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From the Indmtrial Toxkcalogy Research Centre, Chattar Mamdl! Palsce,
Locknow India

Effect of Intratesticalar Injection of Lindane and
Endrin on the Testes of Rats
By
T 8. 5. Difkahith and K. K. Datix
(Received March 9 19713 Accepted September 16, 1971)

Varlous physical as well a3 chemical agents oo known to cawse testicular
strophy axd damage of the seminiferous tubules, colminating in the partlal
or total arrest of spermatogenetls in animals, The mode of action of the
physical factors differ from that of chemical agents (Flawrscoy & OETTLE
1950 OsrTLs & HaRRISON 1952 STEMGERGIR & Dxon 1959 Caowmiory
& STEDERGER 1964 STEINGTRGER & TNGE 1969). Agaln different clegses
of chemicals much m cytotoxic agents (hvoaxp 1952 Nensor & Sten-
BrRaER 1952 STIDNGIRGER of ol 1956 Nersaw & PaTaneiny 1965), al-
kylating agents (STEnorRoER 1962) amides (MAZZANTT of ol 1964 & 1568
SrEpETROTR & SUD 1970) and metals (Pamzzex 1960 Kar & Das 1962
Crarmea 1971) show different types of sctiont. Garas & Knumeouon
(1964) showed that repeated doses of metatepa (5 myg/kg/day), when
fed omlly to rats, indoco male sierility and testicular sirophy after
about 77 days. There i an urgent need to gather more information on the
1 Ast phercacalopis, vol 31, e 13
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Remlts

The testes of all the 16 animals of the control group appeared to be
normal. There was uo slgn of atrophy or hypertrophy of the testis in sy
of the animals. The architectre of the seminif tubules togetber with
Interstitial cells was alto normal (fig. 1& 1A) In contrast to the abore
picture, anulysis of the testis ten days after the Inoculation of lindane end
endrin showed certaln morphological and cellular changes. While Lndime
produced testicnlar hypertrophy and atrophy only hypertrophy was pro-
duced by endrin. Each animal showed only ome kind of change. 7b¢
)chnngulnthcxhco{lhetuﬂsbeumawid:ntdtcrtthrdto4mdﬂY°‘
treatment and did ot return to normal even after 10 days. But for e
testicular atrophy or hypertrophy all the animals looked healthy and theTe
wa1 no mortality The quantitative difference between the testis weight of tbe
control, lindane and endrin group of animals Is given in table 1.

Lindane

Out of the 12 animals which recelved lindane, 7 showed testiculst
hypertrophy and 5 showed atrophy

Hypertrophic testes. The testes were swollen to spproxmately dosbé
their normal size #nd their weight also confirms this finding.

logy of the testis Icluded massive d tvo changes of the seminh
ferous epltheltum Intratbular and ftertubular regfons. The scmfakfera®
tubules showed a alight lncreass in size mewsive degeperative changss
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Table 1
rmmwﬂnumhwmwmummm

Group

16

10

Coetro

1768

10

0529

10
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wore notheed {n the sparmatogenic cclls. In some areas these cella were

localised with oed finld, polymorpl lear colls and also a few
deformed (ab 1) op Except far a few scattersd resting
apet the egtire archi of the tubules with different types of

q)amxtogaﬂccnﬂlmmﬂydnmnzed.Mmoltbombularwmlcdtbc
foreign body types of glant cells
Thoimau}tlnlﬁsuo:howedh:crwcdpmlﬂu—lﬂmmdwnmlndwhh

ftoid, Polymarph Jear crils were ako present in the inter
stitlal area (fig. 2 & 2A).

Atrophic tester In the five animal which showed testicular atrophy
the 1t of the tosils was spproxitmately reduced to 35 of Hs normal sire.
Histopathology of the testls rovealed degenerative changes In the temini-
ferous epithelium and fn different io cells. The !
tubules were shnmken and were always filled with oedomatons fheld (fg. 3)
The tubules cootisted of a large pumber of moltnuclested glant cells and
acute inflammutory cells The number of moclef often varfed from 10 to 30
(g 3A, 3B). The pumber of spermatozoa was greatly seduced. An in-
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larpe pomixt
3A,3B. Enlarged view of the multimocleated giant celh carrying
Fe 3.3 of nucled. Hasemstorytin and cosln. Magsification X 930
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Flg. 4 Atrophied testhh (lindena) to show increase of Interstitial speco and pro-
Iiferwtion of blood voesels and cosin X160,

cresse of Interstitial space and active proliferation of the blood vessels wag
observed (fg. 4)
Endrin.

Intratesticular fnoculstion of endrin did rot induce atrophy of the testes.
On grom observation the testes of all of the 12 animals showed near

altered and the pecrotic cells coalesced to form & man, Nous of
wbules, however revesked the presence of any ghant cells. A few of
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af the pectosls, Incresss of tha Jatersttial

Flg. 5 Hypertrophled towh of mat, 10 days aficr the Injection of endrin. Now the

semindferous tubuoles revealed the presence of deformed spermatozoa. The
interstitial tissue showed proliferation often mixed with oedematows ffuid
and acute inflammatory cells, Thin walled small blood vessch were present

0 the ioterstitial area (g §)

Dhcmeion

Inrespective of the route of htration, certaln chemicals Indoce de
generative changes in the testicnlar tiso of different laboratory snimals.
The route of administratton of a chemicsl often yaned eg oral

ot ol. 1964 & 1968 STenEERGER & SUp 1970), Infratesticnlar (Kax & D43
1962, Report Cancer Rex. Centrs, 1961-55 ths repont), intraperones!

and subcataneous (Paxmzrx. 1960 Crianpma 1971) snd intravenoos (Kt
the route of

paxp 1952) It Is very important at thh level to know

ministration of 2 chemical since this may decide whetber the chemical wed
hnuq)adﬁcornon-lpedﬂcwﬁonmd:ﬂamztypadmmuw
mus.’rbknmldbennphnmdminmofmcmm:mwkfh‘
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Jectians (Incloding this report) was thers any specificity as to the mode
of action of the chemical teated on any group of cells rather the entire
tubular and imtertubular sress suffered total and hreversible damage.
While different chemicals exhibited selective action — there was o selec
tivity of action with regard to the two Insectiodes used bere.

The investigations of Pawzrx {(1960) showed that a singke intrapentoneal
or mubcutanrous injection of CdCly prodnced acute pecrotic changes in the
testes of rats, mice, guinea-pigs, rabbits and syrian hamsters. Kax & Das
(1562) also lnjected ymall quasties of CdCly and ZaQly directly into
the testes of rats, rabbits, monkeys and goats. Both growp of workers
observed sovere damage to the seminlferous epithelfum which was frre
versible. The observations showed that scuts pecrotic changes pot anly
trvolved the semimiferous epithelium and the tubules but also the interstitial
tiane. In both the areas tho degenerative changes wero total and per
mament. Theso sreas consisted of debrris 1ike culls.

The sdmintstration of lindane, unllke endrin produced muldnucleated
glant cells. Furthermore lindane Induced both hypertrophy and strophy of
the tesths, whils endrin did not produce such a change The underlying
factor controffing this difference other then Indtvidual animal vardation
is at presemt not clear

Specific findings of autopsy elther of amimals or human subjects have
pot been reported from acute polaning of insecticldes (ComE ez al. 1967)
mmnﬂnsofﬁm&xmmnm(wﬂ)whhmvmcpamthn

d oral admt { d merility and testicolar atrophy in rats.

Thcnacﬁonddntﬂdcnhrﬁmeuwdluofdlﬂmttpemtogmﬂc
cclls to a foreign chemical should be considered. The subtle changes
observed in the present report after a single intratesticular infection of
lh:dammmddnhlvonmbmomdlnmydtheamfol}mdn;onl
or par \i jor.. Human fataliffes duo to losecticides have oc
carred both alter masslve cxposure as well as from posmsible cummlative
effects of repeated low doses adminfstered dither onally or parentenally
Under such circumstances a correlation of the present findings with the
observations in the human subject becomes very difficnlt. Further studies
aro in progress to investigato the action of diferent insecticides on testic
ular tissos when administered by different routes.
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Teratological Studles on Thalidomlde in Rats
By
B. Glean Jonsson
(Recstred Apel 13, 1971 Accepted Saptember 24, 1971)

Abstract Pregoant nats wers glven 100 mg thalldomide per Ly orally daying
days 711 or 10-14 of gestation, Tho substance was preparsd 13 & 1X mmspen-
slon by hing in 05X The foctumt wero detbrered by
Cacrarean section and were aaminad foc soft tissoe and skefots] malfocmations,
The rewnlts odicated a retardation of the development i the group treated dur
ing days 7 11. This wis besed on a lower moem weight per foctms und oo a
Jower degrec of cadfication in the tafl, vertabral colimn snd stermom

Kep-wonds: Thalldomids — growih (body weight) — growth (booe dovelopmens).

In 1961 when thalidomide was first suxpected of inducing birth defects in
truman subjects (Le=ez 1961) much work was dooe to reprodoce these types
ufmllﬂormtbmh:dlﬂmlmhmlrpedu.mdmu;hcaﬂyﬂud}eum
cated a noa-t effect of thalldomide {n rats, subsaq
(Baiadd et ol. 1962 Ko & Kenowxex 1962, KLem Osama & DALDror
1963 Mc Corr et ol 1963 Munrny 1963) reported embryotoxicity as well
[

teratogenicity
The parpess of these cxperiments was o xudy the teratogenic effect of
thalidomide in rats when tho drug wes given during different stages of the
gestation pedod.

Misterlal and Methods

Virgin Spragne Dewley s (Anticimer, Stockbolm) welghing 770-290 § were teed.
mmmmnﬁmhm{cdmruhnd.ﬁuﬁmmmdnwdﬂﬂfm
were 23 bomkidy 50X Hght 1f bours/day
The occarrencs of copulatios was indicated by tho procscs of sperntiaroa in the
vaginal smwars. Thiy day was contidersd a1 day 0 of the pregrancy
The mated females wero divided into thres groups and were treated s shown In
table 1.
mwmwwmwmmhmhm
iesotwbie Im water i was prepared 21 a2 1X smpemion by bomogrsizing in 05X o

-
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Table 1
Treatment schedulo for mated fermader,
b Tresmen? danpe
{pont cobm)
1 Controh 10ml vebite/ke hedyneight kBT
n 10-14 100 ;g thalidomdde i g bedywelzht 10-14
m ™ 100 g thall omlde) g bodywelght m

thyleettuloe, The spemion way prepared dally and pvea enally fo a vohome of $d
et 100 g tody welght

The ctperimert »a terminated on day 0 post coftas (pe) when the feoales werr
L e by chlorefurm inhalation and the fottmey were delivered by Canarcan sectica

The rumber of bmpl ma beet wat determined by thy method of Surwyo (19640
After delnen the {tuner wete lepected for aternad wnomaliny ard erepared for
sheletal examination o g the techmkque of Craxy (19677

Strdent test wa el Iy the sariieal peatment of the revslts, The table show
the mean vatoe for each prowp wth the Lastird crvor af the mean (x X SEM)
Statnkally slgnificant ddfcrence ~ P <003

Rewalts

The resulis oro presented in table 2 and 3 1o group 10-34 the frequescy
of resorpilons was significantly higher than in the controls. The weight per
foctus in proap 7-11 was significantly Jower than in the controls,

The number of ossificd coceypeal verichrac was counted in order to reveal
growth retardation in the conre of onification due to thalidommde The vake
for the group 7-11 was significantly boser than that for the controls.

In the lower thoracic reglon, the vertebral bodies were of widcly vanis
appeatance ranging from oval or dumb-belt shaped structures to double ver-
tebral centres which were frequently diminished. The anomalles were sccd
in most of the fitters, Including the controls, but the frequency was highet
and the appearence more obvious in the thalldomide treated groups.

The ossification of the stemum was almost completed fa the controts. I
both the thalidomido treated groups the mumber of ossified sternebrae w33
significantly lower In a detolled stdy of the sternum, displacements betwee?
thnmmmo{cnd\oumm&ouccnmmobanrd.nwymmﬁﬁ;
qumUymnmlhﬂsmoidﬂ:nlhnocnucbmulhhblhclmmdc\ﬁﬂP
bmﬂahuhﬂhrmedbphcmumdm‘oanmalyorw
wlﬁﬂlmmsmmdfmmmwmma:Emmlwndtth

mrveyo(mmcbrannnomnﬂcuhoﬁnlnubh:’
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Table 3
Tifest of thalidomide ta 1ats = sleleal cunrolnation,

Group

et _ru 1014
wiSTM S IALN
Na, XY Bo,

Ohufied coc yreal sertebrae Yoot JStos 14201 17401
Teoctaves Titter w th matformed
erictrae oR_0) Jytar ~12086
Matfroed vertebrar Toroy 10 4 15
On fied uternctrac foetoy svion 330y 33201
TocmeLiter with enalformed
sternch e ibtos 36206 14d0s
Matformed stetnetat {~tm 14 19 13
Frequency of ovafied tu phatany
18 e fore paw 935 ¢ % 24

diffetens e {rom the eontrots starhikally sigalficast.

Discodoa

Alihough the teratogemc effeet of thalidomide Is accepted today the paso-
grossis of the malformations ls sull unknown. Tacton Influencing congenstal
\{ lons are Some o on the intery of the
observed malformations in the thoracie vertebrae 20d the stemum are g
below
The chondeification of the thoracic vertebrae origh &t gne ceatre for
each vertebral arch and at two for the vertebral body The ensulng ossifics
ton starts at the same centrey, but In the vertebral body fusion of the #2
chondrificalion centres generally resuls in only one ossification centre. If
this fusion {s retarded ft results fn bicentric or even double ossificaton e
tres,
The sterqum osigloates from two Iateral free-ying mesenchymal bosd
which subsequemily fuse In 8 cranto-caudal direction. The ossification o
ceeds In the same direetion except for the xiphold process, which bs osilied
mruumbkaulmoulﬁalbnmuummnmumudwbytbcm‘:‘
T s thote deseribed for the L'mmhﬁmﬁj
ossification disurbances in the thalldomide ur:m;mp- ol
the two parts of each ossification centre were of dispixyed, sugpesd
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Fg 1. Rat foctnses with multipls congenttal maltormations,
To the right & pormal fostwr,

thess anommalies are drug induced. The remults were basod on san examina-
tiazn oa the first four owsiffcation centres since the Sth Is not complste at the
end of the experiment. However hrmn Omank & Dalperor (1963) ex
amined rat foctoses after birth and found that the Sth ossification centre was
still the one most affected.
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It is concluded that the differences between the controls and the thafido-
mide treated animals Indicate a disturbance of differentiston and or grosth
retardation in the thalidomide treated groups ‘There wos also an increased
frequency of reworptions in these groupt. The cffect of thalidomide was mo 1
prosounced in the group treated daring days 7-11 of the pestation petied.
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From the Depariment of Toxkcology Pharmacia AB, Uppssle, and the Iostiute
¢ of Zoology Univenity of Uppsals, Uppaala, Swedsn
Teratological Studles on Thalidomide In Rabblits

By
B. Gran Jeamon
(Received Apedl 13, 1971 Accspied October 14 1971)

Abstract. Pregnand rabldt females, dtvided Into five grompn (10-12 n each) were
treated a3 shown below

Treatroent, days p.o,
{post coitof) Doss
o-15 5 oifkg, voiriclo (controb)
05 150 myg/ky, thatidomids
-9 5 ma/kg, thelidomie
-9 150 mg/ky thalidomide
10-15 150 mg/kg, thalkdormide

days 7-9 had no affect elther on the of
When 150 mg/ky was given from dey 10 through day 15 thers was no hocreased
froquamey of cithor the zomber of resotptions or of soft thwoe malformations.
Howeree the number of akeletsl malformations wes focroesed.

Key-words: Thalldomide — sbaarmatities (drog odaced) ~ sbortion.

ml%lmnﬂdmnﬂnmvhbdnwnmmommbeumedmcdad
Subx animal experd showed, bowever that
dnﬂumnlformaﬂm:mdlﬂ?aﬂtwmpmdnmindﬂcrmtmmlm
Tho fist report on congenital matformations in rabbits was published by
Souzes (1962). Later studies bave Indicated that tho rabbit soemu to bo the

most suitable species for the reproduciion of the iplcity of
fmdhd:ﬂmmnnhspedﬂdtymmmdnlhnmﬁm
logical stodies on thaldomide In rabbits variable,

Tho alm of the present study was to examino the effects of thalidomide fn
rabbits when sdministered during different steges of the pestation perdod.

1 Act phermemskegivn, vl )L faee -2
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TMateria) and Methods

Rabbits of Danish native beesd (albinos) welghing 2.7-4.1 kg were used. The day of
lation way ddcred &y day 0 of pregnancy The mated females were divided ko
five groups, 10-12 in each, and treated as shown in table 1
The thalidomide (kindly supplicd by Astra Likemedel AB SBderiflfe, Swedm) was
homogpenired in a 03X solution of methylcellokoss and given onlly &3 & wepension i
a volums of 5 mi per kg body-weight. The smpentions wers prepared dally
The experiment was termisated o day 30 post coitxs (pc) when the females wers
Lthed with nembutal® (mebomalmitriom NFN) and the fortuses delivered by Cacarena
section, The uter] were In foc L sites and ming 1ho tech
rlque of Sairwaxt (1964). Afier welghing, all the young rabbits were ewmtined post
moriem. Tho livers, tungs, Kdncys and hearts were weighed individnally Thbs anizah
were then prepared for skeletal axamination using the allrarin stainkng method (Craxr
1962).
During Ove experiment the females were fed on peilets (Ald - K - from Alsdfoder
Forihaga) bay carrols and water ad libthon rk 1| Te
20%2 homidity 401 10X Hght ca. 12 hours/day
Stndent’s t4ext was meed n tha atistical treatment of the remity, Tho tabies show
the mean valuo for each group whh the standard crror of the mean (2 SEM). S
tistically significant differencs = P < 0.05.

Table 1
Treatment schedule for mated females.
Troatment, days pc.
Groop (post coltes) Doso
1 Cogtrols 013 5 mifkg, vebiclo
n 0-6 0-6 150 mgikg, tatidomids
m -9 -9 5 mg/ky, thafidomtds
v -9 9 150 my/ky, thalkamide
v 10-15 10-13 150 mg/kg, thabdomids

Rexalts

The rostlts ars preseated In tables 2-5 The mumber of tmptantatiors p¥
fitter showed 1o significant differences between the groups. e
srambes of Ttving foetuses per [tter was considerably decreated fn the grooF
0.6 and 7-9 (high) dus to the high frequency of resorption in these 9>

Thmwmno;]gniﬂmldlﬂmmbctmmﬂm‘m’m"d”

or in the of the individusl organs.
nn;h:fdthaml'dgMunﬂmcmwﬂedMﬂfﬂm
mmwmmmmammﬂwﬂw
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Table 3
Effects of thalklorlde in rabbits - skeletal examlmtion.
No.olowified No of oetified "o i00d (- Tortua
Group carpalbones  sterntbeas per vert per with )
pufoctss _ foctn foetm toamoelle
*EBEM.  wESEM. TN ’ & 20
I Controls 04103 LZEXN 158302 ax 1%
0 o6 00%09 s7x01 135+01 nx %
o 7-9 (low) atal s5E01 154403 X nx
v 75 (high) opton 36%01 160+a2 §1% 43X
Vv 1018 [FE.1Y 570l 143tz M4x 15X
Difference from the comirols, statistically significant (P < 0.05).
Tabls 4
Incidence of foetuses wilh congerital malfocmations.
Dowo group
Affectsd orgama 1 u m v v
78 -
Controts 06 10-15
(o) {(hlgh)
S ft ower
Heand 1 9
Filoey and ureter 2 11 1
 IBladder 2
/ Liver 4 3 5 1
Gall bladder 1
Adreml 1
Stomach 1 2
Spleen L 1
Long 1 1 1 $
Abdocuimal cartty 1
Dwarfhm '
Placenta 1
Skeletal tirruar
Sken 3 6 s o :
Veriebra! cofnmn 2 3
n <
Ry ’ 7
Extremitios 2 —

mmmmunuwmmdmrwwmmm-mnwnﬂ“
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Table 5
ot " ~ rhed
Coatroly 0-6 79 kad 10-15
Dose gromp (O

Noo. X No. X|No. X [No X|[Na X
Lhtters with
wolt thewoe
malformaticos 010 412 10 112 118
Fostuscs whh
soft these
maormationsl o7 0 s74 T o2 0 WMy o 1m o1
Lhters
with skeletal
malformationst vio 812 210 SM2 &/10
Fostoss
with skeletal
malfarmstionst T8 4 1Y 15 M2 6 33 51 nm 17

1 Absormal pember of lobes in the lungs and livers 1 not poted o malfomuatons n
iy fable becamw they ary considared 1o ba hew hmportant,
t All apomalles of the extremitles are placed among the skelctal malformations.

opment and are thus used as & measare of growth retardation. Except for the
nnmbu-ofmdﬁndcoccmealwrtebxululhemplo—ljlhmmm

of dation due to & (table 3). Soft tisruc malforma-
tions wers secn most frequently in the groups 0-6 and 7-9 (high) white the
skelets! malformations were spread over the groups (table 4). In both in-
stances the Highest frequency was found In the group 7-9 (high). The mal-
formatons were of widely varylng type. Extemally the limb and head mal
formations were most stking while st antopsy various snomalles of the
arinary system predominated.

Discretion

The small differences between the groups In the mumber of implantations
per Htter indicate that the substance does not prevent the initlal phases of
implantation. However the embryotoxie eifect of thalidomide I3 conflrmed
by the high frequency of resorption In the groups 0-6 and 7-0 (high) In this
respect, there b also & doso response effect, as thers was no increased em-
bryotaxlcity in the groop 7-5 (low).
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Whether the single soft tissue malformations in diffarent organs are drug
induced s uncertain. However almost all anomalics In the reglon of the
tead and kidneys were found in the group 7-9 (high) Thero was consider
able variation in ths type of renal enomaly found. The absence of cne kd-
vty 1s consldered as a trne agenesh. A pelvic position of the kidneys indt-
cates a disturbance of the kidney sscendance and is regarded a3 an embryo-
nic feature. The sHght nodnles of renal thsue in thres litters from the group
7-9 (low) arv alto comldered as an embryonic feature.

An incressed frequency of skeletal malformations was seen in all the thaii-
domide treated groops. Many anomalles In the skull were combined with the
soft tissne malformations aiready described. This i valid for all tooth wno-
malies which resalt from an early complex disturbance of mesenchyme a2~
pregation of the crantum. It is also troe for crantoschisls which s primadly
dos to agenests of special chondrification and ossification centres fa the ool
of the skull.

All imb apomatles wern typleal thalidomids embryopathies, The origin of
arthrogryposis (fig. 1) remains uncertain but there is no concomitant siektl
anomaly Tho genesis of the pendulons toes (fig. 1) is most curious, the e
being attached to the paw oaly by skin. By vaing X rays it was found, how
ever that the phmlangeal bones were normally bullt and ossified.

Tho Increased frequency of foetal resorpians and the high incldencs of
congenital malformations fndicate that thalidomide hes n very potent e
bryotoxic and teratogenic effect when given to rabbdts of Danish matrve beerd
during different stages of the gestation period.

Although the potential dangens of thalidomide are tndispated todey b0
mechanisms underlying the interference with normal processes of exabryock

memmwmmwmmw"
150 mg thalldomids pee kg dally during days 7-9 post colts.
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development are still unknown. It is not clear if the effects are primary — the
substance acting directly on the foctus, or secondary — by en effect on the
maternal organbm. Both posdbilittes are plansble since it has been ahown
expertmentally that thalidomide croesss the placental barrfer (Bpenuan 1962
FAXILE et al. 1962).
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17wdlyﬂdmomlhupq+odmmmmmty(mhd
food). Ths control scws received no treatmant
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Thalidomide Teratology in Swine A Preparatory Study

By
B. Géran Jecmen
(Received April 13 1971 Accepted October 14 1971)

Ahmmlmmmm&huﬂdu,lmlmmﬂh,mhyu
o day 57 of gestation. The subntanco war given oqlly (ohied n the foox).
During the test yariom haemtological, enrymatic and clinkalchemistry stocles
weto mads on the sows. The sows were left for bormal farrow after which the
Piglets wern ded wod ¥ ailetat Ination was performed. Nelther the
clinkeal studies of the 30w not the subsequent cxamination of the plglets reve-
aled any effects which conld be stifbuted to the medication.

Key words: Thalidomide ~ nidation — placents.

The use of swine for toxicological studles hea often been recommended.

However very few publications o teratological stodies fn gwino have been
found In the Hterature. BaRL ot &l (1964) poticed a disturbancs of fertifity in
swine due to thalidomide. MpcxmesTock (cited from Mixxres 1962) re-
ported & marked sedative effect after thalidomids administration and PALLD-
Dur (1966) observed foetal malformations in the colon heart, palate amd
urinary eystem alter treating tows with 15-45 my thalidomide per kg body
weight per day during the first trimester

The prescat work was Intended &4 a prepanatory study for teratologlet!

investigations In larger animals, and thalidomide wet chosen becsuse of f5
teratogenic properties in man. During the examination special cllaical i
vestigations were pedformed on the sow.

Materisl and Metbods
Forr sows of Swedish nativo breed, welghing approvimately 00 kg, wer?

it

5B
Ty
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Biood mmples for tho climical jovestigations were taken from tho car weins beforo
the sart of [mlltomlde treatment (17th day of poegnancy), on the 220d day acd on
the 44th day (blood murpies were taken befors drug sdminitration on thewe days)
mmm.mmﬂmmmlemnnmmuunwmm
stocoss, GOT GPT (gtutamicpy

ICD (bocttric dalry luc, allaline ph and

The sows wire allowod to dellver mormally The pighets wyro then welghed sod
inspected for external malformations Half the Itters from tho thalidomide treated
sowy were kljed by chloroform halation and & post-morten examination was per
forroed. The remaining piglets wers left with thedr motberns fof 14 dasyn to observe
viability and growth. Thay wers then Hlled and examined at post-mortem. After the
antopsy the piglets ware prrpared for akelctal cxsmization, wing the alizaring stateing
techmiqos. ATl control piglots wers atlowed (o survive.

Remalts

During the pregnancy no visible cffects of the thalidomide trestment of
tha s0Ws wero obeerved.

The clnical investigation o the sows revealed no Jarpe differences be
tween the treated and untreated animals.

Both the control sows deltvered an the 115th day of pregnancy the low
dosed sow on the 116th day and the high dosed ano on the 114th day The
nummber of foctuses per litter was In the contrals 14 and 11, in the Jow dosed
sow 14 and In the high dosed ono 10 (In four earller pregnancees this saw
tarrowed 13-14 piglets per Htter).

The mean weight per piglet in the controds was 1.31 and 1.56 kg respec
tively in the low dosed Htter 099 kg and In the high dosed 162 kg In the
latter case the Individual weight varied comiderably — extreme values being
215a0d 100 kg

No grow malformations were found at antopsy The oaly noteworthy fin
dings were double or bdurcated renal weins in seversl piglets, Whether this
occtrs poomally In swioe is unknown but It &5 probably pot & drug-indaced
apomaly On account of theso pegattve results, the killing and sutopsy of
all control pigicts was considered to be tnoecessary

Skeleta! examination revealed minar sternal malformagons In threo piglets
{one in the low dosed and two in the high-dosed sow). In 14 of (he 24 piglets
the fesion in one or several ossification centres of the stermum was incom-
plete.

Discoesion

The (ime and duration of the thalldomid was chosen with re
ference 1o the time of implantation and placentation in awine. The placenta
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s morphologically characterised us diffuse snd histologically m epithelio-
chorial Thess two properties and the fact that the oterine mucosa s of a
non-deciduats typs make the attachment of the blastocyst very loose and ths
cournts of implantation lengthy (Amoroso 1964) The foetuses are not firmly
implanted untll the 25th dsy and befors this tims the rhk of abortion ks f-
increased. Accordingly the thalidomide trestment should start as Iate
ponible bat by the 25th day embryonic dovelopment iy too advanced. Treat
ment wes therefore started on day 17 pc At this time the foetns b In the
*limb bud-stage (AReY 1965) and from & development point of view
approximately comparabls to = human foetns of 27 days (It fs known that
thatidomide malformations in man are induced approximately between the
27th snd S54th day of pregnancy) The sows wero then treated vatll the
middle of pregoancy day 57 (normal length of pregnancy is 114 days) By
ths tiroe, the foetus hias petsed a1l the *semitive siages™ In development, and

malformations are usually not induced Iater
In conclusion this study on thaldomide in swine revealed onty tmall &f
ferences from the control matedal with regard to the cinical investigation
in the sows 21 well a3 to the examination of the plglett, Novertbeloss swine
weer to bo & nseful species for this type of study Thelr sies faclitates s
quential clinical fmvestigation in the females and convelent sutopsles in the
pldoumtmﬂnnmmhmm be drewn to tho large differenices in i
and p jon swins and for instance rodeats, kgo-

nn-rphtndmnn.
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Effects of Thelidomlde on the Embryonic Development
of the Axolot] (Ambystoma Mexicanum)
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Abstract. Axciotl larvae were mxposed to talidomide o concentrations of 0.004
0.04 or 0.2 mg/m! potrient sohetion during the following stages (Harrison's stage
serien) of embryonke devedopment: Scries 1 Stage 0-38 ar 045 Tew of scilvity
Seriar 2: Stags 2-11, Srdy of the fint il cleavages. Sarbes 3. Stxgo 3-37 Sindy
of (he growth ruts, Scrien 4 Stmge 1346 and Scrles 5. Stage 2546, Genernl
teratology sody Sede 6 Stage 3746, Stody of limb differentietion. The revalts
roveaked a recuction of activiy There wsa no vidble effect of the drug oo the
first ecll clowvages, p to gaatrilstion, nor oo the growth e, A high frequency
of Jarres In the thalidomido rested groaps showed geocralleed ocdema during
different stages of devrlopment. The skin n the region of the pilly, kidocys and
fore imbe wes somethmes rongh and showsd chaructoristic tremor

Key-wonds: Thulidontide - oedenm ~ tremor

In edditton to the largo mamber of logical stodies on thalldamide in
mammals some cxperiments of quite another type have been described.
Bowcy (1963) atudied the effect of thalldamide on early ccll differentiation
of marine red algao (Callitharmlon tetricos, Ag) and observed growth inhi-
bition and malformations. Frare e al. (1963) found that thalidomide cou
sod a general Inhibidon of growth {n different p cultures.

The aim of this work was to stedy the effects of thalidomldo on the em-
bryonke development of amyphiblan lacvse.

Materfal and Methods

Egp from sxclotl (Ambystoma axexicanetn, Cope) wero owed. Up to stape 33 (Harrl-
son's stage serics) the lurves wers reared in nutrient sotutton (FROLTFAXTER 1931) of half
the concentration amiymed. Afier stegn 35 tap water was wed. Duriog the experiments
the thalidomide (Lindly supplied by Astrs LElensedel AB, Stidertiiife) was dhwalved or
bomagenired da the media (tbe sofubiliy of thalidomide 1 0.04 mg/mi o both medta).
8 different test serics wers performed.

-~
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A%
S

Series I Text of activity

The method hay peevicmly been described by DeErwiten (1948) Iato a glam bosl
2 om high and 10 em hn dlameter o glam ring was placed of the same height and 8 on
in dmeter The bowl waa placed on & card divided Into 10 sccton (Sg 1),

The lareas were placed individually {n the circular channel By slight sursalaton
with a thin halr loop threaded around the tall, the larvae were Induced to swicy aad
the number of sectors passed wis poted. Fach barva was sactivatede 25 times doring
the test. By tosting a sufficiently {arge number of larvae for cach thalidomide conces-
tration, the effect of the substance on the activity of the animah could be estabilhed.
Two experiments wers msde —~ one with lirvac at stage 38 (Coghflls  carfy swimming
sage”) the other at eiags 45 (Coghilly ety feeding siage™) (CoommiL 1529). Exch
experiment contisted of four groups of Inrvas which had boen resred in thafidoeidt
solutions oc sloos n the foll 0o ) 0.004, ) 0.64
and )02 mg per ml. In the firet experiment (stags 3%) each grovp contained 1313
larvac, in the second (xage 45) 17 25, The number of beart coutractions per mxisst
was recorded at stago 45

Serier 2 Thalidomid study from stage 2 to stage 11 (witkout witelling membrone).

The sim of this cvperiment was to stody the effect on the lurvao of cxpasers 5
thalidomide from the Z-cell stxgs Tp 1o pastrakation, Le, sboat sags 11 (porhie growih

L or d The text was oot marted whh ooo-divised
cwdmlhmmybodnrrh:mmddﬂdopmm}nﬂmwb
a thort and caslly defined perlod

In crder to increase permeability afi the membrunes, inctoding the viciiss 3F
brane, were removed. This was chieved by puiting the noa-divided eggs foto » S
solztion for some boors. Thus the water diffnsed throuh the vitellins membrase wikd
cmldlhcnhousﬂyrunwud.buﬂn.lhclmthceu-mplxrdh:mlm
room (4 12°) which delayed the dovelopeent to stags 11 by wevera! days. The v
ment was stopped &t stage 11 since the egps do nat pastrolats pormally when s
talfine membrane b remaved (the egyps etogastrulate).

The texts were performad i glass bowls, In order 1o prevent the larrsa froo #4
mnumm-mmmmhmmdmwwm@:
trods, 0.003 0.0¢ and 02 mg talkdomida per ml mutrient wintionl, oech comixin
20 larvae, wers samined.




AXOLOTL DEVELOPAMENT WITH THALIDOMIDE »

Sevies 3 Thaldordde siwdy from stage 3 to xtaye 37

The dftect of thelidomide wier atadied froea the 4-cell stago vp to aboot stage 37
(with the vitellime membeano tatact)l. Three groups with 45 larvas In each were tested ~
controh, 0.004 asd 02 mg tlikdomide per ml notrient solution. The farvae wers &
amined and stage-determined once per day The experiment was concluded at about
stage 37 a3 the larvac then enter & remftlve perdod of embryonts =0
cated with 2 high mortalty Furthermors around stage 36-38 (he larree were oftem
affikcted by fungm diseass, which was difficult to prevent.

Series 4 Thaiidomide srudy | om stage 12 1o stage 46.

Jeries 5 Thalldomide study [rom saxe 23 1o stage 45

A similar axperfiment to series 4 was performed ewcept that i waa started af saps 25,
The sme four concentrations of wers mecd with 30 hirvwo {n each group.
Sertes 6. Thalldomcidy stwdy from siage 37 {  stage 40.

Tho tm of the experiment was to dindy the effect of thalidanide on the differen-

tiation of the fore limbe. The sume four concestrailons 1 fn the precwding scries wern
meed with 20 Jarvas n each groop.

Remity
Sertes 1 Test of octivity

Tho number of sectors passed per larva after 25 activations Is shown fn
tzble 1 (mean valne = SEM).

Table 1
Oroup Noof larvas &ectors pasecd per larve
Srepe 38
Comtroty i3 240144
0.004 mpfmi 13 116320
o000 12 67+ 15
0200 o3 199119
Ssape 45
17 1564 .4
gﬂqﬁm} ] 8L 18
2 JINE S
113

u 143425
Differeace from the controls seatistically significant,
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Table 1
Mouse fleum ln vitro
C ECS0 Ralatltre
{pg/ml) activity
TRB 1 1
QPR 12 9
KWD 226 0.06 180
IPR 0.009 1100

The EC 50-vulues calcolated from the resalts obtalned In the i vitro stodles (compere
fig. 1). The rehattre asthvity (degree of relaxation) le referred to TRB a3 wnit

Table 1 shows the activity calculated as pg/m! gving & 50 per cent refaxa-
tran (BC 50) as well ag the relative activity of the compounds, referred to
TRB From the date obtained, it can be clearly concluded that the relaxing
effect 3 of the order of TRB < OPR <XWD 2026 <IPR. Flg. 2 &-
manstrates the effects of doses with a multipls of 10 between each effect
and approximately in the range of the EC 50

AL 1
:

i l{ "'I
)#& 3 g (

{
—
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A concentration of 01 pg/m! of alprenolol In the Krebs solotion com-
pictely inhibited the relaxing effect of the compounds administered in an
equieffective dose range around the EC 50

In vivo.
A. Intraperitoneal adminlstration.

Amoag the doses of compounds selected, the smallest (0.8 mg/kg) was
ghven 50 28 10t 1o Eeparate the respomo of the toat anmmals from that of the
salino-treated control groups. The highest doso administered was calculated
from the intraperitones! LD 50-vales in mice. About one third of thls valus
was celocted 2 the maximum doss.

The intestines wero cxamined 1 hoor and In soms sencs 2 hours after
the charcoal administration. Fig. 3 [lostrates the results of expermrents
tncloding the fonr substances given In the sams dose levels. On the or
dinste the distance that the chercoal moved In 1 hour & indicsted. The
whols intestnal length from the pylorms to tho snoe corresponds to 100
per cent. The dases adminbstered aro indicated on the absclisa, Each polnt
in the diagram represents 10 animals. In the selure treated coatrol groups,
comprising 120 animals, the ctrarcoal hed pessed through 84 (SEM. + 2)
per cent of the ntestinal length in 1 hour To scparate test animals from
control animals by the wo of TRB a doed higher than 25 mg/kg was
pecessary but OFR at this dose level displayed mhibiting cffects, Other
wise these two drogs tended to ect in a slmilor manner as compared to
KWD 2026 and IPR. Fig. 3 ahko shows the dose response with regard

w_’-v-ur-
-—.—:5—————
=
4
“ \\F<§
.
or 1Y [0 e 00 .y ey
Fig. 3. Effect on intesiinel In mico after intraperitoneal adminheration of
)
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to the inhibiting effect of the two lasst-mentioned compounds, with an
appreclable effect at 8 mg/kg. However & difference in sctivity between
the two drugs in the dose range used scems difficult to establish, In an
effort to trace the difference in effect between the compounds used, s
analysh by means of the allor-nose criterfon for carbon black in the
cacca was alio ured. This method of evaluating the lohibitory activity
requires & propulsion ime of 2 hours for the marking substance to pve

groups, each gromp consisting of 30 mice. The dose wat 80 mg/kg. The
number of mice with charcoal-free cacca was compared to the less fo-
hibited animals with black caeca. Atter tving TRB ch 1 app
in the caeca in 2020 of the mice but after OPR only In 7/30 two
groups were compared statistically () and the value P << 0 001 indicating

a dose of 5 mgfkg of alprenclol was given subcuizneomtly before the
intraperitoneal sdministration of the drugs ot saline, Control animals

Carton In the cecum

D;
"
-—h
50
.
N\
0
s 10 b1 0 80100 mglkg
Fig. 4 The figare shows the remilt cbtained from & stody with ixtrsperfiooesl B

Jection of TRB (@) OPR ( KWD 2026 (A lndl'PR(_A).Thiﬂymhﬂ.ﬂlM
the o ot womach tobe. Two
cactd W

1

?
|
|

aaling, 100 per crpt biack cmeca were observed.
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wiﬂ%g’:é%gg&%
w \é

i
80 250 8a0 2500 8000 mglig

5 The figuro shows the affect on the Intestine of TRB (@), OFR (O), XWD 2026
and TPR (A) atur oml sdministration 30 mraies befors the enpply of carbon
by the aame route, Control animaly (120) recefving mlime fostead of drogs
thowed # charcoal propuisgon of £213 per cent of the intestine between pylome
and amos. Cf fig 3.

gea

pretreated with alprenclol did not differ from tho controls treated with
safine only KWD 2026 and IPR were given in about equi-cffective doses
{10 mg/kg) Le. comparable to 80 mg/kg of TRB and OPR aod resulited
in about & 60 / motility in the animals ot treated with the p-receptor
blocking #gent. After pretreatment with the above menttoned amount of
alprenolol, po inhibition of perdstalts by the compounds was noted, thus
indicating that the amount of 1 used prodoced a piete block,

po

B Ord administration
The samo cilterton for selection of the dose ramge, the same type of
and the same principles for evalunton of the results were

ol
equi-effective doses, or 800 mg/kg of TRB and OPR and 250 mg/xg of
KWD 2026 and TPR, corresponding to about 60 / propalsion, no in-
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ﬂumccwhamwmnoted!mmthnblmkingdmg.AdomoiZSmm;
of alprenolol was necemary to infinence the inhibitory activity of the
adrenergic compomnds wsed

Dhcaasion

Sympathomimetic agents are generally believed to Induce their relaxing
effect on Imiestinal emooth muscls by stimulating adrenerpc o~ and p-
receptors (AHLGmST & LEVY 1959 Fumcuoorr 1960+ REppy & MomiN
1968 BiiewiNg & TowWITA 1969). The compounds used in this imvestigation
are classified a3 adrenergle f-receptor stimplating agenty, but the p-receptons
can be divided Into f; and Pa-groups (Lanps ef ol 1967) Stimulation of
the former induces a relaxation of the intestine, but also hay an sccelerating
effect on the heart. The latier relaxes the smooth moscle tensiom in the
respiratory system and penpheral blood-vewels. In the stndies of PERSSON
& Orsson (1970) and of Peesson & Joewsos (1970) the compoand ter
butaBine has been evaloated as a Brreceptor stimulating agent with a high
sclectivity between the activity on amooth muscle m the respiratory tract
and on the heart.

In Pemsson & Orgsot’s (1970) investigation, TRB was also compared
to OPR and IPR with regard to its relaxing activity on the isolated rabiut
doodenum. Moreover Lands e ol (1967) demonstrated a differenco in
effect between IPR and KWD 2026 by the nie of the same prepantion
The results from the above mentioned experiments In wiro in the rabbit
ngree well with the date obtained on isolated mouse flenm in the presest
study where approximately a dose difference of 10 fs regstered betwectt
the different EC 50-valoes of the compounds. It vivo the relaxing effect of
TRB and OPR on the momss gut can be separated after mtraperitonesl
}mmmmﬁm&mshmhhmchemmmwmm
~ oralty
As mentioned above, the four agents used ars activo on broochial smooth
mrmcle. It is perhaps of interest to compare the dosts giving
of & trachea muscle proparation from guinea-plg (Presson & Ovssox 1970)
and of the isolated mome fleum. TRB is about 1000 times mare active o0
the tracheal mmuscle than on the fleum preparation. OPR Is less than 1000
times, and KWD 2026 md IFR both about 10 times mors activo on (b
trachea than on the intestine, An approximate compariscn between (¢
bronchodilatory activity on d guinea-pigt sub} 4 to histamine
scrosol (oopoblabed) and the inhibition of the propulsion In chareotd
mies” gives the following resnilt, Doess of sbout 0.2 and 0.5 mg/kg of TRS
or OPR, respectively and of about 005 myg/kg of KWD 2026 o« IFR,
sdministered tntraperitoneally to gulnea-plgs, produce a definito broocho-
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dilatory effect. To prodoce am effect on the intestine in mice, however
50100 tlmes the dose necessary to fnduce bronchospasmolysis must be wsed.
Moreover the four compounds, sdministered orally In an amount of about
1 my/kg, indues bronchospuumalyms in the gunca-plgs, though moro than
250 mg/kg of TRB or OPR and more than 100 mg/kg of KWD 2026 or
IPR, B necessary to infloence the intestipe in mice. The relaxation of
tracheal smooth muscle ks, a3 mentioned above, mediated by frreceptors
and the inhibltion of the intestine by fy-receptors. Consequently the dose-
cffect relation obtsined from the two smooth muscle prepamations indicates
the degrec of sclectlvity of the compounds used and polots to TRB as a
characteristic firreceptor aganist. ‘When compering the four compounds n
the present hnvestigation, the study of the effects it vhiv m particular
Indicato that the substances can be divided Into two groups. The com-
pounds with OH in the 3-4 position In tho benzens ring are lhtod as
belng more actlve in producing relaxation thao tho substance with OH-
in the 3-5 position. However the Liolated mousc Deum makes It pomible
to select the differenco within each growp of compounds. Between the
substances in a group, Le. OH In the 34 and in the 3-5 posltion, respec
tively the }-propy! conflguration on the nitrogen atom gives the compound
& higher degree of relaxing sctivity than the t-butyl conflguraton. From
the preacnt remults, it is evidant that of the four compounds tested, the
one with the hydroxy group ln the 3-5 potition and the t-butyl substitated
at tho pitrogen, ie, TRB i the sabatance lenst likely to cawse any dis-
torbance In gastromtestinal motility
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An Evaluation of the Toxiciy of Adrensline, Isoprenaline,
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Abstract. The todc effects of dreoaling, Bopremline, snd terbataline have

dmﬂywmmﬂhhquhmmyﬂm
after terbutaline

Key wordsz T - - sdremafing ~ drog L k tode
effects — mice,

The pew bronch lytle drog ling (TRB) (bricamyl®), as well

a3 bsoprenalin: (IP’R)md A (ADR), belong to tio sympathomimetic

group. However TRBuxhﬂiunhuhdepteoisdwdﬁtyinmcﬂcqn
demonstrated by Its potency in relaxng bronchisl smooth muscla, with

the
temperstare durleg the cxpetment was 22+ 1  Compouods snd mline soluthon
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vrernldm{nhmdhlvomm.nfalmlmlol.A:npmmmei.lPRmd
TRB wers adminhiered subcutaneomly at the two doso levels Le, 30 and 90 mefty,
mmmwuwwumxmxmmmmwr Thirty muloates
m«mmmmmmwmmmmmmmwm
I order to determine tho median lethal dose, Usally $ o7 6 dosc levels in fog
vequence were sed to determine the LDSO of the compound, 10 anlmak bebtrg
Injected at each level Tho mortality mate was detcrmived 1 bour 24 hours, aod
3 days after the sdminigntion Correspovding LD valoes were abo cakulared
Immwlonmlluknmmm-mnmmofaoqmlmhnhmhpnﬂﬂ
# [n the teste As pretreatment the controls were given salins sotution.

containing 01 mg/ml wcorble acld, The ealine administerod to the contrel anismis
alio comtalned this amonnt of ascorbic meld.

Resalits

Tables 1 and 2 give the mortality rates (LDSO) resulting from the
combined treatment. A comparlion with the control gronp shows that the
toxicity of TPR s only moderately 1 d by p with IPR
(table 1) The rate of {ncrease n the toxiclty related to time in anfmels
pretreated with sallne Is lso about the same as in aninnls pretreated with
TPR. The toxicity data on ADR from saline-treated control groups as com-
pared with the data cbtalned after pretrestment with JPR show a grest
difference. Tho LD50 after 1 hour for animaly pretreated with 30 mgE
IPR does not differ significantly from that for the correspomdimg control
groups (P>>01) but the values after 24 fiours, sad capecially the date
obtained after S days, differ ignificantly from those af tho controis
}001>P>0001 md P<0001 respectively) Thbo effect of fhc pre-
treatment on the toxidlty of ADR B still more potentisted afier 90 mg/ks
TPR. Here the LDS0 valus obtained after 1 bour differs significantly from
the walne obinined for the control group (001> P> 0001) Not cven 3
pretreatment with 90 mg/kg IPR bs apparently sufficicat to changs the tox
cltects of TRB significantly (P> 01) and po Increaso 1o late toxkity &
noted for the drug. Teble 2 present the results obtained after peetreatmest
with TRB TbalDSOo(IPRlndTRBhnotlnﬂncﬂccdbylth‘m‘d
ment and the LD50 of ADR is only slightly decreased, 3 compared ©
control animals run in parafiel, afier 5 days (P = 0.05)

In an attempt 1o evaluate the toxicity more quaiitatlvely muut:f
with TPR only and aiso with e combinstion at preseated fo Table
fiawe been sectloned 2od cxamined at low magnification. The wost obrios?
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From the Research Laboratories of AB Draco, Resesrch apd Development Departmant,
Fack, S22101 Lund, Swiden

The Interaction between Theophylline and some Adrenergic
a and (-Receptor Agonlsts Evaluated
as Effect on the LD50 of Mice
BY
O. A. Tersten Ohson
Recetved July 6, 1971 Accepled September 14, 197T)

Abstrect. Tha toxls effects (LDY) af drena dreoaling, b Tin

K¢y words. Theophyllaming ~ adresoeypior agonists — toxic effscty — mice.

Of the four sympathomimetke agents tested in this strdy the compotmd
13, 5~dilrydroxyphenyl)-2-(t-butylamino)cthandl, Le. terbutafine (TRB) or
brkanyl® s a new sclective bronct Iytic agent (B et al

ormed. Thos, in the present bivestigation, mice have been pretreated
with theophylline (TF) given a3 theophyllamine, and the {on be-
tween this drug and TRB disoprepalme (IPR), badremaline (ADR),
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Table 1
The LD30 of NA, ADR, IPR, apd TRB determined In mics after onl sdmuistration

of TP

Theophryllme

Freteesteeat. Satioe (2} {100 mykg pa)
Toclty of NA ADR IPR TRBE NA ADR IPR TRR
1LDso 23 10 IR 205 1900 138 M2 1%
+SRAL 8 22 k36 i1 A2 W i1 AU
1 hoar
LDso 28 6 30 W5 121 96 W 1%
IsEM. +8 i1 %41 x: 8 115 &2 2
24 hours
LDso b 4 |0 M 63 T 20 16
LBEM. +7  +1 41 £1 18 15 %26 *2
5 dan

siguflcantly (P < 0.001) different from sallne pretreated controh.
The fipures in tho table and the degree of significance were calculated from tht
experimental datx scconding to SPEARMAN of al. (1964)

15 miomes wfter the adminitration of TP or sallne. The adrepergic drugs wer
usmally given st 46 dosc levels, 10 animak being maed for each fevel The moctalky
wis noted after 1 hour 24 boars, and 5 days. The doss of theophyllamino (theopin -
Unn with ethylemediaming) b refered to the amount of theophyllios, and the kels
of the sympathomimetic amines uwed refer to the bwse form.

Results

Table 1 records the data obtained, From the figures of the LDSO-valocs,
')mmpmdﬂnmmcmmwgmrmm
stmulation component (or NA and ADR) seem to be conspicvout T
combinstion of TP with NA and ADR significantly increases the LDSO
(P<0001) of the amines 25 compared to the control experupents &
cluding animals pretreated orally with safine. Pretreatment with TP ks 20
effect, or possibly produces a slight altbough pot sgnificant elevation B
the toxlcity of the p-receptor stmulating sgents TPR and TRB

Disconton

R:m!nﬁumltoﬁdrymt;lwun!yame(th:d!cwmﬂ‘:
da tested and ',uhd][ﬁcuhminmmmnqumﬂﬂ

investigation In 2 qualitative manner Sugpestions for an explraation of
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data obtamed In the present study must be hypothetical and the euthor
prefers 1o give only » brie! p ion of some investigations desling with
TP and the sympathomimetics.

In = stody of Interaction, it Is, of coume, necessary fInt to make clear
the effects which each of the compounds Invelved might have in a biclogical
system.  Vesodilator effects have been ascribed to TP and its influence
oa cornary flow hay especially been sindied (Borex & G 1941
BAYLAY ot @l 1944 Moxororr & Eatz 1945), However TP has been of
fitthe or no valus {n the msnagement of myocardial Infarction or sngina
pectoria stnce the drug abo produces considerable myocardial stimulation
(MrLvire & Lu 1950 ScaMioT 1951 Airmy 1969 StaumeLt e of 1970)
The stimaleting activity of TP may be dos to the property of the drug
to release endogenows catecholamines (WrSTFALL & FumaNg 1968 Stwu-
BELT & Smeares 1968) Moreover TP Is able to inhibit the sctivity of
phosphodicsteress and thersby the corymatic breakdown of cyclic AMP
(BoTcHER & SUTHFRLAND 1962). Like other methylated xanthine derivatives,
It also exerts an tufiuence on the relesse of Intraceliolar Ca** (D GurAxEr?
& SreaTon 1965). Sympathomimetic amines, on the other hand have s
wide spectrum of effects which inflnencs a biological systern. The activities
thet determine the result In a study of taxlcity arc largely relsted to the
poltent effect of the drug on the cardiovascular system the cardiac system
21 well sy the smooth moscle in the vesels sre greatly sffected (Wererz
1967)

Inlhhltudy LhoLDSOothau—d:lmuhﬁnglgmuNAmdADRh

if5 d by the TP At first, it is tompting to refer
dndfenufi?mdnn;otﬂhtoradlrhyorthhdmgthmcmwﬁmﬂn«
thon has tho roverse cffect. This view ks supported by a stedy of OrDYXE

«t al. 1970 fn which the coronary dilator drug glyceryttdnitrate mcressed
the LD50 of ADR. However Rxaumps 1941 and Garoear ot al. 1950
formd that the toxic effect of the vasopressor and e-stimulsting drug
cphedrne was greatly increased by TP whils on left atriom preparations,
the stimulating effects of NA (RALL & WEST 1963) were potentiated by
TP However inhibitory effects of TP have alto been reported. Hess
et al. 1963 described 2 decreass In the contractility in bsolated rat hearts
alter combined treatment with TP and ADR, which occurred despits an
Incrense in phosphorylase. In an investigation In 1969 McNrL er ol
also reported that doses of TP enbancing pbosphorylase after NA, decreased
the inotropic response of the heart in open-chest mats. Bosanun & Harp
(1970), believe that TP in higher concentration exhibits mhibitory actions
on tho response of £.g. ADR. TP scems to influence 2 mechanlsm other
tb2n the pbosphodicsterass systemn, and a disturbance of the Ca** flax is
perhaps of importance in this case.

»
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From The Insthnts of Pharmacology Untrershy of Osdo, Blindem, Calo 3, Norway

Roduction In “K Effirx from Rat Atria by Promazine
and Thioridarine

By
Koud Landuatk,! Jon F W Flafferd and Jobuanes Setelisty
(Recatved Juoe 13, 1971 Accepted Beptember 16, 1971

Abstract Rat Jeft wirls wers suspended for one hoor In Ringer scintion cottatn-
h:wmimlﬁyﬁpﬂmlmﬁqmtbmmmlmdlolmﬂw
apparatmy and the QK-effhy wa & I

lho-tﬂnanTbommdunhlmiﬂtymrmd:ddum!hm}y Thlnrh
wern driven by electrical stimlstion at 180 beats per min. In notmal Ringer po-
lution a constant decrease in potaesium «fflox, seromed to reflect the trantler of
47K throogh the celt membrancs, was obtatned after about 15 min. The sddition
of promazing 53X 10-8M 1o 3X 109M and thioriderine 10-4M to 5 X 10°9M to
mmmm-mwmmmmmum

fitads of tho atrial & i the

camed by promazine § X 10-5M waa almost the same woder these experimental

mﬁﬂmmmmmdmm—ummmm
foreo io wib & No direct propor

wnwmmmmmqmmmmmm
foren camsd by promaxine was found, It b concinded that tha decroase o #K-
efflux catmed by the drug fs duo to & reduced membrane permenbility for thdy
jon, and (bt the docreass fa contractile force can bo dimocisted froo (s ef
fect,

Key-words Phenothtarine dertvatives — rat stria ~ Hi-cfffux ~ cosiractile foree.

Tt has been mggested that the cardlac effects of phenothiazine derivatives
arubadaﬂydmﬂuwrhowofquhlcﬂmmdo&crmﬂﬁm{ﬂamm
(LAMGSLET 1970 Lavtatark 1971b) Quinidine and high £
Mmmmbm;mummmmdmww
(Howao 1957 Howanp & Bexas 1959 Coen & Woop 1960 K
¢t ol 1960- Rumni & Reurm 1966) and robidiom, an jon which cxa &
convenlently used as a tracor for movements of K loms (van ZWIETTY
1969)fmmcuxﬂh¢mmd&m1tmuu1huemlybal
between antarhythmic activity and the abllity to reducs K -efffex T

1 v.m:ﬁlzcﬂaw The Nocweghm Coancil oa Cardirrascter Discases.
2 Revcarch Follow The Norweglan Council for Schence snd Framasnhier.
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henothiszine derivatives p 7 hiorid, and chlorp ine have
mmmmmux loss trom isolated perfumsed mat hearts
LanasLET 1970 Lanmianx 1971a). The K -oss in these experiments was,
owever determined indirectly from the increase of the K concentration

n the perh The present {gation was andertaken with the alm
u{ﬂndyhgthncﬂ]uxoindimunpomnhmmndiredly Isoluted rat
at s t freq were used, and the ¥K-efflux wos

mnmudbdommdn.ﬂanpowmtopmmaﬁmmdthbﬂd:ﬂm.’nn
effect of promurine oo CK-cfflux was compared with the effect on con-
tractils force,

The i oo of p hrm, (K Jo s known to influ
ence the cardiac response to quinidine {(Awwrraar 1957 Hotrawo 1957
WATANARE ¢f o, 1963 BRANDRRNmRIMER ef of, 1966 WaTANAza & Drerrus
1967), and experiments carrded oot in our Inboratory have shown that
variations in [K Jo abo Infloence the effects of promazine and thioridszine
on tho mmtomaticity costractile foree, refractoriness and excitability of mat
atrhal moscle (Lanmunx 1972). In arder fo determine whether the alteration
i K -effiux produced by p {s dependent on the [K Jo, the effects
ofpfmnaﬁn:nnryhg[l(}omﬂmbmmﬁﬁnd.

Methods

Fermte, albino Whisr raly (about 230 g) wte weed. The hearts wers axcised moder
otur anscabests, the Ieft atria wero removed by diwection, tied to a bolder end m-
peoded 1n o water-jackrted orpas bath containing 30 m! radioactive (SK) modified

Ringer solntlon at 22 bobibted with $5X Oy and S5 (O3 The Ringer solution had
mtmmvdﬁmumhmm-mﬁmlud potesiom 53 calchmm 51
mrgnesium 13, chiorids 1264 pix {H:PO; ) 24 b 25 safphate 23
:muwmmmam@mbumwmmsw

Afies ooa hor incaladion in tih soiotion, the airis were tranaferred to ¢ constant

i pe o6 the mﬁnnﬁﬂ

%0 Gram

lilﬁdmﬂummdmmﬂkﬁmmmmw

m plastic tost-ubes which were changed overy secomd min. by sn  Ttomatic fraction

mmmmmwndmmmmh‘
Pacixrd Axto-grmma tpectrocetsr Model 3001
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Tho atria were exposed to this test solution for a farther 32 mbn perdod. In the e
perfments whers the offects of varyieg [K Jo wers Imvestigaiod, the inith) K con-
tent of 53 meq /1 waa changed to elther 10.6 meql (high (K o) o 1325 mogdl (low
(K ko) adter the initial equilibration period. No oamatic sdforments wers made whia
mmmmmmmﬂmmmmub

After tw gxperd he g inirg In the 2uia war dctermined ad
tho stria were dried at 60 for 4 hra before the dry weight was determined.

Calexltatlons,

“Tho content of €K in the ratk the wn by
wdding the radioactivity of the mmples of effioent to the radicactivity which remabsd
in the peeparstion at the end of the experiment. The fraction lost o any time darteg
the experiment was detertnined by dividing the smoant of tracer lost per min by the
amaont of tracer which tha preparstion contalned at fhat thme,

When the effect of the drugs wero sndled, the offfmx of 4% was calenlated fu
counts per my dry welght min. 1, In arder to compars the resnits, tho total nember
of counts obtafned over the Inst B min. of the (bration perfod in esch expartm
wny called 100 per cent and waed sa reference for the vatres foond n e eubeequent
test perjod which way eabdivided into periody of 8 min. durtiar.

Drugs weed.

Promazine HCl (Norfarma) and thiorikicrine HOl (Sandox) were dimolved on the dey
of the cxperimenits in de-lonized witer and kept {n the dark at 4 Radosctiys potas-
dum (€K) war supphied by Instinott for Atomencrgi, Kjefler

Resnits

The effects of promagine and thioridazine on SK-efflux

In fig. 1 the mean fraction of @K Jost per min. from atria not exposed ©

‘]phunuﬂmnu.hpmmd semi-logarithmically ageinst time. After about 15
b;nﬂmwnh—cunthcmmknwymdﬂnuﬂyindimﬁngmuthmvﬂw
represent the tanater of @K throngh the coll membrane. An incresso fo
[K Jo increased the fraction of #°K lost per min, whik & decresse in (K Jo
hnd'hecppmheﬂaa(ﬂg.l)MdmgummmpldcwﬁmnM
6 min. when a now steady level was reached.

When the K cocentration of the Ringer sohstion remained vnchanged
throughoat the experiments, the additicn of promazine d d the oK of
flux from tho rat atria (fig. 2 A) Promarine 5 x 10 m(notlhovn!ng
figure) end 10 M had cnly a slight inhibitory effect on the #R~cflfux, * ;
5% 10 ™ markedly reduced the cffinx. Thioridsine 10-9M crosed
cmaﬂdcamhlho“K-cﬂ]nx,whﬂo(haeﬂedo(SXlU"Mqu‘“‘
nounced (fig. 2 B) The per cent reduction in K-effiox produced by varios!
concentrations of the two drugs & shown in fig. 3 On s moler basls po-
mrine decreases CK-clflux more than thioridarise.




PHENOTHIAZINES AND 4K, EFFLUX 57

w!

T o
i
e

L

. ¢ “
Fig. 1 Semillogarithmic plot of fraction of €K loxt par min. during wash-out from left
rat atrls which bad been labelled with UK. ¥ some etperimmts, the Inftiat K coo-
cvatration of the Ringer solution (3.3 meq./T} waa chunged to cither 10.6 meqd? (A) or
1325 meg/l (D after & period of 32 min. O =[K Jo ke comtant (5.3 meqT)
throughoat (be experimante. In brackets pumber of expertments.

‘When added colncidently with al ions in [K Jo p wine 5X10¢ M
redoced SK-efflux (fig. 4 A end B) Thbe per cent reduction In @R-efflux
cased by 5 % 10 M promerine was found to be ronghly the same towards
tho end of the test period at all coucentrations of (K Jo uted (fig. 5).

[Ty,
>
| N BRI - \ e ..

—_ P-1=E,
} \
R L

- “

Fig 2 Reduction ks SK-efflux from keft rat atria cavsrd by promering (A) and thiorl
Gexing (B). The total pember of connts recorded during the last 8 mbe, of the equilibra-
oo period b each expertment was called 100 per cent and ored #3 referencs for the

valoos found in the subsrqment test period, which wat sobdrvided into perbods of &
min, domtiow. In beackets mumber of srperbments.

P O e -
]
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Flg. 3. Reductlon In #K-effivr cansed by promazioe and thloridazdio at differcat thoe

{ntervaly thronghout the test poriod, The mean efflox valoey obtatsed froc 3 costrl

atria were called 100 per cont and paed o3 referencs for the afffux valoer obtained
from sirin treated with the drugs. In brackets somber of exparimenty

The effect of promarine and thioridazine on the controctile force

The addition of promazine and thiorldazne o the Ringer solntion caowed
a dose dependent decrease In contractils force. The rednetion produced by
promarine 5 % 10 M and 10 M was pweceded by a alight angmentation
of the contractions of 3-8 min. duration. Whilo the decrease fn contractlie
force induced by tho lower concentrations of elther drug was soall, 5 X
10 M of promazine and thiordaxrine cansed a pronounced and progressive
decline In contractile force (Mg 6).

Ons strinm oot of foar which hed been sxposed to promuzine 5 x 10 M

1 T

..o -
™
mkndmiudﬁdﬂmfmmmmwsximmb&
dmlmnddndto!htlhmwlvﬁwuﬂumqlﬂhlﬁoupo‘bdolnmh:c::
-mmmhmwmsswlwmﬁmnm)auﬁ
(B). Cakctlatiom 1 [a flg. 2. In brackets rombsr of experioxsil
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Fblkmhﬁmmdwﬂvlmmnﬂﬂmtdmlma
vals fwoghout tha tex period at varying (K Jo Tho meun efficx valoes obieined
macmtml-uhao'rx ) 3 contro] atde (K Jo kept contamt) xnd 5 contro]
lld-'(hllh[K 10) respectively wore called 100 pac cent and nwed A9 referencs for the
valesms obained from trla treated with proorine. In braclets manber of ox

parimenty.

fafled to follow the electrical stinmlation towards the end of the test period.
When (K Jo was & d ov tncressed, & slight rednction in contractile
force occurred. ‘The addition of promazine 5 X 10 M which colncided with
the Increass tn [K Jo from 5.3 meq /1 to 106 meq /I, cansed a pronoenced
and ive decline in fle force, and after approximately 15
mhqlhrccomdlauprep-nﬂmnhﬂedtnionawthndcdﬂﬂltﬂmuhmm
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Fig 6 Changes in contractile forts camed by promazing asd thlordarine. The yetuee

cblained after 32 min. perlod in each were called 100 per

cet and msed 23 reference for Bee valoes found In the mbsoquent text period. 1o
brackets pumber of aperiments
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Fig 3 Reducllon in SK-efflox cxused by promarins and thiordazizo at differest fme
tntervals throoghont the test perjod. The mean efffax vaines obtalned from 3 contred
atris were called 100 per cont and Tacd a3 referenco for the offiox values obizined
from atrin treated with the drugs. In brackets sumber of experiments,

The offect of promazine and thioridozine an the contractils force

The addition of promarine and thiorldazins to the Ringer safution caused
a dose dependent decrease in contractile force. The reduction produced by
promazine 5 % 10 M and 10 *M was preceded by u slight augmentation
of the contractions of 3-8 min. duration. While the decrease In contractlle
force induced by the lower concentratlons of elther drug was small, 5 X
10 M of promarine anid thioridszine caused a prosounced and progresfve
dechine in contractile foree (fig. 6)

One atrdum out of four which had been cxposed to promazine § X 10-%4

-y
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53¢ 10744 procade. TR
Fig. 4 Redoction (n €k-afflox from left amrhs capsed by 52 i, M £

drug was added to the Ringer sofution  fier an equillbration perfod et
ame thme, (K bm&nﬂmsgmﬂmiﬂ.ﬁmﬂ(ﬂwm
CB).C;!:uhdnmnlnﬂ;l.lnbmdmnmbunlaycrmmﬂ-
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Rdmﬂamfdpbdweenlhczﬂa:rofmnﬂdnean"Kdﬂumdanam
tractile force.

Alterations In [K Jo wero foupd to have marked effects on #K-efflux, but
hardly any Influence on the contractile force in clectneally slmulated rat
atrde. The per cent decresse In #K-efflux caused by promazine was almost
independent of [K Jo whereas the effect of the drug on the contractile force
was greatly altered by changes in [K Jo Otber differences between the cf
fect of promarine on #K-efflux and on the cootractils force were also ob-

teined the addifion of p zine caused an } diste reduction in effimx,
while the reduction i the amplitode of the contractions wes delayed, and in
some experiments this was preceded by an tion. The Ituds of

the cffects was alyo different. Tho greatest decrease in “K-efflux produced
by promazine was abont 30 per cent, wheress the redection In comtractile
force wat approxlmately 60 per cent before the preperations fafled to follow
the electrical st ton. In order to the effects of promazine on
SK-efflux and contractlls force, we have calculated the ratio between #K-ef
flux and contractile force expressed In per cent of the coatrol valuey at ddf
ferent [K Jo values thronghont the fest period (fig. 8) Valoes below 10 In
fig. 8 indicate that the drug affects the @K-effux moro than the contractike
force, whilc values above 1 0 show the opposite conditlon. Immediately after
addition of the drug, values below 1.0 were obtained. This was partly dus to
2 more rapdd onset of the effect an @K-efftux than on the contractile force,
and parily dos to an Inltlal don of the cth Later In the test
period, the effect an contractile force cxceeded that on the #K-efflux and
values above 1.0 were obtained, except when the two lowest concentrations
of promuzioe were added at 53 meg{ A When (K Jo was Increated, the

curve shifted towards the Jeft indicating a greater and more rapid effect on
contractile fores than oo @K -efffux.

Discassion

The present experiments show that promszine and thhoridazine camse a
dose dependent decrease in Ch-efffux from electrically stimulated mt atria.
Prmn:ﬂnnhﬂnmrcpummwmpcundo“mmdmpwhmmmpumd
on a molar basis. These results are in sccordance with previoms observations
(Larvmetare: 1971a).

Since K -efflox i1 belioved to bo a passive procens, the results indicate
that the two phenothiazine detivatives change the membrane permeabifity
for K Th‘udlecxolptmmhhﬂnmonp@nbnﬂnxlhmu;hoeﬂmcm—
brames ls, however not restricied to b oot in cardlac cells. CimrsTNSIN
et al. (1958) found that chlorpromarzine hlbdted the entry of radioxetive
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Na iato rat bran in vivo an observation confirmed by Cyan & Guaston
(1970} in stimulated rat brain cortex lices. Inhibition of Ca  Influx lato
Isolated frog muacles camed by chiorpromazine has also been described
(BALm&PlEmeI%Q)Hmmua!(I%D{nmdthmlhebam
of rats recerving intraperitonea! injections of thioridazine had increased b
but decreased Na  and water contents,

It has been demonstirated that the Initiatlon of strial flutter and fibrillation
and of ventrienlar fiknilation In fsclated cardinc mnscle Is associxted wilh 2
marked, but translent mcrease in Na influx and K -efffox (Kumn & Hou
LAND 1958 HOLLAND & BRioas 1959 Bmeas & Horrawn 1961), Comx &
Lucat (1964) have soggested that most arthythmlas are assoclated with a
low of cell K and galn of Na 1t hes also been stsamed that the antlar
thythmic mechsnlem of quinidine and other mnti-fibeflintory agents #s in
some way related to alterations In membrane permeability for K and Na
(WaTAMAEE et al. 1963 vAR Zwirmex 1969). The present mvestigation
shows that prommzine and thioridazine which are known to possess anti-ar
rhrythmic activity (for review seo Lanbasx 1971b) also reduce K -effiux

K -efffux from cardine muscle 5 depeadent on [K Jo (CaxueLizr 1961
GOExxE & PAGE 1965 Lanarx & BraDy 1966 BLEsa ef ol 1970) High
[K Jo Increases while kow [K Jo decreases the k -efftux. Our resuity ar¢
comistent with these observations. Incresslng concentrations of A hne
been shown to increass the depressant action of promazine and thioridazis
on the excitability of mt atria (LANDMARK 1972) Tho per cent inhihition
in #K-cfftux caused by promezine 5105 M is almost the same at different

K Jo This means, b that the absolute reduction m TR-effux caused
by the drug Is greatest at high [K lo, and this phenomenon may fn some
wuy be related to the potentl of the phenothiazine-induced changes in

the electrical activity of rat atrie exposed to high [K Jo. Vadations s [K 20
modified the effect of pramazine $3X10* M on contractile force. With -
creasing (K Jo, the depression of the coatractions fncreased. With low (K Jo
Jen initial fncreass In the amplitnde of the contractions cocurred the fubet-
" quent rednction was Yas than that produced at higher (K Jo. An fcres®
in contractile force of electrleally stimulated rabbit atria camed by quinkdn®
lulhcprmccoflow[K}ohubecupmviwmlydm{bedGiomim
Kmaepr & West (1969) bave o d that goinidine p :
positive or negattve inotropic response, sccording to the pature of the &
pedmmﬂlmﬂdiﬂomemmdnﬂnhowedmatthﬂncgtﬁNlﬂmm:
effect of high concentrations of the drug was temporadly revered by

mmmmunMammmmmquﬂm&m:#
exert ity positive inotropic action thronghs changes In the svallability of iat
mmmmmmmmmmww

tion fn o force dos to promazh
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In the present experiments, the reduction {n @K-efffax preceded the de
creass in contractile force, and no disect proportionality wes fourd between
thete two parametcrs. While the addition of promarzine 5 x 10 M affected
#Kcfflux to & greater extent than contractile force the opposite was the
caso when 5 X 10°M was med. The per cent decresss In contractile force
camsed by promazine § X 10 M was enh d by b
ullxphtmopaammmm“h-dﬂnxmhednbmﬂ\hcnm
The dissociation between the effects on contractile force and on “K-efflux
indicates that different mechanisms aro jnvolved in thess two actions of the
pbepothixzmes.
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Tnvestigation of Protein Fractions and Haemolytic
Properties of Wasp Yenom
By

J Flachl, J Isbay 5. Goldberg smd 8. Gltter
(Recetyed May 6, 19715 Accepted September 8, 1971)

Absrect The protein fractions of two waip mpeckn — Perpe oviensalir and

method developed by the presemt amthon sad are ghven o detafl fn the text
Key-words: Wap vanom —~ protsiss ~ b iy s —

Wasp venom B a colomrlens, viscous liquid with a solid coatent of
273 / of which 76 / arv protein. The phyxleal and chemical properties
of Vespa orfertalls venom bave already been hnvestigated (HL Jommua, 7
Frscrm, B Hpag, J Istay & S GrTer, unpublished resnlts) The venom
3 Astx pharmsningie, vol. 11, S, 1-2
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huhlghlymmpluxbiolopmlﬂu:dmdhmnrkndlytoﬁc(}iunr&
Ismrl%s),mdlmallul:ormnflupoten:ymlypophﬂhaum«
on storngs &t —20° Neither the extent of lethality In the mousa nar the
haemolytic activity of the venom i diminished after dialyds (1 Isar
J Frcar, S Grven, unpublished results) Jt is consequently assumed
that most of the toxie principles are high molecular weight substances,
or are firmly bound to proteins.

In order to investigate the biologlcal activity of the venoes, it 15 necesssry
to separate the proteln componenty by the most efficlent method. Since the
collection of pure venom is extremely difficalt, the material avallabie &
limited. The most satisf: y method of sepanation was found by micro-
electrophoresis. In order to determine the biologlcal activity of the sepamted
fractions, suitable methods wers developed, and the results will be pub-
lished shortly

The present paper deahs with the separtion of venom proteins by mes-
brams electrophoresls, and with the haemolytic properties {nvolved. The
qualitative and quantitative results are pregented,

Methods and Materials

Wap vooom was collected by “miling” the fneccws, eg. by applylag presan
on the dorsam wntfl the singer peotruded snd a micro-drop of the veoom appesrd

sppliaatians by meam of » Beckmans appiica
in 3% saipbomlicyfic acld wu el was achieved by microdeashie
metry of the ph followed by kmetry of the scan. "
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001 N-NsOH. The eloate was nemtralived with 0.5 ml of 0.1 N-HySO; sod the
baemoglobin setimated by ths iron methad.
The resalts wers cpromed I termt of mg of haemoglobin lbacated by the
venom fraction, under Fandard cooditions.

Resuity amd Discomsion

The cectrophoretic patterns of Vespa orentells venom sac extract venom
and Paravespula geranica venom are shown In fig. 1 while the quantitative
results appear in table 1. A maximrum mumber of cleven differemt frections
was found in the samples examined. We therefore divided the pherogram —
by parallel lines — into eleven zomes, starting with the one pearest to the
anode and mumbered accordingly Fractoms of the different specimom
falling into the same rone may be idestical both In strocture and in
biological actlvity: i many cases, bowever they are probwbly different,
For this reason they wre cousidered ss jdentical, or similar oaly with
regard to electrophoretc mobility

Tho differences fo the electropborttic patterns are obvious st a glance
The main protein Irctions in Vaspa oriensalls venom are basic proteins
migrating In the direction of the cathode, and they represent more than
70 4 of the total proteiny. In Paravespuls permanica venam, thongh signd

IO
P! I X 2

vespale the
¢lorm fractions detected fa the sampiat The sharp Hne which b seen
aamples at rove 3 b an artefact cansed by

y
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Table 1
mmmmdmvmmwww
The relative (X) and sbeclute (mg¥) profein coutent of proteims found a the
different fractfone by the L <k borctk method deseribed
detall n the text,

Zooo

1 1 2 3 4 5 ] -1 5 1w ’ll
Peravapula mgX 360 420 1.0 114 100 10
rermamica
venom x 13 45 s 16 el 23
Vegpe ogX 380 260 2210 690 2630 240 40
orlentally
venom x 75 52 44 138 516 57 107
Vepa
orentally mgX 530 110 310 1580 170 (7.0 270 1260 200 570
venom
Lot % 105 22 63 317 34 53 232 4113
axiract

Note: Bach sample contalrs 500 mgX of total protein.

icant amounts of batic proteins ars present, the fractions migrating towsrdt
the anode aro in excess of these. It 15, moreover noteworthy that the dye
uptaks of this venom was lower than kn other samples and, though te
total protein concemtrations were the tame, the fractions were more fainty
stained.

In Vepa orientlls sac extract one would expect to find the s™®
fractions as In the pure venom, elong with the addition of & muuber of
proteins derived from the tissues. Yet thny ls not exactly the case. Ths

# fractions 11 and 10 aro similar but the msjor fraction, po. § move
closer towards the cathode, suggesting o gain of positive radicals, Fractiod
8 a significant component in pure venom, is absent from the extach
wihils fraction 5 Is & major component despite the fact that it b preseat
in traces only in the pure venom. A comslderable amount of &u afbuRt
Ifke sobstance s found in the extract however since It moves # It
taster it is more likely to be a prealbumis.

Thsomulnmggmthntunncdonolmevmomhomvbohmm‘
un!ylnnodueulmd;npmdm,hmmnmmzumadmnmﬂw
ormod!ﬁcaﬁonor;omeolthcmpmu,mdmnammfmﬁﬂﬂ-
pusx!blyhyndmrpﬂonmtbumomlm(omoflh:dmnmwdw
tdmsmuponihhdmﬂmurlonu!m:bkﬁog!alcmnmﬂﬁb
of the venom may oocur wo are of the opinion that all the bological 6%
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ubulncdbytdn‘snnomncntrlﬂ(Smm\uNﬂﬂLIW)lbould
cvﬂmwdhlbaﬂgmdzbmrmﬂulndmintnnhutmﬂiu,m}y
pure venom should be used, untl tocing evid is available that oor
snmmpiton f5 jovaid.
mVapuwiazubvmommmm}orpmmmabmpmmm
Iytle acthvity (fg. 2) All threo fractions are basic proteins migrsting
towards the cathode. Their poaltion coincides with the rooe mumbers

activity per unit of protein ~ however being lowest n thls component
(table 2) The haemoglobin protein ratio was tho highest In the most
baak D fraction, the least batic B having an in-between position n thix

Hraminstion of the venom sac extract shoved the presenco of fractions
Cand D but fn the positon of B no haemalytic activity was detected.
Instead of a new heemalytic fraction, A appeared In the protein gone §
This phenomenon suggests that venom proteins undergo an alteration
during the extraction process. Since both the conceatration of protelms

FOAT IR
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Table 2
mmmdrmwmuummmmmm
fractiom.

Vespa orlentalls Fraction
A B c b
Venom Total protein mgX 260 ®0 X0 HOo
FHaemoglobie* mg - 2350 4100 &
Hb/Prot. - 34 16 415
Venom Total protein mgX 1580 - 1260 brf: )
nc Hacmoglobln my 4150 - 040 7000
extract Hb/Prot. 26 - 16 40

mg of haemoglobin liberated under eandard condition of 80 min 2t 37° by 1 pl
of sample contalning 500 my¥% of total protein.

and the amount of haemoglobln liberated by the active principle ere
bigber in this new fraction then they wero o fraction B of the pure
venom, the balancs obviowsly hms to come from fraction C.

From the sbove data It is concluded that the hacmoiytic sctivity i
not proportional to the fncreasing basicity of the protem cootainfng &t
and that though tho loss of positive radicals dae to denatoration changes
the electrophoretic mobility the haemalytic principle h pot significanty
altered.

The goestion whether the haemolytic principles are proteins or ars i
tached to varioms protein fractions however remains vnsoswered. The
mplmmﬂomnﬁmotﬁmﬁmBofthepmuvmﬂmmmﬁmA
of the sac extract, and the fact that on dialysls, no heemolytic activity
was detectsble fn the dialywste, support the former view Howerer 8¢
3 partial denaturation of fraction C and the excossive activity and protelst

7 in the same {A) fraction obgcures the overall pictare, In elther case, t 8
probable that the antibodies effective agmnst the haemolyte factoe could
be produced In experimental animals, Soch 2 project i belng undertsiet
by our group #nd the resutts will be reported in & subsequent papen.
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Investigation of Wasp Yenom
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5

Rabbity kmmomised with veoom of Pespa oriensalis developed ami-
redated to foor of the protein Irnctions of the venom and grvo well-
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Wasp venom s a complex blological substance producing many physio-
logical effects when Injected Into expedmental apimals (Enrmy & Isiuy
1965). In addtion to belng kethal to most Insects #s well a3 to some
domeztic animals, buman subjects are also vuloerable, snd death due to
Dephrotoxic, hepatotoxds and aliergic fnvolvement may occur (Joras &
Smmllw ScRALLIR 1964).

The and most off wasp species In the Middle Eant
is the Oriental Homet Verpa orlemtalls (Istiay 1964). The immunotogical
propertics of relmted species bave been lnvestigated by other workers
(Langroes et al 1965)

In this paper wo present the m dog cth btained fn rabbits
“mmvmwmmmmaszme\
Puaravespula germanica venom, and the tooship of the I

with the haemolyte factor

Address: Depariswat of Phyriology asd Pharmacology Bellimson Hospial, P.ON
No. 85, Petach-Tikva, Taael
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1
Flg. 1 Rexponss of six (oo, 1-6) rabblis to Immmumisation with Vegss oriocsll
vepom. Central wells Pespe orfemsally venom, Outer weltu Rabbit Ferpa orincels
venom extierum, Note the ldenthy of duplicates and the alight indtvidoal diff

for five wotks, with & dose of 10 pg of yenom with Frends adfuvant twies weekly
and s fical booeter dose of 100 pg as the last hjection. After immumbsetion 0f
animals were bisd, the serum separated by aspllo techniques, menblolate sdded
{110,000 und the serum then stored b a refrigorstor

Immuno-diffedden was performed on Ouchteriony’s platrs, nelng 12 % Dt
Nwhmmmﬂhm(mmmw«@nmmwﬂd
the outer wells was R mm and of the center 000 of 3 mm, the dhtance betwer®
wells was five mm and the sgary thickness R mm. The same agar solstics wia Al
oecd I brmruno~lectrophoresis,

Lysoryme was prepared from bumsn urine and rabbit antilyseqyme s WSt
Jprodoced from the above,

e




Pig. 3 Identification of Iysazyme fn wasp vepam,
Cetral wall. rabbit-antllysoryoes scrm. Welh 1 apd 4 Tysoryme.
Weils 2 and 3. Vespa orkentslls venom.

Resuks and discrslon

All six mabbits responded simitarly to the lmmumisation, though quanti-
tatlve differences were found (fig. 1). On Immunoelectrophorests, four
precipitation arcs were observed (fig 2) all of them in the directlon of the
cathode. The poaitton of the Immupo-fractions corresponded to the proteln
rones 8, 9 10 and 11 of the division described In our previous paper
(FIoCL ot 7 1972) and with fractiom B, C and D of the haemolyring
fractions (Foscrr. ¢ al. 1972).
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Fraction 11 which is devoid of hesmalytic activity has sn electrophoretic
mobility identleal with, or close to lysozymme. The identty and iy the
presence, of lysozyme In wasp venom was supported by evidence obtamed
by the immunodiftesion method (fig. 3)

Paravespula germanica venom reacted with the antiserum, giving two
precipitin arcs, which muggests partial cross-immmunity (fig. 4)

It iy realised that wasp venon contans a great number of toxk sub-
stances of diverse physiological activity Many of these are nok proteim.
Hence it cannot be anticipated that smy antiserom will give complete pro-
tectlon against all the toxic effects, Nevertheless, the powerful haemolytic
property Is undoubtedly an important factor in toxicity and might be
cotmnteracted by the sutiserum.

Further experimenty are corrently in progress.
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Effects of Fxgot AlLalolds (Hydergine®) on Cerebral
Haemodynamics in Man

By

Jes Obwen and Erfk Eidwhe)
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Abstract. The infrecarotid SXe lnjoction method glves o very acewrsto deter
minstioa of regicoal bood flow within the braln and can be used in Inmuan
mm-mh&mhmmmm\mm

® hes no Imencdiate effect oa blood flow throogh
mmmmmmmmmmmmm
ary to an ergot ixitlated docrease tn rterlal Blood prevure, cerebral blood fow
1 decrsesed tn aress with Impalred suto-reguhtion. The difference bn the blood
flow respamss between disessed and noo-discased arens {Tostrates the need for
reglonel

n stodies of the of e cerebral chreplation,

Kay-words: Ergot alkslolde - bydergine® — corebrom ~ hacmodymamice.

Hydergine® & composed of equal parts of the three hydrogensted ergot
alknloids L, ditrydroergocormine, diiydrocrgoctisting, and dihydroergocryp-
tine, snd It fs thus fn principle an adrenergic blocking agent. In wmo dimeal
trlah hydergine® has been clalmed 10 be of beneflt In senlle cercbral vascular
diworders. This has been attrbuted to the cerebral vasodilator effect of
the drug. The concept of erpot alkalokds 18 vasoactive agents which act on
the cerebral vesels 13, bowever based oo rather poor and controvernal ex

#Xe injection mothod for th
detumimﬂonu!nghmlcm’:bnlbbodﬂavnnmhphnmmx@;l

Material and methods
14 paticats io whom & curotkd rtetiography war indicated
regional eersbral blood fow (rCBF) mmh:‘:‘“"”ﬁ";‘”’




6 TES OLESEN AND ERTK SKINH@I

anglogram. In 9 of the cases we tred an futr 1 of hydargine® o
fmhmrmbdh!nﬂmnndhmopuﬂm\(uihhﬂcl)bﬁhlmmnﬂ
d The di weres Cervbral apoplety migralac, dementin

dus to an organic, but not yuscular kesion and ovo tumor case
The reglonal cerebral blood flow (rCBF) was menstred by the Intracarotid 3Xe b
Jection method (Laseat & THOVAR 1961 LASEN o al. 1963, Hoeor-Rumsmee o ol

punctured and by meam of the Scidt b a thin polyeth catheter wna
placed into the fnternal carotld artery The cormect position was checked by o rpld b~
fection of mline which canses a blanching in the mpraochital reglon whes injocted i~
1o the internal exrotld. A rpid injection of 2-3 mci 19Xo dhsolved fn 3-5 ml of Jeo-
tonfc mllne was given end tho wash ont of rediosctivity from the hemimphers was fol-
lowed by 35 small ecintillation detectors placed laterally over the ipsliateral dde of the
bead. The & are with cylindrical lead tubm 43 mm loag ead 12 o
in Internal diameier and consist of NaJ crystaly 12 mm o dlameter and 10 men thick.
The counting field of one detector s then represented by a narrow trupcated cose
trunssecting the entite hemirphers, At a distance of 3 em from tho collimatoe sporot-
mately carreeponding to the muface of the bratn - the diameter of tho cons &5 2 cm
65X of the counts are taken from this compartment wherest 35X comists of compioo
scatter This tends to smooth oat any reglocal differcaces ta blood fiow Becars of
absarbtion of lrradixtion in the theues the soperficial structures (cortex) arc madera-
Ty over represented In the clearance curves. Tho detectors are packed togetber ja & rve-
tangular box (fy. 1) of & sire which can tover u latgs human bead. Then, Uwoally &
few channels wero to0 periphers] and had to bo dixcarded bacans of kow cosodey
rate. The position of the detectors was marked on the hoad of the patient aod after
the study small pieces af lesd were tapod on the head, thus marking the position of

thos dlated flabls as & pb plotore of 35 clearazce corves, csch ¥

prﬂm&u;b]ﬂ)drdﬂpelthmdﬂothrw;hlnmﬂplﬂu!Lhuhﬂn(ﬂl-n-

Tha sum of the output of all channels s dhplayed on e writer whick
y during the and from which the degreo of Ty

roms
sctivity from previons botope Injections can be assersed.

ptes intorval ‘This time fa required fn order 10 being down the radosciiity from e
wacedh;hotcpch}xﬂmﬁcwﬂuo{thmmmmurrﬂm*“"
test.

Inmmpdmﬁmmhmdi—!wmmﬂm
dmubdmthaﬂwmmlnmabcmﬂndmzmmﬂ'mb
sous Infasion nto the Internsl curotkd rtery Doses nd hnfizsion times aro fated
tables 1 and 2.

Mutheﬂa.mdyamﬁdmtlmphywﬂmﬂypda-udmm”“
ling catheter

Caltwlarions.
I!mdamdmhh!w(mlowUMumamﬁnlwﬂ"

oo b
be calcufated according to the siic analyris (belght-over-are) or #
i 1 aatysis (proportk 1 to the sope of (he monorrpoaemiialy FEPFet
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g gy ad whits matter reapratirely (G 2. A wors yapid wad yui very accrmate
ethod for the estlmation of the cersbnal bood flow i1, bowever o meauire the slope

wmmuhﬁuknhﬁou(umuimu.udmdthed\mmudhg
thne & weady sixts of roepination (Pacogl, blood preserre and drog effects can mave
estlly be emared.

Teo prindple wadarfying the nitial lops caleuixtion # thut the frat 1 2 mioutes of
the cleurznce curvs frof the bruds can with great accaracy be regrrded &t montexpo-
weotia) shoce the grey matter bt domipant. Thin the fow can be cakulated &9 dooo
when dealing with homOgszeoas thmoe:

Feq 2 100 (m)I00 gimin) whers o & the Sope of the logarihmically dhsplayed
extve (mamral Jogarithen) and ) the thune to blood participation coefficient,

Applying thiv equstion to the terebral cltarunce curves and aing bese 10 bogarithm:

CBFigiti] = 33 Dy Ag 100 (V100 glmin) whers 23 &  cosvendon faclor
from base 10 to patural logaritm xnd Dyt the dope of the st 1-2 minites of thy
clearunce curve and Ly the parthition coefficlnt of gray mittsr Wikh a fic 1g = 087
o caleofating the slope bu per cont of & dacado par minuts the equation fs reduced

L3
CBFP nitia = 2 Ditra] /100 g/odn,

35 CHANNIL RECORDING Rrsten

Fig. 1. Schemutio drewing of the
eeschrnl blood flow (CBE) meare o
:‘wmwnﬂ‘m'ﬁtw A balt of WK damined b taliae b fn.
B Duptged epurnimealy o v e ;

fOL 1CIY MEASUREMENT
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Table 1

Effect of hydertine® on the regiocal cersbral blood fow Intraverowy injection.

Mesn 1CB)
(ml/1e

MABP (mmHy) PaCO, (mmKy)

o 6wy

BERARRARNg
CRREEATALS
FXARRIEIZGA
395753933
9333935333
RRROBRBYER

rREIIgRRER

LIRS

I

a
- mevnorobh3

N3 <o

384 40.1 31 B9 4

104

Cases with focal abmarmalities,

Table 2

Bifect of hydergion® on the reglonal corcbral hlood flow Intrscurotid lofusias

s
MABE (nlly)  PoCO, (omity) Mot o0

*oomd x0;

vnﬁ-g/ﬁ.ﬂﬂﬂﬂ ‘mmd

-
 TURRR

B

I28rg

= gRAIY
= 33833

m R8RRER

Sou=xy

32
d

Mean
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Thay ths ¢erebral blood flow i proportionsl 10 the sops of the logarithmically dis-
ﬁ:y:hnmmnnndmbﬂmd&wyﬁmlhcﬂlmh.dmﬂcm
comdrting of & disc which 8 moved in nuch a mannar that » [Ine My the curve

When two flow resully are 1o be compared h I8 nectamry to oot for possible
charges W aricrial pCO4, since thin factor & of pomost Emportancs in the regulation of
the cerebral doa. The jon wer perd. d a2 4% flow changs per
mmByg change of PaCOy (OuExent ot of, 1971). CosTection for the reomining redio-
activiiy from previom Bokope Mjections was abo carsiod cat (Ouese o o, 19713

The reprodecibility of flow valoes with the present techmigue spplied to pathats
with yaroos disteres haa bees eatimated by repeated resting state flow mesugements

tost was carrled ot 30 that the ditioery were e 10 the pre-
sent wady In u single chume! the flow valee was reprodoced with a changs of £
76X end for the arecage b flow vulno the docibiliy waa + 51X

(OLrme ot L 1571). Thes figures aro veed fn the stathtical caloulatione,

Xosva-1H
Srveurterisl tnpnarien murthed

-ty




80 JES OLESEN AND ERIK SKINHBT

Retults

The range of cerebral blood flow during the resting state vased from ex
tremely Jow values (cases 4 8 10 in table 1) through normal valoe to =
extreme case of “luxury perfunon® (HOEDT RAswussey ¢ al 1967) (a2
9} The deprenion of global flow vatues and metabolism in cases with only
loaldlnm-bmmh{nummtwithomprmm&a(mmm
MUSSEN & Sxixnes 1964) Three of the patlents showed focal sboormaities
f.e. an wrea where the porfusion differs significantly from the remainder
of the brain st rest and/or during the functronal tests mentioned below

EFFECT OF HYDERGINE ON CEREBRAL BLOOD FLOW

REST
HYDERGINE
75
MABP (mm Hg) 58
421
PaCOy(mm Hg) 450

59
CB Rzt (mi/ 1009 /min) 59

following the injection of hydergine® Tbonopun(mumvump‘wdh
dﬁmmwmhmmmmﬂmhﬂwhw
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Table 3

Effect of hydergioe® o the regional cesebral blood fiow
In patients with focl vasoparaiyee

Camno, Digooth  Number of focal Flow changs bt Flow change outiide®
channsts focme X focws X
8 Apopley 4 -2

9 Mipraioo 10 ~19
10 Corobml mcixstash 2

~8
g
-9 0

No oo tor i

vhy or PaCOy chango bas bern carried out hace,

Iuppumhnmublelchnbydaxix'hnnibnrpntmtnsowﬂwdxu
which In therapeutts doses rednces the mesn blood pressure by approx-
tmately 10 per cent. At the ssme time the cerebral blood flow decreases
only indgnificantly (fg. 3). When carrection for & concomitant increass
PeCOx Is carned out the decresse s longey and dgnificant (P << 00S paired
et

Tt?auxphmﬂnuiarthom@ddn:mu(@l’lnpuhﬂGnnd7nn—

— a8 seen fn most acule
coses of poplexy Wb an abollshed sgulation the reduction {a
h\uﬂpmlndmdbyhydugjm‘rm}ummqudmdmﬁmhm

bral blood flow In case 8 the fall fn the mean bemispherfe blood flow wres
mainly dos to a focal Joss of Lath

=3 and a focal d h blood
flow (table 3).

