Rommstey (1962) found that, after inspiration of mercury
vapour (with added 203Hg), temporary retention of the mercury occurns
in tha hungs for a few hour, after which 1t shows a distribution in the body
dmilar to that observed after intravenons administration of mercuric
chionde. However these authors drd not determimne the mercury content
of the bran  according to the comparative studees by BeredN & Janans-
0N (1964) mentioned above, however the mouse brain takes up after
the animal has {nhaled mercury vapour an amount of mercury about
10 times as large as that taken up after intravenous adminlstration of 2
corresponding dose of mercuric nitrate. CLARKSON e7 af (1961) found
that metallic mercury vapour was rapidly taken up and oxidbsed to
merenric fons in human whole blood at physiological oxygen tensions.
Theoxidnﬁonmamlyoccurmdlnlhecrythmcytumdmnpidly
followed by an equilibration of ths mercury between plasma and cells.
Hoaues (1957) called attention to the high solubillty of metallic mercury
. compared with 1ts sofubility in water and air He exprested the
view that metallic merrury ~ as distinct from mercunc fons, which are
bound to SH-groups — readily and rapldly diffuses throngh lipojd-con-
taining sl membranes (the alveolar walls), temporardly exists in its
Mﬂﬁfomlulheurpnlnnmdilthmdlmlwdiuthnbbodllpo{dl
and carmied to semitive tlases, such as that of the brain here the mercury
kmdhadmdnnhdupmﬂ:unSH-youpaofﬂmpmtmuInnmpmt
of this hypothess, HooHms referred to investigations by BRIGATTI (19498
&), who both in sutopsied patients and in animal expeniments had
found that inhalation of mercury vapour resulted In the accnmmlation of
mnﬂd:nhhmmunnofm:rcmymﬂnbmin_

The processes by which mercury vapour from the alvealar air passes
through the atveolar and capillary walls and the interetitls] tiwse fnto the
B A Mactmiapicn, ot 11, . 31,
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blood and is transported in this medium are thus not fully clarified, It
may be assumed that o considerable part of the mereury vapour prasses
through these structures by diffusion, without being converted, and that
the remainder 18 oxidised and temporarily deposited in these structures
Simularly it may be thought that mercury may be transported 1n the
blood both in the form of unconverted metal dissolved in the lipotds and
n an oxxdised form (Hg**) bound to the SH-groups of the haemoglobin
and plasma albumin.

The volunteers used 1n the experiments reported here had been pre
viously exposed to mercury in the inspired air only occeaslonally or not at
all. One of the males (O C ) had previously undergone umlateral thoraco-
plasty All the volunteers were modernte smokers, and no restrictions a3
to smoking or food :ntake were imposed dunng the penod of the experf-
ments,

It should be of interest to study the abtorption 1n persons who have
becn exposed to mercury vapour in the inspired air for prolonged petiods.
It alto seems rensonnble to study the factors that may be assumed to
fnfluence the absorption Thus, I found, entirely by accident, that inges-
tion of alcohol to an appreciable extent reduced the absorption of mer
cury This phenomenon which wns studied by a shghtly modified tech-
nique will be described 10 a paper to be submitted for publication.

Summary

Studies on the absorption of mercury vapour from the respimtory tract
in four volunteers who breathed air with mercury concentrations mnging
from 50 to 350 pg/m? are reported Determinations of the ratio of the
expired to the inspired amounts of mercury gave an expression of the
fraction that & notional dead space for mercury absorption represented
of the average 1da) volume measured during the experimental period. A
comparnson with the results reported by other authors on the size of the
physiologieal dend space in relation to the tidal volume showed that the
notional dead space for mercuty absorption was of the same magnitude
os the physiological dead space and, wathin the range nvestigated largely
independent of the mercury concentration in the inspired air It was also
demonstrated that the last part of the air expired duning maximal expira
tion ¢ Ined only negligibl of mercury Tt s therefore reason-
able to assume that almost complete absorption of mercury vapous
oceurs from the alveolar parts of the lungs in normal individuals,
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From the Institots of Pharmacology (Head Profesor Ib Holm-Jenscn, M.D ),
Unlbrendty of Aarhus, Anrbos, Denmiark.

The Inflaence of Etiryl Aleohol on the Absorption of
Mercury Vapor from the Lungs in Man

By

F Nichen Knhtk
(Recetved June 25, 1965)

1n a previous paper I have reported tho results of & study on the absorp-
tion of metallic mereury fram the respiratory tract in four volunteers who
mhaled ajr contaming mercury vapour at concentrations ranging from
50 to 350 pg/m?® (NmeLtEN Kupsx 1965)

In & determination of the mtio of the expired to the Insprred amount of
mercary I found that a notional dead space for the absorption of mercury
was of ths same order of magnitnde as the physiological dead space and,
within the range studied, largely independent of tho mercury concentra
tion in the insprred air The notional dead space for the mercury absorption
was found to be dependent on the sire of the tidal volume 1n the same way
1 the phyniological dead space. However at the lowest concentration
(30 pg/m3), the notlonal dead space for mercury was a [ittle higher which
mdicates that mercury absorption is slightly lower than at the higher
contentrations in the mspired mr Adsorptive processes thus seem to be
of littte importance for mercury ebsorption from the resprratory tract. It
was eho demonstrated that the last part of the exprred air durlng maximal
Sxpirations was virtually free from mercury

On the basis of these results 1t seemed reasonable to assume that al
Mot complets absorption of mercury vapour oocurs from the alveall of
e fungs in normal indrviduals. A person who breathes air contamipated
'“hmmfyﬂpomwﬂlﬂnnpruumblyhhuppuminmamummt
01“’fﬂ:ﬂfythltatlclouenpproxj.matsoni:eq\mlv.oLhcproductof!.hp
mercury concentration in the insprred air and his alveolsr ventitation, The
Wutnnsthum;ybethuughtoflmportmceinthnnhwrpdnnoflho
ImErCury vapour and its transport in the blood stream and the problems
mﬂﬂdmlhnﬁnnonohmxbmnnaﬂmb)ccommdonwcjfor
mercury In the atmosphertc air were briefly discussed.
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The volunteers used in the experzments had previously only occastonally
or never been exposed to mercury in the intpired mr The experiments
took place at randomly selected times within normal working hours. No
restnctions on food intake and smoking had been imposed but these
factors and other variable conditions of daily habits did not seem to have
any effect on the absorption of mercury from the lungs However quite
accidentally the author observed that the ingestion of a small amount of
ethyl alcohol reduced the absorptlon in one of the volunteers.

The only female volunteer had ingested about 180 ml of strong beer
contairung about 9 g of ethyl alcohol in the next expermment, performed
about 1 hour later the mercury absorption from the inspired arr was 57,/
whereas it had previously been about 75/ The experiment was later
repeated with the same result. On the basis of this observation the effect
of alcohol on the absorption of mercury was subjcied to a closer study
For pructical reasons, a slightly modified experimental technique was em-
ployed

Method
Experimental set-up

As In the previom expenments (NmLerw Kupsk 19465) 1 ttudied the absorption [
mercary from the crpiratory tract ta vol by inicy the Ttio of the mercery
concentration b the expired to that in the hmpired alr  t constant concentrations In t
tmsplred v and t almost constant munute volumes. The mercary concestralion bn the
insplred air was by ultraviolet T y with the mme sghtly modsicd
Hanovia mercary vapour detector 1 1g the previows experiments. This [nstrument -}
connction with the previously descnbed co denter sysiem and o slightly modiled exper-
mental set-ap, was o usd {  determiny g the warcury o the expired o

After having pexsed th oogh the two condenuers, the expired alr wa condocied hato
mitng yrtem ra pod aa shown | fig 1 From thr systam, the mixed expired r =8
pasied, ta comna ( rate, through the mercury~apour deteclor by mesm of & Rec
protor a1 pwmp The mio of the air flow was cwesswred by mewas of 2 fos-meter which
was conarcted th ough an air veue! 0 the ovilet  the pamp. The average percuy
conceatration m the expired 1t wa recorded graphically by a poteatiometer recorder
comaected with the detector Chemacal control determinations of the mercary conceatration
I the cxpirrd wir were performed at frequent ntervals, a3 proviously deseribed (N riany
KUK 1963) | these, mercury bsorber {  the collection { tho mertary contained 18
certan vol me of cxpired  wa imeerted just frer the pump The cxplrations were &
corded by the dcmmbypmuupmm.wmmh-hkhnmlmu\ﬂ
on the potemonseter recorder wa  actoaled.

The vah  that in the prevsosy experiment aliowsd wflow of mercury-freo ir dutiog
the cperimental penod w 4 keft out bere, Instend, t the bepn lag of csch
tho volonteer ma requestcdt aflat the breathing bag to about kalf capecity by » viporost
ewpinnon. Thu . done m order t M.uwmmmmd«udﬂ
tramsported by the pump and that [ the expered Jr which might cause & pegath e previore
in the system and bence grve ma to Crror | the determination by the detector
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Fig. 1 Diegram of the eaperimental sot<p ooed fo - detarmining the
concentration of mercitry vapour In the expired afr
1 et { cxphred [ 2, condenser system a3 before (ses NrrLsen Kunex 1965) 3 mhdng
m5n  fh bresthing bag (2.5 rires, astatie rubber) 4 mercury-rapour detector (“Huno-
‘R Typs E MTD 3 potentiometst swcorder (“Varlan  Type G-11A) 6, ale-pump
CRecipeotoc” Typs 406Q) 7 mercury absorber- 8, al vemel 9 fow-meter

At befors, the sxperiments wers carried Ttln  room with  net voloe {40 oy bto
which marcory vaponr was condocted st coastant rite m order t btain u steady-state
cooceatration. The terperature of the room wat 23 & 1 The volunteers kmpired through
the Bose 454 expirad throogh the mouth and  shaet kngth of plastic tubing, which wes
coumected with the cordexser system.

BY waing thh cxperimantal sot-ap h was possible to obtun  conthances, direct graphical
recotding of the average mercury concentration fa the cxpied mir Th copcantrations

datrmnined fn this way were In close agreement with the refulty  btained by the chuzaical
coatrol method.

Experimental procedure

Wefore and afler sach the mercury ton b the wir of the room wes
Urirmined sad recorded grapincally by means of the detector and the connacted potentio-
Bttt racorder whnle the abr wes being pemed through the eatire spparatus. The air Sow
1 9Lt 7 Uitrw per mumrte by adjusting the wc sspply valtage 1o the pump, after which

24 the exparimental period extinded to 4-3 minates. At the end of the experiment, the
XD 2pparktey was agaln waahod with mercury-{roe at

Ou fhe bass Of thers determinations tw rath { the mercury concentration In the
P it 10 that of the mpired &1 wEs u By ing this
Perctatage from 100, the amount of beorbed mercury was oo d an peccentage fthe
haled ancamt, T verags txdal volume was calculatrd by dividmg the volome of |
Cpred durieg the experimental period (metwsred 1.3 4+ 1% by the mamber of explratioos.
The vabuntexrs wers the semo persocs a8 Liose weed i the previous expertmeats, All the
PRl were pecforped ¢ comant conoetration of mermury ka the ksphred alr viz,
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Table 1

Resolis of three cxpertments showing the relation beiween the wverape tHdal chems and

the mount of cpired mercury as  percentage of the [nsplred  mount, and b teerenry

atsorption caleulsted on thb basis la a mals yolustesr (F.N K.) who kad 00t tiken

akeobol The mercuty concentration in tho explred alr was dsermined both by the phytical

method (Ph) described fn this paper and by the chembeal method (Ch) previcusly described
(NotaN Kupex 1964).

Hg cone, Hg conc., Exp Hg, No.of lAverage 1Kat
Iasp. alr exp. air pet cent of it .b‘::d’ etpirations | volome,
pgfen) g/ hup. Hg | P Ia § mistes [litres (ATPR)

137 (Ph) n (Ph) 150 (Ph) 350 (Ph) 2 147
306(Ch)  164(C) B 6(CH)

21 Ehy i (Fh) 1.0 (Phy 120 (Ph) ¥ Lal
39.3 (Ch) 1.7 (Ch) 817 (Ch)

204 (Ph) 37 (Pn) "1 (@) TLI(PM) H ou
M. () 26 5 (Ch) 73.5 (Ch)

bout 200 pg/m? The sbsorption of mertury vapour was determined in tho Individual
volunteer fmmediately before tho Ingestion of  dose of ethyl aicobol, and sabscqueslly ot
saltable thae Istervaly, 1z every 1S minutes dusing the st part of the eapertment and
hter t 30-minute intervals Tho dow of akohol was | pested over a period of about 10
mimter. In some of the experiments, the volonteers bad not bad sny food kumedhitely
before and dud pot take any during the experim 1n other exp the

bad the ¢ ordlanry meale, caflfee o tea during the expertmeatal period. Tho doses of kool
were given cither as pare alcohol dilited with sucrosc-contalning soda water o n the fome
of ttrong beer

In some dditional expertments, vokmteer breathed alr that had fint been bubbld
through  25% ethyl kohol solution { / )

The mercury vapou detectot s onty alightly sensitn 1o akohol vepowr- the conomits:
thomt of akobol occurrmg tn the expired alr were 30 low that they were pot recorded by
the insdrument.

1 thesc cxperiments the  athor did not have the epporientty to determine the sleohol
contentrations m the blood of the volanteers of In the expired skr

Rewlts
Table 1 shows the results of an experiment in which the voluntecr tad
not ingested any alcohol The figures show close agreement with the
determinations of the mercury concentrations performed on expired air
by means of the physical method described above and the chembcal
method used as a control The results also show a dustinct correlation
between the average udal volume (ATPS) and the expired amount of
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Fig. 1 Curve obtained by mexrs [ the potentiomater recorder showing the inflrencs of
Che 1! volitmw o the meraary concaiTation in the cxpired b The minats volumre was 7
Mires and the wesreury concestration in the Inspired ai 204 pg/m?

mereury as a percentage of the inspired amount and hence the absorption
in the indfvidual volnteer The expired amount of mercury calculated
3 2 percentage of the inspired amount may be taken as an exprension of
the percentmge that & notlonal dead space for mercury absorption repre
sents of the average tidal volume.

Fiz. 2 shows 1 curve reproduced from s direct graphical recording of
the average concentration of mercury in the expired air made by the
method deseribed. The minute volume was 7 litres daring the determma
tlon, end the infleence of the tidal volame s distmetly appareat from
the curve.

Curve I m fig. 3 shows the changes m the mercury sbsorption related to
tme 1n & male votunteer (F NX., weight 52 kg), #ho at zero time ingested
20 g ethyi alcohol dituted with sucrose-containing soda water One hour
previomly the volunteer had had a hght breakfast, but he did not taks
#ny food during the expenment. The average tidal volumes measured
In the Indrvidual experrments vaned between | 1 and 1 4 litres The curve
13 not corrected for the effects of theto variations on the mercury absorp-
tion, which s negligible as compared with that of tho akeohol. Curve If
m‘hﬁmnhofnumﬂarupcrtmmtmﬂmmmnvo}umccr who had
then ingeaied 24 g aloohol dituted with soda water The average tidal
Yolmmes varied between 1 0 and 1 5 litres. The results shown in curve I
were obtained in another malke volunteer BP., weight 63 Lg) to whom a
dow of 24 g aicohol had been admimistered a5 described above. It was
baler disclosed that he had had a fairly heavy breakfast 1 hour before,
Probably because he knew that the experiment would be of relatively long

The variations in his tida! volumes ranged from 1.2 to 1.5 Litres.
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1 k3 3 4 3
Hours.

Fig. 3 Curves showng changes whh tless n mercury abeorption
In volunteers who 1 rero tims ingesied a dose [ akobol and then fasted
during the experimental period.

Curvel FNK M 92Lgp 205 lkohol
Cunell FNK M 52Lg 24 gakohol
Cervelll B.P M, 63 kg 245 kobol

The expenments clearly show that the ingestion of akohol exerts an
apprecinble effect on the mercury absorption from the respimtory tract
in man The doses admi d would | bly have caused mad-
mum blood concentrations of aleohol of about 002/ and 0.025 / In the
first volunteer (F N K Curves 1 and 11) and of about 004/ in the other
(B P, Curve 1), provided that the entire amount of akoho! had been
absorbed. The curves I-111 thus scem to show that there i a correlation
between the concentration of ethyl alcohol in the body water and the
whibition of the absorption of mercury vapour This phenomenon will
later be subjected to e closer study

The three curves in fig. 4 show the results obtained in three volunteers
who 1ngested 560 ml of strong beer 1 ¢ a dose of about 27 g akcohol
The volunteers had their normal meals, coffee and tea before and during
the expeniments Thus, they had all had breakfast about an hour before
and had tunch 60-75 mmutes after the experiments were begun Cune A
shows the resulls of an expenment with the same voluntecr (B.P ) as had
been used in the experiment illustrated in curve 111 The averape udal
volumes varied between 1 28 and 1.55 litres. The experiment shown in
curve B was performed on a male volunteer (O C ) weighing 73 ke The




(NFLUENCE OF ALCOHOL ON MERCURY ABSORPTION 269

Flg 4 Curves thowing changm with time b mercary absorptio | volwmien who
ot Tro time ingested 360 ml of strong beer (about I7 g keohol) and 1 bour later had
posmel lunch
CurmA BP M &OLp
CarvoB OC., M, 73kg
Cur C GLM,F kg

mange of the average tidal volumes was from 0.55 to 0 70 Htre The female
vohmteer (G L.M., 54 kg), whose thirst for beer acaidentally led to thus
strdy was subjected to the experument iltustrated in Curve C. The averaga
tdal volumes varied between 0 $5 and 0.65 litre during the experiment It
*ppeans from the curves that maximum 1inhibiton of the mercury absorp-
tion occurred at a time at which it must be assumed that the blood con
centration of alcahol was also at its peak. The greatest intubftion was seen
In the female volunteer who presumably had the highest blood concentra
tion of akcohol, Tt is a striking feature 1n two of the experiments (curves A
04 C) - veiled to somo extent m the third (curve B) — that the mtake of
Tunch cyused . further secandary inhibition of the mercury absorption
This observation was comfirmed 1n several subsequent experiments. The
Gipenmments thus show that the ingestion of & moderate dose of alcohol
In connexion with or between normal meals causes a prolonged and
;:l:zdlbh reduction in the absorption of mercury vapour from the

lnthnﬂa:cxpaimcnuitm:hownthmmnmmk:ofunordlmry

Teach did not affect the absorpiion of mercury in subjects from whom the
eflect of alcohol was absent.
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As already mentioned, the mercury absorption was also studsed in one
volunteer (F N K ) who breathed through the mouth mercurycontaming
air that had first been bubbled through a 25 / aqueous solution of ethyl
alcohol (vfv). The use of alcohol solutions of higher concentrations kd to
discomfort in the volunteer to such an extent that further expetiments had
10 be grven up In these expenments, which were also performed at a
constant mercury concentration of about 200 pg/m? In the insplired air
1t was observed that the absorption from & normal Imitial level of about
83/ of the Inspired amount of mercury fell to about 77 /4 within 1§
mihutes, and then gradually to about 72 / within the next 10 munutes, at
which time the experiments were stopped. Unfortunately jt was not
posaible to determine the alcoho! concentration in the inspired alr but it
was at the imit where it caused Tocal irritation of the bronchial mucosa.
These experiments supgest that the effect of alcohol on mercury absorp-
tlon is not exclustvely confined to the pulmonary structures If this had
been to Ht must be presumed that the effect on the absorption would have
octurred more rapidly and been more pronounced.

The error of the average tida! volumes (ATPS) listed 1n table 1 13 less
than 4-7/ The figures indicating the amounts of expired mercury as
percentages of the mnspired amounts involve errors that do not exceed
+10/

The etror of the percentages showing the mercury absorption 1n the
curves in figs. 2 and 3 fs less than 4.5/ As already mentioned the curves
were not corrected for the relatively slight effect of the small vanations
1n the tidal volumes on the absorption of mercury

Discassion

The processes by which mercury vapour passes from the afveolar air
through the alveolar and capillary walls and the interstitial tissue into
the biood and its transport in thus medrum are as yet incompletely known.
It may be presumed that a considerable part of the mercury crosses these
pulmonary structures in the unconverted form by diffusion, and ako
that some of the metal 15 owdised and temporurily deposited In thee
structures. Haves & RomisTan (1967) found, in expenments on rats,
that 1nhalation of mercury vapour (labelled with 20'Hg) gave risc to 8
certam pulmonary retention of the metal for & few hours, after which ft
was distributed 1n the body in the same way 0s after intravenots adminr
stration of mercunc chlonde Approximately 0 of the total body bur
den was found to be deposited 1n the tungs after exposure Lo mercury
vapour for 1 hour However these authors did not study the content of
mercury in the brains of the amimals Berun & Joiansson (1964) found
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thalthemmhmnmkauploumaummhntmu’yancrinhnhﬁonof
u dose of mercury vapaur as after intravenous infection of an equivalent
dose of mercuno salt Huores (1957) advanced the hypothesis that
metallse mereury (as distinet from mercuric jons), because of its higher
solubility in lipolds than in water and alr readfly and ropidly diffuses
through cell membranes (alveolar and capillary walls) and temporarly
existy in {ts metallic form in the body Huases thus held the view that
metalle mercury dissolved in the blood Iipoids, can be transported to
sensitrve tssues, such as that of the brain  here the mercury 15 oxidised
and lioked up with the SH-groups of proteins However CLARKSON ef a/
(1961} found that mercury vapour is rupidly taken up and oxidised to
mercuric lora 1n human whole blood at physiological axygen tensions.
Thus oxidatton mainly occurred in the erythrocytes, but was rapidly
followed by an equilibration of the mercury between the plazma rod other
‘tlood cells in it, The mercuric lons are presumably bound chiefly to the
SH-groups of tho haemoglohin and plasma albumin,

ANTHONDEN & CRroNE (1956) found a high capillary perroeability to
ethyl akeohol in the lungs, shown by a high 1mtial extraction of the alcohot
from tho arterial blood. As the distribution coefficlent for ethyl aicohol
between air and blood is about 00005 (LILYEsTRAND & Lmnpe 1930) it
mroxt be assumed that the alcohol concentrmtion 1n the extravascular
waier of tho lungs s nearly equal to that of the blood Both in ammal
apenments and mn human therapy Lumapa (19502 & b) and Gorp-
MANN & Lumapa (1952) showed that inhalation of ethyl alechol vapour
an prevent the occurrence of experimentally produced pulmonary
ocdema and has an inhibrtory effect on the further development of
aistng oedema. The authors were unsble to explain the mechanism
brvotved, but thought that the explanation thould be sought in the local
mntHoaming effect of alcohol, since large oral or intravenous doses were
requred to produce a stmilar effect. In a study of the hterature, I have
‘ﬂﬂnnnhhtnﬁndmylpcdﬂccvidmwmppoﬂth:mmpﬁnntbn
akeohol exerts an appreciabls effect on putmonary vascolar rest

Like other narcotacs (anaesthetics), ethyl alcohol exerts a certain sur
Iscz actrvity and rmost be presumed to affect the permesbility of the cell
mevhranes. In the study reported here it was demonstrated that the
effect of Inhaled akeohol vapour on the absorption of mercary was Jess
peon d than that of moderate doses of akohol taken by mouth This
mymmthmnkohnlhuun]yanhﬂ\dymghtcﬁectonthepcr
m‘:‘bm‘yﬂfthepulmamrysmmtu:utomcmyv:pom In view of the
remalls reported by CLARKSON ef ol (1961), it may be thought that a
Mmmmmofthemmqmmwadhymw
Y be 8 possible canse of the diminished mercury absorption. Condde-
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nng that the drstefbution coefficient for alcohol between lipolds and water
13 small (about 0.03), the possibility that alcohol inhibits the sotubility of
metallic mercury in (or 1its penctration into) the Lipoids of the plisma
scems less reasonable, but it cannot be rejected. Haves & Ronerax
(1962) found that mercury absorption In rats anaesthetised with pento-
barbital (mebumal NFN) was less than 50 / of the amounts absorbed by
unanacsthetised animals. The authors concluded that the reduction was
due to a lowered respiratory rate induced by the anacsthesia, but the
munute volomes in the anaesthetised animals were not measured In the
expeniments. It is thus uncertain if the greatly reduced absorption of
mercury was in fact due to a diminished minute volume, It is possible
that pentobarbital (mebumal NFN) has an effect on mercury absorption
similar to that of ethyl alcohol demonstrated in the study reported here

A closer study of the mechanism of action of ethyl alcohol (and
pomsibly other narcotics) as inhubstor of the absorption of mercury vapour
thus seems desimble. The question whether ingestion of aleohol gives rise
to changes in the dustribution and fate of mercury in the organism should
also be investigated

The toxic threshold limit value of 100 pg/m3 for mercury vapour and
morganic mercury compounds malntalned 1n the US.A. was ongloally
fixed on the bass of extensive studies within the field of industrial hygicne
performed by Neav er af (1937 & 1941) A considerable mumber of the
workers (fur-cutters and hatters) studied were of South or South-Eastern
European descent, and it 13 scarcely unreasonable to assume that many
of these workers habitually used aleohol in moderate amounts, although
this was not stated On the other hand, it was reported that about 10/
of the workers suffering from chronic mercury polsoning were heavy
drinkers. Excessrve use of alcohol was seen in 10/ of the unaffected fur
cutters, but onlv in about 2/ of the unaffected hatters. As contrasted
with several of the general practitioners in the district concerned NEAL
et al did not belreve that alcoholism predisposed to the development of
chroni mercury pousoning, but thought that the causal relationship if
anything, was the reverse.

I it be assumed that a considerable number of these workers consumed
alcohol habitually 1t may be suspected ~ on the basis of the results of thus
study - that the frequency of chromic mercury polsoning observed was
lower than 1t would have been if they had not indulged in drinking.

In view of (1) the above considerntions, coupled with the demonstration
of almost complete absorption of mercury vapour from the alveolar
parts of the langs i normal individuals, (2) the observation by other
authors that absorption of mercury vapout from the lungs leads 10
distmet accumulation of mercury in the braln of experimental antmals
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(Bexurk & Jomanszon 1964) and (3) the abnormally high frequency of
certein psychopathologrcnl and neurologicel symptoms of polsomng in
wotkers exposed to mercury concentrattons in the sir lower then 100
pg/m} (TURRIAN et af 1956), T suggest that it would be reasonable to
conadet & reduction of the toxie threshold limit value at present accepted
for mercury vapour In the air The toxic threshold lmut value mught
temporarily be fixed at 50 pg/m? until our kmowtedge of the toxicity to
man of low mercury concentrations m the air has been extended,

Semuary

A method for direct, continuons graphical recording of the average
concentration of mercury vapour i the expired air i described. By means
of this method the effect of the tidal volume on the absorption of mercury
mapour from the lungs is demonstrated. The results of the expeniments
o show that cthyl alcohol, given by mouth mn moderate doses, has a
distinetly 1nhibitory influence on the absorption of mercury from the
luy In volunteers who had consumed alcobol — and only in such
persans — food mtake caused a secondary mhibition of mercury sbsorp-
Bon The mechanigm of ths effect 15 a3 yet unknown

In view of the reduced absorption of mercury vapour demonstrated in
sabjects who have ingested modernto doses of alcohol and the demonstra-
thon of almost complete absorption of mercury from the alveolar parts
of the fungs in normal indrvidnals, coupled with the observation by other
2uthors that this absorption in expermmental animals leads to e distinct
recumibation of mercury n the brain, it s suggested that it would be
ragnable to consider & reduction of the toxse threshold Umat vatue at
Present aceepied for mercary vapour in the ar
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From the Department of Fhannacology Umversdty of Copenhagen
(Profemor Knud O Medler M D)

Distribation and Billary Excretion of Decamethontum
in Doahly Nephrectomized Rabbits

By

Chr Broen Christensen
(Recetveil Juma 1 1965)

It i generally accepted that cell membranes are ahmost impermenble to
ulis of quaternary smmontum compounds, which are therefore distributed
m the extracelfulsr fiuid. It has been thown m a preliminary study (BRoEN
CrxmraeN & Scuou 1963) thar the fate of intvenously injected
decamethonirm in donbly nephrectomized rabbits fs not explainable as
an cqual drstribution through the extracellular space After injection of
UCdecamethontum a steep fall in radioactinity in plasma was demon
wtrated within one hour of the injection This was succeeded by a slower
fall linear on & semflogarthmic co-ordinate system, withun an
tal period of six hours Caleulation of the volume of distribution fram the
Pletma decamethoninm kevel six hours after the myection gave valnes of
whout 100,/ of the body weight (amount of compound Injected divided
by the concentration 1 the plasma) On the assumption that decametho-
ohm i not metabolired, this ndicates an unequal distribution, wath
Secmmulation of decamethomunm 1o one of more of the organs. The

was advanced on the bas of these results that the Imtial steep
Tallin plagma Jevel of decamethonium might be due to & spectic uptake
W the motor end-plato region (f WASER & Litrsr 1957) and that the
tlow fall pright be due to biliary excretion of decamethonmm.

An account will be given below of & seties of investigations made for
the purpose of studying the factors affectmg the decamethonrum concen-

in plasma afier mtravenous injection of 14C-decamethonmm 1nto
doubly nephrectomized rabbits. The study comprses investigations not
ouly of the plasma decamethonmum kevel, but also of the decamethonrum

%mﬂmhmmmmhﬂcuﬂﬁmttﬁnﬁmﬂm
“n#uoﬂ,

n
Ack prtsteyin, ot 2, e 31
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Methods
Surglcal technique

In all, 16 mslo albino rabbits were uked, ranging In welght from 1850 to 2785 g Jathe
A5t slx experiments N-O + O + ¢ther naesthesia was employed In the pevt halothane
(fuothane @) was used instead of cther The operation way inttiated by fnsertion of an
endotracheal tube, Next  polyethylons tubing was Inserted in the left carotid artery which
‘was wsed for both blood presture measurement and arterial sampling. Dowble nephrectoay
way carried out via facitlons § the right and the keft lamber reglons. The rensl capanle 3
carefully detached, and the ureter tho renal artery & d the reval vein wero bolated separe
tely subjected to double ligation, nnd divided. The wounds were sutered hn Liyern.

1 fo  cxperiments 8 PVC drain was lnserted ln the common bila doct about 1.3 am
(tom tha opening of this Into the duodenem. The bils duct was Egated at the ducdeawm,
fier which the gall-bladder was emptied by compression. A free outfiow of bile ©
seen ed by passing the drain declivously out into the dght lumbar region | these fout
animals the doubk nephrectomy as well as the bile duct eperation were paforemed thrwagh
0 abdominsl median Incigon. The pube rate, blood presyure respiratory rate od resplre
1 ry v lome were recorded Yy from the hoston of the u tl 1820

minuies sfter the injection of decametboninm.

Preparation infected

We used 14C methyl | (Redlochemical Centre, Amcrsham,
England) with a specific activity of 12 pc/mg, recetved {n solid form in sealed glass amponikct,
Tomediately after the recelpt & stack solution was prepared ln redutiled water which
coptaned 20 pefmla d was stored at 4 A carrier free solution for npection was prepared
T om the stock sohrtion. This cantalasd 1.2 pe or 100 pg decarmethonem bromidefml. The
dose w2 always 100 pg/kg, jected into the marglag] ear vein bu the course of 1520
reconds.

Measurement of radioactivity In plasma

Tha arterial blood samples were coflected in hepariatred centrifuge tubes, sbout 1.2 m!
Per sample, and ceatrifuged mmediately after Alier 500 pl of plrsma had beea pipetied
©Off the protems wers precipitated with nac hydroxlde (Sosoam 1930) and centnfuged
down. OF the clear wperatant 300 il were pipetted | 1 conntig fubes containing 10 =1
of sastilanon modum (Baar 1960). The sdditle ga  riwt u Wght peccipltate which
had setiled after one bour s ftanding The radsosciivity of each sample was mearured by
Meansof Packard To-C b bawd scitilbition spestrometer model 314 EX. The effickmey
of the messa emens 5 controfled by compariwm with standard wmples prepared by
ddiog knon  amoants of C-decumethonium (o mbbet plasma, which way subjected 19
th procen described The umownt { decametiortiem dlbromide (woleculs welght 410710
the plasma saraple expressed in g per ml platma, % & calkculated frow the mdioacthely
measurement

Afeasurement of radioactivity in tisne speci

One bour rurhwn.nammj.umermmwmnmmh-mww
frsaffistng | ato the marginad ca ven. The thiee spocimens, weghbay bout | £ weT0
exched. Sp of the ad e d moscle were prepared hj:
Sbres a1 thel full kngths. Blood on the rurface of the specimen wis aarefully wiped
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it flter paper The sume was done with geatric od Intestinal coatents. The specimns
»o wnghed isuscdlately after thel exchion. Then 0.3 N NaOH was edded, the yolome
commempeading ln miliditres to three times the welght of the specimea 1 grams. Tho mixtaro
1 Jeft o stoppered flasks wntl] the paxt day when specimens were hydrolysed by beating
15 shout %0° for 20 minate with repestod vigoroms shaking. After cooling, the prottiny
were peecipltated by sdding & 10 % solution of Zn§04, TH;O in volume the same a1 that
of tha porviously added NeOH Thhs procedare b that employed by 80w & Scmou (1964)
for ousplar tiamss, After centrifngetion, 300 pl of tho dear supermatant was piptited tnto
10 ! of seintation medlum. The radloactivity of ench muscle peciown was measured In
et sime apparntos und by the same procedars a1 employed fo the plasma samples. The
couting efickacy wis controlied by comparison with standert musche spscdmens, sod the
sorent of & hondam dib ey and expremwed fn ng/g wet weight of
e wpeciapen. Thee rudlosctivrtien of the ather organ speciurons wero maasared by meass of
DL Liqold Scintiftation Counter typs 6012 The countmg elfclency we bers controfied
T wach spccimen by fenowed mexsurement 30 minnte wite dding 25 pl of Intermal
vaadind. We wied taluene-14C (NEC-103) with  dialategration rate of 3.83 X 104 dpm/ml
froem the New England Nwcleer Corp On tbe buth of mowturements of efickency the
coutet of & et Io the was cakcilated and cxpreswd
g wet weight of the spectmen,

Meavurements of radicocttyity in bile

The radicactivity of the bile smples, which were collected In fractions, were mesrured
B pesfiow-counter wihth then window model Rise Ons 1ol of bl from each fraction was
rapocted {n an abuwiclom dub emd masured (or 20 minotes. The radloactivity of the

gl was calentated by comparison with counting rates for standard bde samples and
thareried 1oto sy decsmethoniun dibreoide/m) of ble.

Meansrement of radioactivity in expired atr

18 thea cxpertments fractionsl collachon was performad of the carbon disaide of the
Eind olr for periods of 20-30 prinutes. The carbon dioxide was bound a3 ethanotamin
Qrtomty in efiylecw giyeol monomcthyl ether The smipley wore cxambod for 14C

civhly by Lquid sclntlilation technique bused on  method described by Joer v &
Atvaxsz (1%1).

Resuity

Elficiency and wncertainty of the meaturements
of radisactivity

At the cificiency of the measurements may vary from day to day
malaly owing to minor varlations m the adjustment of the high-voltago
SIPply to the photomultipliers, standard samples wern prepared for each
%LMarﬁmfwmtof&nmhﬂuW
:gfﬂmmcdﬂmanMBeothswunuformmdnrdnmplu,
e containing 500 ng decamethonfum dibramide/ml of plaxma. For
mwmﬂﬂ'hlth:munbonhchldlﬂdmlmndudmmp}adlﬂcmd
. i averago by 3.2 / from the mean value, with a standard devixtion of
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cpm.
1000~

$00 -

1
100 200 300 400 500
nanogram/mi plasma

figur 1.
Fig. | Stndard cury for HC-deamethorinm In plaamae.
Exch polat b the meun f 1 iwo tamsples.

Absckra Countymin te.
Ordlmat  C of 14C-4 mlam in plasma o)

+17/ All the plasma sample counting rates were at kast flve times
those for the plasma blanks. The standard curve being linear within the
experimental range (flg. 1), there is reason to suppose that the decametho-
nium concentrntions had no influence on the counting efflciency

By preparing the stnated musele specimens as described above, we
obtained a constant composttion for these even though they had differed
in weight when excised, from 0.8 to I | grams Refercnces and blanks were
prepared on the analogy of those for the plasma samples Not less than
5000 counts have been recorded per speermen As however the counts
were no more than 3 or 4 times the background count, the uncertainty
was somewhat greater than that found for the plasma samples. The
muscle standard curve, which has not been reproduced here s linear
within the expenimental mnge.

Measurement of the organ specimens containing the least radwactivity
gave counting rates that were only about twice the background count,
10 that the uncertainty in relation to the background count became of
incrensed imporntance In such circumstances the statistical error for 5000
counts recorded per specimen will be 4-5, To this must be added the
error of the efficrency determination after adding the internal standard,
which amounts to 1-2 / Use of an internal standard for calculating e
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counting efficaency of the specimen presupposes that the latter is not
altered by additlon of the interna! standard (ScarAM 1963) It has been
shown, in unpublithed experiments, that the counting efficrency remains
unchanged until more than 30 I of toluens is added to 10 ml of scintilla
tson mediom. As background we used, for practical reasons, the number
of counts observed for 10 ml of scintillation medium to which had been
added 500 pl of water instead of a blank, the latter corresponding 1n
colour and chemucal composition to the organ specrmen (DoMrr &
Havex 1960). This error is, however of little importance, because the
efficiency varies a few per cent only from ono organ to another and 1s of
the same order as that measured after adding internal standard to 500 pl
of water In 10 ml of scintillation medirm (4045 /)

The justification for comparing the results of the plasma tests with
those caltulated by means of mternal standard was assured by measurmg
the efficency on countmg the standard plasma samples after adding
internal standard. Calculated on this basis, 91 to 97/ of the added
activity was recovered

The radioactrvity of the hik samples conld not be measured by Lquid
wantillation owing to p d colour quench The measurements
were carted out &t the Danish Atomic Energy Research Establishment,
Ruo.inanappu-amfurmmsunus:amplumthnmllcontmtof
Pemitters. The beckground counting rate was low (08 counts per 20
mimrtes) and the counting rates for the samples were not less than 20
times the background counting rate

Platma level of 14C-decamethonian

The plasma decamethonmum levels 1 two groups were compared, s
shown in table 1 One group had been anscsthetized with ether and the

Table !
of decumathoniom ma plasza 10 and 60 minutes after Intravenows tjection
Into twa groups of rabbits, ooe ansetbetirsd with etber the other with
alothawe.
The results aro given as mewn values +8D

Coacrmraty
* 100 ng/xg

Corcentration (Ranogram))
Anacuitetsc Namberof | —— =
axpenments 10 mlo. after 60 min. after
{ yection }
Etber . 2170 341+ 40
Ladotbne [ s11 + 61 2+

'Dﬂumuummmmhd;ma tP <001

P



280 C. BROEN CHRISTENSEN

nanegram/ml plasma

t00

300

300

100

10 20 30 40 350 €0
mingtes

Tig 2. Concentration of decamethontum In plasma after
intravenow Injectlon of 100 pg/ky.
Emhpeh«uthmofrﬂnfrmh!um
Tha vertlcal bars indicate the standard deviation.
Abscina Tl 1o minutes after injection.
Ordinate  C. of i plama tmh

1

other with halothane In both groups adnunistration of the I
had been discontinued $ minutes before the mfectson of decamethonium.
The biological effect, fesung itsclf a3 a minor reduction in the
respirtory volume of & few mimutes duration was the same in the two
Broups. The plasma concentration of decamethonium, on the other hand,
mensured 10 minutes after the injection, was sigmficantly higher in the
cther than in the halothane group There was only a shght difference
between the two proups 60 minutes after the inyection.

The results of decamethonium determinations on plasma were in
agreement with those previously published Fig. 2 it a graphuc representa
ton of the results of five experiments. in which the plasma decametho-
nlum bevels within one hour of ingection were determined. The experimen-
tal animals were under halothane anaesthesia. The curve for the decame
thonium concentration shows a steep fall during the first 20 minutes. For
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the period from 20 to 40 minotes after the injection the curve runs an
almost horizontal course, thereafter falling slowly By cakulating the
yolume of distribution on the basis of the plasma decamethonium level
during the period from 20 to 40 minutes after the injection, we arnve at
2 vatus constinuting about 27/ of the body welght.

In our study the blood analyses covered only arterial blood. In a
prel Y igation the d honfum concentration was followed
for one hour afier the njection in les withdrawn 1 ly
from the carotid artery and the ear vein After rapid intravenous decame
thommm injection higher concentrations were found n plasma from
srterial blood than from venous blood during the first 5-10 munotes,
wheseay after that there was no significant difference

Distribution of 14C-decamethonium in tissues

Fig. 3 {llustrates the results of the organ analyxet compared with the
comresponding plasma decamethonium levels. One hour efter the inpection
the striated rmuscles were found to contain decemethonfum at concentra
thons more than twice as high as those m cardisc muscles and in organs
congisting mainly of smooth muscles (small intestine and stomach) The
fiver spleen and lang tissues contained decamethonrum at concentrations
of the rame order as did striated muscles Four hours after the injection
the decamethomum concentration in the striated muscles had rsen a
[ittle more, whereas the concentration in the heart, lungs, spleen Intestine
0d stomach were the same as one hour after the ingectlon. The liver was
the only organ showing a considerably higher decamethonfum concentra
bon than that in plagma.

Blllary excretion of 14C-decamethomumm

Bile was callected in fractions from four of the experimental animals
in the teries examined for distribution in organs The results are shown in
table 2, in which the decamethonmm concentrations In buie have been st
ot along with these fn plaxma. It v seen that the decamethonum con
Ceftrations in bile were lower than those in plasma throughout the
Operimental period, though with a hardly significant difference durmng
the penod from three to four hours after the ingectron The average
txCfmm:ol‘l‘CCutnstltumdl9:t0.5/oft.l'n:doscg{wen

€03 in the evpired atr
Within the first hour after injection of decamethontum 14CO; was not

dﬁmbkwuhmdnty{nth:cxphcdnk During the next few haurs, on
D‘-‘trhand.lninc::ndngexueﬁouof“colwm Th
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Table 2

Ln::ﬁ.ﬂﬂﬂno(d.unﬂhoﬂlmmthndphmlﬂtrlmnmﬂan}cﬂJouo(lw

Pk Be wat collected for fox ena-hatr pertods. The valoes fo plamsa [ndicate the

coacvatration  ( the end I esch pas-hour perlod. Resalts &re expoessed a1 the moan of
fou experhnenty £5D

I ' 0-) hours | 12 howrs ] 2-3bounn 34 hours
Comcontratio i bile ( g/mD 233 & 58 175 4 37 150 + 34 ne

Comcentrytion bn plarms (ng/m)|

o the ead of sweh penod 61 51 102 19

total excretion of 14C wathin four hours constituted, however less than
0.35% of the mjected amount

Discrsaion

The experuments showed & sigmuficantly higher d hontum concen-
tration in plasma after ether anacsthesta than after halothane gnaesthesia
within 10 mmptes of the myection. Any evaluation of the effect of the
ansesthetic agent itself on the distribution and sction of decamethontom
s, however not posaible, as the anaesthetic was not maintatned through
out the experment. The abovementioned difference between the two
roups may have been due to & difference 1n ansesthetic levels,

The results of the 14C-decamethonmum determinations in plasma are in
falr mgreement with those of GIOVENELLA, MANNT, MAZZONT & MomiCca
(1961) in experiments on intact rats they foumd a steep fail of the plasma
Carve and then a small secondary peak, after which 1t followed an almost
borizontal course, Wo know from Wasex & LOTH s (1957) autoradio-
srephic studies of mouse dlaph that mdioactivity lates in the
teglon of the motor end plate # few mumutes after intravenous injection of

nfum. This accumulation in connectzon with & distribution
of docamethonum  the extraceliular space cxpladns the steep fall of
the curve in fig. 2 dunng the firet 20 minutes after the injection The
secondary peak i3 low the 25-mimute value differing from the mean at
0 mstes by Jeas than its standard deviation.

CIoVENELLA of af {1961) found the secondary peak to coincids with the
beginning of recovery of neuromuscular transmission, and they took the
iy 1o indicate a liberation of inacttvated decamethonmm from

Teeeptor The results of our myestigation can neither bear out nor
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refute this hypothesis, but it is evident that the shape of the curve for the
period from 20 to 40 minutes after the injection reflects at least two
different transfer functions A steady state is out of the question as the
curve has a clear d ding tendency afier 40

One hour after the injection about 150 ng 14C-decamethonium were
recovered per gram striated muscle. With a muscular mass of about 0,/
of the body weight, this corresponded to about 75 / of the dose injected
The total uptake of decamethontum by striated muscles cannot be setthed,
because the decamethonium concentrations differ appreciably in the
vanous muscle groups The extracellular space of the rabbit dmphragm
does not exceed 0.3 mi/g, assessed on the basis of the C1  distribution
volume (MANIRY & Hastrvas 1939) The d honium
found must therefore indicate a binding on the cell membrane or invasion
of the muscle celis. Duning the period from one to four hours after the
injection the decamethonium concentration in striated muscles rose only
slightly At the same time, however a halving occurred of the concentra
tion in plasma and thus presumably also of that in the interstital fluid of
the muscles. This suggests a continued uptake of decamethontum by the
muscle cells. Creest, TavLor & TILTON (1963) 1n {n vitro expenments
with striated muscles from guines pigs, rabbits and rats, studied the uptake
of radicactive jodocholinfum, n bisquaternary ammonfum compound
having the same biological action as decamethonium In expenments
extending over several hours 10docholinfum was shown to be taken up in
an greatly ding that to be expected {f the agent had merely
diffused into the extraceitular space

We have no evidence that decamethonrum can penetrate into the muscle
cell in virvo WastR 3 (1962) autorsdiographuc technique does not allow us
to distinguish between binding on the cell membrane and invasion of the
cell. Wasex (1962), in a contribution to a discussion on a symposium on
curnre and curare-like agents, London 1961 suggested that decametho-
nium changes into a lipophil compound by a metabolic process and that
this might explain the penetration into the cells.

Mclsaac (1962) studied the dmstribution of 14C hexamethonium in
doubly nephrectomized cats and found 14C concentrations in plasma and
tissue suggesting slow p of h honium into the cells.

Our investigations showed that there was no question of a concentrating
transfer of decamethoniam from plasma to bile This is 1n agreement with
the results reported by SciaNueR (1962). The excessive accumulation of
14C demonstrable in Liver tissus four hours after the 14C-deecamethonfam
injection tugpests n metabolic process in this organ. The sudy under
review did not mnclude an investigation into the question whether the
14C activity In plasma, bile and orpans represents unchanged decametho-
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nfum. The presence of small but increanng amouats of 14CO- in the
expired wir ducmg the first four hours after the injection suggests a slow

bolism of d hontarn. The radioch 1 pusity of the prepara
tron far jmpection was controlled by paper chromatography and the
preparation was found not to be degraded by storage for several months
in equeous solution, The results of the chromatographic investigations
which 1t 11 hoped to publish in connection with those of a study on the
renal excretion of decamethonium, tend to suggest the presence of a
metabolite, of relatively little significance quantitatively in the latter part
of our expenmental perlod.

Cuooclmton

When M4C-decamethoniom 1s injected into doubly nephrectomired
rabbaty, it is not dustributed equally in the extraceltalar fluld. The uptake
of C-decamethonium by sirmated muscle has been shown to exceed
preatly the capacity of the extracellular space, which can only be explained
by & binding of decamethonmum on the cell memhmnes or by invasion of
the cells. An optake has also been seen to occur 1n other organs Further

amiyiis of these findings suggests the posdhility that part of decametbo-
um may be metabolized,

Summary
Plarma level, tissuo distribution and billary excretion were exammed
after inje of 14Cd h 1nto doubly nephrecto-
mzed rabbits. M ts of the d: h

concentration 1n
Phlmmuwadthatdmm:thmjmwnotmlydktdbmcdtuthc
extiacellutar space. During a four hour experiment an Increasing uptake
of decamethonrum was found in striated muscies, Evidence 1s presented
1o mggest a binding on cell membranes or an Invasion into muscle fibres,
Thronghout the experiment the concentration of decamothoninm fn bile
'“hwnthnninphsmn.lneonc}mwn.ithmggﬁtcdthnpmtofﬂm
um may have been metabolized,
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(Profemsor Kaud O Mollr M D)

The Specific and Non-Specific Chiolinesterase Activity in Brain
and Tleum of Guinea Pigs Killed by Intravenors Paroxan
at Different Infasion Rates

By

Jems Jemsen-Holn
(Recetved July 23, 19465)

In the past 20 years much work has aimed at finding the degree of
holl inhibition y to alter various biologial functions
(B rivo or in vitro) or to causo death, The differences in experimental
condrisons, in the anmmals used and in the methods for determining cho-
lmesterase actvity make ft difficult to obtain a clear picture. However
wperate determinations of specific and non-specific cholinesterase activity
Increass the understanding of the enzymatic function (for further details, see
Koewip (1963)). Tn general, 1t » assumed that about 50-75,/ of the en-
Tyeanc fonction must be destroyed before altered biological funcions
an be recorded, and most of the activity has to be destroyed to nvolve
death (NACHMANSOHN & FELD 1947)

Tn the isolated rabbit duodenum SHELLEY (1955) cxammed the cffects
of physostigmine and DFF (dr-bopropylphosphorofiuondate) on the
Iocrease in the muscle tonus relsted to [ACHE] and [ChE] From the
meRolts it is seen that [ChE] has no relationship to the tonus increase,
Whereas [ACKE] has. This conclusion was not drawn n the paper men-
Yoned, An fncrease of tone in the logitudinal musclo coat appears already
when lexs than 20,/ of [AChE] is Hnhibited, and reaches 2 maximum with
5 total unhibition. Rixem & Wcum (1949) studsed the effect of intre
srleral DFP on the cholinestersse activity of the submaxillary glarnd and
?hle\hruho‘dlonmltimnhﬁon.ﬂryfcumiﬂntnppmthmlyw/o[
o dmﬂm&mumtymdnghndmuldbemhihhedwﬂhoutchang-
[A! the threahold for stimrulation. No destinction was made betwreen
MQE]lﬂd[Cth.BemmaDFPmuud,nSO/ inhibition of the

activity at the concentration of acetylcholing bromide
T b facmarstegie, o 11 (. 31,
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2%0 7 JENSEN-HOLM

used, 1S mM may permit the conclusion that (ChE] was fairly comphetely
inhibited and {AChE] only shghtly reduced. Therefore the results may be
brought into Line with SHELLEY $ (1955) results.