The intracarotid edministration of hydergine® (tabfo 2) was undertaken
50 that the drug conld be used in very szall doses, This would provide high
Jocal conceptrations In the cerchral veasels but minimizo any sysemic ef
fecs. Even with amall doses a decrease in the mean artedlal blood preastes
wat, however observed. The ntra-carstid Infution of hydergine® did not
cawso 2 major change in CBF In any of the petients except in case 3 whers
aa jncroaso of 38% was found. This padent who was relaxed during the
resting state study became agltated and hyper-ventilated dusing the pharma
cological test, which might account for the fncrease tn CBF (after corroction
for pCOx chumge). In rars cases In othor serles we have seen il tncrexse fn
CBF dated with agitation and Ively ooasider it a3 belog due to «
central “arousal™ rather than o & specific resctlon 10 the drug ltsell For
the group 23 & whols no significant change in CBF occurred whether cor
rection for PaCG; ws carried out or not.

Tbermﬂtxobuhcdlnpaﬂcnuvilh!ounynboormlmdn;mwrcnlf
patterus are [ited in table 3 It appears that the flow In focal arem
& Asa phmsmmacolegien, vol. 11, fues, 1.2

-~
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crmedduetohydergluc’wh:msitmy:eomum!nﬂnwn-cﬂcaodpam
of the hemitphere. The decreass in flow must therefore be aitrbuted to focal
[osg of autoregulation fn combination with the hypotemive effect of hykr
glne® mather than to a comstrictor effect on the cerebmal vesselt.

Such differences between reglons within the same cerebral hemisphere
ilustrate why determinations of cerebral blood flow from multiple small sreas
of the braln are necessary for proper evaloatlon of the effect of drogs on
the cerebral circulation. Mercly to measure the average hemhipheric bood
flow may be quite misleading,

Discussion

In tome clinical studies (AxADAS 1963 Drrclt ef af, 1971 Grax 1563
GriLL & Broxhima 1969 Hryex 1962 Hoprwmsime 1967 Sapal &
OswALD 1967 SanNprx Twrsxr 1963 Twmowrrmr & Fexr 1969) hyder
gine @ iz clalmed to have a beneficial effect in patients with symptoms re-
sulting from cerchral vascular fnsuffickency A critical roview of thess pubk
cations, however does not leave a very convincing impression The studies
eithier do not Include a control group or It is pot clear whetber the treaicd
and non-treated groups are cqually matched, The latter point fs crodish
sincs the treated patients showed compiex clinical pictures with varylag &
grees of somatic and pyychologcal problems.

Durlng recent years the medical rescarch dlvision of “Sador” hus Ioh
tiated @ study In eloven centres in the USA and Europe on the clinical ef
fects of hydergins® in cerebrovascular fosufficiency (Unncr 1871 perwons!
communication). 41 clinical parameters were ovaluated. The pooied &t
md}mwdmatm%o(mmhydagim'mnmomhww
responss than placebo However only 21 of the parametsrs were siguificest:
ly lopraved (P << 0.05) tncludiog sympioms such as confeaion, ment
olertness, perlods of depression mood, motivation and inidative, hosty

fion, £azkety
and fear lnoreﬂn,dmdnmmdvcrﬂgo.lncnordlmﬁona{mowmﬂﬂvdé
fculty in walking, difficlty In dressing, self care, and overall impressioa
the patlents. # tor

In almoat all the above meationed clinlcal sodies 1bo authon uk®
mmmnmmm.m::ﬂwmmebrﬂmmm@iﬂ
In o tnereass In corebeat blood flow From a theoretical point ol vie =%
ever an elfect of hydergins® on tho cerebral blood flow would ot
mmmdmmmmmmmmdwwﬂ;”
nmﬂuhmbcenwﬂdnmmm\cdlhuﬂhnncﬂdmthatw i
sct a3 vasocomstelctors uader pormal circamatances. Thus YORD&OW
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Vieagov (1971) found no change m the cerchral bood volume of the cat
after blocade with phentolamine. In man an alphe adrenergic blockade with
phentolamine does not camse any change In the cercbral blood flow in amto-
regulation of in the CO; respomse (Sxpomes 1971 wnpeblished sesults) In
patients with destroyed sympathetic function — advanced cates of Shy-Drager
syndrame ~ the cerebral antoregnlation is unatiected (Sxovcs er d. 1971).
Finally & normal cerebral blood flow antoregulation and pCOy resporses are
peesent In antmals following chronic sympathetic denervation (WALTZ ef ol
1971 Exide et ol 1971).

Tho effect of hydergine® on cersbral blood flow in man has been invest-
pated by Hevex 1961 & 1962), who wsed the Kety-Schmldt metbod. He
found an increass of 13 per cent after Intravenous sdministration of hydar
gino® most pronounced in cases with redoced flow values. GERAUD &f af
(1963) vsed a modification of the Kety method and conflomed the results of
Hevcr. In neitber of thess two reports arc ary data ghven cogcerning the
arterial pCO; values during the study This is critical Information a3 an In
creaw of only ono mmHg In arterial pCOs gives an incresso around 4 per
cent in cerebral blood flow (OLESEN e al. 1971) GOTTSTLN, in his careful
and sive stody “Der Hirnkret unter ders Binfluss vasosctiver Sub-
stanzen” (GOTTSTEIN 1962) did not find amy effect of hydergine® in mua
eltber by intravenous or by Intrecarotld sdrmnistration. These three fmvegl-
pmﬂmdnbmmnnmedem&Mmm“m)
in the cat found an increase in cerebral blood flow around 10 per cent after
hydergine® but his expert ditions were rather unpk ical as
unagmhq::wqhypotbmmmud,(lwmhh
boons and ming a flowmeter technique found an incresss b blood fiow of
.ppmnmnﬂyapac:nnbm!hcchmgamonlynﬂﬂmmmh
mduymm}yfmdmwdmwﬂwmmuwm
thoso naed climically

As seen In the present stndics hyderpine® does not effect fe cerebral
uoodﬂowwhmmncaadlorpadbhchmplnma-bjpa),gpmh
bnnorma]orhl&h,ddmlnthcmnmlhmmorhlh:mmo]-
dkeascdbraln.lnﬂxdhumdpuuulmubnlnwltblkuzz*rcpu;‘m
3t ks po specific b d, effers, bot it de, Lox fow secroir
ary to a decrease ko blood pressare.

The clinical effect in patitnts — if any — muxt =
other properties of tho drug than its dz;”"‘”m
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From the Department of Pharmacology (Profemos C. G, Schapiterisw 3Dy,
Royul Veterinary Coliege, S-104 08 Stockholm 50, Swreden

The Distribution of Labelled Aldosterone in Mice
Using Whole Body Autoradlography

By
Lart-Erik Appetgren wnd Evampeiiaa Marrers
(Received September 8, 1971, Accepted September 23, 1571)

Abrtract. Whalo body amirmadtography of mice 2, 20 and 60 minutes atter fo-
trwvenoos {nfection of UC-4aldoteroes thowed a raphd and high sccomalation
of aldosteroos andfor fis metabolites In the liver bile and kKidnoy Indicatlog the
Toutes of excretion. Besldes the uptake in the kidney and intestine, wdl Imown
a3 targel otgans for aldosterone, a high uplako was also reginiered ln dncho G-
ferem, caput epididymidis eod adrecal comier, Thindayer chromuopraphy of
chiotoform cxiract of sclected theoes thowed high amomts of wothanged aldo-
sterone 2 minnies affer (he injection, bot after 20 mipttes scloiflletion comuting
ihowed that mort of the radiowciivity wa foond in the water phase andfor
bound to the timoo reskdoes.

Kay-words 14C-ald - distribution ~

In previous distribution studies with Iabelled aldosterons, the pptake of
radionctlvity was found chiefly In the Kiduey liver and intestine indieating
routes of excretion (SULYA e al. 1963 McCAa et al. 1964)

Micro-autoradiographlc experiments with toad bladder incabated In 'H
alosterone have shown a localization of radionctivity [n the nocel of e

thelium (BDELMAN ef ol 1963

>¢mmmmm@;wmmmmmwemm
thown to have an afflulty to some titsoes not generally o farget
sites, &.g. tho epididymis and adrenal cortex (HAMNGRIN ¢t of. 1964) 1t ¥
mwnlhwmtam’mvwawy&uhﬂml:m

A whole autora was ore m

s :::Z 1 diofr:_f}:{: ':::yldnﬁﬂn\bn conntiag experime
were made on chioroform extracts of some sefected tissoes.

+ From C.N.1. C., Haban, Cobe, holdlng & SIDA(cltombip,
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Mateetals and Mefbods

b udmmmmmmﬂWHdelmM
%mmwmmwmmum
mmwmwumew

W&dg fighaiey
freczing. Seakial sectiom 20y uad 60 3) of the whols were =157 acear
hmmmwmwmmwhwm
tape (No. 510 Mt Minkg and Co) (UrLmexa 1954 & 1950). The
mcﬂmmmu&kdu-u‘mdpuduﬂmmmmmm.acnm

of the 3t at roam tempertters when & fit yoluble sxbstance b maed, all the dark roam
work, cveept foe developiag, was cartied ot at -15°

Another male mowse wrs Infected with 2ped of HCHakdomervos and the tasthcle,
ephddymal end ductws defercra trons both fdes werw removed after a swrvival tme of
7 minmies The organs wers Immediately {rowen and embedded In catboxymethyt el

afier the additom of 1ol 09 iy
ﬁm.m-nrpl-mlbc-hmo::ﬂhndh-!’unuw XN;?M
tracted twice tn chloroform. The recavary of “C/H.Mmm.-dddmﬂ:chom.u'
erired i was fousd 10 be abowt 0% b the Ahidoroform
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Thedxmmmmdnmmﬁ»dmmnhmam,)p\uu“m
o G ming chloroform-ucetle ackd (90:10) oc chlarolarm-sceton-acetic ackd (TEXE10)
= devedoping aponty. The radioactivity of the ch s detected by aoto-
ndlography and/or the ald of a ediochromatogmm scanner (Packard 7201).
Noo-radloactive d-aldostaoos whs med as & refaence arbstance. Since vinations i
%Mﬂmmmmmmmmmmmmhhmphh-dx
nadionctive tiyme extracts in order to facilitato comparison. The chromatograms of the
dor-tedicactiye mbetance were made visibhe by spraylng he plates with wipharie
scid-methano] (1.1). After treating the plates for 20 mibmstes &t +100 they were st
died in daylight. In some cases the relative concentratlons of the different spols were
determined by sraping out (ho spots localized by scamning and connting them by L
quid scintillation sccording to ArrELoRe (1967)

Resalts

Autoradiography

The radioactivity disappeared from the blood very rapidly and a1 eady mt
2 minutes after the fnjection the concentration was about half that of the
myocardium, The bighest uptake of aldosterone andfor Ity metabolltes was
seen in the bile and doctus deferens. M a high o wis
also regliatered in the liver inal ts, caput epididymidis, adrepal
cortex, Methomial glands end bronchi. Lower amounts of radioactivity were
found in the pancrens, salivary plands, testh, pitoitary gland, myocardhum,
chorofd plexos and interstitlal cefls of the testicle.

After 60 minutes the radlosctivity was mainly found In the fiver &d fn-
testinal contents s indicating the routes of excretion. At the sme time
2 low concentration was observed in the kidney Tho ductys deferens, how-
ever showed a rather high concentratio of %C (fig. 4) The distribution
md\hemdiﬁumﬂyhbenndmpwndsmhmdw

The distribution In various ssues at different time Intervals is given bekor

C gt
Skeleton. Bone mnd cartilage showed 8 very fow concentration of !
all the times studied. In the bone marrow the radloactivity slightly exceeded

y that of the blood.

Muscles The ekeletal muscley had bout the same concentration & the
blood alier 2 and 20 mimutes. Aficr 60 minutes no radioactivity was detect
nhl&mmﬂwnmdlm;hmupnkﬂhnn&hobboddndulhcm
experiment.

Respiratory organs The bronchi had a coucentration of M]:?;
wh}chwuhi;hcrthnnlhuolzhemrdmm,hnmxthmthntoﬂbﬁm
lnndmmkmumnm}edhn.mpaemhpma{wmnhndth’
concentration as that of the blood.



1A, Atorsdiogrsm of & ale movr 2 mioies eficr Isjecilon of UC-4-ldosic-
?—.N&!ﬁhmdmwmhmﬁm adronu] cortex
and doetm defereon,
Fog. T Detah o Tig, 1A, ibowing e Tigh wpaake in the dneta ctereoe, parn i e
cxpe epkfidyoidia and the feterliid colls of (e tastls,
ramwd-mmmmd.mzmumqm

iajection of ¥1-1,2eldosterone showing fhe wpizks fu the copat cpbdidymidis, malnly
corfined to the epihetmn,

Digestive system. The tetth had the same coocentretion of H4C m the
blood. The aaifvary glonds thowrd o scctrorutation eimifar to thet fousd {n
mmzmmmmmsmn{wm
The Hver showed marked of labefted
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Tbecbhm(mﬂmwachmwnupbcdouuﬂnhrﬂﬂmp)pmadﬂa
el G mwmmkmmlm«dmmmmﬂmnm
® developlng sgemts. The redloactivity of the cb way detected by saio-
Tadiogmpby andlor the ald of a nadiochromatopram scanter (Packard 7200
Nen-radleactive d-aldosterone wis used &s a ceference subatance, Sioce vackation
the Rf-valuey were seen, tho refcrence substance was nim in the same plate w the
radioactive thsoe extracts fo ocder 1o facilitate comparisor. The chromatograms of the
non-fadloactive subiance wero made vBible by spraying the plates with swiphoric
scid-mcthanol (1 1) After treating the plates for 20 minotes a1 +100 they were siv-
dled In daylight. Tn somo cuses the relaths concentration of the different mets were
determined by scraping out the spots Jocalired by scamning and counting them by ¥
quld scintiflation according to ArttrcrN (1967).

Resalts

Autoradlography

‘The mdioactivity disappeared from the blood very rapidly and s eatfy 2
2 minutes after ths infection the concentration was about half that of the
myocardium. The highest uptake of aldosterone andfor its metabofites wrs
scen in tho bile and doctos def N a high tlon was
also registered In the Liver § 1 caput epididymidis, adrenal
cortex, Mefbomal glands and bronchi, Lower amounts of radicactivity were
found In the pancress, sallvary glandy, teeth, pitultary gland, myocardion,
chorold plexus and interstitlal cells of the testicle

After 60 minutes the radionctivity was mainly found in the Rrer and ko~
testinal conteats thus Indieating the routes of cxcretion. At the same tme
2 low concentration ks observed I the Kidney The ductos deferens, bow
cver showsd 2 rather high concentration of HC (fig. 4). The distrfbutica
patterns of the two differently labelled compotmds were in good agresmest
Tbcdmﬂbuﬁonln\nﬂomﬁxmntdmmﬂmelmmhhd\mm

concentration of ¥C #
slighily exceeded

Skeleton. Bone and cartiloge showed a very ow
all the times studied, In the bone marrow the radlosctivity
that of ths blood

Muscles The skeletal muscles had about the same concetration £ 1
bbodnﬁcrlnndmmlmua,AfmﬁﬁqumunondbodlﬂfrWdﬁ
able. The ryocardium had a higher uptake than the blood during the
experiment.

Resplratory organs Thobrondﬂhndlwncﬂnnﬂonu!rﬂmc‘:;’
sebich was higher than that of the myocardiurm, bet leas than tht of the
2 and 20 minutes after injection, The parenchiyma
concentration es that of the bload.
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Tooth nrylhtﬂ 7
Fig. 2. Antoradiogram of & male moawe 20 misoles after bntravenoms Injection of 15C-
4-aldostarnas. Noto the sptake in the Hver bils, kidney and brtestinal contents,

Quantitatton and chromatography

The results of the liguid scintillation of the combired chloroform and
water extracts are shown in fip 5 The relative conceatration of redicactivity
in the water phuse and chiloroform phase I Indicated in table 1 Tho radio-
activity in the tiwns resldne b abo shown in this mble.

The ch =y of tho chiorofarm extracts with sufficient radloactivity
for scanning or antoradiography showed cne majar spot with an Rf-valee
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Liver Tuiesting

Ductes defervos
aiwdnmkmmmhu“‘w of
HC4-al it Intravences tnjection

ta the bils ducts, latestizal con-
lmmmmamwm

(0.26-0.30) 2 minates after Injfection,
Thhanancmeﬁnrthoqﬂd&dynﬂl,immlne,Hdnay ver and ductis
dcferems. The relatve concentration in this tpot was 83% in the extract ob-
tained from the latestine and 93% from the kidney
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metabolites with RE values of 014-0 18. The gm0 pattern 83 570
In the chioroform €X

in tbe intesting was aiso aftcr 20 minutes
tract from tho liver bﬂamdepid}dymb.lnthoﬂver
boﬂmﬂhR!nhu&OS—OlOmuhomnd-Iﬂ
hawever mmiotmenﬁmcﬂﬁqmﬂnahmbrmammwﬂﬂ'
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Thscamton

The whols body autoradiographic distriltion of 14C- and *H-aldosterons
:mwﬂvhhtho:ﬂm{bmimmdk‘o(l-hdhdwrdmmdmmlby
mmmdi(lm}mndﬂcmuxﬂimmbeumdm
hh:l}cdnldm:zmncdidmtmmu!n:tuthebfmrulmlhoumouwm
nmfoundbyt}m:uﬂnntorurwmdmnhom

The rapid excretion of Iabelled aldk s shown previomly (SULya
ot al 1963 MCCAA e ol 1964) was also observed in this amorudiographic
stody

oo & sraptic and quantitative cxpedments lndlcated that 2 mt
mites sfier the Injection of labelled ald . most af the radioactivity was
extractable by chloroform #nd corresponded 1o unchanged al

Twmyminummaﬂnm}edhm,hommmdthcmfmcﬂﬂtym
$eft in the watet phute andfor In thyno rexkdne, Indicating metabottan andjor
protein binding of the labelled aldosteronc.
The mineralocotticold effect of ald
ation of specific 1k seceptor complexes in target cells (HERMAX
¢t al. 1968). The presence of aldosterone-binding protelns
has recently been studied by Swareex e o (1969) who found consdderable
quantities of such proteim in the kidosys and doodenal mmeosa and smaller
quantittes in the spieen, brain and Bver A maried accummulation of labelied
aldostzrans was consistently found {n the kidoey in the present smtoradio-
graphic gudy but the accomulation In the Inicstinal mucowa wes pot s
marked s In the Kdoey o the spléen and brain very xmall amounts of Is-
belied aldosterone were found, which Iy In agreement with the findlogs of
Sow aldostzrone-binding ability in these argans. In the [ver & very pronomn-
ced accmnlation war found and this & poobably due to the presnce of
nadd‘mtm;uﬂzhgmzymmlmlthmtmknmﬂthchishmn—
Jabelled aidon foond fn ofbor orgam, g, ductns do-
ferems and
a pacis of the cspot cpididymidl, are duc to the presence of spe-

£,

mﬂT:dlcthu]:f]eubu mwh"b"mmdthcldrmﬂ

% the equillbelum 1.1:3“, Wdostsrone bt puzzling, but may be duo

catiag a o of mdmnhbeﬂadddmmmmym
e of dosicrone at Its slte of ;
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The A¢tlon of Practolol on the Isolated Rat Atrlam
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Absirect. The f-receptor amtagouism and the sffects of practolal on
hanical and cloctricnl behark of polated rat st supended in
to

n

Praciolol (1.CL 50172) has been shown to produce a selective blockads
of myocardial preceptors in a doze range that produces no significant
blockade of vascolar p-reeeptor, The drizg has also been reported to exert
a relatively much weaker blockade of g-recepton In the trachea than of the
cardisc p-receptors. (BARRETT ef ol 1968 Brxx ¢t ol 1968 Dumaor &
Siunxs 1968 Bristow e al. 1970).

Pmddulhuhomutdhd.hhlﬂudlaformnlhm!h:mymn
mdhubccndenmlnmmrdsatdmmlnpuﬂmuwﬂhmdm
pectorls (ARESKO0 & ADOLFSSON 1969 CGEORGT ef ol 1970 Sanperr &
CLayron 1970) cunuu]lhamalnmhllndvmmcuhrmthﬁhmlu
(Omson et of 1968 JEWITT e al. 1969 GENT of of 1970) and lower
clevated beant rate durdng exerclse (Brrcx e ol 1968 Greaow & SowTon
1968 FIIZGERALD & SCALES 1968 SHINMCBOURNE ef of 1968) I thyro-
wdwﬂs(hm&ﬁml%ﬂ)mdduﬁn;mm(lomlw)

Sivdent Resesrch Feflow Norwegian Rescarch Coancil for Sclence nd Humaakies
** Research Fellow Norwsgian Cowncll o0 Cardiovescnlar Diecases

T Avs phuromschagies, vol. 31, . $2
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There is evidence that practolol is safer to use jn patlents with broochial
asthma (MACDONALD & MENETL 1968 SaNprm & Clayron 1970 hra
& PATIL 1970)

The alm of the present lavestigation was to study the mode of action
of practolol by testing its effects on Isolated rat atria. Tho main purpose
was 1o cvnluate whether the antifibrillatory action of practolol it due 10 2
so-called quinidine-like effect, or whetber It {3 a consequence of the §-
receptor blocking activity of the drog.

tropie effects of practolol.

Electrically stimulated left atria were used In order to bvestipate G fotropks
effect of bopremaline both in the absence and presence of praciolol The chrose-
trople effect of the drug uoder the same condliions was tested on kR sod right

wed and
delivered by a hboratoty stimulator Threshold voltage wio
measored oa u Teldrooky cacllmcope, typs S2A, coopled n eeri?
} with the atrfum.

Changes In the de of tha wero red aver & rangs of dosct

which was mexrured aficr a further 2-3 min Tho bath was wasbed benwert
each sddition of the drag.
Electrical threchold and maximam following {reqmency s, the

the
In order to messure the threshold voltage required to drive
haqmcncyvundnbomwwcw(hlda«lhummnmuuhlnmm



? of the resalts wus made by maing Scadear (et
Drwgr aped,
Practolol HA (LGL. 20177) end o ; 4O Septie

period vared ty et €08 1) The fors of
0 to 150
cuulrtctkm:&nml75te240be_mpe,m mg, the rate of
Effects of praciolol on the tnotropic gnd s
M"“mmﬂdwﬁmmmmmdmmﬂm
SSpouse curves lﬂrbﬂptmﬁmin the peezence
ﬂ%Zmd:;mmm
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Fig. 1. Log. doseresponss curves for the chronotropic and inotropk effects of
practoloL Each value (mean value + SEM.) represents the mean of five cxperiments
and s cakculsted fn per cent of tho valucs obtained fn the controf period

curves had been shifted to the right by approdmately 1 log. unit. Prac
tolol affected the Inotropic and chronotropic effects of hoprenaline In &
tlmilar way

Electrical threshold and madmum following frequency

The voltage required to stimulate the atria at s frequency 10 per cent
higher than the spoatancous rate in the control perlod decressed siightly

-
H
r
E " PracTOLSL 1070
.

.u{ sorrrnsL waknt

mlmewMWtﬂde‘“:

wmmumwiwuwm(mthmﬂﬁ:m

mc-nu(wnncxpcﬂmmnmdh:ﬂcuht:dhmmuofﬂrmuum
contyal persod.
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oF conl oL

Faciao, e

a-
" -
ol orxewa Jt
Fg 3 Log dossresponse curves for the chronotropic effect of hopremline in the
ubsencs and presence of peactolol 108 M. Each valne (mean 1 SEM ) represcats the
mean of five cxperiments and § cakutated In per cent of the valnes obtaloed in the
coatrol period.

after exposure to practolal However this decreaso was pot denificantly
ditferent from the results obtateed from coutrol atrie to which no drug
was added (005 <P <010 and 010 <P<C0.20 after 10 and 20 min,
respectively). The results are shown in table 1 The threshold before the
addition of practolol varked between 0.80 V and 145 V in the different

groops.

At the end of the contrnl perdod the maxdmom following {requency
(m.t1) was spproximately 560 beats per min. Abovo these values the
stria fafled to follow the impoted frequency (fig. 4) Tho sdminkstretion
of peactolo] cansed a minimal fncreass i the mtf. Thiy incresse was not
dgnificantly different from the results obtalned from control atrda to which
00 drug bed been added (010 <P <020 afer 10 and 20 min. respec
tively) The restlts are shown In table 2.

Teble 1
Thebold for chectrical stimuletion of strial mosche n per cemt of control The
statistical difftrence between (he two groupe ks nop-sigoifiant MOS < P < 0.10 and
010 <P <020 afser 10 and 20 min, respectively).

Time Neo. of No. of
Practolel 1040
(m) No drog

10 931t10 3 1003118
o 18130 s 1002132
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ZDOmg[
| I
1sec
Flg. 4 Aurial i Imufated at a f; of 600 per min The traciop
showr that the atrla fust falls to follow the fmposed rate.

Threshold for fibrillation.

The threshold for fibrillation In the control perdod was 2,10 £ 0.12V
Practolol 104 M did pot influence the threshold for experimentally Indneed
atrlal fibriflation to agy significant extent (table 3)

Discemfon

Tho menn log. dose-responte curves for the inotropic and chronotropic
effects of Boprenalins on lsolated rat atria In the ebtence aad prococt
of pructolol, indicato & competitive f-receptor blocking action of practaiol
This reult fs in agreement with studles of the action of practolol on the
Isolated rabbit atila (BrisTow & Grrm 1970- Brrstow ef o, 1970 WaLe
1970) The present study shows that practolol affects the inotropic and
chronotropic log. dose-response carves for hoprenaline to the samo exteat
which supports the view that thess effects are medisted by the smme
receptors (BuRks 1967 Bristow & Gaern 1970)

The two main effects of a rubstance with antifitaillatory activity ars ©

Table 2

lhlhnnm(ollwhntraqncmyu'hhhnn'hlmd-foﬂmhrﬂpm‘mﬂﬁ
mnmmmmmdmmwaummmm
froup & Don-elgnificant (10 < P < 020 after 10 and 20 min regpectively)

of
Tume Na, of N Na.
Practolel 104 M py o drug Py
10 93107 s MAL24
n 93107 H M8L29 L
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Table 3
mucmmmumummumbxmm-nﬁmm
of peactolol.

‘Threshold in volts e ot

Coutrot period Practolol 104 A Pt

210402 206+ 007 ] 5

3

Im;thneﬂecdvnrdﬂﬁorypedodofwdmcmmdomdtonhotbe
1d of excitation (SZEXERES & VAUGHAN Wiimws 1962) The re-
period s affected by scveral facton, including the driving fre-
u,emmy_hu“hortimulm(D.«wm&VAnlﬁsTmn
cxd.wﬁTLT‘ inations of the muxl Tollowing frec at which
the asrta will fallow a stimlus, are thetefore not an accurate test of the
elfective refraciory period. However measurement of the maxinrom follow
mﬁwmmdmban(gwmcﬂalmmmthcwﬂmm
for idine (DAwWES 1946 & 1952), and as It Is
mytopafonn.ﬂmme!hodhﬂbeenvidﬂym:dunnauﬂn;mndud
for antifibrillatory action (HOLLAND 1957 VAUGHAN WILLIAMS & SZEXTRES
1961 ScxIYA & VADGHAN WiLLuas 1963 DosapwaLLA ef al. 1969 Davis
1970 LaNDuaxx 1971)
The present results indicate that practolol 104 M does not projong tho
cﬂoct}verd.mmrypabdalboh!admutﬂadncehdounotdgnlﬁamly
infio Ire y st which the prepamtions
rupondm:ﬂmuhtbn.Ndﬂm‘bupncmblinﬂnm!huthruhnldol
cxdtation to any significant extent. In fact, the clectrical threshold was
slightly and tho maxh following frequency slightly d
after administration of the dmg,
Fibrillstion of strisl thssue can bo produced experimentally by a com
bination of electrical stimulation with Infasion of chollnergle substances
(Burn et & 1955 HoLLAND & Bmioas 1959), or by suitably timed elec
trical stimnlstion aloe (DrPALMA & ScHULTS 1950 BRooxs ef ol 1955
Sreceres & Léwnixp 1560 Lasosua 1971) The peesent fmvestigation
shows that practolol doet not significantly infleence tho threshold for cx
perimentally induced atrial fibrillation.
Thulhmnmdonbdrﬂulﬁhcﬁcna!hatmhldoqmtdunw
lhedtcul:n!lcuﬁtyuflhontm-lnm.Dumm&Slum(l%s)hm
stated that practolol bas no local betic activity and the present study
mmmﬂmlhhMPm&VAmm(l%S)m

i
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found that practolo! has marked quinidine-like effects on intracefluler car
diac potentials (rabbit atna) at concentratlon above 661 X 107 M. Oun
tho other hand, this concentration has very litle effect on the spoatancous
frequency maximum following frequency electrical threshold, contractions
and conduction velocity while 331 X 10 M of practolol influences these
parameters 1o varylng degrees. Membrane stabilzing drugs (ke qunidine)
have a negative Inotrople and chronotroplc effect (LaNasteT & @yr 1970)
The present results show that practolol, even at very high dose levels
(10 M) does not have any negative Inotropic or chronotropie effeet on
isolated rat atria. In coutrmst propranclol has marked pegative inotrope
and chrobotropic effects at drog concentrations exceeding 104 M, and both

these effects | with } ing drug jons umtil arrest oc
curs at about 104 M (Bunks 1967 NAYLIR et ol. 1969) It has been sug-
gested by several investipators that & b (tocal hetic) wctivity

in a pereceptor blocking agent is cllnically undetirable becawse of the
deprension of myocardial contractility (ELLIOTT & GORLIN 1966 GRANDIEAN
1967 Lrvy 1968).

Both In the clinical and in the experimental field there has been some
debate ns to the relative importance of f-blocking properties and quinidine-
like aciivity n explalning the antlarthythmic effects of the f-recephor
blocking agents. It appears however that foreceptor blocksde & mportant
for the reversal of catecholaminednduced arrhythmixs, while a quinidine-
like activity I8 essentisl for the raversal of arhythmiss due to cardix
glycosldes (Somant & Lung 1965 Luccurst er al. 1969 Dorimy ef al
1969) This vlew I3 sopported by studies with praciolol which has been
found to be incffective apalnst ouabain induced amhythmdes, but effective
in the prevention of ventricular fibrillation after the administration of
chlomfommdmdmﬂlm(Dwmr&SnmlDﬁS).IthubﬁmmF‘fd
that practolol can bo used in the differential dlagnosls of cardizo ariyti-
miat, slnce #t might be expected to suppress those caused by sympatbetic
overactivity but pot those caused by digitalls (Grusol er al. 1958).
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w:mmmamﬂh‘mmmm
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ﬁmﬂrwmmmwmnm
mmh@mhmxmwwh
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mmdmwmmmﬁmmumm
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A pumbet of drugs, sterold bormanes, fatty acids, and polyeyelic fydro-
carbons are oxldatively metobolized by enzyme components in the iniracel-
tular membranes of the lver (cf. ORRINIUS ef of. 1968). The cxidired com
pounds are often subsequently confugated with gl ie acld by UDP-giv-
curonyltransferase (DUTTON 1966) before excretion into blood or bile.

Avaflable data indicate that not only drug oxidation but also ghicuroni-
datlon Is catalyzed by enzyme systerns primarily located n the intracellalar
membranes of the flver and that both these procestes are dependent on the
structural integrity of the membranes (Iaat & Sato 1960 Granam & Woop
1969). However the localizatlon of the enzyme systems among different cylo-
membranes s not fully known, cxcept for rough and total smooth micro-
somes (Grany et af 1968 Muiprm 1970) Tt recently became possible to ho-
hite sublractions of smooth microsomes and reasonably pure plasma mem-
branes (cf. BEXTDETT! & EAnar1otT 1968) and Golgl elements (Mowat ef ol
1970 Grawmuwsn 4. Exxcsaon 1970). Since the Golgl apparatus is often Io-
cated near the bile canalicull in the hepatocyte and a large mumber of endo-
genous and exogenous compounds are preferentlally excreted luto the bilo in
a conjugated form, it might well be Inferred theoretically that Golgi mem-
branes participate in the confugation reactfom and in excretion.

Wo bava Investigated the abilires of various lntracellolar membranss %
oxidize and glucuronidats drugs. Roagh microsomes, smooth T and IT micro-
womes, platma membranes and Golgi elements were fsolated, and the distt-
bution of the drog bolbring enzymes wa | {gated by means of the
tollowing reactions () hydraxylation In a one-step reaction ol the highly
lipophilic drug, desmethyllmipramine (DMI), which I3 excreted metsbofized
23 well as unchangsd Into the bile (von Bam & Bosal 1971) and cxidation
of 2 kem lipophilic compound, aminopyrine: (II) hydroxyladon and #eb-
sequent glocuronkdation of DMI in & “two-step reaction™ (von BAm 1970
vON BATR & BIKTILSSON 1971) in which the two enzyme sequences -
operate, a3 they do In wro to yield more polar metabolites, (L) ghocuroe
{dation of p-nitrophenol and Fnaphtbol in digitonin treated membranes” Io

ddition NADPH-cy ¢ redu ytoch P-450 and drug B

} duced spectra] changes were determined.

Material and Methods
Animals 1
MmWrMmem.mmmmwh
hours befors sactifice.

lonailon. G
u-:-{:a were b 23 deacxibed previousd Wiuﬁ‘uw
e & DALMY 1968) with cestaln modificasions. A 25X bomogeatto of
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atd § for 20 min, Saffickent 1 M-CsCl was added to
l‘;mmmﬂmlw Hoo of 13 m. § ml of tih superpatant was
mdmssmdmum—mummwmmnmpw ¥
fmwm(mmownummwmmumuw 34%), the reddnh,
wmmmmmm.mwm-mbwmum
discarded. The emtire fhuffy douhbs layer at the gradient boundary (aboot 2 mD) was
mﬂcﬂﬂlmﬁhﬂwﬂhmumdmmudwwdmmmﬂy
mmmmmmmmmmm&m:ﬂwm
lanﬂndwﬂth-M;dzmg}nlﬂlﬂcnmtnﬁmu(7mlLlndhymdom
35 mi of 115 M socross — 0007 M-MgQly After centrifugation at 230,000 g for 30
min., the clexr upper piaes was removed aed docarded. The thin flaffy fayer at the
pﬂmmmmmmdd&wummmmu
105,600 g for 120 mn. After re-empension of the peflet in 025 M socrose, we ob-
tatmad the fraction called smooth 11 meicrotomar.
Tho L15 M socrowe of the gradient contalning Mg waa decanted, and, after re-

Faxcaxos 1970). Fex thh purposs, 30§ of liver from emanguinated rats wers used, The
Tivers wwre minced thoroaghly and rissed fo 0.50 M socrose-S il MgCly solwtion. No
buffer or dextran wea incloded in sy of the media oeed In thiy procedare. MM homo-
penizalion was obixined with a Telloo-gler homogentrer (chember dearunce, G.006-
0.00% inch) st Jow spead (100 rp1m) with only two complets strokes, After dilation to
90 ml whh 0.50 M eucrose ~5 bl MgCly solstion, the bomagasate was cantrifoged o
3000 g for 20 min. n » Chrin Omeza IT uloncentrifuge (SW 27). The white mpper
third of the peflst war dHuted to 7 ml with 025 M socrose, hiyaed over 22 ml of
125 M mxcrose solution, and centrifoged &t §0,000 g for 60 min. (SW 27) The white
band at the Interpbase wws collected and sedimentsd ¢ 3,000 g for 30 min. The pellet

Entyses arys

ﬂnhydmyhﬂmdm-nlummdhnmm:mhﬂn;ngdmdn
of the membrane fractlon, 50 mAI Tris-Cl baffer (pH 7.5), 5 mM-MyClg, 1 mM-NADP
S mM-DL-Asocitrate, 0.005 mM-MsCly, and 0.4 Ly, pig beart ocitrie

23 described elsowh Bimm

Boxak 1971) o *
Thhmhﬂoumolmmﬂ%l)mmuﬂhudammthtﬁm
rouidation of p-gitrophenal. It coutained 0.05 mi of digitoal trented membranes (see
MNDSMMWIONTMEDTAWMDD.M7JNI
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UDPOA dinalved in 0.1 ml 05 M NalyPO, (pH 75). Iocubation (015 mD) was per
formed for 0, 10, and 20 min, at 37 The reactlon was stopped wih 09 ml of 29 per
cent TCA. The mixtare was then pefleted und 01 ml of S M NaOIH way added 10 the
sopematant, Ity oplical demally was messured at 400 pm and compared with Kenteal
sniptes obtained from an focubation mivture whhout UDPQA. The decrensc b op-

tical demfty reflecis the disapy of fupsted p o (ssnnacuen

1956)

The glocuronidation of l-maphthol was asaayed In an Menticul Incwbation fyoes
Ining 0.1 mM kpaphthol, Incubation was stopped wilk 20 mi of 005 M-NaOHL

The flocrescence of this mixture was d {a an Amlaco-B b

flusromzter The excltation waveiength wes 333 nm and the emision warelength 460
om (VOUTY ¢f al. 1964). The flnorescence of ihe samphs wag compared wikh that of
identical samples withoot UDPOA.

The levels of cytoch P450 and oy by be NADPH-cytochreme ¢ v
ductsse and the amipopyrine demethylma acivities wers measured o beforo (Guay-
AN 1970), &t were the drog Indoced spoctral changes (von Bame & Ouwspas 1970)

Other metkods.

Oune and ooe half parts of & 1 per cent aqueoss solotioa of digitonin wers sdded ®©
ooe part of subceltular fraction (~. 10 my protein/ml) in 0.25 M sucrose solution, ol
thks wax foflowed by incubation for 30 min. at4 (Hireaven 196%). The nos-sclphiitned
wotmbranes were sedimented at 105,000 g for 60 mtn and then wsed for Incubstion

Protein was delermined by the method of Lowny of al (1951), and pbaspbolipide
and cholesterol by tha methods previously described (GLAMANY & Daru 1968

Chemicsls,

SH DMIHQ (13.0 mctfmmo!) labelled [0 tho 10- and 11-posttions was wed (Hofly
donated by AB Leo, Sweden) The radlochemical parity was 2 99 per cent a9 trated
three thin layer chromatographic systema (vox Barm & BoroL 1971). All the ofher
chemicalt were commerclal products of reagent grade Plg beart bochria detrrdre
gemaso was obtained from C. F Hoehringer & Sochne, Mannhelm Went-Germany

Resalty
Table 1 showa the results of quantitative estumations of the proteln, pho¥
fimd, and chol T of the ¥ o, the plasms

membranes, and the Golgl fraction. The bulk of the total microsomal pbot-
phollpids was recovered In the rough sublrection, about 30 per ceat and 10
per cent appearing in the smooth [ and smooth I subdractions, 0
Tho combined Golgl and plesma roembrane fractions contalned about [
pawmofmommlmmmnpmmnmmepo{ntedmhc';
that, whereas the recovery of ml from Liver homogenatet ks 2

50 per cent (GLAUMANN 1970), mﬁlhbmlmntnctthnmco‘vﬁ{ﬂnflil":
memhnncsdeOl;lmﬂlauamtpuufbhwhhﬂkuhﬂncm'M
mmmmmmnmmmmmmm‘vﬁ
wmch:rmeﬂwdbyhlghmncmmﬂomnfcholdmuluwmmd
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Table 1

Proten, Wmmmbmwmamm
Mmmmmwnmmhwmummmm
mcans of 4 experiments = 8D., malg of Hyer {wet weiph)

Cholestarol
Proteln L1 Cholegterol
PLP
Totl microsomes 186 23 61 o8 05 o005 009
Rough mricrosomes 97 +11 29 104 020 1003 007
Simooth 1 micronaeney 54 106 19 £02 a2t tom a1
Smooth IT mirosomes 11 a1 0,41+ 005 0062 £ 0.01 a1
Golgl traction 069 01 0214002 0.021 +0.003 alo
Plasna membrancs 11 01 039 +0.04 a0 om 026
1 PLP phospbolipkds.
the rough ik and Golgl b A high content of chalesterol

hﬁmmmmmcwwmhmﬁpmn(dm
pETTI & EMMELOT 1968)

Table 2 demontrates the distrbutios pattemn of NADPH-cytocimome ¢
redectase, cytochrome P-450, aminopyrine demethylame activity and cyto-
chroms by among the frections. The levels of these enrymo components in
the Golgt and plasma membrane fractiom ranged from 12-25 per cent of
those found In tmooth I microsomes. The smooth IT subfraction

low sctivitles of NADPH-cytoch ¢ redh and amk ine demethy
Luc, but the moounty of cytochromes P-45Q 20d by were almost equally dic-
1ribated among alt of the microtomal sublrections.

Many compounds can indocs o trtic absorbance changes In liver
microsomer. This is beffeved 10 be related to the interaction with cytochrome

mwbﬂnﬂnzlnummhmmcmbrm“ﬂmﬂ:dtbamﬂchmp{n
duced by DMI and hexobarbital (enhexymatum NFN). The latter drug wat
chosen because it s reported to elicit a typleal “type I spectum  (Scevx
MuN of ol 1967) which bs characterized by a peak at about 385 m and
through st about 425 nm in the Affe p of the mi o
Wmmnnumwmwmwxmmmm
nﬂnmomumd]nh:u::mhﬂ J (Gg 1) No signifi changs
occurred either plasma membreanes of {a the Go! branes
shown In figure). e e (oot
The apparent h-value (SQUENQUN o al. 1967) b genenall

y belleved to
be & messute of substrate affinity for cytochroms P-450. Tt can be calenlated
wlnﬁ!nﬂyrnrppnunx.mu::.mmdybypimﬁngllAO.D oo ths or
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&m:mdu(sxunmmdm.mmmmb{csmmx}\.—vﬂm
for DMI wes kower in the \hnm}qommthanlnthcmmlnﬂao-m
Onﬂxodnrhmd,thevduumfmobthMwndmlmm

b
g )
20 7 20
g
Fal
3
2
= Smooth I Srnaoth I
E1g 10
o Smvooth [
a Raugh
g Solal Rough  PLM
© s~ NY /e aidBalg)
10 20 10 20
minutes
20 ¢
10
SmuothLe Smooth It
Rough
Golgy LM
10 20
P2 M o~ ¥

deemek (DMY)
amwwrmumuhmmrwmmm
kies jm the mdmmnrmmmuAmmmamw
jopited, by i the presence of UDPOA (1090 b
s “two-flep reaciiop & Poviowion of gocsronides

trom DA Ja the “two-step renc
Uom  The [aftial concentratiom of DA was 2.7 X 1874, The fncubation miznars coo-
plxams

lned | mg proteinfml. FLM, mmwm.wml
aperiment. The sume patters wat found in 3 other experiments.

"



116 C. VON BAHR, E. HIETANEN AND H GLAUMANN

The rate of hydroxylatfon of DMI in dlm:rm: mbu:lIqu membnnuh
shown 1o fig. 20. All three ml b and fally the
smooth-sudaced wﬂeua,medmwdtnblewﬁﬂuuinmnmwtbe
plasma t and Golg b which exhibited only low capac-
tles to hydroxylate DML Fig. 2b shows the sccumulation of the hydrory-
Iated intermediate metabolites of DMI as a function of tims fn the two-step

reaction DMI was incubated In the p af col. for both hydroxy-
Xatbnandg)umrmﬂdadon.Thnpaumhnmﬂuwthztumluﬁg.hc:
cept for the rough mi where the weas almost as bow

s fn the plasma membranes apd Golgl fraction. This was due to a rapid
subsequent metabollsm of the hydroxylated DMI to the comrespendmg gls-
curonide, as 1 shown In fig. 2¢, which demomstrates an equal rate of glo-
curonidation from DMI (otmcthmm}qosomnlwaruuum.ﬁmﬂxnﬂo
between the offnrmcd ides (fig2c) and the acoumulaied,

J d but hydroxyl bolites (fig. 2b) was higher in rough
micrmomthunlnlbonmouthlmd.c:pedaﬂylnﬂrmooihnmhﬁu
Only negligible amounts of glucuronides of DMI were produced whben plar-
ma or Golgl membranes were incobated.

Flg. 3 summarires tho distribution of g date
p—nlmphemlmdl—mphtholumtuu’muhm;h—mdmm.mﬁcd
microsomes, plasma membrancs, and Golgl elements. All ths fractions were
pre-incubated with digltonin, which i known to produce a maltifold Increase
of UDP-gincuronyltrangderase activity probably becsuse of mn incressed
avaflabllity of the substrate andjor UDPGA to the enzyme (Hhwaex &
PuUxxa 1970) Rau&hmdmmmlmlmmud:ﬁaycdhlylkvd:dﬂ:&

el

jngation as compared with smooth 1T m! the Golgl sppar
p-Nitrophenol - 1-Naphtol -
P glucuronide c lucuronide
Z10 Rough § o
E Smoath T a
g g5
= 5 -~
g e £ /{ Eﬁf I
Golgn Smooth
E % Smosth Tl E e
10 20 i 2
minutes "
Flg 3 Diasrib f UDP-gl freru hwiowubaﬂllﬂff"’-"’"‘

(8 p-oitrophencd and In (b) Foaphthol was med s subetrato, Brperiments wers
formuiudnmbtdhlluuhlmbl:ﬂmds'nun}wmmnmd4w"w
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Gh 1dation occurred somewhat more rapidly in the
rough than fn the smooth I meTosomes.

Discrrmion

though It i knowm that dr boliwm, fncluding ght idation re
;uglmm[;hﬁrmdopl@llcmkulmﬂmkknmnhmtdndh-
n-ﬂ:uzhnpmmmgnﬂou:wdlctummdmbmhmamﬂhalom
md s to whether UDP-gt o thvith
mem!nL:mmgphmnmanhrmmdmmnlmemﬁ-pmn«
mhmdamhvwﬂplethk.ﬂrhmhmcennlumemhrmﬁmko-
Iated, and the cxidatlon and ghicuronide formation of certain drugs were
messared.

DMI was bydroxylated and sminopyrine demethylated more rapkdly in the
rough and smooth I mierosomes than in the plasma and Golgi membrane
fractions.

The slow rate of axidation I tho plasma and Golgl membranes i prob-
ably due to a minot contamination with membranes of the endoplswmic re-
treoYurn. Thos nelther the plewma b nor the Golgl app would
seem to pixy an kmportant role In drog axtdation. This ks further supported
by the low Jevels of NADPH-cytochrome ¢ reductase sctivity and of cyto-

chrome P-450 In thess membranes (table 2), and abso by the lack of spectral
changes with DMT and bexobarbital,

The formaton of gha 43 from DMI, p-oltrophenol, and laap
occorred more rapldly {n the rough and emoath I microsomes than in the
plexma and Galgl Tho oxk sh Idation sctivities

thms seem o be quite similarty distrdbuted smeng microsomes on the ooe
hand and amoag the playma and Golgi membraoes on the other
The smooth O microsomal fraction may be of speclal interest, tince amino-

pyrine demethylase and NADPH-cytoch ¢ redw tritles were cou-
siderably lower In theso membranes than tn the snooth T and roogh varieties.
In coatrast, oxidstion of DMI was wh

concentrated In the smooth
nmembxma,whichweuwﬂhlhebwm}mmdhi;hAOD..nfnml

P-A30 valug In thh frection (mble 3) The dutribution pettern of hydroxy-
Istion of DMI and dewmethylation of aminopyrive kn rmooth IT microromes
indicates that these membranes participets matnly in the oxidation of cer
uinmbsmxchnmher-humﬁvumldbelh:ttbokm'nhightﬂhhyol
DM to eytochrome P-450 (vor BARR & Omezrtos 19719, b vaBd for all
typudmlﬂmmlmemmmwmdtﬁmhpnmhnuyerd
mgummmmdmmmmmmm
Ihmmamlmtddn*mulmthedﬂemmbﬁmbm(uhhl)my
bctmpommlorlhcpﬂ'mahﬂltya(dmp.mdldﬁmhmm 4
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« Adrentergic Receptor Stimnlation with Phenylephrine {n
Rabblt Fundus Muscle Exposed to Carbachol

By
J F W Haftwr
(Recetred Suptember 27 Accepted October 6, 1971)

Abstract: The cffocts of carbachol and phenylephrine on circular amd longhs-
dinal rreeclo from the fandms of the rubbit stomach have been stodied. Carba-
chol (23X 1083 X 108 M) prorced #n Increese i tome in all the ririps. The
mavimam responss fn the chonler stripy was spprodmaiely 4 times greater than
that in the Joogiudinal strips. The respomee to phenylephrine depended on the
existing tone of the masc! when the drog was added. In [aective stripe, phemyl-
ephrine (2 X 10— 104 M} always increused the tone. I modermeely coatracted
(L1 M carbachol) longitndinal stripe, the response was biphesic — a transtent
relration praceded  soialned comTaction - whilo nt the circnlar siripe B wae
purely exciutory ln.lirvutfycoalmdndﬁ)(lﬂ" ~2X 107 M carbechol) stripa,

of defining the etlsting tons when responsss to catecholamines are stocied,

Key-worls. a-Adreoerglc receplon ~ gestrc motility — gastrle smooth muscle,

In a previous study (Harrren 1971) it was fornd that the activity in mus-
cle from the fundus of the rabbit stomach was mainly tonic (= slow rever
sfblc chumges in tension), whereas the sctivity In muscle from the antrum was
nnm}ypblﬁc(arhylhmlcmuwdom).hepmwmmmefmrlmmd
satrum are {ore bent studicd cep The tlow
intnmnnhlhﬂfumhnprcplﬂﬂomuﬂmhlefmmd}uddmgucﬂvm,
and theso preparations have therelore been vied In the present study

In the previous study the rc3pomsc to sdrenergic agents appeared to
depend on the existing tona when the drogs were added, but as the tone was
allowed to vary spontancoumsly it was difficalt to judge how often the diffe-
rent responses oceurred, and the exact relstionshlp between the existing tons
and the drog response In the present fvestigation the effect of phenyl-
cphrire on rabbit fundas strips exposed to varylog coocentrations of carba
:holhnbccnﬂu.d}cdtnordatndctamiutborﬂnt‘bmhiphetmnlhc
existing tons and the response to adrenerghe o-receptor stimulation.
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Mauterial rnd Methods

21rumlcvid\cnbbiu,vdlhln;lmmlm4ll'crekmmby-hmmth-w:t
and then bied by cutthng the carotld arieries The stomach was removed and 4 fof-
lhbclnm((lmm)mmr.lem’lp:l—}mvkkud:!mhn;'mmdmcrck
cularly or longiludinally from the anterior wall of the fundes, keaving the mmeom k-
tact. The stripe were talen approvimately hall way between the hevel of the cardiec
sphincter and the top of the stomach. They were thed 1o a glas halder and webesergsd
In an organ bath containing 50 ml modified hrebs solmiion at 37 serated wikh 35X
Qy and 5X COy The Kreba solution contafred (mM) Na 1369 K 59 Ca 125
(NBIhl(lhommﬂubnmdhLbcmlomﬁudy&Wnulwm.Ml 12,
HCO, 155 H:PO; 12, O 1336 and glocose 118 The free end of the etrip waa tied
to an & i I disp]. (Grase FTOY) d to a Grew poly-
trph. The tnansducer wat sdjusted untll the rexting tenvion (=~ streich) was appeoe
imaltely 500 mg The Jow degres of streich and the redoction In caldom content were
used in order to avold 5 o tone, The tions were o)
lowed to equilibrate for at least 30 minates befare the drog responses were tested.
Cerbachol and phenylephrine were added In amomnty which gave bath coacenire
tom of 2X 10% to $X 108M and 23X 107 to 104) respectively The drops wert
left in the bath umtll a mavimal effect had been attalned, nymally 5 miantey, siter
which the bath was completely empiied and refilled. Dose-responss curves wero worksd
out for the effect of carbachol on elrcular and longitodinal uripe, The hxresses &
tooe produced by different of chol were found to be reprodechie
in {rdividual preparations, Dosc respomse cunves for phenylephrine could therefors be
worked out in completely relaved stripy, and abo fn prepanions which were cos-
tracting I respoms to 1077 5 X 107 aod 2 ¢ 1074 M carbachol The phenytepbrise wet
ndded after the carbacholdndncsd contraction had reached a stablo berel, sad pever
Toes than S mittey after the nddition of carbachol Only ous coaceatratica of pbeay
ephrine was tested st a time. Completely fresh sirips wers used for the doss-repoos
curves for carbachol and phenylephrine in refated circular and longtindinl sirks whis
the dowe-rsponse curves for phenylephrine in contracied strips were carried out o8 e
perations fn which th qualtative effect af pheuybephrine had firm been tested fn B¢
presence of varying coocentrations of carbachol,

The drugs ned were: Carbachollne chloride (= carbacholinu. NFN) o
h HQ NFN).

Result
No spontancous sctivity or tone was observed in the stripe under the X
perimental conditlons used in this investigats As 1n the provioos stsdy
GiAFMlWl)Ihceﬂecto!thsdmgxmthefundmnﬂpumm"
alizrations in tone, phasic activity ocenrred very rarely and when prosesh
Lhampﬂmdco(tbnmmcﬁcmmmnwnmuedw{m&nﬂw

in tone.

1045 X100 ©

0? (threshold 2 X
Carbachol tn concentrations from 1077 ( e s

Sxm—'vacndoudcpmdmtnnukmdhnmem



GASTRIC c-ADRENERGIC RESPONSES 123

dlu:mohdmdwﬂhumdlommmmlmcbmmunm
hlmglgmtinthhmvaﬁgllhnmug:nmﬂygimnmapmhnged
effect than acetyicholine,

The quafitative effect of carbachol was the same In all the strips but the
magnimdo of contraction was much greater In the clrcular than in the long-
itodinal preparations. Flg. 1 (left) shows dose-responce cnrves for carbachol,
and It ca be seen that the arcular preparations devedop 4 times ms much
teasion as the Jongitudinal in reeponss to 108 M carbachol. The threabold
18 the same, but the maximum effective doses differ in thess different pre
perations (longitudinal 10 M, arcolar 5 X 108 M)

Phenviephrine.
The effect of phenylephrine depeded on the existing state of contracture

when the drug was added (g 2)

8) &t 7er0 tone — Lo, In the abeence of carbachol - phenylephrine produced
1 doe-dependent sostained {octease in teosion, both In the clrcular and
Jongitodinal strips. This effect was similar to that of carbachol, but the
Iatter drog gave a maxinmm effect which was far greater than the maxi
mum cffect of pbenylephrine. In fig. 1 (dght) the dose-response curves
for phemylephrine in circaler and longitudinal strips are

d. It can

Lopianiaalyl LT o

- -
- -
=
:
—_
<l

e
R ———
Flg. L Log dowe-response curves for curbachol
Mdymmmbmwﬂwﬂﬁm(rﬁmhm
mcm-nttmuddthtmm.mh'm“’"dmmw
bachal bt ten tioes that of phemyieptrine T 1T
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LOMOITUDIMAL FUNDUS STRIF

4
T
J. twrin tramsn trwa

CIACULAR FURDUS BTRIP

- sanrt
k] e tre e

tre e wle

Fig. 2. The qualitstive respome to pheaylephrine (PE) kn rabbdt fundus siripe Note
the difference in the offect of PE on longitndiml and cirenlar strips which st co-
tracted by 10 7 M carbechol (CO).
(The scale of contraction b not the same for the varkom rexpaasts, for quuttitive
effects, see fipn. 1, 3 and 4)
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acripe which were €%
den»nwmunmfapbmﬁq;mmhfmdu I
mwlwuw(wmmmma;;ﬂmww
Lhnbnjiﬁrﬂnﬂmip:thudh:tmuphnk.nhhﬂﬂﬂrycﬂrd wquaret}
cuding contraction (filled squares) In the circular
tory (fTked clrclos).
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be seen that in contrast to the great difference in maxmal contractile re-
sponss to carbachol, only a slight ditference is found in the magnitude of
the response to phenylephrine in mmucle from the two leyers.

b) With moderately brcressed tone in the prepanations — doc 1o the addition
of 107 M carbechol — a qualitative difference between the responss in
the circulsr and jongitudinal strips became apparent. The responso fo
pbmy}ephﬂmtnmmoblphulcmhnﬁmdinﬂﬂﬂpl n bdef relaxation

da o tlon, while it imed purely ym
mcd:cuh:m‘lpi.BothcompomucHhcmwmclnﬂmlmghud}ml
strips dopended on the dose, s did the excltatory effect of phenylephrine
i the arcular strips (fig. 3), but the maximam relaxing effect of pbeny!
ephrine in the longttudinal strips occurred at lower concentratiom than
the maximom contractile effect.

) With Kgh existing tone in the strips — duc to additton of 5 x 107 or
2 X 10'M carbacho! — different resuls were obtained low concentra-
tions (loss than 5 X 104 M) of phenylephrine had no effect, but high
concentrations gave a xmall trambent relaxation both in the circular and
loogitudinal preparations (see fig. 4).

Tuce T oot ec
ACTH ) comy cro ()
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In Vitro Studies on the Uptake of “C Labelled
Tetraethylsmmoniom in Mouse Kidney*

By

Juxn Hobw
(Recatvod Angost 31 1971 Actepted Scptember 29, 1971)

Abstirect Tearasthylammonium (TEA) uptako wxs stodied In moow Likdaey

(3/M) concestration
wss measared TEA @ M) was npidly accomalated in axygen-earbon dioddde
talned within 3§ by The redioctive

mh&h{nﬁo.buthﬂmcmrtoudrundymsfl!ndn(}ihﬂ Under

TEA uptake tisne- ¥4 hr was direct-
nmmmmmmmmww

2 eatrablo one (maxtmmrs capecity 2 kg balf sators-
mmlnmmmmwwmm-u
termal concentration. It Ja conchuded that TEA §4 taken op agubnet & concentra-
tiom gracBent by a taturabls, caergy depoodent proces which la inhibhed by
stroctera] analoguer

Ky words: Tetractbytammoniun — transport ~ momse kidney alices - by vitro.

Tetra. lum (TEA)} b Iy msed a3 & marker snbstance
for the organic cation secretion mechantym fn the kidney This mono-
d was shown 0 be rapldly secreted by
qummmmqudm(nmadlw)mdwbnc
tively accomulated in kidpey slices of both species (FArA & REXONCK 1956
FaRAM ef of. 1957 McIsaac 1969)

A pretinyfoary report oo (b stady wi presented st the XXV Scandloavian Pharma
mhculnmwlm

9 Acts plrmreeriogien, vef 11 fost. 12
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Inmocluﬂonwilhnud}c:onlhcmalumponotqmmzzym
nlumcommmds.webmslnwnthatmaﬂuk!dncydlnumﬂuednu-
honium by a ble, encrgy dependent process (Hotar 1570s). Recent
studies have indicated that decamethonium and TRA share & commoa frass-
port mechanism in mouse Kdney slices (Hotar 1971a)

We therefore found it of interest 1o stady the uptake process of TEA
mmclddn:ylnord:rtommpamltﬁththmord:umhonlummm-
Lcnlcxptrlmcuumrepcrlormedinordcrtoemblkhwmmmemahd
IC TEA by mouse kidney slices follows satnration kineties, requires energy
and is inhibited by structural | (compounds | sing postiively
charged nitrogen atoms at physiologleal pH). The possibility of metaboBe
transformation of 1C TEA was investigated by a paper chromatographic
method (Brotn CrousTrnstN & How 1969),

Materials and Methods

Tetraethy] 1-C14 ammonhim bromlde (specitic activhy 3.0 mclfmdf) wa by
New England Noclear Corp., Boston, USA.

1963), 24 () QMerck) and ¢ »eid (Merch)
Experimental procedure

dowcrived (HoO!
S’Ikuo(mounudmnmwrcdmdmdupr:::ﬂyy e ot

arount of
10 miemies bafore tho nddition of the drigs. The s
mmmuﬁmwwmmmﬂdmdm
Olhcrdmpmllmnnddodwd:emdl-hﬁbdmloTB.A.A
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mhﬁmp:rhdbd.kumupmfmmwbymmﬁmwmmd
weighed (wet weighll

Moaswrement [ radlosctirity

&mpk!old-n-mdmcﬂnmmwcpmdtmndimn&vhymmlnn
wwwmm(mmnumw
(Houw 1970),

Tho resolty were axpremed a3 the alice-to-medinm (8/M) coaceindbon mtio of 14C,
Mwmwummmm.dbwmﬂmwwm/
cnmﬁh:(nmpﬂmlm:d.hm.mﬂﬂmbd‘emmosﬂlnﬂnh(hltcmmld
pchnﬂn('hhomualmmnmdapoimvﬂhmmapnndupu“m
of the control valne. The of thess wxy egtimated by “Student's
Heg™ (Brapromp Hir 1968).

In soms experimenty the Dptake of 16C TEA by Lidnoy afices (mmaol per Lg tinoe)
win calcahited from the S/M nitio snd the HC-TEA concentmation of the medhym
{mmol par 1 mediom).

1 chromasograma.
Incobatlos with 14C TEA proteinfres kidney extracts were prepared as

@red a8 The mobile pimse: A. n-bomnoltimnalgiachl scetlc actd.water (8.2.13) B
pyridinen-butanolowater 3.2 3)

Results

Tetroethylonmonium uptake as a function of the duration of incubation.

Fig. 1 shows the relatiomhlp betwean the uptake of TEA (2uM) and the
durstion of mcubation, The uptake was expressed s the slce-to-medium
(3/M) conczatration ratie. TEA s pldly sccumulated in sn atmosphere of
oxypen-carbon dlaxide. The concentration of TEA In the tisrue iy thus al-
ready 5 times higher than that of the medinm after incubation for 3 minutes,
and ¢ steady soae distribution with S/M ratio valoes betwetn 15 and 20
chtained within 34 hr In an stmosphere of nltrogencarbon dloxids the
S/M ratio reaches & coustant valoo around 1 within 15 minotes,

Effect of bollc ihib and low temp. * on
tetraethylammonium wpiake.
Table 1 shows the effect of T {nhihi and Jow

(19°) on the uptake of TEA (2uM) The uptake was expressed

to-medium (S/M) concentration ratio It i3 seen that u”m::;;ﬁ(z
mh:ummhaﬂm)hmdumdmom!:mhu(lbammmlvﬂmb‘hn e
sence of S00M zb«ﬁnhruphomlmdlommlodmccmqwbemlop;h{
ouabulnha:nocﬂwtmthzupuku.h:uinhonuhwtcmpenmmde
p:mulhohﬂdduptuc(amlmmhcnbuthn)bympncmgbuthmm
effect on the steady stato S/M rutlo (30 minutes incubation

”
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Effect of quaternary and tertiary amines on tetraethylonmonlum uptake.

Table 2 shows the effect of various quatemary and tertiary amines on the
uptake of TEA (2uM). The nptake was expressed m the slce-to-mediom
(S/M) concentration ratio after fncubatlon for 30 minutes.

Tt ts seen that choline carbacholine Ni-methylnicotl de and neostig-
mine deprexs the uptake of TEA. Furtbermore the results show that the f-
hibltory action of the thres former compounds is dose dependent, and that
neostigming 13 a more potent inhibitor of the uptake than any of the ofher
{hree mono-quaternary ammonfum compounds.

The two polymethylene ins~quaternary ammonium compounds decr-

honfum and b hontum did not inhiblt the uptake to the same ex
tent as the above: oned quaternary i pounds. De
camethonium was a more potent inhibltor of TEA uptake than hoxametho-
ulam, as the uptake was halved in the presence of 1 mM decamethoatam,
wheress hexamethonium at the same concentration had no cffect on the

uptake.

The q y fum compotmd: b rine and hemicholt-
nlum 3 a3 well a3 the tertiary amines stropine and physostigmine setmed ©
be the most potent inhibitors of uptake

L
&
N
- w B 4 @
sdubafion ( riuses ) ot
miTthyhmmhmm)mnwmﬂdnqmn‘and
dunition of focubation (minmtes). The slloe-to-mediam MM(O)“'“”

pen-carbon dlovide (@) Each dircle representy the mean vaios
SEM (vertical bara for valoes higber than £ 01>
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Table 1

Effect of & ad Jow (19"} on :
m)mmhmkﬁnuylﬂmmu}u%mdlm(slmwuhunﬂo
dmammmhnmdmmmm

either n ‘with (ln the presencs of metabolic Inhibitors
or at low temperature) or without treatment (control)l. Results ars given s the mean
4 SEM. of valves from 6 experiments. Figures In bracksts indlcats molar concestra-

thoa of metabolle Ihibitor

Incubation /M ratlo Inhibithon

Treatment (mtn) Cootral Treated (X)
L4-Drnitrophenol E 12410 1% 1003 0t1)
($X10 43
[odoncetate 30 186 +07 21 fa1 oE1)
(10-3M)
Ouabain % 196311 185409 614
(10 53}
Low temp. 19 k) 185$13 195+ 08 116
Low temp. 19 3 5003 gt02 38 6

Mean percentage valner differ significantly from zaro- P << 0001%), P < 0.005%).

Tetroethylarunonium uptake as a function of the tetraethylammoniun
concentration in the medlum.

Flig. 2 shows tho relationship between tho TEA uptake and the TEA con-
centration of the medium. In thess experments the uptake was exprened a3
mmol/kg tisue after incubation for 14 hr Tho uptske was calculated from
the S/M ratio and the concentration of TEA in the mediom. The uptake was
measured in an atmosphere of oxygen-carbon diaxids as well as in an atmos-
phere of nitrogen-carbon dioxide. Under anserobic conditions the uptake fs
seen to be directly proportional to the TEA concentration of the mediom
{avcrage slope or S/M ratio around 0.9), whercas thh i3 not the caso under
nnoucmd&ommmmmmmmmmndulmm
components one that shows jont with incremsing TEA
in the medium, and one that increases peoportlonally with the external TEA
concentration. The average slope (which i also the S/M ratio) of the latter
component scefns to be around 12,

The fatio for the % p of the TEA uptsko
(Sa/M) can be d 03 the dEfls between the ion ratlo
for the whote npiske and the coacentration ratio for the llnear compooent,
pamely 1.2, In fig. 3 the reciprocal values of Sa/M have been plotted agalost
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thomlh:dldnﬂlu\humuue(MclMAclM)mupuho{mm
quires energy as jt fs depressed dn the presence of metabofic inhibitors
(ubhl)undnlm\mdcrnnmoblcmumdom(ﬂg.I)Themulumubkl
nlmlbowthnth\cubaﬁouatlowtmrpenm:edeprmcslhnhﬂﬂﬂmup-
take, but has no effcet on the steady stato distribution. The latter obeervation
must mean that the Jafox and efffux at a steady stats aro equally redoced
at 2 ow temperatire.

It has recently been shown that a large number of quaternary and tertiary
smmes inbibit decamethonium uptake by mouse Kdney slices (Hoty 1970,
b& c; Hotas 1971a &b) Table 2 shows that the tame agents — and fn addl
tion decamethontum -~ ako inhibit TEA uptake. Our data do pot allow sny
definite conctusions to be drawn concerning the nature of the inhibition, but
it scem juntifiable to asmme that the above-mentioned {nhibitors compete
with TEA for & common carrier mechanfsm, which fs capable of transpocting
quaternary ammonium compounds and tertisry amines in the cationic form.
Ia this commection it Is of particalar Interest that soms of the compounds,
which nhibit TEA optake, are secreted by kidney tabules In the Intact dog
and hen. Choline 15 thus secreted In the dog and chicken (Vawozz 1962
Rerancx 1958) Nimethylnicotinamide in the dog and chicken (BETIR ef ol
1950 Spramer 1949) neostigmine in the hen (RoBERTS ¢ al. 1965) sod
hexamethonium In the chicken (REvacx 1958)

Axlhown(ﬁg,z)lhaumnkuchIMundnmecmdimcnnbo
divided into at least two compoatnts one that shows saturation and oo
that Is proportional to the external TEA concentration. The saturable codi-
ponent s most Tikely to rep an I carrter-mechantsm for
TEA. The linear component has & S/M ratio (or proportionafity coastsnt)
of 1.2 and scems to be metabolically dependent, as it exceeds the anserobx
nptake. This part of the uptake therefore canmot roerely represcnt a simplo
distribution of TEA in the extrn and Intracelfnlar aqoeous phase, but mey
be due to either an sdditional cartier mechanism to which TEA bas m

* extremety low affintty (the conctnfration range studied Is far below the
Imndanbvd)orndlﬂmmmthnmﬂstoﬂcmdbymwnq‘dﬂﬂz

) bindmg to lntrecellular sites. It should bo mentioned that the wpisks &
decamethontom by mome kidagy slices wan also thown to consist of & .ft
able and a Bnear component (Hotat 1970a & b)

It 11 concinded that the upeake of TEA by mouse Kidaey sfices thowt
ummﬁon.mqnirumcrgymdhlnhﬂ:mdbymmﬂmlogm(q“”;‘
nary sod tertiary amines) Thmﬂnu&:mdmﬂutuwndmﬁd%
uptake of decametbontom by mouse kidney lices (Hous 19702, b& ¢,
1971a &b} whichbwmlnmtw{lhthnmggwbnﬁmmmmm‘m

Aatred hand! n mouse
nium share a P transport fkely 10 bt
M(Hu,‘ml.)mmpmmdmbmm‘waﬁmoﬂ
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n part t lcest, identical with that responsible for the secretion of orgaaic
cations by the kidney
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the rat had 2 slmilar dme courze (Mclxasc 1969) Ths uptake of TEA re
quires energy as it Is depressed In the of bofle inhdhi
(table 1) and also under anacrobic condltfons (Gig. 1) The results In table 1
alto show that fncubation at Jow temperaturs depresses the Initial TRA up-
take, but has no effect on the steady state distribution. The Iatter observation
must mean that the influx and efffux at a steady stato are equally reduced
at a low temperature,

It has recently been shown that a large number of quaternary and tertiary
amines inhibit decamethonium uptake by mouse kidocy slices (Howu 1570,
b& c; Hota 19714 &b) Table 2 shows that the samo agents - sod in sdf-
tion decamethonlom — abso {nhibit TEA uptake. Our data do not allow sxy
definite conclusions to be drawn concerning the matute of the inhibition, but
it seems Justifiable to sssume that the above-mentfoned inhibitors compete
with TEA for & cotnmon carrier mechanmgm which bt capable of transportmg
quaternary ammontam compoeands and tertiary amines in the eationic form.
In this connection it It of particular interest that same of the compoumnds,
which inhibit TEA uptake, are sccreted by kidoey tubules in the {ntact dog
and hen Choline is thus tecreted in the dog #nd chicken (VAnDex 1562,
Reecx 1958), Nlmethylnicotinamide 1 the dog and chicken (BEYE et &
1950 SermmEm 1949) necatigmine in the hen (Romexts of of 1965) sod
hexamethoniom in the chicken (Rencx 1958)

A:uhown(ﬂpz)thaupukno!TEAundettcchmd]ﬂommh
divided Into at least two components one that shows saturation ind oot
that s proportional to the external TEA concentration. The satmabie com-
poneat Is most Hkely 10 represent an sccummulating carner-mechandan b
TEA. Tho finear component s & S/M ratio (o7 proportionality comvuz!)
of 1.2 and seems to be metabolically dependent, 13 It exceeds the matrob
wuhmhpmotmemumdnmmtmdym‘w
distribution of TEA in the exira- and intracelluler aqocous phese bat 57
be due to either an additional carrer mechantum to which TEA hes %
e;xlmnelyk:wlllfhﬂty(Lhnuc«x:enn'ltir;nx—m:g;:lt\:uclll:v:!l:hrhf—‘ﬂ"’-"°
, mturation level) or a diffuxion intn the cells followed by am Ay o

*' binding to Intracellular sltes. It should ba mentionsd fhat the upiake
decamethontum by mouse kidney slices was also shown to consist of 2 1307
able and a Iinear companent (Howat 19702 & b)

It Is concluded that the uptake of TEA by mouso kidney slices 207

saturetion roquires energy and ls inhibited by structural knafog (qurter

uptaks of decamethontom by mouse kidney slices (Fowst
1971a &b) which is consisient with the suggestion that TEA and
ntum ahare a ,'".‘.-L—'-anonu}s;”t‘
dio::(ﬂxnlﬂln}'l‘hhmmm&mimlnﬂwhmﬂ
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two different mechanhums, alter the target organ burden of mercury after
methyl mercury exposure.

Reteation of smal] smounts of mercory over a prolonged perfod of time
fs the principal mechanism underlylng the hazards of methyl mercury Pre
vious papers have disoussed the biotransformation reaction culy after a single
fnjection of methyl mereurde chiloride, and the results bave been uyed to eva-
fuate the phermacokinetics of this compound. The role aof the biotransfor
mation resction may 1ot bo the same with chronic adminlstration of mer
cury a3 with & single Infection, In the present sudy two differant dose levels
were tested shice prefiminary experiments indicated that the rats of blotrans
formation in the rat in wvo decreased with incromdng doses.
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Fig. L Tom! mercury per g blood, spleen and bratn at dufferert thoe (atervaly. The

rats were iojected every third day wikh 002 myg of mercmry per it &3 sethyl mervuric

cysieine. Tha bt injection b indicuted by the dotted Hme. Esch rat recetred  total of

022 myg of mercary (L1 s Fg/kg) Fach value reprasents the mesn of arpsm from
3 racs (daoy 48 - 2 rate).
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Matertals and methods

Femalo rats welghing abont 200 g were injected subcutaocousty with a wotal of 11
ropfkg (dosa A — 26 rats) oc 3.5 me/kg (dore B - 3D rats} of mercury given ss methyt
mercutic cysteine. Doss A war wnafl (LDS0 b 1530 mglkg, Swneson & Uneviasom
1963) wnd approxbmately the tames a3 that given previously in a single infection (Now
sl & CLAXKEON 19704). Doss B was chosen {1 order to give & brakn concentration
of mercusy n the kow yuoge at which totie tigos mipht be experied (Borame 1963,
‘The total dose was given as 1 and 19 digle doser, roepectively at intervals of 3 dapr
The raty thus received 002 mg or 03 mg of mercary per Infection, the bighest toial
doss for the two groups being 0.22 mg and 6.3 mg after 30 or 34 days respaciively
The molar rathe of cystelne to mercory t the tufection solutiom way 10 Cyetxind wat
added beame of scvere slin occroses which occutred when the methyl mercomic
chloride dimsolred In NavCOy way Injected, and becamse of the Limited solubilky of
methy! merensle ehlorde st physologionl pHL

Groups of 3 s were killed at lutervaly of 6 days. The fint 2 groups given both
dose Jovels respectivety wers killed on day 1 and 3, whils the last groop recriving doss
B, way killed sfter an interval of 12 dan.

The rats wers xactificed under sight cther marcots, the blood collected from the ob-
Uominel morta and the organs removed {or prepasation se described previoosdy (Now-

!
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H&zTme:hhlmwbm”dm“wmm 7t arenric
mmmmdmmaymumuwvamum Tt of
mmmmmhwwhwmwm""“‘m,m
€5 g of mercary (2.5 g Halk). Each valos repressuts mesn of orpesd
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s & CLARTSON 19706). The total mercury sod inorpamic mercary in the prawence of

After repeated Injections of dose A the mercury conteat in the blood In
creased to about 4 g/m! atter 30 days (g 1) At the time of the last in-
Jection of dose B tho mercury coatent fn the blood was about 120 pg/ml
{fig. 2). There s thus po major difference betwreen the ratio of the dose levels
and the ratio of metcury content fn the blood. Correspondingly the values
186/ and 1.80Y of the doss found per m! blood for dose A and B re
tpectively aro not significantly different (table 1)

The mercury content in the spleen after injection of dose A wes slightly
more than 1pa/g at the time of the last njection.

The carrespordiog value after dass B was slightly more than 30pg/g
(fige. 1 and 2). The same ratio s for the blood, between the two doscs, was
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abo found for the spleen, and the relative amounts of the dose per g tugue
were 0.56/ and 052/ respectively (table 1)

The braln contained 0.27 pg Ha/g after 30 days when doso A was injected.
After dose B, the braln contained about 6.5pg/g (fign. 1 and 2) Based om
these values there seem to be a slightly higher accummlation of mercury re
Iative to the dose for dase A, but the relative amounts of the dose per g
baatn, 0,12/ and 010% are ot significantly different (tabls 1)

The blood, splecn aud braln seemed to releass mercary st spproximately
the same rate, but observations after the injection period are too few for any
fiual conclurons. The relattve amount of inorganic mercury was besa than
5/ for blood, spleen and brain ot all the timo intervals tested.

The amount of totel mercury in the liver when dose A was injected was
alightly less than 1pg/g after 30 days (fig. 3- The amount of total mercury
1n the Diver after tho Injection of dose B was about 25 /g, giving the tame
mtlo of about 30 for the two dose lovels as that in the biood, spleen and
brain (fig. 4) Comespondingly the values 033/ and 0.32/ arc not signi-
ficantly different {table 1). The relative amouat of icorganic mercury in the
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Flg. 4 Orpanic and lnorgasic mercury per £ [n liver and Mdsey for the sare rets &
shown ja fig. 2,
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liver varied from about 20/ to 30/ during the time perfod tested when
doto A was injected. At the high doss level the relative amount of inorganic
mercury never exceeded 10/ maost values being below 5 / (calcnlated from
figt. 3 and 4). There is thus a difference between the relative amonns of
inorganic mercury in the liver at the two dots Jevels,

When dose A was Infected, the kitney contalned about 8 ug/g (fig. 3). For
dose B, the comesponding value was 90pg/g (Gg. 4) The ratlo betwesn
theso two valucs indicates that e relatively higher amoant of mercury was
accumulated In the Kidney with the lower dose. Doss A gave 392/ of the
total dose per gram of kidnoy at the time of the last Injection, while only
144/ was found with dose B (table 1). Thess vatues are clealy different.

Inorganic mercury in the kidney continved to increase after the eod of
the injection period (figs 3 and 4) The highest amount of tnorganic mer
cury after the Infection of dose A, 3 7ug/g, wex found after 48 days (B
tested perod). The relative amount of inorganic mercury in the kidney thos
increased steadily fram about 109 at day 1 to about 50% at day 48.

At the end of the expenment (72 days) inorganic mercury in the Kidacys
of mts given dose B was less than 20 pg Hy/g, which gives a relative smomat
of about 25/ All single values for relattve amount of Inorgame mercuty

b
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Fig. 5. Relative amount of focpankc meremy fn siagls samples rats bjected wib
contrat at diffeent time fntervals Tho sybols O and A regroeest 8 W0 Ly

Hy/tnjection, taecm mmd caecal content, remprctively
O o T e conten from ree given 03 oy Fifnctn
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both in the Tiver and In the Kidoey were kigher for doss A than for dosc B

When the relative amount of mereury In the kidney according to the dosa
was cakulated for organic merenry anly there was ako a difference as thown
by the valves of 2.59 / and 122% (table 1).

Ioorganic mercary o the fseces and in caccal content from the mats re
ceiving doss A wes from 30Y to 95% of the total amount of mercury in the
samples snalysed, most values being between 507 and 70% (Gg. 5).

Facces and caecal content collected from the rats recerving dote B cone
uimdardaﬁnmcmto!lnmgmlcmwryvhﬂ:nrbdtmmlo'/ to
40% most values being between 15/ and 30%,. All stugle values except
aoo after 3 dayx, were highar for doso A thn for dose B A total of 34
samples were analysed for dose A and 38 samples for dose B (fig. 5)

Discrsslon

Themh-dlﬂumlnﬂnhbmnﬂmnﬁnnnwo!mdhyimrynju
in the rat which }s doso dependent. Based oa thiy

result it b5 posxible to test
the {mportance of this reaction In relation to the hazards
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mercury Thahigh«k!d.n:ycontcmufmcwurywilhlbebvdmmigmbe
urpcmdtopmdueenlowcrhnhhmlmmmpamdwuumdmtﬁe
high dose. No such dfferences were found. This {s becants the Incressed
mercury content in the kidney represents only a very lmited amoont of the
;:lhl;::ymofmrymdhmmwnﬂecwdmmcbnhmt

er content of mercury cannot be exell m
increased blotransformation and mmﬂnﬂmn!aplmlmmnk mym’b:ythh
organ. The excyetion mechanism in the Liver may be hnvolved. There Is 2
ﬂ;nlﬂcanuy}cwmnmounto{umhargcdmmmnqmrmlnmﬂdmywﬂh
tho high dose. Selective uptaks by the kidney of mercury afier entero-hepatic
circalation was postolated in a previons peper (NowsTra & Crarpsaw 1971)
1t high doses of mercury inhibit the liver excretion mechanksm, this woold
lead to = lower Kdney content of mercury The daily excretion of mercary
in the Hile after prolonged exposure to high doses has, however pot been
tested.

Methyl mercury wes Injected a3 the cysteine compiex in these experiments
because of the Jow solubllity of methy! mereunc chioride. The importancs of
the relative high dotos of cysteine wos tested in a preliminary experiment.
The total mereury content In the kidney or the relative smount of norganic
meroury was the same after an Introvenous iofection of 1 mg Hg/kg of me-
thy]l mercurle cysteine and 2 corretponding injection of methyl mercaric
chioride. Furthermore, the results reported by Urrvarson (1962) are in good
agreement with the present results. Calculating the relative amounts of the
tota] dose in different organs {rom his resolts, the figures are within the
range reported In the present paper for the brain, kidney and blood (tahis 1)
The liver valus reported by ULFVARSON i slightly higher This may be re-
lated to the need of cysteine for the biliary excretion of methyl mercury & ¢
amall molecular welght compousd (NouSETR & Craxxson 1971) but is o
10 consequence for tho target organ burden of mercury

Tho relative amomnt of fnorganic mercury in the facces #nd n fntestina!
conteat was dgnificantly lower with the high than with ths low dose. The
total body burden was not tested In theso rats. Small differences b tho &
cretion of mercary becatse of this difference, are therefore postible according
mwvmmd::m&mmlﬂl)whﬁﬂndhmlpdﬂ'
rential excretion of tnorganic mercury after methyl mercury exposure. BExG-
LUKD (1960) found  relatively 209 higher body borden when rats wero fd
5 mg Hg/kg a3 methyl mercuric hydroxide ss compared to 0.2 mg He/*e

ton that b

This result spports the p mation {s important ko
the jon, since both b formation and ton arc doso deper-
d not, bowever demonstratc @ doge dependent

dent, Urrvausan (1969) coul
mmdmeﬂonnhnrudn;htu}odicmAdmcdcpmdmtbbtxmﬂ'ﬂmﬂd“‘
after a stughe njectlon way found fn prefiminary expariments.
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cmﬂhdnar:mmhwdmbmmponedfmnmdwmdmtmmd
exereiian o the mome (Gsmmm 1969 ULpvapson 1970 CLarksox 1970).
Tt is tmportant to note, however that differeaces I the blotransformation
nm-ruufnadpﬂﬂmnwluﬂhebninwmm\olmﬂm:yh\hbupcﬁo
ment, The for b formation in 1he fines are probably
wmmmﬁmm&mlwan
muhﬂwnﬂanﬁoﬁmﬂmmﬁoﬂumﬂnwuhinmmﬁghm
the tercary componnds acting s substrates which would be excre xny
case, The mechanism of this reaction is still unknown, but s of considerablo
hwh:dﬁmmmum\uimhylmmrywby\mm
ke teting and akso i the mechanism of binding to these resins (CLARKSON
et al 1971)

Hased on the previows d tion of the bl tormation of methyt
mercuric salts I vive dome donbk could be thrown on b validity of the one
compartment mode] enggested for the excretion and retention of mercury
afier exposure to methyl mercury shs. Blotrendormation resulting in timo
dependent distribution changes would Indicate & model with more thag ons
coempartment 1o be moTe coITeel, The present resedts lodicate, bowerer that
the deviations from the ome compartment model caused by tlotemyformation
are too small to alter the ovenl experimental fit to the proposed theoretical
mode] (Urrvaxsow 1962 BERGLD & Beaun 1969), The mt alw seem to
bavo a higher rate of Botrmtoration than the other axlmals tested, ¢
mmm&m1mmmnmw¢kg
mercury ta the mouse 13 sborter than i the rat, but otber brterspecies differ
utunpmhnm\houotrmﬁumﬂmmmwd:ubmn,mmormd
i;;gh”“‘“géf”“““h‘&”fumuﬂhrwaxm 1962, 1969 &
Mrmwlmm OsT 1965+ NowaEr & Crinxson 1976a & b

The distebation, of mereary In the mou i more 1ike thet in 1bo i
sibject, (s supporting the seftn a0
th0 cration of brunan sty of et e e 0% o1

1m0kl i pot catirely comeet, tmssd pe ap e LT CEPORITE, even H the

Acoknowledgement

rwmmwmmwmrmmmmwpmm&mh
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Froea the Laborstory of Terstology haroflsla fostititet,
Stockholmt, Sweden

Stndles on the Closare of the Duttes
Arterloss IX Transitory Effect of Phenoxybenramine
on Ductal Closare tn the Guines-Pig

BY
P Y Hirsbied und K. . Larnoa
(Receired Septomber 28, 1971 Actepted October 28 1971)

Aummdmdmmummdmmm
hmMmm&dWmﬂﬁcMﬁnﬂumﬂ:&m
Foctoees wern injected ol fy with 1 mg pheooxy tng 10 mis-
usts beloce sargkal defivery ead sacrified 10 or 30 minntes later A detay In
dnctal clomre waa observed 10 minates bt not 50 minvtes after deftvery The
observation saggesty that doctal closurs I the guines-pig v not saldly mediated
throagh Uee aradreneryic, cholowrgic or histamine recrptoTe

Key-wordss Docis arteriosss ~ cloware et ~ wholé-body freezing ~ phenotr-
beomaming ~ gulnea-plg.

By means of the whole-body treezmg techmique the dnctos artedtosns can
be fired in 8 state which reflecis fts condition 7 vivo (HORMBLAD & LazssoN
15670 Hieomap 19692). This techmique bas besn used for studies ot
doetal motphology mode of closre and closum raie 33 well m for stodies
of the mechantun of the ductal dosare in & mumber of species (HoNsLAD
1967 BOmmlad 19690 Hirerap 1969 Bowewd & Paseeo 1969
Hlexan & Lavwaow 1967b BOretin #f ol 1969). Moreover whob
tody freeziug was ned for studics of pt Hoglea! factors fnvolved fn
owmdﬁahmmnadlmywmg
(bemsy] NFN), dose ghven induced « Inng-lesting black:
ddmhw:tmpmammydno(m-drme:ﬂcmddhbnmz
ceptors (NIXIRsoN 1970), delayed ductal closre n the geipea-ply 10 mi
mmnmmmdmmumybmhx@oa)gmm.
derstood, docts artenosss, one of the cotrmon mallocmation
hmmmmmhuwmmmm
e i Gy e s et OB e an -
y closare or & true
M‘Wf
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Material and Methods
Full term multiparous goloca-plgs wers broeght 1o the laboratory from a commerchal
breeder at a time when b indicated the o of

(Rzcomp & Mchrowy 1955) Ceesaresn sections were porformed under cther oo
lcnhuh.mlumlbdmnlmlnuwnlnkmd'hhlmlollﬁépercﬂ!mmﬁm
aof prilocaine chloride AB Astra, S8dertlilfe, Sweden) to keep the amimaky
under alight peneral ansesthesta. Afler Incision of tho abgominal wall the Jower part
of the antral was fmmersed in wline at 38 and the utees wis gently extrcted sad
kept below the surfacs of the mline, Whils still [n wiero sech foctm recetred an Intna-
paritoneal Infection of 1 mg POB hydrochlorida (dTbenryllne® Smith Kiins and Fresch
Laboratorics Ltd, England). Ten mirutes later the foetmes wers deltvered mrgicelly
and made (o start breathing. The foctuses of cach [itter, after bresthing for 10 sad %
minutes respoctively were macrificed and flxed hn liguid mitrogen. After storage for 2
few deys st -18  blocky were trimmed down to the medirgtirum contatning the doctes
aneriosus, and were orlented for tranyverse sectioning. Cryostat sectioms 10 g thik
wers mado somi-serially throughout the doctms and one oot of 15 sectians was bept

stndy 26 foctures from eight litters wers woed.

Resolts

Anupcndu.cm-wlonndinlﬂolﬂnﬂnﬂbormmmwmhﬂcs.
while thres were partially contracted and two were almost closed. In the
group of 11 enimels encrificed at the age of 30 minutes howover there wes
 minimal lumen In three pewborns and no ductal Jamen could be tond
in elght animals.

Discimsion

rate
InapfevmnudyinPOBuumdguinm-plp,modumldom
was slguificantly redaced 10 mimutes aBer delvery (HOwoTp ot £. 15710
mmﬂmhdjwadmnPOBdehybddmldmzummmh
rweptmmnmﬂymvulvedlntt:dmmmcchnﬁnn.[n present lmvest
mﬁmnmfmm@mmﬁvmmamﬂmﬂywﬁ
surgical dellvery :xhﬂ:rhndlnpm-muycpmductcuatcmuﬁ;aa.flaurhmﬂnl
whkchccrmpond:wampmvbmm:dy(ﬂ&m.mnd. 1970) but
30 minutes after dellvery the ductuses were closed.
mBmanmﬂmmwm
mdhmuﬂnamwpmmmmnumatPOBnmmnpuwmmk
lrt:ﬂcﬂmlﬂ-ﬁ%mlnutﬂmlyludmamﬂnlthmmccpmﬂmlyPU"
but are not emential for the closure of the ductoy.
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1m¢m‘eﬂmmdmlclm
mmmmmmwwmmmmm
Ackaowledgemont

i wers by gt from tho Swedsh Medical
Reseasch Coancl (B71 14X-99:

3-06),-ndtheAmdnﬂmfm’ﬁrAidoi
Celppled Children, New York, U 8. A.
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Para-Aminophenol Metaboliem
in an Established Cell Lino with Liver-like Fanctions

By

E. Dybing and H. F. Rugaiad
(Recetred October 7 1971 Accopted November 8, 1971)

Abxtrect. ‘The clocal MHC)-straln of mt hepatoma cells In caltore metsbolizes
mmmmmmwmma—mmwmp

wur mmayed by spectrophotometric
mmamwmmmmmnmm
In sdfition to glocoronidation, some of (he drog is metabolired apperemily by
other pathway(s). Cultnred clooed mt fibcoblssts also exhibit PAP-glocuronkis-
ton scthrity wherens they do pot confugate bilirobin, Chawg cel do mot
¥incaronidats PAP Flavaspidic acid hay no effect on the PAP-gincoronidation
in the Fiver cells nor n the fTbroblasts, in contrast to fhe Inhibhtory sctlon seem
oa hillrwkin coajugauon by (he sams liver cellx

Key-word Dreg matabolbam — gucwronyl trameferase - cell cutiore.

The yl ft of various endogs and sub-
mnahkmwntoukoplncuviadtUDP-ghcmmyl-tmmtamlymln
tho cndoplasmic reticatam of the [ver mainly n the rough-sarfaced micro-
somes (FouTs & Grast 1969) Cell cultures provide e method for the iorvest
itatlon of the direct action of drugs on cells, and alw the metabollsm of
cerfain drugs in one particualar type of cells, in the absence of the complex
metabolic intersctions which take place in the whole animal Hitherto,
m:hnnduh:wbccnwmdymiﬁedbcumdlhohcko{mbﬂxhcd
cell Hines with Uke those of h 1 ceils.

A clonal straln of rat hepatoma cells (MH,C;) performs a series of liver
specific functlons after serial cultmre for years. Thess cells produce scrum
albomin (RICIARDSON ¢f al. 1969) tyTosine amino-tramferase, and the ninth
component of complement (TASITN 1. etal 1970). They conjugate testoste
rone (TASIAN R et of 1970) with glucuronic scid, and produce coagulat
fon factors (RvosTAD & Prymz 1971) They have biochemical regulstory
mechantms intact (TASTOIAN /R et &f 1970 RugsTap & Prype 1971). Rua
STAD ef ol. (1970) showed that these cells also conjugate bilirubin and ez
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crete confugated bilirabin into the cultore medrum. These cells should there

fare be a mnique tool for studylng the conj of other sut Le.
dmgx.Funhcrmom,ﬂ\hmtcmmlghtprmvusdulm;tudﬂngm:uﬂmdn
single ch ! stinuls In the drug fugation process. Lastly a compar-

sart of results obtained by using these cultured Iiverdiks cells with txme
from experiments with other celf lines, might give evidence of cell specifity
for drug cogfugation. p-Aminophenol (PAP) 1he hydroxylated metabolde of
eniline, waa chosen as substrate In this stody

Matrrials und Methods

Farsaminopbenol (PAF) was oblained from Norsk Medistmidepot (NMD); pglo-
turcoldase (Typo 1 becterlal) N-1-naphtyl-cihylencdfamis IRCY (NED) from the
Sigma Company Gfocaro-l4-Iactone was purchased from Calbiochem, Flarpids
acld-Nglucaminate wxy & gift from Dr Ess Aho, Laskotehdas Letres, Twiw,
Flolsnd.

Drug atsavs. The rats of PAP dhappearsocs war determined talng the owthod of
Ka1o & Gnaerre (1965).

PAP-glucuronide formtion wes eimated by a method shmiler to that mied by
LEVYT & STomET (1949) for Inophernryl-gh The fs darotteed
and coupled whh NED in & 2 M phosphate baffer at pH 2.5 The edonred prodoct i
stablo and bay a maxinmom absorbance at 560 nm fn 4 Beckmann B-gpettropbotometer

Mathod of cell cwliure, The cefs were grown in Dalbeeco's modified Bagle medon
and (anless otherwise stated) ympplementod with 2.5 % foetal ealf serom and 15%
horse serum. Penkiliin 100 Ulml, streptomycin 0.1 g/ml, and sysatin 60 Ohmd were
sdded.