According to HAWKINS & GUNTHER (1946) the non-speafic cholin
esterase (ChE) perhaps plays no part in the hydrolysis of acetylcholme
in rivo On dogs they showed that a selective complete inhibitlon of
[ChE] 1n blood and organs could be established wathout any signs of an

lon of acetylcholine. Mazur & Booansgy (1946) concluded
that the toxicity of DFP could not be correlated with its effect on cholin-
esternses,

As ponted out by NAGIMANSORN & FeELD (1947), experiments on the
whole animal are not suitable for determining the minimum cholinesterase
activity necessary to maintain normal function because s0 many centres
of duferent sensitmty are involved. Nevertheless intact guinea pigs have
been used n our study in which Intravenous infusion of paroxan (dwethyl-
p-mitrophenylphosphate) was given in order to find a relationship
betwreen the rate of infusion, the time of infusion, the lethal dose (LD)
and the inhibition of [AChE] and [ChE] in brin and ileum at the time of
death. Various biological functions were followed dunng the expenments.

Methods
Biological procedure
M 1n guines pigs ( verage weight, 578 g) were ghven 1.5 g/kg of subcutancons urcthase,
A cannuls was merted | the traches and 1 1o » Flenh b . The

ropiratory freqoency Lho rate of alr flow and the resplratoty volumes were meanured
(destmbed 10 detall by Jears-1ots 1965a). Tho carotid was connected to & high preswsre
tramducer the blood press re was mestured and the puls rate conated. In soms ciperi-
meets  rubber belloon, 20 mm long and 6 mm 1n dameter nd flled with water wet
\oseried In the lower part of the leym od connerted 10 u Yow pressure tra sdocer (o
tramsducers used wers Statbam models). The abdocunal wall was then closed, The beolop-
1l ( ncliom meationed were ccorded through 0 mplffier (Slmomen & Wect) connceted
t o jet 1nk recorder (Eboma-Schfoander) a & wero abio followed u  fous-chamact oxcillo-
1c0pe (Simonsen & Weel, Model $-4) The Lemperaturs was hept botween 373 and 38
and mesyored clectrcally o mepnumlummAuunpolyﬂmuMn-uwnd
inthe ) gular o nd p Ty to an app: fo lafirskon of
paroxan dirsol ed 10 saline | tabla ) the concentrations are hdicated Tha 1afilon fates
are pven i pg run - exprissed per kg of body saght.

The moment of death  as defined a3 /0 seconds after resplranon coased. The (sfmicn
was 510pped at this momenL, th thorax was opened, and the nimal sy bisd by opeaist
the heart. Thes 68 cm ong segment of seum, 20 cm proxiat to the caecam (fust drtd!
to any Lmerted baBloon) w 3 takew owt, prepared free from the meseotery  ad wnbed
ctcert waler was quickly cmo cd. od the sepment was welghed and freren to - 13 T
brai (whbout cersbellum, med T blongata nd scrver) wi waghed and frazs The
‘wmmwmmhhmmnmulmhﬂnwmmw

jon or 8 ¥ 8 reactn uon (J Tlouw 1960}
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Determbation of [ACKE] and [CRE].

The racthod maed for the separute rk 3 1 the activity
n{hﬂtwmxymﬂhdmibdby!mﬂu.ﬁ(l%}b)hlmmm
of sextylcholing (1 and 10 mM) were waed.

Deiermismrion of the awocwt of paroex pecewnry to ki the nimab ay described was
curried out by mexm of an  toached counter which made & porsble to messure the
volumn [nfused with great saccuracy

Swndols ured

ACRE  specifio chollnestaruse,

[ACRE] specific chobnesternss nctlyicy in yumol/ein. nd gram of wet thwee.
CbE  monpecic chobimesterars.
[CAE]  pon-specific chollmesteraso activity cxpressed a1 for [AChEL

AGAL  scstrichallne kodlds.

The figores given for the activities refer (o the concemtratio of AChIat I mM. Ifht b
detired 1o express thepe sctivithes at 10 M, it can exally be dome by mftiplying the figore
Sor ICHE] by 1 975 and for [ACHE] by 0 645 (Jmeane-Hots 1965b),

Resalts

The results are presented 1o three parts, referring to (A) the effect of
the infusion rate on the size of the lethal doses (LD) and on the time
vroemsary to kil the animals (B), the [ACE] and [ChE] corresponding
1o ibe time of death defined above (C), & survey of the biologreal fune
bors followed m the last ten of the experiments carried out

A. The effect of the infusion rate on the kethal doss (LD) of paroxan
(1 pg/kg) 15 shown 10 fig. 1 A. At mereasing rates of mfugon the LD rose,
The valucs marked by crosses are from earlier expertments carmed out in
the tame way but with a smaller doss of urcthane (1.25 mstead of 1.50
kg Lc) 1t seems that arethanc rednces tho lethal dose of paraxan,

If the difforent rates aro plotted against the corresponding times of
mfusion, a hyperbolic carve results In fig. 1B, therefore, the rates of
Iofusion (i ug/min expreased per kg) are plotted by their recprocal

but mdicated by the original figures (from table 1). The time of
hf"“ﬁﬁ’mmﬂdumoh}mgumupxpuplotiedmmlnumﬂwmnunumu
ﬁmxlheuﬂxmgudunhne.mdd\ﬂuuahighlydgmﬁmmpmlm
unH“r!h:.!.mn(;:y<0()()1).'I'heec[uxltl«.mfm't.het:urv:ux

103
Y =X+ 735 wh Xoom o
ere pg/min. x kg
"‘dY"thI.nﬁmonLhncinmmumfmmthobcgm.nmgmthcﬂmnof
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Fig. 1 The cffect of tho rate of ethal paroxan
Infudon on the LD for gulses pigs (part A) and the Infuskea

times (part B).
LD in pgikg
3000
A
2000
0o N

] 020 80 W0 200 400
infusionrate In pg/min/kg
Pt A Abscit Rate of infusion o pgfmin. expressed per kg body welght.

Ordinats tp of paroxan In pg/ky.
The doty reprasent the groups & o, 4 and ¢ mentloned In table 1 and the opxn
circles group f (pretreated with paroxan as Indleated fn tablo 1). The cromms give
the resalts of earfler experiments, In which  Lower dose of urethans wis med
(125 g instead of 1.50 g/kp)

The baus for the calculation are the 16 experiments summarised fn
table t (b, c, d and ¢) After a preliminary calculation it was decided to
exclude no 8 and 9 as bemg outside £196 > 5. The regression Line and
the equation correspond to the 14 experiments. The greater the infusion
rate, the shorter tho time until death, which scems fogical as later pointed
oat In the discugsion, the greater also is the necessary LD The equation
is used In table 2.

The results from the four carlier experiments, mdscated in fig. 1A by
crotses ore also shown They appear to le on & sraight Jine, lying withia
Y 4 1.96 > 5. The equation for the regression lme, expressed as &
plained above, s

Y=14xX+171
There bsa high statistical ngnificance (p < 0.001) for a positise correlation.
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W/
ﬁi 5 3
0 »1 10}Jt;/rnll'\/’lgu

Pt 3 Abwciea the rate of lofoelon (pg/min., expresecd per kg), set out on & reciprocu]
scale, bat edionted by the origma] figuree, taken from table 1
Ordirmte thoe of nfosko  (mln.) ontl the moment of death

For the dota (refocred a5 bove) the ohlique [Ioe i the ragresaion Mne,
and the brokes parulle hoes lndicats tho ¥3/ tmits of th  two-dhmewskonal
distribertion (Y + 1.96 x  (tandard The two dots ded by &

€rcle a1y vxclnded remity (s bext) For the crosses, reprosanting earber experd-
Deats, the syme satistical procedury was ceed s indieated. The aquations for
tht kencx wre ghven (m the text. The opon cleches represent groop 1 table 1 (pes-
trentad with paroxan).

The open circles carrespond to the guinea pigs no 5, 11 and 19 pre-
treated with paroxan, as indscated m table | They are excluded fram the
mentioned abowe., The results (LD and time of infesdon)
Cbtalned 10 the pretreated animals were nearly sdentical, unlike the results
frozg the other groups. But the fignres for [AChE] and [ChE] measored
‘ererihelesy differed greatly The infuson rates used were abont the same,
B, [ACkE]and [CEE]. The results of the determmation of cholmesterase
¥etiity are given in table ! [ACHE] and [ChE] correspand to the ac-
‘;'hi:rm.mdntlm}v{ofAOﬂ In tho control group (a) the mean for
$aines pigy and it standard error are shown Both kinds of enzymes are
Préent in the two organs The proportion of [ChE] 1s greatest in the ikeum
FOHhe!ompoup;(b,c,d&e)ofttwl\.\ineapxg’kﬂ]adutdlﬂ'mm
“hmdmnmﬁmmemthmmmdumumuf
comresponding control values, The activities were found to fluctuate s,
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Table 2

Cakenlation of tho Infused amount of paroxan and the

infusion time at different rates of infuslon,
BY uss of the equation to the regresslon Uos (Y = X 4 733 fig. 1),
it bs poufble to calculate the lethal doss amd the infuston tme umill
death occors. The soscsthesh was thought prodoced by 1.3 gikg of
urethane, In the table are given some cxamples of Agures for different
infusion ratex The central caleulated values are | sgreement with
the cxperinental resalts obtained.

Paror

. rates ngfn nm-hur-'mw
expremed per kg Lo in py/ky . tm
(artairary) fcalculated) cakenla
3 1012 ML
10 1074 107
L] 12 7
100 1738 174
300 3,208 10.7
1,000 8350 4
1000 2,050 717
10,000 74,500 76

greatly In genera) the inhibition was most pronounced m the brain,
where on average the inhibutlons of [AChE] and [ChE] were equal.
[AChE] varied between 1 and 22/ of the control activity and {ChE}
vanied from zero to & maximum of 30,/ In the ileum the inhibition was
lest pronounced on an average the actlvities were found to be 21/
(IACRE) and 28, ({ChE]) of the control values

In the last group pretreated with paroxan (group f) the activities were
found to be smaller than mn the other groups, especually in guinca pig
no 11 in which almost no activity could be measured.
C Biologleal fumctions In the ten animals (no 16-28) the inspired and
expired air flow (peak valucs) the expiratory vohimes and the respirstory
frequency were followed. The results are given as average valocs (origmally
ondat S 10,20, 30 etc of the time from the beginmng until death)-
The detoils and comments on them are being published separately
(Josn-Hotm 19658) 1t was shown that the expiratory alr rate increased
tmmediately after beginning the 1nfusion and reached its maxtorum after
about 60 of the time. It then decreased to fess than 40, of the nitial
value. The Insplrators air rate wos dlightly reduced during the first half of
the cxpenments. Then an tncrease took place, and o maximum was found
after 70/ of the ume 1t was then reduced to just below the inital v-m
The frequeney and the respiratory volumte per minude were decrea
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cycles/min
pulse
0. 3 e
™~
~
\\pdn
\\ 2
\
AN
100 \ 1
- TP

0 20 40 60 80 W0%of tusion
tume

Flg. 2. The pubse frequency comparsd to ib - repratory freqoency In
gulnes pigs kilied by intravenom infegion of paroxan.
Ta S of the guines pigs (0. 20 t 26) It was possible 1 connt the pulse rate throvghont the
apecimexta] penods. The  verage reslis arv prosented a3 cycls per mincte, a3 b the
wpinatoey frequaocy Te upper curve thows the quotiont befween the frequencies of
eisc kad rezpiratian. The flaal incresss may powshly refer to the  itomated heart fuaction
# thy beginning of (bs total block men  the EC.Q

tbroughout the tims of the expenment. The voliare per cycle wes increased
stomewhat during the first 70 / of the time and then decreased sharply

The biood prersure was followed in most of the experiments and found
0 be more ar less anchanged during the expeniments, The pulse eonplitudes
were reduced durmng the experimenty, but increased greatly just before
death. It should be mentioned that the heart beats contimued after the
mspnation stopped. The pulse frequency determuned by counting the
tmplitudes per 10 or 15 seconds was found to decrease during the whole
peniod (fig. 7) to about § of the initl average vatue. A light increase was
found before death,

The intraboninal pressure in the ilewm was followed 11 7 of the animals
{trom no 16 ta 24). After about 25 / of the time, the pressure and fre
Quency of the penstaltic movements usually incresed. During tho last
M/ of the mean period no pressures could be measured.

E'C‘G'C'Wf!t: In three experiments, carrred out in 19581), the electro-
Qrdiographic changes were followed during paroxan infusion until

) These unputdished romits re from aapeniments carried cwt wih Profesor ksad O,
Mol xad tr’ K. Milibern. Thoy are not imcioded m the geovrat materlal, becacse e
:bmﬂlﬂdﬂnudloomn:hlmwd\ﬂfofpﬂm“unlowh&hwmaf
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Fig. 3 EC.G  nd lrequencios of haart beats snd rapination fter
Intravenoot Infoskon of parotsn nto guinea pigs
The abscima  Tume of Infosben untl death in min
The ordimate (P R) X (P-P) In (msec.)? (tho fully drawa curve).
T Mrequencies of heart beats (— @——) and of respination (
cyctes per mioote,

%0

Results for the thres experiments

P rounlin
Rat of infution
pgfmin. Tme
xprevesd Lo of Infurkon
G me pg. no prxg 152 .
/s FR7} 1600 150
/% 178 1941 108
12/58 436 1870 4

0--1t
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death. The respiratory frequency was found by counting every 4-5
rmtes. The nterval from P to R and from P to P were measured in
msec. Both were found to Increase during the expermmental period In
fg. 2 the dape of the product?) of P-R and P-P (continuous line) and the
freqoenczes of the heart beats and the respiraiion are thown The product

foned 8 maximally d at the most crtical part of the porsoning
{at the occurrence of heart block). The frequencwes of the beats and the
respimtron descreased throughout the period

Diseusion

In this mvestigation whole animals (fudnea pigs) were used, although,

a1 pointed out by NacandansouN & FELD (1947) such experiments are
not suitahls for determining the minimm actrvity of cholinesterases that
ArB necessary to maintain norms! functions. But if the problem 15 to find
 ponafhls correlation between an existing altered condrtion /7 viro and &
artam decreaso in cholinesternse actrvity found, it is necessary to carry
out experiments on intact animals g3 well. If posoming with an anty
chollnesterass agent causes death, ths results of work on isolated organs
will give no infarmation adequately refevant to the problem. The question
of any effect of the rate at which the inhibation takes place has first of all
0 be amswered, Therefore, In our work the inhibitor (paroran) was
given a3 an intravencus infuson, and only the rato of infusion was vared.
The other expermmental conditions, such as the anaesthetic, the tempere~
fore and the technique, were kept more or less constant. The duration of
the anmestheala would effect the results. Therefore the rate of tnfusion
of paroran was kept sulficiently high to kill the animals within about two
boun, in from about 11 to 128 minutes. The moment of doath was
defined 5 ceszation of resplratory functlon for 10 tec. After the respiratory
trest, heart function may continue for several mmutes (of HeusNes
1905). Thus infermatian fx based on cxpenments not included among these
covered hers, in which the heart was opened immediately after 10 seconds
of respiratory arrest mentioned,

Tho specific and non-specific cholinesterass actvities 1 the hreln and
e were deterrined shuitanconaly by a titdmetric method (Imsen-
1;:!\9651:) In the paper just mentloned, it is suggosted that the ChE
' 00 tignificant acetylchohne hydrolyxing action i1 vivo and thus the
mmmmymmmmtmhltmthan{mnmrym
Parts the figares for the activities of the two chollnesternses. This can
m}y"ﬁﬂb*ybcdooqﬂtbu:acﬁvidamcprmdbytheabiliﬁuw
&::b::‘:;ﬂmhmlmrmpkhny(oﬁn bacter Impeemion of e cha gre

N
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split the physiological substmte acetylcholine. Unfortunately by this
procedure it 15 impossible to distinguish between the pant of [AChE]
which 13 active In riro and the inactive parts. Generally it s stated that
only a minor fraction of [AChE] functions in virvo (ScHwrTZIR e 2l 1939
ROeLLE & STEINTR 1956 KoerLe 1957) Further it is unknown how much
of the active part is of true importance for biological functions.

The effects of the different rates of paroxan infusion on the doses and
time of infuston 13 shown in fig. 1 The equation for the repression line
shown, for the effect of the infusion rate on the LD and the time necetsary
to Lill the animals, is used in tabke 2, where the results of some calkeulations
are grven If the equation within a defired range is approximately correct,
it may be concluded that the LD increases with increasing rate of infusion.
Further 1t is shown that there is apparently a minimum time of about
7 munutes for killing the gumea pigs. Nevertheless we Lnow that it s
possible to cause death even sooner Then factors not related to the
inhibition of the cholinesternses (and accumulation of acetykcholine as a
direct consequence) may play a part At excepbonally slow mates of m
fusion, the spontancous reactivation of and the ageing of the enzymes
(SHELLINBTROTX et al 1965) will affect the results. Because of the limited
expenimentat period and of the mhibitor used, these factors may play
only a minor part.

In group e (table 1) the hughest concentration of paroxan was used in
the infusion flud At an increasing rate of infuslon the LD was increased
and the tme to death redaced If the rate of infusion (as the abscissa) and
the corresponding LD (as the ordinate) are plotted on log scales the points
are situated on a strmight line,

In the small group f pretreated with vanous doses of paroxan on the
days before, the mites of infuslon used were 26.5-27.5 and 28 5 pg/min
expressed per kg. The corresponding experimental periods were decreased
s0 that the LD values were the same It would have been of interest to
carry out expenments by use of morc varied rates of infusion into such
pretreated ammals to get furiher information Though the activities
measured generally were found to be smaller than for the non-pretreated
guinea pigs, they varred rather widely The figures for the ikeum 1n animaks
no 3 and 19 were rather high.

Inthr ¢ xoelic R hould be noted that 1o onc HNEh experment (ga Bea P e -
not inctaded  table 1) pretreated precsely  no. |1 and Lifled by bleed § without a8y
poot iafison of b xam, the figres for [ACKE) -d((‘h[lnuwum(;d:mmldrﬂ’l
Lt werefound t be 1 6 ad 3 6 times the correaponding control slucs Thi gt swomeno
hat oot been furiber ovtrgated, bd we caonot offer wy eyplanation

10 the non pretrcated anmmals the [AChE] and [ChE] found at the Ur;:
of death vaned greatly According to the times of infusion the resu
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activily in
% of controls

verd

. \ }'llwm
n /
N -~ \E'hﬂn}bruln

0 & % 715 #0

Intusion time In min

Fig 4 [AChE] and [ChE] in brel and flenm of gouest pigs ghven ot cnows paroxan,

correbated with the dfferent rates of fofiadon wsed and the 10 and the experimental time

found.

The remdts of 16 experineents (taken from table 1) aro divided In 5 gro p# sccording to the

e of Iafsbon. Tho mwen valoes (see befow) are thown, end the numbers of animel are

Indlcated in brackets.

Partd Abechess Time of infupo in min. (For each group grven as mean valoa)
Ordimate For esch of the groups are indicated the mean vl of [AChE] end

[CRE] iz the braun and In the fieum, as percentages of tho controh.

LD in

»af:a ) AR,

i B
2000/ P 200
! t
wo 1160
\L L \
i ~ r
E‘ b} 707 "Wﬁoﬁl

PoUB At The srms oy in part A

Orfinate Left nds Msan of L of the groups 1 ug/ks Rught sldo Mean of tho
mlaoo rates (n ag/mis  expressed per kg body welght),
Toe e valoes foc the Lo are grven.
mﬂmlsmumdmdcdmwSFummmum
[ACHE} and [CHE] 1n the brain and the ilexm (as percentages of the
“"I‘:“h)lr:aivmmﬂgJA.Gcncmﬂthcymlowmtnthchrm
fig. 4B the the averags courses of the Infumion rates and the LD cagper
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ponding to the 5 groups in fig. 4A arc shown. The interpretation of the
results (from fig. 4A & B) mav be aa follows. At a high rate of infuston of
paroxan a high dose 18 necessary quickly to achieve a lethal accurmutation
of ACh. At n contequence the average activities will be found low At low
infusfon rates a long time of contact between enzyme and inhibator will
result in low activity in spite of the much lower LD At a medium rate of
infusion the enzyme activiies were usually found to be fugher With
another inhibitor than paroxan involving no spontancous reactivation
snd given at an extremely low infusion rate, animals may survive without
any measurable [AChE] At the medium rates of Infusion the resulting
shight inhubition s sufficient to cause death,

It fs thus possible to kill the animals with an anticholl ate agent at
vanous degrees of Inhibition apparently dependent on the rafe of the
dministering. It may be d that a toxic aceumulation of ACh (f

thrs really 1s the cause of the poisoning) takes some time.

As shown in fig. 1A & B urcthane reduces the lethal dose of paroxan
This action could bo of a different nature, Urethane itsell is a weak
reversfble inhibitor of cholinesterases. In the doses used urethane will
always cause the animal’s death after 1-2 days or more (scc WITLAND
[915) If the action of urcthane is related to the anseathetic properties,
cauton should be taken in the use of annesthetics when treating the
convulsions of anticholinesterase polsoning.

The biological functions, followed during the experimental periods,
showed that respiratory changes (rate of air flow volume per cycle and
per minute and the frequency) began about simultancously with the infu
sion Just after the infusion began a measurabke degree of inhibition was
hardly to be found Even a slightly reduced cholinesterase activity must
accordingly have been able to produce changes In the biologieal functions
(see fig. 2 and 3) of Jenson-Hots (1965b) In fig. 3 three experiments
nvolving paroxan infy with umul determination of E.C.G are
ilustrated The products of the time from P to R and P to P show that
dunng the first two thirds only a shight increass took place and then a
marked increase At the end of this fast mcrease a total heart block was
seen, This increase therefore would be valid sndication of a serious
development of poiso

In thcucuml:}.;e mmml pressure was increased after the fint
fourth of the whole peniod showing sncreasing peristaltic contractions at
mereased frequency In the last fourth of the period these cffects gradmlly
stopped

1n general. the dfferent biologeal changes after infust of p
vanous rates took place after the same course of time (expressed 418
percentage of the total bme of infuxion untl death)

at
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Somenary

In urethane ansestheus guinea pigs were killed by paroxan (drethylp-

phenyl phosph E-600) administered Intmyenously at different
rates of Infoslon. Titrimetric determingtions of [AChE) and [ChE] in the
brafn and the fleam were made. Dufferent biological functions (respim
tian, blood-pressare and pulse rate, E.C.G., intrafuminal pressure in the
Tleam) were followed in some of the expeniments, usually by means of
eectronic equipment.

At increasing rates of Infusion of paroxan the LD was wwreased
Maxtmally 1t was found 1o be 2.86 mg/kg ut the highest rate and mini-
mally 0 41 mg/kg es the average for the two lowest rates of jnfusion.

In guines plgs pretreated with varfous doses of paroxan during the
days before & constant LD was found, it bemng stightly lower than for the
Bon-pretreated guinea pigs killed by the corresponding rates of infuslon.

[ACHE) in the brain was found to range between 1 and 22 / and 1n the
feom from 1 and 54 / of the corresponding control values, The averages
were about 8 and 21/ respectively

[ChE] in the brain ranged between zero and 29% and in the fleum
from 2 10 65/ of the correspondmg control activities The averages were
hout 8 and 28 4 respectrvely

Generally at high and low rates of infusion [AChE] and [ChE]
Contents were found to be much lower than after medium rates,

At the various rates of mnfusion used the biologreal changes described
*em to take place after the same time (expressed as v percentage of the
Spermmental

Ithmndudedthuurcthmei(pod]:lc:houldbeuvddcdiuaxpcd-
ments fto the Jethal action of anticholinesterase agents, becsuse urcthane
Teduees the lethal doses of paroxan
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Froo the Depuriment of Phyuology (Head W Vells, V M.D  and former bead: H, Stor~
mothen, MOV MLD ), Veieriasry Callege of Noiway asd the Depyrtment of Neurology
(Hmd % Refvum, M D), U bty Hospital, Rikthospitalet, Oslo, Norway

Salicylates and Urinary Excretion of Histamine
»y

0 V Shasted asd Ottar Saxstad
(Recrived Tune 20, 1965)

During & study of urnary fon of h m pat with
yuscrilar headache (SIAASTAD & SIAASTAD 1964), we man acros 2 puzhng
phenomenon,

A female patient, 46 years old (case no I) during recurning bouts of
Horton s beadache, had found that magny! @) was the only drug from
which she benefited. Extenstve use of magnyl impeded the interpretation
of the hstamins jevels {n the urne, Hence, she agreed to refrain from
takung the drug during certaun pertods of lnvestigation,

Whenever magnyl was withdrawn, an increass in histamine output
seemed (o take place. Conversely readmunisirotion of magnyl, usnally
8-12 tabiets per day resulted in a clear lowerng in urmary histamme
exretion (STAASTAD & SJAASTAD unpublmhed resits)

The question then atuse whether this was & general response to sali-

crlate edmmistration or a speczal effect of salicylates in & patient durmg
attecky of headache.

Materiaty snd Methods
Protocols

,T‘Ihbou\mmnhmnzhca:rmmnmﬂ-dnwh-hkyldnlqunmh nd
k. %6 10 52 yoar of ags, befors o after adminssteanons of magmyl

3 § pulhs, 1wo gt tixe, weTe grven At intervals of 45 hours, end we parformed
2 & deieninatons, with and withont madication. rexpecively Ou 1 occaslons the
ST et slicylate stody and u reposted malicyists sindy oF  stody [ nocral
TTlow wat L7 werka Otfutwne the mterval wu eronnd 3 wesks. Tn onter to cvokd
"Tmae €rmom, stocles with medication were listerposed betwor studses withosz,
og."amim each tabiet consiety of scetyhaiicytc scid 0.45 3 and mugnestum axide

Ao o vsstagios, o, 21, ent. 4 n
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The patlent whk Horlon s beadacho mentioned  bove and 1 patiest wBh claeicad
migralne were ghen the same dosage of magny! I the free loen L

Since magnyl comirted of o comp e Tiic 2cid and
onlde), it was essentlal 10 examing tha cffeet of sach component Thus, 7 normal individuaty
wero ghven 3.6 g of scetylalicylic scdd orally (0.9 g x 4) and 5 normal indrridush | g of
magnesium oxlds (la ono dose), Both componeats were admi hxterwd ax powder

Altogether 6 lnvestigatioms on 4 lndividrals were p wihslicicacid (08g 4
and salicylamid (0.3 g ¥ 4)

No other medicatlon was allowed during colkection of the urine. No dictary resirictions
were imposed on the s bjects stodied. For many hosever the diet was recorded. Umally
the 008 of s who performed tho analysle did not know whether drugy had been ghes or
not to the pathent on That ocondon.

Methods for de Inatlon of hi Y

The orine wis pamed directly Into a 1 lhre plastic fasls, contalning 50-60 . {12 N
hydrochloric ackd, which produced a pHf 2 3.5, During coliceiion the flasks were slored st
refrigerator temperatore.

From 100 m] portlors of orine histamine was exiracied withi 2 3 hoars of completiag
1he collection. The hitamine was adsorbed on o Amberit JRC 50 catbos—exchange
colomn, &y described by Dunte & Poavow (1956). Thh method was dlightly modificd
{0 V Siaast b, unpublitbed work). Histsmine was etoted with Wydrochior acid, aml the
cluates were slored at +4 mot longer than 2 3 days before amay oa hsolated  tropisdred
guinex pig vt Two paraliel tests were rwn on aach specimen of urine. The values gl ca
represcat thel means and are cakculated s the basc,

Con}i Lethe In (ree hist aficr acid hydroiyls of the
urioe wa detormined on a fow sampies. The recovery of histamine added to wrine ot
mestured tapproximately  week uslen 1 durmg the stwdy Mea  recoveries of kistamine
wcld photphate and N-scrtybhistaraine were 72, (swally between 60and 80 Jand 74
respectively (O $14asTaD, wnpubliehed rowutal. N corrections were made for hisamine
ot during the extraction,

Reszlts
Studies with magm !

The results of magny studies on healthy mdividuals are summarized in
table 1 The mean excretions with and without magnyl were 76 & 1.3
and 151 & 1 4 (s.e.m.) pg/24 hours, respectively (P < 0.01 T test null
hypothesis, P < 0005) In 14 of 15 subjects a decrease in the average
output of histamune took place In three individuals, the decrease was
negligible. Of fourteen patients studied at keast 4 times 6 shawed no
overlapping.

Assay mth an “internal standard™ did not indicate the presence of
inhibitory substances

In two subjeets (L.G and TO in table 1) magnyl was given on 3 con-
secutive days, the histamine output being determined on the first and fast
day On both the excretion of histamint remalned low
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Table !
Tafoeoce of magoy} on ke ecinary excretion of histamine,

Urdsery excrtion in pg/ 4 houn

No. of
obmcrvations
Average Range
2TR .3 37 12.9.24.5
63 A3 3481
TR ' 03 3
b3 40 Le-102
AS, .1 154 11.6-193
b2 191 15197
La 'S 1 sn4
51 57 5559 (94
¥ w4 149 3.0-254
b 11 15 28
AR 2 e 19 S4-108
b2 61 58 63
GR a4 13 86273
b2 91 91 10
tF .4 s 108127
L] 24 8
AV sl (X L4
b1 [ 8] u
T 4 71 16204
b1 13 33
o3 .t 187 93-22.6
53 100 66163
TH 3 116 59133
v % 1933
™o at 10 £0-203
b4 109 14360 (2429
WH. a0 190 11.2-279
b4 "7 71-169
£ Y b »1 160413
b3 ni 348-263
Meoun whhoat medrcstion 131 1 1 4 pgf14 houms
Mo with medication 7.6 + 1.3 ug/24 houns
Moy ~ acatybmiicylic acid Q.45 § and magomlnm calde 0.05 g B lablers wors ghven
durmg wch wudy
= whout the drug.
L
The i I Beackete ot

L.G. aad T ©. repronsmt the
CPeent whh gyl @ @cretio ondeyland3ofed dap
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Table 2
Effect of magayl fn two patkenty wih headache during free fnterval.

Urinary cxcretion in pg/ 4 houn

N of
obsery tons l
Avcrage Ra po
M3 1 k2 ) 7
b1 130 o
EU 7 9 1 4-19.0
b3 ns 79 %8

2 = without the drug.
b = with the drup.

During the free interval, both patients with vascular hendache seemed
to react in a way contrary to the usual and to what was originally observed
during attacks of headache in one of them. (E.U ) (tabke 2).

Magnyl was administered to two other patients dunng their headaches.
Tho effect of this seemed to be amall and the phenomenon originally ob~
served was therefore not studed more closcly

Studies with acetylsalicylic acid

The avetage excretton with medication was 152 pg/24 hours (sce
table 3)

Generlly the pattern of reaction after administratlon seemed to be
similar to that observed after magnyl One subjpect, P T R., however
showed a clear increase in outpat after acetylsalicylic acad On the other
hand he showed a clear decrease in hustamine output after magnyl. This
sugpests that the increase observed 1 not due to acetylsaliylic acid
itself Nevertheless, the possibility that an altered mode of reaction to
acetylsalicylic acid was present in this particular individual at the time of
study remans open However most likely this clevation in histamine
excretion 18 analogous 1o what may be encountered spontancously in
healthy individuals on rare occassions. If this fs so it will be of interest
to compare the output observed in the sit remaning subjects before and
after medication.

The mean excretion after ecetylsalicybc acid was 9.2 & 22 pg/24
hours. This value 13 sigmificantly different from the control excretion by
all the subsects, 1e 151 + | 4 pg/24 hours, (P < 005) However if the
control vatues of only the same 6 indrviduals are used, which | a more
logxcal approach. a mean of 13.8 = 1 8 pgf24 hours is found (P > 005,
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Toble 3
Effect of 3.6 5 of acatylalicylle o4 on orinary excTenon of histamine.

Urtmary excretion | g4 howrs

No. of
Desrvatiom Average Y.
|
\F a4 ns 10.3-12.7
b1 (13 64-118
xr . 149 8.0-254
N 57 4368
™ «3 116 63193
b1 9 12
GR. 4 173 16273
b3 3. 60-19 1
AR 4 19 j4-108
b1 49 49
HH all 190 1. 219
b2 169 5152
TR ) 133 133
bt st sre
M in wiiboul medicalion 133 £ 13 4328 bown
Meun ® th medication 9.2 + .2 pg/24 hours

The merms represent oxly the & first mentozsd aduridoals.

T-es1) The averags decrease on the other hand was found to differ slgni

feantly from zero 0 Th excretion after
D peot P <009 e gversgo on al magnyl was

Studies with sallcylanride salicvlic acid and magnetian oxide

The mean excretion after salicylates was 9 7 pg/24 hours and withont
Gem 162 /24 hours. The average dectease in excretron differed slgni
from zero (P < 0 05)
)3Tltnunnmdmlwhhmwuhoutlgofw axide were both
! p2/24 hours (see tabls 4) The dosage of magnesum oxxde was 2.5
ﬁ‘”ﬂmdonwusrvmd\mngammylnudy

m“"f’dltylatamwﬂmyawﬂuu of conjugated histamize
0 atogether 5 ndividual Isafiovih
magnyl, acety acid and sahcyli d

Were f -
‘;ﬂndwbcwnhmnanyclmeﬁuacnmamcuntormmrymn
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Table 4
Effect of 1 g of oral magneslum oukde on urlmary exeretion of histamine.

Urloary exerction In pg™4 houn

No of
obstrvations
Average Raegc
T . d 137 69193
b2 6 7103
ova (3K} 110 L4143
b2 163 100-213
oS L] 157 e
b3 124 105139
HIt 10 190 1n2 19
b2 22 15306
RA. s .4 10- 53
b1 [X] 690

Mean, with or without medication 131 pg/*4 hour

2 = withowt the drug.
b = with the drug.

Discsalon

Low urinary excretion of histamine m man has previously been re
ported in e.g., bronchial asthma (DunEr & Pmnow 1958) food ellergy
(Duntx & Pernow 1960) ecchimpea gravidarum (BIuro et al 1961)
and multiple sclerosis (O SIAASTAD in press) Besides, in the rat, low
exeretion has been observed after adrenakectomy (Biura 1963) or after
10n of anabol ds (hnd 1961 WoyTLNG & WCTTTR

drmind

QUIST 1962)

In healthy individuals salicyfates also scem to produce a lowening of
urinary histamune A tendency towards low unnary excretion was en-
countered with all salicylates studied. In this materal however the

decrease was most pr d after the ad fon of magnyl.
The only difference between the dose of acetylsalicytic ackd and magnyl
dmini d 1504 g of mag oude. Tt is worthy of note thatin the

rt a magnesum-deficient diet produces mast cell duruption (BILANGTR
e al 1957) and increased urinary levels of histamine (Bors ef af 1963
WEST 1964) Even 1 g of magnesum oxide did not produce any opporte
effect on the urnary excretion of frec histamine. The extra inpestion of
magnesium oxide does, therefore, hardly in itself explain the more pro-
nounced effect of magnyl Thus the obscrved effect of magnyl seems to be
caused by the acetylalicylic acid component.

No valid explanation for the apparent diffetence in potency of mag:
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myl and acetylsalcylic acld in lowering urmary free focroee o =
affered.

In the expermments recorded hers the cooffioent of mr=ic— -
unnary histmmine was 8 7,/ No marked fluctuatioss &= =orert s
observed. It thus seems unlikely that the resuhts can zome St i
dologleal rensons during axsay At this point, however =41 = e
tionied that thes method does not give such accurate rev*y s cor = 1
hrgh levels of histarmne (for discussdon, see O Sianspan 7 ==,

However other factors could be of importance for e et ow
the results. Concervably differences In salleylate comrp—e - ~ =
body due to different unnary acidity might to some s o~ .
inter-individual variations In response. The ackity of £= rre e
wuldmtbcchcdaibccamcofﬂncxpmmmulm-.,,.f
fmmumixcdd.m,mmth:prwentmies,lmmtt:w:r—/ e

variation in histamine excretion s 405 wrg pom
Tished)

Theoretrcally salicylates may reduce histames g .. _
sevecal mechantems, =
1 Salicyl at low 2Lons Ao koownt wpy oo .
(PARROT & LaBoRDE 1961) and glutamate (B _ g <y srr "
carborylase from the rat in ritro fe

2. TeerHEWIE {1959) found that sodum by 4,
ecd caused inhibition of releass of hustamne grp 5 & W
anaphylactic lungs. Salicylate mey thus have sper- . 3= .
of histamine from cells Sl vy

More remoto possibilities also exist

3 Altered metabohsm of histamine migte ¢,
mﬁnd;nz.ConjugﬂadhﬁtAanemmm__,r = el (e
this serles, No spectfic trend was observed. 4 5, "—‘ﬂczrr-urr
ever hardly be based on the measurement ¢f, St om pow
thss substance probably does not reflect ,3:,,"“"1 LT, e
hummlnemldy(DUNER&Puwwlmbrr‘; A Ml e of

4Th:dosduwdmth:pmtmy'l ol 13,
anorexta, MircraLL & Cooe (1954) “"'?mam“
lower excretion of histamme than dldg%_ g pead o2 B F

doey, howeover not scem very hikely =~ T a.,!:zﬂ”
Another observation may elncidate ¢,
urmary histamine (BROGREN ef af (955 ;_f_a‘_cuﬁﬁ"

dmcofmﬁnlkyhcnnﬁnm.ﬁ:,w’”ﬁ!m el

During a free mterval our patiests .. 4&? -



310 O V SJAASTAD AND OTTAR ZJAASTAD

same kind of response as to the unnary output of lustamine. In a few in-
stances normal individuals also showed i in unnary hi i
output, whxh might be dary to the adminlstration of salicylates,
The possibility therefore exists that there are two opposite modes of
response to salicylate administration in so far as it involves the urinary
excretion of histamine.

Swmmary

Salicylates were admunt d orally to 16 healthy adults. A significant
decrease in urinary excretion of histamine was observed afier all sy
lates studied. The most significant decrease m excretion was, however
observed after magny) (one tablet 045 g acetylsalicylic acd and 005 ¢
axide). As {um ovide did not affect the urinary excre-
tion of histamine, It is concluded that the mast likely actlve component

13 acetylsalicylic acid
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same kind of response as ta the urinary output of histamune. In a few in-
stances normal individuals also thowed increases in unnary histamine
output, which mght be secondary to the administration of salicylLates,
The possibility therefore exists that there are two opposite modes of
response to salicylats administration In so far as it involves the unnary
excretion of histamine

Summary

Salicylates were administered orally to 16 healthy adults A significant
decrease 1n unnary excretion of histamine was obsarved after all salicy
Iates studied. The most significant decrease in excretion was, however
observed after magnyl (one tablet G 45 g acetylsalicylic acid and 0.05 g
stum ox{de). As magnesiom oxide did not affect the urinary exere-
tion of histamine, it is concluded that the most likely active component

is acetylsalxylic acad
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Accclerated Uptake of Mercury by Brain caused by 2,3~
Dimercaptopropanol (BAL) After Injection fnto the
NMouse of a Methylmercurfc Compound
By
M Berfin, LG Jerksell and G. Noniberg
(Receved July 17 1945)

In a previous paper (BrruN & ULLBTRG 1963) we have shown that the
body distribution of mercury in the mouse after mjection of an alkyl
mercury compound (methylmercurie dicyandiamide) differs from that
found after injection of either an inorganic (mercuric chloride) or an aryl
(phenylmercuric acetate) compound of mercury It has also been shown
that  dimercaprol=BALw(=2,3-dimercaptopropanol) causes an i~
creased uptake of mercury in the brain when given to mice exposed 10 -
organic or phenylmercuric compounds (BIRLIN & LLwANDFR 1965
BrRLMN & RYLANDER 1964) at the same time, dimercaprol comsiderabh
decreases the acute mercuty koad in the kidney Tn chronic pousoning doe
to methylmercuric compounds, the dominant toxic signs are due to
disturbed function of the central niervous system (HuNTr® ef af 1940}
As ANDARK & ANLDORG (1949) have reported favourable chinies)
results from dimercaprol therapy in some cases of chronic methyl-
mercunc poisoning. it wras considered useful to study the effect of dimer
caprol on mercury drstribution in myce exposed to @ methylmercunc com-
pound, especially in the centra) nervous system, where it has already been
shown that mercury given in thus form secumulates m considerabk
amounts (BrRuN & ULiara 1963). In the first part of our inquln
therefore, the mercury distribution found fn mice given methylmercunc
di famide nfone was compared wath that found in others glven
methylmercune dicyandiamude together with dimercaprol 'l"ht:_gj"y
parison was made by autoradiography of thin sagittal whole
sections of animals Lilled at vanous times after exposurc, In the 3¢ ad
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ol‘themdytwogmupsmﬂvtnrepenﬁ:ddnﬂydosaofmﬂhyi—
:mry Oue group was also given dimercaprol. The body burden of
mn:ymmnuuidaﬂyduxmgthbwbolnupeﬂmLmdnﬁa
Isdanthemlnuhwemkﬂ}cdundorgnn-cmnwerepufonmd

Metbods
Shegte e xposure

Tas ronea of § wice of the CBA straba, otdalned from the Genetic Instltetion of the
UMdmmmﬁlunm‘lHrwm}mﬂq‘r
dmide I doso cormesposding 10 0.5 my Hy/ky body weight. The methytmervurk

bt wat d s3 dexcribed pesviotly (BraLiv 1963) and had  Epecitic
setivhy of 1.5 C/g Hg. One group wis skso ghren dineroaprol in a dose corresponding to
43 e dimeraproi/kg body weight togatber wath the merrorlal, One control- and one
Eimercaprol-treated ankmal were thea killed ) bou 1 4 8 or 1§ days after hnjection, by
Seenersicm, podet eiber anacstbede, In & mouore of solld carbon diodde and scrions
(~3). Sagkial sections, 20 thick, were cutat — 10 by thw method described by Uttutxo
(1957 Each section, efftxed to cellskons tape was Appowed to X-rey filmm fopriher whh an
factope reference wale ing of 14 steps of hotope hon, 1he raitke
etweorn staps being 1 2. Section wad Blm wery stored t —10° mtll expasure was solfickent
® giwe a0 rtoradiogram of the merenry dotnbution In the section, The order of mercucy
tomcentration {n Atfferant tevoes and  rgans was then determined by comparng the darke-

aag cxapes] by the thaes end that caused by the material o the reference scale (Barioy &
Vumsa 1963).

Prolonged expature

Thirty male nen (20-25 © of (he CBA strafn were ruadomized fnto two groem of
1S oy each. Each day for 16 days both growps were leectsd Entraperiioneally whth &
Wiptlew of radion. catle dicys Thes goabirecehiod dosd CoTesp-
g 16005 my Hy/kg body werght each day The mserrwry uacd bad o specite activiry
03 Cfg. Orm group was atso grven | tramuscular inections [ dimercaprol (2 my/kg body
) dimotad fn Arechis odl The mike wers kept | four cages, the e numter of
Veasily from both groups 1 esch cagn, The meassruments of the body burden I merenary
ot performed by scintillation conoting wih Nal crystal (as described by Boerre &
Lew “oxx 1365). After 16 days of exposure the ankals wers kilked by prolonged sther
Swnsla The bealn, lang. Hver khlocys, (stos, myocardam exd & phecs of wrieted
memwtvmmmmnwhydmcum-ddmmmml
szammby(hmhndmmmu 2 well crystal wes
"wmmnrmmnmmmmwmummmkw
u:n\mumpumnmwuwh.munnmlmnmmmm

Resalis
Azﬂm@cﬁwmqmmktwm
itoradsogr show that d oaprol induced a significant
%Fhﬂxb&havhrofmuuyhlhcbodyafnhﬁcwmofmethyl
mmdkyxndhmm%mummlthuehmmuany
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F g | Awtoradiograms of sagsttal whole-body sections of muce bfhed § hour sfter injectirn

of mcthyl ®WHy dryandmmde  dimcrcaprol (BAL) (upper) 0d methyl 23Hg dcyands:

mide (lower) The oprer wexito 1 f om pce;n“-emmmmnﬂ-rmia"
sccompany spcachiectio nsbow  th acinay ratio beiwcem sdpcentsierib b2

tends to persist m the blood and leaves skowly dunng the first 24 hours.
When dimercaprol 15 also grven, mercury disappears rapidly from the
blood and 15 drstnbuted within | hour through the body 1n a pattern that
appears only after 8 days when methyimercunc dreyandiamide alone has
been injected Fig. | shows the mercury distribution ane hour after in-
jection i the two circumstances  the differences in dhstribution are clear
from the autoradiograms.

As found proviowsly (Bt & ULLDra 1963) mercury glven "‘l
methylmercunc salt accumutates in the bram only slowly o contro
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tow of methy! Mg dicyandmsmide + dimereaprol (BAL) {(upper) and methyl 2Hg

M@m;mmwdmmmmm;mwm- hown
(be activty rato between djscent gepa ) 2.

lnimh‘.ndmpdmmnmmmﬂunumtmdrdDmDBdayl.ng
h}ﬂdhnmmcdnnﬂmpmmtdmmm mercury appears
exrty in the braln and reaches within 24 hours tho same maximmm con-
m"trldcmuuwcnmlynﬂ:rsarIédny!int}wcommll.l"ig.zmu
ttrates the dufference between mevcury sccumulation m the brain of =
control anmal and of a dimercaprol-treated animal 1 day after Injection.
At8 and 16 days afier fngection mereury distribation In the
Unmdmlmkunhnoﬂidmmuwidmmdbymmnd;m
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Fig.3 Amwmdummbmm-a-ukmumpmhwh

of mcthyl ® Hg dicysndiamide + dimcreaprol (BAL)  pper) and methyl W31y dicysadi-

amide (lowery The lxore refletence scalo accompanying each scctiom R shows the
vty o between adjxcent steps by 112,

that in the controls (fig. 3) It should be pointed out, however that a mini-
mum difference in mercury concentrabion of about twro fold b necessary
for a change to be detected in the autoradiograms Fig, 4 shows in tabular
form results of demitometric measurerments of the orders of highest con-
centration 1n some of the organs, at three intervals after the injection.
The diograms do not indicate any increased mercury elimunation
after dimercaprol treatment,
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F:;LAcnmpuho-bamlhndhi.nbdlunormuq-mn:dllﬂwuummuJ
e trnes fter Inecalon of methyl 91 dicysadimide witk a5d whliost dimeccsprol.
The bighest concentratlon fn cich orga  messured d from am
B, B thow a3 vertkal bar againgt  geowctrie scalo (common ratio §), and is ako
given | arbhirary unks es & power of 2.

Whole-bodr counting and argan assay after repeated exposire

Darlng the 16 days of exposure no sigruficant differences could be
thown between the dimercaprol-treated and control groups by whole
body counting (Az. Sa, b & ¢). Nor did organ assay reveal any statlsti-
ally significant differences between the animals in the two groups
{t4est at the 5 / level (table 1).

Discirsfon

Thecxpedmmushowdeu{ythnt.whmdimmpfolhinjeaedm-
ether with methy} mercury penetrates more
npldlymtonl]tisuaﬂnnwfmthenmrhlhgjwnnlone,lntbc
central pervous system the increase of mercury inflow i3 espedially pro-
nounced These results may be useful to apply to studying the mechanism
of mercury uptake in the braum, which is not very well undentood. To
'htcxtmtﬂnnnﬂ\ylrmrcunc radical is combined in treated amimals

s not revealod by the present jnvestigntion However
hhdlfﬁmlttomq:lmnﬂmrcdiﬂrﬂ:udonofm:rmrycnnndhydmm
caprol without ing that the methylmercuric radical exists for some
ﬂmﬁinmorormu{amethylmcrcuﬂcdhrmpm]cumplcx.ltbpmbabh
that this complex, after penetration into tisue, it sphit and that the
Methylmercuric radical is taken up by competing ligands. On the otherhand,
H Is also difficult to account for the favourable clmical effect of dimer
€2prol treatment m methylmercune poisoning along with the results of
98z work without ng that the ic radical In the braln
fomnamh}ocomp}exwhhdlmmpmlthnthlcumxhtlunthendfm]
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Tgs Comceatrvs total body santiflation coust of mice ( Y afler mcthy| @ g dicyandi
mike  dimercaprol (BALY (b) fier methyl 21 dicyasdambde. Each thim Lime repree
®its rosalt from agle mimal (6) mean of eath of the tn  growpe.

alone {t may however be justifiable to conclude from our results that
dimercaprol forms a complex wath the methylmercune radical which
penctrates the blood-bram barner more mpidly than the methyl mercu-
ral othermise does If BAL truly alleviates the effects of methylmercuric
posoning, m which event the alkylmercury is accumulated in the brala,
it seems reasonable to assume that dimercaprol can penetrate into the
brain and there form a complex with the alkylmercury radal so fack
Inating the movemnent of the methylmercuric radical out of the brain
The results presented here clearly warrant further inquiry into the effect
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Table 1

MWHy retained wftey 1€ days fn some orgams of the dimereaprol (BALMrented
animals end the controls.