A clooal strafn derived from Marrs ra¢ hepatoma 0. 7795 detignated MHCy, w88
areid. The ceits woro grown in Carrel( flaaks wh a dismeter of 8 cm, coatatrisg 10 0!
of medium, Sobcnltures (122 to 14 spllt) were mmade after fcubation with 025 %
teypain in a baffered 002 X EDTA-sotution. Full-grown ar nearly full-growa chare
were used (protein comtent 33 mg per flak), temily 68 days after mbenitore. 8
1o ten Identkcal mibcultnres wore mado for each sot of axpertments.

14 lddiﬁanmlb-l{mc‘-ce{h,mnwm'utpu{mmdﬁmld:‘u’
wraln of rat fibeoblasts (RS) derfved from o rat thyrold gland, or the Cheng Tver
line (CHana 1954)

Crll protein was determined actording to OVAMA & EAQUS (1534) neing boviae serest
wibomin as mangard,

Experimuntal procedure Cell cultures wers incubated with eubstrate &t vasom 00

ceatrations fn a firal volume of 10 ml at 57° & & closed gyatem after
in the medlm. To prenst

winﬂommm-blﬂ"‘
tncubation mefipm. Aliqeots o

- tieme Enterrals acd the PAP-dlssppearsoct ¥51
025 - 1.0 ml were withdrawm at deslred N‘WI’MW

cbcchdim:mdhwlymumnmﬂo(m-n-pcﬂmw
dcwnﬁwhnmdﬂh&anfwhmmyﬂmaﬂln—dm
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Serarre cootrol experments warr dons 1o eaxae that the colowred produect by thiy
amay was fehved from te PAPgloapoonde. Sampla oontaining the asomed glo-
caromde were iectated for 1 boor at 37 with 2500 U pglocovoniiase bn a2 02 M
phesphate baffer pH 7.0, weh idrss and varylng Joes of glocaro-
factone ( specific §-ghamrooidase EAdbhorn), o with beffer oaly

Favamie. add (FA), an lhititor of bliubn glocoronidition, was Incobated at
coecentrations of (L16 and 0.08 M3 together with 0735 mM PAP as sobstrate.

Results

PAP axways

The d PAP 1 ble m &g to For 5 to 6 bours at
37°h'hcdnt.md1mguhﬂashlncubaudwﬂhPAPwnbcmcelkm
seen, but most of the substrate diszppearcd after o4 hoars, preromably due
to soto-axidation, even when ami-oxidznts were med. Therefore estimation
of PAP-dlsappearance (Kato & GILLETTE 1965) was carried out hmmediately
after the end of each experiment. However oncs the glucuronide was formed,
this componund was stable and could be frozen for later axsay

The mribod wed for PAP-giecuronlde determination was checked by
e wse of fghu dase and gh Medium Ining 0.25 mM
mhmhtbdrhhhﬂ-lC.c:ﬂnfor4bnmAlmst90/o“hambmme
kst (Kato & Guierme 1965) cookd bo recovered afier Incubation with
2500 U p-glocnronidase per ml reaction muxtute for one hour This recovery
could be comp pe d by 10 mM glucarol When the diazota

" s

Py Lwd?&hmwndmmﬂﬂm‘co f
Giferent sabeirate (Ordimates Dk of PAP expresad as poal
n'cvﬂrmld.n.Ab-:ha:Thnc hoory)

3
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tion procedure was used, no coloured product was formed when the test
samples were pretreated with the same amount of B-glucuronidase. The
ddition of gl 1 ta the fglucuronidase gave values {dentical to
those obtained from untreated test samples. Correlating thess remhty, a
spectrophotometric extinetion coefficient for PAP-glocuronide was estimated
(3914 mM tem )

PAP-disappearance In MH Crcultures

Using the MH|C; cell line, the rate of PAP-dhappearance wes related
to substrate concentration and time from fig 1 1t can be seen that fhis
process §y fairly lincar at concentrations between 0.25 mM and 075 mM
from 0 to 5 hours. The linzarity fs Jost at the fowest concentmation an fo-
cubatlon for more than this time Interval. At concentrations from 10 mM
and higher the Hneanty afso disappears with shorter times of focubation.
Experiments with higher concentratlons of substrate could not be performed
becamse of the instability nd Insolubility of PAP Semples In fissks withoat
cells did not show any loss of substrate.

PAP-glucuronide formation in MH(C; adtures

When messuring the rate of app of the bolite PAP-gh ol ch
at varylng sabsteate concentragions, a somewhat different plcture i obtsined

FHOLESIMG FROT "
A

G300 - oismM
0T5mM

0ImH
100 — 1imM

0100 —

-—
1 HRS
1 H 1 ¢ of . hepetoms o9
Fu-l.Appcnrlno:rPAP-duc\nmidJanlmmnﬂum P PARgI-
pﬁm‘mnpmdnmrhehb@'
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Table 1

MHCy eells were incubated with 2.3 pmal of PAP for 4 boury at 37° fn & mefum
mldmmmcrwﬂhmimlupcahﬁmilPAPdhmlmmdPAP
described. Mean 1 8. D Numbers of flasks

Inbru:k:u.
PAP d PAP i 4
Intubation medtom pmﬂlpn‘mgﬂ]:lpfﬂ(d.n pmol per mg cell protedn
per hour per hour
Whth serum ( 53150 H5£30(0
Whbout sernm ‘ 55243004 50115004

(A 2). There is & reaction lag during the fint hour of incubation, so that
Ineanty is oot reached. This Iag lncreases with increasing amounts of sob-
srate. Furthermore, the highest rate of PAP-ghvcuronide formation is
resched at a substrate concentrution of 0.5 mM. At higher concentrations the
tmount of glocuronide formed decreascs. Incubation of substrate without
cells did not reveal any glucuronide.

Ineubating the cells with 0.25 mM PAP in a medium contalning serum did
B0t result in significant differencos as compared with substrate disappearance

& glocuronids formation when the experiments were performed in a serum-
free medtum (tablo 1),

Table 2
;ﬁ““ and PAP-g! 1 in modinm 15 pmol
facobaced with different cell traims for 4 hours & 37° Mran+8.D Numbers
of flaaks ko brmckts,
o PAP dmappearanco P“‘;*’“’“""*" Giocuroaide in X
Trpo kmal per g cell “'W““‘:w of total
\ protein and hoor | FTO! and boor dinppearanee
ey
Fomal 1 epamma) 6L3t61(H) 52816109 577
R3
Coul et oty OTEII@G 180228(H 0

;u:"‘dhmnﬂm BAL48(8) o
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Table 3

Effect of flavaspldic acid (FA) on PAP-glucuronkds appearance ia culinre medam

containing 2.5 pmol PAP after Incubation for 4 hours with rat hapstome cclls (WHCY)

und rat fieoblasts (RS). Amount of PAP-givcuronide ghven 23 nmoles per mg ool
protein per bour Numbert wre mean of dophicats fiesks.

Cell Type PAP PAP + PAP +
alone 0.16 mM FA Q.08 mM FA

MHICt

(clonal rat hepatoma) &0 613 &0
50 08 0y

RS
(clooal rat fibroblss)

PAP-metabolism in other cefl lines

Both PAP.disappearance and PAP-glucuronidation were evident fn fibro-
blast cultures (table 2) however the PAP-disappearance rate and rdafivo
nmommlu{g]ucumuidoformdwmhmthmlntbohmxc,-c:ﬂﬂmM
» substrate concentration of 0.25 mM PAP 40 / of the amonat kst &p-
pelndulugiummnldu,vuiﬂadbyudngp-gmm}dmmdglnmﬁ-
ncioncmdcsm—fbod.TbeChnngccﬂdenotpmdommyPAP—ﬁnmmniﬂﬂ
at all although some of the substrate disappeared (table 2).

Effsct of flavaspldic acid.
Expetiments with simultaneous incubation of PAP together with flavespkdic

acid in MHC; mdﬁbmblmm]mrmd}dmtmmlmylnﬁﬁlhld
the glucuronids formation (table 3), Flavaspidic acid {nftoenced the phesot-
PAP-assay butwhcncorrwdn&turlhh(lhoumduﬂsmreachﬂiﬂ‘
FA-concentrations) po effect on the amount of PAP which diappesred
could be teen when usiog MH,Cy cells.

4 Discenion
mmmmrruﬂm@bmhmmmw
ThallhatoupﬂngmyﬁﬂlNEDfs‘dﬂlﬂ]lmﬂ:ﬂﬂBDlPAPW
was verified using gl idate and gl J a gpedfic
idase inhibltor
P. nide in {ho mediam e mazima) &t 8 b

&

diminishing amounts of glucoronkdo in the "
idaﬁonlnﬂellculmmhuwmpluxpmccuinmlﬂn;muﬂmﬂ
wptake of subatrate, \ntracellulsr transport, enzymatic finally
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transport and egress of the gh ide). I gl of PAP might
inhibit any of these and clocidation of this problem requires
turther lnvestigation. The overall disappearance ratc of PAP bowever in-
crenses with incremsing substrate concentration, {ndicating that other path
ways of drug metsbollim with different substrate optima may take place.

The ability of fibroblast-derived cclls to metabolize PAP Is interesting,
tﬂdhhiullmwllh!haﬂnﬂfng!ﬂmtconﬂduihledmgmboﬂmmm
Place in tisues other than the liver An indocible gl
'ﬁivlfyuﬂ-ugo-mdnoplmolnmbﬁntchnbcmfnundlnmomumd
guinca plg skin (DUTTon & STEVINSON 1962) Tho fibroblasts used in the
l:’ut;nnxpumu,huwwmdamtconhpteﬁﬂmbln(klmndd
970;

No glucuronidation of PAP occurred in the Chang cells nefther do theso
cells canfugats bifirubin (BRATTLID, personal commmunication)

Flavaapidic acld had no effect on the PAP-metabolsm cither In MH,Cy
clls or in fibrohlasts, wherees [t has an inhibitory action oa bifirnbin con
fogation both i vivo and by MH,C; cells (ROGSTAD et al 1970)

PAP-glocnromdation occurs at the same rato when no serum i preseat In
1he incubation medinm, indicating that thers ks no significant protein binding.
The grucurontdation of bilirubin by MH; Ci-cells, however, iy negligible when
the albumin concentration i zero (BRATTLID & RoesTAD, unpabfished
resalts).

The overall glucuronidation process of PAP thros shows differeaces as
compared to that of bilirabun, both in respect to cell line specificity and
action of an nhibitor This could mean that there are mor® than onc
ﬂnmmylmnﬂ:rucopa-ﬂngwhmmbnnmlmcnupkdﬂﬂlgiu
Curonste. We believe that the i } of variows
°'hnfd:u5|ningthnm-l‘c‘<ceﬂsmdﬁbrobhmmlgmpmvanfﬂholn
sicasing drug actlon.
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20 Jullamo Maries VeJ, DE-.100 Coponbagen @, Denmark

Ix Vitro Studles oa the Uptake of 14C Labelled Carbamoyichollne
In Mowse Kidney*)
By
Jan Bl
(Reteirod Septebor 27 1971 Accepted Octobor 14, 1971)

ahle, energy dependont proces which b fnhitdted by strochmal

K¢y wondy: Cartmmoyicholine — treseport — motse bidney slicws ~ In vitro.

In sssociation with studies on the remal transport of quaternary ammoolom
compounds we haye shown that mouse kiiney alices accumulate decametho-
ntum by a saturable, energy dependont process (Hotas 1970a) Recent b
mpﬂommg:ﬂﬁdthuhmﬂducylmmhnﬂmnmdw

ine share a tranaport h (How 1970c).

Wemmtomdholmmmnndydnupukemotmrbo-
moylcholine in the mome Kdoey for the purposo of comparng it with that

A peeliminary rrport oo this stidy was prwseoted at the XXV Seandinavign
Phurmacologhal Metting, Oalo 1970.

11 Acls pharmcassdopics, wel. X1, Cuw, 34
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Mdmmuhonhm%mtapalmmumpeﬁurmcdlnorﬂam
mbﬂ:hwbahcrthsupukeol“c-arbumoﬁdnlh:bymucﬂdwyﬂm

jogues (componnds p wing potitively charged nltrogen stoms ot phy-
dabglcnipH) The potsiblity of a metabolic tramfarmation of “C-carba-
moyh was investignted by peper chromatography (method Brosy
Crmrsminesen & Foiat 1969).

Muterials and methods

UC-methiyl-carbamoylehofine chioride (specifio sctivity 104 mai/mAD) wes supplied
by the Radiochomical Centre, Amersham, England,

The following nootabelled compounds were paed. carbamoykcholine chiorids (Ph
Nond 1963) neostigmine bromido (PhNord. 1563), pirysostigmise saticylats (PhNord.
196%), atropine sulfats (Ph-Nord. 1963) dubocumarine dichlackie (Abbott), Maeticho-
flnfem-3 (Aldrich, Chamical Co. Inc, US.A), choline chlorkle (Merck), hexametho
nhm dibromide (May & Baker Lid), decameth dbroasd inc® B
roniy W & Co), & bonkm diodido (Bu Wellcoms & Col.
cmabaln (gstrophantln, PhNord. 196%), 2.4 (a) dinktrophesol (Merck) and Jodoscetic
»cid (Merck).

Experimentsl procedure,

Slices of mouse kidecys were prepared and used o3 previomsly described (Hoo
19708}, Mualo albino mice of & single straln (NMRT) with a body wolght of
wero decapitated and bled. Four slices ware cut from each

Each of tho cxperiments recorded In table 1 and 2 wey carried out
parfion whh kidpey temc from two antmals. Eight dics (total wet welght: 150200
mg) from two kiinoys (oo kKidney from each anttal) were piaced fo a test tobs, whidk
confained 20 ml KrebsRinger bcarborate solution with gincose (11 mMD. Tk
procedure mads it posdble to incubats kidnay tsns from cach
mwm&omummﬂﬂmnp&mﬂmﬂnﬂ(d&wﬂﬁ'
ot treatment). Eech animal thos served 0 by own control. method of prired com-

Wmlmummdmwuuuh

of noe-labelled carbumoykchofine, Other drogs ware
befors HC-carbamoylchollne, At the end of the incubation perfod tho dices wert 5P
rated from the media by fhration ca cotton And then wolghed twet welght).

Meresuremont of radioectivity

Sampies of thene 1d medinm wers porpared for mdosctivity mes ::
fcter (model 3375 and M4 BX)

vicosly described (Hotas 1970m)
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Tho resalty were axpressed a3 the alice-to-medinm (/M) concentration matle of 4G,

1In some expertmenty the nptake of HC-carbumoykcholing by Hdoey dices (mmol par
kg thwos) waz calexlated from the 2/M ratio and (he HC-carbamoyicholine concantrs-
tom of the medium (mmol per 1 medtum).

Praparaiion of chrometogrems.

Following facub with HC-cu & peoteln-fres kdney extracts were
propared ss described (HOLM 1970s) and chromstograpbed on papar by the method
previonly dexcribod (Bacen Crmosrrraa & Houw 1969), Two diffarect systems wern
oeed s the mobile phese: A, giacial acetic ach @213, B,
pyvidinecn-butanol water (3:2:7).

Results

Carbamoylchollme xpiake ar a function of the duration of Incubeation.

Fig. 1 shows the relationship between the nptake of carbamoylcholing
(2uM) and the duration of incobation. The uptaks was expressed as the
slico4o-medtum (S/M) ion ratlo C: is seen to be
rapidly accomulated in an atmospheco of oxygen-carbon dioxide. The con-
centration of carbamoyicholine in the thsue b thos already mors than 3

L
‘/‘ - s
0 & w0 w
Cubaton (newses)
Fig. 1 Carbamoyicholine tptale by moas kidney elices a1 8 fonction of the drration
of lacubation (minntes). The tlics-to-meedium (X/A1) concemntration ratlo of

chaline (3uhD) was mesmired fn a3 atmospers of cxypen-carbon diaxids (O or altro

ge-carbon dicakde (@). Each cirche raprments the mean valis of 6 expertmants with
SEM. (vertical ban).

n
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ﬁm:shig,hcrthnnlhnclthemﬂﬁumlfmlncubtdnnfux3miumu,mdn
steady state distribation with S/M ratlo values around 10 s obtained within

%4 hr In an atmosphere of nitroger-carbon dloxide the $/M mtlo reaches a
constant valus around 1 within 34 hr

Effect of metabollc inkibltors and low temperature
on carbamoyicholine uptake.

Table 1 thows the effect of bolic inhibk and low
(19°) on the uptake of carbamoylcholine (2:M). The piake was expressed
23 the slice to-medium (S/M) concentration ratio, It is seen that the carbe-
moylkeholine uptaks (60 mirutes Incubation) ks reduced to oo tenth of the
control vatue in the pretence of 500 pM 2,4-dinitropheno! and 1000 WM
lodoxcetate, while 10 pM cuabain has only a light but statistically signifi-
cant effect on the uptake, Incubaton at Jow temperature halves the inithl
uptake (3 minntes incubation) but increates the steady state S/M ratio {60
minutes incobation) by almost one hall.

ircubated sither with troxtment (in the presence of metabolle Intdbleoes or at Jow (oo
perstore) of without (control) Resalts aro ghven a2 the mean + SR of wiwe froo
6 expertmeats. Flgures n brackets indicato molar concentrution of tho metabollo jbibier.

/M matio
Trestment
Incubation Differoncs
(ata) Comtrod Troetad 3
1 14D
35X 10480 & 97102 esstom -t
I
[¢hoad 2] )] 11to08 119£0m - 89El
Ouabain
0¥ 60 10008 93 +of  -68iL7
Low temperatire
60 92tas 132 t09 +45t12
Low temperatute
» 3 4102 21 tol -#H13
Meun p Talne differ significaztly from zero P < 0.001 P <001*
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Table 2

Effect of varfous drogs (quatemary and tertiary smins) oa carbamoyichollne uptake

by moue kidocy stice. The alice-to-medium (3/M) concemration ratho of carbamoyl-

choline 2 pM) was mexmnred n an atmosphere of otvpgen-carbon diaxide, Slices wero

mcubated (1 hr) elther whh carbamoyichollne onty (coatrof) o with carbamoyicholine

plogs drog (reatsd). Results ars glven a8 mosn vakuoe £ SEM  Figmres fa brackets
fndicate molar concentration of drog added.

&M ratlo
Treatmast
Nool oot Treaed  Differvoes (%)
oxp.
Chaline (109 1 122406 19 09 -3 4
Crotine (109 3 106404 54 to1 -4 £1
Neostigming (10-4) 7 1608 45 01 -64 %2
Neostigmine (10-9) 7 109108 Lmtom -84 2
Decamothonfom 2 X 104) 6 116+06 113 08 -2 :5
Decamethontom ($4X 109 6 1nsxos 76 +03 M i3
Hewmethontum (10-7) 6 112106 &5 £05 -3 17
Hetmethonton (1 6 8706 47 £03  -45 I3
A Tobocorurioe (2 X 109) 6 99+0a5 44 £03 -84 t4
Hemicholtntum -3 (10-9) 6 13.0+07 1%9+004 -®2+08
Pryroatipmine (22 X 109 5 11406 60 £04  -47 %2
Physostigraine (22 X104 6 132108 19 +04 -7 1
Atropioe 2 % 10-¥) 6 L2103 34 o1 n t1
<0001
P<ons

Effect of quaternary and tertiary amines on carbamoylcholine wptake
Tablo 2 shows the cffect of variovs quaternary end tertiary amines on the
uptake of carbamoylcholine (2aM). Tho uptake was cxpressed as the alice-
o-medlum (S/M) ratio after incubation for 60 minates.

It bs seen that the mono-quaterary chaline and
mﬁm@mmmormmmwﬁe which
inhibited tho uptake in a dose-dependent manper was 4 mote potent inhibi-
tor than choflne, a1 the uptake was reduced by two thirds In the presence of
100 pM peostigming, whereas choline at the same concentration had no

effect on the uptake.

The two poly i ds decame

ﬂnﬂnmwh:nmelhon}umadmt!nhﬂittbnupmublhuumnm:
which car ylcholine upteke

h:ldoio—dependcnlmnnner wm.wmhrhmutor(hmdrmmetboniumh
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mlbeupmkewumducadbyonethirdintthmmceol&nmm
methontom, but only by oos fourth b the p of ImM h
Furthermore, it i3 seen that the quaternary ammonfum compounds d-tubo-
curadne and hemicholinfum3 were more potent inhibitors of carbemoyl-
chofine uptake than any of the otber guaternary ammoniom comporinds
mentloned above.

The tertlary amines atropino and physostigmine depressed the vpiake of
carbemoylcholine. Physostigmine, which Inhibited the uptake in a dose-de-
pendent way was & weaker Inhibitor than atropive, as the uptake was 5~
duced by three foorths In the presence of 20 pM stropme, but oaly halved
by 22 @M physostigmine. Forthermore, the results show that stropms bt 2
more potent Inhibitor of the upiake than any of the ofher quaternacry and
tortiary amlaes in table 2,

Carbamoylcholine aptake as a function of the carbamovicholine
concentratlon in the medium.

Fig. 2 shows the refationship between the carbamoyichofine uptak and
the carbemoylcholh fon of the medium. In thess expedments the
uptake was expressed &y mmol/kg tissue after incubation for 1hr The op-

8
i

b (%0l g et
4

o &
Cartarayicholre ot I neders k0
mzwwmmmmunwdz&“
mmummmmmumﬁw"“w@
ez 1 b Incabation) we d i an U‘Wmsgu.wﬂ-
“Mwwm;mmmmﬂw&md
cal bary for valucs higher thag + 0.1 mM), and figure fo brackety P
experiments. Unlen otberwise siatad, the uumber of mprizentt St
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takn wes caictlated from the S/M ratio and tho conceatration of carbamorl-
chalins in the medhrm. The uptake was measred in an stmosphere of oxy
gmcdmdioddeunﬂu!nmamnpbaudnhmsm-mrbonmaﬂda.
Under anseroble conditions the uplake is seen to be drectly proportional to
the carbamoylcholine concentration of tho medium (average wope or S/M
ratlo around 0.9), whorcas this i not the case under acroblc canditions. The
accobis aptuke thus scems to comist of at least two components ons that
sbows foc. with b 1ng car ylcholl jon in the me-
drum, and aother that increases proportionally with the external carbamoyl
choline concentration. The averago slope (which §s aho the S/M mtio) of the
latter component sems to be sround 1.2

Tho concentrstion rato for the bk P of the carbamoy!
choline uptake (Su/M) czn bo calculsted as the difference between the con-
coatration ratio for the whole aptake and the concentration ratlo for the
Enear component, nemely 1.2 In fig. 3 the reciprocal vatues of So/M have
bern plotied againgt the carbamoyichaline concentration of the medium ac
cording to the method of Doxow & Wees (1959) for the quantitative evalu
rtlon of emyymatic reactiom, As the relation appears 1o be finear it Js pos-
tble to calculate the muxdnmun capacity of this optake process as the recl-
procal value of the tlopo of the line and to read the half saturation con-
centration ss the negativo valtuo of the point at which ths Hno intersects the
absciesa. Thus calcnlated the masdmum capadty b found to be 7 mM ky?
and the half saturation concentration, 700 M,

M,/ Puto

o8 ap os
Cartwranpdchrins {mbd ]

m;mwmmmwamw

atenbl Mmmmmmmﬁ:ﬁ

mmmﬁnbhmwmwm(&m)m

a the diffe between the ratio for the whole
mmmhw!«mmwnﬂxw-wﬁg

10 "
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Paper chromatographic results

Protein-fres extracts from kidney slicas, which had been Incubated (1 k)
innnnmnsphuvo{oxyg:narbmﬂmidcwlmﬂc—cubcmoyﬁchuﬂm(z
nM) weromh}ccwdtapaperchmnmg;mphymlnglhemryﬁumdc

sctibed in the method section. The radionctivity of the ch grams could
not be distinguished from that of authentic 1*C-cart $ol

Dbcusion
The present results show that In slices of motse kidoey carbamoylcholtine
Is concentrated as the unch d compound. A rapid laton of car
bamoylcholine occury under serobic conditions (flg. 1) since a steady state
distribution is already obtained within ¥ hr incut The uptake of car

bamoylcholine requires ensrgy o ft {3 depressed in the presence of meta-
bollo inhibitors (tabls 1) and wnder anserobse conditions (fg, 1). The results
in table 1 also show that incubation at low temperatore depresses the inidal
carbamoyleholine uptake, but incroases the steady state distribunon ratio.
The latter observation snggests — sines Influx equals efflux at 2 steady state -
that the efftux s more reduced than the influx at a low temperature.

It has recently been thawn that a Jarge nnmber of quatemnary and terthary
amines inhibit decamethonium uptake by momss kidney slices (Hor 1970s,
b& c, Hota 1971) Table 2 shows that the same agents — and In addition
decamethonfum — also fnhibit carbamoyicholine uptake. Our data do X
allow of any definits conchutons concerning the nature of the imhibition, bot
it seems justifiable to astume that the above-mentioned inhitétors compete
with carbemoylcholine for a carier mechanitm, which i capabk
of transporting quaternary ammenfum compounds and tertiary sminey ko
the cationlo form, In this connection it I of particolar interest that some of
the compounds, which inhibit carbamoylcholine nptake, are secreted by kid-
ey tobules in the intact dog and hen, By this mechanism choline is secreted
in the dog and chicken (VANDEX 1062 RENNICX 1958), neostipmine fn the
} ben (ROMRTS ef al. 1965) end hexamethontum in the chicken (ROMKK
1958)
Asthn(ﬂgJ)ﬂnup(a]ceofu:bnﬂluﬁdﬁﬁmunundﬁmuﬁcwn'
ditions be divided into at least two components cpe that showa satmrboa
nndmthnthmponmummaammalarbamymmmmﬂm
mmmmammmmmnmammﬁnxﬂﬂ*‘;

bsm for carbamaylcholine. It thoakd be ed that the uplake o
decamcﬁnnhmbymousclddncynﬂcnwumomnwamﬂﬁuhmﬂf
able and a finear component (Hota 19701 & b).

It Is cancluded that tho uptake of carhamoylcholie by mome koY
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stices shows caturation, requires encrgy and is inhibited by structure ana
Jogoes (quatemary and tertiary amines). These kinctics are similar to that
described for the uptake of decamethonium by mowme kidney slices (Harag
IWOJ.b&quml)whhﬂlhcmﬁmwithhnmgga&mthnm

yicholns 2nd 4 honfom ehare &
mmmnmmamxmm)mmnmm
I vitro s most Tikely 1o bo In part at lenst identical with that responsible for
the secetron of organic cations by the Kdoey
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Effect of a Single, Large Intranmscular Dose of
Bendroflumethiazide (Centyl®) on Calchum Metabolism in Rats
By
F Schuman Jorpensen
(Recetad July 30, 1971 Accepted September 8, 1971)

Abstract A dogle, large doss of bend hiszido was ghven |

in rats to lovestigate a possible extrarcnal cffect on calclom metsbolism.
Nelther i normal, d h o thyro-pars-
hyrok s bor by h or par hormaas

administration, could any affect of bendroffumothiaride on the serom cal-
chmm coocentration be demonstrated. The prasent flndmngs nre dcwned b
relstlon 1o previons aperiments done In dogs and homan sobjecty which
sugpested clther o stimulating effect on tho parathyrold glands or & potentiating
effect of the thiaxides on the sction of the parathyrold hormone.

Key-words: Bandroflumethiazide - perum calclum concentration  mephrectonmy

The thisride dinretics producs 2 decreass In renal calcfum excretion
(Loeees & Kumphcx 1959 Laamrwirz et o, 1961 Serrz & Jawonsx!
1964 Hhouns ef ol 1964 Toous ef of 1965 Nassmu & Fhooms 1965
Dusxte & BLAND 1965 Yonor ef of 1966 Haxmmon & Rost 1968
PARFITT 1969). In rats this effect is indepeadent of the calcium reguiating
hormones from the thyroid and the parathyrold glands afthough a cheng®
. In the concentration ratlo of these two hormones in tho blood duting
ﬂﬂnﬂdaldmhﬂmﬂonmmm(lmlzl;:’)mdhmw
PICKLEMAN et al (1969) found hypercalcemis in
dlhepanﬂxﬁoldgimds-ﬂnmngwm:hlzﬂdcmhkmuonmgadﬁm
a stimulating effect of the thinzides an the parathyrold gland Lvestige
mhmmnm}ccupduummum-rmdeueaolthcm!uﬂdamu)dm
metabolism. SEfz & Jaworski (1964) YENDT et ol (1966) and Haxarson
&m(lm)rMmmwmmdmm&mwm
ﬂuu.Pumr(l%G)dcmmmnmdnfunhalncmslnaldm
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mtﬁmhlpm-uhﬁngmeo{hypcrnlmhduﬂn;mlmdcm-

and P iating effect of the thiszides on the
cﬂncto{thnpanlhy-roid‘ Admﬂnr Inslon was reached by
KareeL et al. (1970) who found that the thiszides induced 2 riso n the
scrum calcium concentration in patients on maintenance diatysis.
Although investigations in human snbjects bave shown that the maximal
effect on urinary caldum excretfon Bs not seen until 34 days after long-
term thlazide administration has started (Nassou & Hioams 1965 YEnoT
ct al. 1966 Hamxsow & Rose 1968 PawrrT 1969 Breauan of al.
1971), in the present work a significant reduction in udnary caldlum is
szen In rats 4 hours after a single large & Jar dosc of bendroflu
methiszide. Thoe present experiments were undertaken fn an attempt to
fnvestigate whether such & dose has any effect oo the scrum calcium
concentration which might suggest an extrarenal effect of thiazides ln ad
dition to its reml effect on calcum metabolksm.

Material mnd methods
Whits, male, Whiar rats (Mgdlegaard breedmy centre), were meed B all
erperiments. (FX) was done by camterintion b the thiopentemal
(b (M) with of the
Pnthyroid glands to the mmcle and thyrop e

strated that thie doss i3 abo sopramaxmmal with regard to the effect ca remal calclom
excretion (Jomanssen 197161

In order to investipste the effoct of bencdroflumethdaride sdminkeiered latra-
ooscnlarty on sodfum asd calchm excretion m the nrios 12 groope of s, 3 o
each group, wero losded onlly with S0 ml of waterfkg and placed grovpwhe in
teetabolic cagesr, S of the groups wero given thisride, the other 6 groupe served
o coutrole The urine was collected every bour and amalysed for sodiom end
caldom.

Bovine parsthyrold hormoos (Pars-Thor-Mooe, Lilly) 1000 USP unhafiy was
admizhtered subcutameomly

Analyser,
Calckrn b the nrine aod sermm was dotermined by siomic sbeorption (Perkin



172 F SCHONAU JORGENSEN

Rarol oxcratien of sodnm and eniciom

o, pEaighar

e ofter bandrofture
2 & s trwinde admenatratan,

Fig. 1 Renal excretion of sodium and cakiim kn rats (weight 180 g m!ﬂlﬂﬂ
bendroflamethiarids (centyl®), 1 mg/ky Intramncolarly Tho batched colmnns fad-
cato the trested gronp.

Resalty

A single Intmmuscniarly given dose of bendroflumethiamde roeults in 2
reduced calcium excretion tn the urine which i marked after the foarth
hoar (P<C001) and still seen during the sixth hour (P<0.05) after
thiszide administration. An I d sodium is seen during the
whole period (P<C001) (fig. 1). The increase in rensl calmm cxcrehod

Table 1

Effect of 1 single h Injectlon of bend: {centyl®) oa sermR
uldm:mmﬂnﬁoahmmﬂnmw-mﬂamhhmsbmmnw
edminitration. Numbers are ghven as mean, SD in beackete

Weight Berum calciom concentration,
, mg/100m
Thixrido sdmiamtration 110(1) 109 @5
n=8
Controt antmals 110 108 (@4
n=8
>0l

>at
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Table 2
Eﬂmdldndcbl:lmh:bmdruﬂumahimda(cmty{')h}ecﬂonmm
calclum bry

[y2,9% (PX) and
Wn&wﬂ&dmﬁd(ﬁﬂmShomlﬂulhhﬂdcuhnhhnﬂmNmbm
are given a3 mean with 5D I beacksts.

Serum, calclum concentration mg/100 ml
Welght () peforo thistide | after thiaride

adminhtrstion | sdmioltration P
TXnt ( =13 176( D 957 9409 P> 010
Xl (wee1%) 21( 8§ 52(1.5) 540K P> 010
TPXb (o= 9 143 (1M 43086 4505 P> 010

aeen In the control groups during the experimental period is probably duoe
to the incrested nrine flow induced by the water load (WALss® 1961).
No chango in ths serom calclum concentration after thiazide administra-
Lon cam be scon in any of the rats investigated (table 1 and 2), por can
any potentisting cffect of the thiszides on the action of the parathyrotd
homone bo dempnstrated (table 3). The bypercatenemia following nephrec

tomy In rets b oot changed by co thtande
(6. 2)
Table 3
Eﬂndpfmhnﬁdhmm«mmulMamcmum'thudﬁw
given (csuty!®) bn thyro
Mmmmﬂmmuhh}mAﬂmmmm”m
with §.D. fa brackets.
Berum calkiem
Weight coocentration mg/100 ;i
(O3] "d""mﬂwﬂ' after thiaride Vea
TParathyrold ormone
pluy thiaride 126(n 3509 o@D 2400
9 ny
Parathyrold bormoot 130(10) 5509 ALY 29(19)

>010 > 010 >a10 >o10
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Sarum calcum

concentrabon

mg/00ml

o

&

&

[

2
)+ a 1) L e ufler nehrs
1 2 2 $ n&mmmgx-

o, hours,

Fig. 2. Effect of bendroflumethiazide (ceaty!®) 1 my/ig intramoscutarly oo srws

ukjnmcuncunnﬂauhrmmzbuuaﬂwbmy Bendraltomethiarkls b giren

at the tme of mephreciomy The hatched columng indicats the trested group. The

mumbens in the columm indicats sembery of rats wsed, All vaturs are mem $SD.
Welght of rats 135-165 g,

Discostion

Although scveral investigations on human subjects (SErtz & Jawomsxt
1964 YNt ¢ ol 1966 HAxisow & ROSE 1968 ParPriT 1969 KoerL
et ol 1970) and in dogs (PIcXLIMAN ef ol 1969) Indicats an extraresal
cffect of thiszide duretics on calclum metabolism, no soch effect could be
demontirated fn the present experiments either when the thiaxide wws
given zlono to mormal PX, TX or TPX rats or in combination with
panathyroid hormone or in pephrectomized rats. The maximal effect on
renal calclum excretion during long term thisside administration b oot
scen until the third day st which time the effect on udnary sodizm bas
disappeared. This might be due to the calciuretic effect of the patrfuresis
(WALSER 1961) antagonizing s posdble specific cffect of the thixgides o
renal calchum exeretion. In the present expediments an effect oa rens!
calclum excretion B seen after four hours, but no change in the KD
calcium tfon can be det "Thbmi;htlnd]ﬂiclbdlm'
molative effect of tho thiszides s pecemsary to reveal an extrarenal cffect
on bone resormption
Thehvpctmluanhmlnnbfoﬂﬂin;naphmmmyhmd"‘
to decteased elfmmation of the parathyrold honone, partly to & #O8-

hurmondaﬂndo{ﬂnncphmmmymbmemorpﬁmhahcf'ﬁ“
are sbolished by cc : 1ok it »l—(wmd‘l-
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1970 JemamesrN 19712) The fact that no effect of thiazides was found
in the present experiments Incicates that the carbonic anhydrass fnhibiting
effect of the thiazride dinretics plays oo part In a possible extrarenal
effect on calclum metabolism,

The findings of ParFrrT (1969) and KoeveL et of (1970) suggesting
either a direct stimulating effect of the thiazides on the parxthyrold glands
or a potentiating effect on the action of the parathyrold hormoce & in
oppostton to the findings of YEOT (1970). YENDT postulated a decreased
bons meorption in humans during thiazids adminbtration, as indicated
by the urnary hydroxyprolme cxcretron pattern, This observatton ks In
sgreameat with the results of JoRgeERSIN & NrELsex (1971) who observed
wmmmmmamm;m
dministration. Futber fnvestigatt mnwdcdmdlﬂfyﬂ)ewnﬂlaing
resulty of stedies on the effect of thixzdes on calckrm
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»~

™

o 8 D [ e atier nephrackay
1 2 3 4 od Duride cOTIOMTT
bon, hours.
Fig. 2 Effect of bendroflumethisride (centyl®) 1 mg/ky intramwocohrly on srem
cakitm copeentration fn raty after bilatera! peplreciomy  Beodroflumetbiaride 5 gt

numbers In the columos hidicate nembers of ram meed. Afl valves ar mes 5D
Weight of raty 135-165 5.

Discwslon

Although scveral investigations on human subjects (Serz & Jaworskt
1964 YENDT et al. 1966 Hawrrson & RosE 1968 ParrFrrr 1969 KoerfL
o al. 1970) and in dogs (PICKLEMAN ef of. 1969) indicate an extrerendl
effect of thiazide diaretica on cakiom Tam, no och eftect could be
demonstrated in the prescot experiments elther when the thiazide wis
given alone to normal, PX, TX or TPX rafa or in combinapon witk
panathyrofd hormone or in neph ired rate. The imal effect oo
renal calcium excretion during long-term thiszide sdminlstration s
secn untll the third day st which time the effect on urinary sodine b
disappeared. This might be dus to the caldiretic effect of the anfsress
(WALSER 1961) antagontzing a pomibie specific effect of the thiarides o8
mwmmmmmmmmumeﬂmmﬂ
calcum excretion i seen affer four boun, bat no charge la the servm
calelum tion can be d ‘mm;mmnuzm-w
mulative offoct of the thiarides is necesary fo revesl an extrarezal effedt
on bone resorption

The hypercalcasmin scen 1o 1oty following nepbrectomy b partly 6%
to decressed elimination of the parathyrold bormose, Ll
mmﬂeﬁmdmnn@hmm;mbmtmmmnwhd"
are abolished by i lamide adminlsiration (WarE f
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From the Rescarch Labocatories of AB Denco, Limd, Sweden

Adrenoceptors in the Gall HMadder

By
Carl G. A, Perssn
(Recetred September 22, 1971 Accwpted October 14 197D

Abstract. Effects of thy and lcs wers stodied on cut
1l bisddor I viro 30d on cat and boman gall hladder stripe ix virro Isopren-
aline 01 1pg/kg 2nd H10ps/ix e intra-
loraine! gall tlsdder premars [x wWro Propranciol 1 meg/kg prevented thbs re-
pomse. Norsdren. 1-10 pg/ky rlso d the gall bisdder pressure, Imo-
prenaling (0.08-0.24 tabotaling (0264 4 pg/ml), nordrenafing (D.04-32

ation was abolithed by propramotol 0.1 1 pg/ml bet not by peactoind 160 pgfml
Mznulmlmwnhomcﬂaauunﬂmhmmwm
prodnced contrac

m-m“whwmmwﬂmm“
much woaker then that prodnced by acetylcholine 008-02 xa/m! and chole

diating w-receptors. The adrencrylo fanction may bo to counteract cholecysto-
kisln, Homan gall blsdder preparations can aiso bs relaxed by f-receplor sthmu-
lation.

Key-wonls: Gall biadder — gympatbomimetics.

In 1934 Ivy reviewed different responscs to sdremling in the gall bladder

with the weight of eviderce showing that it relaxes the bisdder Later stodics
bave confirmed this view and ft b now generally accepted that adrenaline a3
well a3 stimmlation of splanchnic nerves camse gall bladders of animals to
relax {reviewed by HALLENPTCK 1968) The present paper reports an evalo-
atian of adrenoceptor functfons In cat gall biadder [ wvo and ia vitro with
sane experiments on bsolated human gall bladdor included,

1 At pharamsbepien., vel, 12, fise. 14
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Method

In vlvo

Tho metbod used is w alight modification of that described by Lirpmoea (1965). Adntt
uuofbodllanmfmduhumbdnnmnqmmmeh:dw
W:mmmﬁwmdmm(mm
Mbbwmdddumldmudmh-n(mﬁmhmvmwﬂydmhgunu
periment. The wnfmal was piaced on a thermoxtat heated tablo that kept the ractal
temmperature at 38 Artificial respiration was given continnoosly

Midline laparotonty was performed and the cystle duct waz lgated Jem thax 1 e
from the entrancs Hito the comnon bilo duct. Care wat taken that the ligature did pot
disturt blood and norve supply to the gall Badder

A miine fllled catheter (PE 90-120) with drafrage holes was introdnced through the
Pundmu!dmpﬂbhddn‘lnd-mctdmmwhhlpndﬁmvhhnmh
contact with the bladder &3 possible. No bile was allowsd to deatn off the @Il bisdder
during catbeteriration. The catheter wat connected to & presmurs trunsdocer (Stathen
ACZ8P). Gall biadder prowscro and 10 most experiments heart rato obtxined from
BCG (uiggrring a tachometer) wers rocorded on e Crass polygraph mode 7PL AR
drugs were given In the inferfor v cxva throogh a eatheter Introdooced throggh the
fermorl veln.

In vitro,
Adult cats tasted for 24 hours wers hettred (40 ma/kg of p thiual, Abbotd

fundus, From two cats atrips wero alio taken from the gal] bladder frmdos end collos-
They were carcfully froed from vorconl and some rmecose] coverings and moonted i
2 25 ml organ bath filled with Krebs sohution serated with curbogen (95X 013X OO
and kept et 38 The Inithl teztion was adjunted to 0.1-03 g and leooetric tramion
chapges were recorded oo 1 Grass Polyriph (7 P) via Gras forcedplacement tro-

strips were rather thick and inftial teosiom of 1-2 g were oaed. On to three

takea from each gall bisdder
Gweden), (1-
Driygs ed In the sindy- (Hterbutalino smiphate (AB Draco, Lood,

cholecystokinta
drngs ware disolved In fresh glan-dinilled water befors each etperiment. ol
mﬂmuddr:nalh--dmlon:mmhmxcdwﬂhmxﬂﬂ-dinuwﬂ
muamwmmmmwum
concentrations
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Remits

In vivo

wmm:d.elnumn.Rudngpfmeinthepnbbdda
was 6-14 cm HsO The basal pr usmally d swhat durlng
tmapednm'hmmlnﬂngmnmgivm.m-pounnmmnnivity
was rocorded but respiratory movements influenced the gall bladder pressure
(ct. fig. 1) Twetwo of the caty responded consistently with relaxation to bo-
prenaline (0.1—1 pg/kg) and to terbutaline (1-10 pg/kg), the cffect of ter
butaline being of longer duration (fig. 1). The maximum decresss amounted
to (1-2 cm) H:O In most cats the resp to the p-receptor stimulath
agents diminished and diap d compietely during the course of the
upednmLﬁnwun::ﬂ.n;mmmmabolxyﬂnﬂnin(l—lLu./‘kgund
acetylcholine (1-3 pg/kg) was however still obtainable. Both terbutalme and
hopronaline induced dose-related resp bat no doser don of po-
tency ratio between the compounds was pomible due to the decreating senst-
tivity Two cats wbowing good repeatablllty of respomse to the relaxing
smines were treated with propranoiol 1 mg/kg. 15 min. after this treatment,
terbutaltne (1-10 pg/kg) snd boprenaltns (0 1-1 pg/ke) wers without effect.
Noradrenaling (1-10 pg/kg) was shown to relax the gall blsdder tn three cats
ons of which showed a hiphatic resp with {on followed by small

coatraction (fig. 1). This cat responded to hoprenaline and terbutatine with
relaxation caly

In vitro

BEarly exponiments revesled that the gall biadder strips were more seusitive
when freed from serosal coverings and only such preparations are fncluded
in the results. Almaost all the strips from 17 cats were sensitive to and re-

Fig. 1 The effect of terb
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Fig. 2. Cumulative curves of keopremaline OPR) adreaslins (ADEK), mor

dote-reponse
mmwnmmxmmmmmmmw
nd bladder strip.

laxed by the adrenocoptor stimulating agents. The sensitivity of the strips ©
these agents usually increased markedly during the first few hours of the &x
pedment. In about 209 of tho strips, a alight spontancons activity was re-
corded. This activity was reduced In freq and amplitude of contraction
along with the relaxation produced by the aminet. In soms of theso sirips
the amplitode increased st the frequency and the basal tension was de-
cremsed. A dmilar finding has been reported for f-receptor medisted re-
sponses in the uterus (Hawkres 1964). Isoprenaline (0.08-0.24 pg/ml), ter
butaline (026-4 4 pg/ml), norsdrenaline (0 1—3.2 pg/ml) adrenatine (0-1-
16 pg/ml) and tyramine (024 pg/mi) relaxed the gall bladder and all k-
duced the same degres of maximal relaxation when added cunmlatively
thubnth‘m:tdpstmmunnullmdwhhcmmnknmmndrmﬂm
(-2 pg/ml) This ctian was p Jol These strips
fwmmlynugbﬂyrdnmdbyhmdmaotlmgmﬂm(lnfnﬂ)-m
slopes of the dose-response curves did not seem to differ between the ro-
wamwm(ﬂ&”

P curyes of Hne and isopenaling were
cvnluawdon9-n-lp1&um8cam00umtﬂubd:boprmﬂmm35
(rango 17-50) times a1 active &3 terbutaline based on comperisons med
st & Lovel whero (be dose-responisc carves showed paralielibnn (nsally EDSO
vduu)mputcncyntbwanedmbehmependcmoftbcmddﬂfyﬂﬂh'
prepanﬁcm?mpwlo!@l-lp;jml)wbmndd:dmunbﬂhﬁniﬂ-b“
fore the homimetic agents, sbolished the ioa Prectolol on £

ymp
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lwpzfmllnhib(todu-mrdanﬂmh:unnpmpnmldolpyml(ﬁmips)
The nfluence of prop 1 on and Jine was studled
in greater dotail It was found that these agents coasistently produced a con-
traction of the gall bladder after (0 1-2 pg/mi) of propranolol. The contrac
tlon was week in comparison with carbachol indneed contrachon and further
increase in the dose of noradrenaline and adrenaline changed the contracting
ruponnmrdmﬂmnph(ﬂ;.S)thoxybmnﬂm(ﬂlpyml)w{thﬁ
min. contact tims with the prep

nor; line and sdremalh drenalk lﬂnrr, "O.Ip;/ml
contracted the gall bladder muscle more tham twics ss much e after prac
tolol 160 pg/ml (4 stnps).

Acetylchofine (0 08-0.2 pg/ml) snd cholscystokinin (0 02-0.3 Le fml) con-
sistently contracted the gall biadder strips. The effect of acetylcholins devel-
oped rapldly differing from that of cholecystokinin which wowly deveioped
full contraction.

The stripe taken from the fondos and collom reacted in the same way s
the other strips to sympethomimstic agents. Al from these parts of the gall
bladder a weak contracting effect to noradrenaline was obtained after block
#de with propranodal.

Four cats wero treated with reserpine (3 mg/ky) 16 hours before the gall

wam)mmd&mmm'm#m
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IPR
Flg. 4 Recordlogs from folated human gall bladder stip Tho effect of tarbsialine

(TRB) § py/ml and bopronalios (IPR) 0.4 py/mi before and after sddiion of 4 /ol
of propranoiol (Prope) to the bath.

bledder was taken. Sirips from thess gall biadders were insensitive to tyrs-
mine 2—32 pg/ml while they still were sensitive to noradrenaline, 32 strips
from 12 human gall bladders were tested for response to acetylcholine, iso-
peenafine and terbutaline Strps from 6 respectively § gall biaddsrs wers
lsxed by isoprenaline (04-1 pg/mi) and trrbataline (4-16 pgmi) (g 4)
The effect began about 1 minnte after additton of the drug, The responso
showed variation in repeatability Two of the strips with consistent respoeses
were treated with propranciol (5 pg/ml) for 15 min. After this treatment,
tsoprenaline and terbutaline were withoat effect (fg. 4).

Only two strips falled to contract when acctylchaling (0.2-1 6 ug/ml) ¥
added to the bath. The respomse to acciylcholine wenally after &
nhmddxyundcomhtadofnpmmptﬂnlntmﬂouwﬂhmﬂmﬂmcﬂfﬂ
‘within two mfnutes.
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Discesslon

The investigation has shown that the cesantial effect of sympatbomimett
agents oa the cat gail bindder is relomtion. This cffect is dus to f-adreno-
ceptor activation 23 evidenced by the ability of propranciol to inhibit the
relaxation. The relaxing effect induced by adrenaling and by stimulation of
splanchimic nerves as reported by others (roviewed by Ivy 1934 and Hatime-
BECK 1968) can probably also bo explained a3 due to activation of f-recep-
tors In the gall bladdsr

Imptuuﬂnswulmpotwlmhﬂnglgmtthmbothadmlﬂmmd

ine, and phenoxy ins did pot prevent the stlaxation, Thess
findings support the Jusion that howh ageniis relax the gall
blnddnbyw&nﬂouufﬂ-nd:mocepmmhnmﬂd.(l%hnwchﬂﬂcd
beart muscle to contsin f and bronchi py and

pound

the gall blsdder &3 terbutaBne compared on molar basts, The results obtained
In vivo are in agreement with ths potency ratio The mtio differs from thet
reported for the effect of the two compounds on isolated heart preparations
whero isoprenaline is about 500 times &3 sctive aa terbutaline (Prasson &
Ovssory 1970). It is more stmiler to the ratio reported for bronchl (Prasson
& O15%08 1970) and sphincter of Oddl (Presson 1971) where Isoprenaline
is about 20 times a3 sctive as terbutaline.

‘The finding that the selectivo fii receptor blocker practolol (Levy & Wi
TERAIELD 1969) did not inhibit the f-receptor medlated relaxation of the gall
bladder together with the potency ratio found betwesn foprenaline and ter
butaline indicate that the gall bledder containy B-receptors of the fa-type.

Itwndar}ynhownlhtmdmnﬂnemdndxmﬂmmlbkmm—
tract the gall bladder Since this resp was abolished by pt
lminehbpmhnblymn—mcepmrmdhwdeﬂect.nm-mymkcﬁba,
bowever and in vitro it could be thown only after B-receptor blockads with
propranolol, which makes the functional significance of the a-recsptors seem
doabtful. However In bronchi where a-receptons mediate weak coutractions
under simflar conditions s In the gall bladder experiments (PEmsson &
Jorpeson 1970), tho contracting effect can bo markedly potentiated by bac
terial endotoxin (SvEDstve 1971) This finding indlcates that the functional
importance of the gall biadder a-receptons camnot be ruled ont oa the bashs
of the present experiment. Maybe the slight contracting part of the biphasic
respoose to noradrenaline experienced In one In ro experiment can be ex
plained as due (0 e-receptor stimulation

Experiowents oa different parts of the gall bladder sugpested that the
adrenoceptor population did not differ botween various parts of the gall
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bladder a3 has been shown to be the case In the bladd

& 1968). urinery or (EpvARDSIN
Tho gall bisdder is Innetvated with sdreergic fibers (cf. BAUMAXTEN &
Lanes 1969). Tyramine relaxed the gall bladder bat the relaxing effect was
0ot present in sirips from reserpine-treated snimals suggesting that the efleet
oftynminewmmecﬂatedthmnﬂ:rdemeutmmd:mﬂmhmndrmuﬂt
nerves. Thia finfing is fn Bgreement with the reports showimng that the sym-
pathetic nervous system mediates relaxation of the gall bladder (reviewed by
Hatrmveecx 1968). Similar experiments with tyramine on the holrked cat
sphincter of Oddl (Fersmott 1571) showed that the tyramine mediated effect
and the effect of drenalins was $on of the sphi Chol
mmmmmmmmmmmum
shown by many other fmvestigators (see for examplo MaGEE 1565). The effert
of tyramine tfrms fodicates that sdrenerpic influences mxy have the fonction
to counteract barmonal (cholecystokinin) smocth muscls actlons on the
sphincter Oddi and yall bladder This has been suggested for the gatl bladder
by PALLIN & SXOGLUND (1964) who showed that stimulation of splanchale
nerves dimindsh the response to cholecystokinin,

Tn human gall bladder strips ft was also found that freceptor stimulatlon
fnduced relaxation. This disagrees with the report by Macx & Tooo (1969)
vuggesting that up to 100 yg/m! of boprensline was without effect on the
folated buman gall bladder if these anthors tested isoprenaline only oR
ufswlxohtedgmhllddcrmlp- thhnﬂzhtuxﬁx]nlh;d]n;manemdnﬁ
some gall bladder p peenaline and terboia
Unc.Thhmylnmmbadmmtt:gallbhddermtbdngqnimﬁwhum
discase, or the strips being too thick or perhaps the atrips should be in 2
ImoTe contracted Kzis to thow relarntion. These factors were not particulsrdy

{nvestigated.
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Studies on the Contro! of Glucuronide Synthests in the
Rat Small Intestine

By
E- Histawen, A. Altio and O, Hitnerhwen
(Recetred October 21, 1971 Accepted November &, 1971)

Abstrect. Gustrointestinal surgery was Tsed in order 10 Actermafas the tols of
nocmal food compoaents, bile and pancreatic secretion n the comtrod of mpcosal
glocuronide synthetis Forthermore a fow rats wers treatsd chher ntragastrically
or rioacally with ou Both the rits of o-amisophenyl
glocoronkls gynthexls In alices and the activity of UDP glocuronyttranderan

foond In gh ide syntiresls when d with the conirols, bot in jeunal
Thiry Vella loops and In doodenal and jejoml blind sacs the glocwrocide
syothesis mto was kwer In gastro-} A ruts & transiest

incroase in the glucoronide synthests rats was poted in the pastro-jejumaskonTy
area. Phepobarblione admivistratioa did not increaso the small inicstira) UDP
glactronyhnderase scthvity when ad eftber a

The results Indicate that the chymo factors aro of kupormct
in the control of glocuroalds synthesis in the mall intestioe of the rat, bot

that phenobarbitone has no effect.
Keywords A ¢ical - glocuronides — sargery operative.

The activities of UDP glocaromyltransternss (HINEN ¢t ol. 1968) and
UDP ghicose dehydrogenase (HAMNDN et al. 1966) decrease very naphdy i
the mucosa of the small intestins from its oral 10 it aboral cud. This is also
reflected fn the rate of benyl g i synthests b emall b
testinal slices (HKNNINEN er al. 1968). This gradient has been explained by
assurming higher levels of enzyms inducers in the chyme of the oral end then
in the aboral end of the small intestine (HANNINTN ¢t al. 1968). o

In order to determins further the role of natoral Lnducers i the control
glucuronide synthesls in the gut, we chan, the chyme fiow and the fav
T o e o e e

tone has pro o
mnddmmhmﬁmmmum(mm&mmﬂﬁ OaeY
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1967 HANNDVEN & Ao 1968), it was admini d both intraperi \I;
orlnmpstdaﬂyinordertoocawh:ﬂnhhumylndndnswdmon
intestinal UDP gl! e,

Methods

Adult male Wistar rats (158 [n total) were wsed. The rats were fud od [Binon. Thoy
were, howerer fasted ane day before amd after the operatione The operathom were

wery oot 10 cm sborally from the ligament of Trehx and their each were stured
10 tho tiin. The meif-emptying duodosal blind secs supplied by bils and pancreatic drcts
and 20 em jejunal blind sacs from the uppe jejunom were snmsomosed by an
endHosids ansstomosis to the Jower laum as described by Almaed & Limoro
(1970). The sham-operstions wers mads by cutting the jejunom 20 em aboral to the
umdfrdundbymmm-m

rhit Ity to ome groop of rats and intrs-
p-rmn-ﬂymmothamundouaeu{&)mﬂ;{usdnn
‘The rass wars killed by & blow on the hesd and bled by cutting the remal vemels.

The rate of Inophenyl gl ick it In the small intestinal
wmknnlucumlmdnlhonmcbwlulhntlnlhemutmlnhfor
dghtmhlhnp-ruﬂklmmy(ﬁg.lA)lndn;uuo-
area the rate of i was i d signif
muymmhlmmv—}e]mamywhhpﬁoﬂcupthn(ﬂ;.ln).
This change wat, however reversible since twehs weeks after the operation
no significant differencs could be found a3 compared with the contral rats
(g 1B).
ano)cjmnlﬁiry-vdllboplwilhmmwehym.lhcmmol
drastically |n 4 weeks
(ﬂglA).IuUmﬁﬂc“h:seU—cmptﬁng}efumlbﬂnduuudﬂamh
ynthesh was foand 4 weeks after the operation
(ﬁ.,ZA)ThcmcmdUDPﬁnmmnyimm&rnowﬂvﬁymdmmh
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Fig. 2 (A) Tha ruts of s-amisopbenyl ghocuronide synthecs 1o whole wall times eices
arpressed 1 the wmoent of glocoronide fynthesited per min. X g of €1y tiwos b the

of fresh theme. Doty, chrcles aad somirw 38 above. Thers wers 10 contyol tats, 16 fejroal
biiod sact and 11 doodena! bllad mace. Foc ether explamations sce fig. 1.

The doodenal biind sacs with a supply of bilo and pancreatic secretfon
mm&dmmmhmmmdﬁnﬂmﬁmﬁ
bess had greatly d dally io the
mdmm(ﬂ&ZA)SﬂnﬂmeDPmmwﬂty

was much lower (fig. 2 B).
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In the shamoperated rats the enzyme pattem of UDP glucuromyltrans
ferase was simllar to that in the control ram.

The administration of phenobarbdl did not give riss 0 any response In
the small ine, us indicated by the unchanged mucotal UDP glucuromy!
tramaferaso actvity (fig- 3 A} or In the ratc of o-aminophenyl ghocurenide
syathesis in the Intestinal shoes (fig. 3 B) when given either intragastrically o
Intraperitoneaily

In the jejunal Thury Vella koops and blind sacs, the mucotal fresh weight/
cm segment decreased from 32 1 4 mg o 10-15 £ 3 mg xnd in the duodenal
blind sacs from 54 + 3 mg to 16 £ 4 mg within one momth. In the pheno-
barbitone treated rats tho mucosal fresh weights did not show any signif
lcant changes,

In the lver bomogenates the UDP glucuromyltransferass sctivity was
fncremsed  after Intrapentoneal or intragmstric sdminbstration of pheno-
barbitone (fig. 3 A) In the liver slices a marked Incresse in the o-amino-
phenyl glucnronide syntheths mate was found after drug adminbstration
(fig. 3B) Tho liver fresh welght-body welght ratio increased in six days
from 0.040 to 0056 and 0057 when the dmg was given intraperitoneally
and Intragastrically respectively

Discession

The greatly reduced actlvity fn the mto of c-aminophenyl gtucuronids
syntbests in slices from the Jejunal Thiry-Vella Joops and blind sacs as well
s the decreased activity of the UDP gincuronyltransferase in the mucosal
homogenstes, indicate that the chyme containt factors which affect the rate
of gh ik hesis. This jon Is further supported by the incresss
lng‘ucu:ouldatynﬂtlklultn}tfmmmlﬂcr Le. when
ﬂnmﬂcmmmmthomwb}chmmﬂyllrudydnhwhhpunhﬂy
d]pﬂ:dmod.compmcnuolwhkhh:vnbecnuhndy-hmrbcd.

Tho lower gl id rate in duodenal bind sacs shows that
Hlamdpnnamlcmudoulmctmlmrimponminthzrmhﬁoud
mucosal glucuronide synthesh. It is obvious that the Iack of chyme Is the
reason for the decreased activity ln the mucotal glocuronids synthests of the
duodenl blind sxz.

As shown eardier lhcknphufmw;dvﬂﬂina&uedlnmom
fefunostorry area (REVONTA et ol. 1970) This s st keast panily the rcason
Iordmhl;hercnzymcncdﬂtydmwﬂwhl;herpmpofuono!cdhcunun
in the sliccr. The regression of the ate
lzw&hlhtrpsuo-}eiumumywlhcwmmlkvﬂmp{nmm{,m.
clusion, stace the byperplasia also decreases with tlme (REvoTa ef of 1970)
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In jejunal Thury Vella loops and biind tacs the muccsal fresh weightfem
segment decreased significantly which Indicates marked mucosal strophy
i tho absence of chyme. In doodenal blind ascs in spite of hilo and pon-
creatlc fukce, tho fresh welght/em also fell dratically within ons moath.
mminthemmdhuhwdghnhm-mmmmdby
atrophy of the mucosal villl. These resalts indicate the emential rolo plaved
by chyme in the maintenance of the normal structure rnd fonction of the
ucosa.

Tho fact that phenobarbitone did not indnce small intestinal o-amino-
phenyl gincuronide syntheshh or UDP glucuronylimimferase  setlvity |
contrast to the situation found in the fiver Indicates that the glocuronde
synthesis {3 probably c led by different mechantsms In theso thsues. It
{s slso pomibic that phencberbitone kel I pot the Inducer and that
active metabolite (the indoeer?) ks not formed in the mucosal cells. Pheno-
barbitone appeans to bo a highly Hver-specific Inducer sinco the e of
i ide ryntt remains usaffected abso in the kiduey (Hivoen
& Ao 1968). The drug does ot indoce gincoronido syntheds bn the small
intextinal mucosa cither when entering the epithelial cells from the blood
circulation (intraperttoneal admintstration) or from the luminal dde (intrs-
gastrical sdmintsteation).
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The Anti-Inflammatory Action of Pleoyl-Methyl-Oxadinzole
(PMO) An Experimental Stody oo the Guinea-Pig Traches
By

Bren E. Dabigren sad Toce Dalhass
(Recaived October 21, 1971 Accopted Decomber 14 1971)

Abstracr. Tha anti-4nflammatory action of phemyHncthyh-owdamis (FMO) was

inflammatory action was foand to be statistically dgaificant.

Key-words: Phenyl-methyl-cxadierols - amiit Y action on guines pig
trachen — in rivo

Phenyl-methyl-oxadiazole (PMO) b str lly related to L

(3-pheny] S-diethyl aminoetyh-1,2,4 Qank) Oxolamine citrate has am

sntHnflammatory and an ant-tnesive action as demonstrated clinically by
Comrilia (1960), Demoos (1960) and Teoria (1961) among others, and
experimentally by SILVESTRING & POZZATTI (1960) DAHLGREN & Darmamy
{1966) and Datitamn & RAUD (1968). In x previoms stody the wuthoms
were able to demonstrato an anti-tussive action of PMO (DavLomex &
Datriamn, unpoblished results). In the present lnvestigation the anti4n
flammatory sction of PMO has been tested on expermmentally produced
inflammation in the respiratory organs of guinca pigs.

Methods

Inflammation wat prodoced {0 the resplrtary orgams of guines pips. The acimab
were then exposed to actoltin 1o a plecigies cylinder fited wih 8 Heyer-Pierolo
w0rey (DasLowex & Datrased 1968). Previoos pliot siedies had shows that the
mamﬂm-ﬁmdm-:sminmnd!mmn
respectively

The anth y of PMO sod ph wers stodied. Pheayl-
butazons wey oid dm order 1o compare the effect of PMO with the kmown amti-
1} Acta phasmacalogics, ol 32, frw. 34
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fodl y action of thie it (von R 0 1961). Gos group of askwahs
mmdwhhwd}mchhﬂa-mdmmmmwom
mpcmﬂnmod}mnthHO.Tbumdbmmcdmdmcnhdnhn
ﬂn]nmmmwhmowmwwhmmmhm
whﬂclnthnchtdmlhtunmluﬂommldmhdmundwiﬂy

A group of six guines pigy served st 8 comrol Three of the animaly were Hiked
for dately before the begh of the cxpomure of the other groope
and three fmmedistely after the exposare pertods for the others, Noos of the comtrol
animats showed any sigoificant lesfom in thelr resplratory crgans.

To the flar two series, the tost aotutlons were Injected Intraperitoneslly kmmeditwy
after the ecroletn exposare. The fnitial dosas for PMO and phenylbutazone wers 30 wg
per kg body welght (bw). Thoreafier the injectlons jn all the four grogs were
repeated sloven times doring the following 76 bours (sfier 3, 6, 9 24,28, 32, &, 2,
36, 71, 76 houry) Each repeated doce was 20 mg per kg body weight, The experh
ments were concloded after 80 hours. In all animaly the Inlthally injected vohmoet
of tost solmtions were 0.15 mi par 100 g bw and fn the
por 100 g bw In the thind series, atier the ramo type of acroleln exposary,

doses

§
|
:

n paraffin, sectioned and stuined with yan Gileson and with
of stelectaris wat malnly erimated sccording 1o the mCTORORC
ﬂﬂwmmmdmmmmmmmmw
of ledoos

The pic and tion werd
wmmmmmm:o-wuqu-dwmz-
3~

Tho siatistical calculations were performed by
treatment with PMO phmlbmmmmdmumd-mmp:dmm:
the sodiim chlorkds trested control animab withln esch series. The degremt
are s P valnes
Material
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Teble 1

Differences in body weight from the beginnleg of the experiment to the time wheo
tho animale died or wers killed.

Differences 1n body weight (mean valnes n gram)

Treatment
Series 1 Seriea 2 Serlex 3
FMO - 63 + 67 + 06
Phenylbutarone —26.7 —21.0 —~ 38
Methoce! ~ 28 b YA ~105
Sodhim ehloride —103 — 40 ~214
Resalts

During the experiment most amimals lost welght. Only In the PMO
treated groups of animals was there a tendency to maintan or even gain
body weight (table 1).

When present the inflammatory reaction In the trachea was of the acute
desquamating type. With oaly slight inflammatoe, an Infiltration of gramulo-

e e
| Teomera —R

-~
———
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e T T3
Fig 2. Inflammatory lesloms grade 1 in trachesl epithellom. Note loss of cille, -
ephtheltal ocdema and lom of goblet cellt Magnidlcation approvioiately X S0

—_—— - — T =

~ e e
s T T e e ™

r

Flg. 3. Inflammatory leslops grade 2. No cilia Moderats milamniory eel leffrsn
Magnification epprotmately X 500.
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dm-
Fig. 4 Iaflamsiatory leon grade 3 Masked inflammatory cell reaction and
quamation of the cpithalial cells. Magnification approximately X 500,

Table 2
Inflammatory resction b the tracheal tiaoe.

Number of guinea pigs

solution Degree of (nflammation Total grading of

- Nooe SHrht Moderats Severs  {nflammation

© [} @ ®  (mean valog)
no 2 . o ° ar
Phenylbutatone 1 3 1 1 13
' Methoce! 1 3 2 o o
Sodlnm chloride ° 2 3 1 2
PMO 3 N o o os
2 0 3 3 0 15
Methoce] ° h 2 o a
Sodhem chioride 0 3 3 0 13
MO 7 N o X s
3 Phenylbutzone 4 7 1 0 o8
Moo 1 [] 1 4 16
Sochen chioride o 4 . . byt
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inflacrmatory changes In & medfom ghred beoochuy, The fomen B
parly obitterated by deaqummaied cpithelhl oath, Magrificaion approdmatedy X 200

Tabls 3
Inflammatory resttion in the bronchi
Nomber of guines pigs
Seriex Test Degres of Iaflammation Total grading of
o, salation Nooe STight Modermte Severt  foffummation
o [ @ 0 (panmis
PMO 2 3 1 0 ot
3 Phanylbatarone 1 2 2 1 15
Methocel 1 2 2 1 135
Sodivm chloride ° 1 4 1 29
FMO 2 2 2 0 10
Fhetylbuterone ] 3 1 o 12
2 Methocel 0 4 2 0 L
Sodimm chioride o 1 3 t 2
PMO 3 4 2 0 o7
s M L 2 08
3 LMethoeel 3 2 4 I ;J‘
Sodium chioride 0 z L] 5
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mam@mmmhmmmAmi;mw

v

Table 4
Inflamenatory roaction e the heog perenchyma,

Nomber of grines phys

St Tt Degres of inflammation Total gradmg of
- sotetion Noos §tght Modents Sovwre
@ [¢H] [+)] (moun valoe)

Mo 2 2 2 o 0

1 Pbenylbatazons 1 2 2 1 15
Kfethocsd 1 2 3 o s
Sodmen chilorkte 0 4 1 1 s
Mo [ 6 ° [ 10

2 Phenylbutezone 1 3 2 0 11
Methoce! [ 2 3 1 s
Sodbem chloride [ 2 3 ° 7
ruo 3 7 2 0 o

1 Pieoylbwazose 3 4 s o 12
Metbocrl t 3 2 L -
Sodima cllorkle o 2 9 1 19

1
4
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Table 5
Degrse of atelectasls.
Number of gnloca pigs
Series
no ﬂTan Degree of afelectasiy Totsl grading of
Nono  Slight Moderats Scvere atdectath
o m @ Q) {oean vutnd
PMO s 1 [ 0 02
1 Phenylbotszone 3 3 o [ 0s
Methocel 3 2 1 ] a7
Sodium chloride 1 4 1 o 10
PMO 5 1 o 0 54
2 Phenylbotarons 4 a o ] as
Methoeel 1 4 o 0 ar
Sodium chloride 1 3 [ 0 os
PMO T 5 [} o 04
3 Phenylbatarone 6 3 0 0 o5
Metbaee] 3 7 2 o L1
Sodlum chlockde 2 8 2 0 10
Table 6
Mean relaitve long weight in scrolein exposed naimmbt after trestment whh diferest
test-sotations,
Mean relative lung weight (5/100 g body weght}
Trowiment Serter 1 Series 2 Scries 3
PMa 1B (1) 055
Phenylbutazons 1% 093 ¥, ]
Methaced ag? 112 112
Sodium chlorids 123 098 093

cytes and intercpithelfal oedema was found In the tracheal wall The dilit
wmdmmyedmdou}ynfcwceﬂalhawedrmmuolu‘]nrymﬂﬂﬂz
(fige. 1 and 2). In moderate to severs inflammation varous degrees
epithellal changes were observed up to the extreme of total desquamation
(figs. 3 and 4).

mmdmﬂmwmmmawmnwzgﬂ
Inflammatory action of PMO fa statistically xignilicant (Py <0.02, P
end Pg << 0 001) when adminmstered either orally or

Nooe of the other test solution showed any significant satinflammatory
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toneally After oral administration phenyl-
i oy e e
tn the bronehd (Bg. S), were in principle samo
mf::nﬁmmmu-mﬂmmumummmm
Is Ihsied in table 3 In the first serics PMO had a statistically mgnificant
antlnfl y action ws compared with sodinm chioride (P < 0.02). No
sgnificnnt effect on the degres of Infl fon was demnt 4 i the
weeond serdes. In the third seces both PMO and phenylbutazone had a
marked effect oo the [nflammation which was smtistically mguificant aa
compared with sodfum chloride (P < 0.0005).
The Inflammatory letons in the long parcochyma sppested a3 an acuie
5 1 n bined with +

p 'y empl
(fig. 6). The remilts of tho ant-influnmatory test are shown ln table 4
In all the thres serkes PMO appoared to postess an anti-inflammstory se-
thvity This was, however statistically significant only in the second and
third experimental series (Pa << 0 03 and Fy << 0 0002)

As fudged from the tota! degree of Inflammnation in the traches, broocht
and lung the antHnfl y sction of PMO 1y sigmficant

by inflemmatory exwdats, causing periphersl atelectass. The degres of
atelectnsiy in the different gronps Is seen 1o pbs 5 In the fint two series
the extent of atelectasls was sgnificantly less In the PMO-treated animals
than ie the sodlum chlorids cootrobs.

The mean relative hung weights (3/100 g body weight) arc lsted in
table 6 In the first two series the PMO-treated groups had the lowest
relative lung weights. In the third series the phenylbutarone animals hed a
sorncwhat tmaller Itog welght than the FPMO-treated anlmalr. No ststist
feally ®gnificant differences, howover could be demonstrated In these
experiments,

During the experimenty seventoen animals ded six In the NaCl-trested
Animlh.mlnlbemﬂbou&tru!:dmlmakmdmmhmhmdzluﬂn
PMO and phenrylbutazose treated groupe.

Dhcentsn

mhcrnalngpmblﬂnofthrmicbrmchm:mmﬂylnuhkd &
poﬂmbnmdmoﬂnghavvﬂhnulnedummhtmdmpwhﬂzb:ﬂghl
mwmmmmMWemw(wumlmrm
testiag the effects of selected drup on

produced pon-
hcmﬂdhﬂmmﬂauhthrqﬂnmmﬂnmemodmedpm
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Table 5
Degres of atalectashs.
Number of goines plgs
Serke
o, -;‘r:;m Dagres of atclectash Total gradieg of
Neno  Slight Modertte Serere  atekeoisshy
o 4} 2] ) (mess vaton)
PMO 5 1 [ ) 02
1 Phenylbutarooe 3 3 0 [} as
Methocal 1 2 1 o 07
Sodlum chloride 1 4 1 ] 10
PMO s 1 [} 0 02
2 Phonylbatszons 4 2 o 0 o3
Methocel 1 4 0 0 07
Bodtum chlorkde 1 5 0 [ os
PMO 7 5 o 0 04
3 Phenylbatazons 6 6 ] ] (L1
Methocat 3 7 1 0 144
Sodium chloride 1 4 2 0 10
Table 6§
Moan relative lung welght in acroleln etposed antmaly after treatment with diffoest
test-sotutions.
Mean relative long weight (£/100 g body weight)
Treamment Serles 1 Series 2 Seriex 3
PMO 15 ost 093
Phemylbutarons 1.30 093 [i%3
Methacel 097 L12 112
Sodinm chloride 113 oss 053 4

cytes and interepithellal ocdema was found n the tracheal wall The dlis
were destroyed and only & few colls showed remnants of cillary stroctit®
(figt. 1 and 2). In moderate to tevere inflammation vanom degrees of
epithelial changes wero observed up to the extreme of total desquamation
3 and 4)
m?hedcp‘wollnﬂmmntnuoﬂhehnhablmadhublczﬂuml-
fnfimmatory action of PMO is statlstically significant (Py <0 02, Py << 0.0
and Py <0 001) when administered elther orally or kntraperitoncally
None of the other test solutfon showed any significant anti-fnflemmatory
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Adenyl Cyclase Activity in Kidoeys of Rats with
Lithtam-Induced Polywria
By

Arwe Gelsler Ofaf Wrase amd Ole Veniclin Oleses
(Received Octobsr 25 1971 Accepled November 18 1971)

Absirect. Rats were made polyuric by the addition of litbiom chiords to the

kidnay b the caee of the yatopromin-reristant polymria produced by Hibtum.
Key-worde Ademyl cyclats  Hthtum — vesopressin - potyorie,

Dmin;mhiumtruhnmtnmpnﬂmudenbp u reversible polyuria,

The dixbetes inslpidus, but the polyuria bs resistant to

vmopressin and must therefore be of renal ordgin (ScHOU 1957 AnGarst

et ol 1970).

It is by now well catabiished that vasopressin exerts its water-conserving

lcﬁonnnlholddneythmn;hﬂnsdmylcydm:lm!yz:deonmd
phasphuts (ATP) to sk 35 (eyclic

(Jm&lbcmmlWI) Innlq-hadcdnu,vbcmlhamfb-
genous productd of cyclic
AMPlnthek!d.ntydm:ehbw(Smrnd.l%K) the addition of vaso-
prud.usoukldnryhumpm:hd-mlrholnlhcmcemruhnofcycﬂc
Ah{P(Omt&Amm:lm).hkthndmupnﬂblothmthohdol
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responss to vasopressin during Uthfum-ndoeed polyura bs due to an nter
ference with thh system,

In vitro sddition of fithium to the Incubate hes been shown to Inhibit the
vasopresiin-stimulated actlvity of kideey adenyl cyciase (Dovsa & Hrcomer
1970a). Witkout sdditlon of sodtum to the mcubste, high lithium concentrs
tons, 100-300 mM, are required to produce lnhibition, after the addition of
sodium inhibition s observed with lithlum concentrations of 25 mM. We
bave approached the problem in & different manoer by studylng rats mads
polyurlc by prolonged administration of Hthium and compering their kidney
adenyl cyclase activity with that of rats not given Hthium. Rats are suitable
experimental animals for thls purpose, becruse Uthium adminlstration with
thefood in appropnate doscs regulariy lesds to a vasopresain-resistant palyura
(TromamN 1970)

Material and Methods

Two groups each of 10 male Wistar rats infUally weighing aboat 200 g wee giees
free accems 1o tap water and a food mhxtre a3 described by Trosexe (1570 In 000
group tho rats wero made polyark by miximg [Hhinm chlodds with the food b2 @
muwmmummmmm:mdummmnﬂ
water Intake wis followed end tsed w an indicator of the urine volume. As thown la
fig. 1, the rats devsloped  prooounced and relatively constact potynria thres weebs
mumwmdxmmmwmmmmmm@nm
rocasorements of bidoey deayl cyclase activity coald be performed doring a sicady
umte of polyuna.

B s i L

~

_ —

» ar

L] "

P 1 w-qnmmdmmrdnumdnuﬂmmu-mvﬁimm
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On the same day oos kidosy from a polyuric rat and oos from a control rat were
rapidly removed wndor etber smtheds. All joos ware carried out
at 0 One half of each Lidney was homogenired in a glam homogentrer for oms minnte
in 4 ml of 50 mM Tris-HQl buffer pH 74 The bomogenate wat centrifuged at 2200 X
& for 10 minoter The supernatant was decarted, tho seciment resuspended in 4 ml of
Tris buffer and then recentrifnged. The sediment was resmapended in 4 ml of Tris
buffer with 20 mM theophylline.

Three ssmys were carried ont ln duplicate foc each kidoey Le. the oostinrulated
ademyl cyclese ectivity the vasopresain-siimulated activity and the floorde-stimulated
acthvity

200u] of the emxyme soxpension wat weed for esch smay Synthetic L-arginine-vaso-
pressin and sodmm floorkde dissolved in Tris buffer wars added to the ppropdats
tubes. Thereafter & sointion of ATP-84C, noo-labelied ATP and cyclle AMP wa

varbed between 2 and 3 mygfml a2 estimated by the metbod of Lowry e «f. (1951).
The mixture wer imcnbated usder gentle chaking in 2 weter beth ot 30 for

of cychc AMP deiermined spectrophotormatrically at 259 nm, wxs abont 85 per cent.
Cycllo AMP-14C wat mexired by Baokd scintiThation.
Lithinm were determined by fleme emdadon  spectrophotometry
(Asorern 1967).

Resudty

Thbe results aro shown In tabls 1. All valves ars means of duplicato
determinations the relatlve standard deviation wes 51/ Ademyl cyclase
actlvitics are expresecd 2t pmol of cyclic AMP formed per mg protein and
15 minutes. No differenco was found between tho umstimmlated adenyl cyclase
.q}vmaonh::ounoannmdpalyuﬂcnulnmmrm,dnuw
vasopressin-stimulated activity was kower in the polyuric than in the control
mu,nndlhctﬁﬂmmwnﬁntbﬂuﬂydpﬂ.ﬂant(?<ﬂ.01).mpﬂymt
nuhnd-ld;hnﬂmﬁdo—nimulnrdldmylcydmaodmwthmthnmmk,
but this differenco was not stailstically significant.

Fig. 2 shows for each riment the p {nduced tncreawe In
adenyl cyclase activity exp'renedmpcruemdtbcd.mthcoudydnu
mined unstimalated activity In nine experiments the incresss was lower
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Table 1

Urstlmal Imulated, and flnorido-sthmulated ndenyl cyctaso activites by
mmmmwmmmw-mdq@
AMP formed per mg (rotsin and 15 mioates.

N v 1 Flooside-stln
Exp. No.
Polyuric  Coatrol | Polyurkc  Control | Polyure  Coatrol
nn s nn na ™ na
ool cpelic AMPmy proteixil3 min
1 m ] 15 i
2 s % 118 196
3 pos » 119 145
4 %0 9% 128 165
5 % 2 157 b
s 12 5] 142 142 1000 2
7 s m 107 122 o
s 110 126 121 198 5o 100
9 1 126 166 24 il
10 116 18 m 214 %0 0%
Moan 0 104 A B
- -
0O eonired (ats
L L
g - - -
j - - - -
i. )
1

!i chd
mszmwmmmﬂ whmwmbd“:‘,'m

of the mmmqﬂmw’m"“‘
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in the polynric than In the control rats while {n one thero was no difference.
The mesn incresso over the umstimulated activity was 69 / In the control
s and 39 / in tho polyuric rats (P << 0.001).

A few experimenty were carried out tn which lithinm chloride was added
to incub with cozyme p {from control rats. An Inhitetion of the
yoopressin-stimulated activity was found only when the lithfum concentra
tion In the incobation mixture exceeded 100 mM.

At the ime when the cxperiments wers cartied out, the rats with lithfum-
induced polyurda had serum-lithtum concentrations of 06-08 mM. The
lithiom concentratian in the kidncys was In the order of 1 mM per kg wet
weigh, but the peeparstion of the particulato fraction lavolved washing

‘which ically all the Jithinm. In the final ncubatfon
nﬂxmmdnlhhiumumu:mnhnwmbd:wthatwhichumldhnmabd

with the method used, i e. lexs than 0 01 mM.

Discwmion

A docrexsed formation of cydlic AMP s found in our polyurc rats, might
result from (a) an increased ATPase activity (b) an cressod phospbod]
m:nso:cdvity (c) & decrensed synthests of sdenyl cyclase, or (d) an bn-
hihbition of the vasopressin-stimulated sdenyl cyclmse activity Nonc of thete
ponibifities can be definitively excluded, but all in all we consider the finst
thres possibilities unlikely for the following reasons (a) ATP was present
In excess in the incubete (b) the system contalned theophylline and cyclic
AMP in concentrations which exert strong Inhibitory activity on phospbodi-
osterase (Weras & Costa 1968), and (o) the unstimulated and fivoride-
stimtated adenyl cyclase activitics were not Jowered in the polyors rats. An
inhibition of the vasopresstn-stimmisted adeny] cyclase activity &5 accordingly
the most Hikely explanation for our findgs.

We bave confirmed Doimsa & HecaTER S (19702) observation that In vitro
wddition of lithium in high jon loads to Inhibitlon of the vaso-
prestin-gtimulated adenyl cyclase sctivity fo the kidocy Simfler Inbibitions
of hormone-stirmulated sdenyl cyclase activities after in wiro additions of
Hthum have been observed In adiposo tissue (Brauwnam er al. 1969),
W(&mmmo)undhﬂn(m&ﬂmrmlm).undulhcw

the flooride#tl d adenyl cyclase activity is also inhibited.
The inhibition which wo have found In polynric rats scems, howover
1o be an entirely diff h The inhit does not affect the

Duoride-stimnlated activity mdilumldbedﬁmmtnmdhllyum'hen
the Mikiom concentration s too Jow for quantltative doterminetion. The
Iohibition therefors can hardly have been due 10 the presence of the lithhmm
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mh;df,bu:mmtmuhhvmmbul}cdmﬂcmjlnlhodnuinthcd
by the pre treatment with Lithdum.

The exsct sito and mechanltm of the Inhibition sre not known. Nor an
wcnyctdcnnimlycm:lndnthnﬂxpdyuﬂjhmedbythklnhihlﬁm
althongh this seems likely Studies are under way to examdoe thess questions
in more detall,
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Cortisol Distribation and Metabolism
In Gulnrea Plgs after High Doses or Treatment for Three Weeks
with Indomethacin, Phenylbutazone or Chloroquine
BY

Jews Axs Jammen snd Jows Scheu
(Recetved October 29 1971 Accepted November 18, 1971)

Aburecy. Guines pigs wers pretrented for tires days with two dally doses otra-
paritoncally of phenylbotezone 100 mg/ky (F) or indomethecin 100 me/kg (T -
100 X 6), or for thres weeks with daily single intraperttoneal Infections of fn-
domethacin 20 mgfkg (I - 20 X 1) or chlaroquine 35 mp/ky (O). P incressed
the total platma coocestration of cortiso! from 44113 to 658 £ 85 mg/ml (P
< 0.05) while thers were 50 significamt changss in «kin cortisol (101 18 to 163
124 ng/p) or plurma uhrafiftoate cortisod (119113 to 1791£45)- I - 100X 6
did ot significantly change the cortixo] concestrations [n the plasma 630 + 104,
*kin 155+ 60 or ultrafltrwt 184+ 62 1 ~ 20X 21 and C cansed 1o chango o
the cortiesd valocs. The concentration of cortisol in tho skin, howwwr s well
correlated 10 the concentration of freely ciffmible cortiol fn the plasma, and
for I-100 X 6 there waa  §ood corrciation between the concentration of the
drug in the plasma asd the peromiage of nitrffitrablo corilsol in the plasma
Noao of the drirg treatreents changod the plaane balf-THe (tig) of cxopenoos 4-

Port the theory of a dieplscement of cortisol from 1he pliama protein s bagk
for the antirhromatic effect of the drege

Kep-wonls: Noo-steroidal entitheomatics — corthol distribution ~ eortisol metab-
olhm — guines iy — chlorogotne.

In a proviows pub 1be distribation and bolsm of cortisol was ex
tmined in grinea pigy after pretreatment for 3 days with non-steroidal apti-
theumatic drugs (Jarsen & Scnou 1971). Phenyfbutarons (24 ma/kg twice
daily for 3 days) tended to decteass the concentrations of cortsol in the
plasma, plevma ultraffitrate and skin and this was in agreement with a ten
dency 0 Increase the mpparent distribution volume (V,) for Intravenously
administered (4-4C)cortisol. Indomsthacin (8 mg/kg twice dally for 3 days)
dd not significantly affect the cortisol concentrations, half-ife or distribo-
ton volume, Recently however very Jow concentrations of cortisol In the

U A2 plarmcubegicr, wl. 12, L. 34
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lklnwnmdmnmtntndlnrheumaucpnﬂenulﬂcrmomthm3wuho{h~
domethacin therapy (HvibeEre e 2, 1971) whike there was 5o correltion
between the free fraction of plasma cortisol and the concentration of coptisol
in the tasme.
ﬂmlbommmﬂonedoburvlthmladmlhcprmtuudylnﬂﬂch(ﬁ-
tribution volume and halt-fife of cortisol, and the concentrations of the hor
mominthephamx,plmmultnﬁlmtemdlkhmmmdinpﬂnu
Pigs after high dose of phenyltx and indomethacin, and after pro-
Jonged treatment with the latter drug. In the study a group pretreated with
chloroquine was also included as this drug hes sntirhenmatic effects and 5
highly peotein bound fn the plasma.

Materiala and Methods

Yoqng mature whits male guines plgy welghing 350450 g were med
Drug trestment wes given moill 8 a.m. on the day of the experiments. The followies
treatment achodules were gaed.

Three days trestmems was given by intraperiioucal infections n doses of 12w/
iy twico daily for threo days, cuntaining the following doses per tnjection bn Gl
©9% whv) Sallne 09X wiv (controly); pheryTbutarane 100 mpfky, and indomedkack
100 mg/ig.

Three weeks roatmant wis given by single daily [niraperitonesl injections of 10 ot/
kt saflne (A9% wfy) for three weeks, comtaining tho followlng siugle doses Salis
09X wir (control) tndomathacin 20 mg/kg, and chloroquine 35 mgia.

Esdogenous cortivol in plarmes and skin.

The animals wero stuzmed by & blow o the neck appractmately 2 bours afier (b
hﬂdm:h}cdhnlmdhﬂynﬂdﬂﬂ:lbmlhbodm-mplnﬂb’bﬂﬂw’:
mwmmmmmpﬂm#mmﬁm&
mwzmmmm“hmmmmmmmﬂn‘dm
samphe (coriom and sobentaneons tiemic) was crcised. Tho blood was spwa
Plarma and taece weTe Slately veed for analyticsl p

mmummmmmmmmﬂmw
Plagme and 50-100 mg thene by the mathod of JANSEN of 4l (156T). Py merte
hmmmnmmmw-:mlywﬂn{hwdwabm
m-m'ommmmmmmwmmm‘”“i
mmmwmdlwmmﬂlﬂfﬂﬂ'ﬁ’m»
ameter 24 A) a1 577 mlnhn&hm&mxmwhaodwxoaﬂ"i
cording to the mathod of Amms & Sakinouz
wns collected from 2.5 ml piaema. 1f tho Beller test was poshtvs the ultzaffitrats e

discarded.

H -u/:ddbrﬂmto-valnwfwuc-cmfhnlk
l'Jr'qn iqoe msed has bocn described p (wcm«:l.h Pt
mutc«u-oumﬁewrym,‘uwrnmmwz aeool
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was Injected Intravenomly into unansesthetized animals, The blood was aampled by
beart punctore from groops of guines pigs stummod 40, 80 sad 160 min after the Ia-
belted infectioos. For the determimation of 4MC-cortisol, 1 ml plasma was washed
with 5 ml baxane wnd 6 ml dichloroeetbane.

Five ml of the dichloromethans cootuining corthol and other stk way evapo-
rated to dryness and ro-dimoived In 200 gl for paper ch
wing DeCXX of el ¢ (1964) sobvent syvtem “Hj 1o separato corthsol from labelled me-
tabolftes. The amoant of Iabelled cortieol was determined by paper erip radlochro-
matogram scanning (Packard Model 7201) in relation to standard amosnts of 1 ol 4-
HC-cortieo]l canried through the complete procedure.

Using tho Jogartthms of the plaama concentrations of 414C~cortieol afier 40, 80,
and 160 min, the 1liwe for the tial decrease wa calenk for
tho coatrol groop wnd the fivs exparimentsl gronpe The linear fonctions allowed the
determination of the balf-Hvea {1if) and the apparext votumes of distributica (extrap-
olation of the Hue to t,)

Phexylbutaron and indomethacin in plarma.

The of ph wd cin in the plaama wers delarm-
ined sccordlng to the methods of Fucus (1965) and HvioaeRa o ol. (1972) respec-
thely

w ™
L]
("] § i ]
%an i- § ;E; ‘ﬂg
i": = ;7
R
% t’m T
Oetasm Owiraftiirat O siun

Fi¢. 1 The conceniratlons of cortbal In the plasme, plewns ohruflirate and skin of
mhdmm{umhnmmmmdnﬂmm

/ for both drags, Vertical bans Indicate:
x&umhmmuwmmmam
30l {2 the plesma of the Eoup wat different from the com-
trol valoe (P < 0.0%).

H
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Resolts

Ths concentratlon of cortisol in the plasma, plasma nltrafiirats sud In the
skin of the thres days/high dose treatment groups are abown Is fig. 1. Oaly
In the phenylbutarone group was the total plasma concentration significantly
Increased In companson 1o the control value (P<<0 05) while none of the
other experimental vafues diffared aignificantly from the control levels.

The concentrations of cortitol In the plasms, plasma nltrafilirate 10d gkin
of tho three weeks/treatment experiments are shown in fig. 2. Nooe of the
cooconinationt abserved after chlotoquine or  tadomethacl
showed significant deviations from the comparable control group values.

The concentrations of cortisol in the akin is well correlated 4o the concen
tration of freely diffosible cortisol in the plasma. This is demonstrated in fig
3 in which every single pair of values for cortisol in plasms ulteafiltrate and
akin are used. Six painy of values are facking, becsuse the ultrafiitrates had
to be discarded.

The concentrations of phenylbatazone and Indomethscin were mearured
in the plasma of the ultimate blood sample from each experimental azima)
to find out whether there wat a correlation betwreen the drug concentration
and tho ratlo boundfwmbound cortio! fn the plesma. After phenylbatizon®
100 my/kg twice daily for 3 dsys the plssma concentration was 188 & 1o

o “
= i .
E “ % w F’
i 8 i
24
5 " i—i}‘) §’}'h i
i ) X
Cantrob Indomethacin  Chiorocudne
o1 ] ]
O ptasma R uk afiftrate 0 Skin
aad i of

2. The concentration of cortiiol fn the plaune, plaspe aftrafihrsie b
x;nplpmuummmmmﬂmmhmd'“‘w
cthacia (20 mglkgidsy) or ok oral ww«,},vmm

s&umwuhmchuh&aumbuerapcrw
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- yims /s
(s w0
™
a anan
2 o
En P
! 1"
.
"
L) u - L) e » o el

UitrafBirable plasma certise! {(ng/mi)
Fig. 3. The concentration of cortiso] in the akin (ordinate, og/g) plotiod sgint the
concentration of nitrafilrable cortisol in the plesma ( becirsa, ng/mf) The regremion
Dmc cakenlated by the method of kesst sqouares and the Hney for the regromion Hne +

196 8, . (inctodmg 3% of a mormal dustribotion) are indicated i the figure.

Bigm
Short termy/high dose Long termilow doss
O controle @ comtrals
[] tndomethacin M (ndomsthacia
A phevylbotzone A chloroquine

wg/m! (n = §). No correlaton was found between tho phenyibutazone con-
centration and the mtio bound/unbound cortho! in the plasma. For the indo-
groep, however the perceatage of ultmsfiltable cortisol In the
I d with { 2ing of in in (table 1)
snd an amalysls of regression also revealed a faidy good correlation (y =
138 + 046 x, r = 0.99 P <0001}
The plesma half-fifo (t,2) and the apparent volume of distrfbertion (V) of
exogenons 4-HC-cortisol are shown In table 2
Thbe dgmficance of the differences between the half-fives was tested by
comparing the slopes of the rogression Jines, and the differences between the
distribution volumes by comparing the segments oo the y-axk to time t,.
Nonc of the differences wero significant.

-
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Resufts

The concentration of cortisol in the plasma, plasma ulirafiltrate and in the
skin of the three days/high dose treatment groups are shown in fig. 1. Oaly
In the phenyibutazone gronp was the total plasma concentration tlgnificanty
Increased in compardson to the control vaue (P<C005) while nons of the
other expenmental values differed significantly from the contral levels.

The concentrations of cortisol in the plasma, planma ultrafiltrate and skin
of ths throe weeksftreatment experiments arc shown in fig. 2, None of the
cancentrations  observed  after chloroquine or indomethacin  treatment
showed significant deviations from the comperabls control group vafoet.

The concentratons of cortisol in the skin is well correlated to the concen-
tration of freely diffusible cortisol In the plssma. This is demonstrated In fig.
3 in which every single pair of yalues for cortisol in plasma ultraffitrats end
skin are used. Six pairs of values arc lacking, because the oltrafiltrates had
to be discarded.