BAL + Hg Hg
Man Rangs Mean Rangs
Oryan weight, g 0404 04330381 0400  0432-0.346
Bl Activity opm 11030 14,340-8,278 9976 123306991
/g TI68 3,M0-70316 25,056 32,110-17 90
Organ welght, § Q085 0.123-0.045 o) al4e-001
Lany, Actixby cpm 4143 792828 501y 7,387 2426
o 60,3506 3622047380 61116  $£,650-17,060
Orgen weight, § 0614 10330316 678 10570391
Liwr Activity open 60,890 119,500-36,330 61169  90,800-5,640
/g 65,019 10740063350  $9 706 177,520-53,220
Orga welght, g o8 02300173 0201 0217-0.174
Kxdoey Actity cpm 60451 T043040,100 64098  8D,266-36,425
g 305203 I78,100-219 130 3 7,800 413,200-264,700
Organ weight, g 0074 0091-0.053 0075 0.094-0.063
Testin Actvity cpm 2,12 2,771-1452 SIB 2400-1 407
/g W66 3NI0-19,200  INTH4  39,360-20,8650
Organ wought, g Q093 0.112-00M 0097 C.116-0.084
Nyoourdium  Acurty cpem 5359 7054488 L6 TE50-3,999
cpmlg SLERD 8047044270 34,643 51,380-15,990
Orpan werght, § 0220 | Q3500121 ons 03240146
Mracis Activiey cpm 12,40 | 299603,045 12,553 18,9508,340
e STATY | 97,340-43,530  S6439  74,750-34,760
of dimercaprol in methyt ric p ing, befare dimercaprol can be

Tecommended fot the therapeutio nss, cially in actte metiry o
Patoning. The results also emphasizs the peed for further knowtedgs of
the bodily distribution and metabolim of the dimercaprol moleculs,
Earfier imvestigations (TAMBOLINE et o 1955) have shown that dimer
wh%mmmymmmummmm
owever remains possibls dimercaprol penists unchanged
mbnprdmmhmmummﬁuuformmp}omm
-~

Adtt ot masbasten_ vl T1. fase. 4 N
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Seommary
The effect of Intravenously inpected dimercaprol (0.3 mg/kg) on the
body distribution of mercury in mice killed at vanous times up to 16 days
after a single dose of methyl 23Hg dicvandiamide (0.5 Hg/kg) was
studied by autoradiography of sagittal whole body sections, It was shown
that dunercaprol accelerated the distribution of mercury from blood into
tissues the 1 hour distribution in dimercapro! treated animals was similar
to the 4-day pattern in control anlmals. The braln uptake of mercury in
dimercaprol treated mxco was particularly accelerated
No detectable 1ncrease in mercury elimination (measured by body
santillation counting and organ assay) was noted In 15 animals given
intramuscular jnjectlons of dunercaprol (2 mg/ig body weight) when
comparcd with 15 control animals, Both groups had received daily In-
jections of methyl 293Hg dicyandiamide.
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Clearsnce Experiments on the Effect of Probenecld on Urate
Excretion In the Rabbit
By
Jesper V. Meller
(Raceived June 21, 1965)

It is now generally accepted that the excretion of urate in man, dog,
and rabnt occurs by s three fold mechanism, Involving glomerular
filtration, tubular reabsorption and secretion of urate (Gunan YU &
Bemaer 1959 PourseN & Pra&Tomins 1954 LateRM, DAVD & RODNAN
1560) In the rabbit, reabsarption of urate s found at low plasma Jevels
{520 pmol/T), but net secretion 15 readily demonstrated dunng infusion
of urate (POULSEN & PraTorIus 1954) or osmotic diuretics (MoLLiR 1962)
Stodies carried out by YO BErGER, KUPFER & SHERMAN (1960) sumflarly
thow tho existence of a distinct secretion in the Dalmation dog. In can~
trast, urate secretion in man (GutMAN, YU & BErGER 1959) and mongrel
dog (YU Bemorx, KUPFER & SHERMAN 1960) is only detectahle under
atreme expenmental conditions, comprixing heavy loading with man-
tutol, urate infumon and admrustration of uricosanc drugs In order to
Inhibat tubuler reabsorption of urate.

It s of interest that probenecid dimiushes the renal excretion of urate
at high plasma urats concentrations in the rabbit (Poursen 1955) After
intravenous inection of 50-150 mg probenecid per kg bodywelght, a
urate-creatinme clearance ratio (Cor/Cer) of 08-0 9 was observed It was
polnted out by PouLsen (1955) that probenecid in appropriate dosago
oty completcly arrest tho scoretlon of urate, but the porubiilty existy
that both secretion and reabsorption of urate are inhftuted n such a
manner that nearly equal amounts of urate are transported by secretion
and reabsorption after adminkstration of probenscid,

The purpose of the experiments recorded here was to provide more
detailed information about the effect of probencad on urate exeretion in
lhcnhmmeﬁ'cctofpmbmoddonmtuexmﬂonwuﬁudbddurtng
Infuslon of aaline and mannitol. The findings are in accordanco with the
mﬂnt probenecid is able almost completely to block the secrstion of
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Methods

The experknents were condocted on mate rabbits, weighing between  and 4 kg, fad on
& dlet of turnips and bay Food waa withdrawm 4 hr befor the beginning of an experinent,
but th aolmals had freo access to waler

Animal experiments

At tha begt of an experitornt, 0 my rbital sodlom (nembetal @ Abbotr)
pet kg bodyweight were inpected ntravenowly asd a T-4abe was dmcrted Lo the trache
usder local araesthexs (ldocain, 0.5 ). One branch of the T-tnbe was conmected with a
respintion pump giving 35 fnhalulonymin, and the animal was pet under serpical
anscsthesta by & forther fnjection of .3 mp pentobarbltal sodium/kg bodywelght,

Thae Interna! Jugular vein and carothd artery wero dhsected frec on ooc slds and canmil
ated with polycthylanc tubing. T infinton fald contalned creatlning or inutin o both wt
a concentrutlon of 03 (w/v) ln physlclogical saline. 1n most experiments the fafutlon
fladd contalned nrate at & concentration of 0.03-0.1 % (w/v), and la somw mansitol wis
added to the infuslon flald t ndoce cxmotic diuresh. Stock solotions of urate were made
by neutraling | g of nric scld with 8.3 g of lthium carbonste ta 100 mi bolllng water The
Infusion rate was 3 mi/min.

When (he Lafusion had ro for abowt T br arine eollections were stanted from o urethral
catbeter Urlse was coflected for 3-3 periods for control determination of urate excretion.
After Infidon of 100 mg probemcchd (urkcosld @)!) per kg bodyweight over a priod of
20 oxin. of Inductlon of oumotke diurais by infusioa of manndo! the wrate exerction was
followed for anotber 3-5 periods. The clexrancs periods bad  doration {10 min. exch
{cxcept dunag vigorows osmotic disrals, when the clearance periods Lasted § min). At the
end of esch period tho bladder was washed twico with $ mi water Blood samples were
drawn from the arterial cannula and delivered 1nto centrif g¢ tubes condalaing beperia.
The fest & drops [ blood were discarded, 1o be sure of obtuining w sampds fully rep
tive of clrentating arterial blood. The blood was taken 2 or 3 min, before the pxkidle of Lhe
chearance periods, &8 a correction for the Ume it takes urine to travel from the glomeruler
membrans 10 the bladder (2 min. belng tscd when the diorahs s larger than 2 mifmbs).

Analytical methods

Urate ) urine and plasma was by T P y (P tomILs
& Powner 1953) emall cancantrations forat were arayed on trichloracrilc ackd Ainates
by (ks mcthod previomly described (MeLcsn 19620 Crestinioe was determined by the
method of Omi, 1000, ¢ hORETT & STEWART (1954), but omittiog adsorpton on Fullr's
carth. 1 alis s plesma and urioe wis determined a3 dexcribed by ScHumas, 1990 the
slocose contenty { platma samples were determtned by the method of 11 ctnoasy, Halt
i & No wa Jrar (1946) 1 order 1o correct for the colour devetopimcnt Cauwed by
Pucose.

Ultrafiltration experiments

The pparatus of Toxmasa, Toagsra & Drwry (1997) was wicd 1 etanloe the oltrs
fltr buluy fmufomnbmmnmaumhdimlrhw'mﬁawlnuwﬂarb:
bag (Viking Nojx € d § Ay and centnfuged ot 19 x 100g. The conceairation
rats in ulratficates of plama  eraged 103 of the plama concentrition (§ bmsht

1) Pr benecsd was kendly wppired by Alfred Benron, Ltd-
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ruage 101 106%). Under ur experimental condilion, the plesms protsin conceniration
was about 3-6%. According to SviD txo & Exdcurw (1928), plaums protens have u
apectha vohorw of 0.75 the bash of these figares the volome of the plasms proteins may
be witimated a1 approximately 4%, This means thet the coscentreiion of urats In the
witreflitrate 0 an averugo waa 99 % the conoemtration in the plasna » ter indicating
comupieto arudtrabiity of wrat from mbbh plesma.

Comparisons between creatinine and inulin clearance

It has been xeenmed for many years that the cloarancs of croatinloe (Cer}  the dog asd
BN fs {dentical whb the glomernlar Sliration mie (for 2 dicunba  of thls subject, ses
St 1951) More recent experfments by tha stop-flow metbod hay  revealed that cres-
tinlme t mecreted in the proximal tubule of the dog and that the excretion of crestinine may
be tnfteenced by varions druga (O Conront, Roaro & Mupar 19620

Kirtax & Surrn (1935) have demonsirated eqoalty botween Coy and fnulln clearance
Cra) a1 dHfyent plasma concontritlons of creatinine in the rabbit. In our stedy compark-
vo3 have been made betwecn Cor and € under varkom comdithons, During [nfutbon of
physlological milne, the verags vatoe of Cor/Crs wan 1 01 (5 experiments, ra go 0.98-1.03).
1o other experimemty, the clexrance values were compared dunng infesjon of maanftol
Here, @ inenq vatue of 1 03 (6 experimants, range 0.98-1 11) was obiained. Flually 6 expert-
menty were carried out after of 100 mg ']
weipht 1 theve Cer was always somowhat pmaller than Crs, Cor/Cran  varsglng 0.92
(mage 0.36-099) Thi valus b mgnificandy different from the valwe obtalacd during
isfodon of phyriclogical mline (P < 0.001).

The repuilty thow oaly emall differences betwesn Cor 224 Cra I the experiments with
lsfarion of physiological saline or mannstol However dmlohtrabon of probesecht leads
10 & munor decrease in Cor relative t0 Cra, that Cor 1 h
culler than the glomerolar filtration rxte after adminlstrurion of probeneeld.

Resalts

Effect of probenecid om wrate excretion during infusion of wrate

The results of experiments in which probenecid has been admhb |
during Infusion of | 6-1 8 mg uraie/min are summearized in table 1 In
these experimenty, urate clearance (Cor) was compared with Cor The
first 3 experiments were performed during infusion of physiological saline,
but in expeniments 4 S and 6 mannitol was added 1o the infusion fluid at
& concentration of 3-5/ (w/v) Howover no differences in the response
to probenecid could be detected between the 2 groups af antmals, and
they will thecefore be considered together

In the coatrol perdods, Cur/Cer ranged from 1 14 to 2.63 Infusion of
probenecsd resulted tn & pronoonced decline of urate excretion, ConfCer
i all expedments, ranging from 0.84 to 0.94 under these conditions, The
plasma yrate concentration did pot chasge markedly after adnune
siration of probenecid Por rose from a mean of 168 pmol/l to 202 pmol/L.
A decreaso 1n Cor was generally observed during the cotrss of an
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Table 1
Effect of probenecid on urate excretlon (C /Cey) during infuston of orate.
Admial
Epet | R 3 Cor
mentno. | o ofpro- | MM | (aliminy| Cor{Cer | ViCar
mannh 1 benecd

[ 4 11 191 21

1 [ @ 6N (1 76-.03)
+ 31 ir 0% a1

@0 1Ty [& K )
° 139 16 1.57 1

o (13-140) (1 46-1.47)
+ 199 " E2 14

(197 00} (a0 9
° 167 1y 114 o1

3 0 (135207 (106 1.1}
+ 146 153 57 01

(136-167) (42 %
[ 128 1M 263 11

4 + (120-138) (—36-.71)
+ 130 X a5 1

(1 148 ( 13109
° (W] 181 8

I + ( $0-103) (1 70-1.8%)
+ 127 [ -3

(124131 16 99
[} 7 157 176 33

6 + @21-29%) (s 177
[ 296 102 91 >

) 6 2y {a5- 84

| I
Py = plasma conceniration of urste Cy &nd Cev = cearance of wrate sad croatlaine,
respectnety Vo= dhuresn. The alucs gnen re res ¢ with highast and oot vatect bs
T3 entheses.

penment thus Cey averaged 14 0 mY/min. before and 106 mi/min. afier
adminptration of probenead.

The expeniments so far reported confiem the resolts of Poursr (1953}
for the effect of probenecid on urate cxeretion. It 1s remarkable that, ia
spite of widely varying Cr ey ratlos in the cantro! peniods, Cr fCor only
ranged from 0 84 1o 0 94 after infusion of probencad.
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Effect of severe asmotic diuresls on Cor{Cua after administration of pro-
benectd

The results of two expeniments (no 7 and 8) on the effect of vigorous
ommotic diurests (induced by infuston of 10/ mannrtol) are shown in
table 2. Probenecid was infused before the collection of unne samples,
and urato was infused during the whole experiment.

1t can be scen from the table that mannitol infusion caused & rse in
V/Cu from 0 17 and 0.14 to 0.34 and 0.52, respectively In the 2 expen-
ments, In experfment no 7 the vatus of Cor/Cra was 0 84 both before
and after infusion of mannitol, whereas & modest increase 1n Cor/Cra
from 0 82 to 0 89 was observed in experiment no 8

The experiments show that after adminntration of probenecld net
reabsorption of urate persists, even dunng vigorous diuresis

Effect of probenecid on urate excretion at low plasma concentrations
of wraote

Pours (1955) has reported that he was nnable to detect a consistent
effect of probenecid on urate ion at Jow end ooncentrations
of plasma urnte. In our study urate excretion was examined during -
furion of mannitol and physiological saline, but without admimstration
of urate The results are those for the last 5 experiments shown in table 2.

Mannitol was infused in axperiments 9 and 10 In agreement with a
previons study (MOLLER 1962) net secretion of urate was found in the
control periods. Adminustration of probenenid led to a distinct decrease
in urate excretion, the value of Cr /Caa now bestng 0.84 and 0 75 Further
a ¢ in the plasma concentration of urate was noted.

Tho effect of probenecd during sahne diuresis & shown 1n the Iast 3
experiments recorded in table 2. A fall 1n Cor/Cra was found in all 3 ex
periments. The vatue of Cor/Cis averaged 068 in the control perods,
and 045 after infusion of probenecid that of Pv rose (rom a mean
valus of 9 4 umol/l to 11 0 pmol/L.

Dhscrslon

Experiments on the effect of probenecid on urate excretion are re-
ported in this paper In agreement with Poursen (1955), the vale of
Co:/Cer after adminntration of probenecid falls to about 0.8-09 durng
infoxion of urate. As the results obtained by gur ultrafiltration studies
thow that urate is not bound to the plasma proteins in the rabbit, and
comparisons between Cer and Co Indreate that the glomerular filtration
rate has probably been rh d d after infuson
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Table 2

The offect T probenecld on urats cxeretlon (C HCt ) at high and fow plaama
levels of urats,

Admini-
Lxpert- "":‘“‘ stration | re c
ment no. wot| O T @Ml |(myminy € #C= Y VIC
maan benettd |8

1 0 + 3 324 1.8 u "
017 339 (1
+ + 3 a1y D “ M
s08428) (31 90
° + 3 543 10 ] 4
] (131 8356 (30~ 83
+ + 4 502 £ 13 0 82
Q 5 LIS 10.2 23 11 13
9 + + s 7411 L E TR YOS Y
10 + [} 3 T1= 06 107 132 14 17
+ 5 95> 06 120 33 10 14
L] 3 77 ” ™ 1
n L] 7149 [ 1))
+ 3 11 103 14
(©3-13) (43 .50)
[ 3 103 164 52 o
1 ° (106-10.7) (31 5
+ 3 na 173 s s
(10.7 13.0) a7
0 3 10.2 [[:8] kL) o
[} ° 6129 (62 79)
+ 3 1.6 16 53 o4
! (121 136 (4 &)

‘ [

i probenead, the excretion of urate after administration of probenecid i¢
smaller than the amount derived from glomerular filtration and ft must
hence be assumed that net reabsorption of urate has occurred under
these conditions.

A similar effect of probenecad on the Cr [Ci ratio occurs at low plasma
levels dunng infusion of mannitol. In contrast to the results of Poutsey
(1955), a small decrease 1n urate exerction was demonstrated in our study
danng infusion of physwologieal saline when reabsomption of urate
prevails The depressing efTect of probenectd on urate excretion fs presum
ably duc to an mhubition of wrate secretron (Mowrr 1965), but the
results do not exclude the possibility that probenecid also has an in
hibitory action on urate reabsorption Such an effect might be masked by
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the decrested urate secretion under thess conditions, but it must be con
duded that, 1f probenecld impedes urate reabsorption, inhibition is far
from complete.

On the other hand, thers are reasons to beliove that the secretion of
urate is almost completely stopped after imfusion of probenecrd. Thus, the
CorfCn ratios always remain below 10 even durng vigorous ommotic
dinresis. Further the ratio invanably falls to 0 8-09 in spite of widely
diffeing values for the control peniods. These findings suggest that
xcretion of urato 15 virtnally elimmated after adminfstration of pro-
benecid. Experrmental results in support of this view will be presented in
the next paper (MOLLER 1965).

Sormmary

! Ths study reported here confirms an carlier finding (PouLsEN 1955)
of & depression of the Cor/Cor ratio to (L8-0.9 after administration of
probonead to rabbits made hyperuricaemk by infasion of urate,

2. Probenecad also has an inhibitory action on urate excretlon st
endogenous plasma levels of urate.

3 Uhrafiltration studses show that urate i3 not proteinbound

4 The results support the vicw that sccretion of urate is almost com-
pletely fnhibited by probenecid.
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Table 2

The effect of probenceid on nrate exeretion {(CudC ) t high and kow pliysma
leveis of wrate.
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' probenceid, the excretion of urate after admmnistration of probenecid is
smalker than the amount denved from glomerular filtration, and it must
hence be assumed that net reabsorption of urate has occurred under
these conditions.

A similar effect of probencrid on the Cr fC; ratio occurs at low plasma
levels during infuston of mannitol. In contrast to the results of Poutst
(1955) a small decrease in urnte excretion was demonstrated in our study
during infusion of physiolomcal «aline when reabsorption of urate
prevails The depressing effect of probenccid on urate excretion fs presum-
ably due to an inhibition of urate secretion (Mottir 1965), but the
results do not exclude the postibility that probenecid also has an in-
hibitory action on urate reabsorpon, Such an effect might be masked by
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to allantoln by additon of uncese (Leo} befors chromatography only I radioactive prak
was found, with the Ry valoo of 0.)3-0.40.
Thaso axpertmeris Indicate that most of the Labalked wrats bad not besn matabaolltoed,

Analytical methods

Uniw, imnils and cremtinioe wers delermined by the methods previomly descrbed
(Wetrx 19465). PAH was metsured by the method { Brarton & Marsgars (1939) s

by Dame pb 7 In the expoct with redh IubeTied urate, 50 pt
of wrine was dhwolved ln 5 il of ¢ midtore, combsdag of 60 g caphithaiens, 4 g PFO 02 g
POPOP 100 ml methanal, 20 ml rthykno ghycol dilited with pdioxane to  fAnal volume
of 11(BRAT 1560), and counted i Packerd Iquad scintIlathon cownter. No qoench! g was
obmerved oo adding ternal standards of urate-8-C1

Results

1 Experiments with steady trfusion of urate

The stop-flow patiern of & representative expedment with contrnous
infuston of urate is shown in fig. I The U/Pur — U/Por and U/Pran —
U/Pcy valnes in the first stop-flow samples are of the same magnitude as
those in unme collected during tho precesdmg free-flow penods (shown
i the left-hand sids of the figurs) After tho collection of approxmately
1 ml of stop-flow urine, the concentration ratios of urate end PAH rue
and reach a maximum after collection of approximately 2 ml urine. It can
be scen from fhe figure that the mimmal concentration of Na* appeams
beforo the urate and PAH peak.

* i

)
VT COLLECTED AFTER aTor Flow

Pl | The stop-fiow pertern sfuer conthuious infmlon of wrate (UR), r-ammokippuric
acid (PALD, crestuiss (CR) and baalln (IN).
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Fig. 2. Compariso between the excretion of urateand] U { the stop-flow amplesafier
lajection of 100 mg urate uad 230 mg inolln 1.0-0.3 mia. before the end of the sop-Bow
period.

A mse¢ in U/Py — U/Per and U/Pran — U/Pe ratios was also found
in 9 other stop-flow expenments. The shape of the urate curve was
similar to that for PAH in all expeniments. The concentration of Nat was
mensured in § of these experiments, and the mimmal concentration of
Nat was always found to be distal to the urate and PAH peak Further
it was noted, in 7 experiments in which inulin was inpcted late In the
stop-flow peniod that the decline in the urate- and PAH curves occurred
simultaneously with the appearance of inuln in the unne.

The experiments thus demonstrate the existence of a proximal secre
tion of urate, oceurming &t the same tubular site as secretion of PAH

2 Experiments with Injection of urate and intlin late In the stop-flow period

In 4 expeniments urate and inolin were mjected just before the release
of the urethera! occlusion. Probenecid in 2 of these experiments was In-
fused before the stop-flow period.

Fig. 2 thows the results of one of the experiments lavolvlag no admmi-
stration of probenead The concentration of urate in the distal stop-flow
samples is small and corresponds to the level of endogenous urte found
in the free-flow periods After collection of approximately 3 mf unine,
the urate concentration nses steeply The increase in urate concentration
preeedes the appearance of fnulin in the stop-flow samples. Further 2
peak for urate concentration is observed beforc the maximal inulin cost
centration s reached A stmilar result was obtained in the second €<
periment.

The experiments show that some part of the Injected urate has perme-
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Fig. 3. Compirkon between the excretion of trats asd Inedln ja the step-fow sampia
wher pogtoceinetre Ijection of mrats and Inulia. Probenceld at @ dosage of 100 mg/kg was
Infused before the stop-Bow period

ated the proxmmal tobular cells. A much clearer separation between the
unte-parmeable part of the nephron and the dip in the Nat-curve is ob-
erved 1n this type of expenment, compered with experiments involving
sieady infirwon of urate (seo fige. 1 and 2)

The effect of probenecid on the excretion of injected urate cun be seen
from fig. 3 Here, the increass in urate concentration colncides with the
ippearance of inuln in tho unne. Besides, the shapes of the urats and

beaeead fs thus sble to inhibat almost completely the secretion of urate.

3 Expertments with labelled wrate

To determune the permeability characteristics of the various parts of
e nephiron for urate, 8-Cl4-urato was {njected 1n 4 experiments at the
ed of the stop-fiow period during infusion of urats In 2 experiments
Probenecyd was {nfused before occluding the urcteral catheter

P, 4 grves the results of ono of the experiments after admintstration
dm&mdd.mamm{nthnuppupmtonhnﬁmuhmthnU/Pm
1d U/P valuex U/Por valnes are a little below the corresponding U/Pe
‘lhﬂmbothnop-ﬂuwandfmﬂuwmrthmm,lhcman{Pm
hmmnunmpmmwmdmmmmnormudmm
‘W—Mpmod,mdunmnbelmmmdthunomtmommuto{mm
h‘AEnﬂndinthuputoﬁhnmﬁ:mndm-lngmcmp.

amount of radiosctrvity is found in the aamples
Mndnbmtlm]mbutﬂn%mlmﬁ;'mm.ﬁ‘;
Tnnmufmuﬂninthﬂﬁop—ﬂownmpln.
smilar reyoit was obtamed tn the other expenment involed

WldnﬂnkmmlnthOZMmmumulﬂngnoznﬁnir&s;:

dmbmm,ﬂumdwmdthmnmwmw
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1
B URRE COLLECTED  FTER 310P FLOW

¢

Fig. 4 Eyperimenis with Injectloa of 15 uC $-Clturate and tmulin 1 0-05 min. before the
end of the stop-flow period. Urate and creatining were infuscd durieg the whole experiment,
and probenceid (100 mp/kg) was adminktcred before oceluding the urcthral cathater

impermeable to urate, and o zone, characterized by a slight permeability
to urate, extended from here to the proximal tubular site of urate secretion.

Discwston

Stop-flow expernmments on the excretion of urate in the mbbit have been
deseribed in this paper During continous infusion of urate a rise in
U/Por ~ U/Per was found corresponding to the proximal part of the
nephron. Ingection of labelled or non-labelled urate late in the stop-flow
penod showed that the tobular transport of urate from plasma to tubular
fluid took ptace in the proximal tubule. However after administrauon of
probenecid urate was excreted chiefly by plomerular filtration afone,
confirming that probenccid is able to arrest urate secretlon almost com-
pletely

\Vhﬂcuﬂsm:dyw:umpmgrcss.npaperonmcmaltil:ofmm
transport in the rabbit was published by Drrcinvoop DoawpT & Mupge
(1964) These authors were not able to demonstrate net seercton of urate
durmg infusion of urate under free-flow conditions 1n most expenments.
However in stop-flow experments a secretory peak for urate correspond
ing 1o the proxrmal tubule was found. Of particular interest was the
finding that chiorothiande Iactic acd, ereatinine and pymdnote add
increased the proumal net secretion of urate. Consstently with the resulls
of our stody proximal U/Pey — U/Pra ratios decreased to below 1.0 after
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fefess0n beaecid. Tndeed, these puthors succeeded in demonstrating
.mh.o:élpr:‘pak in the stop-flow curve, located at the proximal tubule,
ster probeneerd admmistration, and tha result suggests that both
seretion and feabsorption are confined to the proximal tubrle, In our
gody UfPrs was only slightly below the values for UfPo in samples
acigmating from both drstal and proximal parts of the pephron This may
e doo to the corcumstance that fn our experiments reabsorption 15 small
relathve to the amount of urate secreted during Infuston of urate (MotLex,
uepoblinhed results).

Aa for the mont distal part of the nephron, the UfPes — U/Per ratios in
n our expermients were smilsr to those obtalned during free-flow
whetber probenecad was infimed ot not. This finding idicates that no net
movement of urate occsred here dunng the stop-flow peniod. Further
the smmples ongmating from this part of the nephron were not radio-
i afiet infechion of labelled urate Urate hing thus elther moved out
of ot tnto the tobular fimid 1n the most distal part of the nephron which
mt therefore be assumed to be mpermeable to umaie. The zone extend
g from the site of maximal Na reabsorption during the stop-flow
penod fo the proximal tnbular site of urate secretron appears to be only
ity permesble to urate

Bercrwoon RernpT & MUpGE (1964) also found a relative Imperme
abifity of the dustn) part of the nephron to rale in expermments by the
wierepted Hop-flow rechnique (MurbAUGH & RoBINSON 1960) More
oer, much higher distal UfPey vakust were obtained duning snfusion of
42 imgtead of manmitol, indrcating that the {ncreased reabtorption of

:bmnﬁ;hﬂmmmﬂncuunatmem&i&dbymbmm
Urate,

1t was noted that the proximal peak durag myection of wrate m the
0380w period was copfined 10 a much narower reglon than dunng
suady ufusdon of wrate. This I8 presumably due 10 the fact that the
mﬂuﬁdﬂﬂymomdawuthnncphmndnnnsﬁh:nup-ﬂwpmod
O & MACEY 1959) a3 2 comequence of continued tubular re-
w‘h‘“ﬂb‘n of water and dilatation of the tubuli dunag the stop-flow
b n\hn“ymconccnn-atcdiumepmxinmltubul:eaﬂyin
mm penod 1n experments Involving ateady infusion of
b W;&;{nmnmdhmmmrmﬂungluubmdudng

lUﬂh%mmM
0 the pesatznt wibale, by the stop-flow techngqus to acost
N P aningis, vl 11, o,

w
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2. Probenead decreases U/Pre — U/Per ratios to a little below 1.0 in
both distal and proumal stop-flow samples in experiments imolving
steady infusion of urate. Expeniments in which urate has been injected
1ate m the stop-flow penod show that probenecid is able to inhibit urate
secretion almost completely

3 Injection of labelled urate late in the stop-flow period indxates that
the most distal part of the ncphron 15 impermeable to urate The inter
niediary zone, extending from the site of maxmal Na* reabsorption
dunng the stop-flow penod to the proximal tubular site of urate secretion,
is slightly permeable to urate.
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From (e Depariment of Blochemistry AB Ferroman Malms, § cden

The Metabolic Fate of Bis (p-hyd
erclobexylldenemethane ~ F 6060 — and its Diacetate — F 6066

By

Haxs Larmon
(Recehred Judy 9 196%)

Bis (pacetoxyphenyl) cyclohexyhdenemethane (F6066) (sce fig. [) is a
representative member of a large group of asymmetrc diphenylethencs,
synthetred 1 the chemucal research laboratory of AB Ferrosan (MiQUEL
etaf 196%)

In iaboratory animals F6HO66 1 & weak oestrogen with an inhibstory
tdion on gonadotrophm secretion  (Emviex Janvsen  1965)  Clinfeally
the substance has proved wseful in the treatment of prostatic cancer
(NrLomer & Terner 1963 & 1964) The properties in gynaecological
praciee have been studied by PerssoN (19652 & b) who found
that 1t not only mfluences the excretion of gonadotrophuns fn post
Tenopausal women and in thoss of child beaning age, but alto suppresses
the exereton of oestradiol17p. HANNGREN ef al (19658 & b) dtudied the
ditribastion of the substance 1n mice by whole body sutoradiography and
fond & mpad specific sccumulation of radioactmty in active corpora
Tz, The substance also accumulated in the adrenal cortex, hypophysis
4 endometrinm and m the mterstitial tsues of the ovanes and testes.
Considerabls mduoactivity was also demonstrated in the excretory routes,
Speeally in the bile.

The purpose of the investigation described here was to chart the
;“'“O!Ypa!h“northvoompmmdmdjﬂ'mtspedamdtochddam
Hmhorhn,mnudywumnbdmmtonlyunmmmdmbbm.
b'“buuuhmmnmb)em Their inctuslon was justified because long
Siteal experenoe has shown that the substance has no toxio side-effects
(N“UNDEI&TEmleﬂ Persson 19658)

' Was 3000 found that F6066 was readily converted in vivo to the
Vo diphenol F6060 (table 1) This substanca was therefore

Incladed in some of the expermments described bere.
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For companson, use was made of diethylstilbestrol, desmte the marked
endocrine effects caused by the Jarge doses used of this substance In the
metobolism experiments.

The metabolism of diethylstilbestrol has been studied in several species
(SnIPsON & WIDIR SMITH 1949 TwoMRLY & SCIOENEWALDT 1951
HANAHAN ef a/ 1953 Horwoop & GassNIR 1962} and the nature of its
conjugates and their excretion may be regarded as established. Bat in
spite of the fact that 1t has been known for more than 20 years and has
been widely used and studied — 1t has been the subject of two extenshve
theses — our knowledge of the oddatve cambolism of drethylstilbestrol
and other likely metabolic pathways 1 still only vague (DASKALAKIS 1953
RnocHE 1963)

Materials and Methods
Compounds ured
‘The compotnds used in the metzbolic gtadies and thoso for comparison of chromato
graphic and other resalts are given In tably |
The chraviolt spectra wers taken [n & Zetw spectrophotometer PMQ 11 wich wias of
matched 1 em Uhrmil qoartz coveites.

Labelled compernds
Fig. 1 shows tho synthetic procest for taarking FE060 and F6066 wkh HC at the "moe-
thans carbon slom™ The marking wes done at Ferrosas s chemiaa! research hiboratony

lcnwwwl)mmrmmwmAmm
Wmmdmuwm“mmdmﬂhmp«mdﬁhhrﬂ

tach 0 — Ortbont —  (Orebosy,
|
WPO*—WQW?E:O

/ g
100 S R 0V
noo © DWU
FEoED 531
Flg.1 Reactions | the syntheih of 14C-labelled 16060 20d Te06k,

1) MonosthyHI4C, speeiDc activity 09 xClmp



339

METABOLISM OF F6066 AND F6060
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chromatography b at lexst two of the systems ghen in tablo ., with sabseqoest amtoradio-
raphy and scanning. When the substances showed more than 0.3 of radivactie tmpart-
thes, they were re-crystallised from suitable solvents to at kast 99.3% radiochemical poriy
as judged from scanning and fon of tho chi In bloaton whth whr.
vlolet spectra.

Lxperimenta! procedsres

A, Auima! cxperimesss The substances were &9 & rule dissolved Is oflv  ofl asd giren
cither by mogth or subcutancously The volume piven to rats was 0.2 m! and to rabbity
4 ml per anlmal Rats!) were kept in metabollsm cages, three animals to the cage. The
diet comisted of water and raw beel oo Abifwm. The excreta » ere coliccted st {ntervah far
periods up t 4 dayx After the experiment the ankmals wers hilled by bleeding, the blood
was collected, and soma Internal organs were drisccted and bolated. Thowo spectmens aad
extructs not etndied fmmediately were kept at —25

In the experiments  rabbhs?) & similar procedure was used, bot each o tmal was ke
In  scparate metabolism cage. The animats were fed on carrots and water sd Sbirm.

In & fow cxperl In which the of the in the rat sod mbbi
was defermined, the  tmals were grven ane doso € the beginniog of the experiment asd
& secood equal one 4 days Rater Afler  furtber S howns they were hifled, the blood wit
collected, and the organs wero removed.

B. Trials ox k ma  subjects 14C P6066 was drpenwed In gelathe-capsoles contalning
300 mg Live oll and taken by the subjects togcther with 1 or 2 wncoated tabkts of sox-
labelled F6066 4 200 mg.

Urine was collected in $+-boxr volunsey for period op to 6 days. | one study In which
F6066 tablets wers given preoperatrvely to three patients with gallstone the g Tobdder
coatent was set avkic a1 operation and afterwards tromted largely by the extraction method
desenbed wnder B below

Extractisn of bielegical matcrial

A. Urine They used for the of metabolres of 6066 and dicthyh
Wibestrol from the urine wan briefly #3 described below Thbe wamplc % scldiicd whih
3 M HPO 1o pH < 2 #nd then extracted with ether (AL By distribation bet cen ctfer
and 03 M NallCO) and 0.2 N N OH. the cursct A wa dnwed 1 to  conjopale
fractron  (B) and a “fres phenol fraction (), repccthely each of which was then s
nated  hromategraphically Hydrohus was | done with B¢l dase before
euract g the substances from the unine, but the best result  cre obtaincd whew the
extracied cony gate was subjected t  enzymate hydrolyun (rth o an posdble 1o

r’ wdentify the conugated product chromat gr phically and determime thee quantiert.

B. Forcer nderguns Tho mmples, cither fresh of freeredned, were grownd ja  mortar
with w thed quany sa d The botopcal matenal = eatracted three trmcs by grisdieg
the samples wih & purtable olsme of biolut ethanol, wally 10 mLg fresh oryan. Thss
mcthod froved mor effect than the So bletcviracton { mmeed umpley nd had the
advantape that the evtract not cxposed t heat The etbanol was Akered d Ihe crmle
cdract was mued with  cquil ofame of » ter The o ture na then h hen thorougbly
with taice  olame of cycobeuas After centnf gation the s phases ere separ 14
as completefy  powsd!  nd were hen worked  p separstely in :hodv&uuﬂ";
which contamed lpophil Tobyt ooes, caly mall amo mt of T60%6 den ines

) White rats, Ferrota tabred str  (Bodyweight 120-210 £
7) White abbuty, tra n of Statem Serwmumitetat, Copenhafen.
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Plg 2. Ssaration of 083 mg PHBA, 0.40 my 6113 2 42 rug 6096 and 0.59 ;g F6060 on

40 o Sephada ootumo. Elotion performed wih  gradient 0.1 M NaHCO; -» 0.1
N-NaOH.
——— X tranemleslos at 254 mp
— —pH

& u the v 6066 would kare
sppeered ahmoet quantitatively in this (distribution constast K for FE066
1n the eystee epcabeese/$0 % (v/v) sthanol > 100). The sthanch-water phase, on the other

coutxined the more poler tociadieg F6060, which have b shown to

Rad boen remaved by ovaporation of the extract to one third of ity original yoheme, After
sciiification with § W HyPO, (o pH 57 the metabolltes were extractsd with ether by the
Samas method ey for arine

Cotama chromatograply
Tt proved secwssary to devise columm chromstographic eystem that not only meparsted
phenolln substances from thar coajogetes, but abo purtfud them from all the polar com-
Pounds normally oceurring, for sxaniple, in wioery extrects. As  filing for the column we
e Sopiatex @ O-25, which bee beem waed by Nitsos (1962} for enflar svparations fn
the taoletlon of the excratory products of kaflavones and by BsLiwa (1963) for perttying
uad detarmining confugated oastrogems in the urme of pregnest womeo. The spperatus
nd the method peed for colamm chromatography of exrstory prodocts have besn de-
scaibed previously (Lanmow 1964). Io poncsple tho method i briely thet & gradient
0.1 M-NgHCD, —+ 0.1 N-NaOH 1 nwed a1 the mobile phase, which means that relattrsly
Dompolar componnds can ako be ehted wihout tho e of largs volumws of efzant, The
pply and tstwrrnptics of the gradunt, Hia tho siuton and weshing b performed amto-
mmpﬂummmmmnmmhm&dmy
with the aid of the bearption crirve factions of bnteteet can be scbocted
for further study A model experiment with soms of the substances given in table 1 s
Kizirased ba tg. 2.

Paper amd siin Lepar chrowatography

A serivw of chromatographlc £ytema for paper and thin layec chromatography wws
moed foc esting the parity of tho substinces ax:d for the fractionstion of biclogkal extracts.

m
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A. Materisl PanMadmpregnated raper was prepared b the way proviouly described
{LaxysoN 1963).

Acttylated chromatographic paper (MN 214 Ac) wat purchased from Macherey
N pel & Co, Doren Germany Two degrees of acetylation [0 and 20 acetyl, wero used,

Whatma | paper wan impregoated with formamide!) for the syrtems M and M4 by
dipplag K 10 8 30 . ¢ v) sofution of formamide in methancl and then aliowisg i 1o dryln
the alr for 10 minutes, after which tho teat soluthons wers applicd.

Thin layer plates, 3 x 20 #0d 20 X 70 e, were peepased with SIHce gel HF 284 + 166
(Merck) with a Desaga apphcator layer thickpess 300 p. After the plates had dried In the
alr they were activated by heating for 30 minutes at 100* and then sored in & derkceator
untl osed.

B. Afethed As  rule, the substances und extracts wers dhmolved in  taotuts ethanol
2nd appibed to the chromatograms as gpots, or for contaminated extracts preferably as a
row of spots forming & 15-20 mm long band.

Aler development and alr drying. the chromatograms wers stadied o uitraviolot lgin
(Hanovia Chromatobte, 234 ) and the absorbing spots were outllned. All the substance
except 6091 and 6092 could be deemonstrated In amounts of | 2 pglem? Om sprayiag whh

Folln-Clocaltesus  reapsnt amd o an
(Mot & Davies 1954) U the eompounds with free phenol groups gave a blwe coloar
Presence of the esterificd compounds could sho be with the saee reapent,

though not untll after hydrotysis is siiw with alkall,

Chromatographic resulls for the substances stedied ars ghven In table 2.

Dlutlon of the from thin bayer wap with & modlf
cation of the ppuralus described by Ko & Mevex (1962), [n which the exirection
thimbie was replsced by emall glass fher plite,

Moctrement of radiouctivity
The total activity in the wtine and etimacts was detennined by evaporation of saftabls
volumes on 1} or 2 inch aluminkm plancheis and messureotent In a Noclear Chicage
Low Backgroond™ aotomatic planchet comnter The sct-absorption of the wasplcs wa
determined with the aid of Irtermal tandards, and the valuey obtained were corrected
sccordingly

Ths dutnbution of radiosciivity ia the paper and thia layer chromatograms wa1
W‘MIVuMAMMWmeMADﬁ
{ vtomatx dxia sysem).

Rodirex @ film = weed for production of the  utorsdiograms.

Resalts
Excretion in rats
Only 14C labelled substances were used in the varfous experiments on
rats. The purpose was, first, to determine the excretory pathways and the
rate of excretion of the substances and, secondly to obtain information
about their metabolism and distribution. The results obtained in two
comparative expeniments when 14C F6060 and 14C F6066 were given

1) Merck reageat grade



METABOLISW CF ~autq ¢ 1z

“SrERES am.,u

oo * ﬂ -
H y R 1T L} LY n d o i
W - - ALY
" W w Y \n t « u L Meid
[} [N o (33 [23 ¥ v 53 b3 chs
_... . (L 24
\ ioe A + L) { M by
,. i _7 a_ L o frmg
& H “ . ZIJlo

I w . e
- os ~

. " o es v
I L \ I3 10 “« rooud
73
0
« Id v ‘ s o _ DoAY
10 mquny
| #qm 0} pemea LLERE T LR o pan dvd




HANS LARSSON

]
T
P L3
P uz
P qL
P Ll
Ut
® q¢
' ng
] 9
(mbrupay s 13

¥

NES6LI ™ W vz piq pum iy

oo, fot
Thotivs

Qifos
oot

15 thir

1
Ve
st
7]
113

saopuodord

Uty /oy
Himqos-p/aarayopds o1d

“OPATOIROPAS g
Fa Lt e S TE TENTEL ) fd
WoBSRULOMION  1d
WO N
BuojO

Lajemipoe
opaosflosnng Lyl g
FUOWWENT GG 1§
Eafjounypa §3
nxsfrodrqun 9q

Bopulonp e p o Bwpuan =

(6561) AUVAMTT ¥ MU IS G T (§f s Dy 320ty

Hom 990 + 457 AH L Tenpg
P ulandon ooy t rarew
wrnryp

paglae g
PN O bl NI N pus Lo

udaadan yraed | wrwimgey

Paar oy



METAPOLISM OF F6066 AND PE060 348

M CENTASE _ ADIGACTHITY
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Fhlﬁmrdondmmd e sabotace:
dosea { 14C-Labelled oompoTnds (o vt
2 PSOED b F6086
Mmphwpobdmfmjw

by mouth and subcutancously are thoWn 1 g 3627 £ £ ot o2 -
Is clear that the bulk of the two substances, frepes « oy, =
Bﬂmhlmmmwmtcdhﬂmfmmmd:’w‘;wgc;
perticularly when the substanccs Wero EVEn swbm poe,.

mﬂemaammﬂnn%hwnnﬁﬂnﬂmhmqkz’u:(mﬂiﬁ
of ofl were found at the site of injection Extractoraer . >
tho radicachivity showed that 51/ orl'e(‘,pyque’ .....:::v- *
depot at the mto of mpechon The correspondg Pt

mnpound“CFﬁObDmeS/ L, o POT
ﬂwpurpoworm:nmmmufw" -

scposition of orally admink . T
excretion and depo PIr po i

mxmwammummhﬁ‘htuﬁd
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Fig. 3 Excretion by rabbies of radioactivity in wnine sfier
singhe anl dawn of 14C F6066.

2 shightly different picture, with excretton of a smaller proportion in the

urino than of the other two substances, but a larger proportron m the
facces,

Excretion {n rabbits

Similar experiments with 14C F6066 were also carmed out on rabbits.
Two rabhits were given 4 and 40 ag of 14C F6066 per kg bodyweight.

Strangely enough, it was found that the mbbit, unlike the rat, excreted
the bulk of the radicactive snbstances in the urine. The faccal excretion
did pot exceed 3.5/ of the dose gven. That drethylatilbestrol in mabbats
1 also excreted maunly in the urine has been shown by SuPson & WiLorx
SalTH (1949)

The comulative excretton of radioactivity in the utine is shown in fig. 5
The smaller dose showed a higher rate of excretion. Other eporimenta
with nonradicactive substances showed the same tendency

Exretion in human betngs

Fig. 6 shows the cumulative radioactinty of wrine excreted after
Mmmistering 1-2 200 mg tablets of FE6066 at the same time as an amount
o MC-F6066, corresponding to 6-11 106 cpm The results show that the
fenal eneretion of the radicactive is tugher than in the rat, but
bower than In the rabbit. A considerable proportion of F6066 or lts
Tctabolites Is thns probably excreted in the faeces. No determinations
Sl be made of the actrvity in the facces satisfactory accuracy coukd
“ﬂbhanbccnldxmudwnhmnuhlargerdmorlﬁbutthhm
Eupoesthlz o etbical grounds.
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Flg. 6. Averago arinary eacretion of mdioactivity by three women after
single doacs of 14C-F6056.
Verthals Indicate the ranges

In one experiment with the nonradicactive substance, 400 mg of
F6066 was grven by mouth one day before operation to three patients with
gallstones, In all three bladder-bile sampl Tected at operation were
found to contain F6050-monoglucosidoromic acld (substance 6096). Ons
of the tamples contained <0.2 mg 6060/ml in conjugated form, the other
two moch more, namely 2 mg and 3 3 mg 6060/mL These figures cleady
do not justify drawing any far-reaching concusions, but they do show
that the bile must be taken into account when 1nvestignting the excretion
of F6066

The nature of the excreted products

The urines of the various test subjects were analyzed for excretory
products by the method described under “Materials and Methods™ and
three extracts were obtained A B and C These extracty were chromato-
graphed on & 40 an Sephadex cohmmn and m some of the systems grven
in table 2. The proportion of mdioactive products extracted already
suggested how far the substances had been metabolised to polar prodocts.
No differences m this respect were found betoreen F6060 F6066 and DES
Fig. 7a chows an cxample of the distribution of the mdioactivity in
extracts of the unne and facces from mats after oral admumstratron of
14C F6066 Chromatogrphy in solvent system Pl of the radicactive
extracts from faeces chowed that the bulk of the actrvity was present n
a compound with Ry = 0 45 (Metbohte IIT in fig. 8a) Small amounts
of other products were also demonstrated. The picture yielded by the urme
(fg. 8b) was entrely different. Of metabolits TII only 1 1-14/ of the
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Fig. 7 Excretio of radboactryity wathln 96 bours after
single doss of 4C F606S o
L rat (3-12 my/ky body weight)
b, bkt (4 my/ig body welght)
Ao shown I the dhtniutron of radiosctryity amony the vanom extracts of arine and
faccer, All parcentages are (n tems of dose = 100%.

dowe was recovered, whereas all the other products except the munor
metabolite [V were more polar Correspondmg results were obtamed by
chromatography on a Sephadex column (fig. 9} extraction of the radio-
actve fractions obtarned and thin layer chromatography of these extracts,
The cluate was fonnd to comtain the metabolites listed n fig. 8.

In excreta from rabbita, of which, as mentoned carller the urine
contained the bulk of radioactrvty emanating fram 14C FG066 the propor
tion of the “confugate extract B was much larger than in those from raty,
especially after the large dose (40 mg/kg) In fig. 7b the distribution of
radicactive products m faeces and urine from rabbits is thown, Fig. 10a
thows the distribution of the radloactivity in the eluate obtnined on
Sephndex chromatography of extract A fram mbbit urine. Farther
separation Into extracts B and C yiclded relathely pure sohutions, from
which metabolites were isolated by Sephadex chromatography (Fig.
10b & ¢)
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Flg. 11 Separatio of portlon of pocked buman urime extracts A,
Column  Bephadex G-25, modlum.
Flusnt 01 M NaHCO; — 0.1 N-N OHL.
Radioactivity has besa determined by plating and countfng 0.2 mi portions of the Indrvicheal
10 ml frections.

From human unoes more than 9% / of ths radicactive products could
be ether extracted (extract A) On Sephadex chromatography of this
extruct only a small part of the radicactivity was found in the fractions
corresponding to F6060 (390410 ml) Most of the substance grven had
been converted mto polar excretion products. (Fractions 180-270 and
280-380 ml 1n fig. 11)

Isolation and Identification of metabolites

In an attempt to 1solate the products excroted in the urine, 2 rabbits
were given daly oral doses of 400 and 2000 mg of F6060 for 3 days. The
unine was collected for 6 days, and the products wers extracted by the
method described  After evaporation of the solvent of “extract B 2 g
) of a syrup-hle substance was obtained. After recrystallisation 3 tumes
from acetone-benzene. 65 mg of a slightly yellow substance was obtmined
this on chromatography in the systems H1 and H5 gave only one ultra-
violet absorbing spot, which also showed a positive reaction with Folm-

Ciocalteau s reagent.
Of the substance 0 $ mg was tirated with 002 N—NaOHma.nt‘mto;
matic titrator (Radiometer TTT1) The equivaknt weight was

from the trtration curve and found to be 451 and the apparent pKa 3 1

Of the compound 0202 mg was moubated for 36 hours at 37 with
p-ghicuronmidase, after wiuch the hydrolytc product was extracted from
the solution with ether After cvaporating and dissolving the residuc the
ultravioket spectr were determumed 1n 0 05 M-N2OH and HCL in 50/
(¥/v) methanol. Except for somewhat ugher extmetions at wavekengths
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<225 mp, the spectra were the same 10 acid and alkaline solutions as
thoss of F6060. With the aid of the extinctian at 270 my in alkaline solu
tion the amount was calculated to be 0 117 mg F6060 That the product
of hydrolyns was fndeed FG060 was elso verified by chromatography in
thres systems.

The substance lsolated from the “B-extract” therefore most probably
isted of F6060-1 ghucosiduronic acid and was designated F6096.

Cakulated Found
Mw =454 451
/16060 — 614 580

The substance is readily saluble in alcohol, acctone and alkall satuble
in water and almost insoluble in benzene, For ultravioket spectrum,
00 table 1

The conjugate proved relatreely unstable when kept in I N HCl for a
day crystals of F6060 formed.