The concentrations of phexrylb and indomethacin were
in the plasma of tho ultimato blood sample from each experimenta) animal
to find oat whether thers was a correlation between the drug concentration
and the ratio bonndfonbound cortisol in the plasma. After phetrylbutazons
100 mp/kg twico daily for 3 days the plasma concentration was 188 £ 12

4

L

1L

O plassa O uitnfittrste O Sk

£

g
Min corties) (my/0)

Plaems cortisol (ng/md}

ﬁﬁ'fﬁmm:h
i

' rertical bary
hact (20 mglkg/day) of @3 myfkglday). V
S M. Figures tn braclets indicate fomber of experizmis
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with high doses of phenylbutazone (100 mg/kg twice dally for three days)
the cortisol valoe In the plasms is significantly higher than in the control
group. It should be noted that the apparent volume of cortisol distribution
tended to increase at both dose kevels.

Indomethacin did not affect the halfife or volume of distribution for cor
tiso] elther in the present or in the previous lnvestigation (Jareen & Scrou
1971). The concentrations of cortisol in plasma and tissue after three days!
high doeo indomethacin treatment, are at the sams levels a3 for the phenyl-
batsrone treated animal, polnting to a stress induced increass in corthsol
secretion. In this connection it should bo noted that very high concentrations
of indomethacin in the plasma seem to increase the ultrafiltrable fractlon of
cortisol fn the plasma. It thould abo bo noted that the indomethecin concen
trations are higher than coold be expected with the therapemtic use of
the drog (Hvibeesa et ol 1972) and higher than the concentrations wed
for our in witro studies on the possible Interaction of indomethacin with the
protein binding of cortisol (Hvipszxa et ol 1971) Ths three wesks/low
doee treatment with indomethacin left the cortisol vatues unchanged, a3 was
abo found with chloroquine treatment. In smmary there aro no Indications
of any displacemnent of cortisol from protein binding sites by any of the
drogs Investigated (cont. Jarsen & Schou 1971) except for very high (and
wrie?)

foms of Indomethacin. High and apparently toxic doses of
beny t d the thoas of cortlsal in the plazma, while
Indomethactn and sodium saft tended 0 havo thls effect. This coald be

dnntummlndncndhypmthmdmrﬂmlmldhwtcﬂmddndmp
o p d for sall by some
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The in Vico Effect of Tropolane

on Dopamine Metabolism and the Catechol-O-Methyl
Transferuse Activity in the Striatam of the Rat
By
Ole Joceh Broch, Jr.

(Recotved November 2, 1971 Accepted November 26, 1971)

Mm(wmmmmmwo)m”cm“
were the (DA) and H»
momsm;a.w,a. yl-.-Ucndda:)OPAdebmavmﬂB:-dﬂ
(HVA). The amise eynthetts wes estimated the
Mmboﬂmm-mmhfuﬂmdlmmhw
treated and ormal rn In the strixtnm the tissns concemtration of tropolane
wat redoced by 90X durimg the first 2.5 bry period. Tropologs cxmed & rapid

dicate au Inkial turmover of DA in order of minntes and may be  reflection of
A multicomprrtment systym for amine stomgs.

Key wonds: Catechoh-O-mathyl trandferuse  Lropolooe  corpmy stristum — dop-
umine matabolism,

O'Mnhyllllonhlnhnpoﬂmtmcchxnm[mthowﬁmdutecbd-
amines (Axrixop e of IQSB)TEmcﬂmhumymdbym
methyl transferase (COMT). A ph 3 1 cffect on gic acthvity
would be expected after inhibition of (his enzyme. No wleal inhibitors of the
¢Zyme are available. They are cither metabolized by the enzyme Oke pyro-
BAlol (Axcrre ef ol. 1960), or tbey ars short-ecting owing to rapid removal.
Tmpobnelndhdcﬂv:dmbcbn;mlbohuapmp,umcﬁdmcehn
been found for the fn vivo O-methylation of these comp

umyderiv:lhuofuupohnohlvebmtﬂ:dncohﬁlnﬂbhun(ﬂu
LAY & Burpa 1963 Camssay ef ol 1963 Ross & Hauasaua 1964

o
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MURPnY et al. 1969) but tho differences in their actions seem to be relatiy
ely small. A convenient method for studying O-methylation is to measure
the in yivo concentrations of O-methylated metabolites (Moneny et o
1969) The inhibition may also be studied it viro (Brirav & Buem
1963) To establish whether the drugs act only by Inbibiting the enzyme it
is necemary 10 wse both methods.
Thapmwntmpondukwhhﬂnd!wuotllng}eln}eqhmolunpom
on the following parameters of the rat stristam. COMT and monosmine ox
idese (MAO) activitiee, changes in concentratlons of dopamine (DA) and Its
metabolites and some relative estimations on smine synthesis rate

Materlals a0d methods

Animaly.

Albino Wihtar rts of either sex weighing 160-250 g wero used fn all expriments.
The antmals wers kapt in groups of 3 and given frec eupply of food aad water The
rats were kifled by decapitation at differcat times after the lojection of tropolose, The
beaim were removed immediately and the strista dimected fros and frozen oa dry ke
for amine and phenollc acid determinations or stored on ke for cmxyme emay The
nryma activity was meagrred wihhin an honr whilo the thanes for chemical anatyses
were atored at —20 for not more than 4 days

Drx
Tgpolom(Ald:lcthn.Cunp.)vnd.ho{rcdhd}!ﬂkdm 20 mgml, aad
tiven In toncally In a doss of 100 myfky.

nc'rymw (The Radicehemlcs! Cenire), apacific activity 513 mcifmM, woiformty
labelled, was glven intraperttoncally by infusion in dmeufSOpdbunluh;
using an nfoskon pgmp with a coosiant rats of 225 miftr Derlny the knfusicn
animals wero geetly beld by hand. By this means tho anlmals werp kept completely
caltn. The tufushm was started 10 minotes before the stated thnes for the tropoloe

lajections,

A 1 for catecholamines and phemolic ackds.
?’ummmmmwﬂdmwmwm”

T:+16and HVA € £ 6

Determination of meteboliter from HC-yrosiwe and (ho srie-
“Ths enimals were iiled Immedlatly eher the fafegion of 1Ot AP Uy

The extrecty wed
pm:hhhldibnauinmlmmcd!«ﬂchduu-nﬂmﬂmr“ "o pbesel’c

sccording the procedury of Caawraep & Yos (1570) pr
mm‘&.nmmxmmmmmunwﬂr&ﬂ
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stoad of ethyl ncetate to facilitato evaparation. Tk ether cxtracts wers washed with §
ml 01 N-HQI satrrated with NeQl to remove any resikios of tyrosine 3ad then chro-
masgraphed on paper for 5 hours s described by Baocx & Guoossna (1971). The
chromatograms of the arines and tho phenols wers cut mecording to the cooesponding

Erbrution of tropolons.

1t was found that at tho wavrelengthe:

mep(wﬁnth:)mdmmcﬂm),mdmﬂbdnwdﬁh phmol ia
h could be extl d Br-in-mpl-mbo-

WhMN acid, contrifeyed and the '

by adoeting the pH to 6 with 1 N fallowed by S N - ROH, Th F-dﬂhuvum-

er a1 310/400 mp. The {loorscemce was found
to be ty pH whth at 60 A brain mmple from  non
eated andral wes tmed a5 & blank The recovery of a tropolooe sasdard added to the
bomogmato wes about 50X

COMT and difuted 120 for MAO

Seatistical culoubations

All valnes in the tables are the means with their SEM. and the aomber of experi-

ety ba brackets The Lord's two sample test was oyed for palred resuits (ables 2

#ad &} ead the Stadent 3 et for wnpaired (tables 1 and JL P valoes of less than
stathtically eigmificant.

&

were consbdered
Resahts
The In vitro inhibith of COMT by tropolon
The kinetics of COMT by was ined in vitro In

llﬂnaobuhedfmmthamnm-mhmmdﬂtbmnummx.ol
the etzyme in crode homogenates usiug DOPAC a3 & subsirate, was deter
mined a3 3.5 X 10-ML The inhibition coastant, ky, for tropolone was 3.0 ¢
X 10 M and the inkibition was sbown to be comptitive. r,,«-\..f
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Table !

Tropolone concentration and COMT actfvity 18 tho rat sirfatum. Dose of fropotoos:
100 ma/ky futrapoconeally Mesn £ SEM. (00 of experiments)

Houry after|Tropolace concentr  COMT activity coMt  COMT X sctiviy

Injectlon w'e nmelfhrg activity al. from
x tropalons come,

0 0 “i21010 100

os 21 134 ()

1 19 131 (9 niiv 73

15 n *22 )

23 35110 (M MEa105 ks a

24 03015 01040 1 o
Siguificantly differont trom 0 hr (P < 0.05) (Stodent’s tes).

Cakealation besed oo Ky DOPAC, 33X 10 M), concestration of trop-

olone xnd ky for tropaloso (3 ¥ 10~ 5M).

The relation between the COMT activity In the ririatum and the
concentration of tropolo

Afver an ntraperitones] Injection of tropoloae, the subs penetrated
rapedly into the brain. Maximal concentrations wers reached in 05 hr {table
1) In the following 2-3 hrs the coucentrations were reduced by 907 and
afier 24 hns vory little of the tropojone could be detected.

The reduction in COMT activity in the strlatum was pot correlated with
the concentration of tropolone. The enzyme activity was reduced to 73/ o
the normal after 1 hr and showed & similar reduction at 2.5 hrs (table 1)
The theorotcal redoction ln the enxyme sctivity a3 cakulated from the Ky
and K; values found in the in vitro experdments, st the particular tropolone
conceatration found iIn the brain at 1 hr was found to be 45/ & compared
to the actual value of 73/ The explanation for this dhscrepancy is not knows
but, passdbly some of the tropolans may have been redistributed withia the
subcelfular partlcles of tbs b te. Braln homogenate, Mg loos wd
; TH - (methyi)-S-sdcnoaylmethionine wes incab d 21 in an ordinary COMT
mlybmwﬂhnvpolonoulmbammbmadulDOPACuwalNDﬂ‘
dlonedvn(mﬂhthd)mnnuwmhbhlnd:hm{ormmfunnulw
was it possible to show any balits by TI.C phy of bad ex
tracts. Thus no evidenes was found for the presence of an sctive metabolits

of tropolone.

Amines phenolic aclds and MAQ activity in the stristum. —_—
luchmgﬂlfmnnpolmohthno-mhyhledmbumuH -

HVAhrexwededlhaehmgaanOm(ubemdl)HVAm
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Table2

Coocentration of amines and phenollc ackds ia rat striatum aftsr tropolons 100 mg/ky
ntraperitooelly Values In prg/g wet thwoe = SEM. (no. of experiments)

DA 3MT I DOPAC ' HVA

325 H0245(6) Q30100S8(5) LIBLOE(M a3 IT(D
2341 0272(5)* 017 L0051 (5)*
306 QI0L0MN(EH 268102 (5) 03610080
1954£0215(5) 009 L0080 (N
266£0254(6) 0111004(5) LE7H024() 0610095
14+0313() 001002 20110180) 08431007709

xe-se {1

Different from valtue a1 0 hours (P < 0.0%) (Lords two sample test}

duced to 30% of the control at 0.5 hr and decrensed to about 15/ at1s
hr The fall In 3-MT clossly paraliclied that of HVA. The DA concentro-
&nlhcwcdlmaﬂ(lS/)butdglﬂﬂanlmmolhrmcruopobmud
ministration. The changes In DOPAC concentrations followed the DA with
230% increase at 1 hr returning to about normal levels at 2.5 hrs, After 24
hry all the metabolites had returned to coatrol vatues. At 2.5 hes a amall but
significant reduction in MAO sctivity was found (table 3)

Synchesls of dopamine In the striaturm

The batf-Jife of DA in the striatum has toen estimated to be about 2.5
hrs (Ivexsen & Guowmext 1966 Nrvv ef of 1971) Thus, a 20 min, Infus-
lon of adioactive tyrosine was convldered satldfaciory as an Indox of the DA
tynthesis rate (NYRACK & SrivarL 1969) It b scen from table 4 that In the
Don-treated animals the DA and POPAC fractlons showed about the samo

Table3

MAO aciivily In (e wiristwm sfter Lropolose 100
myfeg (atrapertionently (mean £ AFLM of 4 wxperi-
mants)

Ilm-n:rtlrmnbn MAO activity (umol/g /)

o 18t021
1 77%0.14
14 491047
2 T1Q2exp)

fugnifle wly diiteren [ W valoe ut O e
(P 7 DM) (Medend



222 OLE JACOR BROCH, TR,

Table 4
Radicactive motabolites in corpus stdatom after tropolons, 100 myfky ntreperitoos-
ally and constant {straperftonesl infesion of 14C-tyroeine over 20 mimutes. Vahis b
Sfun of toml sctivity owan of 4 cxperiments + SEM.

Hours after ota] acthvity
; comX 10 1 DA I 3MT * DOPAC I HIVA
[ 43112 As+04 090l 47t085 035103
1 66125 | 0s5t02 |o3toa 0704 | aiiols
23 77114 04+04 03+£006¢ | 21+t04¢ | 011008
24 L0+22 | 4317 | 1303 4stos | 07102

Sigrificantly different from 0 hr
¢ Significantly different from 24 hn
(P < 0.05) (Lord 5 two-sample tesf).

mfﬂmcﬁﬁtynﬁerlmmm.intmpemmnllnfmhn.Assuming!hltlﬂtbﬂ
mdlowﬁchOPACinthenﬂmmudpmudﬁumndhuanA.'hﬂ
ﬁndinpwouldindint:thﬂttwhlf-ﬂ!odeAlnthunrhmmmnﬂ
be In the order of mizutes rather than hours. Only a small ecivity wa
found {n the HVA fraction. After tropolone the activitics of all the fractioss
wore significsntly reduced retuming to normal vakues after 24 hrs (table 4)
For further evaluation of these findings seo “Discusnon”

Discrmjen

Wﬂd(m)mmmnhmmwmw
pmpyitropomnncomlnhlhuorlnthommomwm.wmmﬁﬁ
al. (1967) found that 4-ksopropyltropolons in viro inkdbits tyrosine bydro
xylase completely at 10-4M, Le. a concentration of the sams onder & the
mnﬂmﬂﬁnnemncmmﬂomhth:prucmwrk.mmthAhdh\ﬁ
mtapadmnmmumpomdnﬂmmuhﬁklyw‘:
hhlﬁﬂalhmtuhnpornmlnrbvlndthtdnomwdlnhiﬂﬁmd
mmmwulnmndnrycﬂnddmmtbolncrmluuwdnhmhtm

DOPA (100 myfkg) to mice 1o ©¥oH
centration MuwrHY et al. (1969) gave ( " o o

lponlblccﬂudonthntyrmlmhydmy{m‘l‘bey
lm‘/mthoDOPACann:mmdmhwbohb:ﬂnlh:mﬂmm‘c(ﬂ
mgjmwhnad:cmmmunpmtmrkmw'/ Izbwdl‘:lbwl
mpohnzmyhavcmdlmd:ﬂndontyrm&nc ﬁrmd
coadd:r:dﬂglﬂﬂmlenau;h!n:xphlnfnl}ythcredmmln

striamm (3
The mductbminmhyllwdmmpomdﬂnrhemw
mmF?VA)an-mmmmmwmmlﬂw
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ﬂvitywh:nmmmdlnbomog:mm,mylmplythltuopokmed}dmt
Hnd very firmly to the enzyme. During b ion for
thomzymumdlu.thanopobmmyhnvobmrdmdﬁ‘omthndmm
and mixed with the medium. Two sand a halt bours after the tropolone ad
minlstration tho vatus of the COMT actlvity In the homogenates from the
mhnmm@elyrelﬂedtotbnthuomdmln}nanﬂlculuedfmmthe
aof tropolons in the homog By this time the tropo-
mhmmdmmmummmmdﬁm
¢cles in the homogenate. One hour after tropolone there was a ducrepancy
between the theoretical and the actnal enryme activitles, As tho COMT de
terminations wers done using crode tissue b in 01 M phospt
buffer only 60/ of the total cnzyme activity in the brain tissuc was mes
sured, the rematning being sitnated Ingide the perticles and bencs not avail
able for the substrate (Bwoch & FotewuM, mpublished results) It is abo
possible that a part of the tropoloss could be trapped inside the particles
after 1 hr
The increass in DA jon after trof b idered to be doe
to an inhibitlon of O-methylation. The DA would be metabolized by the
MAOmLth—mqhyllﬂngpmhnykbbcbd.mulﬁnglnlmmoqnml
incresse In DOPAC As d viowly the sub
mdnctbninthcrynﬂnhmmbﬂnw&htbbenrmltof!hoinmlnﬂm
ing through a negative feedback mech-
minnmun;onﬂnnwummngthedﬁngcnzymmudmhydmzyhx
(SercTom ef of 1967). Such & mechanism seems most likely sines inhibition
of MAO leading to & d amounts of dopamine, has also been shown
(CosTA & NEFF 1966) to result In a reduced amine synthesis rate,
The overall haif{ife of dopamine in the stdatom of the rat has been esti-
mated s 2.5 hre (Tvimsen & Growmesxa 1966 NevF et &f 1971) In the
present experiments considerable radioactivity had sccumuolated in the 3-
MT fraction after 20 minutes, estimated as about 20% of the activity In the
DA fraction. This points to a turnover rats for dopamine In terms of min
ulex. Morcover the results from the actual chermical analysis of the amines
grve & ratlo 3-MT/DA af about 1 10 (table 2) Theso discrepancies can only
be explained if one sccepts the dopamine storage concept of a “two cam-
Partments open in one end” system as suggested for dopaminergic neurons
by Siuuun (1566) At equilibdum the two comperiments mmst possess
turmover rates which are inverse to their sizes, and the smaller pool will re
‘tm\hcdopmbo\o\honcuphr
The radloactivity of the DOPAC fractlon was as high s the nctivity
foond in the DA fractlon, suggesting a kigh tumover in tho deaminating
pathway It seems therefore necessary to postulate a third pool for DA, This
1ol I3 probabty very small, isting of the newly syntbestzed DA not
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Lna:rpamtediumthorympdcgr-nujnThm,hmlﬂmiylhatlhcmmbr
DﬂcdcgmiaﬂonafDAbydamﬂnamwnﬂwmacdvnﬂmotm
DAnﬂHablnfDribwrporaﬂonhLotbcgﬂﬂnla,rhikO—mcthyhtbnblk
mlinpnthwtyfurDArdcucdimmﬂnmmmd]np.mwhh
nmmrM&thomtﬁndmg;banmnTmmad_(lml)whhh
mggntthnﬂimmnybemdiﬂumtmmboucpuhnysiordupambcin
Lbel&iltumofﬂnmm-nncinmmnl]mdﬂwmhnraﬁmm
DOPAC and HVA respectively belng the metabollc end prodocts.
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In Vitro Effect of Antl-Inflammatory Agents on Phagocytosis and
Bacterial Killieg by Human Neutrophllic Lenkocytes
By
Taper! Rowtx and Thes U Kosmen
(Received Docember 7 1971 Accepted Janwary 3, 1972

Abriract. The ph of tilled Staghyk , 2 by
lenkocyles was Inhfbited Ix vitro by fndometbachn fn a concennion of
3 10-0M, and by Mg e o o

of 10-0M. P wn elightly by 10-7 pbexyt
ba A wckd, mefezamic scid, and phenscrtin had w0 et

droge This Inhibltion may bo a factor b the mechaniem of action of anths-
flammatory compounds,

Koy words: Aath-lofl ocy agents - Y

Enzymcsrdwcdhumthctysammualnmmphﬂklmkocﬂﬂ,md
fmmmelyummotmhﬂccus.nmrcgudeduimpomt{mmh
mmﬂmmlwqpmhmmdomtmmm
bacterial phagocytosis, but disrupt and die relessing the lysotomal co-
tents into the extracellular space (Doveras 1970} thkm\xﬂ;
of Iysosomal enrymes can also be released from Jeukocytes during
phgmﬂmdﬂmtkmdmmtmuu?rmwm
(WEsSMAR et o 1969) The fnbibition of phagocytosls coul

uce the Inflammatory reaction.
Mmmﬁlmdr;lotwmlﬁmbunmwemmmbb'
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logical offects of ant-inflammatory drugs, rather little &8 known about
their effect on phagocytosu and the digestion of bacteria by kmkocytes. It
bas been reported that phenylbutazone interferes with phagocytosis and the
intrecellolar Kiling of bacteria (ANTWEILER 1957 STmauss et al 1968),
whereas the results obtained with corticosteroids aro contradictory (CREPEA
et al 1951 Crawson & Neseneemc 1953 Hmson & Cavean 1961
MaNDmiL et ol. 1970) The aim of the present paper was to study the
cffect exerted by some anti-inflammatory compomnds on phagocytosis and
bacterial killing by human neutrophiic lenkocytes in vitro Phenacetin and
parecetamo! were Inclnded jn tins stody Thess are not geserally con-
sidered to be ant-inflammatory agents, but in some tests they have shown
8 definite antidnflammatory activity (DoswEoaz 1966)

Materials and Methods

Blood domors
The blood donors were young healthy adnlts, mainly medical stndents,

Druge.

The drugs wodied wers: Hydrocorthone sodlum mxccioate (Organon, Oa), acety!
wlicylic scid (Orjos, Heixinkf), phenyibotazone (Lairs, Turiu), indomethacin {Drmex,
Copenbagen) mefemamic eckd (Purks Davis & Co H.numlow),;hcmeﬂ.l (Oclon),

(Medipolar Ooln) P scid were dis-
dvtdhﬂ.lNNlOHl.ldLudomdm:hlnlN-NlDPLlndﬂzmmﬂzdrh.h

HCQL, as far a3 posble withort procipitation, Tho other sbetances wero dimalved
i wlise Tho dilutions wers mede with alles.

Srndler om plegocytosis
A briaf ovtline of the methods veed for tho simdy of phagocytosts snd the bec
taricidal activity of leakocytes i ghven below (foc dotails seo ROUTU 1972).

Leukocytes. From about 50 ml of heparisired boman venoms blood, most { the
remcved
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Bacyeria. For each day quu«mmmhmmu
bours 2t 37° washed three timss with sallne, and smpended fn Hanks sohitios © 8
standard optical deasity

Aswy for becterickdal activity of lewkocries. To 64 mi of coll suspension, aidftiocs
were made of 0.8 ml of pooled human serum and A8 ml of the bacterie] wpcodon.
The final nentrophll concentraion was 1X 107/ml, apd the matio of bedicris ¥
noutrophils was about 11, The segpension was mited for § minmes at 37° oo
Incllned whee! rotating at 35 rpm., 1 ml of tho sexpenion was then plpetted 3o
1 serhexs of test tnbes, and centrifuged. The leiny the diutat
bacterfy was removed carefully An addiion of 02 mf of drog solation o siet
hmumnmhmwwumlolﬁﬂﬂ.mdlfmnmepﬂmmdﬂ
whth 01 N-NsOH oc FCI to about 74 sceotding to the indicator dye. Tha atft
were snpended n 1.0 ml of this solation thiy represented “time ze10” After mixing
{ho tube wers left 1o stand at 37° for 2 boury, with occasional gemle

s the smapenxion wae sdded 1o 09 ml of 1 per cent T e
complet desiruction of the calls The bactoria retalned hckr visbillty Ferth™
tioas were made with distilled water The bmcteria were grown on
snd colamy count were mmde

Stwtistical trestment. o vere besd

1k fects of
of the of the effects s

on the (et Elfects sdgnificant at a 005 bevel or beiow were
signlficant. (For datalls, see Ruuty 1570,
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Table 1

Effect of antHnflammatory agents on phagocytosia The mumber of cxpertments b
indicated fn brackwts. Mesn = SEM. & ghren,

Phagocytic Index,

Drug Concentration (M) per cent of control
Hydrocortisooe 107 (5) 1032453
108 (5) 1075157
IX 104 (4) 1059 169
10 (%) 873 £ 40%
AcctytaBoyllc acsd 1077 (8) 1009 + 18
104 (4) 73153
10 (4) 1001+ 49
Phenylbotazone 107 (9 L4+ 44
162 (8 164315
3% 104 (5) MTE79
10¢ (D 787 % 40°
Indomethacin 101 935451
103 (5) 96+ LS
1074 (%) M1t40
3IX 104 @® 921436
10 M B2+35
Mefenarsdo acid 10 () 1014+ 50
104 (%) BTI4
1104 (9 |3 +57
Phenmcetin 1077 (4} 1044235
104 (%) 1088+57
104 (4 %1113
Paracetazmol 10°T (4) 1036+ 47
108 (6 1001 % 13
IX10% () 1015 41
0 o B34

= differencs from control sipmificant (F < 0.05)

Results

Effect of anti-inflanmatory agents on phagocytosis

leblmuuneﬂcaofmd-mﬂxmmxmrytgmuonpmmmh.
Hydrocortisons fn 108 M ton slightly Inhibited phegocy but
bad no effect fn concentraions of 3 X 107 M or lesy. To some extent,
Pherylbutazone mhibited phagocytosis at 10¢ M. The otber concentratioas
teuted did not bave any effect, with the exception of 10°7M which pro-
doced a slight, but statistically significant, lation of phagocytoshs.
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Indomethacln inhibited phagocytosls In concentrations of 3 X 10 and
10°M. Parmceiamol at 10#M slightly reduced phagocytosls, but not
in more dilute concentrations. Acctybsalicylic acid, mefs jc acld and
phenacetin did not affect phagocytosis.

None of the tested drugs in the concentrations wsed caused any detect-
able light-microscopic morphological changes In the leukocytes, nor did
they have any effect on the viability of the lenkocytes, measured with the
excloon of 1 per cont trypan blue.

In prellminary experments, tests were also made on the effects of
10# M hydrocortisone, phenylbutarone and indomethatin on phagocytosis

100 . .
%0
%0 PHENYLBUTAZONE MDOHETHACN
w -—n o~ ——u e (8
o0 g“'n [B *n - h
£ 0—0 CONTRL (8} 0—o0 CoNTRRL {8)
0 Seo
B
gm 260
2 B
m L w
g® 3
5 >
© o
2
1 2 0 i
° HOURS HOURS
0
% "o
o “
*-nr M
<0 *wm
[, §m
zm “a
2 20
iw g
in o
o »°

a
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YIABLE BACTERIA %

a3 85824828

3
»

Fig. L Effect of sntHaftemmatary sgenty on the intreceflolar killing of bacteria. The
ormber of experimens fn incficated in brackets. The moans are ghren.

in the prescace of 80 per cent plasma in the Incubstion medium instead
of 10 per cent. Under thess conditions pone of the compounds had any
elfect on phagocytosls.

Effect of anti-infl y agents on lular bacterial killing

and acetylnalicylic acid had no effect on the shility of
Jenkocytes to kill phagocytosed bacteris. Phemylbutarone (fig. 1a) slightly
rearded the killing of becterls tn cells in & 10%M coocentration the
effect was statistically significant at two hours. No effect was exerted by
10*Mphmynsu1mr,m@cmdn(ng.1b)uwmmduceduugm.

bt constant and of Killing,
'hhhmvhﬂﬂnnmahm: but was not observed at two houre. No
eflect was exerted by 108 M 3 X 10 M mefe ic acid

(g 1c) clearly imterfered with bacterlal killng, but 10¥M did not.

(0. 1d) xt 103 M retarded bacterial kiling. A simflar effect
Wt visihle with a 104 M coocentration at ooe hoar but pot after two
hourt. No effect was obscrred with 10¢ M phenacetin. Parscetamol (fig.
1¢) behaved differently from the other drugs. In 10% 10~ and 10+M
concentrations, it enbanced the killing of bacteria in cells to an extent
that | d with higher jons. With & fon of 10% M
tho effect was first discernible at two houn. On microscopke examination,
the kukocytes wers broken by Triton-X 100 fust as completely when para-
mlmmummmEmhmwwﬂmo{
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paracctamol had no effect on the viability of bacteda, It the bacteria and
dmgwmincubatedlnHBIleLhmnodh.Thhwullw(ou.ndtohethn
caso with the other drugs in the concentrations nsed,

LS

Dixconlon

Ithubccndahncdthnmnhomlnter(cmlnvfmvuhpm@cnuh
by leukocytes (Carrea e ol 1951), end by the reticuloendothelial system
(Nroow. et al. 1967), whereas In other studies no sach cffect has been
observed (Crawson & NERErEExG 1953 Himacn & Cruec 1961). Warn
(1966) has shown that hydrocartihone at & high concentration Impaurs phago-
cvtods by neutrophlls in vitro whereas MaNDELL et al. (1970) could not
demonstrate any such effect. Studies concerned with the effect of coctisone
on jotracellular bacterial Killing are also contradictory (Crawson & Nixk-
BERG 1953 Hmscr & CrurcH 1961 MaNDELL et al. 1970). In thi stody
the highest hydrocortisone concentration wsed, 107M  Induced allght tm-
palment of phagocytosls, but no effect on ntreccllolar klling wet
discernible. Probably the inconsistent results are stirfbutable, ut lesst in
part, to variations in the experimental conditions.

ANTWHLER (1957) and STRAUSS ef al. (1968) have shown that phenyl
batamne Interferes with phagocytodls this has sho been demonstrated (2
this work at tho highast concentration med. STRAUSS ef ol (1968) hawe
turthermore shown that phenylbutazone mpalrs bacterial kilfing by lenko~

According to ANTWEILER (1957) acetylsalicylic acid inhibits phago-
cytosls in wivo This i cootradictory to our results obtained & vitro. The
difference might be attribotable to the hydrolyts of scetylsalicylic acid
in vivo (WooDeURY 1970) Little it known aboat the mechantums by whick
anti-nflammatory agents nfluence the functions of phagocytes, Phag-
cytosis and the intrsceliular killing of bacteria are complicated process
wiﬂdlmlybunﬁ’cctedbyﬂndmplnmmydmmmh’mmnd:

phagocytoets
dmmah&mmm‘wmm&Smlm

glycolysis, and digestion on P
It has been demonstrated that pon-steroid antiHnflammatory ageaf @

1968). STRAUSS et al. (1968)
couple axidative phosphorylation (WRITEROUSE o e 104 M

baye shown that phenylt ina

both glycolysis and the flow of ghucoss through the hexose monophosplte
pathmay mummbhwymdxdmmﬂswﬁ:l%
They also showed that phenylbutazons lnhibits tho production

which s an fmportant factor In the bacterickdal systems of
McCrxmscil & af (1970) have d ed that ph
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the oxygen uptake of human neutrophils In concentrattoms of 104M or
mare.
Mcmhnnuphylnimpomntmlehlbmhphngocytmh(lu:mnﬂonc{
), and fn fntracellul (fosion of ph and lyso-
some) Many anti-Infl ds are membr ctive, 50 that
theyanmbﬂ.lzuarhhmmmhnaythmqtumambnm,dcpmdingonﬂzd:
concentration (Beior & Warna 1968), and stabllire lysosomes (WENER
&PmmLFTU)Amdinngm(l%S),thnnﬁimufmﬂ—
Yy agents on mxy be idered as their most Im-
portant mechanism of action, and Hoocx (1969) has sated that drg
caatrol of the acute inflammatory response may profitably be attempted
at tho lovels of stabiltring membrance of Iysosomes and whits blood cedls.
Hydrocortisone (KETemsL ef ol 1958) and indomethscin (Przirs &
McCaxtiy 1967) have been shown to inhibit leukocyte migration, and
hydrocortisone to Inhibit the chemotactic respooss (WARD 1966). The fn-
hibition of leukncyte migration might be one factor imvolved in the present
reulty, but in suspension, mixed at intarvals, the active migration of lenko-
cytes would be expected to play no Important role.
Az 2 mmle, In this stody the concentrations of drogs formd to affect the
hmetion of phagocytes were relatively high. However many ant-inflam-
matory agents are given to patients in rather bigh amomnts. The therapeutic
plesma concentration of salicylates may be as high a3 2.3 X 10%M
(Wooreury 1970), and that of phenylbutazone about 5 X 10~ M (Cata-
NPSE e al. 1969), whereas indomethacin (CATANESE et of 1969), and
meenamic acikd (Grazxo 1966) in therapeutic doses produce lower plasma
m&xﬂom,lbouileO"MmdSXlO"MrﬂpﬂﬂinyBLndlngro
proteimt rednces the concentration of free active drug. In these experiments,
hydrocortisone, ph and hacin in 10 M concentration,
ohiomlylmthhmm,cﬂdmtmeaphlmmhlhcmd
80 per cent plaama in the incubatien mediim, although an elfect was
discerniblo In Hanks solution contsining 10 per cent plauma. In plasms,

(Wooomuxy 1970) to aboat 90 por cent, and the other drogs studied to a
lemme(‘\'omnvlmo—cunnwﬁd) In this study 10 per cent
plesma was present in most phagocytosls experiments, but nage In the
bactericidal tests.
The distribation of drugs in the organism can be uneven, as it known tn
mpmmmmmmlmmdphﬂnmh(&mwm
rhedly co in the renal medulla (Bumas &
chmﬂl%n may be d In fafl y
sites (Wmimaat & Puiyz 1955)
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Th.uthahmnnlllyh"inLhchlﬂmmumymThtwhmm
Iuduwa!aﬂluthoéB—dwaﬂﬂnmcmlnmes(Iﬂmm&Wa:ulm
nndthopHmuymlfmbeloué(WHzmnuasz!) This is likely 10
lnmtbcmncﬂntmhmotlddnnﬂ\inﬂammmyngmnhﬂncdk.
mdpo!cnﬁitcthc{rnnﬁ-{nﬂammlwryadhity(bmm&\\'mml%s
WiITEBOUSE 1965}

If the ant-Infl Y agents tially disturb the function of phago
cytex in vho !hhcouldlaadmlmdnccdmuncomln!m,\mph
evidence exlns of the increased susceptibility to Infections caused by corth
colds (cof. FAUVE & PIERcE-CHASE 1967) but very litle of similar actiom
as far us the other antidnflammatory drugs am coocerned. Jt has been
shown that phenylbutazons (AQAxwAL 1967) and indomethadn (Jacoes
1967) aggravate infectioos In experimentsl animals, and that they art

P d of reducing the resl of some patients to Infection (Harxo-
FIELD 1955 Sotomon 1966) It has been smipected thet an incressed
quency of urinary Infections occurs in with amalgesic nephro-

pathy lnduced by phenscetin, together with other compounds (SmeLLEY
1967), but thess {nfections are obviomly y plications of th
{ater phases of the nephropatide process, and do pot form an eesential
part of {t (LEVIN 1969) It is thus evident that ant Inflammatory agents,
with the exception of corticolds, do not esscotially increase ths

fity to infectiony, and that corticolds reduce resistance to Infection, at kst
malnly by mexns other than by interference with the function of the

Pphagocyter.

One Interosting pofnt is that phenacetin, together with paracctamol, which
it the major metabolite of the former (WooDBURY 1970), had effects which
were considerably diiferent. Phenacetin did not have any influence o0
phagocytosia, apd retarded the Killing of bacteria in the cells, whers
parscetamol slightly inhibited phagocytosls, and clearly enhanced the killiag
of bacterls. There fs no obriows explanation for this at present, The thea-
peutic plasma concentratians of paracetamol may rise to aboat 73X 16%M
(Ssa 1958). Cosceatratioas that etll cnbanced trtraceliolar bactrris!
ldnm;humuperhnmuanowmnlybcfmmdmlheummw&
ﬂlﬂ!lhmhbknnwn(hﬂtpncdm]khrmdmwuabwlmz:
lDWdcsreu(\VoommylWD).mdmzmyﬂwheummuedh
mnlmedulhmtﬁdmlymnm!ncommﬂomapablcdhhﬂﬂﬂ
phagocytosis.

Tt scems that bons of anth-in ,dmp;lﬁdvﬂ'“
affect phagocytosiy and bacterfal kifling by phils arc
lmlncdplulhnorp.nkmdnﬂn;mumem.ﬂm zhemnmwﬁ;
ammmmmpummmmmmmmwmﬂ‘
the effect of acld antl Inflasmstory agents, may prodoce
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in which anti-inflammatory drogs nhibit the function of phagocytes. This
inhibition could be a factor concerned In the mechanism of action of snt-
inflammatory drogs.
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Due to strong adsotption of PCB's from water solutions to glass surfaces
(HaTroA & Kanrog 1971) the ovaluation of their toxicity to fish based
on cxperiments performed in glass squarls may be unreliable. For Arocor
1260 ScaoerToER (cited from PEAXALL & Lrvcex 1970) foand that the
96 hrs TLm using cutthroat trout was 60.9 mg/l while the figure for the
more soluble Aroclor 1221 was 1.2 mg/l. Stnce PCB in experinents with
Clophen A 50 has not been found to be sdsorbed to alaminium-foil surfaces
(HATTULA & KAXLOG 1971) the following mvestigation was performed using
velil-tailed goldfish, with an everage weight of 1.9 g Alumintum-foll con-
talners holding 6 | of water served as aquaria for groups each of 19 fishey.
Clophen A 50 (Bayer) was used and dituted from a stock solution coo-
talning 10 mg PCB per m! {n acetone. The concentrations of PCB la water
were 0 0.5 1.5 2.0 2.5 and 40 ppan and the concentration of aceton®
was adjusted to 0.5 mijl in all the contaners. The contalners were replaced
every day and the fish fed half an hour before being moved to & DXW
aquartum filled with freshly prepared solution.

Dryp!mlmixhne(’fm?‘ny“)wﬂhubwkgxmmdmumlmﬂwd

JPCB of 02 ppm. was used as feed in an amount of 1 g per day to 19
fishes. Aeration of the water was arrenged by afr pressure. The temper
wture during the experiment was between 21°-23

thmmmvﬂwhmfmddﬁd.mwmhw"z
and then bomogenized, PCB analyses were performed by the metbod
Amno & Jensen (1970) with sfight modifications.

—_ o5t
Supported by Dealsh Agneatiural asd Veterinary Researsh Councll, Profest $13-1
Pmmi.dd?urbrpmmdorndeanmmum’“"" okl

Iyl Flaland.
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P 1 Time of 50 per cent moctality i & fonction of concemtration of PCB [0 water
(n Jog scal ).
Table 1
Tlme of appearance of symptoms in days from the starting polnt.
PCB b water (ppm) o 05 10 15 20 25 40
Lows of eppetite - 12 6 ] 4 4 2
Chranges n coloor ~ 9 7 6 [3 H 3
M Imcoordation ~ 15 L] H 3 4 3
8cveze incoordination z ? 7 7 s 4
Table 2
Back and Jothal of PCB in whoke specieoros.
Phm
hinnl [ 0 10 13 20 25 40
Ppm)
Mhh
fren 01 3 m 6 23 =7
[N 0 »

Prm) @uown an-<ry a7 e (WSen -1 arn+m) @1r-6m) -



wmsmmmrron.,(aaw«mnmmn 240,

(Inuf!hoﬂ;hesﬁnmthacontm]puxpdlcddudﬁgdzupcﬂmx
which lasted for 31 days. The time at which 50 per tent of the fuh were
killed is shown in fig. 1

The hammful effects of PCB could eanly be observed (table 1) The fish
lost their appetite and thefr bright orange colour tumed to pale yellow
the changes belng most obvious with the highest concentrations of PCB.
The effect on the mervous system could be observed as incoordinated move-
ments after which the fish turned to side positiom. To ensure that the
effects were cansed by PCB and not by starvation, anotber control group
of 16 fishes were starved fn clean water for 10 days. With the exception
of a 25 per cent Joss of weight and two deaths no aboormalities were noted.

Table 2 shows the concentrations of PCB abtorbed by the fish during the
experiment and also the background contamination. Thers were largs indi-
vidoal vanatians, but the diffarences In PCB concentrabons between the
expenmental groups arc not significant, Dus to the very low fat content of
the fish (0.34-114 per ceat) the cakcnlated PCB concentrations in the fat
of the dead fish are remarkably high (13.5 mg/g to 93 1 mg/g) or & mem
of 35 6 mg/g fat for all the experimental groups.

When a fifty per cont chlotnated PCB is kept in solotion and b not
adsorbed 1o the surfaces of the aquaria, lethal water concentration to goid-
fish are almost of the same order a3 found for a more soluble component
in experiments using trout (vide PEAKALL & Lmvcex 1970). The change
in colour of the fith observed during ths caperiment might bo doe 2
disturbances in fatty acid metabolism (WALLACT 1971), snd might decroase
resistance to fungal infections of the body (Harnsen et ol 1971} The -
centrations af PCB in dead fishs cbeerved in this expertment aro 250-325
p.p. in whals specimens and are comparable to for imtance 1he cootents
in the liver of Bengales finches — 345 pp.m _ of 50 per cent mortality

(PresTr &t 0 1970).
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Resporses of the Rabhit and Cat Urinary Bladders
in Situ to Drugs and to Nerve Stimulation

By
Sren Erik Siatrand, Christer S0gren mad Carl G. Schand teridw
(Recetrod November 24, 1971 Accepted Janwary 28, 1972)

Abcrract. The respome to atropine, nicotine, fum bro-

Teceptons. Bxperdocats whth Th Fine and showsd
that thery are adranerpic - and p-recepton m the wrinary biadder of the rabbit

Kry-wonds: Urinary bladder — nerve stimmlation — axticholinorglc effects — cate-
tholamisg cffacts,

In the scarch for snticholinergic drugs acting on the urinary bladder wo
bave found that the bledder of the rabbit responds to atroploe in a different
Wy from that of 1he eat. Very fittle 35 known about the effect on the rabbit
urinary bladder of compounds acting on the sutopomis system. In other
$pecacs, such as the cat, dog, and guinca-pig, numercns investigations have
been undertaken and the results thus obtalned are interpreted in different
YN Anyooe studying the cffect of atropino on pelvic nerve stimulated
biadders hes fornd that the stimulatory response is oaly partially reduced
by this componnd. This cbscrvation has led to mmuch speculstion and some
tavestigators belleve that this Is a h jc fink n the p P

Patiway (Hovpexsow & Roerxe 1934 AMPACHE & ZAX 1970) CAmrern-
TCx & RanD (1965) postulato that the I functions of the bladder
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ere oot aeeessible to an assum

Doty oo stropine, ption whach s not accepted by
Iutboprumxtmﬂythceﬂcdofwm:mmwmdxldin;cnthomm—

micnmvmm&unoulhcmpcmalodedﬁc;ﬂy;ﬁmulmdpﬂmymmm

te nerves ruaning to the bladder as well as on the basic tone of the bladder

has been investigated.

Material and Metbods

Anlmals and ancestheria.
Edghty-stx rabbits And ten cats were maed. Tha anscuhetized snimals ware phaced b a
supine poaftion. The abdomen was opened by » midipe Incixon. Qoe of the Termbal
Jobats berween Th 12 and L2 was dinected frae. The disc was partly removed aad tet
spinal cord was cut

The rabblts 2.0-2.5 kg body welght) were anaesthetized by Intravenons infection of
2 20 X urethins solotion. The dote was 14 g urethane/ky. Tho ay (34 ki wnt
snacrthetized by Intraperiioneal injection of pentobarbitons (mebomatmm NFN, oe-
bomalnatrizm® ACO). The dose was 35 myfig.

fairavesdenl presture revording

Both nreters wern Hgated satber close to the Kdreya A polythene tvbag (Ported
PP 90) was Inseried into the urinary bladder through » wlit cither in the nrechra or 8
the detrmor muscle between thy meck and base of the blakder The tobing wns Bel
with u plecy of allk thread to svold leakage, A traosducer for recorfing the
vesical preseare (Statham P 23 AC) wiy connected to tha trbing. Tha syten was flied
ﬂmwmmmmﬁamm.mamwmmﬂ
fimafly filicd with 10-20 ml talinc. The fntravesical presurs was recoried oa @ Gas
ok writhg osclliograph. Ono hout waa allowed to clrpse befors Tecordingy wert
made,
A polythens fablng (Portex PP 20) was [mserted ehtber bito one of the fenonl veits
of inlo the abdomipal sorta. All Injections wars made through eicher of these G2z

” ope side of the bladder a3 they sun along the blood vesch immediately il
coter the biadder thene. Stimalatory carronts were sapplied by & Grus model S€ s
Mmmmdalmnnmda}dmw‘ﬁm
Intenvity of 5-10 V Mmhﬂmmﬂvmhth:!mdmdmvd"‘-“
duration of the tndividusl bursta was 5 see., and the freqoency within tho bent
varkod between 03 snd 23 pulsesfsec,

Dreg edmistatretion. _——
Thurhlrybhd.dcrdﬂn’ulmdmdnbﬂnmamﬂd“ o
Mbﬂmnhmhbnm-wﬂd.smnﬂrwﬂ#w‘“m ecovded
vomonaly a0 thel effect o tho bormal butravesical prease (s fooe) Y31
Coctrol Injections with physiclogical mline were made-
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Table 1
Compounds, doses, ankmal species and mumber of experimests.
c Dowe Acimal No.ot
me/kg speces cperiments

Atroplos 0512 rabbit, cat 33
(Otropine slphats, ACO)

05 -4 rabbit, cat M4
(cetipria® Reclp)
HNicotine 0.01- 12 bbit s
(icotias siphatr)
Hesmathontom 0s -2 rabbit, cat 10,1
(eramethoulom bromide)

1 rabbit, cat 101

(orstanorm® Eandax)
Sactiayicholine 05 -12 rabbit, cat 62
{sceiayichalinn kodide)
dtabocurarize 01 rabbit, cat 62
Adreaatine oo10* rabbit 3
{beec)
Noradrenullne ootos nbbht 3
(basc)
Lopreasling 0.005° rabbkt 3
(moprenatine siphate)
Phemtohimine 2 rabblt 3
(rqgiim® CTBA)
Propranotol 1 rabbit k)
(nder1® 1CT)

Amouat injected (adependent of body weight.

Tubie 1 shows the compounds, doscs end animals med &1 well 21 the mumber of
periments whh eech componsd.

Rewlts
The to nerve lation was ded as a riso In the Intrave-

slcal pressure. There were no apparent differences in the normal respome
between rabbits and cats. Control Injections of physiological saline In
volumes used for the test compounds did not changs elther the stimulatory
Texponse or the baslc tone.

In some 1l the Iatlon freq a'”“ﬂtdlnordnfm

t‘\‘ by
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mLWumw;mmmdlzmmmmmm
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e

i btained, At freq

out when a ar p
below 2 imp.fsec., po effect at all was recorded during merve stimnfation.
With i ing frequency the retp f d and reached 2 muximoa
at 10 lmp fsec. In the f ing experimeats recordings were mado st both 2
and 10 imp. fsec,

Difydroergotamine.

In order to check Whether adrenergic ay well as cholmeryic fibres wese
stimulated and respontible fot the {ncreass of the fntravesical presyoe, &2 &
receptor blocking compound was given. Dilydroergotamine wsa bnjected f2-
travenoasly into several animals, No effect whatsocver on the responsé 12
nerve stimulation was observed. However this compound caused a log-ixst

Ing fncrease in the basic tone.

J Sucetnylcholine
Stcclmyleholine (suxsmetboatum NFN) and d-tsboctrarme wero fnjected
into some of the ammbls fn order to find out Whetber nearomruscalar jsoc-
tlons were involved. The results shovwed that theso compogads had oo effect
on the electrically [ndnced fncroass in the intrvesical pressure (fg. 1) 12 ¢
fewemhncnunhi;hdowofmoduﬂdmﬂmmulmdbnumﬂﬂﬂh‘
creass in the basic tooe.

Atro,
Af;crpwluhlmln}euhndnuoﬂnelnmmbb{u very fitthe or oo redoc

tion of the sthunlatory respocte wrs ohmerved (fig. 2). In some
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Fig. 2. Rebbit. Urcthane snaccthesls. Tho effect of 1 me/kg atropime sdministered tn-
travenomdy om the responce to chectrical parve elwmnlation of the udnary biadder

atrepine
4 me/ke

Flg 3. Cat. Peatobarbitons ansesthesie. The effect of 4 mg/ky atropine sdminietered
Intra-arterially on the repones to ehectrical nerve stimmlation of the urinary bladder

atropine was injected fmo tho aorta in doses of ©p to 12 mg/kg. In spito
ofmmmgn}ynmﬂmdncﬁmdlhuhdmedhﬂmdm
intravesical pressure wes fornd. The reductlon never exceeded 30/ of the
fnitial valve.

In several rabbits, a rho in the besic tone was secn when & bigh dose of

mated to be about 80-90 / whmtheblltmdonmm]nmm
nmmmh}cﬁbmdmfoﬂowmhy.mﬂummm
line.
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2mylig hexamethenium

Flg. 4 Rabbit Ureibaoe amewheis, The effoct of 2 mg/ky bexamcthoalrm admiok-
lrrdlmnnnoulyonlhcrupumlodtcwhlmdmnhﬁonn(lh:lﬂwyw

Hexamethonhom.

After Intr injection of b honiom into rabbits the ekectrically
fnduced increase in the (ntravesical pressure was reduced. At 3 myfkg, o
amplitude was reduced to about 50 / of the jnttial value. The blocking e
foct of a single doss lasted for more than 30 minutes. After repested Injec
tion of hexamethontum, the presuurs amplitude gradually diminished nd £
nally no rey to perve st was obtalned N
Tho base line was abwo changed, fallowing b hontom

(fig. 4). Like emeprontum bromide (see below), it caused an fncresso n B0
basle tone, which was mare apparent than that afier the emeprovtum beo-
oiide Injection. When 3 mg/kg or higher doses wers ghven, the baic to00
nover completely retomed to the preinjection level.

In one ezt 0.5 mp/ky hexamethontam was injected. The resalts showed £
marked, but not total blockads of the st Y resp

Nicotine

Nicotine infected Infravenously in dosct b"-*"”“"”“,‘ﬁ"l,;m:

any changes in the stimulatory respanss or besk tono fn the umd

wumhmmuddmmmm;‘:d‘“ © teytion.
7 ed

This drug-dadnced effect Increated srth the doso and became ratber BT

21 1.2 mg/kg (g 5). Apart trom this stmulaiory eftect of nicot
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Fig. 3. Rebbit. Urcthane anaestheda, The effect of 1.2 mg/ly nicotios sdministered fn.
trsvenomsly on the respons to clectrical nerve sthombation of the nrioary blsdder

obsavedlhnthkmmpoundqmcd-do&edcpcndmtbhchdeuﬂhnm

spomc to nerve stimul After rep infecth of nicotine, the bloc
Iode gradually became complcte.

Emepronium bromlde

In the rabbd this compound wes found to canse a reduction In the stimu-
latory resp After an b injection of 0.5 mg/kg a small reduc

tion In the ampiitsde was omcrved. The blocking effect became more
marked with Increasing dotes. At a single does of 1 mg/kg the stimulatory
respomse was reduced to about S0 / and &t 4 my/kg the redoction was 90—
%/dmnhﬂﬁalruponse(ﬂg.G) Tbcaﬂ:ummx].mxl!mmccﬁndy

after the infection. The Y then lly o and
mdndlundylunl'bcudmnmpl}mdnmlhoutﬂ/unhuremrdcd
before ths Injection of the pound When bromide was given

rt'pu!td]y\ooncmdﬂrmmlm&thenndykwlof!be:mpﬂmd:
gradually becams lower and finally no responss at all could bo detected on
nerve stomulation.

In scveral cxperiments, the inf of bromide was followed
w-mhmwcmmﬂhsmcﬂntlydmmahjemmm
tmom cffect was resched 2-3 minutes after the adminhstration of the com-
pound. The base Hne never completely returned to the Inftial level, but re-
matncd slightly elevated throaghout the experiment.

In the cer 0.5 mg/kg emcpronfum bromide cxosed & 75 / reduction of
the respome to nerve sthmulstion. At 4 mg/kg & complets blockede of the
Wlmrunboutmeumo&mw.nmﬂmM
muxwmomawﬂtylnlhebhddawﬁchmrmﬂyknlhﬂw

L |
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emsproniym
Imgirg

L T P I R T

2melkg emepronium

] t !
S
et S b Y MU A

c‘.-'n.‘prvn.'um
i molee

fotravenowly an the Tesponts to electrical

mamummmm:muuumth
dministe Derre-stimmbtion of the ety
bladder

nmtlnthecn!wumdnccdmnmlnimum,mm'h‘“d
emeprosium hromide.

Adrenergic compounds
“The eftecs of some edrenergic compounds an the besks tono W 457

sindied In 3 rabbiey
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t
loﬂg adr

FI£7 Rebbit, Urethane ansesthesa. The effuct of 10 g norsdresalive (A), § pg o
Peenaline (B) and 10 g adrrnaline (C) 0 the basic tows of the arinary adder
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A
t t t
Spg 150 Iopgadr 10pg nor
B

NP\ bttt

! t !

2mglkg  Iygnor 10ygadr

Phentholamine
Fig. 8. Rebblr Urcthane aneesthosta. A, Tho cifect of 5 | ¢ opreoaline, 10 pg adress-
line and 10 pg pocwdrenaling on the barc tone of the urinary bladder followlng pr-
medication with propranolol. B The cffect of 10 pg porsdremline and 10 py sdreos-

line cn the bask tono v dicatton with both { and
wmine,

t
' Almlnﬁ&7A.h}ccﬁonufuomdremﬂmwuwiﬂnmcﬁmHo‘

cver the administrations of isoprenafine and adrenatine were followed by 2
reduction In the besic tone (fig. 7B and C). After premedication with pro-
pranolol, a f-receptor blocking pound, the effect af Boprenslne ¥
1 Ished. Infections of sdrenaline and Hac after pT
ceptor‘ bl;uud:wmfoumbyltmpmuyrbcmwm(nlu)-m
receptor blocking coo-

the anlmals were premedicated with both o~ and -
I 1o1), the effects of noradrenalios xxd

pounds (ph and prop
adrenaline wore completely blocked (fig. 8B)
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Discrnlen

It iy well known that the urinary bladder of cats and dogy has a dual In
nervation. Thore are cholinorgic as well as adrenergic nerves and they are
betioved to play & phyxiological roke In micturldon.
When cholinergic sltes arc experimentally stinmlated elther by nerve stim
ulaion or chemically the detrusor muscle contracts, resulting 10 an increase
In the intravesical pressure. In the present investigation cholinergic nerves
1unning to the urinary bladder were electrically stimulated. The effect of
edrcnerglc a-recepior blockade on the shape of the stimla response corve
of the urinary bladder doc:mtm;gmmi.nmlvunwtoflheldrmcrgic
fibres in the contractiom prod: The tatics rather
mbl:lhouo!thep-mymptheﬂcﬁhmofﬁnbolﬂcdwkmmdikum
dtherant(GAny&GmmlDSS Day & Ramp 1961)

i {ine and d-tub rine did not affect the stimmulatory response
1 ting & inxd haniem different from that in etnated moscles.
Anoplnzhweﬂkmwnbuunbbchdeofpoﬂ-gmdﬁnicchoﬂnagic
sites. However 1n the present rabbit experiments, atropine seemed to bo a
rather poor blocker of the responss to cholinergle nerve stirmutation. The re-
sult was the same whether atropine was given intravenomly or fntra-arterial
ty in high doses.
In certaln strains of rabbits an enxyme, atropine esterase hm been ho-
lated tn the serum, widch is sald to reduce the atropine responte by inactiv-
ation. In the present experiments & high doss of atropme wes given infro-
arterially just before the artery reaches the urinary bladder In order to get
a high concentration of the substances in the effector organ. The blockads of
the stimulatory response was poor in splte of the high doso suggesting that
the poor effect of stropine is duo to factors other than to insctivation by
erterases. It should also be polnted out that sccording to some authors (An
BACHE 1955 Asmmachr & LiprorD 1949 Brascuxo 1962 Hoemor & Les-
SN 1955 Sawin & GLIck 1943) many strains of rabbits seem to lack this

A partial blockade of a petvic nerve stimulatory respense by atropine has
been observed in other species (LANGLEY & ANDERSON 1895 Hnoreson &
Rorexe 1934 Aumum&mlWUJ.EDm:(ms)reponcdthnumplm

actually ixted the resp to pelvic nerve stimulation
in cats. This was, however not confirmed in the present experiments. Intra-~
mymmdumpbemmdldmedepcudmtmh:ﬁonclumn
spouse 10 cholinergic nerve siinmlation in tho cat. This indicates that there
must be atroploe semitive mechanlsm In the urinary bladder of the cat,
which can be activated by nerve stmulation. In this respect there ks an ob-
vious difference in the response o atropine between rabbits and cats.
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Following b honlum injections, the stimilatory respomte gradually
dimished and finafly no respomse to nerve stimulation wes oblabed As
h:n.mcthon}umblweukmwmhgunktofnlmdn}cmcepmnlnmgﬁl.
tbcpmnmrrndaludhmmmth:mmrcccpmnin&nu.dm:yb[dda.
presumably nlcotinic ones, which are sctivated by chofinergic perve sties-
lation. A similar response to hexamethonium has been pbserved In cats
(Epce 1955 EDvARDSEN 1967). In rats the cffect of pelvic nerve stimulaton
is not influenced by ganglion blocking druge (VAnov 1965).
Thntnlmﬁnlcmcepwnmhwlwdhwnﬂmdblbeapcdmuin
which njcotine was fnjected. The results showed that plcotine initially crmed
an incrense of the travesical pressure slmilar to that produced by rere
imulation. Repeated injectiom of micotine catsed a completo blockads of
the stimulatory response simllar o that of hexamethontum.

The results suggest that there are nicotinic receptors present ln the st~
latory pathway but very few muscarinic recepton. It i3 possible (hat the
parasympathetic nerve fibres end in the nicotinke receptors on the urisry
bladder of the rabbit. In the cat, both types of receptors seem 10 be preseat,
and the nicotlule receptors are probably localized tn tonal gangfioaic
stroctures.

Emeproafum bromide {3 used cffnically ss a urological drug fn the treat
ment of urinary incontinence (Jomsson & ZEDERFELLT 1957 BROCKLEHURST
¢f . 1969) Emepronium bramide s a potent sntichofinergic compoend
with sympathetic ganglion blocking propertics. Tho anticholinergic effect
has been tested on the holated guinea-pig lntettine snd the ganglion tock
Ing eftect hay been teated on the stimmlated nictitating membrano of the &8t
(S/0vTeaND 1968). It &1 chemically defined us & quaternary smmontes
compound (HAnsS0N & SCRROTIXLOW 1961) In tho prescnt stndy i wis
fmndtha!thhwmpvundca\ned-mrhdbluckndcolmedmdg
indnced stimulatory effect on the rabbit urinary bladder Tho dlfference
efteot between emeprosium bromido end atropise suggcrs hal e forses
compound blocka pleotinic receptons In the parasympathetic petinvay
~ orinary bladder

mmmofnmcmmm‘mmdu:m‘:
Jdoslhnprevbuﬂybemdcmmmmd(m“m“d’mmm
1967 BovaxpeEn & SETEXTEV 1968 Dwm“dlwo)mdac::
mt:tpcﬂmmutu}cuino{lwprmdhcmd@mﬁmnmdn e
m%mwmmdmmﬂmb’mm
basic tone. This eflsct wes abollshed aher wdrenerglo p-vecpiot OS5
m&mmﬂmmﬁm“?wmmmmnhm
rabbly, The f-recepior activity In the rabbit urinary baddes
mmnnmmdmmcbhdderdmhcr'@“(mdﬂw")'dw

The increase I the fatravesical pressure followiag infection
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and noradrenaline after #-roceptor blockads was abolished by ph lamt

These reanls indicate the presence of a-receptors in the urinary bladder of
the rabbit, timiler to those found in other species (seo ref. abore) The pre
tent results are In agreement with those previonsly obtained in oxpenments
in vitro with moecle strips from the rabblt urinary bladder (EpvARDSEN &
ScTIXLETY 1968)

The rite In the bmic tonc observed after the Injection of hexamethontum,
emeprontum bromide high doscs of atropine succinylcholine and d tubocu-
ratine is interpreted as a blockade of the transmission in the Intact adrener
glcnmvummpplylothouﬂmrybhddu All theso substances are known to
block at sy stes. According to EDVARDSEN (1967) f-ro-
ceptors are activated durmg the collechng of urine causing a reduction
in the Imtravesical pressure and tince f-receptor activation of the rabbit udn-
ary bisdder is followed by a Jowering of the basic tone, it is believed that
when this sympathetic effect is blocked at the ganglion level, thers js an In-
crease In the basic tone. This may be a posiible explanation for the resalts
obtained.
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tocal anecxtbetics canved D{—} wEI Movy potent then
L{+)-mepivacaine, bt thars was etfl] mo difference batween 1(—). and D{+)-
baplvacaine,

Keyp-words: Local ansssthetics — optical tsomers — vescnlar effects,

Local ansesthetio agents have tince long been known to relax smooth
muscle mmmumhnnkohwacmmﬂemmam

1917). It has been d that meplvacaine ({ ine® Bofors,
Nobel-Pharma, Sweden) bas a vasoconstrictor sction in who (Poirmo &
Screem 1958 pu MESMIL DE ROITMONT & HECMSEL 1960+ ADLrx et af.

1969 Awera & Aprx 1970) and there b also a difference between the
vascular effects of the sterecltomers of mepvactlne In man the L(+)-
bomhalmmwmomdvmuhmxdml}nnuxb( -)
tsomer (Arcro & Ao 1970)
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In order to get some insight into the mode of action of the vascalar
effects of local anaesthetics and their bomens, we have studied the scton
ofnrpivmimmdbupimlna(mraim‘Bofoﬂ.Nnhd-thm,Sw—
den) which have optically sctive lsomers and also of tetracaine on the
mechanical and electrical response of the bsolated rat portal vein,

Material and Methods

Prepanstions of portal velos were obfained from mak Sprague Dawkey ran, weigh-
ing 180~210 g. The achmals wers klled by stming and hleeding. Whea oaly me-
chanesl activity was recorded the vemel was mounted in an organ bath with
volume of 40 ml The vessel was comnectsd to an bometric temsion tramdwcer
(Gress FT 03B) which was coanected to 3 Grasy poiygrapls When both the ebectrical

mkmnﬂ‘udmnudvﬂh-wmhmmhimf{mn_d;ui
€O, The local sthetics used tn this Igation wero DL-mep o
L{+)-meplvacalne, D{~} ine, DL O = 325), L(—}-buplvacaioe,
D{+)>-buplvacaine and tetracaine (Bf == 301}

ERWNL
f J\WNW‘JWMW
[ A\ MNP R WP

4

1min
H;er.m-mmﬂm.ﬂwmduw"‘?“““d”d
) L{+)-mepvacaine 6 X 104 g/ml,
b) DL-mepivacaine § X104 g/m!
©) D{—)Focpiracaine § X 104 g/ml
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Fig. 2. Disgram showing the effects of DL- L(+) and DX—)}mephracalns oo the
Semaion In tho rat portal vein. Canges of the traton e erpcewed s per cent of the

Mechanicod effects of mepivacaine.
A direct registration of an Th with DL-mep!: and In

bomnhlmuccumﬁmMGXIO“gfmlhlbcmlnﬂg,l
In fig. 2 the mean time-respoose relatlonships at dfferent coocentrations
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afm:piwcalmnmlhown.lnnﬂmlm-ncentmﬂonuﬂxw‘umbmh
DL aod L(+)}mepivacalns significantly Increased the tension during at
least 30 min,, whereas tho D{~ )-isomer hed no effect n this concentration.
!nntanttmahlg,hﬁmncmmuun,thainmmﬂngcﬂmmtham
ciDbIndL(+)—mepiv1=nlmwnnﬂlmmlmrkndlndnmlth(—)-
bomer had & moderats contractile effect,

In a concentration of 3 X 10 g/ml u relaxing action of the compotads
began to appear This wes most marked with the D{~)dsamer which
redoced the tension by about 40 per cent. In tests with the L{+)-somer
and the racemate the increaso In tension was reduced after 5~15 min,

Ta a still higher concentration (3 X 107 g/ml) only & relaxing action of
the compounds was evident, the D{~)-fsamer completely relared the vesel.

Mepivacaine In & low concestration thes had a contractile sction o
the rat portal vein. In a higher concentration, the compound had instesd
a marked relaxing action. There was a quantitative differcncs between the
homers the L{-+)-somer incressed the temion over a wider moge of
conceniTation whereas the relaxing action of the I —)-Bomer was moce
marked. The action of the racemate was malnly Dk that of the I(+}-
fromer

Blockads of tho sdrenergfe o-t with phenaxybenzamine (beosyly
tum NFN) (1 X 104 gml for 30 min) did oot change the contracile
action of mepivacalny 3 X 1074 g/mL

Electrophysiological effects of meptvacuine
In order to study to what extent the myogenic sction of mepivacaint
was cortelated to the cloctrical ovents in the mumscle membrant, experiment
were performed with the socrose-gap method. In normal Krebs solutiod
the portal voin preparations showed a spoatansous thythmic activity with
bursts of sction, potentialy accompanled by periods of incresed tention &
reporied by Fuux & Bom (1964) Thy waves of sctivity wero separuesd
hypaiod:u!nhnﬁonduﬂn;whhhbmhcmtdalmdmaimiﬂlt‘
-/ tivitles wers absent (fig. 3a). o
When DL-mepivacaine was sdded to « final concentration of 1X 1
g/l the tenston during the bumsts of sctivity increased. The reting mem
brane potential was not sgnificantly changed (Bg- 3b)- o
When the oo of DL-meptvacalne was i “”"“’xr:ﬁd
ymlormom-mﬂnomchddallmyw(ﬂ"&)'m“
m&emmmmﬂw'“wmms)w
periments the spiks wmplitude wez stightly Inccessed (g 3¢ etial
vacaino sl hnd po sigoificant ffect o the msting stembrms P
The saunll changes in the membrene potentlal @ero all withia 09 B 7
dmrdmwmmmmw
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S
coocentration 3 X 108 g/ml.

after about 45 min, (fig. 3¢, 457).
In = concentration of 3 X 107 g/ml the relaxing sction of mepivacaine

After u fow minutes, however the frequency of action potentials was de
crewsed and fn many experiments there were no action potentials afier
515 min. (fig. 3d).

On repeated additlons of DL-mepivactine 3 X 10~ g/ml every 30 min
there were no futther clectrical or mechanical effects of the drug on the
fsolated blood vessels after the first doss.

‘When the portal veins had been washed wilh fresh Krebs solution after
cxp&dm:m:wﬂhDL—mep*vlcdeYlO“ﬂmLth:wmulphnkmhhy
wat testored within 15 min.
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by Jmea =T TR TR T Ow

e &m\ﬂv«wmmmmummmw

eV e p——

-q]n ﬁ hmwmmmm

S T p—

Flg. 4 Effects on the mt portal vein of the fiomean and the racemats of baptracate

of
(Wﬂwmmwmmmmmﬂﬁhmm

Mechanlcal and dectrophyxiological effects of buptvecaine.

In & concentration of 1 X 10¥ gfml there were no mechanical of et
trical effects of DL~ 1(~) or D(+)buptvacaine on the mat poct veln
fn pormal Krebs solution.

In contrast to mepevecaine the maximal tentdon produced by
hlbodommplxlﬁ—lxlﬂ*ﬂm]dldmtwwdﬂﬁ
rponmnoomlvpmdncadtmﬂm(ﬁg,ﬁ).mmyogmlcmﬁvhynﬂhc'dﬂ
was fvacatne. In a whon of 5> 10°

d by
x]mlthskeqwmqn!mrwﬁommmnndlymmdmby&

prndyacting
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o

Do

Fig. 6. Effect of DL~ 1{—)- aod IX-+}-bupivacuioe on the temsion o the rat portal
veln. Changes of the tention are cxpeemed ma per cent of the mooknal teodon of the
individos] ousscles during ontaneons activity Hach corve thows man tSEM from

8 rsclen
fsomers and the racemate (fig. 4). High freq ctions af
within 30 min. In 7 out of 9 experd with DL-bupk I all 9
of with L{—)mpt and in 5 out of 9 experiments with

D(+)-buphnuim5>(10"|lml1ntbeupeﬂm:ml[nwh}chhlgh—

(P> 0.05) When racemic buplvacaine ar the fsomers of bupivacaine were
med in the concentration 1 X 104 g/ml, an incressed frequency of action

fals was seen In gap experiments (Hg. 5) The high-frequent
action tials wers ded by & short initial phase of
Inauscdoouunct[lhy Anunfcwmhnnutha'umllny:udmmcd
contractility by the bapk & in this foa (fiz. Sc, d).
A dlssociation between elettrical snd mechanical sctivities in the portal
vein was seen doring (Byg. 5d). The freq of action al
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10 30c

Fig 7 Eﬂmefwmmahnh!ndemh!ldﬂﬂuhmmm

velr, The upper part of tho figure &4 a regt of the ddl chapleal

elfects of totracaine 13X 104 g/ml. The Jower part of the figure shows rayistration

from & socrose-gap cxperfment. (a) Spomtancoos activity fn rormal soietics, (b} After

3 min. exposore to tetracalng 13X 104 g/ml (¢) After § min exposare to teiracaine
1X 10 gml

In the conceptration 5 X 10 giml the racemate and the homen of
bupivacaine relaxed the muscle very quickly and vwithout amy precedlog
coutractile phase. In this ion the hanical and efectrical effects
of the bopivaceine compounds were very mmch Hke those of tetracsine In
the concentration 1 X 10+ g/mi (fig. 7).

Tho racemate and the fsamers of bupivacaine did not infloence the resting
membrans potentisl fn the concentration rangs 1 X 108 to 5 X 10 g/ml
In exper with DL-boplvacaine 1 X 10+ g/ml tho popmal phusic

wﬁﬁqdmmmmmmmmu—ummw
drug had been waabed ont.

Mechanical and electrophystologica effects of tetreeat
Tetracalne in a conceptration of 1 X 1074 gfml decreased the tegsion bt
ncreased the frequency of the contractions tn the portal vein (Bg. 7)- After
\ fow minutes the clectrical and mechamical activities were almast continors
flg. Th). Aftee snother two or throo minutes (Gg. 7¢) thers wero sinpe
iction potentials with & low ampiitode (about 2 mY) The singh-sils
\ctivity was not always panied by sny ical activity The o0
vas completely rolxxod within 10 min. after tetrscalne hed been edded &
he bath fluld to a final concentration of 1 X 10 g/ml (fig. 7
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Flg. ¢ Raetdual tenwdon la the (1 X 10 gm! of noradrenaline
rat poctal veln after addition of Increasing doscy of the homen of mepivacaine and
tupivacaine. The bers show mean + SEM. from 8 experiments
Ths siguificancs of the diffarence betwesn (he bomers b chown In the figure, where
mesos P < O0L

Effects of local enaesthetics on coettracted portal veins

Thrﬂldngluimoltbﬁhanzndm&phmﬂmmdbﬂp{mhcwm
compared on portal velns d with Imo In & e jon of
1 X 104 g/ml. Both isomers of mepivacaine had v dosc-dependent relaxing

action In the range 13 10-L16 X 10 g/mL The D{—)-isomer was sig-
nificantly more active than the L(+)-somer (Bg. 8) The isomers of bupi
vacaine were about 10 thoes more potent than those of mepdvacatne, There
w23 however no sgnificant difference betwreen the activity of the lomers
of buptvacaine (fig. 8).

To test the relaxing action of the omens of mepivecaine oo another type
of contraction (VAN Brremix & Lessex 1971), the muscls membrane was

500 '°"""[
e

momwmmmamdnwm K

depolarized rat portal velr (1) Imunediate effect of “K -high  Krebs sototion. (b) After

3 min exposors to te "K -hiyh  solotioa (<) Activity S min. Iater and 4 min. aficr

adding DL- - Ise ty & finat of X104 g/m! kn the “X high
Krety solution,
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Fh.mldmllmdmhﬂulm(mml‘)mmvdnm
muwmdmmawmwmm
show wean + SEM. from
The significance of the differcace between the homers b shown fn the figere, whare 57
means P <0001, means P<00] umd means P < Q0%

RESIDUAL TENSION

RLEITITER]
cawdbdBangy
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fa
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@ 1
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1R

depolarized tn & “K -high” Krebs solution. The high concentration of
K -oms (128 mM) cansed sn | diate depolark & complets coxvation
of the tpike discharge and an lncreass In tendon (g 9) There w20
contracting effect of the local ansesthetics tested on the depolarized portal
wvelns. The relaxing action of the homens of meplvacaine was at marked on
the K ~contracted mnscles s on muscles contracted with porsdrenafine, the
D{—)dsomer being mmuch more active than the L+ )-lsomer (g 10).

Dircwsslon

Thumycpniclcﬂunotthelnalummhﬂlcmﬂmd]edwﬂnm
portal vein was both dojo- and time-dspendent and thers wero dear dif
- !amba:&vﬁybamﬁoumﬂmﬂ-bom&dxm
“The efficts of the compounds Hvestigated on the iolated exooth el

comsisted of two components.
a) In the lowest active concentrations the tenslon #ndjor (o lreqeency

of contractiony were incrested. socs)
b) In highor concoatrations there was a relexing action of (@
anascsthetice. o e
The nltimate effect on the mechanical activity reflected the #zm
contracting snd reliring abdlities of the compoands
LU pmepiracalns, but ot DY —)mepivacine 1ad » contractog won
on the normal portal yeln fn the conecnration 1 36+ gl G )
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which concentration nane of the {somens had any relaxing action (fig.
8 & 10) We therefore suggest that L(+)-mepivacaine b mors potent in
stimnlating the contractile components than the D{ —)-lsomer

The contracting sction of the compounds tested was undoubtedly trig-

i making posdble a direct comparison of thelr potences to stimulate
the relaxing compooents of the muscle: as shown In fig. 8 & fig. 10 the
D{—)-bomer of meplvacaine was significantly more potent in relaxing the
muscle than the L(+)somer
The differences in the myogenic activity between the two bomers of mepi-
vacaine, shown in fig. 2, were therefare dependent on a twolold actlon,
namaely
L the L(+}-isomer was most potent in stirmulating the contractile com-
ponends of the muscle
2. the D{—)-Isomer was most potent in stimulating the relaxing compo-
nents,
The myogenic sctivity of the racemate was mainly fike that of the L(+)-
Bomer indicating that the contracting activity of the L(+)-bomer was
comparatively moce dominant than the relaxing activity of tho D{—)-
homer
That bapivacaine and its optically active bsomers did not incresse the
tension of jsolated portal velns (fig. 6) despite an ncreased freqeency of
contractions, may be cxplained on the busis of the marked relaxing effects
of the compounds (fig. 8, 10) A corresponding relationship between the
ing and relaxing activities, the latter & ting over the former
pmhablywuprucmtmmnlncmo\%lhmﬂmmgm!hmuu
strong vasoconstrictor action of L(+)}-mepivacaine, in relatlon to that of tho
other Jocal ansesthetic agents, }s 2 function both of its potent contractile
action and of its rather weak relaxing action on the smooth muscle.
The actions of mepivacaine on the bolxted rat portal vein were very
similar to thoss found I vive Thus DL-mept had a
naionouth:fmonlvmhrbedolﬁclnmﬂmbcddogwbmﬂn
vascular tone was low and s relaxing action on the same vascular bed
when the vascular tone was high (Arera & Druntx 1972) When the
vascolar effects of lnfiltrations with meplvacaine and its homers werc
studied in man by means of a thermographic method it was found that
L(+)-mepivacaine decreased the skin temperatare more than D — —)-meplva
caino (ARrx & ADLre 1970). This indicates a stronger vasocomstrictor
effect of L{+)-mepivecaine than of D{~)-mepivacaine i wvo which b fn
sccordance with tho present results on the rat portal vein in virro
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From the Departoment of Fharmacology AB Bofors, Nobel-Pharma,

Effects of Mepivacaine (Carbocaine®) on
Femoral Blood Flow in the Dog

By
G. Abery sml K.-G. Dbwnér
(Recetved November 4 1971 Accepted Juncary 14, 1972}

Abstract; The vasculer effects of tho bocel amsssthetic

amooth mwscle. The and actiom of
wee In accordanco with results from tests oo feolated vascular smooth mescte.

Key-words: Local anmesthrtics — vascolar effects,

Using the ™Xe clearance technique DHONER & LEwrs (1966) have de
monstrated a Jocal yasodilsting effect of mepivacaine (carbocainc® Bofors
Nobel Pharma) when injected intramuscularly in man. Several other in-
vestigators uxing different techniques have reported vasoconstrictor effocts
by the same lJocal anaesthetic agent (Pourro & SCHEDGN 1958 DU Mrssr
D RocEMONT & HErsrn. 1960 ADLEr o al. 1969 Arreag & Abure 1970-
JoRFELOT & af 1970). Recently Aberg & WAILSTROM (1972) have shown
in vitro that mepivacatne in & wide range of concentratioms (1 X 1075~
1 X 10% g/ml) had & contracting effect on relaxed vascular smooth muscle,
while the compound in the sama concentrations had a relaxing effect on
contracted vascolar smooth mruscle. In & high concentration (> 1 X 10
t/ml) mepivacaine was found to relax spootanecmly active smooth muscle.

Vasodilstation elleited by procaine has been observed by Saxexs (1965)
In the hind Lmb of spinal cats when the besal tone was high when the
basal tons was low procat : fetion.

P
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EFFECT OF MEPIVACAINE ON FEMORAL BLOOD FLOW
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fusion of mepivecaine 1 my/kg/min. caused a sigificant decresse Iy
the
tamnlnmﬂumhmme,mnlﬂngluadplﬁam}ylmmdfmnﬂ

Effect ofmcphmdneaﬁerudmmﬂca-mcepmr blockade
Wbcn!holympatbcﬂ.cmnehndbemdccremdwnhdlbenzyﬂ:naSJJ

mg/kg, mepivacaine cawsed & significant incrense of the fempnl vasadar

resistance and o sgnificantly decressed femoral blood flow (table 1)

Discession

Mcpivmedm.mdpl:ﬁmhﬂylbl(+)—bumnhnbunlhowumhm
o marked vasocomstrictor effect on the isolated rat portal veln (Ammo &
WamsteOat 1972) According to the terminalogy of Bozimx (1948) ths
thse hes & singlewnit organization of the smooth muscles (Fuukr &
Bome 1964 Jominsson & Bomm 1966) like that of peripheral resistance
vesscls (Jomanssos & Bomm 1966) In tho experiments fn vitro the coo-
tracting effect of mepivacalne was only scen when the isclated vesscl ad &
low Initlal tone and when mepivacaino was vsed In a concentration runge
from 1 X 10+ gjm{ to 1 X 10 g/ml (Ammo & Wanrsmadat 1972). [n the
experiments reparted in this paper there was a vasocomstrictor effect in vivo
by meplvecaine within the eame range of concentrapan ss that dowa o
contract vescular smooth muscle {a vitro In sccordsnce with the fn vioo
experiments the contrection produced by mephvacains in vivo only occurred
when the initial vascolar resistance was low (tablo 1) As the vasoconstric
tion by mepivacaine in Wio was not inhiblted by sdrenerghc o-blockade
(table 1) it was probably not cauted by a blockads of the uptake mechaglsm
for noradrenaline, which has been described for cocaine (Moschoes 1961)
JoareLor et el (1970) hawe reported an incressed vasculyr toos i
,capwdhncovusdtu!hmnmtommdndn;lnmmuhlbfmmd
tnepivacaloe. In the &1 Wiro experiments of Amena & WamtsTeds (1972}
the isolated rat poctal vein was camtracted by meplivacaine fn the ssme
conaﬂmdomuthmemdbyhrumad»(lwo).mﬂd
(mo)mmmwmmmmmmuumm
arterdal Infasdons of very xmall doses of mepivacaine, This effest, however
ws climinated by » stellate ganglion block wad was suggented by 1o
antbors 10 be doe to a “cocaineTike” sction of mepirscalus e blockede
of drenaline-upiake by the sympathetic nerve endlngs. g w00t
dvacsine, which way recorded
The vasodilating effect of mept wﬂhﬂmmmltxdm

ol eaperiments (table 1) I In good egreement
aml;rn,u;.}{mm et al. (1965) vho-hoin}u'ndm\-_pswm
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arterially into the perpheral circulation of animals. In thelr expenments
and in those reported by DRUNER & LEWIS (1966), the vascular tone was
decreased by meplvacaine clther by a direct relaxing effect on the vascnlar
smooth muscles or by a local sympathetic nerve blocking action of the
compound. The vasodilating effect of mepivacaine reported in this peper
w1 also present in thoss experiments where a high vascular tono was
maintalned by a continoas 1 Inforien of drenaline. The
vasodilating effect of mepivacaine in our experiments was therefore not the
result of a sympathetic perve block, but had presumably the same me
chanism e the ane reporied from in vitro experiments on the comtracted
at portal veln (ABERG & WAHLSTROM 1972 ArenG & ANDERSSON 1972).
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Toxicological and Local Anaesthetic Effects of Optically Active
Isomers of Two Local Amsesthetic Compounds

By

G. Aberg
(Reeatved Nowamber 4, 1971 Accopted November 26, 1970

Abstract, Mey There was no n toxicity betweea the two op-
teal eomars of mephvacaios afer rapid intrsvenom Injections hto mics or raty,
Afrer dow tors of after b Injections the L(+)—

homer bowerer wae ks touc than the D{—) —fomer This might at loast partly
be explained by the rewlt obtained from otber cxperiments, which demon-
strated that after slow Infinloos of the drep Into nbbin more L{+)—mopi-
vacaine than D{—)—meplvacalos wes taken Up by the luogs, thes reducing the
coocepiration of the drog reaching the bealn, where sigeificantly more D(~)—

than L(-+)} wm found, A slow absorpton of L{(+)~

n with D{—) trun‘.h-:lndh}ccl.hn
™ nd might 1o the & toxlclty
lndmhhl-h:hnlblnm-dthdnim}ymdm'lﬂ-dhﬂ]mﬂou
amacstheris by the L(+)—lsoowr than by the D(—)—omer sincs the mme

differences
whan given (ntmavenomly ssd subcutaneomsly the D{(+)—isomer was mors
Lmhﬁhnwrﬂnlhlmbnahlb-dhﬂhnﬂonlmﬁbyu—)
indicato

rates betwesn the baphucalse
mmnmmt«mwm

Kay words: Local aracsiketics — optical isomens - toakity  effickncy - absorp-
ton  dhtribution.

’
Several jnvestigators have reported differences ja the perve-blocking ability
between optical omers of local snassthetic componnds (GorTLER 1923
Scodnarears ot al. 1967 Axmrtan ef o, 1967 & 1969) This report con
cerns same basic toxicological and focal hetle effects of the optical ko-
mers of meplvacaing (carbocaine® Bofors) and bupivacaine (marcajine®
Bofors) in antmals. Previous reports on thess isomers have been given by
wmn«(lM)mhmomhbnmmrhbyMEmmmaaL(wm
*
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AreRg & WarrsTaOs (1969) ANRG & ADirz (1970) Ancer ef ol
mdbyhmman&Am(ml)TbodmrmmdkvnhmorﬂS%g
scatly Inveatigated local anaesthetles are found to have the same perve-
bbchngnhﬂhylnvﬂmbmﬂmomllmlﬁmmdiﬂmbdmm
of their toxcological and local hetle effects in vivo Thess homen
mnythmprmwbovﬂuaucwohtormmﬂyﬂsofbcmadnﬂnﬂm
the biological effects of local ansesthetics in vivo

Methods

Acwre toxicity
o Intravenous toxicity tn mice and rets,

kg body weight wis administored [nto the tall vein, The rates of Injection were 001 oV
sec. and 0.1 mifsec. irely The injections wers by basd by & traed
techmleian. LD50-valucs wers calcnlated on the mortatity rats obeerved 48 hours i
the adminktration of ths drugs by the method of Matrx & Tammex (1M44).

b. Intravenowr foxicity in rabbite.

S 5 wero maed. The test solutions wero made fotonie by the sdditin of NeCL The -
Jected votumes wern 10 mi/ig into the mice and 20 ml/ky it the rets

ttons were Injected sobcutameomty nio the cundal part of the beck, The LDI-reieat
were determined a3 doscribod above.

Locel ansestheric action.
N »l ety In who
8. Nerve blocking effi o
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o a stabjs valoe The wpike amplitede was then caleuluted o3 & por cant of the infthal
spike ampitnds, The mexn+ SEM. of fivo such detminatiom wa taben s the
perrs blockiag effect of a test solution. The axperiments ware performed n o ther
mestabls roco at 20

b Narve Mocking effects bu vivo.

The halr of ths postarior part of the beck of famsle Spague-Dawley rats wolghing 160
410 g was cipped off. The animals wers slightly and a No. 16 hypod
meedle waa bntrodnced between the dorml tpine and the trochester to & depth of
about 2 mm, and 025 ml of an hectondc test soittion was brjected. Both motor sand
soovory blocks were cbsarved Tho paralytis of tho hindleg was taken a3 & sign of
motor nervs block and wes tested when the asimal was forced to walk, Bemsory
blocks wers sindied wing an artery clip that wis appiied to the paw The mecve blocks
were texted crecy mivets oatfl complets anecothesia wer schieved and then evary fihh
mimute. The time betwesn the Sajection snd the omet of snaethesls wut called “time
of onset™ and wiy calculuted of the thme from the injection wadl the seimal showod

i
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{S-pheaylaazole) (POPOP) In 11 tolnol, the
TriCarb Scimtiflation Counter Fadio-scifvity was messored b 2 Pachard

«. Digritariion In rabbits

Tho test sohrtlons wers 1 ty to male S
welghing 1.4-1.6 kg. Each of the omen and the racemats of meptracalng weors sd-
ministreted 1o each af 6 animals. The total dose was $.0 my/ky body welght and thos

§
7
!
i
:
|
:
4

Acute todclry
Intravenous toxidty in mdce and ratx
When given intravenously at an injection speed of 001 mgfsec. o e
the LDS5O-values for the D-homens of mepivacaine and wers
lower then the corresponding LDS0-values for thelr enantiomers (tabie 1)
There were no differences between the LDS0-valoes of the komess of SeF-
1vacaine afrer intravenous injections fnto mice and rats at an apection speed
“'ot 0 1 mlfvce. but after slow tnfections (0 01 mijses.) to mice, L{+)—mxp-
vacane wis Jess toxdc than D(—) ~meplvacalne (tabls 1). The LDS0-valto

of the D{-+) —lsomer of bupivacain was lower than tho correspoading TAIEE
o y mifsee. to both mice and

of the L{ ~) —~form when given intravenously at 0 1
rats and also when given at 0 01 mifsec. to mice (tabe 1)

Intravenous toxicity in rabblts g
Mmdgﬂﬂmmﬂmmhdzmmwmdlb ™

vacaine lsomers (P < 0 05) and betwesn the buplvacaine fsomers (P <0

dmmmmmmhmmmnbuu(uwz), the D-lsomers
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Tablel
taxicity In mg/kg body weight of the racemic fooms of mepivacaine and
vacalne and thefr opiical lowers The injected volume In both species was 10 ml/
body welght.

H

1LD% (t 9
Compound Mice Raty
0.1 mlfmec. 0.01 mlfsec. Q.1 mlfsec.

DL-meplvacaise 3SEADE =30 Mi0M=2) SSI4DM=36
L+ -mepiracalne M133(a=36) 49120(=30) 7L30(a=34
IX—)—mepincalne  52125(a=3) 40130(a=5) 36L33(ne=36)
DL bupvascatss ~ 73+10( =38 10440S(=20) 355%02(am=36)
L(—)~bopincaine  S6:10(m=3) 1L1+06(a=40) 72+04( =36
D(+)-bopivacatne 79+ 10(a=30) 76+04(n=40) 38102(a=3)

tho more toxic (able 2). D{+)~—tuplvacaine cansed comvulsions in the rab-
bits in significantly (P << 001) lower doses than L(—)—buplvecalns, b
there were no significant differeaces (P 2> 0 1) betwreen the convulsive doses
of the meplvacaine isomers (table 2).

c. Subcwtancous toxiclty in mice and rats

There wers great differences In LD50-+values between the mepl ine o~
men and between the bupivocine jaomers after subcutaneom injections W
mice the D-bomers were moro toxie (tabls 3) There was however no dif
ferenco in sobeutancous toxkcity n rats betwren the mepivacalne lomers.

Table2
Comraistve and letkal doses of local hetics foflowiag L Aonied
jato rabbits,
Numberof  Infotion Coavalttee Letinal
Compornd teted wpeed dote (mpfky)  doss (mgfiy)
soimly  mpfkg/oin, Moan LEEM. MentLEM.
DL-esepivecing L) s %20 2130
L(+)—mepimacaine ] s 20t20 .0
D{(—)— mepivacakm 9 3 1m0 utao
DL ~buphvacaing L] 1 33:03 63107
L(—)—bupiracalae 1 1 ATHa4 97%0s
D(+)—baplvacaine s 1 27203 3st0s
8 s M4t10 4120
Tetrscalos 3 1 26%03 60t+02
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Table 3
Subwnnenmﬂdtyummxhodywdﬂndrmmmhnmdw
and bapivacates,

& " LD (t o)
DL—mephracatne 280 + 33 (0 = 30) 500153 (n =48
L(+)~meptvacaine 304 44 (o =30 50t48(a=4n)
D{—)~—mepiracaine TS (n=30 500150 (0= 60
DL—bopiracaing Bt Sn=39 a3t 3mea)
L{—)~buptracaine 100E 9{n=39 Rt 4a=4a
D{+)-baptvacaine 30t In=39 38t S(a=40)

Nerve blocking effect in Wiro

‘There were no elgnificant differences between the nerve blocking potency
in vitro of the L~ DL- snd D-form of meplvacatne or bopivacaine (fig [L

Nerve blocking cffects in vivo

‘The durations of the sclatic nerve blocking effects of the compouods f-
vestigated are given in fig. 2 and 3

Among the mepivacalne compounds (fig. 2) there wero no statstically sig-
nificant differences between the ansesthotic effects when given i fow con-

00 MEPIVACAINE BUPIVACAINE o0
]
+H
y . \
= 1
g +
£ i1t +y ®
g
5
. 0o Mo o Ao o o
00r4 QO8% QWY 0006% Q0% 00%
1o and D-{orme of B

Flg. L Nerve blocking effects (mean + SEBL) of the DL
vacaine and buptracaing i rifro, Esch bar thows the man
Bations,

T SEM. from § detereh



ACTIVITY OF LOCAL ANAESTHETIC SSOMERS 279

min min
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Fig. 2 Sciatic nerve blocks in raty after injections of DL— L(+)— and D{—)—mept
vactine. 8 = scaeory Darvo biock; M = motor perve block, Tho frequency of mccrm-
fol anaestbeins is piven within the bara N = 12,

centrations (0.5 /). In a higher conrcentration (1.0%,) the D{—) —form gave
& Jonger nerve blocking effect than both the 1{+)—form and tho recemate
(P < 001 for motor blocks and P << 0 001 for seosory blocks).

In theee testy thers were po statistically slgnificant differences between
the obeerved effects of the bupivacaine compounds (fig. 3).

B3
g

it
+

4
B0 + + 0
g
§ SM S5M  SM SM  SM SM

Yo %% %ofa Tfn W Y% ."".

bgg TH% asw ok o 0% ame o ©
g oL bm te bup Dew bup, NaCl

Fig 3. Sciatic perve blocks in ras after kefections of DL— L{—)— am! D{-)—bapi-
vecalne § = seaory Derve biock; M = molor marve block. The frequency of mxccem-
ful ansesthestay o ghven within the bats, N=12.
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InjBtration anaevtesia.
Solutlons withau fctors (Bg, 4).

For ell compounds and for all the tested concentrations, the time of anset
of the anaesthesia, effect was less than 1 min. In the kowest concentration
(0.25 /') there were no signilicant differences between the effects of the ko~
o of meplvecaine, When he concemiratoms weze Wigher (054 o
10%) the L{+)—form of mepivecaine gave significantly (P < 0 02) bonger
durations of enaesthexin than the D{—)—form.

Io afl the {avestigated contentrations (005 / 0.10/ and 0.20%) L(—)
—bupivacaine gave a signifiamtly more prolonged duraton of ansesthesis
than D{+)~buplvscaine (P<0001). In the highest concentration
(025 /) the ansesthetic effect of the racemate differred sygmilicantly both
from that of L(~) - bapivacalne (P <0 01) and that of 1) —buptracaine
(P<0001)

Solutions with vasoconstrictors (fig. 5).

When sdrepaline was added to the test solutions in a concentration of 5
X 10 ® g/ml there was still a significant difference between the durations of
the local ansesthetic effects of the meplvacaine jsmens (P 001) Jo thi
test there was however po dgnificant ditference (P > 0.05) between the of
fects of the buplvecaine omers in the presence of adrenaline.

MEFIVACAINE BUPIYACAINE 0

NIVED

D
(4
ank

i

lD‘l.

uﬂl.bl

4 Dorxtion of anacsthasia (mean + SEM) of mtphlﬂb‘- -
mymmdmmpm Intredermal wheal a"m"‘ﬂ"'
aestbodis) In guines plgs. Tho froqoency of ansestbesis was P"“’Hh e

hmwmmnwﬂummw
@R TR ten solations wea 3.5-58 N =12
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min min
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Flg. 5 Effect of adrenaling 3 pg/ml on the dumation of anaceibesls (mean 3 BEM) of

twplvacaios, trptvacaiss and the optically active bomers of the compoorsds in intra-

dermal wheal tests (Infiltration ansesthesis) fn goinea pigr. Open bars = plaie sofo-

toar striped bare = woiutions with adremaline 5 pgiml. The frequency of wnaesthesta

wa (412 In the plecebo groop (09X NaCl) in both the meplvscalne test and the bapl-
vacalne te3t. The pH of the test solutions way 4.0-42 Ne= 12,

Rate of absorption.
The results of the experiments In which solutions of tntiated DL~ L(+)
— and D{—)~mepivacalne were Injected intradermally n to

sthesins of 0.5/ sofutiony were tested In parallel to the atmorption tests on
Ove animals and were 40 + 5 min. for DL —mepivacaloe, 50 + 6 for L(+)
—mepivacaine and 35 + 3 min. for D{ —) —~meplvacaine.