Extract C from the sbove-mentioned rabbit urine was diluted with
1 N-HC1, and about 200 mg of a colourless crystalline substance wes
isolated, After recrystallizanon twice from 70,/ (v/v) cthanol the mb-
stance showed the same ultraviolet spectrum as F6060 On paper and thin
Ixyer chromatography in 3 of the systems given in tabls 2 the compound
gave the same Ry-values as tho reference substance F6060

Becamse of the low water solubility of F6060 it is probable that fresh
urme contaned only mmall amounts of this compound, but owlng to
hydrolysts and enzymatio processes in tho urine, and to the acld millen
during extraction, it was released from the origina! conjugate excreted.
The metabolites of F6060 and F6066 found to occur in urine extracts
were numbered I-V1 in order of docreasing polanty in the chromato-
graphic system Pl (soe fig. 8.)

Metabolite IV (fig. 12) occurred in only minute amounts in extracts
from the nrine and facces of rats. The Rr-value of the mbstance n system
Pl was 0.55-0 60, Le. a value between thoso for F6060 (Ry ~= 0.47) and
F6066 (0 77) Since 1t coukd be demonstrated only as an excretory product
of F6066 but not of F6060, it was assumed to represent a stege m the
deacetylation FE066-~F6060, probably the “monoester”

chunafthnlcwconmtnﬂonluﬂnemmmdﬁnmmlymhc-
tire the corresp d pts to dentify further the sub-
mncubymmd‘inqxunmubmdomd.

Metabolite ITI occurred in ell extracts from the facces and from the
urlne since 1t satirfied the five cnterds listed below 1t was comsidered
Hentical with F6060,
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Table 4

Distritation  { radivactivity ko rats and rabbits 5 hours after orud dosing
HCIabelled F6060, F5066 and diethyistThestrol.

Radioactivity cpm  10%/g wet weight

Ad
re  Kid Leg
Blood Ovarkes| Testes Utlnn. el rays ’ Live Bl f
€84 108 cpm
dratieyistitbestrol
T thres rais 04 3m ~ 39 a4 097 em -~
122 106 cpm
Fe6o
to three raty o1 960 - 4353 a3 =50 214 o10
630 104 cpm
FeDes
10 thres ruts o1z 14 413 ass on 140 a1l
33 108 cpm
FeDes

0.011

1 two rabbts 0.009 0.047 -r u.u‘ 17 un( [£1]

appears to be a reasonable explanation for the relatively slow excretion of
the degradation products of F6066 in the unne.

The expenments showed that F6060 and F6066 1n the rat have o
metabolic fate mwmular to that of diethylstilbestrol Ope of the most
striking findings in thrs investigation has been the large difference between
the metabolic fates of F6066 1n different species, both fn the excretion
routes and 1n the nature of the products excreted.

Sarrmary

The excretion and metabolism of bis(p-acetoxyphenyl) cyclohexylidene
methane (F6066) and the corresponding non-acetylated compound,
F606Q, were studsed 1n rats, rabbits and human subjects. Use was made of
diethylstilbestrol as u reference substance in the metsbollc studies
metabolically it proved to rescmble F6060 The most relmble results
wero obtained with 14C-labelled substances.

Measurement of the radroactivity m the urme and facces from rats given
4C F6060 and 14-C F6066 showed that the bulk of tho substances ks
excreted in the facces, whether the doso 13 given subcutaneously or by
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mouth, whereas in rabblts the bulk of the radloactivity 13 excreted in the
urine

Human urine collected for up to 6 days was found to contain 17-35 /
of the dose 14C F6066 given and that mainly in metabolsed form.

The rate of excretion in all the species studied was relatively low
several / of a xingle dose appeared in the excreta later than on day ¢

The urinary excretlon products were found to conslst not only of
metabolised and conjugated substances, but also of highly polar com-
pounds not extractable with ether from an acd solution

In the facces of rots and rabbits the main product was F6060 even on
administration of F6066, but here, too a amall proporiion of the sub-
stance had undergone metabolic conversion to polar products.

1In bile from the rabbit and from human sobpects F6060-monoghucosid-
uronic acid was identified This compound was isolated In pure form from
rabbit unne also
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Interfering Substancey by Determination of Poisons in
Autopsy Material. V 5-Hydroxymethylfarfarol

By

Beut Keampe
(Recehyed Augont 19 1965)

Dunng extraction of posons m autopsy matenal there may be pro-
duced as previously siated (Kisee 1965), mbstances that interfere with
the spectrophotometric analyns of the extract. In the study reported here
one of thess substances, 5-hydroxymethylfurfurol, has been further
studied. The absorption curve for this substance in the nitraviolet region
has often been seen on analyxis of fresh antopsy material and foodstuffe
(¢.g. potatoes and bread) for polsons of an acid character when vang the
so-called Stas-Otto extraction method of solation. Isolation and identr
fication of the substance will be described below and a method will be
given for separating this from sallcylic actd and barbiturio acds, which
appear 1n the same extraction phase.

Technique
General technigue

Plyncal coneta s are determmocd s described previously (Ko 1966, The substsnce
fs placed between two plates £ sodinm chloride for infrared spectrophotomaley

As object {  wnatysht we used  Mnglo human liver stored whols for 2§ mozths at 4-5
{Tho death 1 the person concerned had probably been cmecd by blow on the curstid).

Extracpex (U modificatio  f the Kta-Ott  mwthod).

To 300 § mmced lhver tisroe ware added 1 Litre of 95 stbanol and crystallioe tartaré
scdd to give A acid reection The mixturs was keated v botling wator-bath for 1-2
bowrh. The akcoholic layer was centril god off ad the rekine extractsd twice, cech timme
with 300 52l of 95X ethanol The combeed akcobal extricts woro cvaporaicd to 100-200
mlon sicam-buh at & premure of 70 mm Hy. T the reshtant extrect 500wl of §X
cthanol wers added the mmturs was wmﬂwmmmww.wwﬁ
100 1L Tho resultant concentrate was cooled d wn end fltered, after which the -
was distilied off. Evaporation to dryess was voided by gradual ddition of weter
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few milinres of 2 N-H304 The cooled fltered agoeous solution { bout 50 ml) wes
extracied throo times, ench time with a large volame of sther Anhydrout sodlum seiphato
wis added 1o the combined extracts. After fittrution and then svaporatho  on 2 deam-bath
to S ml, the kst recanent of cther way remored by standing w1 25 The revidno was boated
three tirmws on & bolling water-belh, cach thne with 20 ml of water A few mllRres of 1 M
phorphats beffer pH 6.6, wero edded 1o the combined, cooled and fitered queous soln-
tioos. Thh wes evtracted five thmat, each with an equal volume of chiorof rm. The com-
bined dried chioroform extracts wers svaporated 10 bout 30 ml The chloroform extract
wis shaken cacs with 10 ml of 0.02 N borat buffer pH 108, which wm extracted with
50 ml of chloroform before being dnoarded Tho t»  chloroform extracts were mixed,
craporated to 1 ml amd then tramferred to § mim thick sctivated silies goi-0 plats. The
plats chromatogram was developed with & mextore of squal parts of chioroform and etbe
(N, wnp bilsbed method 1965). The meteria) in the arearoand R o 04 wis seruped.
off od ehwted twice each time with 15 ml of methanol The methanol sxtracts wery centri-
rmmammwmmmmmpmum-baumnmmn-
preseore of 70 mm Hy. The resldos was to Eder's

taber, A cloarfl 14 (1 Imﬂmcoﬂuacdbymblmﬁbn t70 and a pressars of 3 mm Hg.

Rescits

The spectra of the amorphous substance solated from liver have been
recorded 1n the Infrared and the ultravioket regrons (see figs. 1 and 2,
respectively) A dark spot with Ry value = 0 74 is scen 1n 254 my light on
Whatman peper no 1 developed with a mixture of n-tnrtanol and water
in the ratio of 100 15 (WALKENSTEIN ef af 1958).

The constants foand corresponded fardy closely to the data in the
fiterature for S-hydroxymethylfurfurel (SH.M.F) A sample of purc
S-hydroxymethyifurforol, Fluka, was used for comparlson Its spectra
in the infrared and ultraviokt reglons have been recorded (seo fig. 1).
It Ry values, with tho plate and paper-chromatographic systems de
!Cn"bcd ubovu,wcreOAZandOﬂ respectively (like meprobamate) The

lised on the plate-ch as a yellow spot by
spraying wn.h the chlor-benzidine reagent described by Vipie (1959).

Comparison of the results for the amorphous substance fsolated from
liver with those for 5-hydroxymethyifurfurol showed these matermals to
be identical

As S-hydraxymethylfurforol shows an intense absorption band at
about 280 my (5 pg S-HM F./ml ~ E = about 0.8 with a [ight-path-way
of 1 cm) and a weaker band at about 225 mp (sce fig- 2), its presence will
Interfere with the spectrophotometric determmation of substances that
are co-extracted with ether from an acld aqueous phase, e.g. salicyhe
acid and 5,5-substituted barbftunc acyds. Atiempts have therefore been
made 1o scparate S-hydroxymethyifurfurol from the substances men
tioned.
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Separation of S-iydroxymethi ifurfurol from salicylie acid
and 5, 3-nubstituted barblturic ackds

On Whatman paper no | developed with ALgert & WALKER 5 (1952)
mixture, used in this Department for determmations of barbitunc acds,
S-hydroxymethylfurfurol has an Rr valus of 078 Accordingly thus
sysiem is unsuitable for separating this substance fram the ordinarily
occarning barbrturic ackds (Rr 0.5-08)

Extraction experiments

Barbiturk acids and salicylic acid are sepamble from co-cxtracted 5-
hydroxymethytfurfurol by repeated extractions of the S-hydroxymethyk
furfurol with an ebundant volume of ether or chloroform from an
alkaline aqueous phase (pH > 11) Barbrturic ecids and salicylio aaad are
well-known to remain in the alkafine aqueous phase,

Table 1 shows that pentymal (same Rr value as S-hydroxymethyl
furfurol on ALGER! & WALKER & (1952) system) can be separated from
Shydroxymethylfurfurol by a mngle extraction with chloroform (or
ether) from an aqueous solution at pH 50, to which has been added
N2,8;05 Unhke pentymal, S-hydroxymethylfurforol will remaun in the
aqucous phase,

Spectrophotometry
Absorption maxuma for 5-hydroxymethylfurfurol at about 280 myp,
measored at pH 2 and pH 10 but not at pH 13 disappeared on adding

Tabke 1
Partiiion at room for $-hydroxy ol
and pentymal
8 betence Aquenus phrss egamet { Chloroform I Ether
3 hydronymathylfurfuro] Q) N-H130 13 10
Borets buffer pH 10.3 27 29
0.1 N-NaOH 1N 34

Phosphat  buffer pH 5 witk
§ mg N 13,04 per milldhre
addcd almowt off de

Pentymal Phosphat  buffer pH 4 witk
9§ org Nay$;O3 par oiilitrs
added

Ac prarmaroiegi. vl 33 (a0e.
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N2:S;0s to the solution. On spectrophotometric determination of such
substances as salicylic acld, for instance, which absorb at about 280 my,
interference of 5-hydroxymethyHurfurol can therefore be elrmunated by
adding Na,S;0;5 to the measuring solution as well as to the reference
cuvette,

Discossion

Dunng heating of hexoses, especially ketohexoses, 1n the presence of
diluted acid S-hydroxymethylfurfurol is produced

As hiver tissue normally containg glycopen (glucose) and also glucose
and fructose after intake of sugar the substance must be expected to be
present in hiver extracts obtmined by such extraction ns that described
above under “General technique”

The characteristic absorption curve in the ultraviolet reglon (sec fig. 2)
rrust likewise be expected during spectrophotometne analysis for poisons
m gastric contents including carbohydrate-containing foodstofls (o .
potatoes and bread) when extmaction is performed as described above.

Sammary

One of the impunties often seen on spectrophotometnic anatynis for
posons of even fresh post mortem hvers and gastric contents extracted
by the so-called Stas-Otto method has been identrdled as S-hydroxy
methylfurfurol Methods have been described for teparating it from
barbitunc acids and salicylic acid, as well as for eluminating its inter
ference during spectrophotometric anatysss for poisons.
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From tho Pharmacologxal Departinent AB Ferrosn, Melms, Sweden

Bis (p-acetoxyphenyl) cyclohexyllidenemethane (F 6066),

A Non-Sterotdal Compound with Pr d Effects on
the Reproductive System
BY

Niebs Elner-Jemen
(Recrived Angust 19 195%)

Since the discovery of the oestrogenic properties of stilboestrol (Doobs,
Gorpprrg LawsoN & RomnpaoN 1938), the search for new non-steroldal
oestrogens has mainly been conceptrated on demvatives of stilbene and
dihydrostilberte, but other szbstances have also been studied, e.g. dertva
tives of diphenylmethenes, dipbenylpropanes and tophenylethylenes.

In an extentive study of triphemylethylene derrvatives, inftmted by
MEeNTZER & DaT XUuoNg 1946 and later confinaed by Maquet, Buu-Hoo
& ROYER 1955 and MiQUEL 1958 alky! groups instead of a benzene ring
were introdnoed at the B-carbon atom. Later on, the alkyl groups were
replaced by a satumated cyclic group (MmuEL, WAtLSTAM, OLSSON &
SuNDBECK 1963)

One of thoss mbstances, bus(p-acetoxyphenylcyclohexylidenemethanet)
F6066 (sco fig. 1), was sclected for clinical tnals after having shown a
relatively stronger antigonadotrophic than oestrogenic effect in animal
cxperiments (table 2, and BARANY personal communkeation 1962) In

90 @0

Fig. 1 Pormolas of ba(p " (Fe0ss)
and the dmcetylated compound (F6060).

1) The cubstanco was aysibetard by Farrosan Lid, Malmd, Sweden
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The method of Srewatar (1958) was modified, with injectioms o two comerutiye days
and observation [ r 3 days. During the first and socood days the antmals were fojectsd one
hour before the eating period, and the food comumptio  wis mexsured after  and 5 bourt
o tland Induding the fifth day Each doso kevel was given to 10 antmats. In this experioant
the valuex I day 1 (a Monday) are recorded, with tho reservatlo  that no trabalng of the
animals could be carried ot 0 Saturdays and Sundays. The results ars given for 2 boar

Reproducrion

10 raale uod 10 female ruts weigh! g about 100 g were | Jected subeutanecasly fve times

week [ 6 weely with 2 mg per animal of & solut! n of FS060 | olive cil Duting this
period 5 animah of the same sex were caged together but fler thoe 6th week | mak eod 2
femalcs werw placed I the same cape.

To distinguish changen { fertility In ecuch sex afler doring, tome of the antmak wern
caged together with animals of the opposito cax treated whh live ofl for the same period.
‘Tha different combusations are presanted | g, 6, from which [t can afso bo seen that oo
of tho antmals were glven Inpections for further 3 weeks.

Exactly the samo expenmant wat carried out with F6066 (fig. 7).

Asabolle et ox watte nd caviroted mal ratx

In co nection with the previously described test of the effect on testes and prostetr, the
levator nl muscles were taken omt and welghed. Tn castrated anlmale and bncresse la
muscle welght way conudered to indsate n anabolic effect. (Hrxmumore, Buiriry &
Mrvn 1953)

Lactation

I order to study the effect on lactation, F&066 was grven & dose of 5 mg per uokoal
subeatancoumly to lactating rats o days 4-9 after the birth of the young. Esch groap con-
siated of 4 o0 mabs, each with 6 young A group in which esch ammal reeebed 0.1 mg

+1lmgp Ty served as coatrol
Diwretic «ffect
F6066 was grven onally dissolved in ollvo cal, t groups of 4 Tats ta dosege of 30 mpiday
by stomach tabs for 2 days dlately after the 2nd tion, sach rat was placed

over fanocd  d the unne wes coliceted for 72 hour. The mak ats weighed on avargs
180 g and tha fomale rats 170 g The resulty are shown In table 7 which gives tho relathe
values of ths excretio th valoes of the comesponding control growp bemn taken e 10
Sodmm and wero by flame p ry chlorido by completometric
titratlon. Creatinine wia determuned col nmetncally (LAsmn & Neeon 1963

Aninfamemtory efect
Th-m-(hod;d:-mbadbme!rumaAm:mWﬂudbycmlﬂ'i

Romox 1963 were slightly modified. Made ats welghing boat 150 g were

under ether anaesthoma. During th test period the anlmals wero

the bd men. This was done wath the
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Table 1
Acute orul t ety f F6066 axd stifbosstrol | mice.
Adminhir
Welght of Swp. gun areble tom delly
ancmal duaolved n romber of | D% myfkgiiay
gram olive 11 dan
19-24 F6064, susp 1 > 125000
i1 F5056, solutlon Fs >16004)
n-7s 6065, solution 2 >16001)
19-23 Stliboestrol, soluon 2 366 (403-T84)

1) The highest dose tested. 6 anumabs per does wero nyed.

froms the pelicty &2 possibic The first day was the opsration day On the R duy the xrlmal
wers killed and the peflets, togriber with tho firm timme xroand them, wers weighod wet
224 after rtoraps at [00° for a minzwrm £ 12 hours. Five antmale wers ooed per doss, ed
the mbstance was disolved b 0.2 mi olres ofl. The prednisoloae acetats (Meticortalona,
Schermg Corp.) was ghven mbcutsncoutly as & smpension.

Atigemagenic cfoct
A modified CLaURERG® tast (1930) was cartied oat oo 1mmatre female rabbity (S00-$00
sram). After poimibng with 0.5 g for 7 dsy, of 02 my/kg

and varlooy doses of FS066 wero injected subcwtapeously for another 7
day1L On the 15th day the anioesbs ware klTled, and the oter] were examioed

Resnlts
Acwte taxicity
No acate lethality of F6066 was obscrved. At low doses the animals
showed no obective tigns. At higher doses they showed diarrhoea, in
croased motor activity tactike hypersentitrvity and anorexia for 24 hours,
Similary treated control ammals given olive oil by stomach tube showed
anorexa within 46 hours and sometimes dizrthoea (tablo 1)

Determination of subchronic toxicity
The growth rate was rednced (fig. 2 and 3). The weights and macro-
scopic appearances of vanous organs (heart, spleen, lver kadneys and
thy'mid glands) did not differ from those of the control animals. Histo-
logxa! cxamination of liver Jadneys, thyrolds, adrenals, pituitary glands
and bome marrow did not reveal any signs of toxicity The weghts of the
adrenals mereased 10 the males, and the welghts of testes, ovaries and
1) J7-B-Ocxsrehslbenconts, Mun Rescarch Laboratories.
Inc. New Yock = Oestradiolbenroats.
; 1% ACO, obm =
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Flg. 1 Growth rate of yoany fomale rats after dosing by stomach tube § 25 oz 123 of
mykg F6O66 por day during 15 wosks. The growth rets ke decrensed and seens to b
dspendent on dose.

0 L] »*
s

Fig.3 Growthrate [young mate ruts fier doslng by stomech tubs & .
23 or 125 of myks F60S6 per day during 15 weeke. The redwctia ja nweight (e
more pronownced than for the femele rety
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Table 2

Putubiary nbibition test, vegisal emear tet and text for uterotrophic
effect of F6066, stiboestrol axd oestradiol.

Effective doso fo 45X Vaginal

decrenm of mear from ED sterotro-| g,
phic effect
ar feroale rats, [ehed
(1) testen prostats EDW () miee(4)
Fo06h 0.3 mg 02mg oTEmg  lépg
Sioestrol

diproplonate. >1l.6ng 0Tpg O4sng 0019 g 07
Ouatradiolbenzoats Q4 ug 03 ug 024pg otk pg os

3 euta pet dows (a the pitaitacy hnhdbitien tat, 20 ovatbectarmired rata per dowe 1 the vaginal
unear test and 10 Immaters muce per doso n the Tterotroplic test wers wsed.

prostates decreased, the latter to such a degree that they could hardly be
found. Repeated haemaiological investigations (hacmoglobin values,
red and white blood cell count, differential count) did not reveal amy
deperture from the normal blood picture.

Pituttary Inhibition test vaginal smear test and
test for werotrophic effect

F6066 has an oestrogenic cffect, but one only about 1/aq th thoss
stilboestrol and oestradiol. The inhibrtary effect of the substance on
testes and ventral prostate is relatively stronger than that of conventional
oestrogens (table 2)

In the test for uterotrophic effect, the activity-pattern 19 different for
F6066 and the potent oestrogens, partly in that ihe maximal drywelghts
of utervs (obtmined with 10 times the doses mentsoned in table 2) differ
with F6066 4 7 with sulboestrol 6.7 and with oestradiolbenzoate 5.8 mg
and partly in that the uter1 from animals treated with F6066 had a whiter
and fattier appearance than those from the others.

Differences between F6066 and the potent ocstrogens were scen even fn
the Allen-Dolsy test, because, besides the ordinary comified cells in an
oestras smear after F6066 dosing, more non-cornified epithelfal cells were
present than after dosing with stilboestrol and ocstradiolbenzoate.

Absorption
F6066 has & uterotrophic ¢ffect by both the subcutanegns and the oral
route, The effect after oral administration was greatest when the substance
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Table 3
Absorption of Feots After oral 2nd sabowtansons ndministration
to Immatars female mcs.
D
Admink. fory
g S 0 B
weight mg
FS066 dissolved 1n 0.1 ml live ofl ” 102 iy 0.8 n
po 97 267 06l 7
FéOGédblomdlnﬂ.lmlcomoﬂ * 105 3z 0% L4
po 103 278 o »
leu.p,lnﬂ.lmlnm T b 3 104 139 080 k)
po to2 1.69 [:9E} ¥
Ocnndiofbenxmu. Q028 pg, dis-
sotyed In 0.1 i olivo oal oo
Comtrol 0. m! live oll | =z
— e
F6066 dmotved in olive |
meh‘ocry:uhmp 1 ‘
gum arabic po 121 57 03 “
Febts macrocrystals unp.
0.9 } B

2. } 213

9 Pmupdmmdqunvmumu,mmﬂm
§ = stacdlard demation 10 2rumal per dose wers used.

wudusclvedmuﬂ_%mnmpcnmnmgiwu.thceﬁ‘mwumw
pronaunced&nmmmmh(mtﬂe3)

Growth and appetite
'I'hcsrumhru.tcconapondxtomtmfmdmthcadhﬂdnl the
dosngcchoanha:ruvlmgperdnypcrmhmlmbcutxneouslyinﬂﬂve

mgpcrkgm31.!111ﬂ.rnhicdai.ly(10nmnmkpcra:xunddoscltv'tl),ﬁx-_m‘c
10 6080 / of the normal (fig. 5 and 6) o
cffect porsisted 3 davs after the mjection. In a eo(rrmpf;ndfﬂs t:ulu
bypophysectommzed, previously trained malo mis unpublished

from our laboratories) it proved difficult 1o obtamn stable aomrrof vu'“?r
bmnalhingmthctmnudmrmanummkcﬁcahmo F6066
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nad
-

Fig. 4 Weight tncresse hn yonog muke and female rats after
scbcutaneows [nfections of & Ared dose (2 myg per day per aninmal)  F6068  F6040. The
rute of mcroese 1 deproesed by both substancer.

L33 IS v o
Fig 3 Anoreugemo effect of F6086, F6050 and stulbostrol

00 adult ramed femelo raty. Extoug peniod 2 hoars with 10 nmuals per doss. Doso expressed
ay per ky day
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Fig. 6. Anorexipenko effect of F6066, F6060 and stflbowstrol
©on adult trained male rats. Eating period 2 honrs with 10 animah per dose,
Dowo expressed &3 my per kg per day

stilboestrol, though dexamphetamine 15 still effective under the sme
condftions.

Reproduction

F6060 and F6066 produce a revernible sterility in makes and femaks
(fig. 7 and 8) The stenlity persists for a few weeks after discontimulng
administration. One fernale continued to be sterile for more than 14 weeks
after F6060 was with-drawn end one male was sterile for moro than 11

Fig. 7 hmdmhﬂdmmammmwdzm;mpﬂm
S times & waek for 6-9 wesky. The mals of female ats woro stece for Injection peried
wnd for 1 15 weeks after but all except opo famale became prepsast.
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.
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1? e
93 ! T
0 | e
P f— -
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pat st -Tod

Fg. 8 Rmﬁmdrmnﬂnwbcmmln}nbudzm‘pmw 3
lu.-ckmfﬁ9mhmmhmlmhnu‘mmfwmhmmumhr
39 wechs afler m-ﬂwmmh(mlrmhmhaumr

wechnﬁtrdudngthhFGOéﬁ,mtﬂmnmLhmﬂgHmBo“nfmml
in our rat-colony Y
Anabolic effect an castrated male rats
There was no sign of any anabolic effect of Foogs on
Owstradlofbenzoate and stilboestrol have a weak g IWW o
mmwdu.nimnh.Noncofth:wbmrmdmwm‘dshl  th
museulus ferator ani In non-castrated rats (table 4) ol the
Table 4
Anabol effect of F§068, stifboertrol 1nd vesradod ——

M lrator e jy [
Body wegh!
w ey ’ when nped: §
/
Olrve o1 “
L Y] 1
1 wg silboentroldiproplonats L I e ﬂ :11-‘
1 pg oestradiolbenroats @ ylny it
Otive o4 2, s
1.0 mg F5056 st 3 g prt

3

s f)
1.0 mg Fe0sd 1. pet
“Tha test wers performed o 2 different werks oy

% por doae.

e
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Table 5
Effect on Lactatlon afler adminbtratton of P66 or
omtradiol 4- progastorooe to lactating rats.