Distribution in rabbits

The distribation of the komers and the racemate of mepivacalne two mia
utes after an intravenous infmion of 5 mgfkg body weight s shown in fig 7
In the lungs, there was slgnificamly (P << 0.001) more L(+) — meplvacains
than D{ =) —mepivacaine The sams relatiombip was found In the kidoeys,
where there was also sipnificantly (P-<005) more L{-+)—mepivacatne
than D{ —) —meplvacaine -
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Fig 6. Residmal mdioactivity in excised | wheale, expressed a3 per cot of

theo injected radioactivity st difforent times after intrecotancons fnjections of 02 ol of
tritlated solotions of DL~ L{+)— sod D{—)—mepiracaine to guinesplps. Fit. 6
shows remilts from expariments oo Hve animals and fig. 6b reults fron the apesk
ments oo dead antmals, Tho concentration of the test sotmtiom was 050X Bach bar
shows the mean+ SEM. from 6 wheals, Room temperature was 22 and pH of the
solutions was 5.5, The significancs of tho differmcm between the Bomen in 1bh &
periment are shown bn the fignre, whery  moam P < 0.035 and ** means P <001

There wat however o significantly (P << 005) higher concentration of
D{—)—mepivacaine than of L{-+)—mepivacaioe in the cerebellum.

Discrrsion

Tho ocbserved differences between the astion of the lsomers of meph
vacaing and between the isomers of buptvacaine aro summarized in table 4

Mepivacaine, During sdow Intravenom administration Into mice aad nab-
bits the L(+)—~isomer was less toxic than tho D{~)—~lsomer The subo-
taneous toxicity of the L(+) —Bamer was ako less than that of the D{~)~
Isomer Tho ressou for the differcnce n taxiclty betwres the lsomers @8

bably bo explained by differences in the distribation end In the tisoo f

Sty of the two lsomers. Tho canso of death after tho Injection of mepk
m—mmwmu—hwrywwmb
mwudmommmmmwmmmm




} H%

|
%&f

m]? m]fwmho te L

cmzczmmu.vmumummm
BRUM  BELLLM

Bﬂ§

omtree-gaFRXIUY

aN».-ag:‘

Pig. 7 Disirfbation of the racemats wnd the komems of mepivacaine b rabhlts, two

minstes after the cwsation of intrarenoms infosons of 5 mp/ky body weight of the

dregt, Each bar thows the mesn £ 8E M. from 5 or 6 rabbits. The signlficancs of the

fTeavoce betweon (he Bomers b shown (n the fignre, whers  moam P« 0.05 and
* meams P <000

fusion of L(-+)—meplvacaine into young rabblts the concentration of mepi-
vacaine {n the cerebellum was aignificantly Jower than in the antmals given
—mepivacaine tha concentration in the lung was however higher (fig.

Tho abeorption of L(+)—mepivacalne after Injections o the skn of
was slowrer than that of D{—)—mepivacaino (fg. 6) These

facts might indicato that If the homers are administered by slow ntravenous
infusion or if they gain acceas to 1he venous blood stream by subeutancous
Injection, more of the L(+)~ than of the D{—)—tbomer is fixed to the
ung tsoe, thereby redocing the peak concenination reaching the braln th-
se. On rapid intravenons injection there is Jews difference I toxicity be
tween tho homers, which might indicato that In these cxperiments there is
o Attle time for the L(+) —homer to bo fixed to the lung tisoe to an ex

tent that decrestes the peak blood concentration sufficlently 16 reduco the
bradn concentration.

The daration of nfil hetla |4 more ! after the L
(+)— than the D{—~} —isomer both in the abscnce and presence of a vaso-
constrictar This might be explained a3 the resalt of a higher tissue affmity
of tho L(+)—jsomer than of the D{—)~—pomer Morrover we found the
L(+)—bomer of meplvacaine 10 have a much more pronounced vasocon
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Table 4

Somalﬂ!hmcuhﬂﬂulultﬂmhbﬁvwlbcb—mdthmmo!w
end of boplvacatne,

Meptvacale Buptracaloe
Li+)—leomer D{—)~bomer 1L(~)—tsomer | D) fomer

sow infection bemtode  mortoak lemtoe | morotode

(mouse) lentmic  momtoxic  lewtoxke | mocs tasic

efficlerey (n ¥itro o difference Do difference

Duration in wro shorter louger o difference

longer
With yasocanstrictor Jooger
sower

x
%

-9 -

Lragpy higher Iower
lower Tgher - -9

MrlmonmmmuD(—)—hnmrbomhﬂm(Amo&Amlﬁ
and in vitro (ARIR0 & WARLSTRIM 1972). In sddition the D{—) ~ bome?
lmmgvrnhﬁ.ugncﬂonﬂunﬂ)ou+)—30menhxhhmhﬁ1hwﬁ::
tensous activity and in vetschs contracted with sdrenaling (Azero &
sTeiar 1972) This difference in vasoacivity between the two fromens meY
contribute 0 or may be the maln reason for the differences fonnd between
the effects of the two lsomens in infiliation ansestbesls.

Satisfactory clinjcal effects in nerve blocks may bo expected by jocdl s
aesibetics that have high p potencies sodfar meﬂm’m
(SYoeEs & Anero, unpublished results) In the present experiments
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was a shorter time of onset, a higher freq and a Jonger duration of an-
scsthesis by I{ —) — meptvocaine than by L(+) —mepivacaine In rot sclatic
nerve blocks (fg. 2) As vasoconstriction improves the time of onset, fre-
quency snd duration of anaesthesla (SYDNES & Arexg, unpublished results)
the dlfference between the isomers in theso tests cannot be afiributed to the
marked vacocoustricior effect of L(+)—mepivacaine. The difference be
tween the lsomers might howerer be attributed to the difference between
thelr rates of penetration which was d d after ntr n
Jection Into receatly Killed guinea-pigs, In which the effects of the bomen
ot the microchrenlation were thus omitted (fig. 6b).

Bupivacaine. The dfferences between the effects of the somers of bupl
vacaine were gencnally not as marked a3 thoso between the meplvacaing iso-
mers. There wero however significant differences between the buptvacaine
homers in the lntravenous and subcutaneons toxicity tests the D(+)—Iso-
mer belng most toxic (tables 1 2 and 3). There were almost no differences
In the vascular cffects between the komers of buplvacaine (Apa & WAL
STROM 1972). The differences in toxicity as well as the very ong duratian of
jnfiltra Jon ansesthesta (fig. 4) after L{—) —bupivacaine therefore indicate
differences in thus penctrability between the Isomers of bupivacaine ke
those demonstrated for the mepivacaine loomen.
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Chlorpromazine Inhibition of p~Aminophenol
Ghucaronidation by Rat Hepatoma Cells in Crltare

ny
Erik Dybing
(Recelved December 21, 19713 Accepied February 8, 1972)

Amwmmnhwmmmmmm
Hmomndpdnophmdh-dmlmhdmbenm-cdh
MH;Cy, grown In coltors, 50 X ihibitlon of » shocuro-
ridation {w & serumfree incwbatica mediom ut 007 mM Chiorpromaine, at
concemtrations of 0.05 mM to L0 =M hiso inhibhs the glwcuronidation of p-
aminophenol fm homogenats prepared from the rat hepatoma celh (30 X In-
hibition at 0.25 mM) this Iuhibition was fownd to be noa-competitive, The effect
of chiorproomazine ks enhanced whaa serum b exchuded from the incubations.

Key-words: Ch hra lon — drug i ~ g
mwﬁmndu-n- cefl cubmre,

Chlopromanae (CPZ) s known to affect a multitude of biological mem-
bnncx.:zuﬁngnblphdcw&on,ﬁthmhﬂlnﬂuunhwmncenn-tﬂm
and Increasing biflty at higher
wlhnpmedbmunhnmmﬁﬁmxm-deummudmﬂmy@m
1963). Erythrocytes can be protecied against hypotonic, giycerol or urea
induced lysls by CPZ (Frresun & Spxres 1963) Isolated rat Lver lyso-
somes o stabllized against vitamin A or E. coll labilization (Gutu et of.

1965) and rat liver mitochondrial swelling = by water of sucrose
mtryhlnhibltcdbyCFZ(SﬂlTE&Guml%j),Cl’ldﬁumewdhc
jtabill and | efflux in the Bolated, perfumed rat

hun(lmwmmtda!rrwmmlbm.hwm the

zines camse lyshs of red cells both In vitro (Fremian & SFves 1963) and
in vivo (AIMER & PAASONEN 1965) leakage of liver enryney from Chang
celly in suspension (Duxave & Znnmuund 1969) o the medlum s in-
duced by CPZ
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ThaponlhlcsuhﬂlzingcﬂecnolCPZuuﬂxllmcdlmtmbnnemﬂld
tead to a diminisbed celfular uptake of drugs and thus causo inhibition of
dmgmcmbolhnLCPZhhmmulfnctdrugmmboUﬂn;memalua
L system the N-demettrylation of ethylmorphine Iy inhibited 1o »
compthdvcmmncr(kﬂmaale),Lndluﬁn;mcmboﬂmbylhcmm
hydroxylating enzyme. According to pe Baxxemo (1565) CPZ doss not k-
hibit UDP-glucuronyl transfersse (UDP-GIT) la & hotogenate system using
p-oitrophenol (PNF) as substrate. Urldme diphosphate glocoss debydro-
genase fs non-competitively inhibited, b by a tree radical formed fram
CPZ (Lrvy & Burmringt 1967)
Earleer reports have shown that the clonal rat hepatoma strain MH,Cy
grown in culture, in addition to several Hiver specific functions (Tasmuan fr.
et ol 1970) glucuronidates pemivophenol (PAP Dysmo & Ruastap 1972)
and bilirubin (ROGSTAD et af 1970). This tystem which comists of liviag,
mrultiplying cells with en intact oster membrane should prove sujtable for
studylng the effects of membrane stabilizers on the glucuroaldation process,
and might circumvent some of the difficulties encomntered in expermentt
‘with Intact animals or in subcellnlar systems.

Material and Metbods

Methods of cell ewliure
The clonal strain MHICy of rat bepatoma cails was grown (s Dulbeceo'y modied
Eagle medinm sopplemented with 15 % horse serum sad 2.5 % foctal calf seem od
antibiotlcs a5 decribed prmowaly (DYBING & RuasTAD 1972) Cell peotcia wad deier
mined wccording to OvaMa & EAGLE (19%6) umng bovine serum afbamie s sandand.

Cell cuiture axperiments
eplk were with (to PAP 1-sscorbc scid was
added tn « final concentration of 1.0 mM in order to prevont in & dcrac
cmulnln;u:mm-lmnmnﬁnm.mlwulmlnm-olwml{u4hmmu!7' T:
doction of metabolitea or the of b o amayed in alkon

the [ncubstion mediim at thé desired e Intervals.

Homogena! axperiments,
mmmmﬁhmlmmmmmwﬂw‘mﬂ’
barbital/NaCh-butfer pH 74 pan down and bomogentzed for 15 mieics wich & gl
dl.bomozmnahlﬂmjdllumMTrb-mlﬂuhrﬂupH74TbcM:':':’:
was centrifugated at 1,000 x g for 10 minaies at 4 and tha soperestc war hiy
mdmlnmmmmofmwmummmv:;mu
Mddh{wmmmlmmnrmom P
UDPGA 40 mM Tris-malate batfer 75 mbl, pH 74 MeCl un:rnl!-u:ﬂm“E
mmmm.xmm«umwm ol
cutated for 30 minmes in s water shalbng-barh wt 37 Lb-mrdoﬂ'“mwd
Q5 ml iceeold 0.5 M trichlorscetic scid (TCA.
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Table 1

Effect of CPZ on PAP-glocuronkle formation snd PNP dhmppesrunce in MHCy cell
culteres in o mrmm-containkes medium. 0.20 mM of eubstrates was incubated for 4
hoors at 37 withoot or with CPZ st 0.10 and 015 piM respectively Amays o3 In
methods, Valnes ars means + SD. Numbers tn brackets refer to mumber of flasle

Substraty alono  Whh CPZ 010mM With CPZ 0.15 mM

Sabetrate mool/mg X hrs  nmol/mg X hrs  mmol/mg ¥ hrs
- Amtnophenol 508129 (§) 25123 (4) 2M0+.3 (&)
- Nitroghumal 611133 (8 41141 @ 184£27 (4)
Druy arerys.

The following xsmys were med: PAP-glocuronids formation (Dveows & RoosTin
1972), PAP dimppearance (KATO & GIETIR 1965), PNP (Issrisachen o al 1962),
and CPZ and CPZ-enffodds (S4LTIMAN & BmoDit 1936),

Pulyr-labeliixg with WC-alexine.
At the end of % cell coltnre expertomnt with PAP 0.20 mM and CPZ 0.10 mM {n

0.02 EDTA-barbftal/NaCl-baffer pH 74 aod peeciphtated with 10 X Scscold TCA.
After 30 minates, the preciphiate wae spun down at 6000 rpum. for 10 minutes, The
pellct was wathed three times in the TCA-soluthon, twics in ethanol-dietiyt-cther (2:1
1v), and oocs In cthanol. The pellet was dimcived [n 1 N-N1OH ot 37° overnight.
A 50 pl sumpls was heated together with 300 p! M hysmise 10X in ethanol for 10
minttes at 707 thoa conmted in 15 ml of achnifliation fledd (100 g naphthalens, 3 g
PPO 0.1 g POPOP tn 400 ml 14-doxune, 400 ml xybene, and 200 mi ethanol) b
Packard Tri-Carb 3003 liquid scintiflaton spectromater

nidzte {type 1, bacteril), and 1-mscorblo actd were parchased from the Sigme Company-
HCalsnine through Irtitutt for Atomenergl, Kjefler from

Resits

From table 1 It s apparent that CPZ at concentratioas of 0 10 and 0 15
mM fnhibits the metabollsm of the two subtrates PAP and PNP by the mat
Liver cell culture In & scrum—containdng Incebation medimm. PAP-glucuronide
formation was memured drectly PNP metsbolism was measured by sub-
strate disapp c. 85 / of this sub Jo1s coosists of PNP-glucuronide
(nslng p-glucorontdasc). It Is also evident that In the cell calture system with
serom present, the metabolism of PNP fs Inhibited to the greatest relative
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mmb}clmbﬂlﬁngeﬂcmo[CPZoum:ﬂmctﬂmhrmwuh
}udmndlminhhcdc:llnluruptlhofdmpwdﬁmmmhibmmn{
dmgmembo)km.Cszknmtonﬂmdmgmemhoﬂﬁngcmymlnl
microsomal system the N-demethylation of ethylmorphine is mhibited I &
compcetitve manner (RUBM et ol. 1964) indicating metabolism by the same
hydraxylaling enzyme, According to DE BARREmES (1965) CPZ does pot lo-
hibit UDP-glucuronyl transferase (UDP-GT) In & bomogenate system ating
p-nitropheno{ (PNF) at mubstrate. Urldine diphosphate glucose debydro-
gruase is non-competitively inhibited, however by a free radical formed from
CPZ (Levy & BuraRinoe 1967)

Earlier reports have shown that the clonal mat hepatoma straln MH,G
grown in culture, In addition to several liver specific functioms (TAsN
#t ol 1970) glucuronidates p-aminophenol (PAP DysmMG & RuasTAp 1972)
end billoubin (Roastap ef of 1970) This vystem which comswts of Gving,
multiplying celfs with an Intact outer membrane shonld prove surtable for
studying the effects of membrane stabilizers on the glucuronidation process,
and might circumvent some of the difficlties encountered In experiments
with intact animals or in subcelinlar systems,

Material and Metbods

Methods f cell cuiture

Tho clomal stram MHCy of at bepatoma celh was grown n Dulbecco modlfied
Exgle medinm sopplemunted with 15 X horse serum apd 15 X foctal calf serum aad
antiblotics &1 describod previomly (Dyames & Ruastan 19723, Cell protein was deter
uﬂndmmn;tnmmhhm(lmmwmdhmﬂnnm

Cell cultnre experiments.

b weTo with {to PAP 1-ascorbic sckd was
Mh.mummumdmmimwwm-mhnmm-u:
wuulnln:orm’um—incm&ﬁﬂm.tnummmmmdlonﬂhrlbamuﬂ b

don of ot the of sobetratss way meayed bn afiooty
the incubation medinms at the desired time intarvah.

H mogenate experimanis
10 colime were removed with An leecold 0@ % EDTA

burtrital/NeCl-buffer pH 74 mmmmmumm-m
e homogentzer 1m 1.0 mh of & 125 mM Trivmaleats bafler pH 74 mwﬁ‘“.
wma centrifegated at 1,000 x g for 10 mintes at 4 aod the sepermale Was W50
mn(mymlnuﬂﬂxmmOJnﬂvlmwmcmbﬂb;ﬂuﬂU” o
sised of the fol (fiaxd ) PAR B0
UDPGA 40 mu Triy-maleate butfer 75 mM pH 74 MeClt 100 m‘.[;;bnrmh'
nﬂmmﬁn&nm-mﬂumdﬂﬂcu—wﬂm i
cobsted for 30 minutes Lo a water shaking-bath ot 37 tho resction wes #onyed
0.5 ml icecold 05 M tnchioracetlo scid (TCA)
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1963 LanasiET 1970), a3 are the IDR plots of other parameters in the
fsolated, perfosed rat heart (LANGSLET 1970). One could argue, however
since CPZ Is concentrated {ntraceltularly that the sole actlon represents an
inhibition of the enzyme. The } Thular active jon of CPZ by
pot known (about three-fold higher concentration #3 compared to thst in the
onter medium would be pecessary to obtain Inhibitory effects as explained by
the intracellular actioa anly)

CPZ is bound extemsively to plasma albamin, 91-99 / by human plasma
over a concentration rangs from 2.3 X 10¥M to 4.3 X 10*#M (Cummy
1970) The differences in potencics of CPZ shown in varlous systems might
be explained when taking this Into acconnt, The Inhibition of the overall
ghucaroniiation of PAP i clesrly shown 1o be diminlshed when sarom s
present, The results seen bere without any serwm at coocentrations from
0.01 to 0 10 mM are in agr with thasa concentrations foand to stabilize
erythrocytes against hecmolyds (Fre;ux & SPres 1963 Semaun &
WELINSTEIN 1966) and those showing decreased cardiac excitability con
tractility and potsssium efflux in tho lsolated, perfused rat beart (Lanosirer
1970 po albumin in the perfusate) The result obtalned when the cells were
incubated In a seremrcontaining medium ia perhaps more relevant to &1 vivo

In tbe ceil cultore system a biphasic effect of CPZ was also noted. When
the concentration of CPZ s naited, profound cellular effects are scen a3
symptoms of incressed permeability Tho Hver cells used begin to show vislble
toxic effects at 0.20 mM after 4 hours of incobation tn & seru. ini)
medium, without serum thete changes begin at 0.10 mM. Complets cell
detachment is teen at 0.50 mM and 0 15 mM respectively Using cnltured
mhanceﬂcu]mm(-ﬂmmlnﬁmuhdngmmuﬂum)hmdd
(1969) found within 24 hours at a
@Z-cammdauomwm}«f whﬂedc:trmdonc(th:m}aﬂyoltheuﬂ:
occurred after 5 minutes when CPZ at 10 was sdded to the medium. Con-
mmwmmazmozsmurmummmmhpo(mm

RE maleats d. and ppartate from
G;mgcemlnlo(hamnm-fmnqxndmm:d&mnm&mm
MANN 1969)

The cffect of CPZ in the rat hepatoan culture system might be more pro-
nounced &3 compared to similar effects in the normal Intact liver where
mtabolic degmdation of the inhibitor takes place. Indicatlons of metabollc
alieration of CPZ by the cell culture were not seen. This s in accordance
with the low values or absence of drug-oxkdizing actrrity found in varous
bepatomas (HAXT ef al. 1965). A competition with PAP for the UDP-GT by
a hydroxylated CPZ-metabolite should therefore not occor CPZ-ulfoxide,
the third most prevalent metabolte In the rat (BomiN & Srates 1971), has
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Hnbmanbm:mbﬂ;ﬁueﬂeaxo“um(smm&“fmmmlm
Dlﬁmccsmmunhnnehncmrybetwccncdhlnmlum.lrpammn,md
normal liver cells in the ntact organ should also be taken into consideration.

The pulse labelling experiment might indicate that CPZ exerty a wide
Luﬂmmzbeceﬂuluupuknollawmaleaﬂnrmhtmcubytbeﬂm
In the Intact animal (mice) a single hnjection of 10 mg/kg CPZ cames en-
hanced incorporation of labelled glycing into liver proteins, however 1.0 mM
CPZ Inhibits protein synthests in liver slices by approzimately 50 / (Kuos
1968) RAGHUPATHY et aL (1970) found litthe or no effect of CPZ (0.5 &xd
10 mM) on the incorporation of “C-phenyialanme into protem by rat leer
ibosomes,

n

It §s fnteresting to note that the effect of CPZ in this system suggest m b~
hibition af cellular uptake of different substances, whereas most other stodies
with CPZ have shown Inhibitton af membraneous efflorer.
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Effect of Noradremaline and Isoprenallne on the Clrcolar apd
Longitodinal Muscle of the Oestrogen Dominated Rabblt Uterws
By

Britt Inglerd Nesbeim
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Abstrert. Loogitudinat and circolar moscie stripe from the oestrogen docunsted

No differences were found between the chrenlar snd the fongbudioal mueck
strips, or between the differwnt parh of the uterux Ioprenaline prodeced s
inhibition of the spontancons activity of the muscis stripy Thers was a differ

of
strips was 60 times the EDISO of the longftudinal strips. No difference was foasd
botweon the differynt parts of the mterus. No obviows alieration with regard
the sesftivity o the drugt was observed after cold storagn for 24 boars,

Key-words: Uterus - receptons, dreg

' In animals with & bipartats uterus, such as the rabbit, the muscalar coat
of the uterus has been shown to consist of an outer logitodinal and n frnct
circnlar layer The lavers are separated by a well developed vascular picas
(SopoTTA 1891). Tt has been established by several workers that tho rewpaes®
dlboutuimmmdewnmd)dmhmhdepmemanwmhauhwf;
g0 Of progH inated (for rel seo MaxsmaL 1970). U
en doa the responso of the rabbit uierus [n vhbo 10 4
mwmmﬂmnammmmmwmn-m*;:g;h
mhmﬂmdmmummmdmymw&mmmﬁmw
lmmbmwmmwnﬁwm
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sidking differences in the resp to ad Ine In diffe parts of the
uterus, and differences have also been found In the responses of the longl
todinal and circular muscle strips. The cervical segments wers contracted
more eatily by adrenaline than the tubal and placental segments, while the
clrenlar strips ded more frequently with fon of activity than
mlmﬁmdndnﬁp&(ﬁwmx&mlml) Stmilar exper-
ments oa pon-pregnant uterl have not been performed.

The present study was designed to test whether there was any difference in
the respontes of the different parts of the uterus, or between the longitodinal
and circular muscle layer following adrenergic @ and f-stimulation In the
oestrogen dominated rabbit vterus

Materials and methods

Fifiern rabblos welghlng 2-3 kg wers tad for the experimerts. Ovarectomy was per
lum‘dlhmﬂamhﬁmullbomlcmlnth:ﬂxnh,lﬂuﬂﬂd: tablet of T3 mg
dhetiryhy, Oue week hater the anlmsl was given
lbbvmlh-no:kudbkdtodmhhycuﬂh.lh.amdﬂ-ﬂuhmmm
{nmmediatety removed and phaced n modified Ringer' solation (NaC1 12035 KQ1 391,
NaHCO; 1542, MgClh 6HyO 119 NsHyPO, ZHO 118, CaCly 2H;0 235 gl
come 1148 mM/1). The pH of the solution was 7 4. The mme prepanstion was wed oa
two consscwitve days, L ¢. fresh, and ufter baving been storsd overnight ot 4 Thers
w3 0o obrvions alteration in the rexponses after 24 hours (o cold storage.

For each cxperiment 4 mmscls strips were cot from (bo tterts, 2 Jougitndinal omes

two bathe contaming 50 ml of the mme modificd Ringer’ solution, kept at 41 The
butbe were copnected to reservour and washed ot by prewarmed sofution. The baths
wwe oxygeeated with 5 X CO3 m O3 Fach bath contained one longhtwdinal and one

circalar eirfp.

The kower end of the stip was tued by sarpical allk to d..md.m-qpnma
o Grom f FTIC, the thot being fsometric.
The w t & Grem which recorded the comtractions

with ink on paper The strips were sretched t mean tenmion of 1 g They wers
Mwmmhhmﬂhnummmmmdﬁu’»
After the sdddion of each drug the bath was washed out twica, The pert sddhuon of

oot wtl] the prepurstson had reached  stable spomtancoos activity The time passing
mvﬁmmmﬁmmdmnmﬂymum

The drugs med wers (reghin®) and
thybummmo(‘bmﬁymmm
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Remlts
Noradrenaline (NA)

Thatyplmlrupm:etoNAwuanmh:theﬁnqumqnnﬂu
in the force of the contractions. With increasing doses an Ineresse {n tone wis
also obterved, but this usually subsided in 2-3 min. (fig. 1) The longest
period of observation of the NA-evoked cantractions befors washing out,
was 20 mln 50 muscle strips from 9 rabbits were tested with NA in the dose
range 2 X 1074 — 2 X 10%M. The response to the same dose of NA vaned
in the different preparations, the threshold doss varying from 2 X 107 to
2 X 107M.

In 104 drug additions to pairs of strips consisting of one circular and one
longitndinal strp the responses wers approximately equal in 81 caws, the
circolar strips glving 8 greater response in 10 cases and the Jongitodiml
strips giving a greater responss in 13 cases, No difference was fomd between
the tubal end, the middle and the cervial end of the nterns 'The respoass to
NA was blocked by phentolamine 5 X 104M.

Isoprenaline (IP)

IP cased an inhibitlon of the spontanecut contractions of the mmcle
strips. For tests of this type, only thoss muscle strips with a faidy regulaer
spoataneous activity wers used.

The typical respoasc to IP was a decreasa In the fores of the contractions-
Ad in frequency vas also imes observed. With yery large doses,
however (‘ZXIO"—ZXIO“Pvf)nnhnullﬂ.uumnchkved.mﬂmﬂh'
tion was compleiely blocked by tho a-blocking agent phenarybemamine
2 X 10°M

v HJ M

r ot
2 min
ﬁ,,letoNAzxm—ma.wmdsmlnnnwnbmmw*"
mduom.o‘ﬁ‘ s the first arrow aed weshed owt
Abscima, time. NA b added at
arrow Thers was DO Fontancous activity L thls prrpsration.
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No differences were found between the responses of the tubal end, the
middle and the cervical end of the uteru, but a great difference was found
between the responses of the clrcular and the longitudinal muscle strips. With
the same dose of IP the Jongitodinal muscle showed a much greater Inhibi
ton than the circular muscle. A typkesl response from a circnlar and a
loogitodinal muscle strip fs shown in flg. 2.

In order to obtaln a dose-response curve for the circular and the longl-
todinal muscle strips, 6 doses of IP were used, 2 X 10°M 2 X 107M,
2% 10%M, 2 X 10%M, 2 X 10°¥M and 2XI10"M. A measure of the
degres of {nhibitlon was obtalned by ting the height of each contrac
thon during one 5 min. Interval just before, and another 5 min. Interval after
the addition of the drug. The heights of the contractions in each interval
were added together Tho first minute after the additian of the drug was
ignored, in order to allow the drug to prodoce its effect. The difference
between these two sums a3 peccentage of the sum of the height of the con-
tractions before the addition of the dreg, was used as a measure of the
Inhibitlon. The responses to u certain doss In ooe preparution varied a great
deal from one addition of the drug to another and In a typkal cxperiment
the highest and lowrest valnes obtained for the Inhibitions could deviate by

AT

h\\m \u?um&

Fig. 2 A fairty response 1o of a circular (epper tractny)
md memkﬁm Ordinete:
fores during bometric Abschma; thme. At the acrow TP 2 X 109M was
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CIRCULAR STRIPS

| Lpo
[ [ T,
t

LONOI TUDINAL STRIPS
Fig. 3 The inhibhory effect on cirentar and longitudinl mmcls sirips of IP 2 X 16-#AL
Mmhlbcrmhmcdhnolﬂnhh!ﬂdmfwlhhhﬁddwhh
ans rabbit. Cireular strips on the upper wids of the Line, Jonghudisal strips oo the lower
ke, 0 % and 100 X hibition arc marked. The position of the median of these medisns
1 iodicated by arrows

30 from the medisn. The median of the inhibitions for each doso of the
drug for the longitudinal and the circular muscle strips wes calcolated in
cach rabbit, each of these medians representing on sn average 34 additions
of the drug. For each doss such medians obtained from the different rabbits
varied coonuderably An exampk B shown in fig. 3 Each vertical line re-
presents the median from one bbit. The median of thess median mbibitioos
from the different rabbits was then found (arrows In fig. 3). The Iatier
medians arc plotted In a dose-response curve in fig. 4 Esch polnt In fig 4
represents oo an average 17 sdditions of the drug. The differences between
the inhibitions obtained in the longtodinal and drcular strips were thown
to be significant according to a Wikozon s two mample test. For the doxe
2 X10°M & = 0.0010 for 2 X 107M a = 0.0039 foc 2 X 10M a =
00002, for 2X 10"M a = 00144 For tho doses 2 X 10M and 2X
10-1IM, the differences were not significant (2 = 0.5000 and 03429 1
spectively)

In some of the preparations the spoataneous actrvity consisted of alternt-
tng stronger and weaker contractiont. By the additlon of IP the strong cot-
Jractions were reduced to the level of the weaker anes, but these could mot
be Inhibited, even with the largest doses of TP Tho frequency of the oo
trections was not reduced. Fig. § Is an fllustration of this phenomenon.

Discosion
This {nvestigation confirms that Inhibits the spontancos
n:ﬁv-ltyolbomcdmmdcnﬂpsfmlhcmnmdmmmwm:
rabbit s found proviously by WILLEAS & DE SCAFPDRYVER (1966)-
periments conclusively show that the longitndinal muscls strips l\‘(’]D"M
mtunlnwmboprmunemlhedmcnnzOZXIMI'z
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o
.

e u
" >t

" LB R R T Y
L B
Fig. 4. Log doss-response curves of the cirmubar and tbe looghodbm! mocle strips
to TP Absciewe. doscs in mol Ordinate: hibithon as per cent of the peeceding activity
{oeo text).

than the clrealar stnps. No such difference was found for the respomses to
line, which of t In the actlvity and the tone of
the muscls strips. Nor was any difference found between the cervical end,

,/,/, (i

N u(uwum

Zmln

Pig. 5. The repocse of one cironl ¢ mmx]  strip to the sddigom of IP 2 X 109,
Ordinats: force dunng bometric coatractjons. Absciese. thme. Befors sddition of the

onss. The strip i taken from the cervical end of The uterus
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CIRCULAR STRIPS

| PO
319!( Lt I s

LONOITUDINAL STRIPS
Flg. 3. The inhibitory effect on circular and longitudinal moscls strips of IP 2 X 10-0L
Each vertical Une represents the median of the Inhibitions for thh doss of the dreg f1
one rabbit, Circular strips oe the tpper side af the line, longitudinal strips oa the lower
side. 0 % and 100 X inhibition are marked. The positlon of the median of thess mediase
1 Indicated by arrows.

30 / from the median. The medlan of the {nhibitions for each doso of the
drug for the Jongitodinal and the clreular muscle strips was calenlated b
cach rabbit, each of thess medians representing on an average 3-4 additions
of the drug. For each dose such medians obtained from the different rabhits
varled considerably An example is shown in flg. 3 Each vertical fine re-
presents the median from one rabbit. The median of these median inhibitons
from the differcnt rabbits was then fonnd (arrows in fig. 3) The [atter
medians are plotted in a doso-responss curve in fig 4 Each point in fig. 4
represents on an averags 17 additions of the drug. The differences between
the Inhibitions obtained in the longitudinal and circolar strips wers shown
1o be signiicant according to a Wilcorons two sample test. For the dose
2X10%M a = 00010 for 2 X 10™ a = 00039 for 2X 10 a =
00002, for 2 X 10°M a = 0.0144 For the doscs 2 X 10 and 2X
107UM, tho differences were pot significant (z = 0.5000 and 03429 -
spectivaly)
Inmeonhcprcpanﬂomtherponmmnncumymmddﬂmf
lngmnngcrmdmknwnmdionLBylbeldd]ﬁmo{IPlhemwﬂ‘
tractions wers rednced to the level of the weaker ones, but these could 5ot
be inhlbited, even with the largest doscs of IP The frequency of the coo-
tractions was not reduced. Flg. 5 i3 an {llostration of this pbenomenoe.

Discumlon

mmmu;aummnﬂ:mmnwmmmmhnﬂumwﬂ“m
ouuozmm‘n‘“d

sctivity of irolated muscle strips from the uterss of the i
nhbnufoundmtdmnlybmem&mScnmm(l?“)- e
periments conclusively shaw that the foogitndmal muscle strips ’)T:l('r‘ﬂ
mm:cnddvcwboprmﬂlmlnthcdmenngeleﬂ"ﬁ-z
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Arnother explanaton for the different respoases could be a ditference In
\hnunkna-nnhninolcvenuihﬂnglhermxorﬂlmulmmthnb}ologkxl
effect, in thiy case the reduction of
Ewuwhpbbﬂmﬂy]lhmbemdnm%mmlm)mulnlbc
oestrogen treated rat uterus there are definite pacemaker areas located at the
cervical or the ovarlan eod of the oterus. In the present investipation some of
the preparations showed alternating stronger and weaker contractions. On
addition 6F isoprenaline the stronger contrections were reduced to the level of
the weaker ones, the rate of the contractions not being reduced. The height
of the contractions coold not be reduced further even with the highest doses
of boprenallne, An explanation of this observation could be that the weaker
contractions were the resolts of p ker activity Tsop line could then
have reduced the spresd of contractions through the tissue, but not the
paceenaker activity Itscll. This Interpretation, however is In conflict with the
HmdBDLnM&Tbth(l?@)wbohxw:hmlhnhmn;ﬂmHﬂg
tacnta coli Hoprenalt the sp spike
I!huﬁfﬂcuhtoncemy diate physiological implk of the dif
ferent itivities of the lonptudinal and the clrcular mmcle fibres to
pstimulation. There are however reasoms for speculation about such im-
Plications. ‘The circular muscle fibres are the real” uterme muscls, devel
oped from the Milkerian ducts, while the longitrdinal mmcle fibres are
derived from the serosa (SoeotTa 1891) It fs therefore possible that the two
musclo layers might have differsat chamcteristics and different functions
during implantation and parturition.
'Ihenbbhmmum.ybcouuogm—domhuwdduﬂn;maud]mpanof
blastocyst transport, but very soon it b strongly p

nated, 5o that the blastocyst transport and Implantation take place in a
strongly progesteronc-dominated uterms (BOviva 1963) Approxtmately 24
booy before partndtion the hormone dominance changes over so that
Pparturition takes place in an oestrogen dominated uterns (SCROFTELD 1957).
The drcalar and longitudinal musclo fibres must be assmed to have dif
fmfuncﬂm:dmﬂn{paﬂm{ﬂm,thﬂchcﬂh!mmdﬂbdn;:whhfw
mwm;mrmmmmmmmdm
muscle for shortening tho uterus to let the foetus nto the vagina. It bs dffi.
clt to see any obvious functians of tho differeat responses to f-gtinmlation
of the clrcular and longitudinal muscle fibres dorlng partritioa,

The resalts presented call for the same type of experiments to be carried
ot on the progesterone dominated rabblt uterus. One would Oke to know
If the difference between tho longiiudinal and dreular muscls fs a gencral
chancteristic of uterine muscle, or whether it varies with hormons dom
mance. Thess findings will, however not kead to conthderations relevant to the
dmﬁmhthohmnmﬂm.uﬂnwbobummlnmhphylomcdc
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lllydcdvedlmmtthﬂucdmducu.uh&ndrculummdﬂnlhenbun.
mlmﬁmdtmlm\ndutrmnthumhnutdcv:}op@dlnbmm
BOTTA 1891)
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The Effects of Maternally-administered Morphine
on Rat Foetal Development and Resultant
Tolerance to the Analgesic Effect of Morphine

By

Torkell JShaateuon sad Bernard A, Becher
(Recetved Junoary 14, 1972 Accepted March 17 1972)

Abstrect: Grougs of 6-9 pregnant (sperm = Day 1) Spragoe-Duwley (Simonsen)
nt wer hujected with morphine walphate, 20 mg/kg vubcotancomly on gestas
tlomal days 2-5, 79 of 11 13. Pupa delivered by Cacsarian section on gestational

wiipbate 045 my/lg subcutaneotsly (offspring of

thowed significant
acilon time 30 mimates later (Usated, 7.6 sec. 206 SEM versm cootrol,
161 wec. 1 0.6 BEM) and 60 minotes hiter (treated, 7.5 sec. £ 0.9 SEM. wersos

cootrol, 208 sec. £29 SEM) & commparcd to pabred waiginjected coptrod
pregant animals

Kewwords: Mopimoe ~ pregnancy — placental tander  mulformation —
teratology ~ birth defects — nocoatul rats — ammigesls - tolerance.

Tn the availabls littrature there scem to be no reports of any possible
teratogenic effects of marphine in rats. In mice, oa the other hand, HaxrrL &
GavTiErr (1968) reported that morphine produces minor terstogenic effects
in very high doses. Only NiciAx & MANTE (1966) seem to have investigated
the analgesic actlon of morphine in young rats. Apparently no ons has
studied the in wtero development of tolerance to this action of morphine
althongh there is ample ovidence which indicates that morphine Hke otber
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marcotic analgesics passes through the placents Into the foctal circulation
(iSAm&Woa:slmmexpuhnmur:pomdhmmn,thmhm
performed in order to investigats whether morphine administered to rats at
mouzﬂ.mcpdod:duﬂn;psmncymighuﬂmuﬁdevdnpmundtho
foetuses or induce tolerance of the resnlting neonates to the analgesic action.
For comparison, the materna) rats were abo studiod to ses whether the

morphine doses given ware effective n inducing tol to the analgesh
action of morphine,

Methods
Animals,
Adult female Sprague-Dewley (Simousen) ruts, aromnd 200 g body welght, wers
housed o stainless steel cages knd mataloed in constant ek 1 condition

with frea acces 10 2 commercial food preparatfon (Wayne Lab-Hiox, Alied MRH, [ne)
and tap water The rats were placed with males of known fertility of the tame siock,
ming one male for two fematon, from approximately 4:00 pa. o 8:00 am. oa the
following day The finding of sperm fn vagimal enears way takan as & sign of copds-
tion, this thma beog dasignated s the flrst day (day 1) of pregrancy About coe-fth
of the rats did pot conceive and wers sventoally excluded from the sxperhomis. The
pregrant rats wers kapt fo grorpe of thres or four wotll day 22 when they wers kiiked
and the focttees removed for examication. Some rats which were aflowed to defiver
natorally wero separaied on day 21 and hoosed singly n cages furmiehed with pos
covered with gronnd corn cob bedding. The stdies described were condweted daries
July Awgost, September and October, 1971,

Treatmenty.

Morphine salphate, USP was dimolved kn cistilled wuter and fajectcd pabcoizse-
mhmudloumm.h-mmdzmunmum)aou.
0.625 oc 125 my/kg In 10 mifky (Foung animsh). Ia the aduht animely brjections wio
mado in the middie of foe back at the midline. Ta the young animals, Injections wer®
mado in 1be neck st the midline, usiog @ thoet 23 gange pacele, Tho doscs quoted Tefer
to morphine as the frec base, Tabls 1 thowy the Tarions trestment gromt
Teratology stwdles.

Three cxperiments wero peclormed tsing six frowps, each of 10-11 mtx. Gress [
recetved morpbine, 20 mg/ky, oo days 2,3, 4 and 3 Growy J1 o2 ap 7 8 and 9y od
Growp 111 on days 1, 12 and 13 of pregmancy Growps [V ¥ and VI coshated of &
espective coatre) animals which were tujected whb water (2 mi/ks, sebostascomdy-

foetses remored by

{(Gascry & Decxre 1962 Haxarsow & Broore 1999). e
Half the pamber of the foctume were {ixed for two weeks in Bowia's sohion,
mwmmmm.mmmmmmn;h-
alis 23 dewcribed by Wason (1965). The other half of tho fosloses wenv
mwf«lmmmmmhll(ﬁﬂm
wramanmwwmmmﬁtwmm
lned nder 8 dhecting b reticle.
Donss mexsuremess wer recorded in retke Kofs (1 retkle ol equal 6o .4 mmk




Stedy Groop  Group Ape Pomgs Day
Nunber St mgfkg Treatment Experiment
Terntology I 7 Adatt 0 [l 311 a an
o 6 Aduhit k1] a 79 an
m 7 Adult P gun an
v 1] Adnlt [} azzs (3~
v 7 Adult [] ar an
VI 9 Aduit [} a1+ an
Tolerancs v 14 Adalt n G 17200 nne
to vl n Aduk o G 10 0
Analpeda X 10 Aduikt o nooe 2 §
Via 20 Young Treated a7 1213
Vs 19 Youmy 0 qQ 1720 12-1%
VIt 10 Young Treated [y 20-21
VI, 10 Youny 0 G 1220 0-21

1) The rymbol “G” meam gestatiorml. Nombers not precsded by this symbol denote
days after birth of the young.

% These animah recoved  challemgs dost of morphine oa the mxperimental day Indi-
cated, adoMs, 10 ma/ky; 12 day old animale, 045 mg/kg: and 20 day old antrmab,
0625 or 1.25 moally

Andigestwetry
‘The analgenlc sction of morphles in mataaal and yosing rats of &t beast three woels
of ags wa determined ming the hotplats mathod se described by Jéuuessson &

saquence of terting on the hot-plalc wis (he same &1 fn experinents co older
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The dogree of amylgesia of morphine b crpressed o1 the mean resction tine
seconds for a group of animaly, Le the mesn time [n seconds which clapeed from
hmwﬁwmwwbhvhmmﬂumndmhhtm
onimals were taken off the plato H they dSd mot resct bn 30 seconds. Thos X0 secoods &
the highext score given,

Analpesic audime T lerence

Two groups of matermal raty were maed. Groer Pil (14 pregramt raty) received
marphine, 20 mp/ky sbautancomly on gestational dayy 17 18, 19 wnd 20, Grows
Vit (13 control pregnant nan) were infacted whh w ter 2 mifky mbcstanecoaly oo
the same days. The axperimcemis were performed {n two perts, osing aboat one-balf of the
onimals coch time with 2 moath Interval. This was dooe [n order to cormobons the
rewnlty of these frst experfments.

Table 2

Number of implacts apd foctuses and fosta] weights, longihn and widihe st obscrred
following delivery of maternal mis by Cacsarean soction oa day 22 The welghts of the
maternal rats are slso inclded All values are mean vales £ SEM Nember of
{mplants and messnred fosnses refer to meens par hiter in each groop. Rats b Growee

L 1 and III were trested with 20 mg/ky dartg
whereas Groaps IV V and VI comdted of the respective control an{maks.
Raty treated co Ratx treated oo Rats treated o
Numbers, dayx 2,3 4, 5 dm 7 89 days 11, 12, 13

TeRhtiems
and weights Qroop!  Qroopl¥ Growp Il Growp V. Growp Il Orop V1
NaT)  (N=D  (Nw) (Nen  N=T) (NP

125408 1851

No,lmplsots 119412 1335105 1DtL1 942116
Ho. mem.

04 115413
I? 109118 126109 1085111 93116 124%

™ WSt sio1 satol  S0*Cae 55302 £1i01 13102

6 421%03 2104
&(m')’ 410104 4L1102 46102 £330
T!l 121302 (120281 122202
(am) 120+ 08 119fQ1 Ustol
Matermal 4+ 121 SMLe
158 353121 | Is6E
Welght (© 3931106  WSE16T  I2%

s}.nmam}ydlﬂm(‘l’<um7[ran0mplv See text
bﬂpﬂfhmly&ﬂm(?(um)fmam-pv Boe texl
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Within 24 howrs (324 bowr) after nuinral deftvery the young in exch liter were
examined for extermal anomalies, counted and welghed Each liter wes etandardined
10 elght pups (4 male and 4 fermale) when ever poesible. AL the nge of 12 {3 days »
nomber of anhmals were taken oot of each Mier Injected whh morphine, 0.45 my/kg
whentsneowdy (Groaps Via and VIIa) and tested for the degree of amalgesta. The
remahning yoomg were simitarity weed for nalgeric experiments at the thme of wcandng
when 20-21 days old (Groups VIIb and VITIb). The dote of morphine was 0625 or
125 mg/ky sob ly in these Prelimisary indicated ihat
tolerance to the amalgesic effect of morphine was of n Jouger doration in the maternal
raty thas m the yousg. Tho maternal amimabs which bad been treated with either
marphine or water on gesiational days 17 18, 19 and 20 (Growps VII and VIIT) wero
therefors tested four weels  fter dellvery along whh & gromp of 10 control adalt,
non-pragrant female mts. (Qroop IX). Al thres groaps were lojected whh mworphine
suiphats, 10 mp/ky subcutancomly and tested a3 deccribed above.

Ssatirtical ewalyses were preformed by 1ho Mann Whitney *U™ test and student’s
grooped “t test (GOLnsTEN 1964). The Level of sgnificance was taken a3 P 5 003,

Rescits
Teratology studies.

Lethadity Six maternal mts died following the Injection of morphine.
Morphine was thus lethal in about 10 / of the sdult animals following the
first infection of morphine. No deaths were observed in the control groups.

The number of messured (viable) foetuses and implants per Htter was
almast the same in each palr of groups. The difference in the number of fm-
plants was not statistically significant within groups uing the two sample
rank test (table 2).

Body welghts and measurements. Body weights of maternal rats on day 22,
and foctal weights, lengtin (crown-rump distance) and widths (transumbilical
dlameter) are shown in table 2. The differences observed were, on the whole,
rolatively tmall and could not be ascribed to the administration of morphine.
Thus, the fostal weights were found significantly higher in Group V than in
Group I whereas the foctal weights in Groap I were significantly higher
than in Group IV and no significant difference was found between the foetal
weights tn Groops 1 md V1.

Gross snomalics wers nit observed. Soft thste anomalles were seen in
three foetnses, hydronephrodds t a foetns from & morphine-treated mother-

hcrnhmddnnl.uwnmotﬂnhan,rupuﬂve}y in two
foetuses from mothers in the control groupe

Boner Except for some cases of incomplete cnification, mainly seen in
the vertebrae and stomebrae of rats fn all groups, no skeletal anomalies were
obscrved. The femor tibls, fibula, humerns, radins and ulna were messared
mbmhdhmmghtﬁﬂnmmobnrvedmhﬂmmmtmdwnld»
Dot bo ascribed to the administration of morphine.
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Table 3

The aoaigesic action of morphine in maternal and non-pregoant femate an myfit.
wubcttaneonaly) mmmu—u&nddmﬂmhmmﬁmu
20-21 cays old (0625 myg/ky, mbcutanaonsty) The matermal o s Gromp VIT (mor
mmmmomm(mﬂo{wmnwr@mmw
The artalgetic action is shown es the mean resction thne in seconds + KEM, a2 30 and
wmmms-mommhm&ua{mmm“mw
w«mmmmmmwmmmw«:mw
of morphine (Resction times 1 and 2).

Noo-
Rosctlon thoey 300l Marernal 12-103!::,':121;“&71 2021 deys

and
Crowp VI ym

body welght roup Groop VII GroapVil, O l‘m‘"rx
(Na=1g) (N=1f) (N=20) [(N=Is) (NI} (Ne=1)

Titel 33404 323306 I5104 30103 64107 JAtO4
Roaction

Time2 56104 54104 S55£05 435+04 451085 L4i0S
.;.‘:::” 761060 1614206 1681235 252416 167+L6 1731428
Time 4 75L0M MBL29 166119 26118 105112 196139

Welght (1) 964203 W1H 29 M5E0M PIL0s RI+1d WENE
Randomly sclected with regard to sex from usstandandized (n > §) Biteny from
untreated dam.

i Tese than ding control.

(tabic 3) of rts fn Groop VI

Ana) y The ahalgesic resp
'(mmdnnumwdw{thmrphlnaoumﬁonﬂdnﬁﬂ—m)ﬁwﬂd
60 mimstes after the {njection were obviously slgsificantly esa thn these of
thnmnuulmimah(ﬂrmpvm).mmnlgcdzxdmdmmﬂdﬂ
hnummmmmhmd.mdmnnmummdh-ml:
of 10 non-pregnant, adult female rats which received the same doso
morphine (Group IX).

Fammmhﬁmqvnmmmnnhﬂmwﬂﬁm"l;
average mmber of young per ltter was 105 £ 0.7 (SEM) in Gooow
MIUiDB(SEM)mepvmmmWﬁﬁ‘“‘mi7j
nnmbao(yumslnnchljucrm?lst47(5£)~£)£"d6&amd
(SEM) g In thess groups, respectively The dightly hlgher mum
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yourg per litter in Group VITL was matched by a slightly lower body weight.
These differences were not statstically significant.

The analgesic action of morphine (reaction times 3 and 4) in the 12-13
day old rats in Group VIIIa (offspring of the control animals) was higher
than those of rats in Group VIIa (offspring of the morphine —treated animals).
It was significantly lower In Group Vla than in Groap VIIa at reaction
time 3 but not 4 The mean body weights of youag from morphie-treated
s (Groups VIIa) was significantly smafler than those of young from
mothers which did not recetve morphine (Group Villa).

In prelhminary experiments, groops of 20-21 day old unweaned raty, taken
at andom from scveral unstandardired litters (Le. not reduced to cight pups)
derived from non-treated dams and heving an average body weight of 30-35g,
were found to be kess sensitive to the analgesic action of morphine than were
the 12-13 day old rats. A doso of 0 625 mg/kg subcutancouly was required
to give an appreciablo degreo of anaigesia in thess animafs, The results of
one such experiment arc ahown in table 3 (colomn 5) When the dose was
hnmdml.ﬁm;[kgmhcuunmm!ytbomlmkmﬂympondcdﬂlh
[y sic reaction (resy time > 30 seconds),

At the ago of 2021 days, the rats in Groups VIIb and VITIb weighed on
an average 41 and 49 g theso values being significantly different. Most of
them wero infected with morphine, 0 625 mg/kg subcutaneously snd showed
an almast negligible analgesic responsc. Tho few animals then at hand were
injected with mofphine, 1.25 mg/kg sab y and showed 1 moderate
degreo of smalpesia or much Jesa than that proviowly obtained in the above-
mentioned 20-21 day old rafy after 0.625 mg/kg subcutancouly

Discrmion and Ceachetlons

The lethal action af subcutsneous morphine in rats may be irregular and
complex, so that the administration of different doses can resnlt In about
the same degres of lothality (Jorareasson 1965) The dose med (20 mg/kg

ly) in the investigation reported hers Is about the lowest which
tixs boen found to have a ketial cffect tn rets of both sexes generally need
in this laboratory Thm,evmlhou;hmt:rmﬂnicorﬂnbrymdm]d
fects were observed dmintstrath d dose
ulmr;dﬂnc(uhhllndlln‘lnni).hmnﬂrﬂ]]homdnmdtoboof
nnimadﬂdmgnlmdeuwbhlhum-mncdmmkmm
son 1965) since the dose resulted in the death of approximately 10 / of the
treated females. The teratogenic effect of morphine in this specles b there
{fore probably nil or very low This bs in agreement with the wock of Haxrr,
& Gavmien (1968) In experiments on mice. These anthors found that certain
anomalics (exencephaly and axial skelctal futlons) ocomrred whea morphine
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Table 3

mmm.mumhmw-mmm{mmnamu
rbcutaneoudy) in semeansd b 1 1) dapy o (D45 mgig, satcotneonly) snd
‘Mlmoummmm.mmmummmmnuhammm
phine trrated) and Group V111 (control animals) were texted foor weeks after defrvery
The analperic nction b abown as fhe mean rraction tine b secoodt £ $ £yt 30 kot
éﬂmimmrxthulhnnjmodurmhkdbudmphhluh&dmdwhﬁ
weights of the animaly and their Maction times 30 min, yad fort before the [fection
of morphine (Reaction times § and

Noa-
Reaction times Mitermal  Matrraal 121349 1 13 dap 22
o fomtle

oy welsh Gm"“'om\moﬁmom\m Oun " ferabe

MN=1) N=1) [NeX) N« =10 N
:;:‘:’“m 53404 SKLO6 I9EO4 5003 64207 5404
"Tz';m S6404 S4£04 SSEO5 43104 astOS 5420
:}zﬂ:“ TEL06 161206 16522 $2216 167218 712D
“;“R'a':"' 75405 08429 6621 1621S 105512 192D
Veeight (9 62203 1014269 MUEL0M 73208 2I410 WL

Rundomly sclecied whh regard (0 st from wmstasdardired (a > 1) fimen fro@

v
Analgetimetry The ahalgesic responses (table 3) of rais In Growp
(mlmlmuuumdﬂ(hmmﬁmmpauwnﬂdmﬁ-m)u;g‘::
60 minutes after the Injection were obviously significantly less thas s
the contre! antmak (Group VIIT) T‘bzmﬂgcslc-cﬂondmph::m
hlmgwpmuutheo(htrbmd.\ﬂydmﬂuwummd g
of 10 non-pregnant, adult fepale rats which recefved the samo

morphiee (Group 1X).
menuinampvnmdmnumomwuﬁmmig;
aversge number of young per fitter was 105 £ 0.7 (S.EM) hatmdn
and 11.5 £ 09 (SEM) In Group VIO mw'd#:;d(,a.oiﬂ
nmnboro{younglucwhunefm713147(ﬁmtill of
(SEM) g in theso groops, respectively The allghtly higher mumbers
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mothers at hand to use as a reference (cf the experiments with the adult
animals) Further stodies are needed in order to clucidate whetber tolerance
to the analgesic action of morphine induced i stero 18 of a similar magnitude
and duratlon es that induced in the matermal rats. In this conmection It would
be of particular interest to Investigate whether any changes jn tolerance to
the analgesic actlon of morphine in the young animals would correspond to
changes which might occur during the same perlod In the sensitivity to this
action of morphine.

There are two signlficant conclusions which may be drawn from this work.
Fintly mmltiple (3 or 4 day) administrations of morphine to pregnant rats
during pre-lmplantation, organogenesis or in the late growth periods of preg-
nancy do not result in obvions j¢ changes. S dl

of morphine durmg late pregr resulis in tol to the gesl

effect of morphine which s cleardy demomstrable 12 or 13 days after birth.
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From the Pyychopharmacolery Revearch Undt, Asrhos Usdrenity Prychbaric
Lostlivte, State Mental Honpita) 5240 Rinkor Denmark (Qhdefy: M. Schoo and
A Amdien)

The Relation Between Vasopressin Stimalation
of Renal Adenyl Cyclase
and Lithtom-Indoced Polyuria In Rats

Ry

Olef Virase Arse Gelder and Gle ¥ endctia Otesen
(Recerved Febroary 7 1972 Accerted March 22, 1972)

Absteact. Rema) adeny] cyclase sctivity was estimated in 3 groups of 14 ate. In
cach proup T rats mere given lithlam-containing food sad 7 served as controde
The fint growp was tre 1ed wp 1o one week before 1be ademy) cyclase was
mexsured. Oroep 2 war asslyzed afler 3 wrels of Inbiemdrestment whea 3
rolyuria had developed 1 proup 3 Lthlom-treatmsent was stopped after § weels
and adermy] cyclew menturrd eoc week later shen the polywna had diapparcd
The serum amd kldoey Inhium Levels were the same n groom 1 and o bt b
the pohyutic fat vasopronia Mimulation wat lower Afier 83 ATP repeneration
tptem had been added to the Incobate 1ho same phenotocnon was ween o
xtoup 3 the cffect of vasopremin stimmlation on edemy | cyclae was the 1amt B
in cottrals Our resuhs show that the Lithiom-isduced intutson of vasopresin-
ulmolated ademl cyctase acinity dovelops graduslly t revenible and b -
dependent of the lihhum bon liscll

Key-words, Adeny! cyclase — lthfum  vioprenia - pofyuris

In a previous paper we compared the renal adenyl cyclase activity of 18
'vith Tim o polyaria with tbe setiity of control ras Bk £hem
lithium (GIISLIR ef al 1972), Tt was found that the formation of adeotind
3s mooophomblla(cyﬂchﬂ')ImAWm;ﬂmuwadey“:;
pressin In homogenates from polyuric rats than in homogenates from
not given lthitm.
thmmmmmnxmuummmmindc«?;x
ally: when Lthium Is dicontinued, it disappears grach The " 2o
pfm!uudymludncrmlnedmrchumhctwmlhﬁdﬂw -
d]nppcnmccu!wlyud:mdmempomeo{memﬂmﬂcyw

vasopressio.
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Thres groups of rats wers compared. They were all glren lithiom in doses
which according to experience would lead to polyuria In three to four weeks
(Tiosssen 1570). The first groap was examined a few days after the start of
the Ithinm adminktration when the serum and rena! Hthiom levels had
become stabilized but when polyuria hed not yet developed. The second
group was studled after the development of polyurla and the third group
was stodied after the discontintation of lithium at a time when the polyura
had dissppeared.

Material snd methods

Mals Whtar atr bnitlally welghtng sbomt 200 g wers randomly divided into thres
groope of 14 ankrmis In each group one half of tho ankmaby wers given food con-
talming fithtrm chloride I & concestration of 40 mh/kg dry weight; the other half
recetved the rame food without [ikbem. All the anfmals bad free access to tap water
Groop po. 1 wat siodiod after Lithiom sdminkstration for 3-7 days at this time the rats
had not yet developsd polynrie bat thelr scrum and lddney Hihiom levels wers ibe
wree &3 In group pa. 2. Tn groop po.2 the mis ware cxamined after Tbdum admink-
tratlon for 34 wetls when & pronoonced polyotia had devdloped Jn groep »o.3
Hthimm was diecontinned after § weeks; the amimals wers shudled about & week later
when tho potyerta had disappeared.

Tho determimation of remal adenyl cycisse activity was carried oot =3 described
previously (OEmsUeR of of. 1972); & ldhiem trested 1t and & cootrol rat wero always
stndied an the same day In group 2 sdditioml determrinations of adeay] cyclese activiry
mmﬁdmvﬁhumchodMlhmduAﬂrwmmm
fim] conceetrstion in tho facubate war ph
m‘uwmmmwmmmmmm
thormn were detormined by flame photometry (Asmesen 1967).

Besuity

In the table each value represents the average of duplicats determinations
on 7 animals, the results sre expressed in pmobes of cydic AMP formed

lﬂumprummd.luppunthatmgmplmdathnudmylcydmm
stimulated to the same degree 1o the Uthlom treated aad tn the control raty,
In group 2 there wws less stimulation in the Hhium treated than in the
control rats (aboat 30 per cent lew). Tho use of a0 ATP regenersting system
Jed to s Increased formation of cyclic AMP in both palynrie and control
ats, but the difference between the groups remained noaltered,
Auhndmoﬂmmly-mmurﬂcdout,thaummdhdmyhthium
levels were the same in groups 1 and 2, 0.6-0.8 mM in the szrum sad about
1 mM per kg wet weight in tho kidney thseoe, In groop 3 the lithinm kevels
had falien to values not detectable with the methods osed. It should further
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Table |
Renalad  evelaw acihitg | pmler'mg protel afier 13 min.

Three groops of rat ‘mmm-hhlnuwnkfmmmdrmﬂml

Syel uacu\hk\uummwrd-hhmn{mmrdmccmplmuwdlm

7 days, ard group lw)-u\numﬂlw;dymhudn&mh

#roen 3 Dithlem treament wa stopped after S weely and the suslyser carried ooty weck

LﬂrrThtSl:\(fn\hefwmmmhrhdnbhm-dwdulud:ymhnal

varistiom while ln the 1at columa the SEM f1 the vrarlation of the mean of the
weven differencet.

Unuimol  \acoprenia |
aled Stimabilion || Differerce
Mean SEM Meam STMHEMean S EAM | Sipnificence

Mo
Couatrol 7 0 1Y 2 N 90
Group 1
Libbom 7 19 46 13 94 ok 75 O
Comrol 7 14 53 28 91§ 13 01
O liom 7 1 69 o 75 e 55 TS
Comrsl 7 180 78 34 140 18 76
roup "R p<ont
G Lihwm 7 155 4% 1 M1 138 me TS
Courol 7 It $4 18 1L T 96
1

G ki 105 70 1T &5 &1 50

SEM = Sundand error of the mean,
R = ATP regencration,
NS = Not dgnllicant

be poted that duc to the washing m3ed in the preparation of the
panticulate fractron for enzyme anatyses, no fithium could be detected even

in the Incobates from groups 1 and 2.

1 Discersion
some of the

In our previous paper (Grsure ez f 1972} we discussed
factors which might be responsible for the & d ton of yelc
AMP n incubates with tissue from polyuric rats, Lack of ATP dac to ather
ATanulﬁn;pmcesu:wulmmgthemssMHUﬂmmﬁamdhlbﬂd
pedments presented hero the dilference between the polyurc ad the eontrol
rats persisted In the presence of an ATP regeneration fystem poly-

Inlhcpn:scmnﬂnlhepm-lom::xpcﬁmcnuu\zcnrrefenacbct'fgﬂmﬂjﬂ
u.u'iz:rlt:m:dmm:m(rms:t:u.ldb-:clemcmsrruedvdl!:lm:nbtlﬁtﬂ"'-‘mmc
Ilmlumcouccnmuonwmlootuwlobedemmhcd.mmd}am
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phenomenon studied does not depend on the presence of the Jhium jon #t
s¢it The serum and kidney Lthium concentrations wero the same in both
groups of rats neverthekets there was no polyuria and no Inhitktion of the
yrwpreeda-stimulated ademy) cyclase In group 1 whereas these phenomens
wero present in growp 2

‘The results obtalned with group 3 shows that both the polyorla and the
kowered vasopressin-respomse of the adenyl cyclase arc fully reversible.

Our observatiom indicate, that the lithium-indoced vasopressin-resistant
polyuria is camsed, at Jeast partly by the Hthlum-induced lowered response
of Kdney adenyl cyclase to vasopressin.
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Trom the D of Hhtology Th logy wed Prychiatry I, Usiverdty of
Lond, Ss vden

Effect of Chiorpromazine and Desmethy limipramine
on the Syntheshs of Noradrenaline from Dopamine in the Rat Heart
Br
Lan Nedgma
(Recel ed October 7 1971 Acvepted Pebminary 28 1972

Aey-nond  Chlorrromarsse - devmeth) lmbprsmine - morsdrenating — dopanmioe

Following the admint of adrenaline and norsdrenaline (NA), there
is an sccumnulstion of these amines in the peripheral sympathetically ber
vated trosves (Raan & Giore 1955 Luirm 1956 Wimmer a1 of. 1961 Asodx
1964) and the rate of uptake seems to ba related to the blood flow s well
a3 to the sympathetic nerve denddty (hovoe ef al. 1964) Catecholamme &~
take s significantly reduced by pretreatment with chlotpromazing (CFZ) &
desmethylimipramine (DM the latter belng the most poteat In this reypect
(g Camtsson S WaLDICx 1965). The aim of this stody was to investiga®
the effect of CTZ snd DM on dopamine (DA) episke in the rat heart shortly
alter the DA sdministration as weil #s the clfect of these drugs oa the
hesls of NA from exogenous DA.

Adult Sprague-Danlcy rats of eltber sex wete used. The animals were kept
In cages at 30-32* durlng the experiments. Animals recefving saline bojec-
trons served a3 controts. CTZ HCI (25 mg/kg) or DMI HOL (25 mgfkel w8
injected intraperitoneally 2 hours before DA HCL (2 mglkg) Entravenowsly
Some animaly received DA only The animats wero Miked by decapllation
10 min nnnlh:DAin)ccﬁomeohunmthcncmup:nddrde
filter paper to remove blood belore homogenization. NA and DA were detet
m&nedmfdsuwummaumss)ummmﬂmmwﬁgﬁi
Tissue mema dlng to those used for the chemcal
; 'f‘?byunm:*w':'mrndawm&ﬂwu(mFW“
OwiAN 1965).

Dopamine (DA) and noradrenzlr (NA)w-mwﬁsmismhh‘;ﬁ
heart. Chiorpromezine (CFZ) or Seamethylisafpramine (OA(T) was
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Studies on Mechanieal Actions of Meplvacaine (Carbocalne®)
and Its Optlcally Actlve Isomers on
Isolated Smooth Musde Role of Ca** amd Cyclic AMP
By
G. Aberg and R Anderseen
(Recetved Febevary 10, 1972; Accepted Musch 3, 1972)

Abstrary, The affects of the local anacsthiatic meptvacaine and bis oplically sctive
pommrs on echamieal activity ws well as tho wpiake and mobilization of Ca*

ummmmm.mmmmm-;
boer being the moet potsat. The reluxsth

Cuvr Part and 3 but act by K h!ﬂamkuntwtﬁmﬁnl.‘l’h.mhd
£Ca++ was rednced, D{—)}-meptracaloe taded 0 be more poteut than L{+)-

Key words. Loca) anacsibetics - optical bomers ~ moooth mowcte — Cat+ — cyulic
AMP

1In the lsolated rat portal vein tho Jocal anaesthetlc agent mepivacaine had
a bipbasic action on the myogenic activity (ArExe & WanLsTOu 1972). The
contrectile action was not atways mssoclated with an incressed spike activity of
the cell mombrase. Subacquently higher of the drug relaxed
the mucle despite a ing end fm dectrical activity The L{+)-
m:h:dnnmnprcmtrwtﬂuuﬂwtmdxt)( Hsomer Tho D{~)-
isomet on the other hand had a mor® pronounced relaxing action. In this
imvestigation our alm hay been to stody the mechankms of the myogenk: ac
tions of mephvacatne and {ts komers.

71 Acs pearmesstogest, vol 31, fae, 5-4-1
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It isgmenﬂybﬂlcmdlha(comncl}onmdrtlmﬂonu{nﬂamlmds
of muscies depend on changes fu the concentration of free Ca* ko the
myoplasm (S\wnow 1965 Envsin & Eano 1968). It has morcover been sug-
gcncdthathth:unomhmmdcﬂnrehuom;xﬂtbnbmmbmﬁnzdm
for Ca and local ansesthetic apents (Wriss e af 1961 Frsrroy 1966).

There v alsio a relationship between Ca* and cyelic AMP in smooth
muscle as cyclic AMP stimulates & caldum binding mechanion: Gk
schion may explain the relaxing clffect of sd pc precepior lating
agents on amoath muscle (ANDras.on & Niscov 1972).

We have investigated the relationship between the myvogenic action of the
mepivacalne isomers, Ca** and eyclic AMP i smooth muscle Our (it um
w33 10 Emvestipate these relatonships In vascolar smooth muscle (portal vein
of the mt). As the amount of 1mooth musde tisste was a Limiting factor bn
the d Ination of some bolic we aleo neluded studies on

the gumea prg tacnia col

Methods

of the portal vein wers obtatwed from male Spragpme Da by Dts weigh
Ing 180-210 g, snd Wacnia coli preparaiions were talen from the guinea-pig crecom
Only female guines pigy weighing 00-300 g were osed. All the antmaly were hilled
by vtonneng wed bleading.
The "pormal® Krebs solution contaimed (mME Ns 13747 Cass 24¢ K S
Mgt L1 Q1 1311 HOO; 1348, HPOr 119 and glocose 115 The=h-hish Krebe
solotion contsised 123 @M K aod was obtsined by replacrmg NaCl of the sormid
sotmtions with KCL In the axp in which the fsm betwcen calchem joms
and local amacathetics were mmiked e the guineaqvy taensa coll, & wodificd Bd
depolarizing KNOpRinger was used In this solution there wm o precipiation o
alchem salts when the external Catscotcentration wis isreased (Frxual & Claro
1968), The comporltion of the KNOyRinge™ was (mdM) k1576, Mg 10 *Os
1484, Q1 101 HCO3 36, and giocoie SE. The solutions wers kept ag 37 aad s&v
aerated whh & g2 mbture cortaloing 77 % O and 3~ COp pH was 74 it
liwnm‘mmmﬂmmmmh-mmm
nmdwmmm‘mmwmukqum
FTO3B) and the mechanical acthitles of the prepanations wers reeorded 0w & e
potysraph. When the crclic AMP content was determined o the it paral yom
mhmwﬁdhﬂawmmwh“"‘“d

g device,

paper Ths thwnes wers dimoived hn { ml sinee
»dded {toluens containing 5 g PPO and 03 g dimetiyt-
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comtent of bolope was counted [n » Packard Tri-Cart Hquld scintiflation spectrometer
‘The digtribation of $Ca In the whols theme b cxpresssd by the following equation:
coatent n wet thmey (dpmimg)

disribetion (X) ™ e, concemration (dpmil) % 100
Myopemic action of drugs on the rat porsal vein.

The mesche showed rhythmic contractions and relaxations. In order (o measme the
different degres of mroscolar activity quentitatively the prodoct of teesion (N) and
thmo (mrin) was cakeulated for 1 min. periods at certaln pro-flied times before and
after the addition of local ansestbetics. The prodoct was mexsored o the ares wnder

fors the addhion of the first dose of CaCle lumoﬂwhtnﬂthcad.rmuﬁcp—n
captor blocking agent sctalol (4-2-boprop:

bydrochiorides; Lo ef al, 1965) was osed. This f-blocker ks no Jocal anessthetic of

fects of ftx own (AMMO & WL, 1967). Tt wms sdded (0 the tath solution 6 min be-
fore the first dose of CaCly.

Cyclic 35" AMP was amalyzed eccording to the method of Kuooc & Raty (1968),
nccording to KuxowsTz & Pocn (1970) bet withomt

were DL-mephra (M = 203)
L{+)mepcracaine, D{—)-mepivacaine,

Remlts
Rat portal veln
Myogenic action of the meplvacaine lsomers
In fig. 1 a comparison Is shown between the products of tensfon x tlme
(for explanation sce “Methods™) for the L(+)- and D{~ )-tsomers of mepl
vacaine. In the lower concentratlon (3 X 10~ g/ml) L{+)-mepivacains had
8 predominantly contracting action on the mmacle, whereas the D{ — }-samer

had a relazing action. In the igher concentration (3 X 10°# g/ml) both Lso-
mers produced & marked relaration.

Infhuence of Ca** on the relaxing action of
After treatment with mepivacaine (3 X 109 g/ml for 10 min.) the
did not respond to other contracting agents snch a3 poradrenatine,

e
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® l{ B0 “gimi] w
Ll
a P
( L]
L
m]L]l ll »

Fig. 1 Myogenle effect of Li+) and [X—)mepl scalne on the m ponal veiz, &t
preved in per cent of the mavioal myogenic effert of the ledividoal muscles dareg
botadrenaline (1 X 10-¥g/mh-Iminced contractions.

C = Spontancous myopenic scinhy
Bary marked with $ 10, 15 20, 30 show the myoprmc activity (meam 3 SEM) &
different times after adlition of L(+)- or D{—)-mepiracaine Lo the bath floid

or h (fg. 2). Moreover when the portal vein was relaxed by mephvacaine,
the addition of Ca  to the bath produced a contraction. Ca  could be sub-
sthiuted for Ba or Sr* (fg. 2) The relaxing oction of mepivacalne was thws
specifically comnteracted by caldum ions or by lons which have been shown
2 1o substitute for caldum lons in the coniractile process (Emsis & Bx0o,
1968)

Relaxing action of the mepivocaine Isomers on the potassium comtracied

portdd vein

If the muscle was contracted by h (128 mM) the contracting sction of
the mepivacaine omers wus absent, though the relaxing cﬂeﬂ""‘ﬂ
present. There was a significamt dilference benwccn|.!:u:r\-.1md‘lfr:'C""f""me
the two lsomers the D{—)orm being 2-3 times more potest thad

L(+)orm (fig. 3)
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Influence of adrenergic p-receptor blockede on the relaxing actlon of the
mepivacaine isomers o
To test whether an adrepergle prrecer |maol. wn in the

4}
L | , ;
Nor  Mep «*
E0sec

mzmmmmmdmm@,xxwm
end coatracting apemts jn the rat portal
Nu"-mﬂnll)(lo"y‘m].
Higt = haaming 1 X 104 gfml.
The concentration of Cat* Ba** and 8 was 8 mMd, the conctntnition of K was
128 mM
*) Artefact doo 1o changs of solation.
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Flg. 3 tabiblory effect of the mepivacatne bomers la Increaring doues on K ~cosirscted
at porial vein, Tests without and with pretreatment with sotalol, The bers show men
+ X E M. from A cxperimenty, Tehthal tension In h contracted mescle w 100 %
The slgnificance of the differroce between the bomers b shown [ the figare, where
man P00 mam F<00land  meam P <003

relaxing action of mepivacaine, the K ~contracted portal vein was treated
with sotalol Sotalo! significantly dminished the relaxing sction of L{+)-
mepivecaine but not that of D{ — F-meplvacalne (fig. 3).

Influence of she meplsacoine iromers on the consens of creiic AMP In the
portal vein.

Swce wdrenergic f-receptor blockade reduced the relaxing sction of the
L(+)}-somer but not of the D — }somer it was of interest to determine ibe
effect of the two isomers on the content of cyclic AMP of the portal vei-
After Ineubation of the preparation for 10 min., L{+)}mepivacaine 3 X il
g/ml) Increased the content of cyclic AMP by 0.75 3 030 X 167 molis
wet weight from & bal valus of 180 % 0.20 X 10 moljg wet weight
(n= 8 P<<0.08). The D{—)-lsomer was ineffective: the change kn cyehe
AMP content was +ouo.5xw*mo:,:gmnwnmnpamw:
mpmuntcdwllhwulol(l&AlO"ngI)ﬂwbanﬁnzwﬂm%[P
eyclic AMP content was completely blocked. The charge In cyelic e
.fmunaddmmdmeu+wmm~uxu4xm—0mw§dﬂ
wd;h(in(hnprnmmulmuLoLTheremlmﬁsihﬂyd@mm
(ermcn(?<0.01)lntbeaonlmlo(cycﬂchPbﬂ“ﬂlm‘::“m”d
ﬂthu+}mcplncahw(wlmnutwmhnudduncpnuuwd sotalol,
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Fig. 4. Maximal contractile force eficltad by the mepivacaine bomers (1 X 108 g/mD)
in the feolated guimea pig taenfa coll (left ban) Tenslon {3 cxperecd n per cent of the
rmaxiral contractlls forcs by cxrbachol (1 X 10-T g/ml) bn the Individual moscle

with
15 min. after the addition of the [ocal enaesthetic apemt to the bath finid, Cx*+ (4 mM)
was added. Tho marimsl contractions after the adminbtration of Ca** were also ex
prewsad 21 per cent of tho carbachol-contractions xnd are shown In the figare (tight
bary).
Tha curved line thows the fisdlng from  typhaal experfmant whh DX —)-mepivacaine
(=LA) snd Cat+

Guinea pigtaeniacoli
Myogertic action of L{-+}- and D{ — }-mepivacaine.

Thes initial contracting action of the mopivacaine isamers was stronger In
the taenia coll than in the portal veln. Tacnla coll, but not the portal vein,
was contracted by both somens in a concentration of 1 X 10°% g/ml. There
wis a sgnificant (P << 001) differsnce between the maximal contractile of
fects of tho isomers in this concentration on tacnia coll, the L(4)omer
was most potent (fig. 4)

After u short time (5-10 min.) the muscles relaxed, but the relaxstion was

tred by Ca The effect of Ca*™ was less inhiblted by the
L(+)Hsomer than by the D{ —)-somer P << 0.001 (fig. 4).
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o 0 0O log mMCa”

msm«udmmlmmaxwwmnmmmmmmmﬁm
response curve for Ca ia K <tepolarized guises Mg tacnla cofl. Each point represts
mean £ S B M of $-11 experiments

o 4

@
m&wdumuxlwumnmmwmeumag:}?ﬁ-ﬂh
{1 X 10-¢ g/mD) on the logarithmic concrntrution-Tespoasa curve for
mew&mmwmzsaudruw
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Influence of Ca** on the myogenic effect of mephvacaine,

As shown In fig. 4 there was an anteponlsm between the actions of mepl
vacaine ard Ca** in taerla coli a3 well &3 in the portal vein {fig. 2) This could
be studied in a moco quantitative manper in the taenia coll than In the portal
veln. In these experiments the mmclo was made cakcium-poor by Incubation
for]Omln.inluHum—[memddepohﬂﬂng(mﬁka)bu!fumlu-
ton. On sddition of Ca** In | fons, the muscle
according to the “control cm-veu(ﬂg.! Pretreatment of the muscla with
meplvacaine shifted the dose resporse curve of calcium to the right, but jt
was still possible to obtain the maximal contractile effect of calclum. This
chango of the dosc-responsc curve might Indicate a competitive antagonatsm.
The D{ — Hsomer was about 3 times a1 potent a3 the L{+)-isomer in anta-
gonizing Ca** (fig. 5).

To tnvestigate the postible role of ad ic f-receptor sttmulation in the
relaxing effect of mepivacaine, some of the muscles were pretreated with
sotalod (5 X 107# g/ml) The dose-response curve for calclum in the presence
of meprvacaine was then shifted to the keft (6g. 6). There was no effect of
sotalol on the control curve. Adrenergie p-receptor blockade thus reduced
the mepl ine-induced hibk of the caldl raction.

#Cq+-uptake in taenia coli

Tf the tension of the muscle s & function of the myoplasmic concentration
of free” Ca** the results presented in fig. 5 and 6 indlcate that mepivacaine
in some way reduced the increase in myoplasrmic Ca* on sddition of ex
termal Ca* Tho uptake of 4Ca* from normal Krebs solution was therefore
stodied The uptake was significantly reduced by D{ — }-mepivacaine after 5

Table 1

Effects of L(+)- end D{~)-meptracaloe (3 X 10-4g/ml) on SCar-uptake in tuenise
coll, The cootrol valoe thow the distribution of #Ca la per comt {for explanation seo

"M ethocs™).
The sigrificance of the chasges from the control valoes ars shown in tho table, whers
* mexns P <001 asd mexm P <008

Thoe of valos
Incabmgion N Coatrol ralzs clictied by
with 4Ca (min) L{+)}mepivacatos  D{—)-mapivacaine
s 9 »1t 50 = 124+ 63 — 167+ d4a%
15 7 1573+ 20 ~ 152+ 55 — 29t 74
2 s 16764237 + 19107 — 21s+104
® 9 IMA2100  — 90£102  + 09t 44~
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min. (P < 001) and 15 min. (P < 005) and by L(+)-mepivacaine after 15
min (P < 0.05) There was no signlficant reduction in the uptake of £Cs*
after incubation for 30 min. or 60 min. (1able 1)

Lffect of mepivocaine on Ca* release

Humwitr et o (1967) demonstrated in intestina)l smooth muscke that H
the muscle was expoted to Co at & high external concenteation (36 mMj i
way initially contracted bt then relaxed. If the external Ca —concentration
theteafter was reduced 10 zero the mincle d apain The ¢
in the Ca free bulfer solation was attributed to a mobiluation of tsoe
bound Ca

The corresponiding phenomena were fornd in our experiments on tzema
coll The contraction clicited by changing to the Ca frec bulfer solution
was Increased by 166 £ 39 per cent (P <001 1 = 8) If the buffer coo-
tained DL mepivacaine 3 ~ 10°¢ g/mt (fip. 7) This experiment indicated ihat
the contractile oction of mepivacaine was associated with a mobdliration of
bound Ca

Metabolic actiont of mepihvacaine in tarnia coll .
The influence of sotalol on the mepivacaine Induced inhibiton of Cs
contections (fig. 6) indicated that the cyclic AMP system was favoived n

the relaxing action of meptvacaine,

~E_)

%}:MWW

cxincrbation £
W7Tlmhcoﬂwrpnﬂomcw!ndh1‘ﬂci“"5"m'm *
60 min. fn Cat-high (40 m3 D sofation. DL mcphrecaine
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Fig. 8. Influesce of meplvacaine (3 X 10~ g/ml) alooo and bn combinstion with satalol

(12X 105 g/ml) on teowdon, cychic AMP cootsnt and phospbarylass  acihvity in

pormal and Catt-poos guinca-piy tuentae coll 90 s, afier additlon of the drug. Mean
tREM (n=54.

After bation with DL-mep {3 X 1074 g/ml) for 90 sec. the
cantent of cycllc AMP in isometrically contracted teentae coll was Increased
by 2.04 £ 072 (P < 0.05) from a mean bssal valoe of 5 49 £ 0.66 (fg. 8).
The increase In cyclic AMP prodoced metabolic effects in the nroscle alnce
hwutaundumthnpbmpboryh:en-cdv{tymlholn:ruxd(ﬂ;s).ﬂ

the p- were inhibited by sotalol however the s
ndiomcqurlvmimmmblocbd(ﬂaﬂ) N
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Mep
Fig. 9 A Relationihip between the increase kn cyclie AMP content and the jocress of
teasion In tatelae coll, pretrrated with solalol (1. X 10 5 ghmD). The amiph ot
rerformed 90 sec. after addition of mepivacaing O > 1074 g wl).
B Inhibliory elfect of mepivacaine G 10~ g/ml) os phorphodeestersse activhly b
notmal and Ca poor tachlae cofl, Terts wlthout and with pretreatment with stk
(1= X 10°8 gl Mean % S.E M (am 570

There was a correlation between the increased tension and the mereased
content of cyclle AMP in the presence of mepivacaine (fig. 9A). The drug
abwo reduced the phoyphodiesterase activity (fig. 9B) In order to hnvestigate
f this reduction was cawsed by the high conc fon of free” myoplasmk
Ca to which the contractile effect of mepivacaine wos related, expenmentt
on Ca -poor preparations were performed tinco contracting agents do B
increase the content of cyclic AMP in such preparations (ANDIRTSON bO-
published resulls) Mepdvacaine, however still increased the ovelk AMP
content and the phosphorylase a activity although its effect on the tension
was blocked (fig. 8). Homever If sotalol was added to the Ca -poor musc
the metabollc effects of mepivacaine were blocked (fig. 8) The increasing
elfect of mepivacaine on cyclic AMP and phosphorylase a In isometrically
contracting tacnla coli was thus dependent both on the stimmalation of
adrenerglc f-receptors and on an inhibltion of the phosph activity
that was elicited by the L d lon of myoplasmic Ca**

Discrslon
Th:medunhmo(ucﬂmo{u;muﬂthnmbloddﬂtmnpﬂwh”
been widely discussed. In a recent review by Rrroue (1971) alterpative
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hypoth have been th hly d and the rolo of Ca** discussed.
Nosinglahypothﬁhcmﬂdexpldnllllheobawcd{m

In earlier experlments we found (Asrra & WaisTefet 1972) that there
wis po Initle] inhibition of the electrical spike activity by local anaesthetics
{n smooth muscle membranes. Instead this activity was Increased whether the
muscle was contracted or relaxed The contractile action was probably related
to the Increase in the clecirieal activity The relaxing effect was not due to
an inhibition of the spike activity of the smooth muscle membrane, as the
relaxing effect was prodoced before any hibitlon of the electrical activity of
the muscle membrane was cvident (APLRO & WarLsTa(at 1972) Further
more we have found that there was no Inflocnce of mopivacaine on the
contracting effect of ATP on glycerinasted taenta coll preparations (Anexg, to
be published), These facts Indicats that the relaxing action of the focal
anaesthetic agents In smooth muscle was independent of the electrical activity
of tho smooth muscle membrane and also of the cffects on the contactlle
proteins, but probable infl d the excitatt raction coupling mech-
antsm.

1f contraction and relaxation in smooth muscle s regulated by the concen-
tration of frec myoplasmic Ca** then the interaction between Jocal anaesth-
ctic agents and Ca* I3 of primary interest, Fringten (1963 & 1966) has
reporied that procaine and tetrocaine reduced the effiux of #Ca from frog
sartormns muscls and rat wlerus. Our studies indicats that both jsomers of
mepivacaine reduced the uptake of SCa*™ in taenia coli and also competl-
tively inhibitcd the comtractide effect of Ca* In K -depolarized muscle (fig.
5 & 6). These results indicate that the pamage of Ca* throngh the cell mem-
brane was reduced by meplvacalne the D{ —)}samer tended to be more po-
tent than the L{+)-isomer FrnsTEmN & Pinae (1969) and Thowre &
SEBMaN (1971) have reported that local ansesthetics inhibit the binding of
Ca™ to the sarcolemma in striated muscle, This Idicates a competition for
carrier sites In the cell membrane of mmcle tiemue.

An inhibitory sction of mepivacaine on tho Ca**-pasage through the cell
membranc cannot, however cxplain sll the cbeerved effects of tho compound
on smooth muscle. The rosults presented in fig. 7 for example indicate a
mobilization of celinlar Ca** and in low concentrations mepivacaine had a
contracting offect despito the fact that the inflow of external #Ca* was dg-
nificantly reduced. Jormeaon & INest (1969) demonstrated that tetracalne in
2 high concentration increased the cifiux and reduced the net Ca* accumuls-
ﬂmuithenmaphmlcmﬂmlumo&nbbhlhludmmdamdm&
SeEMAN (1971) observed that procat laced Ca* y bound to
the reticulum. 1f local anscrtbetics also have thesc effocts on fntracellular

Cl“-ctncu,mlnhﬂﬂﬁmdthc&“-pﬂupthrwgblﬂh‘lmﬂuh:m.
branes muat be axsumed too.
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Tiz. 9 A Relauonhip between the lacreave in Q tlic AMP content and the tacreas of
tervion in tacniae coll, pretreated wih sotalol (1. % 103 g/mf). The amips o
performed 90 sec. after addstion of meplvacatns (3 > 1074 g/ml).
B Inhibitory effect of mephacaine (37 10 ¢ g/ml) on phorphodicaerase acivhy W
nomal and Ca -poor taenlze coll, Tests withott and with pretreatinent wich sotakd
12104 g'mD). Mean £ SEM (a= 5T

There was a comelation between the inctrased tenson and the incresed
content of cvellc AMP in the presence of mepivacaine (fg. 9A). The dreg
also reduced the phosphodiesterase activity (flg. 9B) In order to bmcstgalt
if this reduction was caused by the high concentration of “free
Ca to which the lle effect of mepivacaine was related, experiments
on Ca -poor preparations were performed kince contracting ageats do st
increase the content of cyclic AMP in such preparations (ANDERSSOY o2
published results) Mepivacawe, however sill increased the cyefic AMP
content and the phosphorylase a activity although its effect on the e
was blocked (fig. 8). However If sotalol was added to the Cav*-poor moscie
the metabolic effects of mepivacaine were blocked (fig. 8). The incressin

1%

effect of mepivacaine on cyclic AMP and phosphonytase @ fn

conteacting tacnla cofl was thus dependent whmmmmm

drenergte fi-recep and on an Lnhibitlon of the pt -,,1"’ o

that was elicited by the i d cor fon of myoplaseaic Ce
Discrssdon

The mechanitm of actlon of ageals with nerve blocking properties b
bccnwiddydhcmscd.lnlrcccnlrcdc'bykm:m:(ml)-lm'uﬂ‘
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From the Department of Food Hygleno and tho Depasiment of Anatomy and
Embryology Collepe of Veterinary Medicine, Hehinkd, and tho Electron Microscope
Laborxtory Uniwenity f Hehdoll, Finland

Ultrastructure and Microsomal Protein
Content of Mouse Liver Treated with Methyl Mercury*

By
Timo J.Pekkaoen ead Lars-Axe] Lindberg
(Recefved Tume 16, 1972; Acvepted June 23, 1972)

Abstrect 24 male NMRI mice welghing abowt 17 g exch wers dividad into two

in groop 1 as compared to group 2 (the controls)

Kne-words Methyl mercury — mkrosomes ~ eodoplssmic reticutum.

Provicus work showed that a aingle administration of metiyl mercury
significantly decreased the duration of hexobarbital (enbexymalem NEN)
hypaosis in rats when hexobarbital was admintstered ons week after the
methyl mercury treatment (PEXKANCN & PEXZARINEN 1972). Thero are
soveral druga, known as inducers of liver microsomal drug metabolim, which
produce this effect (CoraueY 1967)

Chronlc sdministration of these Inducers to experimental animals leads to
an incresse in the microsomal fraction of the Hrer and to hypertrophy of
the xmooth endoplasmic reticulum (SER) which I part of the microsamal
fraction. Tho microsomal proteln coatent of the Uver Incresses, as does the
actfvity of several drug-mtabolbring emrymes of the Liver microsomes (Con-
NEY 1967 CorOMEY ef al. 1960)

Tho parpase of this inveatigation was to study the effect of 2 singlo methyl
mercury treatment on the nltrastrocture of the Iver and oo the microsomal
protein coatent of tho liver of mice,

This work was partly supporisd by the Emfl Asttonsa Foandation, Tumpere, Finlend.

1 dsta phacssciopsn, vol. 1, taes 367
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Materlal and methods

Mals NMRI-mke (°4) weighing aboat 17 g (mege 11 201 g) were divided into twe
equal groupe. Groop 1 recdved methyl mercury sitrate, fo & doss of 03 mg Hyke
{ntrapenioneally la sbow 03 ml water and groop 2, the control groop was ghren 05wl
water aho Intraperitoneally Before and during the experiment the mice wae fed 2
standard laboratory dict od Lbdtam (Orfos, 1ichiokl, Finland). After 7 days all the orice
were nacrificed aoder Lght ether anacslhesia by severing the abdomiml sorta

Tor cumination of ultrasmcture small cabey of Ther wers fiied o 3% gt
aldchyde buffered wuh 0.1 M phosphate belfer for 2 hour 31 4 and pH 72 T
nmples wers then rnsed i phovphatebuffered 02 M encrore pH 72, for 24 boen

)

%@w ey s
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wd  After dehydration with eyl sicohol the samples wero embedded in Epon (Lurr
1961). Sections cut on a LKB nltrotome were stafned with jesd citrate (REveoLDS 1563),
The soctioss were txamined in an Akshi Troescops and & Fhilipe FM 200 electrom
microscope (fig. 1 & 7). From the remalnder of esch fiver 2 10 X (w/v) moypemion was
prepured in an kecold homogeniziog medhum conainting of 0.25 M socrose in 0.05 M
photphate baffer pH 7¢ The homogenlzation was performed with & Thoxmas thssoe
erinder {A. H. Thomas, Philadelphls, USA) for 30 secondt xnd with 10 op and down
movements with the pestle. Ono ml allqoot of this hosogtnate wis med for (he totad
peotein determimation (LowaY of of 1951). Microsomes of the homogenate wero further
peepared 51 described by NreLson ¢ al. (1971). The microsomal peotein wat determined
according to Loway ef al. (1951).

T T ST TR
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Vidare
Fig 2. Electroa microgragh of liver from movse 7 days after  lngle treatmen
metiyl mercury (Magnification X 22,000 SER seoe probfersted, RER b~
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Results

As scen by clmmmhomwthemumdmemhmdoplmk
teticulum seemed to be Increased and it became veslcolar bn pature tn a2
the mice treated with methyl mercury (fig. 2) Parallel amays of rough endo-
plasmic reticulom bad to a great extent dsappeared.

The mean liver microsomal proten content was 83.20 + 996 mgly
(mean £ ) liver protein in group 1 trested with methy! mereury and
6837 £ 8.30 mp/g In the control group. The difference between the meams
bs significant (P << 001 Students t test).

Discrton

The sdministration of methyl mercury to mice led to bypertrophy of the
wmooth endoplasmic reticulum In the hepatocytes and to an Increase In the
amount of microsomal protein. This s a commeon property of drugs known
as inducers of microsomal metaboflsm (CororTy 1967) The results obtained
thos give further evidence of the chamacter of methyl mercury as an indocey
of Ihver microsomal drug metabollm,
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From the Depariment of Pharmacology Royal Vsterinary College,
8-104 85 Stockholm 50, Sweden

Age Dependent Changes in Nicotine Distribution in
the Brain of the Mouse

By

Torbjirn Siiwadiks sad Premysl Sleaina
(Recetwd November 19 1971 Accepted December 22, 1971)

Akatract Mice of different ages, from sewbom to 26-day old, wers fnfecied

In a previous study by STALIANDSKE ef af (1969), It was shown that the
tolerance to the lothal effects of nicotine in mice decreased from 3 to 12
d;y:ullpdn;ﬂolumcomhnmhauﬂn;upadtyforn}codnedctm
tion. A possibie expl for this ph in a later
mﬂyhy&rAmNm&SM(lWU),lnvh!dxhhalbﬂ!nwmm—
tloms of nkotine In mico of vardons ages were determined. It was found
ﬂnilaﬂnlmmﬁmcnmm&mlntbebnluutlzd:ﬂofq:mﬂm
ficantly lower than at 3 days of ape, age
I.nbn.lnlc-lcrnm:etothnlﬂhnl:ﬂ:cucfnlmdna.

Apart from this change in brain tolerance, other results in the same
study the pr of an additi; variable condition responsible
fw-deu'mu(ﬂmdoumytopmdwulbthﬂeﬂ:u,nwhund
that brain to bood ratios at death varied with sge in & way suggesting an
increasing abillty of the brain to concentrate nicotine with incressing age.

The purpots of the present stody wes to analyre thk phenomenon more
closely

~
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Methods

Componnds.

Nicotine N-metin 14C way obtained from the Radiochemical Centrr, Ameniom.
En;hnd_mlpodﬂcmlvhyollhtuhum\uwmd‘mleM
muymwhmmﬁqnmdwm«mmmmm
19701) wam found (0 be above 98 %

Antmal experiments,

Mice of the NMRY sirtia ket 0o a standard peltted dict
nk-mmm!m-wmmmunmmww
ranged from € to 9 young and the youp were lept
Tiolated pregnant females were lopected In the momning and
coothfered (0 he pruborn (0 dant) when they were
actual age of the anfmal might be anywhere from 0O
Age aitributed to H b thh work, Dapetimental wnimals of ihe esibmated
(newborm) 13 5 7 9 1., 17 and 25 dayy were osed and mo divhion of
made, The CNS of 6-d3y old mice wat comidered o be matury and repeeseatath
of (he sdult. This was contdersd relevast tince hosaTass of ol (1963) bave &
monstrated that by 17 dayx, several T of ! 1 develop-
ment reach matutity In addition Tox (1965) stated that from 26 dayt of sge e st
polatve abiilics are sduf-IRe aod 1hat reffex oo wre of (e mbuh e &
1o I8 days of age.

Tho antmals were lajected Intisperitoncally with HC-pleodne disol of o
wnter The [Afected doss of plcotine base was 0.5 1.0 or 1.5 wp/ly sod tw

1

the youngest The anfmah were sacrificed by tervical dnlocatos amd ia-
mediately bled by decapliation. The blood was coldrcted o 3 my of heparialmd k¥
coll 0.2 M phosphate boffer pH 74 1a 1 and Fday old ammals bood from 3 sk

mals W ed to make one rample
muﬁmmdl 15, , 10, 20, and 60 minates after the Injiction. Th
braln 3nd Blood were removed weuphed and fmmeditely frozew asd ket 8t~
walll tbe determination of ricotise. The bratn was defioed s the part of CNB ot
foramen magnum.
:mwuamumumamhamm Myn&-ndl?-dﬂ“d:
were kept fn an oven a5 50 and thew cooled down f2 & vacomm deiictaor
mmmmlmwnmmuummmm

Determination of nbcorine .

holebody awtoradioprayiy
" -:cdi.!i.nnd%d:ﬂmnnimd!nlmalﬂ‘::‘;
Mhmdwmdwmlwmm"ﬂw
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B8LOOOD

os oo a days
o—e12 days

ue
8

g'%tlu

Nicotina U
4

1 28 5 10 20 60
Minutes after Injection
Fig. L. Ncotins concenirstiont in the Hlood of 3-dey old aed 12-day old mekcw o
variom times after the {ntruperioneal iejection of HC-akcotine, The valoes bn the
figure reprosent the averngs of § in 12-dsy old and 9 in 3-day old animals. Vertial
burs ere standard erom,

raclograpbed according to the Ullberg poethod (Uirmera 1954 & 1958). The expo-
wre thme varked from 4 to 5 weoks

1 adalt snimak, aboct 70X of the total mdloactivity ln the bratn (STALHANDEXT

Statinical evelsations of duie.

Drfferences between tho mesne werw tested with Stedent's t-tost. The kel of signifl-
cance pred wm P < 0.05

Resuls

The nicotine concentrations in the blood after the intraperitoneal infection
aof 1 mg/kg nicoting did not differ significantly in 3- and 12-day old mice
at amy time of observation (M. 1) However nicotine concentratlons In
brains of 12-day old mice werc significantly higher than the nicotine
centrations in the brajins of 3-day old mice at 25 5 wnd 10
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BRAIN
ar o0 12 diys
o~e 3days

1 25 6 0 20 <]
Minutes after injaction
Fig 2. Nicotine coocentrations la the bralne of 3-day old snd 12-day old mice o
varioy timer efier the ntraperitacesl lojection of MC-nxotie, The valwer fv e
fipure represents the & eruge of § anlomls. \ ertical ban are standard erron-

Infection (P < 0001) (fig. 2). A maxima! difference occurred 2.5 minmes
after the Injection, when the average nrcotine concentration In the braiss
of 12-day ol mice exceeded that of the 3-day old mice by two .d 3
hall times. It was also seen that the maxl) nicoting tiozn Wb
fower and occurred ater [n the 3-day ofd animals. Ja both 3- sod 1247
okd mice tho concentrations of mcotine in the brain Increassd Timealy
with the doss sdministered and the broln to blood ratios were toosust
with the cxception of @ seall, but slgnHlcant decreass for the 122y o
mice at the highest dose (. 3). However the brainto-blood rutes of
12-day old mice were significantly higher at each doss kevel (abke 1} O¢
an sverage they exceeded those of 3-day old mico by a factor of 24

The intraperitoreal injection of nicotine into uﬂmdm'ﬂ“&:
vealed that nicotine comcentrations fn the blood 10 minuies aher

fofection did not change significantly with age from birth up (o the 26¢
o!lzdm(ﬁg,A)Hmnmquoznmdzadmmﬁﬂﬂg
lower concentratlons were observed. The mleotine concepirationt &

mmmmmuymunumsmpmumwwmd
mpldly[runthhldmnnpmxbaundlZdzp(ﬂ;.‘Lhu"
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™ it

Hicetine 557 terus

os 10 1
Dose of nicotine (mefg)

Flg. 3 Nicotine conctnirations n the brains and blood of 3-day ol and 12-dey old

e 10 miowtes sfter the intraperiionsal inkection of varoms dose of

The valoes In the figmre repersent the averepe of 8 In 12<day old and §
animaly Vertical bars are standerd gror,

|

older mice (17 snd 26 days) a decresse In the comcentration of nleotine
was observed. The brain-to-blood ratios steadlly mcreassd from 13 at

birth up to 5.5 at 26 days. The most rapld increxse was ween during the
period between 5 and 12 days.

To Investigate whether the rapid fncrease of nicotine in the braln was

Table 1

Averngo brafn/blood ratios + LEM. In 3 and 12-day old mics 10 minutes after the
Jotrapartionel infectron of micottos.

Aps No.of Dom mg/ig
(dsyn) animaly 05 10 15
1 I m
3 9 1561010 149 £0.06 167010
v v vi
12 t aszto00s 296+ 004 arTtarr

HY -V IM-VL ¥ VIP <0001
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o——o Brafn
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Biaefilood 1314 15 18 24 33 40 % 58
s

Fig. 4 Nicotlao coacentratiom In the blood and braims of mice of variom agen, 18
minules afier the Intrapetitoncal [afection of HC-akcotine. The vatwat in the figare
reproesert 1be 8 erape of 9 to 8 eamale Veroal ban are standard dovlationt

due 1o on increase n solid brain constituens, the water content of e
braln was determined (table 2). The ronlts showed that the thange to the
water coatent with change in age was not respomible for the locreass
obterved. The nicotine content in the brain of (2-day ofd animsls P¥

Table 2

Average water content ad mropramm of picotne per gram iy cighi $SEML W
the brains 10 minwtes after Intraperitones] inpection of nicorme. .

Ase No of Water comtent Nicotine 1875
{days) ankmaly x) oy weeM
3 s 9Ll Ay te17
s 81001 3091036
3 P <0001
09101 ssotond

12 !
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gram dry welght 23 well as per gram wet welght, was significantly greater
than that for 3-day old animals

Autoradiography
Autoradiographic studies of the CNS of 3- 12 and 26-day old mice,
S minutes afier the intraperitomeal injection of MC-nicotine, are shown in
figures Sa-c. In the 3-dyy okd mouse (fig. Sa), high levels of radioactivity
were observed in the mednlls spinalis and medulla oblongata, while on the
other hand, rudicectivity was very low In the forebraln stroctures. High
radicactive concentrations, oot seen In the pleture, were also seen in the
formation lobus olfactorius and cerebellom. Again in the
12-day old mouss (fig. 5b) tho highest levels of radioactivity were scen In
the medniiz and Jobus olfactorius, but in this case the radioactivity In the
forebmain structures was comparatively higher than In the 3-day old mouse.
A high mdloactive concentration was also seen in the hippocampal forma-
ton. However In the CNS of the 26-day old moase (fig. 5c) a quite dif
ferent pattern of dhstrbution was seen. Here the forcbrain structores had
the highest level of radioactivity und the medulla, the lowest. At this age
too tho radiosctivity was high in the hippocampal formation,

Discurion

The present study reveals that the sccumulation of nicotine In the monse
brain after intrap 1 adm Is signift changed with a
changs in age. From hirth up to 12 days of age there Is a steady Increaso
in the absoluie brain concentrations es well #s a higher accummulation of
nicotine relative to the blood levelx After 12 days there i3 still an in-
creasing accunmiation of nicotine refative to the blood levels, but the ab-
solute th d The & in absolote concentratioms
dorng this penod Is evidently due to a decrease in the blood levels, which
i influcnced by the hepatic metabolism of nicoting, which is rapidly in-
creasing during tids period of Iife (STALRANDSXE ef of. 1965)

Tho study of nicotns sccomulation in the bratm of 3- and 12-day old
mico at different times after the Injection, shows that in the former the
uptake s slower and the muxmal concentrations are lower However
the blood concentrations do not differ Indicating similar conditlons of
absorption.

Thbs sgo-dependent Increass of nicotine accumulation in the brain Is
evidently a contriboting factor to the concomitant decrease of tokerance
mthclcdnlcﬂccuo(nlcoﬂnnnobencdbysﬂulmmdd(l%ﬂ
In this stody it was shown that 12-day old animals had a lower tolerance
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Carsbral




Fig 5¢ Ballvary

gland
Fig Sa—c. showing the of “*hlht of
3duy old (a), 13-dey old (b) and 26-day oid mome () 5 minuies afler the intre-
perttonesl injection of ucmr:mmmmmamﬂ at the
varions ape.

to nicotine than elther 3- or 24-day old animals, which b in accordance
with the present findings, which similarly thow the highest concentrations
of nicotine In tho brains of the 12-day old antmals. In u study by STAL
HARDSKE & SLANTHA (1970) it was further observed that sfter the sdministra-
tion of a lethal doso thare was & much shorter latent period beforo death
in 12-day old mice a3 compared with 3-day old mice. A coatributing factor
to thls difference is very Dkely the comp vely slow of
nkeotine observed in the beains of 3-dey old mice.

Thh change with ege of components which govern total accumulation of
nicotine in the brain has also been observed I dimilar studics with other
drogs, FIREMARX e of. (1963) found that the totsl accumulation of diphenyl-
hydmtulnlnmlnthncwmo(mamnﬂm.lunﬂdiﬁmlhqfomd
an f h!n(fh.\:ﬁgct”L ihydanteln in the brain and blood with in
cromsing age. A similar ph bably doe to the Ty 1 and
mnctunlmlmrlﬁmottbcm.mxylhubnotlmpoﬂlncewﬂhreprd
to the distribution of nicotine. However with nicotine, an spe-dependent
change aof binding in plesme 1s unlikely sdnce prollminary studies have
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foeinses were collected and snalyzed for morphine consent. Tho morphise
coocentration [ the bood of maternal and foetal mis was matirs] after
infosions for 3 bey; at the mwiimrom, the matsrnal coocentration was 2800
ogfml end the footal concentration was 1500 ng/ml. The morphine levels of
the brain were abso maximl &1 3 hra, The fostal level, 2200 ng/g, war mot
slgnificantly (P > 0.05) diffqent from thet of foetal blood, wheroas the
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stven the test dose of morphine. The offipring of marpine nfosed rats were
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of homogenates and holated nuclel {rom the brale of Jefed maternal
lﬂuﬂrfm‘mdqamhcimwmdnaph}mw
reriod did 6ot atter the RNA 10 DVA rato or the everall wacicle scid
protcin componion of maternal or foetal brain or thelr holated
amoasts of DNA and RNA wers lower [n the matermal brais and
ia the foctal braln asd puckel. There were higher amousty of
materral brale than fa the (oetal brabn, whereas fn tho maternat
nmmamdwdumhm{wwhhw
morphine may scicaiivcly alter RNA 350 protein syothesh ke the bran %
producisy sipeificant changes in the ovenall coetent of cither RNA or
in acwte evperimenty.

Aey words: Morphlae ~ pregnancy - foetuses - ditribiilon - soalpess -
tolerance - braln - DNA ~ RNA - profein nuclel

Hi
EfgEdrge

i

In the extensive fiterature o0 morphine there are surprisingly few stodks
pertinent to the distribution of this substance in foetal or neonatal a5 con-
pared to materna) animals In the recent Bierature only the reports of Mu
TiRs (1960) and hurirrsrea & WAY (1963) seem to have a bearing
rescarch of this kind as far as rats are concemed, Savnn & Woobs (1965)
and Braxt & Doers (1967) an the other hand, have studied the distribation
of dihy phine & close congener of morphune, in materual and foctal

or i Yar Iniectk

N

rats following near term h

The cxperments reported here were performed in order (o {avestlgato e
distribution of morphine in matemal and foetal rars following near-term i
travenous (nfuslon. Cox et of, (1968) Cox & Grusaung (1969).111:1057\'-'
Os34Ax (1970) have reported that tolerance to the analgesic sction ocours dat
Ing Infuslon of morphine fu rats and is relsted to synthesis of RNA and protes
in the brain. Therefore, in otder to stody whether the Infusicn of morphise
In fficlent to Induce tok in rats prode fterations i ¢
ovtmﬂcompoduono{dlhcrmllcmnloﬂo:ulbnm,lhemmudﬂu
RNAmdpmldninmwmalnudfoeu!bnlnhomogmmde

Methods
Animals,
Aduhlmkﬂmmmwlqﬂlmm)nhmlhﬂ?mlmwm
in eimlolem stecd cages and matgtal tn conrant iy
mwupm«m-mﬁll&dmﬁmmmdn’
l%lﬂmmmmmmd%ﬁm-lm
stock, using oo¢ male for two femak, from epprovs y“’ i o

:

coputation, this time belng designated
wers kept in groups of three of four omtil
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vesony Inftulon was made. When the iy were allowed to defiver after the tafuon,
they were Lept singly In cages furhbed with pam covered with groond com ocobs.
The experiments atwo lactuded non-pregrant adoh famake rats, a rumber of 12 to
13 day oid rats, asd a groop of 20 day old raty

The stodies described bare wers condocted darlng Joty Augest, September and
October 197L

Infusions.

Tnfusions ware performed on gestational day 21 or 22 (ln this stock of raty delivery
omally occurt on day 22)4). The anlmah were anscstbetized whh ether and ted to
10 operuting table. Incisioms were medo fnthde b sight hind leg and the femoral veln
«xposed and wing No. 50 y tublng  After having fmserted
the tubing kot the vein and ligated R flrmly the wound was closed whh silk sotores
and tbe soimabs placed In rotralnisg capes of ppropriate size (No. 90 or 91, Mary

was callbrated to deltver n given volums per hour (ssmlly 13-19 mibr) When
norphino was [ofmed, tho animals s000 became quiet and wers oflen qudte catatonke
at the thoe of removal from tho cage.

Infotor wers made for 3 1, 2, 3, and 4 bouns, respectively Al the end of the

--Ibrlndmmﬁ?.“lcu:lml.mlnh]oj% 1Z 4% or 125 X radiosctive
momime  lebelad the aminomethyl growp. The solutions containing
rachosctivs marphine wors teed in Chlptrit
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eperlmmuu(lboﬂcréwu\w(%lw!honn)mdouu(mphbe(uth
mfnwdmwn:mmsm.mrnmuemm‘hhmnmn::
I8 the range of 4.5-55 me/ig/hr
Mm‘nmrmw&mwdAmm‘“mﬂm
% 1 obisined from Amenbam/Searie The specific activity of the camponsd wa
57 meiimmol (152 pelimg) aad radiochemicul purity wa found 1o be 9695 Xby
foor different mcthod  (Ioclod ng paper and  thie-layer chromatography). Nos-
Rdacthe morphise wa Morphlne Sultste USP

Rat in twa groups serc infoved for four hours with aline and noo-radiactre
morphine  respectively and the snimaly atlomed to delhver mterally Wihin 34
hours after delvery the Huers were sandardired to 8 (4 males and 4 fomaks)
when povuble. AU T 13 days of age some of the young wern tested for the degres
of amalgela by 2 modufiation of the hot plate method (Jueawaon & Broxe BT
The remalning young were used for sthcr evperimental parposes (STITLE & Keonss-
S, to be publnbed) The maternal rats were tosted shout three weels after o
nfusdon.

Non-preprant female raly In tho groups were dmBady infuved for four hoon
with ralive and dicactive morphine cth Two to thred dap B
they were given a test dose of morph e end the smlpesic actloa mezwred by e
kot plate method of Fuonrsen & Wooos (1964).

A mumber of *0 dev ofd raty of both wyet wan injected sebcutancomly whb
1 mpfig of morphioc (the 1 mg/ml infosion solction contalning 4 % radeactive
morphine w 9 tied). The animals were Ailled X) munutes later and meotphioo ¥
determined In the bralns and plauma (brmes asd plasma from three or four aohotk
were aralyzcd together). This was done In order to Incldate whether the ditnbe-
thon of morphine in braln and blood was the seme a5 tn the foctal rate

el

In experimeni on the degree of anelpesia In the sdull anirals, morphioc
intstcred by L given In the middle of the bwk #

1iis

phine as the base The degree of wnalymls b expremed a3 1be
In seconds + SEM for a group of apimals at 30 and 60 min. aficr the inkectix
of morphine.

'

T erminaton of morphl

e u‘l,/* tol hene 10 { cutermls we eowatis¥y

SraTr & Lacm (1967). Tho perceotage recovenes o
Tomer than reporied by Jésurouwnmn & Wooos (1964) althosgh tbe varlsbly
the resalts was almost the same. botad
mw&m&mdm‘b’mbdm
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soodabeled) way, 2e mentioned befors, sdmlabwered to the walmab. Agpropciats
multiplication factors were therefore Used to ealcnlate the total smounts of mor
phine In the beatm, plasma and placenta. The resuhts (ngfg or mg/mD refer (o the
iotal amoonts of freee or unconjopated drug ocaly

Preparation of liolated xwcled from matermal and foctsl brain.

taining 10 ml of  solution of 68 X (wiw) sucroseTH and mired by
hand, The mirtore was underlayeed with a solutfon of 60 X (wiw) socrose TM
26 ml) centrifuged (SW 7.1 rotor Beckman without delay at

This bolation procedure required lem than 90 min to complete. The duration
of contact of @powd moclel whh Triton X 100 mtver exceeded 10 min. prir to
the time of centrifogation (LovTRkUP-REN & McEWIN, 1968) Omimion of Triou

The t-eet was performad a3 described by GOLbeTEDC (1964) The levsl of rignift
cancs wn P 5003,
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Reszlts

Distribution studies

As previously mentioned, each rat was Infused with morphine bn doses
which were in the range 4.5-55 mafkg/hr The results obtalned from any
particolar rat wero subsequently standardized to the mean dose, 5.0 mg/kg/hr

The amount of infused morphine in the maternal plasma rose and quicly
reached a maximum ot three bours, bat was considerably fower at 4 hours
The concentration was thus not much different after 2 or 4 bouns of infusion
(fig. 1) In 1 brain, the phi was always 4 10 5
1imes lower than In the plasma, but the risc and decfine of the morphine
concentration in braln showed the same pattern as was obscrved In plasma
(fig. 1)

Fig. 2 shows the rcsults of morphine detenminations in the brain and
plasma of foetal rats. The rise and fll with time of the kmounts wa simiar
to that teen In the maternal animalt (flg. 1) Unllke adults, marphine w21
always found [n preater amounts In foctal brain than i foetal plasma, al-
though this difference was not statistically significant. The amounts of mor
phino In the foctal brain were on the whole, about three times those foend
in maternal brain Motphine was, on the other hand, atways found tn greater
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Pw&mmﬁmdmﬂnhﬂm(nﬂonx1zsm4m
afier [otravenows fnfwson of morphing (5 (5 mgfkg/hr). Seo fig. 1
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amotnts in the matemnal than in the foetal plasma. The difference was stati-
stically aignificant at 14 1 2 and 3 hours, but not st 4 houry,

’nrcumounuo{morphinchlhcphctnmlmlhmnlnﬂg.3 The con-
centration of morphine in the placenta was very great and folloned the same
time pattern as in braln and plasma. Placental concentrations were sigmfi-
cantly dilferent at all time periods from those of both matemal and foetsl
plasma At 3 hours morphine was found in excess of 6,000 ng/g In the pha-
centaand at 2 and 4 hrs the concentration was between 4,000 and 4,500 ngfs.

Sixteen 20 day ofd rats of both sexes were Injected with morphine 1 mp/kg
subcutancousty and Alled 30 minutes later The average brain concentraton
of morphine was 81 ag/g. In plasma the average concentration was 94 ng/ml
The difference was not stathstically significant.

Analgesimeiry

Adult female non-pregnant rats in two groups of 6 each were infused for
4 hours with saline or morphine, 4 90-5 40 mp/kg/hr respectively Two 1o
three days later they were Injected with morphine, 10 me/kg subcutsacomly
and the analgesic action 1. A group of d sdult femak rats
was similarly treated. The following results were obtained (the first valoss
denoto the mean analgesic action in scconds & S.EM at 30 minutes and
tho latter ones at 60 minutes alter injection)

taline ~200sec. £+ 37 221 237
morphine - 65sec. £ 1.0, 68 £ 04
untreated antmals - 17 1sec. £ 23 196 £ 2.9

The analgesic action In the morphine treated rats was obviously Jower thas
that fn the saline treated rats, The degree of analgesia observed fn the sl
infused and the untreated animals was of the same order of magnltude-

Pregnant rats la two groups, 8 xnd 9 in each were infused on day 21 &
22 for 4 hours with saflne or morphine, 4 70-5 45 mg/kg/hr The rats #erC
aflowed to deliver naturally and were tested for analgesic sctivity 18-21 dlz

\ later following a single subcutancous doss of morphine Atbirdﬂ“’?.ﬂ
non-pregnant faw, 8 in number served a3 untreated controls. Rags In
groups were injected subcutancomly with morphine, 10 me/kg. ction

Tha resalts arc shown below (tho values denoto the mean analpesic ol
in seconds + S.ELM at 30 minutes and at 60 minutes after infection 2

order)
sallne — 15 8 sex. + 2.8, 229 4 35

morphine — 11.8 sec. + 3.5 163 + 37
untreated controls — 15 6 xee. £ 2.8 243 £ 37



MORPHINE DISTRIBUTION AND EFFECT IN PREGNANT RATS 361

The snalgesic actlon was not significantly differcat in these groups. (In this
wnnccﬂmh\bmﬂdbemﬂmed\hummnlnthemph\mm\mmd
ded with imal Igesic acton (30 scc.) both at 30 and 60
mmqwbﬁmmcmnlgdcluhnmwrﬂ!ymuchhwuintbcwm
rats {n this groop.) The mean weight of the saline Infused rats was signific
antly higher then that of rats in the morphine treated group.
ng:uupso(n-udayoldnnwcmgimalmdawo{mmphlm,
0.45 mg/kg sub ly and the analgesic acton was
were 30 animals In cach group mcondsdn;ulyunngofmhenln!u:cd
with morphine and the other of mothers infused with saline. In the morphine
treated group the mean analgesic action measured in seconds £ SEM. was
226 + 16 at30 min. and 26.2 + 1.1 at 60 min., whereas in the salino group
the respective values were 17.2 £ 16 and 209 + 1.5 The differences In
analgesic action in these two groups were found to be statistically significant
Even though anfmals in both groups were frem standardized litters (of
Metbodds) the offspring of maternal raty Infused with morphine had & mean
body weight (22.2 g + 0.6 S.EM.) which was significntly lower than that of
oftspring of maternal rats Infused with salie (253 g + 0.6 SEM)

DNA RNA and protein in brain and isolated brain nuclel

The mxleic acid and protein composition of foctal bralns and holated
nuciel of foetal brains from untreated and morphine infined day 21-22
preguant rats Is presented in table 1 Neither the ratlo of RNA to DNA nor
the overall amownts of DNA, RNA and protein in foetal brain or isolated
nnclel of foetal brain cefls were significantly altered after short and long-
term Infusions of morphine, respectively

The mocleic achd and protein composition of brain and holated nucld of
brain from untreated and morphine infosed day 21-22 pregnant rats s pre
scnted In table 2. Nelther the ratio of RNA to DNA por the overall amounts
of DNA, RNA and proteln in maternal brain or 1solxted noddl of maternal
brain were significantly altered after short and kong-term infoslons of mor
phine, respectively

The greatest diff in b loa between foctal and ma
mmnlbrdn(mhblmdz)mfoundmho-mmdoldmcrlmwmo(
protein rolative to DNA in maternal braln than in foetal brain. Isolsted
nuce] of foetal brain contalned & greater percentage aof the cellnlar RNA and
protein, 25 / and 28 / respectively thun leolated mucle] of matemal beam,
which cootained ouly 18 / and B / respectively of the total cellular RNA
and protein. The brains of maternal rats (sbout 2 g) contained wbout a five
fuldhi\t;be:numberdotﬂa(ngNA)ﬂnnthebnkmddlyzl—ulncma:

(about 0.2 g) mmﬂn;thatllmDNAumlemolhunhdimulypmpoﬂbml
to the number of diplold cells,
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The RNA to DNA and protein to DNA ratios for isolated noclel of mater
nal brain (table 2) are of the same order as those obtained by Loviur-Rext
& MCEWTN (1966) for adult rat bratn, The amounts of DNA, RNA and
Protein in the brains of maternal rats and day 21-22 foctal rats reported bere
are in clote agreement with the remlts of other workers (Wixick & Noete
1965 Crourt & OArrovot 1936)

Discunion

Infusion of morphine fnto pregnant rats over & four hour penod cxnsed
the concentratlon of morphine to Increase with a peak at 3 hours and then
decling in all the tissucs examined. Thus, the tissve levela of morpblne were
nearly the same with infusion a1 2 and 4 bours (fig. 1-3) This may represeat
the interplay of various tiolomcal factors, such as patterns of permeabdlity
and distribution in blood and other tissues, metabolism in the Bver and the
cxient of eliminadon.

In this conncetlon the results of Cox ef al. (1968) are of copsiderable Inter
est. These morkers infused morphine into rats at a rate of 5-10 my/kg/hr and
tested the reaction of the animals to a painfol stimalo (mechanical pressure
on the tail) doring the infusion period. They were able 1o discern three phwses
in the wmaigesic tesponsc to morphine A phase of increasing analgesis of
90120 min. in duration, followed by a phase In which a peak anafgeda was
mantained for another $0-120 min. and fimlly a phase of decline. After
infusion for 8 hours the analgesic respofise was almost minimal Cox et al
aseribed the decilne of the analgesic responc to the development of tolerancs
to the action of morphine Although there ts Tittle doabt that tolerance deve-
ops afier infnion of moTphine {see below) it seem Tiely that the rise esd
fall In the snalgesic action of momhine corresponds closely to the rise and
decling in the concentration of morphine In the brain #s ohserved ln oot
experiments, Morcover thia is born out by other experiments of Cax & #
(1968) in which they repeatedly infused morphine into the ssme xommals tod
iﬂﬂobwrvedlhenmpm:mofmlgedcmponmevmwthﬂﬂf'
gesic action of morphlne gradually declined (cf. thelr fig. 8)

The morphine content of the placents was alwayy signlficantly higher then
lhalfuundlnthemn:mnlmfocn!plmn.b{mphlmmwmﬂ;
llm:nlly(mmdlng,murunwunhhmalmnlthnninfocmlplmmﬂ-
undz)Thm,unpbcmm-ppcantomunbudcrwthapumﬂﬂr
phine from maternal to foetal plasma. Morcover the finding of vy M’:
muo!mhhnhephmmﬁwmmmﬂz&’)m
lhanbﬂltymmh\morphhnmrmmumufm&amm(l poid
utpardcuhrh\nmththhmnmjonlnuudiuwhmmﬂmm;;”‘
[mmnpeﬁ\ulonwithmrphlnemdmdthovolumofuuﬁ}w
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90 / and concloded that morphine may exert a direct vasoconstrictor effect
on placental vessels. This was supported by the fact that the administration
of nalorphine prevented the action of morphune and almost retumed the flow
to normal Thus, {t s [fkely that administratbon of morphine may result In the
poollag of blood in the placenta, which conld explaln to some extent the very
high amounts of morphine found in this organ (fs. 3)

‘The results of our experlments show that morphine was present in much
greater amounts In the foctal than in the maternal brain  Morphine was,
moreover found in greater amounts in the foctal brain than in the foctal
plazma, although the difference was not statistically significant. This s In
sharp contrast to the phenomena observed in maternalrats (figs. 1 and 2) Thus,
the so-called brain-blood barrier must be much less effective or developed In
foctal than in maternal rats, This is in agreement with the resalts of Suaen
& WooDs (1965) and BLANE & Dosns (1967) who studied the distribution of
dilydramorphine io maternal and foetal rats following subcutaneous or intra-
mmscular injections.

In studles on the Infmsion of morphine Into adult and 12 day old rots,
Muiens (1960) has shown that the amounts of morphine (both absolute
and relative 10 the amounts in blood) were much greater at the time of death
hltbcbntmo{thcywungmtmnhth&nlnthﬂbuh‘uo(!heudultmhn&h.
The results of our exp with 1 fons of morphine to
20 day old mats indicate that the distribution of morphine in these animals is
not very different from that i the foctal rats (sce Results) The results of
Kuerersing & Way (1963) with intraperitoncal injections of mocphine (50
mg/kg) to young rats showed that much greater amounts were found in the
bratns of 16 day old rats than in the brains of 32 day oid rats. In nonmary
the above mentioned deficlency in the braln-blood barrer in foctal rats, os
far as marphine is concerned, is still present to a large extent at the age of
Smh,hu'.hcruﬂupmblblyloondinppnn.

Tol \ action of hine was d 3 when
nm-mmnumtmedmdlnmthumfuﬂmdmﬁﬂm(wm
daso was 20 mg/kg/4 hn), whereas pregnant rats, treated in the same way
and tested 3 weeky after delivery failed 1o show a significent degreo of
tolerance. This {s in comtrast to the results of JoHANNESSON & BRcxEm
(1972) who found a high degree of tolerance present at 4 weeks after
dcllvuylnrmtbnhtdbemﬁvmfmdlﬂymbumammin}ccﬁmnnf
marphine (20 mg/kg/day) in the last week of pregnancy Thets results indi
mgrhn.momoﬂwfhchmth:mm:mdthommbnofdommmy
determine how long tolerance penbsts,

IW&Bm(lm)mdmu«Udﬂyommo{

tho sbovementioned mothers that had been Injected with morphine late
I pregnancy wore tolerant 4o tho analgesic action of morphine, This  °
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nmuwcnzcv.hhlLUdnyoldymngofmmlmsinrmcdlnmmcmlyﬂlh
morpMucOnﬂnmnmrylhcyounxufmmphlnchrmcdmo(hthdl
significantly higher degree of analgesia thon the young of saline infosed
mothers. There is no ready explanation for this ph of apparent
hyp ivity 10 the Igesic action of morphine. However hyperens-
tivity may have followed an undetected and short lived tolerance,
Cuxdd(l%&)ﬂ‘poﬂcdlbﬂdmnllamoushfnﬂonolldlmmyan
(10 ug/hg/hr) and morphine prolonged the peak of maximal amalpesia and
delayed its decline (sce above). Actlnomycin D had o analgeslc effect of fts
own (their fig. 4). More recently they showed that acusomycin D

has no effect on the concentration of morphine In the braln (Cox & Greszo
1969) and that a number of other inhibitors of RNA and proteln symbesis
could modily the analgesic response in & manner shmilar to that of actino-
mycin D (Cox & Osvian 1970). These substances were more effective when
given by intracerebral Injections than when pven intravenousty Cox& Ossix
(1968) concluded on the basis of their experiments that substances fiks actn-
omycin D hinder the develop of 1ol to the analgesic action of mor-
phine and that this effect is camally related to the inhibition of RNA and
proteln synthesis. Quite apart from the question of whether or not the phase
of declining analgesic cffect of morphine as observed in thelr experiments,
denotes top of tol it seems fy difficult to exphain in
explicit terms the cffects of substances like actinomycin D which may pro-
foundly alter the function of most cells in the body At any rate, fusion of
morphlne in amounts high enough 1o induce tolerance does not result In sy
clear gross changes In the content of DNA, RNA and protein in the brains of
tsolated nuclel of maternal and foetal fats (tables 1 and 2). The amocats of
DNA, RNA and proteln were essentlally the same after Lafoxlon for ¥ 1d
1 hour as after infusion for 3 and 4 hours. On the other hand, the offipeig
of morphine treated mothets pained weight at a slower rate than the offspring
of non-treted mothers and cven the treated matermal raty paloed welight
mcrm:ln'«vlyllm.\:\lhuct:n'ru]:ocu'uﬂngctmlmlnm(c!.Rmuh!)-M“"l"’ﬂ"e
thus appears to interfers with the synthesst of protewn in the body
Inthheonn:cﬁonlnh[blwrycﬂccuo(morph!mmdmaphhntmtm
onm;rmho!mlcroorguhuMundmmmnﬂantdhlnmmMH“
mentloned. In Hela cells, thess effects have been correlated with an lahibitioa
a(RNAmmdnmuuumcmmu&Mmmxw).ﬂ”hz
belng d wth pol kdown. Polysome fnstablity bss
bcm(om\dmadultntbrdnﬂlcrmtﬂpedwmladmhmﬁonafldu:
dmzotmorphino(&mrrlﬂl)mdh:(oeulbruinlhﬂ;g‘;fw
morphmem.4hnpcﬂod(5m&lmum
mwnum»mummammuwﬁhﬂ;ﬁ
pot restlt i any gross changes In the amounts of DNA, RNA sad pro
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the maternal or the foctal bralns, It s still possible that morphine could
sclectively alter RNA and proteln synthesis In the brain without camsing &
significant change In the overall content of either RNA or protein in acute
experiments.
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Differences in Metaholic Behavioar and Liver Toxdclty
Between the Optical Isomers of Bufenadrine Hydrochloride,
a Substituted Diphentrydramine, in the Rat
By

W Hespe, D. Muder and C, J vaa Ecken
(Recetved November 1, 1971 Accepted December 14 1971)

It is well cstablished that compounds — even though structurally closely
related — may differ comsiderably In their action on the orgmnixm. The
influcoce of drugs on the liver scoms to be no exception. A remarkable
mmﬂmmww-mmrmmmmaqm
afforded by bufenadrins (2-{( butyl Toxyl-N N-fImetht
eihvhmhe»WHO)hydmchbddo(ﬂg,l) Bcuuﬂoo“n[mauﬂusﬂiml

cological propertics this compound was ordginally intended for

2 s plnrmmcricpes, vl 31t 347 F\
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4§s

{

Fit- L Bufemdrioe.

antl-mothon sicknesy drug (HARMS 1 of 1962). Prolonged taxiclty shbes
[n rats however showed liver toxicity and o farther clinteal evalushon
wiy therelore undertaken 'The taxic phenomena observed In the rat of
all dosage groups (7 14 28 mg/kg omlly) and so far unpublished included
fiver abnormalities such ay fatty infitration, vacuolization of the fiver

o, poly hism, an y high number of mitoses (dowble-

nocleated cells) and lymphocytic infiltration. In sddition, both make &nd
female rats showed prowth retardation as well as a marked hrease bn
erythrocytes in tho highcst dose group After a 10-day recovery perlod bd
fon appeared to have d in the liver ksfom on the coo-
trary the degree of faity Infittration increased, particularly In the lowest
dose group Contlnued toxiclty studies with both the optical komers of
tufenadrine hydrochloride which were separated by our Chemistry Depart
ment according to a procedure described by Hamts (1936), stroogly sop-
gested that the (—)isomer with the stronger anticholinerglc and the weaker
anti fnic activities }s mainly respontible for the toxichty of the
racemic compound (unpublished resolts of our Toxicology Department)
The great difference In the toxicologic properties between the two ob-
tical isomers of bufensdrine hydrochloride prompted us to hestigato the
metabolic fate of both componrds, it being smumed that differences b
metabolic fato might bo among the underlying causes of the discrepancy In
1bo toxicity
me;htbamﬂdwammmmhbﬂmudmmmraﬂamm
(—)homerou!ybemmcmmumlnpmlmgcdtuxid:ysrmﬁn.ww“'
ferred to start with tingle doscs of elther bsomer Our first alm was o Jook
for a metabolke parameter foc liver toxicity at & tme when tho increesi®

Hmammhmmmbegmmmmmcmuﬂmdtbcdm

Material snd Metbods
fenadrine Bomert i NHCHD

HC-labelled buferadring kydrochloride.
Tiw metabollc stulbes were paforsed with both
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labelled form, dred by our Tracer L Y The specific mdiocactiviy of
both bomers was 1.5 mclfg (05 mcl/mmol). Chemicil and mdlochemical parity were
establshed by thinlayer chroratography

Animaly.

In afl the expeciments suals rts of tho TNO-Whtar CPW/Wu stratn, in SPF con-
dition, wers nsed each anlsmal weighed abont 180 g

zxm experimenty.

0 poo-{agicd ruts 24 a
dmthﬂm-ﬁmﬂ;-.uﬂmhmwmmh

The cxcretion of ratioactivity fn the wrine, faccer, and cxpired carbom diotide was
dotermised over scbetquent tUme iniervalt, membolic cages being used for the
separate coTkction of thewo excration prodocts,
uaubulnuknwlyuhymcumhmhnm-dbtomm

588~
%%gi
g |4
E
k
%
i
1
i
i
i
:

i

aperiments.
to sindy the binding of both labelled bufemadring fsommers to blood and
eosstitnents, 1 ml of rat serem or rat Dver bomogsnato (correspoodiog to 100
timuc) and 20 m! of bafler solutlon, pH = 7 (.1 ol of citrate-phoephatc)

in a dalycs beg (Vhing 27/32) The beg was immarsed In boffer
containing 6§ pa/ml of oos of the labelled bomers. After standieg for 24
5 mmdmmhmmmmwmd

binding 4,

Dmpcrmllndh}yi:h( Dmpcl'mllndhlyd:hﬂ:

DPM pa ml in datyshs beg X100

(DPM = disintegrations per minzta)

ST
EE‘;‘T%‘

Analytical studles.

The urine was analyzsd for and bya
combined axtraction/TI.C procedurs.

Pint the trme was adfosied to pH == 12 asd extracted with beptane and beteol,
Tho reskdne was adjested t0 pH =45 snd treated with f-glwcrrocidsse/acylmitatess
(Slgma) at 37 for 24 hre. A second sxtraction with butanol st pH = 12 was then
peformed.

To sliow clromaiographic analyss the extracts wers evaporated pocated (Rotavapor), each
mmwm-mmdmmmm-ﬂmw
on TLC plates coversd with Sthcagel G (Merck).

As solveat butanol-amanonis (58.2) was teed. In thie system bufsnadrine
bas an By valne of abost .70 and N-demethyt

Dngandorfty
Noorfadioactive bufemdrise 1sd N-Seruthyl bfeadrise wors vsed a3 Internal
markers (added to the solotion w0 bo spotted), f arder to facilitate
of the chromatograns.

w
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hours

D-m

respiratory carbon dicxids

Aj\mwﬂmﬂm

hours
Flg. 2 The cxcrvtion of mafoactivity in the nrine, fscom and respimtory abr after
fmravenoos sdmmmration of 2 mgfia of labedled ($)bufsosdsine hydrochioride
(shaded bars) amd (—)bufsmadrine hydrochloride (open bem) o rats The valwes
plotted are the meaa of (be romlt obhined b 4

:&‘\%‘ﬂ

roararements.

Samples of uring, bl and extracts (05 ml) wers mbvad with 10 ml of  scintiilation
maxture according to Buav (1960) m plestic counting viah

The evpired carbon Sotlds was bound into an ethanoleminecontaining sciniflation
mtmu-(lmn&ALvunmr),d'hkhUmllﬂqmummm

lm(lm-mplndthc—mhlwhw destrocted  direct
in coanting vals Th sctillation cocktall was then added,

Tha couting of the variom . by meam of & Paclard Tl
Carb Spectrometer 3373, oxing the method of

Thio-dayer
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D-m

W - IR
;mw\m\\\\mm
N
.
A

R RN D R R

minutes

Fig. 3 Tho excreibon of radionctivity ia bile after di of 2mgfiy

of labeiled (+) bafensdrine hydrochlords (thaded ban) and labelled (—)ooleoadcise

hydrochloride (oren bary) to bilo fhtnls rat The valoes plodted arp the mews of the
resals obtalned [n 4 rans,

]
]
t

Rescits

Excretion experiments.

Table 1 lists the overall results of the excretion experiments I rats that
had recelved single dotes of elther Iabefled fsomer of bufenadring hydro-
chlorida

Both intravenous and oral dose produced significant differences between
the elimination patterns of the lsomers.

At for the Intravenous and the lowsr oral dose, the elimination of -
sctivity from the (—)iomer was, ms compared to the (+)isomer lower i
lhﬂﬂrlne.fuccumdbﬂcnndhi;lnblhﬂup&nmdrmﬂww
studied.

As regards the higher oral dose {he climination of the redioactivity
from the (—)sowmer compared to the (+)bomer was lower in the orin<
and the expiratory alr 10 obvlous difference belng observed In the pereeat
agea of faccal elimination,

Qualitziively the overall differences shown In table 1 persisted at neesly
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a hyl

lmdrlm

P ® & -
- ® x B
F 3
Pla. 4 Thintsyer (A) and dl dloactivity of
beptane wxtract of rut wrive, collected Over 24 s aftor oral administration of 50
me/kg of (—)buleandrh N-HCHy. N .k fydro-
memwmmmmmm-wmm

B shows both s &3 extermi reference robstances. The shaded
apots became vitlble after trestment with Dragendoril's reagent.

ol the ttme mtervals godied. Figs. 2 and 3 Dlusirate this for the 2 mgkg
intravencus dose.

Andlyxis of the orine.
TLC of exiracts of urino of mis dosad with cither labelled isomer
showed a good scparation of several radicactive products, Inclndlng the
intact product and the N-demethylated derrvative (see fig. 4) In exch
extract there were several unknown products,

Qual ty the same of bolle:

was observed for both
mo 1somers, bat y distinct differences were found as
{Hustrated in table 2.

The motabolites not yet identified arc indicated by a letter which Iy
differemt for each type of extraction, although several of theso mnkmown
products found {n the various extracts are probably identical
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Table 2
Chromatographic anatyvh of urine, colkected over & 4 brperiod after orad sdmichers-
tion of 30 mp/ig of (+) or (—Ybulcoadrine hydrochlorkde N-1CH; 0 mate ray’

Each figure represcuty the mesn of dats cbatned bn 2 .

5 Radioacti A 1 Amounts eviracted
\reatments prodoets In adioacthe (% equivalents of bufes-
of the urime gt Ry valae ) e ‘h(_m)
Heptane Xy 000 s 3
eurmctlon Xy oz £ n
N-demethyl

bufenadrine 043 ) 15

bafensdrine o 2 1

Butanot Yi 000 Hs »
eutraction Yy (813 43 mt
Ya 030 L] a2

Ye 036 36 2

Batano! Z 000 7 1
eursction after 7y 008 56 17
eozymatic rest 7 02¢ 3% 16
ment 7, o 13 [
Zs 04 4 £

Sem. 1038 »

Amaust otiglaally present b urino 1541 6

Yhid of the cxtraction procedwre n% 6%

Separals evperiment from that with an equul dose, mentlobed m table 1

The total amount of radicactive materal accounted for in the urive 1@
the casa of the (+)lsomer way much higher than with the (—Jomer #
difforence which b ascribed to the greater excretion of mefabolites, partic-
ularly Y und Ys, after the sdminsstration of (+ drine
The only two products predominating in the case of the (—)somer ¥er©
the Intact substance and Hts N-demethylated derlrative. Althoagh some o
tho prodocts showed & less perfect separation the chromatographic snalyst
of uripe after an oral dose of 10 mg/kg was essentially the wme
allows the same conclusion.

Binding studies.
Tbebind]ngolhmhmdloacdwbufmdﬂmbmmnwlﬂ:‘mm
Yiver comtitvents was studled in dlalysly experiments the resalts of which

are listed in table 3
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Table 3

Binding of (+} and (- Jde-N-1LCH) to i of rat lver
and serum ss determined [n dlalyrds experiments.

Percentage bound

Serym Liver homogenate
-+ 189115 (9 Q22129 (9
(S 16628 () 5L 16 (D
Discrrenion

Differences in metabolic fate between optical Isomers of drugs have
bcmrepmed]yrepunedhnbemmmFormmple,( Jpentobarbital

lum NEN) s d wore rapidly in the rat than its antipode
whd:mnmqncndyrud:uh}dmlawhhﬂmmpnbn‘n(ﬁﬁulﬁd
M)Th:mhamnofchlmmpbmlculdlﬂumukrdlyinmm
mte in rat bile (Grazxo 1965) Labelled (—Jberzrtimbde wat found to be
cxcreted more rapidly In the rat wrine than the (4Msomer (VAN Win-
GAARDEN 1969) These #nd other examples reported fn the literature suggest
that differences in metabolic bebaviour of optical Isomers are a common
featnre, a3 s 0 be d from the esy rical strocture of those
macromolecules which interset with the drug. Our stody with bufenadrine
confimms this,

One obviows explanation for the differences observed in the climination
patterm of bufenadrine somers st the lower doses studled Is depicted in fig 5
It s suggested that there s competition between N-demetiylation on the ono
hand and botransformation to hydrophilic -p y

f d jogation — on the other. The individual
climination patterns of both jsomers occur beeause (1) the (—)bamer is
less mupidly transformed into hydrophibic products which are readily ex
creted in bile or urine andjor (2) the (+)isomer is less rapidly N-deme
thylated.

At the 50 mg/xg dovo level the eliminath tagn of the radioactivi
of the (~Youfenadrine hydrochloride In the expired air decreases substan.
tialty ms compared to the percentages after the lower doses it even falls
below that of the {4-)smer where a dose-dependent effect was not found.
Obviomly at higher dose Ievels the N-demethylation mecheanism also
bucunulﬂeacdbythu( )I:cmcr

bolic fate between (+) and (—)buten
-d.rlnomumttbnbiotnnﬂarmlﬂonpmcenulndxllmmm}or

determining factor. An alternative hypothests, which would at jeast ex
plain part of the differences in the climination pattern af both tsomers in-
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3N-deme&hylaﬂon g "co,

R E

other blotransformations

XL

Fig. 5 Pomible explamation for differences do metbolle bebaviour of the opoal
fomens of buferddrise bydrochloride bn the rat after s single dose of 3 mphie,
frntravenomly or of 10 mg/Xg, onally

volves a difference in fate before the enzymatic sltes concerned hn the
biotramformation are reached. Although differences fu binding o serom
proteins or in the wifinlty to iver tissve might be involved, the resoft
obtained (table 3) make this less likely

Under the expertmental conditions osed the two lsomers showed abott
the same degree of binding and on statistical analysis of the dats (Studends
totest) the diff PP not to be signlficant (P> 005). The &t
ferences in kidney function too did not provide an explamation, sinco fn
this cass o decrease In the vurlnary elimination would increse bilary
excretion. In the case of the (—)bofensdrine the data show that both
urinary and biliary lon are & d a3 compared with the (4 Jeomet.
Tbehywhabthuthamboﬂcdiﬁnmhcmbothbu!mﬁdﬂﬂ
fsomers are the result of a slower blotransformanon of (—Youfensdri
12 supported by the analytical findings, These show that the greater amosat
of (+)butensdrine radioactivity 4 in the winc @ duo fo the
climination of a larger quantity of hydrophilic metabolites. As regards té
(—)mmmmdmmmmmwdlm\hﬁmm
wulbolhrgcrmeryu(ﬂnN—dancthyhkedpmdmmlwu
mxammrommnmum@mmmﬂ“
mp;&ymmoawdtm(—)mum:lmmmmﬁm
(—~Yalenadrine Jeads to a comparatively higher accomulation, peicularl
on repeated adminixtration.
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adicactivity recovered as labelled carbon dioxide amounted to pearly
50 / over the period stodled. During in vitro studies with iver microsomes
(Roomamﬂd 1965) bafenadrine had already been shown to be an

b for the N-d reaction. Thus If only mono-
mhyhdonoccmrcdumlgmbecnndndcdtthncﬁuuylﬂtbelu

(-} dergooe this process, since oaly one of
thoNJ‘CHx!;muplmhbdlcd.Inpm:ﬂc:,dl-N-dmeihyhdonmdw

With the 2 my/fkg b dose the p of the (—)bufenadc;

bo 1Sk hero Js sut 121 N bylation of (—)bufenadrie
litbeSOmg[kg—hw]}t;houldbnnotrdlhunmou;thoaccmnuhtlng
d the N- d might also play an important role.

'l'mdauobtdmduﬂcrwtor a rciation between the toxicological and
metaballe findings. the inability of tho rat liver to tramsform (—)bulensdrine
hydrochloride and probably lts N-demethylated derivative at  rate suf
fickent to prevent tho accurrlation which triggers off the toxle mechanhsm.

Tho (+)iscmer and also its related componnds found not to be toxke to
dxﬂmmlyhiwthohm-lmlcndivhytulndm:blodmiuldmzu

1t a3 described above, though in prac
ﬂcedrydomtrnchncﬂﬂulbvellnlhuﬂmthmu,beumeo{n
mfficiently rapld t to  hydrophil d: which are
readlly excreted.
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The Effect of Phenobarbital Pretreatment
on the Cerlum Induced Impatrment of Drug Metabolism in Rat

By

Pexttl Arvels aad Nt T Kirl
(Reccived Jarnary 4 1972, Accepted April 14, 1972)

Abstroct The effect of phencbarblisl pretreatment bas bees eindicd oa cerfum
induced [mpalmyemt of drog metabolhm | rat liver Male rats were divided
{nto four groups. (1) controbs, (2) receiving cerfum Intravenousty 2 mefls. )
preireated whh phenobarbital and (4) receblog the ame amount of corhm &
in group  afler pretreatment with phepobarbital as im groop 3 The pretreat
ment had a clear protective effect both agaimt the cenum {nduced bmpalment
of oddative drug roctabolism and the elevation of some cnzyme sctiviter
The pretreatment also normalized the decresse in blood glucowe and the b
creme in plasms free fatty scikds camed by cerlom.

Key-words: Rare earths - cerlum  eozyme (sduction  lhver injary

Rarc carth metals are known to be toxle cements, helptul ageats it
medicine snd fisston products. Previous studics have demonstrated that the
fiver damage caused by a single Intravenous injection of cerfum b manifested
by the productlon of fatty liver (SNYDIR & STrPixs 1961), morpholtogical
changes both 1n the liver mitochondrla (GLENK et af. 1962) and endoplmic
reticulum (MAGNUSSON 1663) and by an inhibltory effect on liver
drug metabolizing enrymes (ARVILA & hArx1 1971). The acuts fiver damuge
produ.:cdbyihernrecnnhmtmlsmlyllsohcre:ponsiblefonhnh:mlﬂduIl
glycogen formation which In its tumn canses hypogtycacmia (MAONUSSCY
1963) Prcunurmnw‘h]chdmprhhhmmnwnlnmhw!hcm
wmﬂdmgmmbollﬂngmymahasmm!hlllbcylmdﬁlﬂw
vdmlpmnnﬁmulodcmbmcabommmwmﬂ(mixi
YarTE ef af 1966)nndudulu(km&5:_mam1968 Trosr0r
WiLLIAMS 1967) Onlhcmhuhmdsﬁmnhﬂanolﬂmmhmomﬂm!m:
mylcudmnmumarkedeﬂmufmmedmgsnﬁwm%
McLeax 1969 VomnE 1971 HOGISTRATE & OpERpissE 1970). In 0ot
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we have Invest] whether pt with phenobartital (pb 1
NFN) which s a proved and 1 med”-“ b has any
effect on the cerium (2 mg/kg) Induced tmpllrmcnt of the drug metabolizing
system in rats.

Naterial and methods

In the present stwdy 25 pule Spragoe-Dawlky rats cich weighlsg  pproximarely
0 g were weed. They were obtalned from Orion Lit, Finland. The aninuls were

th the tion was carried oot at 37 In « Dubnofl
type of shaking Incabutor b an atmaspboro of sir The amounty of cofsctors added
weres b (NADP), 15

ghocose-6-phosphatse,
50 ool gincom-6-phosphats debiytirogenme (Fluka), 88 EU Trie-HQ boffer 0.1 M

glocose
utrated by the method described by TrouT ef al. (1960).

Remlts
Cerrum treated aptmals behaved normally and there wers no differences
Inthelfoodmdntﬂwmmptlouucumpucdwhhtbemmmh.m
the mean Tver wet weight by abont 230 /

h:both;mupl3md4
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Table I
Effect of cerfum oo some enzymes involved [n drag metabolism in noemal and phenobarbital treated mats

HBO UDPGT BPY
Number
Growp Treatmant of  ymol hezob. umol PNPGA relat. .
snimab meubolzet) ¥ formad] Xol i x 104
Ihefgliver OO i 9T ngggiver
1 Coatrol s 2004012 1000 L4050 1000 S24%1l44
2 Cetraat, 6 068032 ) 4280 ;2 1Mm
3 Phe-treat. 6 IM020 10 10TTEOSL S5 79236
4 Pha-treat 6 309024 145 11974220 6541 5352081
and Ce-reat

“Tha enzyme activiiles are expreed as mean valoes £ 5D

Fed X

B
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Table 2
Effect of cerium on Cyt P450 sod G-5P DHQ in mormal snd pheoobarbital
pretreated rats.

. Cyt PASO G-6-P DHO
Groop  Trestmest b ODows  Xof adte/g %ol

lhver comtrol Hver coniral
1 Coatrol 6 035+010 1000  335t048 1000
2 Cetrest 6 014 009 440 63ISL167 1896
3 Phepretreat [ 0734020 2086  868:170 291
4 Phepretrest. 6 049020 1400  TAIEQT 204

and Cy-treat,

The actovithes are cxpresed xx moss valoes £ 8D

Effect of certum and phenobarbital preireatment on engyme octhity

Tho activities of barbital, p-aitrophenol and 3 4-benzpyrene metabol-
hing enzymes in different groops ase shown in table 1 and the Irver comtent
of cytochrome P-450 and the activity of G-6-PDHQ In table 2. 1t can be seen
that In all the p studiod phenobarbital almost entirely
abdhhcdlhccﬂecuotceﬂum,'l‘hllmllmmwwbmcmnmcmwdm
increase m the sctivity of UDPGT As in the case of ghicuronide formation,
cerfum slso had an activating cffect on G-6-PDHG from the soluble fraction

of the liver Even hero the noomalizing effect of phenobarbital pretreatment
could be scen.

Table 3

Effect of coriam oo biood glocose and plasme FFA o normal and phencbarbital
pretrestsd raty

Number
Oroop Treatmest ot Dloodgicms  Xof  Pawma FFA X of
antmat mg/100ml  coatral pagfml control

1 Control 6 L6TE 81 1008 029010062 1000

2 Cetrent 6 809t 92 &3  0610£0417 2103

3 Phepsrat 6 10061179 862 oMol 1278

4 Pheprorat s 10841179 s03  aswiroast  1ng
aod Ce-tremt,

The coscentrations are expressad &1 mesn values + 8D,
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Changes in blood glucose and plasma free fatty ocld levely

The changes in blood plucose and plasma FFA tevels are listed in tabie 3
In sccordance with our carller findings (Arviia & RArks 1971) we agaln
foundlhnlthobloodglucosciuceﬂumkumdunimnhmdgnlfmndyde-
ereased and that the plasma FFA level was doubled a3 compared with the
coatrols. Phenobarbital pretreatment mlope did not have my significant
cffects on those p but b the phenobarbital p d group the
effect of cenum was abolished.

Discumlon

Our study shows that phenobarbital pretreatment had a clear protective
cffect against cerfum induced impairment of oxidative drug metabalism fn

rats. Phenobarbital p also 8l pletely abolished some @@
hanced cnzyme activiiles caused by 2 single cerlum injection. HOCUSTRATE
& OrFRDUSsE (1970) have d that with phenobarbital

has a protective effect agalmt fver injury caused by varlous hepatotoxic
agents including praseodym. In experiments with rats they wero abie to show
that the elovation of scrum Jevels of GPT GOT LDH and SDH were pre-
vented by phenobarbital pretreatment.

The most Interestng effects are the cerium induced enhancements of
UDPOT and G-6-P DHG sctivities. It Is knowm that the UDPGT actlvity B
Increased after treatment with EDTA (HANININ 1968) sodium deoxycholsts
(vax Rov & Hemwran 1968), Triton X 100 (Hemwhos & NouwssD
1968), digitonin (WixsNes 1969) and ultcasound (Henpresow 1970). HEv
KINEN & PUUKKA (1970) have supgested that the active site of the cazyme &t
llvum}amumabmnoundcdbynﬂp*dbarrlermdthuthancﬁwﬂmh
caused by disruption of this barrier Cur study supports this sssumption sioce
it f5 possible that cerfum which fs known to react espechally with phaspho-
lipids, similarly cawsss an mmmking cffect on the active sito. In order ©
expllmdneﬂccldpbmobarblmuoamenl“mnutlhnlnmm
this Inductive treatment, which Is knawn to Increass the phospholipide cor
3 tent in liver mi cames a htening of the onginal barder

Mcrmww@mmmdwvnlmtwmmmmﬂmnwmw
nclehonG—&PDHG(PuTT&CmmlM).I\ha’buﬂWd’:
changes in the activity of G-6-P DHG may be sssociaied with the chanses
g{ycog:nmumum(vunamlm)mfnmnaﬂnmwﬂ
nmhmdmmmmudmhmwlm)ﬁ
parts this view Onlhcolhcrhmdthoregurﬂﬁwmmm’h";h
c:eanuth:uccdfmreduuedNADPmdthnhdthntO—&PDHGh‘b“dmk
produc:rntNADPH.oouldparﬂynplnlntholnmnxinthendlﬂ‘Y

dehydrogenase.
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Cerlum I known to redoce the oxidation of free fatty sckds in the Over
(SnypER ef of. 1960) and bence may cause thelr elevation In plasma. It ks alto
postible that other organs, e.g., adrenal glands, may be affected by cerfum
and through {ncreased catecholamine release play & part in the changes
obscrved in lipid and carbohydrats metabolims. Wo have found a 24 /
decresse in the catecholamine content of the adrenal glands 2 days after
cerfem infection (unpoblithed results).

Tbumcchmhmbywh]chcudmhnpalndmgmdnbolhmbnmdnrm

Pl fum i an 1y dellcate sheet mads from proteins and
bhospholiplds which hokds associated Io certain config In
cmtnntoUDPGdeicvedtobelocxl:dlnumrmghpnrtoimdoplunic
icutum, most drug ing sctivity 15 found In the smooth part (Fouts

& Gxam 1969), and therefore may differ In semltivity to the effect of mem-
brane diroption caused by cerdum.

Sipce the function of liver microsomes reflects changes In the original
strocture of the endoplasmic reticulum, our stody seems to indicate that

henobarbi results In a p cffect against cerinm in
dmmdlll:mtimsollhhm'ucmm.
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From tbe Department of Pharmacology Urtvershy of Helsinll,
Sittarsorenpeeger 10, 00170 Helsnkl 17 Finland
Amphetamine Toxiclty in Adult and Developing Mico

ry
Eem Almra
(Recrdved November 39 1971 Accepted Janoary 28, 1972)

Abstract: The dose-mortality curves for di Ine after rit
administration of 10-180 mg/kg of & 1o adult and developlag mico

sponding caleu-
lated In relation 10 the surfacs sres remained mnchanged, althoagh the differ
adalt

farded by the pretreatment reflect the complax lethal actions of amphetamine,
Eeywords: Ags — umphetamins - toxiclry

Amphetsmine hes been used to tmprove the behaviour of hyperkinetic
children for soveral decades (Baapiry 1937 & 1950). This paredoxical
tranquillizing effect Is most pronounced fn cases in which sn organle leslon
of the ceatral pervous system (CNS) bas boen demonstrated. Whth increasing
tge tho hyperkinetic syndrome usnally disappears, snd It hes been supgested
that delryed matnration of the CNS could be & factor influending the favor
able effect of smphetsoaing (Miixaur & Fowies 1967). Although lyper
andcd:ﬂdrmdonotmﬁminlbumgmammp.lhopnidndmlm
sponse and the £ L 1o amph Indicate that age might
be a factor inflnencing some effects of this droy.

Totldtynnd}uhncmdmudmhnpammmdmmhon.mpm
amine. A ino toxiclty In agprogated and bolated mice has been

F- e
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widely | Igated by scveral Investigators (Moome 1963 Cuemeowv e a
1966) The mechanism of death caused by amphetamine bs atill usexplained
As reported by GARDOCK! ef al. (1966a & b) the dose-mortality curve o
di-amphetamine is polyphasic, which might reflect the existence of sevenl
duifferent modes of action, the structure of which has so far notbeen eluadated.
Th:purpouofthhnudymlo:nnlytcthcmlcuhs:inumpixnmbc
toxicity in mice.

Materlal and Methods

Lxperiments on sdult mice
Adult matc albino mke of NMRI strain weighing 246+ 0.5 g were kept on e
standard laborstory diet in their bome capes (20 X 35 X 15 cm, 30-40 mice fn eack)
untll used, Dhamphetamine sulphato dissolved In distilled water was mjected bt
peritoncally at 10 am, In & constam volums of 0.1 mIf10 g of body weight The
doses of amphetaming were cakculated as base. After (he inpection the mics were pat
in groups of 4 antmals into opaque phastic cages (15 X 20 X 13 ¢m) and obwerved for
4 bourt. No food or water was given 10 the § |mals during the obecrvation penod
Any mice which dicd i the 4 hours periad were substitied by unireated nkoels ©
order 1o maintaln the grouped sitmation. Any addiboos! deatin during the followisg
20 hours were noted.
To Investigato the acute tnlerance o amphetamine, make mice in groaps of 4 were
with dt b 3§ mg'ky Iy at various time iatermabs be
foce tho tovicity experiment was started No food or water was allowed durlng the ob-
servation period which lasted usdil 4 hoars after the sccond Infection. In order t0 thod-
fat the effect of fasting mice infected wuh 5alloo served a comtrobn Any widkiost)
deaths up to 24 hours from the first Injection wers recorded.

Lxperiments on developing mice
Developing NMRI sirain mics of efther sex were ed In the following age groope %
6,10, 14 18, 25 snd 30 dayr. The body weights in the age growps wery as foliows )
dayr 224 013 g 6 days: 3394 012 g 10 days: 5024022 g 14 day SH k03
£ 18 days: 633£024 25 dayn: 1006 2 047 g, and 30 dayw: 14.08 £ 0.44 5. Tho lowr?
Dlamphetaming was Inected bntrapertioncally i aqueons solutioa In & constant Yo
umdoJmulo.dbﬁy-mmmhmmmmm;mW:
Infected ty means of the Hamflton 100 p) mucrowyringe, tha skl belng ploched 8t
site of the Injection in order to prevent heakage of the solution. During the Ghe?
nmwa4mmmmwuma4whm~*;
mmmmnmmnmmmmmwmmww
mumommommmam-mmwmﬁ'ﬁ* o

mymdmuummwnmm-mﬁwﬁ"‘:’_
.nauap)wmmmmummmtmumms'ﬂ“ﬂ'
were keted during the & weeks. The tompersince
2451035 C
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Calcaletion of the el

The mortally was apresscd @1 a percentage, and the mean valoes and thelr
wandard errors (S.EM.) wers calcoluted. 1 20 mice represent each point of the dose-

mice end n developing mice at the age of 3 dayr and 30 dayy, respectively To con-
vert & doso in mg/kg to n doss in mg/m? the approcimats forrh given by Farmon
ot ol (1966) wir med (dose In mg/mW o (lm) X (dase In mog/hg). The comeniion fac
tors (ki) for each age group were obtabned scrording 1o FAEmICR of of (1966) by
dividing the body welght (ky) by the sorface ares (m?), while the sarface wrea was o
thmated a3 (kg)* Tho rapective comveron factor (km) msed were ma follows. At the
age of 3 dayr: krn = 1.3, 30 dayx: hm = 2.4 and sduht mice: km 2.9

Rewlts
Adult mice.
The doss-mortality curves for amphetamine expeessed on the mg/kg basis
in grouped adult and developing mics are shown In figy 1-2.
It cant be scen from the fignres that the mortallty-respoase curve for am-
phetantine was polyphasic. According to GARDOCX! et of. (1965a) the classical
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groups of developlng mics. Bach pomnt of the corecs - e
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Fig. 2 Tho dowemoriality curves for di-amphetamine n older age groops of devcior
ing mice as compared to that of adutt mbce.

LDy, expression i not applicable to this type of curve. Even though the
curve cannot be definitely divided into sscending and descending segments,
it 1s obvicus that some of the higher doses of amphetamine were bess wxde
than lower doses. Since the dosage of amphetamine waa fess than 60 mg/k§
the mortality did not exceed 60 / The gross effects observed following 86
ministration of amphetaming were qualitatively similar in the dosige =288
of 10-60 mg/ky. These were Increased motor activity pllo-erection, sweat
ing, Straub tadl, tremor vocaliration, sensitivity to tonch, aggrestion and

atypreal The d rmice wsed in completing the £
alto exhibited slight motor sti Dexth seemed to resalt from exhenst-
hnnndrup{mmrydcpruﬂon.mmjodlyddnmmﬂu‘ﬂﬂﬂ’
dotags rangs was recorded towards the end of the observation period. The
time mortality relationships for most of the doses are presented tn flg. 3
Doses higher than 60 ma/ky camed ataxia and marked convulsions. 1o
this higher dotage range the mice died sooper most of deaths oocarifg
whthln 2 hours after the Injection. A 100 / mortallty wea obtained with 100
mufmpmmqm'mmn/aﬂsmnwh”
minntes and the remalnder in 60 mifmtes (88, 3). No sedativo effecs coid
bo observed with any dose of ampl,

v
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Doy
» "

£omy/my
gy

/FM
2 E] S

TIME W HOURS
Flig. 3. Timo-mortablty relationships with vardons doses of ampbetaming In adult mics,

sd485933
2865883

o 4 WM

Developing mice.

In developing mico of 7 age groups the toxicity curves were shifted to the
right, indicating that young mico tolerated higher doss of amphetamine than
adalts. The effect of fasting, weaning and the Injection per re wes eliminated
by the salins-Injected controls, all of which survived.

At the ago of 3 days all the anlmals survived after the sdministration of
100 mg/kg of amphetamins (fig. 1) Only & 68 / mortality was obtalned
with a dose a3 high as 180 mg/kg. With increasing sge the animals became
moro scnsittve to the drug, tho graphs shifting gradually wwards that mea-
sured In adulty (g 1-2). The thape of the dose-mortality curves in all age
groups studied was biphasic. In younger ags groups (3 to 10 days) the de
sceading part of the curve was in the dosage rangs of 120-140 mg/ky (fig.
1). At the ago of 14 days the descending pert of the first peak was alightly
shifted to the Jeft, being in the dotage rangs of 100-140 ma/kg (g, 1).

In the younger ags groops (3 to 14 days) the behaviound cffects camed
by amphetamine wero slight Incroased motor activity was scen in 14-dxy-old
mlmh‘mollhﬂ&ndnmdvﬁhtn}ﬂtu@mﬁmmlﬁnthﬂhpc
tloa. The time-mortality relationships In 3 age groups of developing mics are
presented in figs. 4-6.

The toxicity of amphetamine weas increased from the ago of 18 diys on-
wards, tho snimals responding partially like the adoits (fig.2) Io the
older age groaps (18 to 30 days) amphetamine cunsed incrosted motor ac
tivlty and the other behavioural effects described for adult mico, The highest
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Flg. 4 Time-mortality relationships with various dases of amphetaming in mics tped
3 duyx.

doses caused ataxia and marked couvulsions, The deaths camed by lower
doses oconrred mostly during the stter period of the observation time, white
doses exceeding 100 mg/Lg caused convulsions and sudden deaths withia 30
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minutes ({igs. 5-6) No dose of amphetamine was sedatlve in any age group
studled,

Toxldty culculated to the surface area.

The dose-mortality curves of amphetamine on the basis of mg/m? are pee-
sented in fig. 7 The per-square-meter dotags system shifted the curves of
developing mice closer to the adult curve, bat the maln differences b am-
phetamins toxicity in adult and developing mice still remained. This method
of dosage calculation supported the primary finding that developing mice are
less susceptibie to the lethal action of amphetamine than adolt mics in most
sections of the dosage scale. However the differences between the age
groups of developing mice became less proncunced.

Effect of amphetantne pretreatment
Adult mice were pretreated with 5 mg/kg of amphetamine intraperitoneal
1y 1 bour to 5 houn befors the Injection of toxke doses of the drag, Tho
pretrentment dose caused 2 moderate stimulation but no deathy, The rubse-
quent largs doses of amphetamine were less toxic then without peetreatment,
provided the fnterval was 2 hours or more (figy. 8-10) Pretreatment given 4

O=—0 AMPHE TAMINE ALDNE. O—=0 AMPHELAMING ALOWE
®—0 PRETREATED -4 PRETRIATED
WIERAL 1 HOR WTERWL 2 HOURS

DL-AHPHETAMINE HO/XD 1P

ro-m oxic doses of

The peetreated animals wero 1

(e frtervals after the pretreatment. Tha cirve of the proireaisd mico b 07
rﬁhmumbmmumummm
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Flg. 9 Effect of amphetamine pratreatment (5 my/ke) on Ha toxicity im sdult mier.
Torlkcity experiments were performed 3 to 4 boars after the pretreatment,
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Fig. 10. Effect of empbetumine
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hwunbcfomt}wtmlcdommlhebatpmwmhu.mbnp!hndtholn-
terval between the injections changed the shaps of the dose-mortality carve.
ﬂwsronbehnvbunleﬂecudnatowxlcdmuo{nmphcuuﬂm(mdn&
licking, occasional bursts of running, stereotypleal movements) were milder
than those observed without pretreatment. Most of these effects were over in
1 hour

Discusdon

The polyphasic dose mortality curve of amphctamine in adalt mice is In
rccordance with the finding of GARDOCKS ef of. (19662 & b) and reflects
more than one Intrinsic lethal actions of the drug. The two different patterns
of behaviour preceding death by fower and higher doses of amphetamine fn
relation 1o the time of death also indicats the complex methanisms of desth
Whether theso mechanisms are central or peripberal cannot be stated. It
would appear that the central action of amphetamine is of primary tmpor
tance with higher doses since death was preceded by convalions (Moowt
1963).

The polyphasic dose-mortality curve could be reproduced fn all xge
pwpddmbﬁngmlmmmmdhmmarmmmcdmmd
death in developing mice ahhough these Jethal sctions appeared with higher
doses of amphetamine,

It 1t wndely accepted that tho central action of amphetamine s dependent
on the presencs of catccholamines (CA) §n the hrain {WEISSMAN et ol 15966

FHansoN 1967). The exact fsm of the CiA-eleasing action fs not
Imown The behavioura! excitation by jower doses of amphetamine i pre
vented by the blockade of norsdrenaline synthexis by methyltyrosine (Wetss-

,MaN et al 1966 HANSON 1967) A 1o tho amphetamino toxicity CA are
also consldered to be mediators (MoORE 1963) Largs dotes of amphetamio
caso a marked releass of the CA ovidenced by the CA depletion fa the
mome brain which cavses strong behavioural excltation feading ©0
haustion and thess might be considered as important jethal factors (S
1965 Canrsson 1970)
Apcﬂpbaﬂmedmni.nnpoulﬂymtﬂbudngmthompb@hﬂﬂim
ity s & b of lar transmission by high o
amphetamino (PETERSON €1 of 1964) This can bo of fmportmee as ind-
cnwdbyllnbmmhmgdlmgﬂuucbau—wddmgmlmﬂﬂ
high-dote level
Wmmmmmmmmmmmmwmw
ponpdvaﬂmwuﬂai.(wGS),thngmoumctﬂnthAhﬂﬂl‘:
with ags. Thus, the biochemically and functionally aqsgﬂgl:;b‘
« Iactor inflnencing the low toxiclty of ampbetamins in dovelopins




AGE AND AMPHETAMINE TOXICITY IN MICE 397

particnlarly comidering the necessity of an undisturbed CA-bosynthests for
the central action of ampbetamine. Preflminary results from this laboratory
give farther support to the importance of the lack of brain CA fn amphet
amine toxicity in developing mice (ALHAVA, unpubished results 1971). Age
dependent differences in the sensitivity of drug receptors may abo be in-
volved. Furthermore, Buurs & HeruaN (1971) foand that adrenaline was 3
times and potadremiine twice a3 toxie for adeht a for ntonatal mice,
Hence, the immature neture of the peripheral noradrenergic system cannot
beuxdnd:dnnfuciorinmlvcdlnlhbwbxﬂyo{nm-phﬂnmlnelu

Hypcn.hcmﬂllndnc:dby ioe has been d as a fatnl fac
tof in amphetamipe intoxication (Moore 1963 1964). In grouped mice, e~
lu]in:pmducedlbbcbdﬂdlhbhyptﬂhﬁmﬂcmpomcmdlmmp!ue
protection agalnst the toxio effect of ampk: while

with no action on body abo p d apatost
nduxy(}.mm&DAmul%n.Funhﬁmore.Lbemmuhakofux
relation between the effects of a and p-adrenergic blocking agents in the
amphctamine group toxicity and hyperthermis in mice, indicating that hy.
perthermia may not be a primary factor in amphetamine tocdclty (RAEVSED
& Guma 1970). In rabbits and mats the amphetamine indoced hyperthermia
and central conld be inhlbited by the blockude of dopamine re
ceplons (HILL & Homrma 1971 MATSUMOTO & GRIFFIN 1971). This gives
tfurther support to the Importance of the immatnre CNS of developlng ni-
mals, since braln dopamine reaches the adult level more slowly than the
other monoamines (AGIAWAL et al. 1968) It Is euggested that the immature
ldrmgio:ymmyboaumiﬂubctorh:thodevebpmmtalhypu
thermia and hence dimink the i of toxicity
Relevant studies on the infleenco of immaturity on drug absorphon from
various administration sites are not evailable. It could be asgumed, bowever
that amphetamine in aqueous solution administered intraperitoneally would
be equally absorbed in adult and developing mico. Forthermiors, differences
in the dstribation of smp inc may play a signifi role In the altered
respoase of ping mice. The develop staio of the blood-brain-
barrer may be a Iimiting factor in the uptaks of wmphetamine by the brain.
GaraTIN (1969) has already reported that new-bom rats have Jower and
mors rapidly decreasing level of brain amphetamine than old rats. Prefimi-
nary results from this laboratory have shown that in young mice the braln
wnphctumins levels are Jower and resch thelr peak very slowly (Avava,
unpublished resalts 1971)

‘The major b b of hy In mico aro reported to
be, firmtly an i hyd. to p-hyd ine which may
be excreted partly h d and fugat with gl 1

acid and,
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11,

y an oxidative deamination to the } ® &
1970). Although the toxicity of ampt Ine and its s ot
been reported in the Immature organism, it bs unlikely that differences bn the
amphetamine metabolitm between adult and developing mice could explain
lholnamadtolmnwbﬂwdmglnlbeyam;appmps_
an(wss)pdnteduutthntheumnldosnu{mmhdmphwrbm
animal species and man wero comparable when the dose was determined o
the basls of mg/m? of surface area. Done (1964) belsves that the real ratio-
nals of “the surfsce area rule™ probably Iies In the fact that the extraceltuter
ﬂuld\ohmabxdlﬁvdymmmmlmrlammlnshthmngbomnhh
sindles on the toxicological properties of amphetamine the most

wrsed basls of dosage calculation is mg/kg. In this study therefore, #t secmed
to be reasonable o re-anslyze the doses of amphetamine as besed tho oa
units of body surface area. This manner of dosage calenlation did pot defl-
nitely alter the original finding, although the difference betwem age groups
of developing mico became smaller In thi study the calcolation of dowmge
in mg/kg seems to be adequate, since no comperisons within different spe-
cies with variable conversion factors were made

Ths p ive effect of amph | against its own toxldty
mm:dmllwhmvhelhmlnlcrvﬂbemtbomm}euhmm4hnm
At this time interval the original polyphatic shape of the mortality respomse
cumtmhnddlupmmd.nppeuinglninwbmtheln&crvﬂmzm-
longed to $ bours. This time-d of amphetamine pretreat
nrmnphmlhmxldtyupedlﬂyinﬂmbmdmmnpwmd@nm
flect soveral lethal mechanhims of amphetamine, of which one st kst B

liminated by the p t, It bs tempting to aswume that this pretrest

t lsm #s mediated by CA since pretreatment caused 2
charactertstic CA-dependent excltation (MooRE 1963 Saara 1965). Whetl-
er tho desensitization to the amphetamine toxicity fs dus to inadequate kevels

of central CA or changes In the receptor sensitivity s at prescat pot knowi
hmnﬂnﬂonnnqﬂmmmxidtylnmlmwdcpmdauondnwﬂf

tho snimab, the ptibility to amph ! w'hhl;n.Thh‘:

aumed to be due to the bloch Ity and functionall g

mmummgmmmmmw L
action of taml agatnst fs

mmx}dqmnckaﬂymundwimbmdondamﬁrnmmmyhﬂ
tribatabie to an eliml of the CA-depend: p of wodclty
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Abstract. The bral narsdrenaline (NA) and dopamine (DA) content of adnlt
and developing mice of 3 ago groups (3-5 13-15 and 32 35 dayr) was ssayed
and found to focreasm with age In adult nslco 4 hra afier the adminktration of
50 mg/kg of amphetamine the brafn NA contont was decroased by 65 X After
100 mg/kg of amphetamine the mice died In 25 min, but tho NA snd DA heveh
were only siightly decreased. 1 all agw groups of dereloping mics, the doses of
amphetamins mufficlent to bo lethel in 30 min, (100-160 mg/ky) caowed oaly

dight decresss or even an hcrexss fn brain NA and DA level In developisg
mko mrviving 60 min. after ampbetamineg, the brain amines were mansively
depleted In sdott mice the bradn NA contest in 1 hr and 4 hrs after the pre-
tresiment dose of 5§ my/kg of amphetamine dectexsed by 00X The dowo of
60 mg/kg 4 brs afier (e protreatent camed  mussive depletion In brala NA
and DA cootent 1 br after the latter infection. Even thomgh the mice mervived,
The kack of correlation between brain catechotamine depletion and amphetaming
totichty reflcts the complet lethal mechanisms bndnced by the dreg.

Kep-mords Ags  amphetamine ~ catecholamines.

In a previous stody (ALmavA 1972) the todaiy of amphetamine in mice
was found to be dependent on the age of the antmaty, the smceptibility to am-
phetaming increasing with age. The polyphasic doss-mortality curve of
amphetamine originally reported by GarpocxT et al. (1966) and Geosce &
‘WoLr (1966) in adult mice, could be reproduced in all age groups of devel-
oping mice. It was sssumed, that thero are complex lethal mechanisms of
umphetamine both In adult and developing mice.

There s geveral agrecoxent 3 to the importance of tho presence of ce-
(uchohnﬂnel(CA)Ln!habruinlmthsmnll-:ﬂmotlmphnumlm
(WENSMUAN et al. 1966 Harson 1967) In amphetamine toxicity the masatee
m:dmcamedbyhrgndmdﬂlbmﬂnehumnadwphylmhln

26 Avtn pixrwscokopes, woi. 11, taas 541
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o al (1958) Dopamine (DA) wat zmayed according to Canisson & Walbeck (13358).
The whole bratms wers bomogenized while cooled in 8.0 ml of 0.4 N perchlorke noid,
The adwit bralms wero asalyzed indbyidually In developing mice cach mample consfated
of 4 pooled braies The amount of water {n the braln throe of sdolt mics was found
0 be $0 X and In the thwe of ping mice 85 X rely In the &
procedmrs Dowex 50-X4 resin (Floka AG 200 to 400 mesh) was osed In bydrogen
form. The dimenslons of the cohmmy wers 126 mm? X 12 mm. A detalled descyiption
of all the steps bs given by hiwam (1570), In 27 determinations the recovery of NA wat
MEL24X and that of DA 740122 X The resmlts were corrected for the respec
thve recoverien,

The cotumms wero loadsd with pure CA ples dl-ampbetamine to study the cffect of

on the of CA. D} inc i ot Interfere whh the

smay of NA asd DA,

Doses of dl-emphetaming refer to the base. The environmental temperature during
Ut experients wat 245205 The beatn NA- aod DA-valoes sro expremed b g/
of fresh thwoe. Sindent’s Hest was taed for stathtical amlysts of the resalts,

Repulty

Age ond brain CA contens

The effect of age on the braln CA levels bs presented in table 1 The bratn
NA and DA levels Incressed with age, almost reaching the matare kovel
at the age of 32-35 days. At sl stages of development the sctual con
coatraton of DA was higher than that of NA. The kncreasc of the brain
CA content was stathstically significant in all age groups except from the
e ol -5 days 0 13-15 days.

Table 1

Brala NA st DA conteut In doveloping an sdult mice. Valnes are axpromed i pglg
ot fresh towoe & $..14. Exch experimest on mico was performed on 4 pooled

braint, The adult moase bralcs wers analyzed individoally

Am n NAyss P< X DAggly PBP<  Xaf
an esn st
MeantSEM. ol MeoctSEM. s

!L?—u € 016t00l o001 3 I8k 003 0001 20
oo 6 awiom ooo1 47 oxMiam  oom 7
L] 0361001 001 B4 0.66 1 0.01 001 el

Adsr 1 agtan W asoxoos 100

2 = member of expertments
Toe sgalficances keate deviations from the adul levele,
E
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Table 2
Mmu{nmpbdmhuouhﬂnNAlniDAlndzlnlduhmk:.l{hudmsnmfh
of h 4 bry after the i), jon, Tho bighty totk dow

dxmwkgmwmummmu—ﬁm
Dowo of n  Timoafter Xof Lol
smpbetamine  admiss.  NAMS o po oo DANEE  po g
melly tration MeantSEM erd MeaofSE M Tovel
50 -3 4ln 0astom 0001 A5 081 1 0.06 0
100 5 15-25min. O034t0N1 001 ™ 064008 om 7
Controls 10 043+ 001 100 050 1+ 0.05 10

n = nomber of experiments,
Thre vignificances Indicats deviations from the control bevels.

Effect of ampheiamine on brain CA contens

Adult mice. The effect of two dotes of amphetamine, 50 my/kg md
100 mgjkg, on brain NA and DA levels was stodied. The resulis are given
in table 2. Four hours after the administration of 50 mg/kg of amphetamine
the brain NA content was decressed by 65 / but the DA remalned atmost

hanged. After the administration of 100 mg/kg of amphetamine the
mice had convulsions and died within 15-25 minotes. Both the NA and DA
levels were slightly but sgnificantly decreased.

Table 3

Eﬂmdmnwmmdmd!mdhu(mphﬁmﬂmmeAndD
meummmt“wtmmAhﬂw:m
1

-

trathon of 60 my/kg of smpbetamine. Tho amimals wers decapitated afier the
Intter Injection.

Tims after xd
Dose of n X of

sdminie N4 DAWE  p< coord
amphetatnine 4 P<  control
gty ﬂ'-h:“‘ MeantSEM, vl MeantsEM s}
5 10 1 e3tome 001 79 O7BEOSS ;
s 4 4 oMtom o001 o  owield i
5+60 8 4+l 0191001 0001 44 036006 0001 Pt
Coatrol 10 043 a0t 00 0soioas -

n = gumber of experiments.

T wgnificances {ndicat deviations from the coutrol Toveés.
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The effect of the pretreatment dose of 5 mg/kg of amphetamline on braln
NA and DA coatent 3 presented in table 3 The brain NA content decreased
fn 1 hour and In 4 hours after the pretreatment by about 20 / The slight
decrease In the DA content was Imignificant. One hour after the pretreatment
tho mice showed typical 1 while the amphetamine-Induced exclta
ton was completely terminated 3 boors later The dose of 60 my/kg given
4 bours after the peetreatment caused a highly significant decrease (P <0 001)
in the CA content In the bralns of mics decapitated 1 bour after the latter
injection. The mice were not markedly stimulsted at the time of decapitation.

Developing mice The eflect of various doses of kmphetamine on braln NA
and DA levels in ths age group of 3-5 days fs shown In table 4 In this
youngest ags group mico dying within 30 minutes showed no changs in NA
xnd DA content except a shight increase in NA (19 /) after 140 mg/kg of
smphetamine (P < 0 05). In animals surviving 60 minutes, NA was depleted
m44/d:homnalkvdbylzommo{umphmm=(?<oo1)DA

d, or was b by 78 / after 100 mg/kg of am-

phetamine (P < 002).

In the age group of 13-15 days the cifect of amphetamine oo brain CA
content is given in table 5 Eighty mg/kg did not kill the antmals and 60
minutes after the injection there was a decrease In both the NA and DA
levels (NA deeroased 1050 / P<001 DAto58 / P<0.05) A hundred
mg/kg of ampbetamine did not change the NA and DA content in the braim

Table 4

Effect of ampbetamine on brain NA and DA bevela (n developing mice. Age: 3-5 days.
Braire from the mico dying withia 30 min. were amalyzad separately from thoss
warviving for 60 min. Each sxperiment was perfarmed oo 4 pooled brales The momber

of experhments fs given in brackets.

T of death

Do of
smphetantine Dead tn 30 min. Barvtved 80 min.
iy T wly Thals Yoh iy DA nglp

MeantSEM. MesntSEM. Mean:8B3M. Ment SEM,
100 QI3+0Mm 032+ 004%(H)
120 Q7 +0m  0M4F004()  00TLOL* O.U8L00) ()
140 Q19+001 020003() 010L00l OIS+004 ()
160 016 +0.01 o tom )
Controly

016001 081003 (5)

P <005 diffarsnce yormm controle
~ P00l
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Table 5

Eﬂmo(nmpbctanduunbnlnNAmdDA!ndshdﬂdoptu:mka.Au:M
bn&:ﬁnpuﬁmmpcr{otmﬂdun‘pmkdhﬂm.mmbadw

is given In brackety,
Time of dath
Dosa of
amphetamine Desd 1 30 min, Sorvived 60 min,
mifkg NA pg/g DA /e NA gz DA s
MeantAEM. MeaniSEM. MeantSEM. MeniSEM
o0 0.10£ 002+ Q14 £004 ()
100 018003  020+002(%) 0071002 0071001%(7
140 0.14 £ 01 018+ 0.06 (4)
Controls b20tom o24tem &
P < 003 differenco versus comtrobs,
r<on
P < 000L

of mice dying within 30 minntes. In survivers this dose cansed NA depletion
to 35 / of the control level and DA depletion to 29 /  respectively (P<
0001). A doso of 140 mg/kg killed the animals within 30 minutes, end the
NA content was moderntely decreased (to 70 / P < 0.05) The alight de-
crease {n the DA content was Imlgnificant.

Table 6 shows the changes in braln CA levels Induced by ampbetamine it
the ags group of 32-35 days. In survivers Injected with 6080 mg/kg o
amphetamine the NA content was decreased to 36 / (P << 0 001). Tho de-
creass in the DA level caed by 60 mg/kg was 30 / (P < 0.001) and that
cawred by 80 mg/kg 55 / (P-<0.001) respoctively Mico dymg within 30
minutes after 100 mg/kg of amphictamine showed a & of aboat 0 Y
in the NA level (P <0 05) The DA conteat wa y redoced. In
mico surviving after this dose the NA docreased by 64 / (P < 0.001). DA
was depleted to 65 / of the controd level (P < 0 001).

Discrmion
The toxicologleal propertics of ampb 1 lppu:tobnmmp!ex-'lz
mice with a “normal brain content of CA were more md
toxic effect of the drug than the developing animals with low content
braln CA. However the toxic effects of mmxdh‘cfﬂft
maluedwhhﬂntomlbnh:umtmto{dﬂﬂNAutDA.mme;
nudywiﬂllluwdmcoflmpheumlmnhowdnocamhﬂmm
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total brain levels of the CA snd amphetamine toxicity since this pretreat
ment gave protection against the lethal effect but no protection agahmt the
CA depleting effect of a subsequent high toxic doso of amphetamine,

The developmental pattern of tho CA conlent n mouss brain is in agreo-
ment with the finding of AGrawaL et af (1968) As reported by several
authors (WrismMan ef ol 1966 Haxson 1967), the amphetaminednduced
mmubmmmmamwﬁmmwm

step tn CA blosynthesis, ding to Mo &
Davprra (1967) tete h l;d.nst__,‘ ine toxiclty In mice
B also offered by methyl The rate of {on of CA In moote
h:hhdimulhdwdcvdopmmtotmmcbhnynwmymryum
which are resp for the end yiheds of CA (Ac

etal 1968) It bs inded, theref: that the sge-dep
tnunwx}ccﬂtcuolmphcumhupmﬁmnlyohsm’vad(m“lm)b
due, &t least parthally to the bloch CNS. Fur

the developmental pattern of CA fn mouse braln b compatible with the
findings of Kopayasin et af (1963), who reported that neero-histological
ﬁndkso{themmmnmhdmmamrpﬂnlopnldcvchpmmby
the 15th-17th day and tho sp hibited adult
pnm-mbydnlhhdzyrhemdtyonmphzumlmminmdtmn
the go of 18 days onwards, the amfmals ding perthlly like the sdnlts
(AmAVAlm).Thbdvuhnhzrwwmwﬂmhnponmdm:hn-
maturity of the CNS in d loping mice.

Table 6

Eftect of amphetamine oo brais NA and DA leveh {n doveloping mics. Age: 32 35
dayr. Bsch experiment was parformed on 4 pooled bralms. The pember of saperiments
i1 ghven In brackete

Tume of Seath

Doss of

amptictaming Dead in 30 min. Burvived 67 min.

ogg NA ug/s DA pals NA /s DA xg/s
MeuntSEM, Mean+SEM. MontSEM. MentSEM.

& 0131001 ** 046300%(7)

© 01300 03000z

100 0294000  0S1L0M) 0L3F006* glitamt )

Controts 0361001 0861001 (8

P <005 difference yersm controts
** P <000L
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In adult mice 50 mg/lg and 100 mgfkg of amphetamine induced two
different patterns of behaviour and times of death (ALaava 1972). The brain
CA respomies 1o these doses wer also different (table 2) The brain NA
was depleted to 35/ olthaeuntrollm]ﬂt4hmnlncr50mﬂkgd
amphetamine but caly to 79 / in quickly dying mice glven 100 mgfkg,
which indicates that the reductlon of the braln NA Ievel ks not the canss of
death. Thrs i3 not surprising sinco the brain CA can be masstely depleted
by methyltyrosine without any high mortality rate (Commoot & Hamsos
1966) The changes in brain DA were lets pronounced, oaly a decresse to
71 / after 100 mg/kg being scen. This Is in agreement with the observations
made by Surii (1965), who reported an increass in brala DA with low doses
of d-amphetamine while there was a significant DA decrease with high doses.
However the dissochation between the brain CA depletion and the toxic
effects of amphetamine docs not exclude the role of the central CA in #m-
phetamine toxiclty (Menon & Danprva 1967). The studies made by Gro-
wreskt (1970) reveal the complexity of the mechanisms of action of sm-
ph ins on various bolic p ol ceatral CA neuroms. The pro-
sent findings do not give any further information about the lethal mechanisms
in amphetamine toxicity
In developing mice, the primarily Jow levels of brain CA were aswmed
to pive at least partlal p fon against amphetamine toxiclty (vide supra)
The brain CA wero particularly depleted In the survnving animals, whil In
mice dying within 30 minutes the bralm NA sod DA levels were slightly
decreased or even increased (table 4) The ability of amphetamine to block
the re-uptake of NA into neurons results in an increass in the kevels of free
NA at tho receptor sites, which may potentlate the physiclogiaal effects of
the CA (GLOWINSKI ef af 1966) and thm be an important event leading 1o
death. Furthermore, tho incresss In brain CA levels in quickly dylog youn§
mice could be attributable to the dopamine-f-hydroxylase and ;
oxidase-nhibiting sctivity of high doses of ampbetamine (Moowz 1964
) Guownesx et al. 1966 RUTLEDGR 1970). During the neccatal dovelopacat
" of various species there appear to be deficiencies in CA-degrading enzyms
(MmxN 1970} Variations in the turn-over rate of the ceatml CA m3Y
thus be of importance in the CA-resp to ine in P
mice.
Runphnlkocoumm!hnkaeﬂecudnmphemmlwaum&
MoCANK 1957 Bumn & Hoens 1958 Mooke 1964 Mewar & DasD(tA
1967). Pretreatment with a single doss of reserpin afforded significsnt pre-
tection agalnst the toxc effects of d-smpbetamine during the 4-hour metsure
mmtmmm(m&mm}mwmmwﬁ
t at 4-hour interval (Albava 1972). The

by amphetamine
NAcmt:utu!lhmn‘md4hcunlﬂ=rtheprnuumlmcqulﬂyd~“
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creased, although the excltation seen at 1 hour was over 3 hours later One
bour after the 60 mg/kg dose of amphetaming the mice were silll surviving,
pot markedly stimulated, but both NA and DA were found to be depleted
(tablo 3). Thus, there is no correlation between the total brain levels of the
CA and amphetamine toxicity A&mo—dcpcnd:mra:rp{nc—ﬂkeprm:djvo
mechanitm coald be, at least partially responsible for the enh

to after the p The p itive compo-
Dmtofluxidtyetpcdnﬂyuburvtdwitthdo’tlo(lmphﬂﬂmhn(AuuVA
1972) eould be dependent on peripheral mechantns or on the differences In
lhom—overntnolthe(:\ltnrbmlnmklneﬂhnpmmm
‘The importance of time in the p lon provided by Ine pre
treatment suggests that the metabollsm of amphetamine might Influence
this phenomenon. The major metabolits of amphetamine in mice is p-hydro-
xyamphetamine (BENAKIS & Tnosasser 1970). In rats, p-hydroxyamphet
amine can be p-hyd d to p-hyd phedrine in peripheral adren-
ergically innervated organs (EOPIN ef al. 1965), and this agent bs also found
in the CNS after the sdminbstration of amphetamine (GropPETTT & CosTA
1969 Ousn&ouormrnlwommmerdlwo-uwmlﬂo)m
role of lites 1 the p
mmmhprohﬂywﬂhyo!mnhernndy

pr
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Potasstum-Effinx and the Contractile Response to
Sympathomimetic Amines in Circular Rabbit Fundes Muscle
By
3 F W Haffwer B Nesheins sad J Seteldelr
(Recehved Febemary 16 1972 Actepted March 22, 1972)
Abrirect The mechanical effects and the alteration fn €K-elfho prodaced by
bactol dremalloe, phemylephrins and b lie bavs besn
sudled in clreutar strips from the fnndus of rabblt stomachs.

e . nd

caused sertalned coutractioos of

potse to curbachol, but had no cffet on k-cfffex. It b suggested chat the
incresss m tooe and h-cfflux prodnced by sorsdrenaline, adremafine, and

b dvo to stimoletion of gc a-receptors. Sinco the alien
tion In keeflhx b only temporary it would appesr thet K-efffex b xwociated
with the excitatory procosses, but not with thoss which mafniain the contraction.