Welght of

Dowe/day/| you gat |Weight on Weighton| NTTEDE

Bubatance wnimal | testetart | Sthday  Sthcay | L9

) young

Oentradiolbenzoaty Olmgl

Progesterone 1.0mg) 316 396 1% 17
Olivo ol 313 467 0 4
F6066 50mg 259 395 431 [
Oltve oll 234 3358 417 ¢

‘Tho test were performed In 2 different weeks on 5 lactatleg raty s each group.

Lactation
There was no evidence of decreased lactation 1n rats from the doses of
F6066 used (table 5)

Dturetic effect

F6066 has no druretic cffect during admunistration, but diwrens and
Na excretion increased 3 days after administration of the second dow
(table 6)

Table 6
Diuretic effect of F6066 bn rate
24 hours 4$ho o 72 hovny
Urlnary exeretion | — _ -
Makes ‘Ftﬂmlcl Maks }Feu-.\cl Males | Females
Draresls. 13 13 14 15 14 0
Na 09 as 13 13 I ZJ"
K 10 os a9 0 07 !
a 11 1o 12 o8 a7 :-"
Crestinine 09 ( 10 0.9 11 o3

Refative valnes, tho alucs of the correrpoedleg control group being taken af 1.0- Each
group coesists of 4 xnimaks.
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Table 7
Antiinflammatory effect { F6066 and predaholone after implantation
of cotton pellats into edrscalactontized rate.
Pollats + Pollats +
Body welght
Mydy oo gremloms, wet, | gracslows, dry
mg per asimal mg per suimal
.
Olivs oll 165 M 174 790
0.5 Predakoloneacrtats. 123 7 9 100 14
10 F6066 133 " 1% 203 40
3.0 PEOSS 123 0 1 107 10
+ 0.3 Prednisolonsscetals
Control valess taken ma yoity s = standard devistion.
AntiHnfianenatory effect
No ant-laflammatory effect or isrn against predat: could

be detected from the doses used (table 7)

Anti-gestational effects

I 0 5 mg/kg F6066 or more was injected simuitaneonsly with 0.2 mg/kg

no effect of the latter appeared 1n histologheal sections of
mnmmHSmﬂRGFGMmmonlydmugthohntwodm
before alaugt the typical sccretory

mmoncouldbomadcpardytomgmn(ﬂs.9lnd10)

Fg? Utorus from an mmtore nbbit ugscted on deys

1

wihh 0.5 y oestradolbearoate and days $-14 whkh Q. mg progerierons per

anbral Frudon on day 15 A typical sscretory endoaeetrmm b s
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method of HERWERGER, SATPLEY & MevER (1953) for demonstrating an
anabolic effect. Even 1f this test may not be specific and has recently been
subject to cmtrcism (Haves 1965), it shows that thers 15 # difference
between the action of F6066 and conventional oestrogens, in that the
Iatter causes o growth of museulus levator ani in the castrated anmaly,

As shown 1n the [actation test, the LTH does not ssem to be depressed
by the dose of F6066 vaed.

In primates (FHER & ZUCKERMANN 1937), in dogs (DANCE, Liov &
PrcxroRD [959) and 1n rats (ZUCKERMANN Pataex & Hanssox 1950),
the water retaining effect of netural oestrogens and stilboestrol has beea
demonstrated. The same thing can be shown with F6066 given in large
doses (170 mg/kg) In the diuresis test on rafa it 1 shown by the fact that
the unnary excretion of sodnm ncreases when the effect of the Iected
substance declines.

In an autormdiographre study on muce with 14C-labelled F6066, Hann-
GREN, EiNex Jersen & ULLeerc (1965) have demonstrated a selective
high secumulation 1n the corpora luten and yolk-sac, This accurmlation
in corpora lutea, the antigestational properties in Clangberg s test and
the antifertility propertses when injected 5 times a week into rats smepest
that F6066 and similar compounds may be useful as antifertiity agents
when given 1n the perod after ovulation but before the placenta beging

progestagen production.

Sommary

1 F6066 is absorbed by both subcutancous and orul routes in R
and mice.

2. The acute oral toxicaty is low in muce.

3 No mgns of toxiaty were found in a 15 weeks teat for chroo
toxicity in rats, but some inhijbition of growth and appetite wai 0

4 An uterotraphic effect in mics and & vaguotrophic effect In Al
were found, These are recognzed critera of ocstrogenicity but the doxs
required were large compared with those of normal oestrogens. fas

5 F6066 causes o decreaso in the welght of testes and prostate It
a more favourable ratio of pituitary whibrting effect to
than the conventional oestrogens.

6. F6066 has no enabolic effect 1n castrated male rats.

7 F6066hmami—mﬂounlprcpurbuinrnnandmbbhlf\i°'“'ﬁ
lwrﬂuymnbendmvuﬂubothmulomdfmknu



ANIMAL EXPERIMENTS WITH F606s 38

REFERENCES

Afoqrist, £, D tkkos & R. Luft Studies on Salfstion Factar (5F) Activhy of Human
Serwmh A ta Endocrin. 1961 36, 577-595.

Almqyi, &, D Ikkos & R. Luft Stodhs on Sulfution Fector (SF) Actrrity of H man
Serum. Acte Endocrin 1961 36 138147

Barik, U k. & O Pincns: Effect of Sterofdal Anth-Progesting on Implantatio  of Fertllired
Eggs of Rats and Mice. Proe, Sec. Exp Biod M £ 1962, 111 svs_au,

Bayler A. L. 4 G O Pott The Effects of d exyt
plonats on the Reproductive Tract of b latnchmllcRmL-d-a-lmbgﬂsd.w.
319531

Clsuberg, C Zur Physo! g nod Pathologls der Sexualbormone, tn besoaderen
Hormont des Corpus hatenm ZM. for Gymdi. 1930, 34, 2757 *7170.

Cygielman, 8. & ] M. Robteon The Effect of Irrita t 8 btances on the Derosition
Granniation Tuews fo the Cotton Pelict Test J Pharm. Pharmacol, 1963, 15, 794

Dascy P X Lloyd & M. Pxckford The Effects of Stlbestrof aa the Renal Acthnty
Comclous Dogs. J Phrsiol 1959 145, 225~ 50,

Dodds, E, C, L. Goldberg, W Lawioo & R R bimsoa Extrogenk: activity of ssters
diettyl stlTbocstrol. Natere 1938 142, 211 2la

Emmem, C. W (Ed) Horswse Arsay Acadomsc Pres [nc, New Yok 1930,

Faber R H. & § Zockerman The Distnbutbos of Water in the Scxma! Skia of Monkey
J Phrsiel 1937 68 1517

H-I-lnp'—.A..N Eloer-J &8, Uliberg Dy pittern of a ok ’

AC-bes(p-ry Feo6n)
ndtuihcﬂ.ll (compoand F6065). Acm Endvcra. 1963 S0 33-43

Haongren, A, N Einer Joowen et 8. Ullberg Specific uptake in corpora Intea of & pon-
terold eubetance with anhptitagenic propertics. Naisry 1963 108, 461-45..

Hepta, K. 1 The Socalled Levatar Anl” of the Rat A Endscrin 1963, 48, 131-347

Henbberper LG E G. Khuphy & R K. Meyar Myotrophus Actrvity of 19-Nor-testoste
rone and Other Sterosds Determimed bry Modrfed Levator Ami Muscle Method Prec,
Sec. Exp, Dol Med 1931, 83 175180,

Hugpm, C. E. V Jemern & A S Cleveland Chemsal Strmctare of Steroxh n Relation
to Promotion of Growth of the Vagoa ¢nd Literss of the Hypophysectomized Rat,
J Lxp Med 1984, 100 25~ 40

Irwiy, 8§ Drug Screcaisg and Evaloatrrs Procedures Scwmce 1962, 134, 123123

Xray T L Effects of $nibestrol on Puextary-Adrenal Funclioa 1o Mak and Female Rats.
Prec Sec Exp Meal Mrd 196) 112, ¢759-48)

Lersgom, H  The metabolic fats of B(p e
«nd iz dmwcetats  FOOGE Acte pharmecyl. of sxical 1943, 13, 337-339

Limen, ) B. & O E Nwben Investsgations fnto the Drurenc [ffect nd Ehonation of
Triamiarese. Acta pharmecel e rexicwl 1943, 20 M9-314,

Lemson, H. D C. G Heller J B Gokden & E- L. 3evnaghuer The Immarere Rat Uterut

aad Exnol
Ndu:,.v Relation of Food Infak to Growth-Deprwaing Actlo of N toral xnd Artdicral
A £ Physiel 1949, 199 3186,
Mmtrer C. & N. D t Xuong Sur un mods de condensat(on anormal de cona oy chlorares
Eackies ned d éthery pldoctiqoes, of som spplaabon Lx syothim de démdy
,Wc-awnulmm,lw-l-lm

- oW N



382 NIELS EINER JENSEN

Moyer R K., J C. Stocki & K A. Aubsebrook  Effect of Pregoency nd Lactatlon on
Granuloma Thioe Formation and Joint Parmenbllity in Rats. Proc. Soc. Zrp Kol
Med 1953 84, 624628,

Miquel,J F N P Buw-Hol & R.J Royer Fricdel-Crafts Resctions with Methyl m-Toffl
Ether J Ck A.Sx 1955 3417-M20.

Miqoel, J F 11 Dip 2, A New Isomar of Stilbestrol
Actn Chem. Scnad. 1958, ll, 274—2:0.

Miquel, J F H. Wihirtam, K. Olaoa & B. Sundbeck Syatheds of Unsymawtrical
Dipbomylalkencs. S Aed. Chem 1963 6 774730,

Nyls der G & N Terner Ett nyit hypofyshimoands peeparst vid cancer prostatas.
Nord Med. 196 70, 12411 45

Nyluwder G. & N Terner A New Pituhary-Inkibhiog Compound In the Treatment of
Prostatic Cancer Urel Inr 1964, 17 129143

Permo B, H. The Effect { Bis(p- Y [{

F6066) n 1 Women. Acta Soc. Med Upsel
1965 70 1 16,

Parsson, B. H. Clinical effects of Bh(p- (

F6066)  Mensirual Disorders. Acr Soc Med, Upsnd 1965, 70, 71-81

Robip, B. L, A. § Dorfman, L Black & R. L Dorfman Bicasmty of Estrogpens exing the
Mouse Uterine Responss. Emocrizelogy 1951 49 429-439

Bpengler 1 M Aur Priffung anorexigo Tmt . Viemixf
1939 19 1111 4

Zuckerman, 8., A. Palmer & D A Hanmon The Effect of Sterald Hormooes on the Water
Content of Thauex J Endecria. 1930, 6, 261 276

% 1993~




Acta pharmacol ef foxicol 1965 23, 383-390

From the Department { Pharmacol gy Usrreruty of Qbieborg, Sweden.

The Effect of Prenylamine (Segontin®) on the Amine Levels
of Braln, Heart and Adrenal Medulla in Rats

By

Hopé O Oblamwn
(Recerred Augast 24 1965)

Prenylamine, a derfvative of amphetamme (prenylamine is N 3
rwpyi-(z"H 1-dphenyl-propy(3)-amine) was first reported to

ations of norad, (NA) and Shydroxytry,.
(S-H“Dmthebmtumdhcutcfrut:(ScnoNs&Lmbmlm

Later tho same anthors (1962) showed that prenytamine also lowered
the amme levels of the adrenal medullary gramules in rifro Several
worlers have confirmed this and also shown that preaylamine blocked
the uptake of amine by the adrensl medullary grannics at small cancentra-
tions (CantxsoN HiLLARP & WALDECK 1963 EULER, STTARNE & LisHAIwo
1964) Thesc observations suggested that prenylamine might have reser
pme-like actrons,

The fact that the available data on the effect of prenylamine or mono-
amins metabolism are incomplete (for instance thers were none on the
effect on dopamine (DA) kevels) and that prenylamine might prove a new
pharmacological tool in the studies of central and peripheral mechanismy
invalving monoamines pmm;pted the investigation.

While this Pt was paration, two publications have
'Ppcum:l(]mm&Voarl%s ‘MackENNA 1965} reparting armilar

Methods
Maje Spragee-Dawhy rats weighing between 230 €d 330 § wer raed Preyylgoaine
amhuduhnﬂb’dhﬂmhixmwﬂﬂmdlnﬁ‘
mmmmmmhﬂmmmfmmmmwm-ﬂ
determmmebon.
Ama plonrmpsbogiet. VoL, 23, faas. ”
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The heatts were cut open, blood was removed with flter paper and they wece cot hato
amall ploces whh scheors, For each dotorminatio  the timuos were ext actod with 15-18 ml
keo-cold 0.4 N hloric #c3d in o metal b {rer (Ultra Twrrax). The precipitato was
tpan down {a & refrigersted contrifuge at 9000 X g for 10 mintes. After filtration of the
mpu-mum.thar:ddmmn—mmadwhth—lZmlice-mldMNpofthhrbadd.-nd
e two extracts werp mixed.

When 5-HT wis to be determined 0.1 ml 2 5 sacorblc ackl w1 added to every 10 sl of

acid before This kmpr the rha of 3-HT (tee below).
The extracts were divided into two party, one for determintag NA and DA and the
other for SHT Al & Hors wer  made fl L in the Aminco-Bowmas

spocirophotoflvarimeter

NA and DA estimations

‘The extracts, which In moet casos wero fronem overnight at —20° wers thawed fa cold
water 0.1 ml 2 £ ascorblc acid and 0.2 m! 10 EDTA (thtracemin) baing sddad Lo erery
10 ml sxtract. Thoy wero then Hred with 3 N p salution to pH
6.5 and appliod to the colamn of the resin Dowes 5048 ks described by BiaTiiy, Caxupont
& Rooovowew (1938).

The elutlo  was performed with N-HQ, the first 2 m] belng discarded. The maxt § ol
contalned the NA and the next 12 mi the DA.

NA was determined by the method of BrnTiyn, CAnrmon & Rosteoss (1355) and the
DA by that of Canraso & WALDIcE (1958) us modified by Caxiason & Looqvat (13620

L HT determinations

Tha sxtracts wevs neutralizsd with 5 N potastum carbonats to pH 65 and apphed to
the column of the resin, Amberite XE-64 or Amberitte CO-50 (type 2) s desctibed by
Bocrum (1961).

After eluting the $-HT with 3 ml N-HCI ity determination was by the modified mefhod
of Anrste & MaoNmow (unpublished method).

The modification essentially lmvolves troating tho sinate 13 deecribed below Ascarble
ek, 0.1 ml 1 4, was addod 1o the standard, the reagont biank and 0.6 ml portioss of the
stuate (ramplo and intotnal sandard) Ascorbic ackd was ot added (o the 0.6 mi portio
of the timos blank. This was saccreded by addition o 0.1 ml 0.025 % Xy Fa(CN)s sobtion
124 0.8 ml 6 N HCl to all sofutions (standard, rexgont bleak, sumple, fnterm! stasdard
and tisoe blank).

They wore then Lrreduated with U V' Ight for 10 minutes, 0.1 mi 1 X ascorble acid being
dded to the tinge blank Imuedistely after rradiation. The readlag was dows &2 described
by Braro (1961).

Thh-daﬂmdmmumdmmmrhmdwnw(wk
M rdorably prolonged the Intarval during which tho determinatio coald by
made afler exraction. It appexrs that escorbio acd binders the detrnction of S-HT B2
the presence  ackl,

Determination of NA and A of the aromsl medudie
The adrenals from each rat were quickly remaowed, freod of consective timocs
bomogentad in 10 ml se-cold 0.4 N porchlorio schd fn & ghw bomogeafar o
The prosipitate was s down la a refrigeratid centrifieps at 9000 X g for 10 mizDis
and fittered. Tha flkecatn was aatysed for NA and A by difecential readiog by the
of Baxrim, CALLRON & Rosmeoany (1958)

wodd fat and
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Rocereriey

N corrections weiw maide for the recoveries of kmown concentrations of tho amines
added to tho extrects. These varied between 793 and 96 % as Indicated below-

NA - mean recomery = 91% (Lem = 022 1 = 10)

DA ~ - - =#M¥@em =25 =%
SHT- - - =X (emn~4d =7
Resalts

Effect of premylamine on NA DA and S-HT of the brain

The concentrations of NA, DA and 5-HT in the brains of 5o~ ™
and the effect produced by intraperrtoneal injection of preny
shown in figs. 1 and 2. The DA concentration was reduced to about
of 1is ariginal valoe one hour after a single { p Infection of preny
30 mg/kg (fig. 2) It remained at thus level for about four hours and
to about 70 / after 12 hours. At 72 hours the level had returned to

The NA levels followed a very mmilar pattern though the fall was
as proponnced as that of DA This sumilarity 1n the pattern of the t
curves suggested an identical ction of prenylamine on the stores of the
two ammes, though NA stores sppeared to bo more resistant than those
of DA,

=
P .
)
§
o
% © 0 0 AT g 8O

Frg. 1 Amung levels of rat brain 3 hours after Lp. opection
of varyous dose of preyiamine The xmice kevels of control rat brales wers
10 pgig wat thesoe

br NA 0441 £ 0013 (16)
for DA Q719 £ 004 (13), o
for $-HT @374 4 0013 (14)

The kerels aftsr varots dosss 2o CIpfessed a1 percentapen of the controd Jovels. The vertical
by Iochcams the . and the Apsres give the member of becrvations ( )
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20 B ANSE LZVELS AT \eADLS
MTER PREXTLAE X0 mag |p
0o
gm
fe
P
£
% (3 2 B ooes M 4 T2

Fig. 2 Amine lovels of rat braln at varioua latervals after Lp. Infection of
prenylamias 30 mg/kg body welght. The hidkcations arv as bn iy 1

There was only a slight apparent decrease in the S-HT levels after
prenylamme Though this was observed in most of the expermmenty, only
the decrease after a large dose (50 mg/kg) was statsticnlly mgnificant
(® = <0003)

The effect of prenviamine on amine levels of the heart
and the adrenal medulla

The values of the amine concentrations m the adrenal medulla and the

heart of normal rats and after a single Lp mjection of prenylamune are

given in figs. 3 and 4
ARNE LEVELS AFTER VAROUS DOSES OF PRENTLAMME
AOEMALS ——

0g

B
5.

% © » 0 A gt

Fg ) Amioc levels [ the beart and sdrenal mexdalia
of tat 3 bours after p. impection f vanous doses { prmylamine The coatral

values wero in ng/g wit thame

NA of heart 0.907 £ 0030 (19-

S-HT of heart 0.363 + 0.038 )

NA fadrenal medulln 843 = Q77 (19)

A of sdrenal medutla 2201 + 128 (19)-
The tndlcations are as tn fig. 1
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o 8 3 P ars M 8 T2

Fig. 4. Amino jovels of the heart and  drenal medolla of at ¢

vanom intervah after Lp, lafectlon § mogle dose of preaylamine
30 mg/kg body weight. The mdications are as In fig. 1

The heart appeared to be more susceptible to prenylamine than tl
brain, After 3 k. 10 mg/kg of prenylanune lowered the NA of the heart
to about 65,/ and that of the brain only to 90 / The onset of action
appeared to be the same in both tissues, but the recovery was much
dlower fn the heart than in the brun Whereas the brain NA recovered
to abgut 70 / of its normal Jevel in 12 hrs. the heart NA level was below
40/ of 1ts normal fevel and remained 1o at 24 hre. (fig 2 and 4) Asin the
braln, the level had returned to normal at 72 hra.

Of all the tissues examined, the adrenal medulla appenred to be the
least susceptible to the affect of prenylamine. The onset of action was
slower than in the brain and the heart, and also the level of the total
amine fell only to about 60 / of the normal values, compared with 30 /
and 45/ in the beart and the brun, respectively Only deses above
15 mg/kg were effective In lowering the catecholarnme levels of the
drenal medulle, whereas 5 to 10 mg/kg reduced the amine levels in the
bran and the heart. Prenvlamine appeared to lower the A more than the
NA concentration, and thus might account for the slower recovery of
A evelw. It must be menttoned that there was & fardy wrde vanation in
tho relative amounts of NA and A of the adrenal medulla, and this may
havo masked the effect of prenylamine on the NA and A levele,

Discondon
The findings that in the mat prenylamine lowers the NA and DA kevels
of the brain, NA of the heart and NA and A of the adrenal medulla are
consistent with those of ScHONE & Livonex (1960) (NA of brain and
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heart) Juario & Yoar (1965) (NA and DA of rat s brain) and MACKENNA
(1965) (rabbit s heart)

Only the largest dose wed (50 mg/kg) cansed a statistically dignificant
fall in the S-HT levels after prenylarmne. Srmuler findings were reported
by SCHONE & LINDNER (1960) (cf Juomrio & Voo who did not find a
sigmﬁmmfal]mtheS—HTlcvdjnﬂcrnnucepﬁomﬂylargadm
100 mg/kg)

The slight apparent fall of S-HT levels 1 the heart after prenylamne
was not statistically significant. In all probability the 5HT of the rat
heart 1 denved from mast cells. It s known that mast cells are reastant
to the amino-depleting action of reserplne since prenylamine has actions
sumilar to those of reterpine, the neffectiveness of pronylamune in this
respect it not surpnsng.

There is another quantitative difference between our findings and those
of Juowio & Voot Whereas 1n their experiments the NA and DA lovels
of the bramn were reduced to 75/ and 40/ of therr respective normal
values, our findings were that the levels of NA and DA were reduced to
45/ and 35/ respectively even though a lower dose was used. This
duscrepancy may possibly be accounted for by the different routes of
administration of prenylamine in the two expermments. Throughout the
present expenments, prenylamine lectate was dissolved in 5/ glucose to
give a concentration of 3 mg/ml or 5 mg/ml, and all inyections were by
ip route

Juorio & VoaT used prenylamine ghuconate solution in ther experr
ments and gave 50 mg/Lg by the s.c. route, the solution being diluted with
ghicose (VouT personal communication) To check this, prenylamine
gluconate sohrtion was diluted with 5,/ glucoss to gve a concentration
of 10 mg/mi, and 30 mg/kg were admunistered to rats by both p and s.c.

o4 the amine levels were then determined after 4 hra. The 1p route
lduced the NA and DA levels by 25/ und 15/ respectively more than
fhe n.c route (2 experments), The different routes of administration may
thas account for part of the difference An additronal factor may bo that
JUORIO & VOGT analysed the hypothalamus only whereas in the present
investigation the whole bram was used. It has been shown that the NA
of the hypothalamus 1 more resistant o rescrpine than that of the cortex

(ANDEN, personnl commundcation).
The effect of prenylamine on the amine levels is relatively transfent.

After 6 hrs. both the DA and NA levels of the brain have begun to recover
nndnﬂcrnhmmmnymmmsmﬂarﬁnd]npmwpomdw
Juozo & Yoar mmmminwmumm
rapid. This is perhaps related nomndiﬂmxmmuorudmmmmum
Evidence Is accurmulating in support of the view that prenyfamine
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smilar (though mlder) actions to reserpine. Actions of prenylamine on
adrenal medullary grenules (CArussoN, Hiparr & Warpecx 1963
EULER, STIARNE & LuHaixo 1964 PALIPPU PALM & SCHUMANN 1965
LunDboRg, 1966) are similar to those of reserpine The initis! stage of
block Induced by reserpine #s competitive and may thus be prevented
by agents with the same point of attack, such as tetrabenazine (QUMNN,
SuomE & Brooie 1959). Prenylamine has also bern shown partly to pre
vent the action of reserplne (CarwLsson 1965)

Nevertheless, there are differences, which may be quantitative rather
than quahtatrve, between the actions of the two drugs. For instance, the
onlyviﬂh]cﬂgnordrugcﬁ'caanzrm.odmtcdmofprmyhuﬂmin{tlu
o mnscular weakness, 1n contrast with the well known effects of
As jt is to reserpune, the heart Is moro sensitive to the effect of preny!
than the brain, bat, unlike the respanso to reserpine, the brain NA
1o recover carlier than that of the heart (of Camisson Rose
BexTiER & NILEYON 1957),

The milder effect of prenylamine could be due to a lower affinity
the sites of uptale in the storage gmnukes. A more rapsd eimination o
prenylamine may also contribute, However tetrabenazine, which has
transient effect does not have such mild one. Prenylamine marks the fir
of an entirely new type of amime-depleting agents and may form the basis
for the synthesis of more patent substances in view of its relatively simple
sructore,

Efforts are continning in this laboratory to etucidate the mechaniom
of action of preaylamine.

Summary

A single doso of prenylamine (30 mg/kg) gIven intraperitoneally lowered
the brain DA and NA to less than 40,/ the NA of the heart to Joas than
30/ and NA and A of the adrenal mednlla to about 65/ of the normal
ralues in raty.

The apparent slight fafl in the levels of S-HT 1n the brawn and the heart,
though seen in almost all the experiments, was not found smtistically
slgnificant, Although prenylamine has a different chemical strocture from
resorpne, theee are many similarities in therr actiony,
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