Key-worde h-<fTlmx ~ stomach mox] - sympathomimetic agents -~ carbachol.

In most gastrointestnal mmscle preperations both o- and p-edrepergic
ptors mediate Inhibitory Clrenlar preparations from tho fundos
of rabiat stomachs, however gcncrnﬂyconmawbmnpondtoq-drmﬂ’ﬁc
agents (HAFPNER 1971 &. 1972) The coatraction is sustatned it Lusts &3 Jo28
as the preparations are exposed to the excliatory ageat. Phasic slterations i
tension, which dominats the motility pattern in other gastrofntestinal mock:
peeparations, are rarely ssen In rabbit fandus strips. Theso motility character
hﬂumalcnth:nbbltfundcultrhxmmnﬂubhfmnnﬂaoﬂmﬂcﬂm
than other gastrolntestinal preparatons, {n which tho evalaation of drif

effects is llcated by the fluctuat o thhph-ﬂcwﬂﬁtymo
It has been shown that exatatory responses to agenty other than
hml 1 are -;bymx ‘r l"‘“—mmd
fons, and it ha also been thown that the inhibiiory effects medisted bY
sdrenergle a-reoep are 3 with a sl Ivo incresse of potesdm
mechantsrs and<s

;umbﬂhy(lnrrd.mnsmvlwo).'l‘bobnlc
Mngmmdmmqu-admerﬁemmnmbam not known.
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The peesent stody was undertaken In order 0 determine how the sym-
pathomimetic amines adrenalk and bo-
peenaline affect the h<cfffux in drcular preparations from the fondas of
rabbit stomachs, and whetber the effect on h-efflux b comrelated with the
mechanical effects of the drugs. The effects of carbachol on muscular tension
and K-efflux were abso studied for comparison.

Material and Methods

Feoule rabbiny weighing from two to four kg were stwrmed by  blow on the occipm
and Hed by cutting the carotid arteries. The stomach was removed, and circulsr arips
were cut from the anterior srfecs of the fundus above the Tevel of the cardlac sphine
ter The stripe compeised the full thickners of the moscular wall, but the mucose waa
et awny Tho preparations were stored wotl] the next day of the day afier (1844 ha)
at4 jm Krsbe solnton coatafning (mM) Na 1369 K 59 Cat 235 Mp*™ 12, HCOp
155, FpP0y 12, (- 1106 and glocoss 115 Tho soirtion bed berm bubbled with
95X Oyand 5 X COp which gives it & pH of 74 (Cold storage was used n order to
bave wnlform pre-iovestipation periods for the differcut strips; 1t was thooght better to
trvestigate all the siripe after cold etorapo than somo which were completely
fresh and soms which had besz stored. 1t has previomly been repocied that the ro-
mommw o the catecholamines b qoeiitatively umaltered after 24 krs cold sornge
(Harrnen 1971), tho same applies for 48 hry storage (ampublished reschs)).

Iscabation fiuld. The trandfer and motmting took approzimately 2 min The prepars-
tiow wxs fixed at ono end, the other ond was tiod to am isometric Grase force-dieplace-
owat trarmsdocer (Model FTOCO) commectsd to Grams polygraph (Mdodel 7W 12 PA).
The preparstions woro strotched to an initi] tension of ooe to two gram, asd the

Aftar an [nitia] 32 min. equiiftration and control period, the drugs wers addod to the
pertusing solation, And fhe sirips wers perfosed for  farther 32 min. period. In the
Aperiments whers the offect of bhoprasatine 10-M 10 the presence of 10-TM carbachal
w3 thatnd, carbachol was sidded to the preparution after aa equiibration pecdod of only
20 mrin. asd isopresating was edded 20 min. Later

After the experiments wers the in the
"M determined, and the strips wers dried ¢ 60° for 48 houn befors the dry weight
W detersined. Each concetration of dimg was tested on 4~6 preparstions. The effiox
curves which were cbteined were coumpared with the curves from 12 cootrol properatioss
which had not been sxposed to any drug.
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The drupt used h chloride, ph h HQ ( drt NFN),
drenallne bitartrats, dremaline bitartrate and fsogreoaline sidphate, were sdded
1o the perfusate In nmounts which gave fimal copcentratlont rangisg from 10-TM o
10-{AL Tho drugs wers prepared esch day from sock-solwticas kept In the deep-fretee.
Radicactive potenslom (FK) was woppfied by Instiott for Atomenenyd, Kiefler Norwsy

Calculations

The content of €K in the hroegh tho experiment way cakculatsd by
adding the radioactivity of the samples of cfffuent to the rudionctivhty which remabned
in the peeparation at the end of the experiment. The fraction lost at any time doriag

ibe drug. The results are cxpremed b per cent of the ©K-efftux ut the time when the
drug was added.

Rl
Contractlle effects
Carbachal, adrenaline, drenaline and phenylephrine afl camed
Increase In tension of the preparations. The flo response reached &
maximum fn 2 to 8 min and always remadned at this maximal level for the
inder of the experiment. The magnituds of the respoase varied with the

— ¢

[ - (o L

o cen e

mexmhmmmmmd&W“’“

fum(coo,mmm-wx,menﬂmw“;'

(NA) A Abscine. concentration of drug fn M. Ordimate: forcs b gram.
repeesents the mean of 4-6 prepantiont.
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K EPRLLUX

"o — [

A
te -
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! | | 4
w! wt o s iy
DRUY CONCERTRATION
Flig. 2. MKefflox fn clrenlar rabidt funds strips. Log doss-responss curves for carbe
chol (CC) O, noradremaline (NA) A, adresaline (A) X, phenybphrine (PE) @ and
(IS0) A Abscix. concentration of drog Ia M, Ordinste maximal efftux
of €K prodoced by the drogs a3 per cont of offimx imowdlately before sddition of drog.
Each polnt represents the mean of 4-6 pryparations.

drug and the concentration msed, carbechol being by far the most potent
drug (fig. 1). Isoprenaline bad no effect unless it was given to strips which

wero contracted in response to carbachol, in which case it rednced the
temslon.

K-—efflax

Typical fraction lost curves for potasstum effiux were obtained. After an
initia] rapid drop, the curves flattencd oat, and after approximately 15 min.
tho fall was slow and Hunear probably reflocting cutward trumfer of €K
acros the cell membrane. Tho half-timo for k -efftux for this part of tho
curve (calculated fram the difference in efffux at 20 and 60 mm.) In the
controls was 64.5 min. In the control experiments the fall coatinned to bo
Hocar ontil the experiments were complcted. When carbachol, noradrenaline,
adrenaline or phemylephrino was added, & temporary increase In efflux oc
nnnd.mma;ulmdoolthbllmthnwrbdwh.hlbndm;mcdmdlho
scemed to bo dose-dependent for the fndi drugs. Flg. 2 shows log dase-
response curves for the incroased K-efftux produced by carbachol and the
cnadnhmi.mAnnnbemmlmmthommbud)dhlhnmonpotmt
drog In this respect, increming the K-efffux to 140-150 / I conceatre
tous of 10 10# and 107M. 2 1h drenaline and pherylephri
are mmch lees and approximately equally potent, Increasing the K-afffux to
107-116 / (in the comtrol curves = fall to 97.8 / was observed in the cor
poading interval) The o the increaso in efftux tested again
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tho controls was determined by the Wilcoxon two samplo test. The Incremses
produced by 1074 10°% and 10+ carbachol ar> highly significant (P < 0.01)
The Increases in response 1o the two highest concentrations of noradrenalme
and phenylephrine, 104 and 109M arp also sigmficant (P<<005), as b
the | in response to 10-4M adrenaline (P << 0 01). Isopreualine had
0o effect on h-efflux compared with the controls. As it was thought that
this might be dus to the lack of effect on the contractile state, some sirips
wero contracted with carbachol 1077 before boprenaline 104 was sdded
No alteration occurred In the flux, although isoprenaline now indoced 1 loss
of tenshon.

The relationship between co ile force and K-¢fflx.

Carbachol and tho threo sympathomimetic amines which stimmlato the
a-adrenergle receptors incresse both h-¢fflux and tension. However no direct
correlation could be established between the two effects. Within each groep of
observatlons with onc particular dose of a drug, there was no durect cor
relation between the relative magnitudes of the lte resp d
the cotresponding incresses in K-efffux. The time-course of the
responses and the increate in h-efflux also varied. As stated previomly the
contructilo response reached a maximmum in 2 to 8 min, and the tension
remained at this high level for tho remainder of the experiment. The K-t
2150 reached & maximum in 2 to 8 min, but the Increass was only temporary
subsiding 10-20 min. after the sddition of drug. Figs. 3 and 4 show aiterations
tn tenson and K-efflux throughout typical experiments with carbachol and

T

- " » “ b
Abuciza: tiont
Fig.3 Tension and OK fraction lost-corre from  typical experiment. acow
tn min. Ordteate: tenson (opper tracing) and fraction lost (lower tracing) A“h'.nd-
Mmmmmwﬁdﬂm-mﬂmrﬁhﬂ"ﬂ“
aetatped comtraction.
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Fig. 4 Curves s fig. 3, At tho arrow poradrsmine (NA) 10-4M was added.

noredrenaling, Fig 5 shows that there is o relstion betweent the Inhibltory
eflect of Boprepaline and K-effhx. The fignre also shows that the concentra
tion of carbachol wsed (10°™M), is lasuffickent to produce any definite altera-
ton in K-efftux in thiy perticnlar preparation, although tho tenslon & fn-
creased, which indicates that the threshold for the drug-indnced increase In
®E-cfflux is higher than the threshold for comtraction.

Discusslon

The present experiments show that the contractile effect of carbachol in
cireular Tabbit fundus mmscle B amocisted with an Incremse In h-efffux.
Similar effacts of cholinergic stimulation have previomly been reported in
other types of amooth muscle (Bomn & BOLxrmo 1956 Loumeck & StRO-
pACE 1956 HumwrTz 1960 Dumam & JEreaot 1961 WEISS ef of, 1961
BANEWEL & LEWIS 1964 SPERO 1967 Bumaen & Srewo 1968).
“K—dﬂnxw-bolnu—mndwhmthnd:mlnfundmﬁrlpumﬁﬁmn—
lated with the a-ad; Fic receptor ng agents , adres-
nlln:mdnondmlﬁm.ﬂnmhﬂomtdpbﬂwmx-dﬂumdﬂnmdmmry
eifect of a-adrenergic recepior stimulation has pot beea stodicd previoumly
but jt has been shown that the inhibitory effects of a-recepior stirrulation
arc anociated with incressed E-fflux (Bown & BULERING 1956 Tmexmeson
& MouTox 1965 BULEMNG et al. 1966). Ths it would appear that g-adren-
qﬁcwrmmhﬂmlhmmmx-dﬂm,mdﬂmmnqumym

(AnhibH, o

y or Y) b & ined by other
h:ton.
Emm]mdhpmymdnmﬂdnmmhlthmnymdﬂ

T Acs pharemecieries. vl 31, faee 3-4-T

-
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Fig.5 Curves my fig.3 At the mrows, carbechal (O 10-TM and bopeemBine (1509

10~4M were added. Carbachal 1077M camses & contraction, but no messmmablo ris i

Thoellinx Isoprenaine 10~ camses a fall Io temlo, bt no change In 47K-cffiot.

The flactrations In the fraction lost curves fn these expertments are not dynificanty
different from thoss obscrved In the controbs,

that tho resting membrane potential is determined by the lonke membrane
permeabllities, amd as those appear to differ in different smooth muscle
tissues, it {s possible that an Incresse in K-permeability might affect dif
ferent types of smooth muscle differently At pretent very litths bt known
abont the electrical sctivity dusing exatation of clreular rabbit fandus mmacls.
PFURCHOOTT (1960) has suggested that the concentration in respomse to acetyk
choline colncides with membrane depolarization wnthout action potetisls,
and that adrenatine contractions are accomtpanied by hyperpolarimtion. This
scems unlikely since prolonged contractions of this type (often called  coo-
tracturs™) are associated with sustained depolatization in other smooth muscls
preparntions (see AXELSI 1970). Mortover preffminary cxperiments i
our laboratory show that the contractions prodnced by acetylcholine &nd
potaseinm in rabbit fumdos strips are asoclated with splke discharge od
sustained depolarization. As yet ws have not studied the relationship between
electrical and mechanical response to a-adrenergh jon, but it scem
likely that }t shonld be the same as that of the other excitatory sgents.

In the present Investigaton it was found that tho time-conrss of the et
citatory agents on “K-effix and mechanical activity differed the atteration
in cffiux was temporary while the mechanical effect was sstained. T
temporary natms of the alteration in K-effiux and i rough correlatin
with the time required 10 reach maximal contractlle effect, suggest that
wmm—mﬂummmmaﬂmmmm‘ﬂ
thomn!nmmcco(uunmctbn.nhmﬂhlythuthubau:dm
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potessium thould be due to extra- or 1 Thol + ! squeering, as
aslmilar increase in h-¢ffiux {s fned in preparaions which give Inhibitory
to a-od gic stimulation (ScTrxLoy 1970). Morcover as fso-

metric recordng tas used in the present study only minimal configurational
alterations of the prepanations were possible, and hence no extracclhular
wqueczing eould occur It should also be noted that small doses of carbachol
Incressed tho tension witboat affecting the €K-efflux (fig. 5) This ks In ac-
cordanco with the findings of BuaarN & Srxo (1968) in guinca-pig intestinal
rmncle.

The relative magnitodes of the slterations In K-efftux and the mechanical
respanses were roughly similar for the drugs used fn the present study This
b what one would expect if the alteration In @K-cffiux reflects the extent of

itation. No direct relationthlp can be expected sincs the itude of the

K-efflux mainly depends on tho total mass (cell surface) of the preparations
(thckness X length) whereas the Itude of tho mechank D
maiply depends on the thickness (cross-scctional area) and degres of stestch
(passive tension per mnit cross-scctional area).

In the preseat & ignti Xp to the p-ad: receptor simu-
lating sagent boprenaline had no effect on Sh-efflux, not even when the dreg

duced This is in dance with the findmgs of otber in-
vestigators (sce SCTEXLETY 1970 for references). The inhibitory effects of the
f-adrencrgic agents appear to depend on lntraceliular metabolic alterations

(Brooy & DiamotD 1967 ArDERSON & Marie Lunppous 1970).
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Abstract The propexties of 4-methylpymzoke (AMP) &1 aa (ahibitor of ctbanol
metabolbom were frvestipated in mts, No effect was scen on eorymatic determb-
sation of ethanol 4-MP (n doses of 0.0093 — 30 mmolfig brought aboat a
of the of 326 mmol cthanal per kg body

weigit ranging from 208 to 805 X A doso of 0.017 rrmol 4-MP per Ly gave
Inkibitlon of 50 X By varying the intermal between the adminhration of
4MP and ethanol from 15 min to 48 hre, K was found that the inhibiary effect
dhappeured after 12 hre The infloence of 4-A{P on dlasolindoced incoordine
ummw-mﬁmwﬁmmmm
iy’ n all o the comtroh.
quhmﬂ-}mclhemnmh-lmkmm-ulwx for 4MP alooe
732 X end for ethangl + £MP 149 X the effect hasing for 8 b Thes, 4-MP
exerty sigrifcant ceptral depremesnt effects per se, 33d produces an eshenco-
ment asd  proloagstion of cthanolanduced offects oo coordination In the rat

Key-words. Alcohol i liwzs — alcobolic — drug antagon-
oo - dreg pynagsm — pyracolas - ity

Tho inhibitory effsct of 4-methyipyramole on ethanal metabollsm in vivo
In rats was first suggested by LESTER ef & (1968) In by
BrosesTraMD & THBORELL (1970) and by BLossTranp (1971) §t was found
that tho sdml of 4-methylpy remlted In & marked {ahibition
of the chmination of cthanol.

In a nomber of experiments 4-methylpyrazole was sl administered to
buman subjects (BLossTRAMD & THBORELL 1970 BLOMSTRAND 1971) When
mm-mwowmmwwm
of expired ¥OOy by about 50 / lﬂrrthendmlnlrmdmuf[pw
& messured by rediorespiromairy

The edmintstration of pyrazole before cthanol gave an increased behavie
ouml depression (GOLDRIRG & RYDRERG 1969 BLUM e ! 1971 Rv

-
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1971) 3-methyipyrarols, & non Inhibltor of alcoho! dehydrogenase, ako
axemddnﬁlutﬂcctxwhmgfvmbeiomcﬂunalmumnd.lwum
central nervous effects of 4-methylpyrazole are not known,
mdmofutpmmtmdym(l)mrmdymadm-dcpmdmndtbo
it fon between 4-methylpyrazle and ethanot bolism in vivo in rats,
md(l)tududd;mwhcther4—mnhydpynuiohumycmh1]dc}nmnt
effects or modifies ethanol-indnced effects on the central nervous system,
snd alo to correlato the degree of Impairment to the concemtration of
ethanol in the blood

Material and Methods

Material.

Mals Spragne-Dawley rits with & mean nitial welght of 199 g wers oed (o= BS)
The anlemls bed fres sccen to tap water and pelleted diet (Anticimex Ltd) nntf the
start of the experiment.

Chemicaly

Ethanod (Vie- & Spritceatalen Lid), $5 X w/r wae dilated with 09X milse o
« cooctetration of 149 % wiy Ethanol wa injected Intaperitoncally ko o styndard
dome of 316 mmol/kg (15 gy

hfetAylpyrazole s the bydrochloride (M = 1135) wes synthetired accordioz &
Pmo & Emcour (1951) by Dr B 8jberg, Astra Ltd, S3dertllje. It was woed o 01 or
20 %X (wiv) solutions In saline, xod wm injected Intraperitoneally

Blood sempling

Blood samples, 10w were withdmwn tn duplicate from the tip of the tall st 30 wad
60 min after the admintstration of ctbanol and them at 60 min intervala op to 10 b
Tho mmples wero taken with diapersable pipettes (Microcaps, Drummond Ll) asd
wote traraferred into 2 @] Auto Anatyrer cups with 1.0 ml sodmm flnoride sohdion,
02 % wiv Blood smples wers abso with to the comtrol conditk

Ethanol determination.

Earymatle dcterminanons wero carried oat either by the amtomated ADH diiyis
method (Gorpaexn & Rynmero 1966) or by the nlmmicro demtfllsnon method {Bue
mmbwmmmwd-wmyhmiWmew
m! blood with & mean concentration of 023 mg/ml To establish the possibic tafiooect
of 4-cnetliyipyrasols on the methods meed for ethanol determination, blood wimpias
from experiments fa which rats wers gives cthanol together With S-mctiyipmEl
wero analyzed for ethanol by beth methods.

Etheno! parameters,
For defmitions of ethanol parxmetws ss WIDbGRK (1530

Daermination [ changes [n coordimation.
mmwmwwﬂ.memmwmﬁ
ndﬂmmnrbcmmadwdmwdhmmmww
Wp}ﬂhnﬂmdmmdhmwﬁilmdmm
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ot the bottom of the plane, After the mt was sctled on the plane, bead towards the
curved froot, the plase was polled by & sring comnected to mn electric motor and
ted st & coostant speed from 0 to 90 degrees in 8 scc. When the animal darted to
did:,l.bcﬁm.uvunappedby nrh:h.mdlh.nulnmmordcd.hthcpnxm

o farther Whea tho ankmal started to slide
mmlﬂﬁn:phnqhmtdhbamnlnphotncrﬂ.&ﬂn!mthw
puelling the planc was slopped, and the sikling sngle wxt determined. The determinatlon
wus repeated 3 times ont each oceasion. The dreg efTects were extimated by comparing
e performance scores during each of the drug coodrtions to the scores kn the coatrol
coadhjon. In order to correct for any differences with regard to falthal level, all the
measarements were exproned in per cent of tho bese Line valoe oblained in the contral
conditlon,

The change In degreo of coordimation s measored by the tiltng-plane techmque,
wus godied after the sdministration of 316 mmal ctbanal per kg and/or 0.084 mmol
Lnﬂhﬂmhpﬁkbuiyvdﬂﬁ,mnmhmrdudwlhlbbodm

The scries for esch of three groups of §
l.nmk.(l)Pn-d.ru;undlLlo:(-lm+-ll-u) (T)H(ﬂhﬂnrmil+-ﬂm [w]
Ethanol + slloe (4) Ethanol + 4-Methylpyrazalo (5) Post-dmyg condition (saine -+
miine). Conditlons 24 were rotated fnt & rardom arder according to a modifked Latin
Square procedre, 0oc week apart,

The cowtrol group (8 animah) received cnfy mline + milse ooco & week for five
weska

The expertments atarted at 8 am. with two infihl determimtion. 30 min. late
4-methylpyrazols or mline was acdmisistered, and 15 min. later ethano! or salino way
given. Tiltlng tests were then currhed out et hoarly Imervals for 10 hre

Remits

Effect of 4-methylpyraole on methods for ethanol determination,

When rats wern given 32.6 mmol ethanol per kg body weight and 4-me-
thylpyrazole in dosts up 0 3 (0 mmol/kg, no differences in the ethanol
values conld be detected (P > 0.5) when determinations wero performed by
the sutomated dialysls method or by the uttra-micro distillation method.
Thus 1t could be conclzded that 4-metirylpyrazole in tho concentrations nsed
exerted no inhibitory influence on the yeast akohol dehydrograase utilized
in tho determination method. Also higher concentrations of 4-methylpyra-
oo added to the incubation mixiures it vifro (0.084 — B.4 mM) had no
inhibitory effect on YADH.

Eﬁazrojl—mthylpymvll on ethanol metabolism.

Ethanol experiments The mean blood cthanol curve after the intra-
pﬁnnm.dmluimdmnfnﬁmmolcﬂnmlpu—kgbodywi;mblhawn
n fig.1 lower pert (o = 24). The lncar declins of the curve b evident.
The mean time until blood ethanal concentration reached zero was 2.9 min,
The mean rats of climination was 8 0 g ethanol per ml per min. Another
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M ulal L D LM

SEM. Lows por Blood cthenol curves after othanal (326
(2.6 mmoifLg) + 4-methylpyrieole (0.084 mmalfig). Meam  $EN.

group of 8 animals gave similar results, Further data on biood ethanol part-
meicTs are given in table 1

2 4-Methylpyrawle and ethanol. The biood cthanol curvo after the s
ministration of 4-methylpyrarole b shown in fig. 1 lower part. 4]
mb(owwmmdmwmmmlﬁlﬁmm
1= 24 The mate of elimination decreased from 6.6 to 1.9 pg ethanol per m!
mmmmm.mmm’mﬁ”:ﬂ;ﬁx
degree of inhibition waa larger The degres of Inkibiion war
values for m_‘(dmcmnﬂn.mxﬂhbodeﬂnml concentration
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Table 1

Effect of 4-metlylpyrazols on blood cthunol paremeters [n the nat. 1.5 g/kg ethanol
Intraperitoneatly with or without 10 mg/lg 4-methylpyrazole, t4ent, df 23

Ethanol +

ood sl Ethanol 4mettmyl- ¢ 3
Fanode pymumte
Time ootll tood ethanol
o (min} 29160 7491140 12 <0001
G (mg ethancl per
! blood) 121 oo 1721003 17 >008
BX 109 (ng ethanol per m)
blood per min) 803026 23+ 006 200 <0001
P X 109 (ug ethano! per
kg per min) 6stom 19t02 28 < o0t
(dont/CQ 0XIt00l 08O 21 > 008
mrdm] ethanol conc.
(mainl blood) 163003 16908 12 >o008

10, extra-polated from the declining part of the blood ethanol corve)

tecording to the formula
wty -

Drgrs o e — 100 4HT B B0
=2 (4-MP+E{OH) is the time untl] the blood ethanal concentration equalled
210 when 4-methylpyrazolo was given together with ethumol, and ==E:OH
ﬂ‘ﬂmﬂmdnﬂooddhmlmmmﬂmqmﬂcdmmvhmuhnml
looe was given. In fig, 2 tho results are shown when doses of 0 0053 — 3.0
mmol 4-methylpyrazole per kg body weight wero adminfstered. A 50 /
Iohibitlon was bronght about by a doss of 0017 mmol/kg. With 0084
mol/kg tho degree of inhfbitlon was 694 / Tho maximal degreo of n
hibition was 80 / and was achuved with & doss of 0.34 mmol/kg.

Role of length of tuterval between 4-methylpyrazole and ethanol.

In rats 32,6 mmol cthano! per kg body weight was adminhtered at certaln
Etervals (15 min, — 48 hra) after 4-methylpyrazole, 0 084 mmolfkg, and the
cllmination of ethanol from the blood was studied. The degree of mhfbition
™ calculated according to formala (1), The results aro glven in tabls 2.
The effect of 4-methylpyrezole o othanol metabollsm perststed
for & fow hours only and then declioed.
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Oegrve o

Flg. 2. Degree of Inhibitlon of the efimination of cthanol (326 menol/Ly) after variom
doses of 4-methylpyraaole.

Influence of 4-methylpyrazole on ethanol-Hnduced Incoordination,

1 Long-term control growp (sallne 4 safine n=8) The mean tilting
angles In the Initlal measurements were on an average 53 6 + 068 degrees.
In the vanous trials performed one week apart the initial values were 53.6,
540 515 513 and 48.8 degrees, thus Indicating a slight decreaso with
time, The values showed a vadation during the day In “weck 1 of max
mally 49 / (fig. 3) and In “week 5 of 2.0 / the diffcrences not being
significant (P> 0.5)

2 Groups with ethanol andjor 4-methylpyrazole The pro-dmg vahues fn
“oeel 17 (o == 24), given in fig. 3 did pot differ from those obtalsed fa

Table 2
Duration of the inhibitory effect of 4-meth on cthanol ellminath
Ioterval between the Degreo of inhibition
sdministration  { 4-methylpyrarolo of ethano! alimization
and of ethano! (hre) (per ceol)
aas 67
61

14
—10

4
12
24
A8 -3
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rpermart TILTING PLANE
" T Predy et
/ _\'*-\ s Fesl-drng mn)
-4 ..’,,.—JN—_.‘_ — [
/(‘
I CED
o — /\ — S~ !

o Bulwe ool (week 1)

4= Sailne eval o bueek 3}

hhb/ \”"\/—

~
0 e “o “o 000 min N3
Fm&ummmmhmdmmmmchm.m.mh
the pre-drog condition (“week 17) snd in the post-drog condison (“wesk ™). Lower
pert. Clanges In degree of hnpalmmest with tims in the cootrol serhes (salino + saling
for frve weekn), “week 1 and "week 5%

the Jong term saline controls (o = 8). Ethanol Induced s maximal {mpeir
ment of 11.% /  which oconrred ty with the maximal blood
ethanol concentration. The impairment then decreased in parallel with the
deeling in blood ethanol concentration (flg 1), and was detectable for
300 min. 4-Methylpyrazole camed x delayed maximal impatrment of 7.2 /
xt 180 min. which was pormalired afres about 9 bre. Ethanol + 4-methyl
Pyrazole brought about a maximal af 149 / ding that of
ethamo] or 4-methylpyrazole alone. The impairment then decreased mainly
in paralle] to the decrease in blood cthanol concentration. After 540 min.
0o Impairment could bo detected.

The addition of 4-mcthylpyramle thus both prokmped and incromsed tho
aihanol-induced incoordination.

3 Stadstical comparison between condltions Intra-indivichoal differences
of performance rocorded betwesa the control and the drug conditions were
submitted to two-taiked t-tests, end to anabynis of varfance. Significant dtffer
m:umobtﬂmd(l)betwtmcthlmllndmutm!dnﬂngthﬂﬂmﬂnt
deter 1 of tho dHY raoging from P << 0 05 to
P<000l df = n@)mmmﬁmmdumuullnlﬂu
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between 120 and 360 min. (P <005 to P <0 001) and (c) between ethamol
+¢mmmmmlmmMupto4mdewﬂm
of the difference being P << 0 001

Withis the varlous drug conditions, no consistent differences coukd bs
foundbetwccnﬂdelﬂcteﬂlmb—gmups,wbcutmedbymﬂy‘hclnﬂ
ance.

The mean performance scores, L e. the degres of impairment corrected
for the values found in the control condition, were plotted against the cor
responding mean values of blood ethanol concentration, for the ethanol
conditton as well as the ethanol + 4-methylpyrazole condlfion, starting
with the peak values, Rectilincar regression Jmes were found. The equation
for the ethanol condition was y = 14.83 + 505 x, and for the ethanal
+ 4 methylpyrazole conditon y = 34.80 + 670 x. The slopes did not
differ significantly (P> 005) cither when taated for ol threo bgroups
(n = 24) or for only tho groap tesied on the first week (n = 8) However
the degree of impairment was significantly higher in the ethano! + 4-methyl-
pyrazole condition than in the cthanol conditlon for a cortain ethanal level
The regreasion Hnet were significantly different, elther when tested between
the values of the first week and control (df = )4 F = 62.35 P <0.001),
or between the scores in all three weeks (df = 14 F = 6.98, P < 0 05), mnd
when tested by avalysls of covariance. Thus, in the ethanol + 4-methyl-
pymle condition, the degree of impairment was grester than that formd
with the prolonged high ethanol concentration.

4 Area of Impairment As an expression of the over-all effeet, the srea
of Impairment (per cent Impairment x minutes) was calculated plani-metr-
cally The pre-drug coatrol coaditron corresponded to an area of 1050 mmitk
When corrected for control valnes, the arces were 665 toits In the etbanol
condltion, 840 units in the 4-methylpyrarols condition and 3640 untts after
cthanol + 4-methylpyrazole.

5 Poxt-drug condition. Tn the post-drug snimals, {nftial tifting vatues wern

¥ lower than mn earlier conditions, 479 degrees against 562 degrees bn
~week 17 (fg.3). In addition, & more severe impairment after 8.4 /o of
saline way ecen in the post-drug condition than in the pre-drug coodrtioz.
Intra-individuzl dlﬂmmmmbmlmdmtwo—hﬂedtmﬁ@fﬂc;m
differences were obtalned at 120-420 min. between “weck 5 and “week

ranging from P << 005 o P <0 001

mm{mmmmma“pmmfmﬂ&nmmmﬁ
with those from the Jong-term control scties, when anly saline + safino &

in the “post-drug” condition were compared
ing values from “weck 5 obtained in tho control sencs.
ences obtalned wers aignificant (P << 0 05)
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Distustion

A sarvey of the pharmacology of p ! ds was published by
Ouﬂ(lmyslnmpyrmbmmbhndmcﬂccuonlhou
perimental snimaly tested, there has been & search for analogues giving
a gmilar competitive inhibitton of LADH (EC 1111), but with 2 mintmmm
of adverse or toxic effects. A large sumber of pyrazole derlvatives have
been tested for thelr LADH-Inhibiting potency (LISTIR et ol 1968 L1 &
THEORILL 1969 THDORELL et af 1969 RCYMizR 1969) Sabsthution with
fodine bromine or methyl In the 4-position of pyrozole cnhanced the fn-
hibitory effect, while substitotion in positions 1 or 3 removed tho inhibitory
acthity Subacute toxiclty studies of 4-methylpyrarole In rats and in dogs
(E- Hansson, G Maaniusson & N -0 BODIN, personal communicatien 1969)
comprising blood chemistry haematology urine analysls and histopathology
dld ot reveal any toxic effects in the doses used (0084 — 1.7 mmol/kg)
for up to 4 weeks.

The peesent investigation confirms the results obtalned by BLowsTrAND &
TueoRriL (1970) and BLomsTRAND (1971) indicating that 4-mett
b en active Inhibdtor of cthanol elimination {n vivo Wbmulculnmdfmm
data of times untll the blood ethanol concentration equalled rero a 50 /
Inhbitlon of ethanol elfmimation (32.6 mmol/kg) was elicited by a dose of
*mhﬁﬂnmleo(om4 mmol/kg. However sincs the inhibition of

lmination by 4 ylpyrazole ts itive (Reyrarx 1969) and

Mﬂpyrmhheﬂmlnat:dmmdo‘iythﬂneﬂnmlmmgd,
1972), the dogree of Inhibitlon varies with time.

The dnrtlon of the inhibltory action of 4-methylpyramls on cthamol
elimination f& Jimited to a few hours (table 2) This is I accordance with
studies on the efimination of 4-methylpyrazole from the blood in the rat
(RYDEERG ef al. 1972) A half-life time of 9 hrs was found. When ethanal
was aho given, tho half-life time algnificantly incressed to 13 hrs. GornsTre
& PaL (1971) bave determined a half lifo timo of 10 hrs for pyramle and
of 3 hrs for 4-bromopyrazole In the mowe.

4-Methylpyrazole reduces & nomber of cthanol-indnced metabolic distur
hlmu.TbcthmHndnwdkuytnﬁlmﬂono(tbellmlnnhmpuﬂhﬂy
imhfbited by 4-methylpyrazole, when ethmnol (98-174 mmol/kg) and 4-me
thylpyrasote (1.7 mmol/kg) wero administered (BLossTrAND & Fomssrir
1971). From their graph it could be deduced that tho Bver trglycerides
decreased from 16,6 mg/g Hver in tho ethanol-treated animals 10 8.9 mgjg
when 4-methylpyrarole was given. The control values were 52 mg td-
ghycerides per g of liver The cthanotndoced increass n the lactats/pyruvate
o was almost pormalized {n homen subjects when 4-methylpymazoke w-
gtven (BLossTraro & THEORELL 1970)
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Anumbcrdemamkmdumdmmhoncdlmnbmmmmdbvmr
zole (LLSTIR o1 al 1968 BusTos et of 1970 Jormeson ef al. 1971) & well
xs by d-methylpyrazole (BLOMSTRAND & Tiromriy, 1970 Broasstaanp &
Fomsstir 1971) Certain differences are obvions, however when the effects
of pyrazole and of 4-methylpyrazole are compared. The K; valves for 4-me-
thylpymmlehllp}\luupimtd_zforpymula(Rmmnlm).ASO/
inhibiton of cthandl elimination In vivo was clidted by pyrazole (0.30
mmol/kg) sccordlng to Gopetro & Ryosmra (1969) a3 sgalnst 0.024
mmol/hg for 4-methylpyrazole (BLOMSTRAND & THBORLLL 1970+ Rypeexg
& N this paper) Toxic effects on bone marrow bepatic and remal
function have been reported for pyrazole (WitsoN & Borreumu 1962),
whereas 4-methylpyrazols did not give any toxic effects in doses of 0.084 —
17 mmolfkg (loc. dt.). The presence of pyrarole in blood semples may
dusturb enzymatlc determinations of ethanol, due to an lnhibiton of the
yeast akobol dehydrogenme used in the asay (Gotoerro & Ryoeerc 1969
Ryorcrg 1971), whils 4-methylpyrazoke Iacks any such effects (this paper:

The effects of enzyme inhibitors in vivo may be conslderably differemt
from those obtained under In vitro conditions. 4-Jodopyrasols was reported
1o have 2 K; value one tenth that of pyrazole for an lnbibition of at LADH
in vitro (ROYNTIR 1969) while no significant differents o the inhibltlon of
ethanol ellmination in vivo could be found between pyramls and 4-lodo-
pyrazole (RYDEIRG 1969) 4-Methylpyrarole, on the other hand, s relatively
more active In vivo than in vifro when compared to pyrarole.

Whereat certain ethanal-Induced metabolic disturbances aro reduced by

pyrazole, pyrazmole acte syncegistically with cthanol on the central nervom
systam (BLuM et o 1971 Gorberxo & Rypsewa 1969 Gownsero ¢ o.
1972). This b partly explained by the projonged presencs of ethanol in tho
bloodnndbnluafmrﬂnndnﬂnhmﬂundpynmlz.mpﬂmb
alane gives a behavioural deprexsion (GoLp8ERa ef of 1972}
. Tho present Investigation has shown that 4-methylpyrazols also induces 2
? behavioural depression per ev and, moreover acts synergatically with oth-
nol producing both a2 #nd & prolongation of the disturbecss
of coordination Indnoed by ethanol, cxeceding that corresponding to the
prokonged high concentratjon of ethanal

i
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Increased Specificity of the *H Acctic Aohydride
Coupling Method for Plasma Analysis of Drugs Contalning
Secondary Amino Groups
By

K. Fredricons Overs
(Recetved Febrwary 8, 1972, Accepted April 14, 1972

Abstract For the plasma amlysts of dropy cootaining primary of secondary sming
groups the method of Haosra & Broom (1967) haa been widely msed. By this

The fH-acetic anhydrde coupling method of HauMER & Bropm (1967) has
beeu'lde!yujcdforlhunsnyo!vu:icusdrupi.nplnnn.'Iboprlncll:deuu(
the method is outlined in fig. 1. Sinco this technique may be osed for the
tmay of secondsry as well 23 primary amines, the spocificity of the method
Ty bo questioned especially in cases whero a secondary amine is amayed
and where the corresponding primary amine might be present as a metabolite,
This problem was discassed by Hasnn & Broots (1967) I their work on

1969 Pomoi & Sx0qvisT 1969). It Is concluded, however that with these
dmptbolmounno‘pdmlryumm:mpruumnd}ymomnmlntcﬁmlu
ry notable extent.

B dee phacomariogern, vol. 31, ram. 347
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l PLASMA |
1) ISOLATION OF AMINES l Extraction basle pH
Inzuns |
HEXANE
2} ACETYLATION OF PRIM Pyridine 4
AND SEC, AMINES Ae lic aphydrids

l Evapo atin

3 HYDROLYS1S 01N NaOH
4) 150LATION OF ¥ Ext action
ACETYLAMIDE DERIVATIVES | HEPTANE _[geint tiation

sunt ng

H;LTbepdndplno!ﬂanmn&Bunzummﬂngudmiqn

When performing pharmacokinetic studles with the thymoleptic substance
Lu 5-003 however it was discovered that human plasma samples contaied
oot only Lu 5~003 which is a secondary amine but also xmall amounts of the
corresponding prmary amine &3 a metabalitn, For this reason the possibility
of modifylng the method In order to obtain an increased specificity for
secondary amines vwas investigated. These investigations are descrdbed In the

present paper

Materials and Metheds

The assy of secondary and prumary amtnes was performed according to the techoigos
described by Hisndrn & Beoom (1967).

In order 1o investipats whether it would be posshls to mask primary amiset by
mmmmmmwumnmuwmam-mdm;:
menty wit performed whh alicylic aldchyds added 1o the hexano phass in e
exiraction ®£p Apert from this modification and the fact that the mmpley was o
tracted for 20 indend of 10 mimutes, the procodure was exactly s described by Huoos
& Baorar (1967}

In order 1o Iovestigatc what coupling prodocts were obtained, thin-laper chromaso-

of tha phascs afler removal of
graphry (TLC) waa performed on the ramainder beptaos oyl o

acinliation
nooe-naghthalene mixture (dotol) dexribed by Heowono
:wmm-mmnmmp Gragis for radiosctivity per fracthn v
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CHy CHy
S M
CHy CHy CHy N

Ly 5 003 3
Fig. 2 Formola of Ln 5003

Ri-vuios wers conetiucted to (usirats the contents of coupling products,

The following wero spyed: iytine (NT), N-
(Lx 5-079), Lo 5-003 (a sccondery amine; for formmula sco flg. 2) and Ln 5080 (the prima-
17 amaine corrapondlng to Lo 5-003).

Plowsa saoples were obtalned from rats givea throe oral doses of 100 mg/kg oo
triptyEioe (at ~24, =16 and 0 hoars. Sempics wers taken 1 and 2 boarw after the last
douc) and from patizuty after lafexion of 60 my Lu S-003, & beyelic thymolepde,

Rescits

The wmount of primary amine reacting with labelled acetic anhydride ks
conslderably redirced by the addition of 0.05 M and even more by 01 M
nalicylic aldebydo (fig. 3) The counting efficdency was not Influenced by the

_ e tw

-t

_j—
|
|

—_—— W
-

Fig. 3, Soderd corves withoat (0) sod with smBcyiic aldchyde (0.05 M asd 0.1 M),
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~y
Fig 4 Standard curves with (#) and without mlicylkc aldehyde.
Amines. Lu 5003 snd Lu 5060

addition of salicylic aldehyde — hence cpm values are depicted. The assay of
secondary amine {3 influenced only to a minor extent. Even with 0.1 M sl
cylic aldehyds small amonnts of primary aminc remain free. However noce
= higher concentration of salicylic aldehyde was found to canse disiurbances
In the procedure by not being fully evaporable and giving high biind valecs,
0 1M salicylic aldehyds was chosen for further sxperiments. Oge of thes
(with Lu 5-003 and Lu 5-060) Is shown in fig. 4 A mixture of equal smounts
of secondary and primary amine s sten (o give approxmately the same a0~
dard curve as secondary amine alone, when the modified method f nased. I
a series of nine experiments with the two amine pain the amognt of pomaty
amine was reduced by 84 + 5 / (mean + 8D ) when salicyfic aldebyde wes
added, e 100 ng/m! of primary amine resnlted In a cpm vafue that e
lppmthtalytwloedntafd:obﬂndvﬂmlnthhmpcctnodmcm’m
between the two primary amines was seen.

These observations wers further confirmed by TLC on tho heptane extractt
ater amay of sscoudary amipe, primary mins and a mixtere of cqul
mmnudnmda:ymdpﬂmmnmlnmmsmlhﬂwh;
NT/Lu 5-079 mmmms—omn»s—oéommyﬂmﬂﬂm‘ﬁa
mdmgmmhbaﬂcdmupﬂngprodmdmmbm
baglmoneﬂmmlmdwbmthemodlﬂedmnbadhnwd.mmkﬁ“n;r
sponding to the secondary amine, however 11 only slightly Infloencad.
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P 5. TLC of bepiane sxiracts aficr ssexy of & secondary amine (a), 8 primary amine
(B) and a mixtare of the two (c). Amines: NT and Lo 5079
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the TLC pictore corresponds very well with the standard corve pattern. The
results do not indicate any differences between the coupling products of
primary snd secondary amines as regards recovery from the silica gel Soch
differences would not be expected since the chemical properties of the amines
(especially In coupled form) are very almilar and since they are readily so-
uble in diotol. Therefore the sizo of the peaks may be concidered to be m
estimate of the amounts of amine present.

Thus a more specific assay of secondary amine seems to be achieved by
this very simple modufication of the method. Tb fliustrate the practical apps-
cations of the modified method, the results of some experiments with plasma
from dosed anlmals will be described.

In the first of these, assayy of portptyhne In mt plasma performed both
with the traditional and the modified technlque were compared. The samples
proved to contaln only minute amounts of the primary amine nretabolits (Bg.
6) and no actnal difference between the methods bs seen. However some I
known products (wiuch have also been observed in some samples of control

T 7

nortriptylioe (1 e 3
TLC of cxtracts after srmy of plaxma from rts glwe
M & bour sample)- traditional and modificd (#) method
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Fiz. 7 Plaema concentration after Inforion of Lo $-003 into mus, traditiona] method oaty

plezms) are remaoved by the modified technique, which must be conndered
a additional sdvantage.

Finally the experiments with plasma samples from paticnts given Lu 5-003
which initlated the search for a more specific method, are iltustrated In fig. 7
Thess samples wers assayed by the treditional technique, and TLC of the
coupled sample extracts revealed the presence of two peaks, the Rf valves of
which corresponded to the labelled coupling products of Lu 5-003 and the
primary amino motabolite respectively Separate plasma curves for drug and
mstabollts could be constructed based on the amoants of redioactivity In the
two pealny,

Discemlon

No practical difficulties aro encountered In the method with the mggested
modification, Plasma control values were often found to be somewhat lower
than with the traditional method. For these reasons salicylic aldehyds might
well bo 2dded routinely in all experiments, when a specific sssay b wanted
and when pdmary amines — &y metabolites of from other sources — might be
Prescnt. However since standard curves obtained by the modified
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uegmcnﬂy:omcwhulowcrthmthmcobuinedbythemdl&mlmnhod.
Umunﬂﬂv‘ltyoflbemdhodnﬂghtbemrwhatlmuihyﬂn.&ﬁdmd
salicylic aldehyde.
Anfotthnpncﬂnlhnpoﬂmceolﬂnmod}ﬂuﬂm,prdhnhnrynpﬂi-
ments {ndicate that for the assay of Lu 5-003 in human plasma after Infuston
of the drug, the modified method would have been very weful for masking
the bolite. For the determl of nortriptyline in mat plasma, the
mod; fon fs of no advantage with regard 10 the removal of the metabolite,
Hovwever small of unk pling prod which would other
wise have been estimated s drug are removed.

It may be concluded that the p of a more specific
method may vary with several factors such as the drug, the mode of admin-
Itmtion and the speaier Moreover the requirements for specificity are de
pendent on ‘what kind of study the axsay is needed for For pharmacokinetic
stodies with secondary amines which metabolize to primary amines, and n
cases whers primary amines from other sources are present, the modified
method would be advantageons.
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Hexoestrol Analogues as Probes of Oestrogen Receptors
L Imporiance of Hydrogen-Boading Groups for Receptor Binding

By

Lars Terentus
(Received February 10, 1972, Accepted March 17 1972)

Abrirect Ammiogoes of the symbetic L
lﬂyﬂﬂldpfdnbdmmnwmmnd.mmmplﬁnlﬂhkydtbm
sotlogues for the soluble ocstrogem “receptoc™ molecuda from Moo wieroe
were then mawmired, The resalts showed that the pg’-hydroxyls ofmeso-heton
strol are very for afflinty of ooo of the hyd aln
the OHNHy OH,CH:OH OH,OCHy OFLF or OHH imikogoes lemsencd be
binding afffnitics 15 to $OX leﬁﬂOH,COOHImIWhId(”Iu:-
binding affinity of b of both by of h d
= in the HH, OCH;.OCH;, CHsOH,CHyOH, NHpNHy; $HSH or NESOsCHy,

the cestrogem to the receptor One of thess bonds ovident!y has o higher corrry
of formation than the other

Key-words Heroustrol ~ oestrogem — Werm  receptons ~ hydrogen-booding.

Scloctive oestrogen receptor molecules capable of binding oestrogens have
been holated from target thoes (DESOMBXE ef al. 1969 Gomsxy et ai. 1970)
(The ocestrogen-binding proteina are here called receptors for convenkence,
Mfmuimﬂdgnlﬁnnccremﬂmtobepmved.)ﬂﬂnughmtwﬂdn—
thyely established, much ampports the ption that theso thy
mnluculucmdthcrbewuﬂdemduthumptmlbmmdmmdmfom
the binding components of theso receptort. For instence, the present author
Is shown a structural and optical specificity of the binding sltes in the
moate uterus wilch i3 In accordance with that expected from the biowssay
deta (Trexezaus 1966 1967 & 1968) Work by others (Brecirs & Worz
1568 Kommaun 1969) cn the binding charsctertsties of the cytopletmic
Teceptor molecule from the rat uierns supports this aysumption. However
these publiahed stodics do not ghve much Information about thechemical
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snatomy of the binding sites beeauss of the fairly mmsystematic cholcs of
substances.

This study present receptor affinitles of it 1s related to the synthetk
Oestrogen meso-hexoestrol In which the p p -substitoents were systematically
vared H 1 is ap ideal gen for this type of study since it hay &

symmetrical and comparatively slmple structure

Materialhs and methods
A Chemicals,
Syntheses,

ATl the tested derivatives of meso-3,4-diphenythetans (able 1) were prepared by the
acthor Componnds previomly described In the Dterature had melting polats clom &
those previowsly reported. I spectrs of most compomnds were obtained asd boach
(ot praks) were a1 expected. Tho mmr spectirs of scveral of the compotnds were te
corded, incinding all the now obes, these were alio x9 etpected.

erythro-3{p-methoryphemyl)4{pkydruxy phonylfheran  (R=OH, R'=0CHy.
e yi with an lar amount of Emethylmiphels
rdlng to rootie The L] itated froc sx
wialine it solution. The peocipitate wae repoatedly crymlltred from cthanol/wster
ahylene chloride, and benrenc. The prodoct was fres from sharting materisl sad
dimethyletber &y ghown by TLC

erythro-3-(p-kydroxymethylpheny )4~ p-kydroxypheny Dhesane (R=OH, R =CH-0H).

This compotmd was obtained by rednction of the ackd (Wsow o ol
1553) (WOG4 mol) with LIATH; (0025 moD in 15 m! of snhydroms cther st rofie
temperature for 3 hours Isalation in the moal way gave tho dewrsd prodoct e @ X
yield. 1t was recrystallized from benzees. Infrared spectrmm and TLC showed abecncy

of carboxyl grovp.
mya30-3 4-bir{p-kydrosymaethy[pheny Dhenione (R~=R = CHyOH).

erystallized from diomn/cyelobaxanc in 35 X yledd

e30-3 4-blr-{r (R=R = NESOLCH- extphoarh
dumino-compotnd (R=R = mhed with

0004 mol of (R=R =NHy) was s aded drop b
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Labeird oestradiol]78 Trittum-labeled oostradiol 17D (879H) wxs purchaesd from
mwmmwumymmwmwd’m
On thimdayer chromatograms 55 to 98 X of the ruiivectivity moved ar single entity
with suthentic oextradiol-17f.

B Recepter binding experiments

Uterl excised from 20 1o 25 § NMRL mice were cleaned of adberant fat, finty
mLucedlndhunﬂchh!vdmnuo{nﬂ.ﬁlMTrﬁh:ﬂctpH74,vﬂthuu
EDTA-ndu.ISl(mcmaAnmnlp-hthmolthe&mmwmpn{umdncud
room tempersture. Hotmogenlzstion way doas with a Polytron PT 10 (Klsematka,
Luzem, Switzerland) giving 3 Umes S-tecond pulscs st setting S with 2 minetea cOoling
{n between [n an ke bath. The homogenats wis centrifeged for 1 hoar at 129,000 X g
To avold the fxt floating to the top the centrifuge tubes wero punctured st above the
peliat tnd the supernatant obtaimed by gravity flow The sapermamnty cootalaed sbont
10 mg proteln/ml (sccording to the Lowry method with bovine albumin sy standanty)
and abaot S pmol receptor giea/ml

Tests for competitive bindlng afficttics were done 1a 3 ml ceatrifugo tnbes coutale-
ing 0.5 ml of the buffer cited above and bormones. In & typichl experiment the com-
Petitors were tested &t fived concentrations and were allowed to compets with § &ler
ot concentrationy (3 X 10-UM, § X 10-UM, 2 X 10-10M, 5 X 10-104, 1.4 X 1090 of
labeicd oeatradiol 170, Coutrol tubos with cestradiol 177 oaly were rm skoaltaseoody
For cach competitor or control group 4 thbes per concentration wero nm, Le, esch
aroup consisted of 20 tubey To tho tubes 30 prepared 35ul of the bigh speed nicrw
fupernatent was added. The fabes were then vorteved and allowed to stand et +4 o
16 houn 035 m! of the charcoal swpension (205 X Dextrans 10 from Pharmach,
Uppsals, Sweden asd 0.5 X Nocite A from Slgms Co, 8t Louls, Mo.) wat 33ded
tho tubes which wers vortered, allowed 1o stand for 10 minmtes wad ceatriogrd fo
10 misutes at 3000 X gov. Of the spernatant, 05 ml wea withdrawn, muxed with § i
uﬁmumumclmmmmmsnmﬂmu;rfm
015 g dimethy] POPOP) and the mdiouctivity was d I« lguid

coumter
Tbcrrdpmalofboundmu-d}uklmmploa:dlplnndwndpnulolﬂﬂ

mwzmmmmmummwdmgmhmmm
compontds ware chiained by & computer programme paing least square

Results

Thmhcmmmmmmm&fmmdr-mmymmﬁﬂtm

binding of oestradiol 17amunmndmgm1mlnmmu§rmc‘y:::

The relative affinities of the snalognes wers lated in

(EDSaLL & Wyaan 1958) analogots to the Lincweaver —
P‘O”'hm’dzmmlghluuaﬂmnnndammm“‘ﬁ:f:
memummwmummmmmmmdmﬂ
wwmemammmmmw'&mmm
mtanﬂ:m&lmwumnﬂmdrdmﬂmbmpﬁumwgﬂm
that allosteric of other conformational Intesterencs gives ;dmn-
Uneacity prevailed in il plots. The slopes of the regreesion iass
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dard errors of less than 10 / In almost every case the few exceptional cases
were not used for calcnlations. The results of all plots were also In {avour of
a competitive interaction. The results of the plots wero used to calculate In-
bibitlon constants (tatde 2}

It was found that meso-hexoestrol Itself had the highest affinity for the
receptor Substitution of one hydroxyl by NHy, CHOH OCH or F camsed

Table 2

Inhitition constants of meso-hexoertrol analoguss. Tho Means and the individual valoes
of 2 oc 3 cxpertmants aro ghven.

CeHly Relathre
k'-ﬁ -CH. R molar
C'H_@ oo Ky (R=0OH

R =OHYK)

-

94 X 101t
(L35 X 109 63 X 103t 7.0 x 1011
11 X 10710
@1 X {0711 14 X 10-1¢ 11 X 1019
15 X 1010
(13 X 104 16 X 10-%)
14 X 1%
(13X 109 14 X 1019
21 X 1000
(61X 10714 LT X 102 L6 X 10-t9
78 X 101
(183X 10710 13 X 10-# 45 X 10-10)
11 X 10¢
5 X 100 13 X 109
11 X 107
(13 % 1077 88 X 109
52 X 107
(%3 X 107 41 X 109

-

E

"'§§§E§§E§“

.gagxggaaaaass -
§E§E§E§=1§§

No inbibition at 1043
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a moderate decrease in affinity while mono-substltution with COOH redpeed
the afflnlty to less than 1 / of that in the parent compound. Replacament of
bo(hphmuﬂchydmxyhledtovaluwl!ﬂnltyortolmcﬂﬂtynndcrﬂntm
conditions. It sbould be noted that particulady the HH and the SHSH
analoguss are lesy hydrophilic than the other derivatives tested. It s therefore
possible that they were not completely In solution at the indicated coocen-
tration.

Discursion

meso-Hexoestrol has two hydroxyh, which 1ike those in oestradiol-17f are
scparated by about 15 A. These hydroxyls, which are hydrogen bonding
groaps are consldered to be crudal for the interaction between oestrogens
and a receptor (Grunoy 1957) In the present communication the importance
of these groups in the ostropen-receptor interactions has been sindied
Therefore “minl 1 1 were prepared, e, sub
with isosterle, isoet lc or bloisostenc repl of the hrydroxy

Replacement of one hydroxy! In hexoestrol by other groups did oot mar
kedly decrease the binding affinity When R was NHy, CH,OH, OCH oc F
the afflnities wers more than 30 / of that fn the original compound bet
2-9 times higher than with H, indicating that the former groaps contributed
tobh:d]n;.pmbab{ymhydmgmmepm(ﬂanmed‘bwnm‘tl
1t should be noted that althongh F and OH are lsosteric they act differenily o8
clectrons in the benrens ring. Such factors may also be of some importance. It
hnhodmthnﬂmreccpwrdtammmodltehmp-mhﬂmﬂ
(CH;OH) without much changs in affinity Substitution with carboxyl
(COOH) camsed a drastic reduction tn affinity (100 times), This was o
expected since it hes been found carlier that oestrogens with one

holated

1

can be firmly bound to the recep For in y
has about the same competetive binding affinity as meso-texoestrol (TE>
NtUS 1967). Do

Mmmﬁdmluo[mepwbhy&mlfmwwlmbm
trated by the fact that the diamino and dimethylenchy ,-ﬂ'bl:md
very low affinities (1/1000 and 1/5000 of hexoestrol respectively)- In o
hydmgcnbond:wﬂhlmlnoorhydmxylpwp:hlﬁnxthonm3m°;:7ﬂﬂ’
fmm@mmu&mlm)mwmmwﬂm‘um
case. The bastc character of the nitrogen may bo one reason, althoush
pH of the bulter 74 buhxtbnhmpprﬂicd(pl(.m4v5)-mawmﬂ
pwppmvldaﬂnhydmm—domdn;hydmxyimﬁmnmﬂuﬂwﬁ‘b‘“dﬂ
bunlhk-chamﬁhmphumncﬂedxmelcdrmﬂu!rmm
but the atic hydroxyl i as strong &
W%M&WM}I:hWht@mm
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Lﬂinityo(uwdunhmmwdcompaundmckﬂm-oﬂ)mldbodmwm
sterle Jon of the hyd 1(s)
Theloulu.hunmn!hydmgcndonzﬂugzmupsuhdnhydmrhm,in
the dmethylcther and in the meth logus led to the
loss of affinitkes. The meth Iph ido analogue (R=R =
HNSO,CH,) was prepared since, In a number of phenethanolamines, this
group bas been found to be blok ic with the phenolic hydroxy! with re
tentlon of Blological activty (Laxsey & Lisit 1964) Such replacement in
bexoestrol led to loss of oestrogenltclty thus confipming MIXOLASER et al.
(1969), and to inactivity In vitro The dithlol anslogue was also devold of
affinlty Since sulphur forms very much weaker hydrogen bonds than oxygen
(PENTAL & MCCLITLAN 1960) this also Indicates the tmportance of ydro-
#en bonding, The somewhat greater atomic radius of sulphur s probably not
mewqmmmmsmmuymmm
ono methaxyl group or two methyl groups which aro Larger
thdamginanndhﬂomutathchcmnw!ﬂchmmpcm-
Ible for attachment to the receptor One hydroxyl fn the hexoestrol maltecule
iy extremely important while the other can bo replaced by amino methylene-
or methoxy without mruch loss in affinity Absence of a second
bydrozy! or lts replacoment by Auorine gives lower affinltles but they are still
over 10 / of that of the parent molecule. Evidently two bydrogen-bonds
sachor the hexoestrol molecule to the receptor surface, ons of these having
 much higher energy of formation. The hydrogen boad forming groups of
tho receptor conld, with regard to the protsinaceons nature of the binding
molecules (DrSommxg ef ol 1569 Gowsxa e ol 1970), elther be the hy-
draxyls fn serine or threonlne or the imkiarole modety of histidine. It '
fateresting to note that Puca & Bresciant (1970) who observed that lodine
treatment inactivates the receptor contider histidine or tyroaine to be at or
Dear the receptor site.
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Hexoestro] Analogues as Probes of Oestrogen Receptors
IL Importance of Hydrogen-Bonding Groups
for Binding to Uterine Tissue and for Uterotrophic Actlvity

By

Lars Terenbes
(Recxived Febrwary 10, 1972, Accepted March 17 1970)

Absirect Anmalogney of meso-haxontrol with varlation in p.p’-scbetitnents (Toee-
M08 1977) were tested with regard to 1) competitive affinity for cestropen
receptons {n Intact oterins thwse in Wire 2) and 3) anth

sctivities In the mouss. The rehative afftnities of Lhe analogues for the receptors
in the merips thmo was smllar to those determimed for the receptor i solotion.
The SH aad NHSOxCH; woalogues wers withoat any activity io all the tesa.
Two analogoes, with H or OCH, dirubstitntion wers merotrophko withomt baring
receplor  fflules, The other amalogoes (except the p/-NHrenulogos) wers
markedly bors wierotrophic than expected from their reiative reveptoc affintifon
For cxample, the p-OH»'-NHranakogoe bed 35 X of the receptor affinity of

lew effickently retained than meso-bevocstrol. No compound wan anth-atero-
trophle,

Key-words. Hexoertol — ocstTogenns — orirogen receptors ~ olonss  hydrogen-
bonding.

mmmmmgmmmanmmwn)memmgnﬂnma
aro described for & sedes of p p 1 of the syntheth
OoRtrogen meso-hexoestrol for the ocstrogen receptors n the mome oterus,
Theso data showed that hydrogen bonding o the receptor via at least one
bydrogen bond ts essentlal

In the present ioq, tho tiesoe alfinities of the gucs wero
lﬂt:dh:ozdumﬁndomwbahcrmarmtmbxdm(momoummm)
hldﬂ:cnmab{ndjnglpedﬂcltyuthomaptmlnlccu-fmomln
eddition, uterotrophic sciivitles ex well &3 snth-uterotrophic activities of the
malogucs were messured.

B Ans iy, vol, 11, Lo, -7
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Matertals and methods
Test compownds are described I the previow paper (TErmaua 1972,

Animaty Immaturs female mice of the NMRI strain were used, They weighed 839 ¢
at the sart of the wrperiments. They wers kept In uniform conditions with commnercil
momse cubes and tap water avallable without restriction.

Uterotrophic sctivity was smayed by a Rubln test. The animab were ghyen 01 ml of &
solution of the text in olive ofl b cach day for 3 daye Autopey
was performed 24 hours afler tho flml Injection, At antopsy body weights were ob-
talned and the uterl were cheaned of adberemt thmues, blotted and dried at 1007 for &t
lext 24 hours before welghing.

Antluterotrophic activity was asayed by a aimilar injkection scheche. The dosay of
a potential were injected sl ly with 0.015ps oestradial-173-3%
bemoeie, Both the entagonist aod the ocrtrogen were Injected subcutanconly bot at
different sites in 0.05 ml ollve oll. The uterino dry weights from & animab per gromp
were obtalned a1 abore

In viro eri) werp per d o deseribed (Tramnrus 1971), Unerd
were incubated for 1 hour at 37 In flasky with w fixed conccsiration of hbeed
owtradiol 178 (3.6 X 104 M) and varying coocentrations of text substances. The veexl
were then sobjected to washing for 1 bour at 25° in a buffer with 3.6 X 10-TM noo-
labelod lo}-177. At each lon nterd from at keast 4 mice were bacobated.
Tho expeciments {ncloded epatrol farks i1 ench ran snd the competittyy binding activity
wat expresed In percent of the costrol (fig. 1). Thess messrements were performoed
under conditiont where the receptor wies were not serraied.

ot L

Wt
THHIBCTON (M)
H;Lzﬂmdhwutﬂ-ndqmmmm:dumﬂnklmmwm

hﬂlro.l’_lrhvdmhlblmﬂud4m6nmplcl.Thts.E.M.dnﬂnhﬂ'ﬂ"
within + 10 X of the means
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mm‘mwmmmmﬂhmmmmm
counts recorded on a liquid fon coumter wero d o
P i, (dpm),

Resmults

The hexoestrol analogres were tested for their ability to iohibit the binding
of labelled oestradiol 17 to the uterus (fig. 1) It was found that the anal-
ogues could be distributed into 4 groups with regard to thelr competitive
binding affinlty The OH, NHrenalogue was almost as polent as neso-
bexoestrol (R=R =OH) the OH, H the OH, CH;OH, tbe OH, OCH; and
the OH, F amlogues were at keast 10 times lexs potent while the NHa, NHy,
the OH, COOH and ths CH,OH, CH-OH analogues were 20-100 times less
poteit. Finally soveral compounds were found to be devold of activity at the
highest texted concentration, 5 X 104M This was also true for the SH, SH
mnalogue. Since thiol groops are oxidizable stroctures a competitive experd
ment was run in the presence of 10-5M of the reducing agent dithoerythritol
mpfmohhhqmtdxdmtlnﬂumcﬂlbemu.

The ot i3 of the compounds are shown In fig. 2. meso-
H:xmnlwubylnthomontﬁvewmponnd.neoﬂcl{,oﬂmdthu
OH, COOH analogues gave anomakws (flat) dose — effect curves. Theso
compounads as well as tho NHe, NH; snalogue did not seem to produce foll
responses, The compounds Iisted as inactive produced no response at a dally
dose of 300 g per animal.

Anthuterotrophic activity was assayed for the following analogues (dally
Soses) CHOH, CHOH (10 100 pug) NHa, NH: (30, 100 pg) OH, CHOH
(05 Sug) OH COOH (1.5 15ug) and OH, NH: (0015 005 015 pg).
Nooe of the compommds shewed amy wgnificant anti-uterotrophic setivity

UG DA WERHT (mg)

bl ‘- Y ) » w woe
DAL DOM ()

Fig. 2. Utsrotrophdc sctivity (focrease ia mg dry mterma/10 g body welgh In relation to
Jogarithric does (pg/momee/day). § animaly per groep.

E-J
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Table 1

Compaiﬂmblndln;lmniﬂu!m-muo-hancnm!mdh:p’—Nﬂznmlmfaih
TOonsD wieToe L vivo

A. Hevoestrol of its amaloguo (1 pg of esch) in 10 X propylene ghycol in mbme o bn
olive oll was injected at varios tmes befors the lntravenoos tnjection of 0.01 g
of certradiol 178-7H in salloe. The anlmaly were killed 1 hoor after the hjection of
oestradiol ML

BHnmwhW(ludn&)mhwwﬂnmde
oenadiol-17H-4H,

All hnjectlon vohames were 0.1 ml. Mean values and S E. ML are glyen for 7 animalks

per group.
A
e " Time interval

gmq;oun; \J b L, D.p.m/mg wet weight
OH oH m+ 2
OH Ny Sallne/Intravenoms 30 min nTi61
OH  OH 101372
OH Ny,  Seline/Intravenom § bours R t10
OH OH Oftve oll/ 3 £38
OH NHy  Subcutaneous 3hoan 1822168

Nono

1166 .64
(Vebicle) Saline/Intravencen 30 min
B
o "
D pmfmg wet woight
R R N
oH ou :g;z
Suline/Intrayenom

OH  NHy

Noas Saline/Intrxyooous 41188

Since the bexocestrol anslogues were unexpectedly weak o the ner
growih teat, one of them, the OH, NEg-analogoe, was compared with ber
oestrol, for competitive receptor blading {n vivo (table 1) Hexoestrol ":_
muchmumndiv‘auaninhﬂxmrthmlhnmﬂm“ﬂd’m'mk
hibltory effect when given in connection with oestradiok-176. When Pre
Ln}ectcdmﬂlhuunbafomomblﬂﬂ.ﬂnwmmtwn’d}
the bindlag of oestradio}-17p over the controls (P <0001 Ia Student &
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A comparison between the binding affinlties to receptors in the cell-free
systern (TEREMIUS 1972), the binding capacities to uterine tisue in virro and
the uterotrophic activities ts shown in table 2. The uterotrophic potencies of
the OH, CH:OH and the OH, COOH analogues relative to the others aro
difficult to estimate because of the non-parallel dose response curves, an
arbitrary response level, L.e. an Increaso from 1 to 3 mg, was taken as refer
ence fn order to get some information.

Discmeslon

Sevenit of the compounds studied are known In the literature but except
for meso-hexoestrol and jts methyl-cther very few blological data are avall-
tbke. The OH, NH, analogue hns been reported 0 possess about 1 / of the
uterotrophic potency of hexoestrol in rats (BIGGTRSTAFF & WiLps 1949)

Table 2
Receptor affinicies (R), tiwoe affiattics (T) and oestrogenlc sciivhies (E) of
baxoertrol analogoer.

Gty

l@_é-[ C!-l—@—ll Eqmusctive molar mtios
R R Rl ™ B TR E/R
i OoH 100 100 100 1 1
o NHy & [ os ars 0.0059
on CH;0H ) 10 0083 016 0.0013
o’ OCH; 67 a3 056 a2 0.0083
OH F 30 77 014 01s 0.0047
OH H 12 13 (k-] i%1 o018
Ot COOH oss 10 o 12 0012
CHoR CHOH o018 068 - 3 -
N, NHy 008s 40 [[SLE ] 13
" H - [IT R -

o OCH, 17 - -
= sH _ - - -

NHSOWCH;  NHSOWH; -
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while an lsomer mixture of the OH COOHnmIoguewulm&ﬂve(Naan
E;jﬂ::m—znlm ’Ihcseretululnnnmdmﬂutozhaprmlﬂndlnp

Itmfmdthatmmuo{tdndhgumhﬂnmﬂbum
orwlthﬂamegnveumﬂurunlufarlllucdvnmpoundsmdbodﬂm
lhowcd4mmpoundstobc£uncﬂve.ﬂlhlhmﬂuiﬂnmpwnhdmmd
In solution have similar binding properties, and farthermore that tmwlar or
cellular barriers are not very important for accumulation. However for 2
compound:mthlowblndingpotmdu(theNH,,NHalndG‘kOH,CH;OH
analogues) the cell-free system gave much (40 times) lower relative affimities.
The reason for thls may Le In the non-specific effects occurrlng at the eler-
ated concentrations which it was necestary to e,

When phic activities were compared with the affinities obtained in
cither test a poor correlation was obtalned (table 2) Roughly speaking, the
relative potency of hexoestral in vivo was 50 to 100 times higher than ex
pected from the in vitro results. Two compounds, the di-OCH, and &-H
snalogues were samewhat nterotrophic withont being active in vitro it is
reasonable to assume that this is doe to hydrolysls and hydroxylation respect-
tvely giving one or two fres p-hydroxyls,

The discrepancy between binding affinities and vterotrophic sctivitics
might be taken 23 an argument against the concept that the oestrogen birders
are the receptors. However the experiments in table 1 clearly show that
in vhvo the competitive affinity of the OH, NH; analogus is much lower than
expected from the in vitro results. Farthermore, the OH, H sualogue hat
about 2 / the competitive affinity of hexoestral wikn given in ofl 3 bouns
before oestradiolH as in table 1 (TERENIUS 1966) These i vivo extimates
of affinity are thus in moch better agreement with activity fn vivo

Why ts it that in vitro affinitles are so high in comparkon with in #o
affinitles? Tho explanation may of course lio in differences in pharmacolinstics
in vivo Le., In tho amounts which actually reach the uterine tissue. Apother
potaibility could be ditferences in the dynamics of the ooetrogen-receptor

mpd Potent gens ke mreso-hy trol end oestradial-17§ are 00
ocaly bound effectively but the receptor complexes ars also stabilized In som?
wiy Provious studles by the author have empharized this point (TERENTTS
1971). The monohydraxy hexoestrol analogues may well occupy the recepéor
m.mtor-hmmormemmmAmmﬁ
tlom was also observed when the OH NHy analogno way ghven in
with oestradsol 17 but thds was 50t 50 when the Jnjection intorval was b
cressed (table 1). Actually thoOH.NH.lmluzucdsnlﬂanﬂlwlb
ocstradicl-17 p uptake after Jonger pre-lnjection periods, & phenomenod
tnown to oocar after the nection of the OHLH anslogus (Termaus 1966)
and oestradiol (RRAKY & BLACK 1970). Tho situation fs obvionsly corplicated
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d the opinion held by howmatan (1969) that binding affinitles are synony-
mous with oestrogentc activity is an over simplification.
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Noradrenaline Uptake Mechantsms in Human Atriom

By
Chartette Sacks and Glsta Jouwen
(Received Pebruary 10, 1972, Accepted May 1, 1972)

Abstrect The YH-amine nptake and scoumnhation / wvitrp n homan and rat
heart tisco wi The equilib and cl of fHsorbliol Wit
the mame In both species, Indicating simflar difforon contitions In the axtrace-
Tular space. The uptake of SH-octarmminol (H-MA) tn noo-pervous tiesao wes
by ko At 0 or profacubation [n bota
known to inhibit the axoma! pomp uptabe mech
anbm. The extraneurons] uptake In man and et thus mossured was similarly
low A high comelation was formd betweon peuronal 7H MA pptata asd
"\ dresaline (NA) d in the mmo homan
e, thos o the postbility of quantt Derve densty
by messuring SH-amine vpake Tho nouroual optako procen for FEMA o
heatt timoe from both man and mt was found to obey Michacks-Meaten
Lineticy, wheress the afflnity for the uptake dtes was somewhut higher in the

tance to the ffect af S-hydroxy b
‘membrane pomp by certaln wptake bockmg drogs in the homaa beart It
suggested (hat them differcnces might be dos (o & lon effickent ‘membause
pump o human adrenergic nerves.
Kap-words: 6-hydre Ins — il
paamlas — aigramine — chlorpromazl
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Uptake mechanisms of catecholamines have received a good deal of at
tention o during the last decade, especlally those in adrenerpic nerves,
since they are conaldered to play an important rols in the inactivation of
both circulating and released holamines (AXTLROD ef ol, 1959 Wrrey
et al. 1961), The adrenergic nerves passess two main uptake and sccomula
tlon mechantsms, one located to the axonal membrane of the whole adren
erpic neurone, the so called ‘membrane pump and oot to the intranenronal
smioe storage granules. In addition to the pearonsl uptake mechanksms,
uptake of poradrensline has also been found to occur st certain extra-
nearonal sltes, such a3 the walls of arteries (Grirsre 1968}, heart muscle
cells (Sacis 1970) and special conpective tissuo cells in the rat heart
(Fazvrpo & Maruroms 1969) (The following abbreviatinos will be used.
NA = poradrenallne MA = metaraminol 6-OH DA = 6-hydroxydopa
minc: MAQ = monoamine oxkdsse DMI = destpramune),
Although a great dea! of Information concernmg NA uptake mechanisms
bas acounmlated during the last decade, peactically all this Information
derlves from stodics on experimental animabs, and very Iittle Is known at
present about these mechanisms in humen tisses. A brief study on this
subject has been published recently (Sscis 1969) where It was found that
tho humuan atrial appendags was richly Innervated by adrenergic perves, the
and appearance of which were similar to that of other species,
6§ mouse and rat It was further shown that the adrenergic nerves of
Ioman atis possess an cifictent uptake and scenmulstion mechanbsm for
NA. The purpose of the present investiganon was to charscterlze the NA
“ptakn processes in human heart tisue in more detail snd to compare the
effects of coraln drugs of clinical importance, which ars known to In
ﬂmucumlNAupmk:mmhmhm:,onthe‘HNAupuknthumm
10d nat heart thepe,

Matectal and Metheds

HTal ppendege, which would Otherwise bave bren diecarded, was obtainedt
from 78 paglents wndergolog heart operations. The pe varied from 18 to 62 yean.
The main dlagnoses were aortc incompetencs (8) atrial soptal defect (%), ywairicular
=l defect (3), aorte wenosis (1) mitral senosis (1), mitral incompetencs (1),
teinilogy of Fallot (1), and cominocd valvalar defects (8. Five patlents had sigm
o heart decompenmation at rest, when exemined preoperatively The medical treat
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1967} containing 10-7M FH-NA or SH-MA. Afier tio [ncubation the tirsne waa rivsed
in eold buffer for & fow scconds, carefully blotted on filter paper and weighed on
» Cahn o b and thereafier dimoired i 03 mi SolueneTL100 {Packard
Imtr Co Inc.) Ten ml of toluene schmtiliatlon solution was added and the rado-
acilvity determined ln & Lquid scintillation spectrometer (Packard Tri-Carb Model
3120) In somo experiments, when a conderable amount of 30 NA taken tp and ac
cumlated b known to be metabolized, SH-NA was isolated and determined by
specific chemieal analytical procedures (CAxLgson & WALDECK 196, for detuls set
SacHs 1969). The values were expremed as d.p.m/mg beart tirsoe, Queaching was
monttored by addition of & standard amount of FHAolbene tnd waa found to e
consistent throughont the study Counting sfficiency” 25 X In most axperiments caly
total rdioactivity was measred, since the maln part, about 90X his previoesty
been shown to constitnte unchanged JH-NA (Sacts 1969) FH-MA doso st modap
metabollc degradation (see Linosomg 1967), thos making it pomdble to messore
SH MA uptake by determination of total radioactivity

End. NA way d 4 to the method of BraTien of L {1958
MAOQ determinailon wia made sccording to Wuznasd & Axrieoo (1963).

The following substances wers med. dknoradresaline.7SH-HQ (39 cl/mmal,
tryptamine 2-14C (109 mel/mmol) &k Inl 7HH-HQ (16 clfwmemol,
New England Nuclear Corp, USA), THorbltol (143 cl/mmal Thbe

Center Amenbam, England), reserpine phospite, drmolved in 55 X glocose (Swdish
CTha) b {oeHC1 Pftzer), 6 yd ine-HCl (HB8/32, Hink)
chlor HA Leo), I ine HC1 (ofranll® Gelgy), deslpraine
HOQ! (pertofran® Gelgy) chlorimipramine-HCOl (Gdu),wmrlytyﬂno-ﬁaﬂlﬂth

& Dohme).

Bemlits

Sorbltol space The sorbito] speco was determined by incubathg fratt
slices from man and rat in buffer contalning *H sorbitol. There was rapid
tissus equilibration which scemed to bo complei withm 10 min. (621
The same results wero obiained for both species. The sorbitol fpece =
d.p.m. H-4orbitol/mg tissue 25 4 both
d.pm.’Hmmdntdmmxmommmmbom 4
in the human nd rat heart tissue, Clearance of H-sorbitol from the tlssoe
was cqually rapid 1n man and rat (fig 1) In five min. practically all of t
extraceliniar volume 8o et d, wm cleared
Uptake of H-MA_Tho time-course of H MA optake was sepdied In £
heart dices (fig. 2) ﬁmm-ﬁnmupﬁkuupmwmdhmhm
in 10M %H MA, whils with 109M JH M, there was & deviation
lineanty between 5 and 10 min. of tncubation (cf Sacs 1969)- o o
mordcxmommmmfmuonummamazm:lm‘z-hm(l

u us s, (& curonal
&Mﬁﬁgﬁ pltix?j:r:o incubated in 10°9M DMI (M:J:
Both thoss procedures are known to block effectively the upak®
adrencrghc nerves (sec Jonsson et af 1969 Sacns 1970). The cxtraneure
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Fig. 1. Theoe-conrse of ¥H-sorbitol (2.5 pel/mi) equilbration tr vifro in beart elices

froce man and rat (@ —- @). The valnes arc expeessed @ percentages of the 30 min,
Incubated

valoe. Time-coamse of $H-storblio! clearance o heatt slkces n
THaotbhol (1.5 pel/mD) for 30 min. (@ @) The theo was then transferred (o fresh
beffer and refocubated for 5 or 10 min. The valoes wre sxpremed = percentages of

the 230 time valoa Each point represents the mean £ 8. E M. of 4 determimations,
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Fig. 2 Time-course of 5 MA uptaks end acoummlation by 4, o .
hnbmhwmﬂmﬂﬁmdlo-%{w&uz’ﬂ‘:h:ﬂga
rqn-mthln-nts.ﬂ_\tu(4% it
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Table 1
Effect of DMI and 0 on the JH MA uptske In heart tiwoe from rm and nt.
TH MA MAN RAT
cone. 0 DMI [ DI
plint 1624 13+ 17 17419 18116
(1%) (13 (10) (16}
10-d 711 5106 1to7 6104
ay 1 s a8

The beart slices were either preincubated fn DAMI (1058, 10 min.) and then trazsterred

to 3 MA (10TM or 1044, 10 min.) or incubated In S MA (10-TM or 101A, 10 mie)

at 0 The valom are expressed a3 percentages of tho control @H-MA 10TM or 106,
10 min,, 37°). Number of determinations in brackets.

uptake of YH MA so evaluated, was higher with the higher conceatrabon of
TH MA and wns simflar in the human and rat heart thsue and for the two
ways of making the estimations.

NA content in kuman heart The endogenous NA content vaded consider
ably In the human heart biopses, in all probability due i the varistion i
denslty of adrenergic nerves in different parts of the cut oat stnal &p-
pendages (cf Sacms 1969). The mean content was, 115 gg NA per g beatt
thye (S.E.M. + 038 n.11), which iy approximately the samo a3 that
mn}ypublhbcdbycrmnsmerd.(l%a).nmhcmhmmcunﬂin
about 1 ug/g NA (ses c. g IVERSEN 1967)

There was a high posltive comelation (r = 091,) between peuroctl
$H MA uptake, d.p.m.jmg, (107M, 10 mm. at 37  with the H MA upue
at 0° subtrected) and the endogenous concentration, ug/g, i bumam bewrt
tigsue. Sllces from one beart were incubated fn 3H MA and the remsinder of
the bropsy was taken for ical analytical determination of NA. Theso
results show that It Is posible to obtain information abost the nerve deasity

measuring SH MA uptake.

hy' Ichoelis-Menten kinetics Reclprocal enalysis of tho peuroaal opiais
(extr uptake 'unptubltﬂ“'ﬂmm

mrmm(xmdmnlommmmmmwmmn;
and rat and plotted accordmg to LiMewEAVER & Buak (1934), revoaked
the ncuronal uptake process in both species obeyed Michsehs-Memed
kinetics (fig. 3

thtmiano;’HaNA taken up Retention M’HNAwME’N‘:dz
first incubating slices from human eod rat hears in 107M 7H
30 min and then re-ncabating the slices for 10 wmwmhwmm'
tres butfer ’I‘hm:wulmplddhppeamnccoltbo'ﬂ-NAprﬂbm‘Y
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- rat

ﬁllﬂl
Fig. 3. Neuromal $H MA wptake | ritro fn beart alices from man sad rat, plotted
according # Lacweavex & Buax (1934) The incubetion time was 10 min. ‘The
cotrected for ctivity y by the up-
st 0 Esch point js the mwam of B-12 determimations. The Hoes were
alubied by [near regresion ANlyes. T =099 oy~ L00, Kmp, =070X
1ML, Kingy, = 057 X 10760, VT, = 877 Ve, =457 Vowx b apesed
™ 33/t/10 mia. Veloclty (V) = uptako of THMA cpmfmg/I0 min. Substrats coo-
centrution (S) = M FH-AA,

x
Fae

"
-— -
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up during the finst 10 min. of remcubation (fig, 4), after which the curve
lovelled off. When reserpine (107%M) was added to the reincubation mediom,
there was & moro rapid doss of 3H NA. The disappearance was somewhat
more pronounced in shices from the human heart as compared with those
from the rat heart.

Effect of reserpine and nialamide on *H-NA uptake Human beart shices
were first preincubated In reserpine (109M) or reserpine (104M)+ nhl-
amide (50 pg/ml) for 60 min. befors the Incubation In SHNA (107 o
10*M, 30 min. fig. 5) The ¥H NA taken up snd sccumulated was bolsted
and specifically determined, Preincubation in reserpine resalted in a marked
reduction In the uptake and retention of ¥H NA, which was parttaily comater
acted by nialemide.

Incubating human heart slices in nislamide (50 pg/ml) for 60 min caesed
only a 65 / inhibition of MAO (determmed sccording o WORTMAN &
AXTLROD 1963) compared with tisus incubated for the samo perod of thne
in buffer only

Effect of certaln drugs on 3H MA uptake The cffect of preincubating
slices from human end rat hearts in 6-OH DA (1074 or 109M) for 30 or
60 min. on the SH MA uptake was studied (fig. 6). Thero was a reduction In

100

[ | ] '“"P:M
rese)

e | P

]

ELE

%™ B HNA

Fig.5 Eﬂmdmﬁmmdﬂhm&mmcumhdlﬂ-NAhvmm
heart slicee. The dawae wes protcubated fn buffer conteining roscrpino (1060
mﬁmﬂﬂ"m+nhhnﬂd-@pdmﬂfwé0min-lhaunuu-mfﬂ;dh‘
mm(xwuxmmwmmmmmwr;:
tmnc was preincubated ln buffer for 60 min, befors the incobation in e
mwmupfmduwdthccunrdﬂwtﬂl)-ﬂmmd‘
\ally chomically determined. Each column represcus tho mesn
determination.
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% B 'MeOHDA
L ¢~ 67 Me-OH-DA
h
©
{ t l"'i )
%0- F 1
L 3B F
E t { ; %
° ' ¢ '

0 mn 60 min 30 min

man ra
Fig. 6. Effect of 6-OH DA on the uptake of $H MA = vitro. Hearl slices from man
ad 1al were peincobated | butfer contuning 6-OH-DA (101 ar 10-9AD) for 30 or
€0 min, thermafier rimsed for 5 mie fo fresh buffer and than iacobated b $H MA
{10-73%) for 10 mfu. The comtrol tisews was preincubated a buffer for 30 or 60 min.
The vatues are expresecd a3 percentages of the control. Each column represests the
mean + SEAL of 8-16 determloations. The difference in valoes between man and rats

wat tested with stodent's tdest. 001> P > 0.00L

60 min
t

"H-MA uptake which was dose and time related to the preincubation In
6-OH-DA. Tho decrenss In uptake was moro marked In rat heart slices.
Tho effect of wme psychoactive drugs, known to affect nenronal uptake
mechaalsmy, were compared with the 2H-MA uptake in human end rat heart
tiouo (fig, 7). The slices were incubated with tho respective drug (107 or
107M) together with SH-MA (10M) for 10 min. All the drugs stodied
laduced a marked decresso in the uptake of H MA. The uptake inkiktion
i3 concentration dependent and in all cases more pronounced in human
tam In rat beart tissne, The order of uptaks Inhibitlon potency was, DMI >
Prottiptyline > imtp > chloy sing > chlorimi b

Discassion

Previous fluorescence histochemical studies have shown that the NA
Present in the heart of e. g mat, mouso and man b atmost excimively con-
foed to the post-ganglionic sympathetic adrepergic nerves (JACDBOWITZ.
1967 Jorwsow & Saces 1969 Sacus 1969). The charecteristic varicoss
DEve terminals have the same appearance and distrbotion in the human
Etrinm a3 in other mammallan epecies (SACRS 1969 McLEAN 1568) which
43rees well with the morphology of the amonamic ground-picxms fn rat
stium vismlized by means of methylene blus stalning (HiLtixe 1959),
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men

| K

Cat
!
t t
T g
- "]
CPZ oMI PTP
- !
- 3
” ! T'l‘t!!
o P - @ W @ u

Flig. 7 Effects of certain drugs en YH MA uptake In wiro. Human end rat beart ices
wero incubated with 104 ar 105M of the drug studled, together with SH-MA (1019
far 10 min. Tho valoes are expressed as percentages of the contral (100 £ 59 X1 Each
colomn represents the mean + SEM. of 4-8 determbnations, CPZ = chiorpromeria,
DMI = & [ PTP = I - and CIM o= chiormt
pramtne. The difference {n values between man and mt was tested with stodent’s t4et.
005> P> 001 **00L>P>0001 ** P<OOOL

I°%

In order to be able to make proper comparisons and adeguato interprets
ﬂomuftnvluomnkcdmobulnedtmdlﬂcmmmu,ltklmpom
that the equilibration conditlons for the extracellular space aro similar fo¢
the different tisues. The present results obtained with TH-sorbitol, which
1s & marker for the extracclinlar space (scc MORGAX ef af. 1961) cloarly show
that the diffudon conditions were the same for slices from both bumea
nthmrt.Thu.lltwutuundLh.l.t‘H-curb-lmlprtnnpﬂyequlh'bﬂ‘lﬂdh‘'n11
was rapidly cleared from both types of lices. The SH-sorbitol space (~ exti-
cellular spece) was calcnlated to be about 25 / both in hunan snd rat
heart alices, which is approximately tho same as that found in the perfmed
rat hoart (IVERSEN 1965) and in mouso atrial appendago incubated i vii
(Sacus 1970)

mmmmm.mmumﬁm-w
petwork fn the atrla than In the ventricles both in tho rat and mouse bostt
which s refiected 1n a higher endogenous NA. concentration I the sttt
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(MuscoatL 1959~ ANGLLAKOS ef o 1963 Sacws 1970) The density of the
Derve-plexts can abso vary fo a falrly great extent within the vadous parts
of the heart. In the present study the %1 MA uoplake (dpam./mg) varked
coosiderably from patient to paticnt, while the uptake was comtnt ) rat
beart elices It was thercfore thought of Interest to compare the endopenous
NA content with the H MA uptake in slices from the same human atdum.
There was a good correlation between these two parameters which b in
sgreement with previously reporied results (WURTMAN ef af 1964 hoen
e al 1965) A close comrelatfon between nerve density and $H-omios up-
tke, e g B MA or TH-NA, has aho been found (OLSON & MALMTORS
1970- Jorsson & Sacirs 1972). In view of thiy, it is fairly easy to obtain a
quaztitation of the nerve density by measuring SH-MA uptake, This might
be of special value when studylng human thsues, where it ks not aleap
postible to oitain tisue from exactly the same region of an organ. The
varlations In $H MA uplake seen In atal tisrue slices from one patient to
Moother are in all probabllity related to variations in density of the adren~
ergle fanorvation, although small cffects of the different therapeutic medica~
oo and/or changes secondary W the diseases canpot be excluded. It has,
however been reporied that the NA content in human atria s pot Influ-
cxed by medical therapy age or diagnosis (Cripscy et & 1963). Further
more, none of the drugs used by some of the patients (sec Materlal and
Methods) are known to be potent uptake blockers. The present resolis do
oot allew any conclosion as 1o any changes in ¥H MA uptake properties
Telated 1o any special heart disease.

MA has been found to bo useful for sindles on uptaks mechanbims of
sdrenergic perves, since this compound 1 rapidly taken up by the axonal
‘membeans pump and Incorporated in the introncurcaally located amine
Sotags grwules (seo LUNDBORG 1967) In eddition MA h not catabolized
by MAO or catechol-O-methyl transferase, which makes It easy to investi
Ais uptake mechanhms with $H MA by messuring only total radicactivity
The TH-MA uptaks was redoced to very low and dmilar veloes for allees
from both human and mt tisue when the incubation was performed at 0°
which certalaly b related to an inhibition of the eneTgy-yielding metabolic
Processes niecestary for the membrane pump mechanfim (Ha 1967
Joresoni ef oI, 1969 Sacsy 1970). Equally low 'H MA uptake values wero
Dbuimdwbmpr&mbaﬂ.nglume}«ﬂ,whthuthhmmﬂmh
known o block completely tho brane pump (sec H. 1567)
The TH-MA uptake doring theso condltions must be considered 1 be extra-
Dearonally located. After the incubation of buman atrial slices fn a high
Concentration of NA, ft has been found that the extraneurons] uptake I not
localized to any specific st but ovenly in the muscle cells
(84cm3 1969) a5 also found ln the momse atrdum (SAcS 1970). There has

® Acts persckoes, vl 11, fa
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Metabollsm of Xenoblothes by Strains of Intestinal Bacteria

By
Harald A. Bolelm snd Rovald R. Scheline
(Received Febrowry 28, 1972; Aceepted March 21 1972)

Abstract: The of some i 7 when Incubuted with
straime of latextinal bacteris has besn stodied, The reactions included: 1) ghocn-
roalde hydralysh, 2) glucoside hydrolyshs, 3) mulphato ester hydrotysis, 4) giycloe
coofupate hydrotysls, 5) Neacetyl derirative hydrobyls, 6 amide hydrolyss,
7 eter by £) deh thon, 9) y 10) doutde bosd
redaction, 11) ghro redoction, 12) a0 reduction wod 13) beterocyclic ring
scimlon. The resutis showed that strabms of the following test microorgantsem
were able to carry out the Indicated reactions to varying degrees. Sir faecells
@AL1D, Ecoll (1,11,17), Lecrobecillar (2,10,11 12) Badiis O 11 12,
Praeragingsa (12), Pr valparis (2,10, 11 12, A ecropenes (2,3,4 5,9 11 12,19),
Ciostridtum (10,11, 12) and Nacterobdes (1,11 17} These rcomits are discovecd
In relation to earlter [ladfings on the metabolismn of Xenoblotica by members of
the Intestingl microflors.

Key-worie: Metabollm  bacterta.

There has recently developed an incresing swareness of the fact that
b pounds mey undergo bolism by the ntestinal microflora
(SHELINE 10680 WALKER 1970 Dwasar e af 1970 WiLriaus 1970 Wi
LAWS 1971 ScreniNe 1972) Hitherto most of the relevant investigations
bavo used mixed cultures of Intestinal bacteria It would obvicusly be of
Cooelderabls Interest o ascertmn which intestina] microorganiims are re
tponuibls for the metabolic transformations fousd to occur with particalar
Icnobwotics, Sach information could be especlally wieful in correlating
Individual or species differences in metabollsm with the variations i the
Intestinal microbial population which are known to exist (Drasar et of
1970) The present Investigation was therefore undertaken with the aim of
smociating particnlar reacyions with particnlar microorganisms. For this pur

-
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pose & number of xenoblotic compotnds sufficient to furnish & representative
range of reactions were Incubated with isolated stralns of some common
intestinal bacteris.

Compounds,
All \pounds, except 4-hy eckd which was prepared by the

method of Baurz & Rosrnmuat. (1944), were either obtained from commerchl sosre
or were avaflable In this laboratory from carlier Investigatiom.

Irolation of bacterta.

Standard microblological methods were used (Corines 1964 The Oxoio Masul
1965) The following bacterta were obtalned from the caccal comtents of wn {nbred
strain of albino raty maintsined oo m commerclal pellct diet (Felleskjgpet, Oslok
Escherichia coll, Str ptococeus faecalls var Nqmefocimns Lactobeciilas sp.nr 1, Bacllo
spoor 3} and Closridium sp. Beciiivs wp.ur 1 wes avallable from an carfier stndy
(INDAFL & SomiNe 1968) Unsuccemfnl attempts were made to healato Becirrobder,

Strepto-
Compound Reaction coces

fuecats
£ Methyh Hydrolysis of o
Phenyt-f-D-glocoskde Hydrolysis of glucoside gg
#-Nitrocatechol sulphats Hydrolres of stphate eeter W
4-Amunokippario adld Hyttrolyes of giycine confopate 4
4-Acctamldobermole acid Hydrolyxis of N-acetyl derivative
NLA L of N-acetyl dertrative Dg
Sncanylraiphathiarol Hydrolyds of amido g(n
Mathy! gallate Hydrolyds of ester °m
3 4-Dihydrovy ecid  Dehydrony b
4 Hydrovyberaie Decarbory 0@
3 Hydroxyctnoemic  cid Reduction of doubls bood
4-Nitrobezroic acld Reductlen of pHro group? o
Methyl red Reductian of aro group e
Acid yeliow Reduction of azo groop oM
Coumarin Schion of beterocyetic ring

1 Symbols: 0, noae, + minar ++ modormts; +++ extemve.
2 Number In brackets refers to number of experiments.
9 Seo text.
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Aerodacter wcropenes Protems  algarls and Prewdomoner from rat csecal comtents
The remabilog mbcroocganbuns Fsted n table 1 wero therefors obtaloed from The
Onds Imstitote, Department of Microbialogy Univenity of Bergen, School of Medicine
through the generosity of Profesor P Ocdi g

The peneral method oxed [n thess consisted of of the test
wuwunda.s—mmohlllqddh:lbulmmedthOmnfurllbnnuﬂ'vﬂh
o withoot & (1 mh of the In eddition, 2 blank

wied comtalned glncose, yeant extract and peptonc in 01 M pborphate bafTer (pH 74)
o described previowsly (ScHmme 1968a) Tho MRS-mediom of Man ef al. (1960) was
wed with Lactobeciliar and AC-medium (Drco Manuat 1953) was used with Closiri-
A The incubation mediom eied with Recteroider wos Braln Heart I fosion (Difco)
hwebuﬂa(pH7l)mnnhlulnr(ﬂJJx).Tb:mhﬂmmbummd

wkh cottom plogs except when C ds wers bated. Here,
dﬁﬂylwp«tdtuhnmﬂyfnﬂo‘m\ﬂummmd.mmmﬁmvm
SocTesscd 10 approd y 43 bours with ider. The Incubates contatning 4-nltro-

amchol slpbats employed u buffer of pH 68 10 prevent the spontancons hydrolysis
which occurred with he wseal baffer

Y] bacterta,
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pose a number of xenoblotic compounds sufficeent to furnlsh a represetatre
range of reactioms were incubated with isolated stralns of some common
Intestinal bacteria.

Methods

Cwnpou.ud.t.

dt, except 4-h ackd which was prepared by the
mdmm&kmmﬂm).mdﬂurmm(mwcmm
or were availabie in this boratory from cariber Investigations.

Isolation of becteria.

Standard microbiological methods were wred (Corimes 1964 Tre Ozop Mad
1965). The following becteria wero obtained from the caccal comtents of an fobred
strain of albeo rats mantained oo & commerclal peflet dlet (Felkeskigpet, Oalo)
Escherichls coll, Streprococons faecalls viar (Squefacions, Lactobuclifis sp.ur 1, acur
sp.or 3 and Chostridlem &p. Becilixs sp nr 1 wms available from an carikr stody
(NDAHL & SCRELINE 1968). Unsuccessful attempts were made to isclate Bacteroider,

Metabolm of 3

Strepto-

Compoemd Reaction cocexd
fwecolus

4 o iy of gt 1 [l
Phenylp-D-glncorids Hydrolysis of gincodde °Q
4 Nrtrocatecho! salphate Hytrolysis of eulpbate cster ol
4 Aminohtppuric ackd Hydrolysis of glycrne coajupte ++
4-Acetamidobenzoic sad Hydrolysis of Nacetyl derivattre °§
NEA of Nogortyl dertvativo gm
Soccinylslphathiazole Hydrolysn of amido poe
Methyl gallate Hydrolyds of exter i
3 4-Diby wit D lash om
4 Hydroxybenzole acld Decarbotylation s
3 Hydrovyclnmamic scid Rednction of donble bond "o
4-Ntrobenrok scld Rednction of nitro group? S+ @
Methyl red Reduction of wro groop O
Acid yellow Rednction of aro groap o
Coumarin Sasuon of heterocyelic ring e

1 Symbols. 0, none, + minor ++ moderate + 4+ extensve.
¥ Number in brachets refers to nember of expertments,
3 Seo text,
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A serogener Tho extent of hydrolysis of 4-nit 5ol sulphate scen in
1l incubates with 4 arrogenes was extremely small

While nons of the bacteria hydrolyred methy) gallate, Baciilus sp.or 3
was {ound to glve an unidentified boflte in 2 of the 4 incub Tt gave
ared to violet colour with fast blue B salt and had a Rf value slightly greater
than resoromod on thindayer chromatograms doveloped with 20 / ag
KCL - glacial scetic ack (100 1). The metabolite was not formed when gallic
acld, pyrogaliol or resorcinol were Incubated and it was shown not to be

35-dlrydroxybenzolc acid methyl ester
The red of 4-nitr acld to 4-aminobenrole acld which was
scen with all bacteria except Psesds P d vla 4-hydroxysml

benmic acid. No cvidence was obtained for the formation of d-nitrosobenzolc
acld. The 3 experiments with Lactobacilius sp nr 2 differed from all the
others in that about half of the substrats was converted to the hydroxylamino
derbvative and only small of 4-ami acid were detected

Methyl red was redeced by all the bocteria tested. The extent of reduction
wai Jowest with the strains of Ps arruginasa which produced barely detect
iblo amounts of the reduction products. Bacilius sp. nr 3 gave no reduction
In one Incubate and cxtensive reduction in the other incubate,

Discarrdon

It may be ssked whether metabollsm experiments with pure or mixed
cultures of Intestinal bacteria are an adequate reflection of the events oc-
curing fn the intestinal lomen. The in wro cxperlments generally make
e of a relatively simple inubation medivm having a cermin inital
redox potentisl, wheress the coadittons in the Intcatinal lumen are very
couplex both with regard to nutelents and the total micoblal popalation.
Alto, the oxygen pressure In the center of the lumen has been fonad to be
Sscatially zero while that at the intestinal wall fs about a third of that found
. alr (Sarre 1969). The ditions in the intestinal lnmen
e 50 poody undenstood and difficalt to reprodoce that reactions which are
known to occar there bave not been reproduced in vitro Comversely re
chons shown to take place [n vitro may have Iittle or no significance In vive
Inﬂitto!ltnemuvntbm,mﬂudkrrqnmtmmthhhtonmq
(ScHIIne & 1omarERG 1965 ScHELIC 19668 & b INDaHL & SCHELINE 1971)
0d by others (SPATZ ef of. 1967 GrFFrTEd 1970 SwatH & GriFrrTES 1970

All of the reactions examined in the present study have previouly been
cnnhdombyincubxmc{mtndmmonlmhnmpnkm.Hw
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in the case of acld yellow an am dye which was found to be redoced by
Str faecalls was a particnlar lotestmal microorganism shown to carry out
a particalar reaction. While & few of the reactions In the present study wers
not carried out by any of the test microorgamisms, the resalts show that most
of the xenobiotics were metabolized by one or several of the microorganisars,
The findings that 4-methylumbelliferone glucuronide was hydrolyzed by
E. coll and Bacteroldes sp. correlats well with provious findings that kigh
f-glucuronidase activities are found in the intestinal contents of many antmal
specles (Marsa et al. 1952) Moreover E coli has been shown to postess
p-glucuronldase activity (GLAZKO et al. 1952 BUTHLER et al. 1951). A similar
property of Bacteroides it of considerable interest as this genns is a major
group in the large intestine (DraSAR €1 a! 1970) Recently HAWKSWORTH
et al. (1971) found that the greatest aof pgl 'dise are produced
by E. coll while intermediate amounts are prodoced by Nagler-positive clor-
tndia and Bacteroides However when the numbers of bacteria present in
the rat intestine ore taken into account it appears that glocuronides arm
hydrolyzed malnly by the noa-sporing anecrobes end clostridla.

While numerous examples of glycoside hydrolyms by the intestinal flora
are known (SCHELINE 1968d), few reports have appeared lnking theso with
the metabolic actrvitles of specific Intestinal bacterie. A strain of St foeeafis
and of Lactobactlius salfvarius sallcinius showing p-glucoddase activity bave
been reported by SPaTz ef al. (1967) The present results also show that s
strain of Lactobacillus is capable of hydrolyzing the p-glucoride linkuge.
However the other Lactobacillus studicd was devold of this effect. The
finding that the rcaction was carried out by Pr vuigarir and A aerogenes
suggests that fglucosidase actlvity may be of falily widespread occurrenc®
among the inhabitants of the Intestinal flore. This befief Is siso supported
by the recent report of HAWKSWORTH ef al. (1971).
HydMydsormemldnboudm.wmngnnﬂmhippmkff’
4 Idobenzolc acld, N--scetylsulphanilamids and succlnytuiphathl
Ounly two of the microorganisms tested, Str faecalis and A serogenes Wero
foundblx)umlmlduelcﬁvﬂymdlhhwurnﬁctcdmdﬂﬂomﬂm
of the test substances. It i3 of Literest that, of the two N-acetyl

only 4-acctamidobenzoie acid was hydrolyzed by 4 oerogeney Similar resalls
were found earller (ScirLnm 1968c) with mixed caecal cultures which some
times hydrolyzed 4 tdob acid to 4-aminobenzo} nddwhﬂel:;"
MM&mmmmﬂmlmummm:ﬁ:
glydnceonjugnlubysrrfaa:dumnotmpeandlnﬁcwdlbﬂ
findings of NORMAN & Guurs (1955) which showed that numeroas entero-
mcdhydml,ndnmlmmppuﬂnddmdmmhndﬂtym@g
with bile add mn}ﬂpm.mu&m(lmhnoabolhovﬂw
soveral strains of Ser faecalls can hydrolyze txurochalate end otber
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acid conjugates. The latter ability also appears to be {alrly widespecad amoag
rumerous strufng of the strictly anacroblc penera of intestinal bacterfa (HiL
& Daasan 1967 Nam er o 1967)

Reduction of the double bond in caffele scid by Intestinal contents of
sevenal amimal spocies was reported by Bootit & WitLias (1963) and this
¥ later shown to be general reaction f{or cinnamic scid denvatives on in
cabation with rat caecal contents (SCHELINE 19682) Alo cinnamio acld wras
redueed 40 pheny Iproplonic acld when fucubated with buman faccal bacteria
(HuresIn & Cuawromp 1968) The present resalts indicate that several of
the microorganismy tested can reduce 1hs doubde bond in 3-hydroxycinnamic
acld. The Lactobacillus sp. nc 2 was most acilve in this respect. Wi &
Caxz (1959) reported that Loctobacillus pastorianus var quirdcus reduced
cimaone acld, 4-hydroxy and 3 4-dihydroxyclnnamic aclds to the cor

achds.

Dehydroxylation by the mal microflora of several types of compounds
Incloding bile acids, b yelie nitroge pounds and catechol deriva-
tves b5 well known (ScHrLe 1968d). While several stratns of bacterla have
been implicated fn the dehydroxylath Jons with the finst group of

Compounds (GUSTAFSSON ¢t of 156681968 MipTVIDT 1967 MIDTVIDT &
Nomaan 1968) little s known of the bocteria respomsible for removal of
bydroxyl groups i the other groups of compounds and the present results do
ot give amy positlye Information on this subject. Thus, the finding of PErCzZ
SIVA et of (1966) who Bolated a straln of Psewdomonas from rat faeces
apabic of dehydroxylating caffeic acid, s the anly report available which I~
Plicates a specific microorganttm with this reaction. PFPPERCORN & GOLDMAN
(1971) have shown, however that dibiyd acd 13 dehydroxylated to
Ipropionic acid by a mixed culture of E colf and Str farenlis

L. Uquifaciens No reaction was observed when the substrate was incobated
with elther organism alone. Surprisingly o debydroxylation occurred when
ﬁwdmﬂwmwmmmm“
EBarfier work from this Iaboratory bas shown that the decarborylation of

scids obscrved when theso compounds are [ncubated with

mixed cultures of rat caecal microorganisms is abso brought about by two
Hnadns of BaeiTh isolated from the rat caccum (INDWHL & SCHILING 1968)
The strain of Bacifius lsolsted In the present study appears to have similar
Properties. A aeropenes however has a more extensive range of activity In
bt both ppyd, yl bezode and ol Ic acid derrvatives wero de-
Carbaxylated. Foack ef ol (1967) reported that scveral straim of A aero-
e p-hydroxycinnamic add derivatives. Decarborylation
Of caffedc acid has recently been reported to be carried oat by Strepfococous
fecturn (Prrrinoomss & Gotoaux 1971). Thes, tho intestinal decarbaxy!
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of p-hydroxylated bmm{cmdmmddaind\uhaphmbioin
terms of their ol by particular inal bacterie. However the
decacborylation of the corresponding phenylacetic acld derfvatives observed
with mixed caeral cultures (ScHrLNC 1968a) has not been demonstrated with
pure cultures,

Redi of the nitro comp and the two &zo compounds was carded
out by the majority of the microorganisms tested although acid yellow a
highly polar azo compound, was extensively reduced only by St foecalit
Somcotthoch;mderktboflhemzymemt:mtmmhr!mcdbhn:bcm
reported (SGHILINE et & 1970) The finding that azo reduction ls faidy
gencral among intestinal bacteria is In accordance with several earlier reports
(see WaLxx 1970).

The present results farnbsh, as mentioned above, several positive cor
relations between a particular fntestinal mreroorganism and the metabolfism
of » specific xenobeotic compound. However it should be kept in mind that
tho predominant intestinal bacterla belong to the noa-sporing strictly an-
acrobic groups which are pot fully represented in this study Becmnts of their
greater numbers, thelr actual rgnificance with regard to the metsbollsm of
Xenobsotlcs may be far greater than that of the many [ess abundant members
of the intestmal microflora which often show greater specific enzymo sctlv-
ities. An erample of this has recently been given by HAWKSWORTH of o,
(1971) Another polnt of interest bs the fact that the Intestinal metabolisw
of & compound may consist of a serfes of resctions and that these may be
carried out by several microorganitms. Also a single metabolic step myy
reqquire the interplay of more than one microorganiam &3 shown by Prerk
comN & GOLDMAR (1971} in the dehydroxylation of caffeic acld.
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The Herbicide 2, 4-Dichlorophenoxyacetic Acid
II Triglyceride Accumulation In L Cells
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Jan Kolrerg, Keitten Helpedsod sad Jon Jousen
(Recsived Febrwary 16, 1972, Accepted March 17 1972)

Qpertments were performed with SH-palmitate and 14C-acetate, The incorpora-
of T and 14C into total cefl lipidy of treated cells was aboot 3 times
f the control celte The tncreass of TH was mainly recovered b the tri-
both from whole cslh and in bolated cyoplesmic particles.
The specific activity of the triglycerides with regard to trithwa remaloed simiar
epacific acthvity with regard to UC was only ovefourth fn the
to the control cells This sugpested that the faity
i of the sccwrmulated triglycetides wers largely dettred from the growth
Dedn,

!
E

Previons studfies have ahown that 2,4-dichioropbenoxyacetic acid (2,4-D)
Inhibits the growth of L cells in monolayer cultures and induces a translent
Mrumistion of cytoplasmic particles which stals with Hpid solublo dyes
(Koteeg et ol 1971).

It has been found that 8095 / of the fatty scids Incorporated into
cellular glycerides and phospboliplds of tirsoe culture cells were dedved
from fatty acids of the serum added to the medium (reviewed by ROTHRLAT
(1969)). To t2at i the Bpad nocumuintion nduced by 2,4-D was doe 10 an

uptake of fatty ackdy, the incorporation of ¥H-palmitnte was
Ieamred. An effect of 2,4-D on the endogenous synthesis of fatty scids was
eviluated by adding 1«C-acctate ®o tho medinm.

Materials and Metheds

A refereace prapanation of 24-D (urity > 99 X g chroatography by the mano-
fxctacer) way  gift from Kbgo Chenmkeal Works Lid, Koge, Deomark, and the Nak

I At e rmmanbugics, el 11, tam. 547
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salt was prepared s dactibed previonsly (Kouwrno of ol 1971 Tripalmitn (approy-
mately 99 X) and cholesterol 9+ ,)mpnr:hsudﬁunﬂim(lnrhh.k‘ﬁum
144C-acetats (61 mei/mmal), 5,11 -patmitic ackl (500 melfmmal), 1,2H-a-bevade
ummdli‘cﬂ—hmmmmw!kdbymmwmm
U K. Kiesel rel H nach Stahl was delfrered by B Merck, AG Freshly disiled
chlorofoam, methanol, diethylether and petrol ether were wed throughout the evperk
oeTits.

Cell cultur  techniques

Mouse flbxoblasts, straln L 925 were cultwred in Eagt s Mintmem Esstntial Meditm
wopplemented with 10 X calf serum, penicillin and strepiomycin st descrfbed previ-
ownly (KOLsIRg et ¢ 1571). Cull countings were performed in - Birker basmocylo-
moter Petri dishes, 100 X 20 mm (Faleon Flastic Inc.) were seeded with 2.0 X 108 cell
sotpended fn 23 ml mediom, After treatment with 2,4.D, the cell layert were wished
twke with 5 ml ke-cold mediom withoat seram and harvested by scrapiag whb 2
rubber policeman.

Isolation of Bpids

Tho Uipid prticles wers faolated accoxding (o the method of MACKENTW o ol (1966
The call layers were wished twico with keecobd 015 M NaCl and oace with ke<old
distilled wuter The colls wero harvosted by scriping with a rubber pollcrman ito
fcecold distMled water and the cell stapemsion way farced § times throogh @ 25 poge
typodermic Deedla, The remlting bomogenate was centrifoged In a cellukose ahirato
tube 1 35,000 r.pm, for 30 min. at 4 1o & W41 rotor [n & Spunco Ultracentribugs.
The top layer comafning the lipid partklet, was removed and re-centrifoged. The
particles were then lyophlltzed wed re-dimotved in chloroform-methanad (21, fv) Tbe
pelletsd cell renidne after the first centrifugation waa cxtracted by means of a fivessp
treatment with chioroform-meftunol (1 1, v/7) according to Wimerem o ol (199
The mame procednre wiy Taed for extraction of wholo cells.

Separatio  of lipids

Tho 1ipid extracts were washed oocs whh 0.2 voluma of water at 4 (Fouc of £
1957), evaporated 1o dryness under & stream of nitrogea, and ro-dipsalved o chloro
form-methanal (2.1, vivk

Thinlsyer chromatography (TLC) waa performed on sfica ged H spplied = 8
OJmhwwMﬂuuMmmmmmmmm
methanol (41, /)zammmmmmxmwmuuo‘w
dmoﬂwnmmlwwmmmnmdmw
wi performed with petrol ether (bap. 60-70")fethylether-acetic add BRI 'S
hmbwm-muphmncpummdmbprdtmwhhmmmm
the visualized by exposnre 1o lodine yapomr

nilfw’mumd-mnmuw of silica gal wers wcked boto Pastear pipctien phagred w2
slew wool. Choleterol and trigiycerides wero elated with chiorofors,

with methanotHCY (19°1, M)

Chemicn! snalyds,
& Zvorear (19574
Twmdnﬂmmmbymoumoddvuﬂmmmhm
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Radioective labeiling

Labelling was performed with 0.1 pel/ml mediom of #l-palmhute and 0025 pet/ml
of HC-acetntc for u period of 24 hre The purchased F-palmitic acid war exoacted
from the berucne-bexane solution into alkaline 50 X cthapol, added to serum and
incubuted for 30 min. at 37 The scrum was then vsed to make the complet medium,
1o which sodiom 14C-acctate was sdded. The eibano] concentration [n the flnal medium
wa 004 X

Liqwd relanllution counting

Lipid-comtainiog TLC (025 mm leyer) spots were scraped Ioto polyethylene viah.
To siobiltee polar lipkds adsorbed (o the sllica particles (SyDer 1964), 1 ml water
a3 added 10 15 ml diotans based scimtillajon Bquid (400 g maphialena, 25 g FPO
05 ¢ POPOP 21 dioane, 2 | ayleme, and 1 [ ethanol) The cell residne was dhmolved
in 1 N-NaOH, 50 gl of this solution hested with 300 pl Hyamine 10—X for 10 min.
70 and connted in the tame sotutlon, bat withoat sddition of water
Counting was performed 1n Packard Tri-Carb spectrometer model 3365 operated
%3 and whh TH-asd 1C-n-hexsdecans as eandarcdy

Resalts

By phate-contrast microscopy of cells treated with 500 pg 2,4-D/ml
medium, the number of lipid particles was found to be at & maxinnm within
24 hre, In & representative cxperiment, the cell lipids Incressed from 57 1o
127 ng/10% ceils during this poriod (tabe 1). Triglycerides accounted for 61 g,
chnlal:mlforupgmdphmpboﬂpid:for7ugou.hhlnm
poration of *H from pal into the lipld fraction Increased

ll:nuiSﬁmnlfwrmmm!whhl,d»—D The amount of ¥H in the non-
Hpid fraction, bowever was unchanged snd Jess than 1 / of the total
lncorporaton. On the otber band, the incorporation of HC from acetate
Increased about 3 and 5 times in the lipld and pon-lipid fractions, respec
tively About 85 / of the 14C xctivity was recovered fram the lipld fractioes
in both treated #nd controd cells.

‘The Increased Incorporation of $H into the lpkds was recovered from the
trlgtycerids fraction, whereas the Increaso in Incorporation of 14C was found
both in the triglycesids and tho cholesterol fracttons. The epeclfic sctivity of
triglycerides with regard to *H ramained mochanged, whereas tho specific
activity with regard to “C was only 27 / in the treated cells compared to
the contral cells. The specific actlvity of both 3H and 4C fn phospholipkds
decreased 1o about 50 / of that in the comtrol cells.

Lipld particles were holated from divrupted cells. Seventy-three / of the
incremsed tocorparaton of PH into total cell tglycorides waa recovered in
this fractlon, whereas 4 / was found in tho pellet (table 2) The recovery of
the SH-label after disruption of the cclls was 100 / for the coatrol and
73 / for the trested cells. The lower recovery for the latter is probably 4«
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Table 1

Incorpu-donutmﬂlm&mumdl@inemclnmﬂﬂmmﬂﬁtthnbyw
to 300 pg 2,4-D/ml for 24 hn.

= ue
Control 24D Controd 24D
Total Hpids
dpm. 290,000 1,100,000 6,600 7o
[ aaad 57 7 57 177
Triglycerides
dpom. 69700 o™ 3440
45 & 45 [
Spec. act. 18,000 12,000 200 54
Cholesterol
dpm 1570 2,300 189 16,000
n 47 60 47 1}
Spec, act. 40 550 400 170
Phospbolpids
dpm. 786,000 191,000 307 1
43 i 4 5
Spec. act. 6,000 3,500 6 el
Recorery**+ 2 1.4 ” @
Cell residus after lpid
dpm. 3,80 3400 1100 530

Measured in duplicate coltures. The results are glven per 108 caibs
The growth fnhibltion dus to 2,4-D was found to bo 60 X by cell comdn

(0 some lors of tipld particles dus o munipulations duzing e belas
procedure

Discortlon
Mmlynhwmthmmmmemﬁ
updd-wnmmlngplrﬁdninthccympinm(xmnad.lwﬁﬁmy
mzmummmwwmcmmﬂﬁﬁhm
2,4Djml for 24 hrs contalned about taice the ameunts of Lpids
mnmlceuhmmlydmmmmmlnthcmyymﬂdoﬁm
mmmxponmnatmmmwmmmmwwﬂwm"“



24-D AND L CELLS 485

Table 2

tacorporation of TH-palmitate knto lipkds from whob cells aod cell fractioos by exposars
to 500 ug 24-Dfml for 4 bra.

Whole celle Lipkd pankie fraction Pellet fraction
Coatrol 24D  Control 24D  Cootrol 24D

Total lipids 200000 600000 19000 280,000 130,000 170,000
Trighycerides HO00 30,000 16000 770,000 6,500 21,000

Meamred In dapficate cultures. The resolts aro given a3 dpm/108 esily

thout three times after treatment with 2,4-D This Increase was mainly
recovered from the triglyceride fraction. The specific activity of the trdtium
label In the triglyceride fractions from cells exposed to 2,4-D and control
cells was, however similar As Mackair et ol (1967) and Howarp &
Kurcacvexy (1969) have reported that fatty ecids In cell liphds are not
blosyntheaized but dertved from the medium, this similarty In specific
activity indicates that the fatty ackds of the sccumulated triglyceddes are,
2 large extent, obtained from the medrmm.

When Iipld perticles were Isolated from disrupted cells, about three-
fourths of the Increased Incorporation of trittum Into triglycerides were re-
covered from these particics, This indicates that the main pert of the ec
cumlated trighycerides aro confined to the obscrved cytoplasmic particies
(Koteexg et al. 1971)

Duting the exposurs to 2,4-D the {ncorporation of 14C from “C-acctate
into triglycerides also increased. This could be due to the increxsed require
ment for glycerol in the triglycedde production. As the specific actlvity of
UC n trigiycerkdes from tho treated cells was oaly about one-fourth of that
tn the control cells, an increased endogenous synthesls of fatty acids seems
mpuynmimrmlnhtbo]l;idmmuhﬂon.ﬂmlncmuedbwrponﬁm
of “C into both cholesterol and cell residus may be explained by the in-
creased uptake of scetxte andfor by a higher synthesizing activity in cells
exposed to 2,4-D

In both the coatrol and treated cefls the amount of 3H in the cell rexidues
after lipid extraction was Jess than 1 / of that in the lipid fraction. Thi
suggeaty that tho fatty acids arc not readlly metabolired during the incuba-
tion pertod of 24 hra. This &5 conxistent with the stodles of Geven (1967)
using L cells. About 15 / of the incorporated 1C-acetate into both treated
and non-treated cells was fornd In the cell rexddues, This ahows that this
precursor entered the geoeral cell metabolirm to a higher degree thar
paimitate. »
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Equal amounts of phosphollpids were found in the treated and control
cells, wherens the specific activities of the precursors In this fraction In the
presencs of 2,4-D was about 50 / of that in tho coatrol cultures, This
rednccdfncmpomﬁonhlnmrdmeewﬂhﬂngrwthlnhlbhbn,lbml
60 / being observed in the presencs of 24-D

Thcaccumullﬁonufﬂpidpamdeslnculmmdmammnﬂmueﬂsmybo
due to an Increased Incorporation of exogenoes fatty cids (Grrrx 1967
MACKENZIE et al 1967 MosKowrrz 1967) The higher lpogenle activity of
rabbit compared to horse serum has been thown to be related to a higher
concentration of albumin per ymol fatty aclds in borss serem (MacxrraE
et al. 1970) SPECTOR et al (1965) thowed that the uptake of palmitsts by
Ehrlich ascites cells depends on the molar ratio of palmitate to albumin i
the mediom., Chlorophenoxyisobutyrate (CPIB), which h structurally related
to 2,4-D and wsed in the treatment of hyperhpidemla, has been foand to
incresss ths uptake of fatty acids ity Etfich ascites cclls (SrecTor &
SoBoROFF 1971). This was suggested to be dus to a daplacement of fatty
acids from strong to weaker hinding rites on human plasma afbomin, there-
by making the fatty aclds more avaflabls to the cells. Whether part of the
effect of 2,4-D may be dus to a similar mechanixm I3 pot known. The gel
filtration experiment by ERNB (1966) Indicates a weak binding of 2,4-D to
plaxma proteins

The & d Incory of both SH-palmitate and HC-acetate found
in onr experiments suggests, however ihat 2,4-D might have an effect on
the permeabllity of the plasma membrane,
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Antngonism of Methylphenidate-Induced Stereotyped
Gnawing in Mice
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Y Pedersen and A,V Chrixtemsen
(Received Aprll 14 1972, Accopted Jomo 22, 1972)

Abstract I(wnobu'wdbychmﬂnxmﬂylpbm)dn indpces 2 lutenm
stereotyped guawing tn mice. behaviony
Lnrnko.bmmhbduvknrbmﬂn!ychnnd:ﬂndbyﬂcth.mdnd.dm
meaty of the bead and forelege. Thm, the behavioural effects of amphetamine
and methylphenidats {n mice sotm to be differont under certain expertmental

Tboc:ﬂ'ctd - mmthlnckndbywmnmm

b and ph while the dopemies

rteq:rtorblo:kinz peuroleptics camsed & Inh.ibmon.'l'ba:ﬂmﬂap
support tho view that bealn e b ! ction of stareo-

mwmmmmmmmmmm
methyltyrosine methylester (H 44/68) 1, 2 or 3 bouns bafars methyiphoakdats
cavsed oo of ooly partial inhibdtlon of the stimulant effect. Pretreatment with
H 44/68 $hours befors meethylpbenidate completely inhibited the developnent
of goawing, Indicating that the effect of H 44/68 secrn
10 be correlated with grom dopletion of catecholemines from the brain. Reserpiao
00, was found to inhitdt the effect of methylphenidats. A serfey of ceminally
scting drugs were tested for ffect of yipbenidate und only
mmmmmumAmofmwm
respoct to their methylphenidate antigonistic effect b presented The ciinkally
potent  caroleptics were active in very low doses, but tho weaker “basl®

ke and abo showed  clearcwt cffect.

td lamines — oo

Key-words: Prychoph -
puldve bolmvicor - tranguihzing sgeats.

ﬁenneotypcdbehaﬂmhﬂwedbympbuxmlnulnnnkmgiﬁ?ﬂ‘
sidered to be an experimental model of psych
o(thhb:h:vim:uregudcdnbehgnvequkcdvatmfofmhld
neuroleptic activlty (JANSSEN et of 1965 & 1967) thﬂmoralthnbem

N Is Iohibited by a-methy
shown that the effect of amp In rats by e 1966

bat not by reserpine (WEISSMAN et al. 1966 Rarxorur & Ml
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Smru—KlOm:lWl),hnﬂmlhgthatﬂweﬂcclu!nmphcﬂmlnehdepm—
dent on 2 hest b Ines in the brain,
Bydnn:chmob:ﬂvd[nou:“ ries that methylphenidate in
ofee fnduces an intense goaw-compuliion syndrome (PEDERSTN & Cimus-
TENSEN 1971) The same observation has, however been mads earller by
Tarx & Scrmamm (1962). Furthermore dexamphetamine has also been do-
scribed as inducing steretypies [n mice in doses of 7.5-15 mg/kg subcutane
omly (Ruoaur & MuNcvab 1967 MNGE & Branp 1971) while Jower
doees only caute Increased locomotor activity (Svizesson 1970).

The purpose of the present study has been to investigato whether the
effect of methylphenidate in mice s dependent on an & lon whh brain
atecholamines. Moreover we found it of interest 1o exsmine whether the
Inhibition of methylphenidate-induced stereotyped gnawing In mice may bo
& meful test for the screening of newroleplic activity

Materials and methods
Malo mics (NMRUBOM SPF) In the weight range of 18-23 § were med throaghoat.
1 order to determine a doxo of

doms of the drg were givon sebcataneously Immediately after the fjection the mice
L placed in observation cages, two mice kn ench cage, and the excitatory effects wers
duting & oo hoar perfod. The cages cousisted of 30 cm high perapex boxes
{12325 em) withoat bottom or Ik During the experiments the cages wers placed oa

corropated paper the corrupations of which faced uprwards
In the subsequent expenmenty, bn which the sffect of differeat drmgs on methyl
goxwing was studied, the following procedurs was teed.,
After pretrvatment with the drug undst irvestigation (Hme schedule and pomber of
uahmaly per dose given wnder reslts) the mics wers miven & mbcrtaneoy njection f
ethrylphanldate hydrochlocide, 60 my/kg and were placed fn the cayes described
1bove, two mice In each cage, for exactly ons bour For cach dose level the number
of puiry that did 0ot brte the corTugated papar was counted. EDSD valoes were de-

The compounds weTB grven 85 squects solutions: Methylphenidate bydro-

chloride (ralin®), amphetarune solphate, H 44/68 (d,l-e-methyltyrosine methytester
Humle), DDC (30dmm trnete), p-chi

AMropine mulphate, ry dios Siphen-
Eytracsine 4 zine mleste, clo-
Ppenthizo] iy
vide, b 4 dhyd, 1 by
drochioride, h rido,
brper a=d

Solatiomnm of dmrrpam (valfmm®) Mh-prmm(tmcﬁl')mdm-upu.(mp-
S1%) wors preparsd from the commercially valsbie solutkons. The folkrwing sbsteaces
were dosolved by aiding the eqabalent wmonnt of 1 N hydrochlocke scid. ch

P NFN), ph NEN), pe
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Table 3
Protection agatnat henkdate-indnced iog n s,
Compound Nembet of EDSO $5 X confidencs
palre per dote my/ks Ly tatorval
Flopbenarine 5 o 003 - 009
Punorkls 3 005 o - 0o
Perpbenazing ) 006 004 - 009
Haloperidol 3 006 004 - 009
Latepine 6 010 s - OR
Triffoopersdno é 012 008 — 012
Flupenthirol 1 o1 008 - 022
Clothlapine 3 0.14 009 - 022
Thiothixene 3 o4 0% - 064
Chlommhixene 15 an 027 - 184
Levopromazine 3 14 0.60 - 33
Clopenthixe! 3 17 056 - 30
Methylperone 3 22 13 -137
3 25 13 - 52

Chlorpromarine 5 40 2% - 64
Thiorkixziee 10 54 a7 -73
Acspronsazine 3 iL1 67 -183
Reyerpine 3 15 13 -%3
Tetrabenazine 3 405 4 -3
Clozapine 3 > 160
An fcy wers faterod 1l lly 2 houry befors the Injection o
methylphenkiate.

Tbeoxperhncnﬂwﬁhmrp’knanhawtbu!highdm(lﬂmgﬂg.Shﬂ)
of reserpine compl 1 ized the lant effects of methy}

O{thumlmptarwedjwit;;mmdxunphnmlympdrmmedmk
Ii;moltttﬂo‘ypedgulwlng.

neuroleptics
Hﬁnfmlcpdcdmpwm admintrtered Intraperitoneslly 2 hours befors
TbeEDSOvnlu::dumedmprucutcdlnub{e‘:\ From
.ppmmm-nmamnowpuutmedmzdmpbo
e mbmmdw&ﬁ
noaroiep! pooved ED50
ﬂaa.::pzﬁnﬁthmd(lwob&erwdmluhodoz-cﬂum';
m—mhcumpounﬂwlsrnﬁmﬂl!umpucdwhhthw it b
thootbdncmo!epduﬁhhreﬂcuedhthcmﬁdmwlmmﬂ‘
nmgwmmrp!udthcu:g:n\mbao{mlmlb.
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Scarre haDorx 1971) Indicating that the effect of amphetamine is depen-
denton a ynthesls of holl in the braln.

By chance it was observed In our | {es that methylpheni in
mice indoces an intense gnaw-compulsion syndrome (PIDIRSIN & Crmus-
TINSCN 1971) Tho seme observation has, however been made earlier by
THIR & SamAum (1962). Furthermore dexamphetamine has also been de
wcribed s inducing stereotypies in mice in doses of 7.5-15 mg/kg subcutane
omly (RAnoUP & Munxvap 1967 Mreor & BranD 1971) while lower
doses only canse increased locomotor activity (Svixesson 1970).

The purpose of the present study has been to investipate whether the
effect of methylphenidate I mico fs dependent on an | fon with braln
entecholamines. Morcover we found it of interest to examine whether the
lohibiton of methylphenidate-induced stereotyped gnawing o mico may be
® wiefal test for the sereening of neuroleptic activity

Materials and metbods

Malo mice (NMRUBOM SPF) Ia tho weight range of 18-25 § were used throughoat.
In order to d 1 1l dose B

G093 of the drug wers given subeotaseously Jmmediately afler the Injection the mice
were placad In observation cages, wo mikce b ench cape, and the excitatory effects wers
obeerved during oo hour poraod. The cages constsird of 30 cm high perspet boves
(1225 cm) whbout bottom or fid. During the experiments tho cages wers placed on
eormgeted peper the corrugatiom of which faced

In the sabeequent evperiments, fn which the cffect of duferent drugs om methyl-
Powokdata-tocdiced eiermotyped gnawing was stodsed, the following procedure was vaed
After pretrestment with the dreg ander lavestigetion (ume schedulo and mamber of
«xinuly per dose given tder resmlts) the mice wero ghem & FEbculaneoms mjection of
metylphenldate hydrochloride, 60 me/kg, and were placed in tho cages described
bovs, two mkee In each cage, for cxactly ons bour For each doso level the oumber
of paby thet did not bits the corrugated paper was coumied. EDSO valves were de
terained by probit analyds, uamg kg dove scale, aod the calculebiom wero dows by

e of an [BM 1130 compter system.

The followisg compounds wers ghren a1 aquoous solutiont. Methytpbenidets hydro-
chloridy (rtralin®), amphetamine satphate, H 44/68 (d1g-methyltyronne methylester
bydrochioride, Hklc), DDC (sodtnm bamste), p

metrylestar by il hlork "
MOping miphate, tromb dipbeo
Tdunine hydrochloride, : e, maleats, clo-
Peathinol dpdrochioride,

ride, frupen i pol
drochloride, methy 1

bydrochloride and triftooperanias dibydrochloride.

Solntions of dhrrpam (valmm®), prochlorperazine (stemet®) and reserping (sespe-
%) were prepared from fho commereully vadable sotwtiont. The following substarces
oo duwived by adding the equivalont amount of 0.1 N hydrochlosk sckd chlor
ok NER) phencr NEN), perpbenazine
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and thiothixene, Plmoeide and haloperidol were dimotved {n Q1 N tertarko aeld and
the solutiom were dituted with water

FLA 63 (bis{4-4methy! 1-homopiperazinylthiocarbonyl) dhlfide, Hlml) wes de-
safved {n 1 N hydrochlorkc ackd and after dilotion with water the pH was adjued 10
3 by meams of sodtum

Clothiapine, cloeapine, kaspine and FDOPA were adminbiered sx mrpensions b

05 X methylceliulose,
idato and amphetaming wero sdminkstered uad Al other
were ghven intraperl Injection volume 10 ml/kg The doscs given

refer 1o the form Indicated above.

Remlts
Behavioural effects of different doses of methylphenidate.
Methylphenidate was given in doses ranging from 40 to 65 my/ky mb-
cutaneouasly and all doses cmused excitatory responses A few mimutes ahet
the injection the animals showed i d Jocs actinty ch rized
by contineous running and jumping. At the higher dosc levels this bebaviour
Chﬂﬂpdhhﬂty‘plmlpmmpu]ﬂmwhhlnlo—unﬂnmsmdlﬂlh
animals began to bifc the corrugated paper After the lower doses licking
movements were seen, but only same of the mice showed stercotyped gure-
ing (10 table 1) During the perod with stereotyped gawing, focward
hmodmmdmﬂngmocmﬂmaﬂymwhﬂumﬂﬁmh‘
activity was completcly absent. In a single experiment (60 mg/kg) the ob-
mvﬂlonpaiodwumdcdtotwohommdhmohemdumwmf
behaviour gradually returned after 1-2 boure.
The effect of 20 and 40 mg/kg Iy of amphetamine sulpbatc
wuinvuugn:cdlnndmﬂuupcrhncutmhg!paho{mhnnnchdﬂ”
lmLBothhuamdnmarbd]ylnum&dlommotmuﬂmm'ﬂM"
40-50 minutes the mis ttermittantly showed stereotyped behavioar mast

pronounced in the 40 mg/kg group Very offen the mice stood on their
Table 1
indoced Ik ,n-wm;lnmlcc-
Number of Nomber of
Lo patrs dosed pairs bliing

LET LS §§
>
(L Y
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hindlegs Iicking and occationally making attempts to bite tho walls of the
cages or sat In a characteristic postore with hunched back showing mpld
stereotyped movements of the head and forelegs. Grooming actlvity was
{requently observed, probably because of profuse salivation. In sharp con-
trst to the methylphenidate treated animals the mice treated with ampheta-
mine did pot bite the corrugated paper within the 2 hours obeervation period.
Furthermore it should bo noted that stereotyped movements of the head and
forelegs were never observed in the animals treated with methylphenidate

For the subseq, experd mmg[k;o(um.., bex was chasen
s the chafllenging dose for pr g the gnx s d.

P Y

Effect of different drugs interfering with brain amines
The results have becn summarized In table 2. Pretreatment wath the
tyrosine hydranylase nhibitor }144/68 300 mkg, $ houns befors the ad-
of Ty inhibited the develop of the
mpukiwpxwmgwhﬂothozm3hom1pedodso{pmuunmtcnmcd
caly a pertial Inhibltory effect. Pretreatment with H 44/68 1 hour before
challengo had no Inhibitory effect Furthermore a dose of 200 mg/kg of
1-DOPA compl ivated the animals p d with H 44/68 S hours
bdul'nmeth‘yl,phmid.uloldmhnku‘ldon.
The mice pretreated with DDC were heavily sedated but In sprte of this,
mtﬂ:ylphm}dnnpmvokcdunlmmwzmmpumﬂumdmm&
toa, falled to inhibit the etfect of ylpheni The 5-HT hesl.
inhibitar p-chlorophemylalanine did not affect this behaviour

Table 2
Protection against methylphemdate-lndnesd compulsive gnawing in mice.

Number of  Nwmber of
pabs dossd  palrs bitlng

33 |

£g
By
it
e

§§§§g
EEEE
Efpsp

o foRRE:
giliad

£ o5aF B
i%gi gEERE
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i Ea’;%ﬁg;a’ww
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Taoble 3

Protection sagatmt methyiphemidato-induced guawing I wmice.

Compound Number of EDSO 95 X confidenca
palry per dom mykg Ip. imterval

Fluphanazine 5 004 002 - 009
Pimoaide 3 0.08 a0 - o
Perphensxine 3 006 apd - o9
Haloperidol 3 008 004 - 009
Soapne 6 010 008 - o2
Triftuopersrine 3 0.12 008 - a1
Flupesthixol 12 o013 s - on
Clothlapine 3 014 008 -0
Thiothixene 3 044 030 - 084
Chlorprothixene 3 a7l 027 - 1M
Lovopromazing 3 14 060 - 33
Copenthhrol 5 17 086 - 30
Methrylperone 3 22 13 -3y
Prochlorperating 3 28 13 -352
Chlorpromarine 5 AD 25 - 64
Thiocidaziog 10 34 7 -1
Acepromuzine 3 11 67 IS
Reserplne ki 23 12 52
Tetrabenazing 3 405 14 S
Clazapfoo 5 > 160
Al d were Iy 2 bours befors the imjection of
rocthylphenkiate,

Thecxpcrhnenuwithmcrplnelhuwlhnhighdmu(wmﬂ!-5‘h’)
of reserpine completely antagonized imulant effects of methylp
Oflhemlcapmmtadw((hSmgfkgu{mmin:m}ymapukwmk

sigm of stercotyped gnawing.

Effect of neuroleptics

The neuroleptic drugs were administered intmapertoneally 2 hours befoe
methylphenidate. The EDSO values obtalned aro preseated in tablo 3 From
the table it appears that all the neurcleptics tevted except clozpine showed
lmhyﬁpbcnﬂuemagouhﬂcmcctmdthmmuﬂsmlhndmﬂypdﬂ‘
nmmlcpﬁunboprmcd(oboﬂrmaﬂpommmmodd:w
mmhhmehmrpriﬂnalthmdltmowrvudthnthedmo—cﬂcdm
Iordﬂsmmpaundmnlhcrﬂntumpnedﬂthlhwﬂb“m'ﬂ:
the other neuroleptics. This i3 reflected in the confidenco [nierval which
rather wida In spite of the large number of apimals.
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Table 4
Prowrction syuinst induced compulsive gnawing in mice,
Composnd Highest dose Nomber of Number of
mefkg ip alrs tested palry protected
Pheaotybenzassing 20 3 0
Chlordiareporyd 0 5 Qo
Dizrapem m s [
Amitdptylime 40 s 0
Lefpramine ] 5 o
Atroplac 25 3 0
Scopolaraing 15 5 [}
Drpbeatiydramine 10 s o
Crprobeptadine 10 3 [
Metoclopramids &0 3 1

All compounds were administered istraperioneally 2 houn befors the iajection of
octhylphendate,

Effect of different centrally acting drugs

All the compomds wero sdminmtered intraperitoneally 2 hours before
methylphenidate, and the results are presented in table 4 It can be seen
that none of the compounds investigated in this series ylelded protection
maingt Lsd b

hvlnh Fodiaced A With 1

P P gnawing. ¥
* certain potentiation rather than & protection was observed. Metoclopramide
which has been described #3 a potent anti-emctic In nmans (Jorrs 1968
GYipew-Samoe & HATTEL 1969) falled to Inhfbit tho effect of methyl
phenidate, Metoclopramide weak antl Inc end ant-apo-
mophine cffects In rats (JANSSEN er ol 1967) and protects against vomiting
but not against stereotypy induced by spomorphune In dogs (Nymaxx 1972)

Discrmsdon

and ampb ine have been shown to indoce very amilar
belviourally excitatory effects In rats (SCHEEL KRUGER 1971) however
minor differences havo been reported by Foa (1969). Under the experl-
mental conditions described in this paper the behavionral effects of the two
Sompounds in mice were different, although both componnds cansed sterco-
typles. The induced gtereotyped behaviour B mainly ch
ted by Neking and rapid movements of the bead and forelegs. Tha sterco-
“P‘ﬂ‘hdwdbymthylphmldnmmdﬂlhnonexﬂnﬂvﬂydmpuldw
fnrwing, Our observations disagres with thoss of MINGE & Bramp (1571)
who reported that amphetsmine and idato produce similar be-

Meth :
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tvioural symp In mice. The discrep may be doe to differences in
the experimental conditions.
Thodlectofmcthylphmldmlnnﬂcomnmblochdbylnhibidmd
dopane-f-hydroxylass by DDC and FLA 63 or by pretreatment with
phmxybcmmlmwh}d:hmbccndacﬂhcdtopomnlﬂaherupadty
for Blocking contral rather than peripheral NA receptors (Batam & Fuxe
1971 AnpéN ex af 1967) In contrast, the DA receptor blocking neurokeptics
pletely nhibited the dev of stereotyped gnawing atter the ad-
ministration of methylphenidate. These findings support the view thst bnain
dopaming i assoclated with the production of stercotyped bebaviour (Bxnst
1967 Scaers, KrOGER & RANDRUP 1967)
The hyperactivity induced by ampbetaming in mico is not inhibited by
Tescrpine, but b eaily antagonized by low doses ol a-methyltyrostoe lnd-
cating that the effect of amphetamine is not cotrelated with total brain kvelt
of catecholamines (CA) but is dependent on the presence of newly sym
thestzed CA (WEISSMAN ef ol. 1966 SvERSSON 1970). In contrast, the present
resulty show that the effect of methylphenidate in mice is completely inhibited
by reserpine. Pretreatment with H 44/68 (300 my/kg) 1 2 or 3 hours befors
mothylphenidate caused po or only partial inhiblion of the stimulant eftect
while pretreatient for § hours, carsed & more marked docrose In brain CA,
which cumpletaly inhibited the development of hyperactovity and comprist
wing. Tins, the antagonism of the beh effects of methyiphenid
by H 4468 seems to be correlated with gross depletion of CA from e
brain.

A ding to the hypothesls that hol, are found m at Jeast two
diffarcat newronal pools. & xmall, functional (ressrpine-resistant) poal and
¢ larger jonsl (reserph ive) storage pool (CARLSSON 1966

RBCA ef of 1968 and others) the present study indicates that the methyt-
phenidate-dnduced stareotyped gnawing n mice depends on an interaction
of d

with a reserpl ittve pool rpamine. The same foslon hes been
drawn by Scrrer KaOoEr (1971) who in mt experiments found that ve-
werpine completely d all the behavioural and blochentical cffects of
methylphenidae.

As P d the 1 ’d.rup HThI d the P thyl_

pmmmmdwmmmmmmmmmotmhﬁ;

gated, only the neuroleptics proved 1o be active fn this respect (tables

and 4) A classification of a series of 20 peuroleptics with regard 9 (et
ylpheaid isth: effect bs p d fn table 3 ntp_iﬁl‘{"l{l‘;t

the clinjcally potent leptics are effecttve in the methylrb

« very Jow doso levels. Also the sreaker “baal™ nowroleptios like chior

pmmnomdttdnﬁdadnanhaw-dmrwteﬂcd.mml!w
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w and others (STILLE ef al. 1971) has also been found to be devold of any
ant-smphetamine and antl-ap phine cffects In rats.

When Interpreting the data of tablo 3 1t should be emphastzed that they
all apply to a sltuntion which exksts 2-3 hours after Intraperitoneal adminis-
tration of the neuroleptics to mice. A strictly quantitative comparison be
tween any two drugs of this series bs therefore unwarranted on the basis of
the results presented In this paper

As toned o the Introduction Iahibiton of hetamine-Indoced

stereotyped behaviour In rats is widely used as a selective screening test for
nearoleptie activity In our experience the classification of neuroleptics
presented in this paper &5 not moch different from that obtained with the
amphetamuno antagonivm test in rats, with one striking exception Le. re
serpine. The drug docs not Inhibit the effect of amphetamine, In contrast,
reserping the excitatory effects of amphetamine both in degree
0d ruto of onset (Scurer-hrOore 1971)

Nearolepties (except thoss of the reserpine type) are considered to be
blockers of central dopamine receptors, and the inhibltlon of stereotypies

in

badueed by methylphent n mice or b (and ap phinc) In
13 by probably a pharmacological index of such activity (JANSSEN & AL~
IEWLN 1968) As the methyiphenid lsm test described fn this

P‘P“hwymddnplopu{mmwoco:ﬂdﬂlbmhodmbumy
saltable for largs scake ing of ) d

P P
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Postuatal Development of the Effects of Aleohol and
of the Induced Tolerance to Alcohol In Miee

By

Kari Y H Lagerspeix
(Recetved February 29 1972, Accepted May 1 1970)

Abstract. The effects of singlo and repeated intraperitoneally Injected dowes of
ethyt alobol oa selected raflex responses and open fheld behavion of mice sged
from 2 10 46 days were stodicd. The elfect of alcobol came oa very rapidly in
ho youzgest apo groops, the maxleum effect occmTing already 3 minntes after
the aleohol injection. The affect was smaller fn 20 days oid animals than tn 8,
14, or 46 days oM mice. Signlficant growth reductions wers found ko 14 deys
od mice which had recetved akeobol dally for 6 dayy, and In 46 days oid mics
which bad recetved ateobol dally for & or 18 days. Incressed tolaunce to ako-
bol was foand In 78 days old and In 46 days ofd anlmub after 8 daily Injectioos,
bt mot In 20 days old antmals after 6 Injections of 0 the yoUmgEr ags gromps.
The carllont age at which the induced toleranceto alcobol was foond to develop
correrponds 1o the age of of the pe brin s
& reflected In the of tho adult morsdrenatise kevel In the brafn.

Key-wordc Ethyl akobol — postnatal development - Induced tokerance — rafiex
Tepommes ~ open fledd behavioar — moese.

There are few studies on the effects of alcobol In young antmals. VOULMER
(1931) found that young mics are more tolerant to alcobol than the adults,
In the experiments of CHESLER et &l (1942), the LD 50 after an intrapert
\oneal dnjection af aicohol wes epproximately 5 mg/g for adalt and 8 mg/'y
for newboen rats. HotwsTepT & RYpesra (1970) studied the cthanol eimina-
tion in rats aged from 10 t 60 days. The highest rates of ethanol ellmination
Eﬂd;ﬂyl:nold]nmﬁumthabbodmhundnthemd?jm

In homan infants, slcobol climination rates as high a3 3.5 to 15 tmes
thoee found tn adults have been reported by VIXRGN (1966). Acute alcobol
'hhhmmnmmmmdmmaumadbymummdcﬂmﬂ_\
tremens (Nicrows 1967) Repeated sdminbstration of alcobol has besn

T2 At Pormmamtogs, v, 11, tomn. 3-4-7
N
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qucm!ymponedmmmrdthapwﬂ:ofyvuugmhmlz(mrnrn{am
WALLGREN & BaRry 1570 pp 482-489).

In order to gain further information nbout the effocts of aleohol st various
stages of the p ! development, the bogical and behavioural effecty
o!lowdomufulmhclwmnudledlnmlcclpdl,ﬁ,umﬂmdm
days oxing the reflexological tests described by Fox (1964) and the open
fleld behaviour test, As little it known aboat the mechanisan fnvolved fn the
induced tolerancs to alcohol, the effect of repeated alcoho] admintstration b
inducing tolerance was studled in different age groups, and henco at yarions

lovel of lop of the CNS f The results were compared
with the data on the physiological and pevrochemical development in youg
apimals,

Material and methods

The test anlmals wery yoong NMRIY mice, which up to 20 days of sge bad remaised
with thelr mothers, and later put loto groope ln cages where watrr and food Wl
uvallable od Ibitum. In oach ags groop, 10 comtrol and 10 test antmals wars sthected
by splitting 2 or 3 Litkry imto two groupe The older age groups cossisted of 3 ol
g § femal mous pups.

Tho doscs of alcobol vsed wero chosen on the basly of pllot experimeste Efnyl
alcohol was injected Intrapesttoneally in salino sofmilon (10 or 20 per cent wiv) hao
tha atmub at does Tevels of 1 /g 2 duys okd), 15 myfg @ and 8 days oi), o
Zmﬂl(ﬂhnoldlndnldcrminnh).mmwdwpﬂcﬂ-n’
was injected into the controt anitale.

The 7 reflexological tests meed wern sclected from thoss described by Pox (1964
The strength of the reapoose was graded to full reeponss (+), weak respomso (1), ead
to abaence of Tesponse (—) In sddition, the open-ficld tent (Laomasrerz 1972, Exacs

Table 1

Rmawmmmwumwwn-medmumhmm
age groops. -+ test Tred, — toxt not wed.

g

\

2 B 1 W B & G7
1. Righting reflex (RR) + o+ o+ o+ o+ F
2. Fore limb placing regponso (FPR) + + + + + F
3 Hind limb placing rewponme (HPR) - +  —~ o~ ~ 7
4, Fore leg grasp reflex (FOR) - 4+t
$ Hind leg grap reflex (HOR) T L
& QUI drop avendon (CDA) - 4+ o+ o+ + 4
7 R T T
s - - = %+

i
|
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00 & WALLGREN 1967) wea nsed, whh 2 the only K measore.
The tesis ghven 1o anieabs belonging to different age grocpe are [hted bn iable 1 Tests
wers given before, and at different [otervah afier the Injections, wsoally 3 and 20
ntinates after the fafection.

Is order to eindy the development of Induced tolerance, animals wero (nfected dafly
with the cormespoading dose of alcobol until they reached the age of the next older
¢ grov. Then thelr response 1o alcobol was tested and the results compared whth
hmmmmmmmmam

Resaolts

Mice aged 2 10 14 days

The results of the reflexological tests arc given in table 2. In all the control
Troops, full responses were always found afier sallne Injection. Hence ths
coatrol data are pot incloded in the table,

The cuset of the effect of alcobol s very rapld in young saimals, the
maximum effect belng foand already at 3 minntes after intraperitoncal alco-
ol fnjection In 2 and 8 days old mice. The effect b5 usually over in
30 minutes or less,

A comperbon of the effects of 1.5 mg/g alcobol In 2 and 8 days old mice
d of 2 mg/g akcohol In 8 and 14 days old mico shows that the sensitivity
of the respanses stadled 1o the same doses of alcoho! increases from 2 o
8 dayx, bt then decreases agaln from B to 14 days. In the 5 tests (RR, FPR,
FGR, HGR, CDA), glven both to 8 and 14 days old animals, the 8 days old
antmals after the Injection bost their reflex responses in 42 cases, and re-
tatned them In 80 cases. The corresponding values for the 14 days old were
14 and 134 respectively When evaluated with the chi squars method, the
difference §s slgnificant at the level of P << 00014 (chi square = 23.9).

The repeated aleohol Injections (1 mg/g) did not affect the growth of 2 to
8 days old mics. The weight of the snimals recelving the alcobol fnjections
23 well a3 of their saline contrels increased on an average by 3 0 g from the
Mo of 2 to the ago of 8§ days, the standard crron being 0.1 and 02 g

Tespectively

Bowcver between 8 and 14 drys of age the growth was signiffcantly
(P <C002) depreased by repeated alcobol admint (L5 my/g), since
the increass in welght was on an average 2.6 T 0 18 g for tho animals recety
Ing alcobal daily and 3 1 + 006 g for the controls respectively

Tho teat results for the animats which had recelved repeated dally akcohol
infections were not markedly different and, st least, not better than thoss
found {n antmals which bad recetved & ainglo injection onty Thu, tho roealts
Bive no evidence for the of Induced tok to alcohol at the

early ages stodied.

w
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Table 3

Tho occurrence and sirength of different reflexniogical responses (see table 1) ko wikce
aged 20 28, and 46 dayy, beforo and after tho Intraperitonesl Injection of 2 myly
alcohol. The anfmab wted in the cxperiments In the right hand cotmms recetved 6, &,
or 18 dafly Injections of alcohol beforo the day o which thoy ware tested. Other
cxplanstions a3 n table 2.

20 days 2 malg TX2 mglg
min. 0 3 20 0 3
+t- +i- +E- +tEk- +Ek- +i-
L RR 10 10 10 10 10 10
2. FPR 10 10 10 10 10 10
4 FOR 10 10 10 10 10 10
s HGR 10 t 2 10 10 9 1 10
6 CDA 10 10 10 10 10 10
7 HB 10 82 10 10 6 4 10
28 days 2 mglg 9X2 mply
min 0 3 2 0 3 »
+t- +t- +t- +i- +i~ +i-
L RR 10 10 10 10 10 1
2. FPR 10 19 10 10 10 10
4 FGR 10 10 10 10 10 10
s HGR 10 10 10 10 10 1o
6 CDA 10 3 7 10 10 10 10
7 HB 10 10 10 10 541 10
809X NaCl +2 ma/g 9X2 mafg
min. 0 3 20 0 3 »
+t- +%- 42— +:- +it- +i-
1 RR 10 10 10 10 10 10
2 FFR 10 451 10 10 91 19
4 FOR 10 721 10 10 10 10
5. HGR 10 w71 3 W 235 13
6 CDA 10 &€ 4 10 19 10 1
7 HB 10 145 10 10 10 10
46 deys 2 mas 19 X 2 el
min. 0 3 20 0 3 2
bt~ +t- +2- +z- +r- +2°
L RR 10 10 10 10 10 1o
2. FFR 10 9 1 10 10 10 1o
4 FGR 10 s 1 10 10 10 10
5 HOR 10 361 10 10 10 10
& CDA 10 s11 10 10 10 10
7 HB 10 64 10 10 424 0
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BX09% NaCl+2 mylg 932 myly
o 0 3 2 [} 3

+t- +E- +E- +E2- +i- +i-
L RR 10 91 10 10 10 10
L FrR 10 721 10 10 10 10
4 FOR 1 622 10 10 10 10
3 HGR 10 19 355 10 253 13
6 DA 10 2 8 10 10 721 10
THB 10 118 10 10 523 10
Mice aged 20 to 46 days

The results of the reflexological tests are glven in table 3 and thoss of the
open-field ambulation measurements In table 4 Full reflex respoases were
ghwrys found after saline tnjection, and hence the control dats are pot in-
cioded n table 3

Tho onset of the efect of akobol bs silll very rapld In the age groups
Eudied, When compared with the data for 14 days old animals, the eensitiv
ity o the same dose of alcohol (2 me/g) scems to be further decreased In
20 days old animals. Afier this age, ihe sensitivity apparently increases again,
& least between the ages of 28 and 46 days.

Repeated alcohol Injections did pot significantly affect the growth of 14
© 20 deys old mice. Durlng this tnterval the (ncreass in body weight was
@ a5 avcrage 2.6 + 012 g for those given repeated injections, and 2.7 &
0.12 g for the saline controls. Growth differerces wers abso ot significant
in the 20 10 28 days old mice, with welght increases of 44 + 0.26 g and
411+ 046 g for the two groups which had received repeated aleohol fn-
Jections, and §1+ 0.39 g and 51 + 040 g for the two control groups,
Texpectively

However a definitc impalrment of growth (P << 005) oceurred during
tho kmger nterval of repested alcobol Infections, L e., from 28 to 46 duys
of am. The Incresso in body weight was now 4.9 + 065 g or 29 / of tha
welaht ot the beginning of the experiment for the experimental antmals and
745+ 091 gor 50 / for the controh.

A smaller bot dgnificant (P << 005) reduction in growth also occurred
m thoss animals witich had received alcobol fram 38 10 46 days of age. The
Increases n the body welght wers 085 + 018 g or 4 / for the experimental
tmimals and 234 + 0.51 gor 12 / for the controls,

At the agn of 28 days, the reflexological data obtalned 3 minotes after the

showed definite differences in the effects of alcohol betwesn the

SXpetimental mico which had repeatedly received aloohol and the control
mice which have had been given oaly oao injection. The controls in the first
“Pcdmcmhndllmgahqbnnmpnmamdmﬂmnmpumu,md
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Table 4

Thncﬂua:uldn;icmdrcpuwddmbollndnllmlnjecﬂnmmlh-upm-w
ambmlstion values In mico aged 20, 28, and 46 days. The mean bncresses or decresesy
are cakulated fn per cent from the pre-njection valnet Ten animab hn each prop.

Namber of Increase (+) or docreass (—) In
Qm alcobol Number of mean valoes In per
injection nallne cent after the Lest fnfaction

dm @ myln) njoctions 4o, 21 nln
20 1 - +114 -3

0 - 1 35 -4

20 7 - +95 -1

20 - 7 —43 —6

F: 1 - +12 +2

] - 1 -7 —47

) 9 - +67 ]

28 - 9 —-37 —55

-] 9 - +114 +1

B 1 s +418 +7

“ 1 - +86 ~-n

44 - 1 —35 —56

“* 15 - +141 —3

4“% - 19 —13 —47

“ 9 - +103 -1

13 1 L] +11 =1

in the second expenment had Jost 21 and gave 28 full responses. The &
perimental anlmals, sgain, had bn the first stody lost 1 respomso ooly &=
ngeSSpodﬁverupomu,whﬂelnthemndcxpcﬂmemthnmﬂM
figures were 4 and 54 respectively Statistical evaluation of theso data with
the chi-square test thowed that in the first experiment the differencs between
uzu:pcdnxnnlmdconmlmimnhwudpﬁﬂnmnmekvdow<0w1
(chil squarc = 151 6) and in the second experiment also at the kovel o
JP <0001 (chi square = 144) On the other hand, the reflesologial tzst
pa{ormanc:ufmhmkupddédmwilhpmﬂomdmhnl.dmmhmﬁm
torlemwnntﬂg;mﬁumﬂydrﬂ:rmttmmthcpa{mmﬂf‘f;
controls (chi squars = 1 6), when the statistical dignificance was cvafus

as mentioned above In thoss 46 dxys old snlmals which had received afcobol
for 8 days oaly thcpcdormmlnﬂn:dhmbtlﬂ]m'ﬁ“dmh
adminlstrabon was signlficantly (P << 0001 chi squaro = 112) betiet (550
n thelr controls. Thess results show that fncressed tolerance 1o aleobol

Induced by repested alcohol tnjections between to ages of 20 and
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03 well a1 between the ages of 38 and 46 days, but not between the ages of
14 and 20 days or between the ages of 28 and 46 days.
The open-field ambulation data, given in tablo 4 show that the ambolation
vatues always decreased afier the sallne |
nmpnmdm%pr&hjccbonvﬂmmwahotb:mxmtbcmc-
u:xdvcconﬂnlcxpcﬁmmuolhmm(lM)deum&Wu
GReX (1567). The decreases from the pre-Injection values ranged from 27 to
43 per cent fn the second presentation of the open-field test to yonog micq,
10d from 47 to 74 per cent i the third presentation.
In coatrast to this, alcobol (2 mg/g) In young mice always increased the
mbuhﬂonnlmwd]lhowtbepro—ln}ccﬁonlcv:] a3 found [n adolt mice
0 T2 1972). This resp was defnite after the injection In the
Wmmnmuobumd-wmnmuswm
Increase, and showed no indication of changes in the sensitivity to alcobol
dorng the period studied.
The Increases cavsed by alcobol in the ambulation valoes wers larper in
28 dayx old anlmaly which had recelved alcobol 8 times peeviously than fn
the animals of the samc ago which had dither recchved no previous Injections
(Expenment 1) or reccived sallne injections (Experiment 2) In the fimt
experitent the mean increase in ambulation valucs was 46.8 + 184 for
experimental animaly and 67 8 1 151 for the controls, the difference not
bdﬂﬁmmlaﬂyﬂ;niﬁmnl(t—lmmmn:umdmﬂmt,tbomr
lation values were 251 + 56 and 53.5 £ 7.3
fnrdnupuhnmmmhmhmdwnmu.mpwﬁvdy This difference was
tgnificant at the lovel of P << 001 (t=3 10). No significant differences wero
found in the comresponding vales for 20 days old animabs (t=0.80) and
46 days old animals, whether thoy had received alcobol for 18 or for 8 days
(t=1.74 t=141 respoctively) These results are generslly in agreement with
the data gatned from thoe reflexvlogical tests, which also Indicate that the
devel of indneed to slcohol occnrs betweon 20 and 28 duys,
butmbetwwnumdzo and 28 and 46 days of age, respectively How
orer reflexolomenl tests indicated that toleranco to alcoho] had developed
between 38 and 46 days of age

Discessien

Mice aged 2 days wers less sensitive to the effect of alcohiol than the 8 days
old animals. However tiﬂJrcmllhbucdonohervaUcu:qubeﬂghﬂng
refiex onty .ndthgpmlﬂiadlﬂﬂruculﬂlhoﬁ.mchpltdhomfecd]ng
havs not been taken into sccount.

The effect of alcobol was emaller la 20 day old then In 8, 14 or 46 daye
old apimals As HotlSTEDT & Rypmmo (1970)£oundlmnd.mu:‘n/p£‘
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aloobo] elimination rato at tho ages of 25 to 40 days in rats, it & possibls
that the mini alcobol sensitivity obtatned here at 20 days of age depends
onnhlg,hllmho{cﬂuﬁmﬂmmaltmhnp.muhaml-oﬂdlﬂngupuky
of postnatal rat liver stices o3 well as the alcohol debrydrogenase activity of
fiver homogenates develop to the adult level between the ages of 13 and 18
to 20 days (RAEX e al. 1967 RAEA & PIKKARAINEN 1971). The decrras
which occnrs in the akcohal elimination rate in the older ags groups I, &
yet, voexplained (HollsTeEUTr & Rypserg 1970), even when tho cheages
in the [iver sire are taken lnto sccount, but it may be connected with the
general d of energy boltsm with | sing body size.

Both the reflexnlogical tests and the open field ambulation values xhowed
that increased tolerance to alcohol was induced fn mice aged from 20 ©
28 days. In contrust, no induced tolerance was found to develop between
tho ages of 28 and 46 days. Howover durng the Iatter perlod the growth of
the animals was defInitely impatred by long-term repeated alcobol sdministr
tion, and the simultancous tmpairment of the physical condition of the
aniraals may account for the relatvely high akcohol sensltivity of tho snimals
which had repeated alcohol njections, A shoster period of repeated alcobol
admintstration between the ages 38 and 46 days impaired the growth less, snd
resalted in an Increased tolerance to alcohol. Significant retardstion of growth
Wt alyo found after daily alcoho! administration fn mice between the gz
of 8 and 14 days, &t well a3 between 38 and 46 dayt, and a smaller sod not
slgnificant depreesdon of growth between the ages of 20 and 28 dsp

These offects are probably due to a reduced food intake or other depression
of tho utlilization of calorles for growth tn tho animals receiving akobol daily
(SCHEIG & KIATSXIN 1966 for a roviow teo WALLOREN & Barky 1970, pp-
482-489)

During the ags intervals from 2 to 8, from 8 to 14 and from 14 20 days
thees are no indications of development of indaced tolerancs to sleobol. T
absencs of tolerance indction cannot bo attribated to an kmpaiment of
growth, since o significant effects of repeated aleohol administration o0

gwthmntmnﬂdnﬂngthblgptnturnhofimﬁmduwmm
respectively wﬂh&ndmemed.[tmnybcupodmnmmlﬂ;d‘

wero too fow or that too few injections have been given in
mmnmmmnmmo:mumpcﬂmmdeﬂnmnﬁmF;
tﬂintbeynunguug:grwpa,whﬂathedmmedtmuwmdiﬁdd&
mals was tho same as that which Induced increased toleranco In 20 w0 28 diyt
old animals. Morcover the ansmber of Injections, 6 or 8, may not bo saffickt
wlmtbrmmdmwmlmhwdﬂﬂ“m’m‘h
A moro plamible explanation i3 that the mechan! h”““;“"’h
ment of Indaced tokerance Is not folly matare befors tho ago of 20 &7

mice.
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Incresss in the rate of aleobol metabolism could be & possible mechanism
of induced tolerance to alcobo! RANA & PIKKARAMNIN (1971) studied young
rats up o tho age of 12 days and found no increase in akeohol dehydrogenase
activity in liver bomogenates of animals to which daily alcohol doses of
2 mp/g had been glven. The evidence concerning increased akeohol meta-
toltsm In fndnced alcohol toleranco in adult animals is controversial. In any
cxx, and ndependent of this, an altercd reshitance of the central nervous

sysiem b considered 0 bo nvolved In the lop of induced to}
bthdnl(wmmn(&Bunlmo p. 502) Therefore, it would be inter
esting fo compare tho | of tho mechantsm of induced

wmﬁmmmmammmmmm

Thcmahldwe}opmcmnfﬁwbmlnmcdmnlmﬂnnﬂmhfdﬂynﬂ-
known. The development of sdult-like reflex responses ks completed at 13 to
16 days of g (Fox 1964) Ths electrocorticogram of the mouse attains
matarity at the age of 16 to 17 dayx (Koravasin & HnewicH 1962) and the
Emtology of the cortex at 15 to 17 days of age (hOBAYASRI et of 1963) Tho
#ult S-hydroxytryptamine level of the braln is attained at the age of 15 days
In mice (AGRAWAL ef af. 1968). All these Important mechanisms are reason
ably well developed already during the age interval from 14 to 20 days,
duting which, bowever no induction of induced tolerance could be de
moestrated. On the other hand, adult norsdrenaline level in the brain i
titzined at the ago of 25 to 30 days (AGRAWAL et o/ 1968), whils the con-
Centration of acetylcholing (Hmsnuixr & Liaresrrrz, unpublished results),
nd especially that of dopamine (AGRAWAL #f al. 1 c.) contlnues to Incrosse
wntll the adult stage In mice. It Is therefore tempting to assume, that the
maiurstion of tho noradrenergic brain mechanizms is importast for the
development of induced toleranco to alcobol b mice, especally #3 alcobal
2 o) s known to came a direct or indirect apecific activation of the
catn] noredrenerglc nearonss in the rat (Coaxoor e al. 1966).
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Abstract, Adult male micy show diwrmal varistbon o their performance In the
tited-plane toewt and I their open fickd bebuvioor Maxiomm dliding sngle and
winiom open fleld ambulstion valoes wers found st 0300 hn, mistoum
*idag anglo and maxinwm open fleld ambalation valocs ¢ 20.00 hry Diurnal
varition way aho foond In the effects of ethyl Icohol. Ity effect on the sliding
foge Yalues wat grestest at 20.00 hry and at 1200 hrs, and o the open fiekd
acbaletion at 16.00 k. The effects of akcohol were thos mare pronounced
when the activity kevel of the asimals was bigh N clear dinral variatoa was
fownd i the braln levels of $hydrovytryptamine (S-HT) and S-hydrovyiadol
mrde acid ($-HIAA) The brain level of SHIAA showed  trend o & oegative
corrclation (r = —0.43) with the open ficld ambulation scores recorded at tho
b time of the day The results indicate (hat tho sdrencrgic and/or serotooeryie
L] may be [ thng the effects of akohol

Key-words: Dinral variatica ~ cityl alcobol - tited phans test - opea Dald
bekavionr — Shydroxytryplamine — Shydrovymdole acetic

acid — mouse.

There are remarkably few stodies concorning the diurnal varation in the
tlibcts of aleohol Haus & HALAFRG (1959) found that the lethal cffect of
8 my/g ethyl alcohol in mice showed a drarmal maximum at 20 00 hours
(8 pm) at which time thoy also recorded the highest body temperatures In
thelr mice, WiLson (1970) reported that the taats thresholds of alcohal in
bemess arc gt thelr lowest a1 18.00 hours In tho evening and roach &
xdmum ut 06,00 bours. Exrcason (1971) In a recent stody thowed & clear
darmal thythn In the voluntary alcobol uptake In rats the maxima of the
ddn¥ing of ethanol ocourred during the dark phato of the Mumination cyelo,
turing ovening bours and at 04 00 hoars.
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The present study was undertaken In order to find out If thero It & Huom?
rhylhmlnthadlmohlmholuphlmacdoglmdmulcmhlnhbomofy
mbmﬁu:ﬂtdxofﬂwbolmm:cdbythntﬂwd-plma{m(um
etal lgss)umwmopmﬂddm(anm&WAuml%nm
a.d:ptadfwmh:AnmanptwumdnmmIztetheﬂncﬂnpﬁmmc
diumnlnﬂaﬂom!uunnlnﬁns-hydmxytrypmmino(s—}n')mds-hrdlm
yindole scetlc acid (5 HIAA) Ievels in the brala,
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I aoatfer experiment, the efferts of differsat doses of ajeobol on the perfc
(o the tilted-plans te wero stodied Etfryl akeobol was ffected intraperitonelly st
sclution mads o 85 X miloe cowiing 10 X (wiv) echol (lor tha dow Lush
body welght) or 20 X alcobol (why) (for tha doses 2 854 3 mgkp). Three Froups ech
of 10 male antmah wero paed They wero tesied on the tilted-plane befars the akcobol
tnjectlon, and 20, 40, 60 uvdluwmhmumamm}ccﬁmhm&-:

»
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Table 1
The cffect of different doses of alcobol on the mean oliding angle of mkce in 1be
Uked-plane test. The wignificances of the dilferences from the coutrol valoet ars given
ia brachets (s =~ not signlficant, Stndeot's t-ent).

Control Afuer the injection

(bcforsin}) mia P< 4min P< 6Omin P< Smin P<
lmgly 480 M9 (L) 49 (nx) 418 (ow) 478 (ony)
Imgly 455 36 (0005 371 (OO BT (00 425 (ne)
Imgly M6 386 (Q00D) 427 (0.001) 448 (0.00)) 476 (0.001)
would be most b d by the Iwvolved, In

sddition, this doss bevel was obvicmly within the lincar rungs of the doss-response

%

Earrseon & WaLLORYN (1967) have stndied the bebavioar of rats
of alcohol in the opeo-fick! sitoation. They foond that the lowest
ffected the bebaviour sgnificantly imcreased the time during
the activhy and de-
this stody sdvantago was taken of Awvoris (1960)
of 1 1o 2 mg/s incressed spontancous ambulaticn n
areon with & dlameter of 40 cm, divided by painted
In to 19 partiions of approximately the sme arcs, was ted
No sound stinmiistion was oeed, bot the arena was brighily Hit,

of nmination belng boot 1300 lax at the open feld level,
Daring the two-mintte seadon n the open-fickd, the following behaviowral measeres
Tecorded with the ald of hand-altier 1) the mmmber of the partiiors the srdmal

it
i
EE

s
i
ﬁégg 1

1

%
50

-
£ 0

o 1 2 lrw,g
Flg L Macummm redection in the mean Widing asgle fn the tled-plass testt

by different doees of alcobol la mice (In par cext of the coxriral yatnes obtal
slcobal tnjection), o
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Table 2
md{mdlm;/gdcnholmmbchnbmﬂmuhmupm{ddm
The significances of the differencs from the control valies w0 ghvon a brackets

{1 &, = not dgnificant, Stndieot’s t-tmg)

Coatro} After the {njection
(before 1o} 30 min, P< 60 min, P<
Ambulation 44 sl .05 20 (e
Rearing s 129 (a.2) o e
Preening 03 LT3 04
Defaecation 12 a3 02

catered (ambalation) 7) the nomber of thmes it rose oo its hindlegs (rearing), 3) the
number of prevaing sphodes, asd 4} the nomber of sools produced during the samon.
In a preliminsry experiment, 10 male mico were given an opm-ficld tost sowion
befors the Infectlon of 1 mp/g akcobol (as 10 X (whv) solntion ko 09 X NaCl), and
further test scwlom 30 and 60 minmtes after the intraperitcocal lnjection, The reslts
of this arperiment aro ghven In table 2.

A statistieally signffreant effet wan ouly obtained {n the ambulation in tho opes

1 my/s was conpdered suliable for the present investipation, since it obviomly wa
clowe 10 the Jower doss Hmit ot which  sigpificant respomse coold still bo eficited,

Determination of S-HT and SFUIAA levels. After decapliation, the brain wis npld-
Iy dimected out, and the forsbrain (weight sboot 250 my) and the brain sem, k-
cloftng the bypothalamus, midbran, pons apd medully, bat not the corchedhr
mm(mmmwmwmmhummﬁdh
fcecald acidified nrbutanol. Tho detormimation of ST and S-HIAA was mede ac
cording to the meihod of Russ (1970) and the finoTescenco meawTenMnts wh o2
Aminco-Bowman spectreffuorometer

Results

Diurnal variatfon in the test performance

The open-ficld and tlted-plane testy wery given in that order to 8 groops
each of 6 male mice, The groups being matched for age and welght. Tho tes:s
were made on two of the groupe beginning at 12.00 hra and for the other V0
at 24 00 hry, and oa the remalning 4 groaps begfaning at 04 00 08.00, 1606,
and 20 00 hry, respectively Thomunlﬂdinzﬁnslalndumbulltmw
are given In fig 2
D?mﬂnﬂtﬂmsmtbopcﬁumanao{mummemuumeﬂﬁl
Maximmm mesn valoes for the sliding anglo was found at 4.00 hrs, mipiaros
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a1 20.00 hrs, while the pleture I3 reversed for the ambulation values of the
same animaly, which show a maximum at 20.00 hrs and a minimom at 04 00
hrs. The diference between the mean ambulation valoes at thess times is
siatistically significant (P < 0.05), when evaluated with Stedent s t test, while
the difference in the sliding angle vatues Is not. However the difference be-
tween the mean sliding angle valees recorded at 20 00 hry and at 24 00 hrs
b statistically eignificant (P << 0.01), owing 10 tho larger material (12 animals)
tested at 24.00 hrs.

Diurnal variation In the effect of aloohol in the thited plane test Three groups
each pt 10 male mice were matched for age and welght. The effect of 2 mg/g
cthyt oa the performance of thess antmals in the tilted-planc test was
meawred twice in each group at an aterval of 2.5 days. Thus, for the first
groap the alcoho! was Injected at 04 00 hrs and at 16,00 hrs, for the second
group at 08.00 hrs and 20 00 hrs, and for the third group at 12.00 hrs and
24.00 hey, The sliding angle of the animals was measured a3 described above,
befors and 20 40 and 60 mioutes after the Injection. The resulty are given
hfig3

When testing the statistical significance, the differences from the pre
Injection sliding angles were found to be significantly (P < 001) larger at
20.00 hrs and 12.00 hrs than at 08 00 hrs. In this experiment, the greatest
effect of alcobol was thus found at 20 00 hrs and 12.00 hry, the values for
these times not being significantly different.

The maxdmum redoction in the mean slbding angles caused by skcohol was
7/ 2t 08.00 hrs and 13 / at 12.00 hrs. When compared with the sope of the

- 100
50

80
43 50
a0 0

o 4 & T ¥ 20 Mhr
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b

100 220
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Fig3 The dlect of 2 mg/g alcobol oa the perfocmance fn the tited-phano test &t
diffevent times of day given a1 the percentags of the diding angle from that recorded
before the wicobal injection (st 0 min). Hours indicated at the cods of the graphe

dosc-responss line (fig. 1) it appears that the magnitnde of diurnat varlatlon
corresponds to a doss difference of 0.5 my/g.

Diurnal variation in the effect of alcokol on the ambulation in the oper-fleld
test The open-ficld behaviour of two grops cach of 10 mals mice was
studied before as well a3 30 and 60 minutes after 1) an alcobol injection of
1 mg/g given at 16 00 hw, 2) an alcobal injection of 1 mg/g given at 04 00
hrs, 3) a xaline injection given at 16.00 hrs, and 4) a saline injection given at
04 00 bra, Thos, all 20 animals received the same treatmenty. The ftervals
between the treatments were, at lesst, three days. Table 3 gives the mem
results for this experiment.

Thess results show that, a3 compared wath the sallos Infectiont, akobol, ut
the low dose lovel msed, significantly incressed ambulation In the open-fied
test both at 04 00 hrs and at 16.00 hrs, although this effect was significantly
higher and lasted longer at 16 00 hre. It ix also interesting that the ambuls-
tion valnes decreased with the three succesaive presentations of the opea field
situation to the animals, a3 found with ooc-day fntervals by Esmssoy &
WaLLaReX (1967) This effect was more pronounced in the night-time Lt
Luthcdty—dmcexpcdmcuu,butzbedﬂlmmbctwmth:mbnhﬂm
vﬂuamrdedbﬁmth:ulmclq}ccﬂaualmmhnmdmxhcmmudﬁ
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Table 3
The effect of miine and 1 mg/g alcobal ce the mesn ambulation in the open-field test
2 0400 hrs and 1600 hry The I values give the siatistical slgnificance level of the
Eiference between the two adhcent means in 1ho peit column to the right (s =
not significant, Swodent's t-text)

Cootrol Afier the Injection

(before in)) P < ¥Wmh P< Oma, P

0400 hrx N 5145 40.15 305
s om o

ake. 230 €515 3530
ne s 001

1600 ks ale. 6175 9595 5428
o 0.001 o

Nu1 4350 4208 4LTS
o ne ne

0400 tmy %] 5145 4015 .05

ot reach statistical significance, Le. (01> P >> 005) The low ambulatlon
valies recorded at that time are In sgreement with the occurrence of the
ambulstion minimum in fig. 1

Diurnal variation in 5-HT and S-HIAA levels in the forebrain and In the
bradn stem. Tho antmals vsed for the 5-HT and S-HIAA determinations were
the same 8 groups esch of 6 animaly, in which the diurnal variation in the
te3t performance was assesscd. Tho amumals were sacriflced immediately after
tho open-field and tihted-plans test performed at 04 00 08 00 12.00, 16 00,
2000 and 24.00 hrs. The sverage results of the determinations a3 well »3 the
standard deviatlons aro given in fig. 4 where the graph showing the diurnal
vartation in the open-field ambualation in theso animal groups is alto depicted.

The analysls of vadance failed to reveal any significant durnal variation
In tho S-HT and 5-HIAA concentratioms. However when the values for the
lowast (04 00 hrs) and highest (20.00 hrs) open-field ambulation activities
ac compared with Studeat's t-est, the S-HIAA Jevels wero algnificantly
higher at 04 00 than at 20 00 hrs both in the forcbratn and In the brain stem
(P << 001). Significant differences wero abo found between S-HT lovels at
04 00 hirs and 24 00 brs both In the forcbraln sad i tho brein stem (P<<0.01),
a0d between SHIAA levehs at the same times of day in the forehrain
(P << 0.001) and In the braln stem (P << 0 05)

It 1s interesting that the S-HIAA level fn the bratn stem shows a trend to
a pegative correlation (r = ~0 43) with the embulstion values recorded from

0
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tho same animels, a3 can be seen in fig. 4 However this does not reach the
level of statistical significance.

Dhcrndon

The preliminary expermments made in cannection with the present study
show that the tilted-plane test g5 well as the ambulation test in an open-ficld
situation can be used as critena for the effect of alcobol in mice. The open-
field ambulation is obviously the more senmtive of these two mexsarements.

Other results of importance for the methodology used in alcohol studies
are the significant diurnal variations which are shown by the contro! valves

rgle

10

Flg 4 SHT and S-HTAA levels in the braln sem and [n
different thmes of day At each mean +S.D b shown, Tho mesn (opm
ollbenmlmumh(m:ufmmfbnmlhodmmvwﬂm”“:‘m
cireles) SHT I beain aten the Jower graph wht open circiess ST In the foediy
the upper graph whh black dots: S-HIAA fn tha brain eiem, the fower graph

dots. SHIAA in the forebraln Ihmphmhm.mbuhﬂwﬂlﬂ'-

o 4 8 1 B 20 Mb
L1
B
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of both the measures wsed, and also the ogeurrence of significant drurnal
wariation in the effects of low doses of aleohol on these test performances.
The influence of the lime of day ap which the effects of alcohol are measured
i experiments] siteations shoald therefore be taken Into sccount when com-
persom are made between the results of different experiments.
Rq::d]ngl}nthningofﬂndim-mlwdﬂbﬂhthndfcdo{nmolmm
bebviooral used, he maxl effect In the tlted-planc test
was found during the bours of maximum ambulation, 20 00 hrs and 12.00 hrs
while the effect on ambalation was also higher during the perlod of activity
\baa doriog (he rest period. In the enly previous animal stody oo the diurnal
variatan fn the effects of alcohol, Haus & HALRtxa (1959) found the maxl
o Letha effect of 8 mg/g alcohol at 20 00 hrs, while this effect was at i
mintme dustng the night hours Teken together these flindings sulfice to
thow that there is a deflnite diurnal rhythm in the susceptibility to the effects
of aleohal in mice.
As there s 5o general agr garding the mechanhos of action of skco-
Mhhmwympdmamthcphpbbﬂcdmcd\anhmuudcﬂﬁn;lhh
tirythm. It b5 well knawn that there s 8 dhurnal thythm in the blood glucosa level
B mice (Butrovar 1949) and, on the other hand, that Increased blood glucose
vafucs havo been found to cause & decreass in the effect of alcohol in the
Utedplane test In rats, while lowered blood sugar enhances this effect of
Aeohol (Su0uLisTD 1962) However the maxima of the bload glucoss levels
wre foond at 20.00 hrs and 1000 hrs and the lowest levels from 02.00 to
06.00 hry (Butrouan 1949 table 1). The hlghest blood glocase levels thus
coinckde with the thme of the greatest cffects of alcoho! formd in this study
nd vico verga. Tt can be concluded that the diumal rhythm In the blood
thocoee level and the atiennating effect of high blood glocose levels on the
degres of intomcation cxonot axplaln the diurmal rhythm bn the susceptibility
0 aloohol in mice, but rather that this thythm persiats in spite of the ant
£oalstic action exerted by the blood glucoso thythm
The present finding that alcohol affects the performanee In the tlted-plane
5l more durtag the period of activity of the saimal than during the rest pe
1od, may pechaps be cxpliuned by the stronger effect of alcohol 0a the motor
activity which aho occurs daring the aciive perfod. The animals are made
:‘mmbydmbo{mmndayﬂmnndtvuﬁn;lhmduﬂngthen]ght,
% may morg quickly initiate siding from tbe tited-plane. Whether the
of activity and the regulting eaclier sllding from the tlted-plane aro
%mm-mmmrwamwummwmmm
ﬁé&,mmwmwmmdmmmn
mmmnﬂcaotﬂmholmmmmﬂnnpm—ﬁdddmlngthe
t:nﬂﬂnsbnicncﬂmy reveals an interesting aspect of the activity
geoeral when the antmal is more active it i3 alto tumed to respond
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the same animals, as can be seen In fig. 4 However this does not reach the
level of statistical lgmflcance,

Discordon

The preliminary experlments made In connection with the present study
show that the tilted-plane test 23 well as the ambulation test in kn open-fickd
situation can be used as critena for the effect of alcoho! n mics. The open-
fleld ambulation is obviously the more semitive of these two measorements.

Other results of Importance for the methodology used in akcobol studes
are the significant dinmal varations which are shown by the control vatues

mafe
14

o 4 8 1 ¥ 2w Mk
-1

Fig-4 5HT and S-HIAA levels 1 the brain ta
different times of day At each mean +8.D hmmmmbuhﬂﬂ‘
duxmmnnh(ummmz)mmmmwﬂrﬂf’
mm&mmmmmmm-{mmw&mhﬁ-'
1he Opper graph whth black dots: S-HIAA fn the braln stem, the lower Frapk
dotr: S-HIAA Iy th forcbealn, the graph with crossey: ambalation vaioes.

£
3
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olbo(hlbemtnsummcd,lndabothcoccunmceolﬂgnlﬂmtdmmnl
variation n the effects of low doses of aleohol on these test performances.
The nfinence of the thme of day at which the cffects of alcohol are megsured
fn experd situstlons should therefors be taken into sccount when com-
parsons ere made between the results of different experiments.
LB?rdingthodnﬂngo{\hediumﬂvnﬂauoulnlbedrmdﬂcoboloulhe
used, the il effect in the tilted-plano test

wa found during the hours of maximum ambrlation, 20 00 hrs ond 12.00 hry,
whilo the effect on ambulation was ako higher during the period of activity
than durmg the rest peciod. In the only previous antmal study on the diurnal
ariatlon fn the effects of alcohol, Haus & Harrraa (1959) found the max-
mum lethal effect of 8 mg/g alcobol at 20 00 hry, while this effect was at i
minimum during the night hours. Taken together these findings sullles to
show that there is a definite diurnal rhythm in tho susceptibility to the effects
of aleobol in mice,

As there s no eneral agr garding the of action of akeo-
bol, it s not easy to polnt out the physiologlcal mechanism underlylog this
thiythm It s well known that there is @ diurnal thythm in the biood glocoss level
In mice (BurLouan 1949) and, on the other hand, that Increased blood glucose
Values bave been found 1o cause  decreaso In the cffect of alcobol in the
tilted-plane test In rats, while lowered blood sugar cnhances this effect of
tlcohol (SanALIsTo 1962) However the maxima of the blood glucose fevels
8ro found at 20.00 hry and 10 00 hrs and the lowest levels from 0200 to
06.00 hry (BurLouch 1949 tablc 1) The highest blood glucose kevels thus
cotncide with the time of the greatest effects of alcobol found 1 this study
and vice versa. It can be concluded that the diumal rhythm in the blood
glncose level and the attenuating effect of high blood gtucose Icvels on the
degree of fntoxication canmot explain the dturnal rhythm in the susceptibility
to aleohol in mice, but rather that this rhythm persists in spite of the anta-
gonixtic action exerted by the blood glucose rhythm.

Tho present finding that alcohol affects the performance in the tlited-plane
test more during the period of activity of the animal than daring the rest pe-
riod, may perhaps be explatned by tho stronger effect of alcohol on the motor
activity which ako occurs during the active podod. The animals arc made
more restlens by alcobol In the daytime and evening than during the night,
and this may more quickly inftte sliding from the tilted-plane. Whether the
mTeass of activity and the resulting eartier aliding from the tited-plane are
combined with a reduction of fear caused by alcobol in the experimental
uteations, cannot be decided on the basis of tho present experiments

The stronger effect of alcobol on ambulation in the open-fleld during the
period of higher basio activity reveals an interesting sspect of the activity
rhythm in general when tho animal is more active it i3 also fumed to 1o
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more intemely to activating effects, Iike that provided by alcobol. This corres-
ponds to the notlom of high aronsal level.

ALRRPGHT et al. (1956) found higher 5-HT levels in mouse bain during
the morning hours than during the afternoon or evenlng. Howeyer the exist
ence of a diunal rhythm in the brain 5-HT level in mice has not slways been
confirmed (SAELENS ef al. 1968 So#Ta & SALAMA 1970). As the resnlts of the
present study also show the reproducibility of the dinmal 5-HT vaziation b
obviously poor but a nightly maximum of the sctvity of 5-HT metabolism,
correxponding to the nightly minimum of motar activity In mice can porsibly
be discerned

In view of the suggested role of serotonerglec mechamisms in the process of
slesp (JoUVET 1969) it b not surprising to find a trend to a negative correls-
tion between the open-field ambulation and the level of 5-HT metabolite
3-HIAA in the brain stem, a3 found in the present study (fig. 4) The kow
5-HIAA level probably reflects & low rate of S-HT metabolism sud a low
activity of the scrotonergic neurones in the brain stem, which would then be
associated with a high motor sctivity ss shown by the ambulation scoret,
high alcohol susceptibility and hugh arocsal level.

However it pst be palnted out that the 5-HT-ergic mechanlms are pos
ibly not the only brain mechaniums with a diurnal rirythm and which affect
the arousal kevel. The depletion of noradrenalins (NA) in the bralas of mice
lhurlnhfbiﬂouu“txrynﬂrd:byZOOm;/‘kgdkulﬂnmquS/yﬂm“
16 00 hirs than at 05 00 hrs (JULXD et ai. 1970) This indicates a greater over
all activity level of the noradrenergic neuronss in the brain during the sctire
petiod than during the rest period. In the experiments of SarLens of o
(1968) the increased brain NA and 5 HT levels in mico were followed by m
increass in the dally activity maxiomm and the depletion of bratn NA de-
creazed night-time activity while depletion of brain 5-HT was without any
effect, These resalts inggest that the dally activity maximom in mice B
dependent on the function of the noradrenergic systems in the brato.

In rats, the highest histamine and NA levels in the midbrain and fo the
caudate nuclens and the lowest S-HT levels In theso arems aro found &
ﬂnﬁmewhcnthcmnmrlcdwtymdbodympeﬂnmmmmmalhﬂﬂ'
anlmals (PrEmean & WALKER 1968) It may well bo that & factor favolved
1n the controt of the arousal level b the balance of the activitics of the chet
lmdﬁm!mmmwmmmmmwm
Lheaulviduo[thucnmmm~lflt-cuthrm;hhnpnhmﬂﬁdmw
fanction and thus by decreasing neurone activity mxu%
may well be in the noradrenergic systems, the Increased wetivity of et
correlated with the incressed motor activity wiich 1y the charscterfstic o
of low alcohol doses In mice. Coaront ef &l (1966) demosirated that
cemrdNAnmrmﬂhlhﬁmmupuﬂﬂaﬂyld}vubd.M“m“
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I5 2 o 4 hry but pot 6 hry after 2 mg/g alcohol These findingy may reflect
the reciprocal Interactions of the NA and serotonergic braln systems which
are probably of importance both in the control of activity and In tbe media
thon of the effects of alcotrol.

The timing of the diumal rhythm kn the susceptibility to alcohol In mice fs
probably exogenots In orlgin, as Is the timing of the activity rhythm. The
activity riythm, at least in rats, can be reversed by reversal of the illuminaton
cytle, and the minimum 5 HT levels in the brain are again found during the
period of maximal sctivity and vice verss (Dot & Buckiey 1967)
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Pmmlbclmn(eo(llrdhlrhydolmc.u iversity of Copenbagen,
de, Db 2100 Copenk O Denmark

Effects of Long-Term Administration of
Bepdroflumethiazide on Bone Metabolism in the Rat

By
F Schewse Jargewsen and 5§ Pory Nidsen
Receivad April 24 1972, Accepied Jone 13, 197D

Abstrett £Ca was Injected sabcutancously in 160 g raws kept in metabolle cager,
Afur an afjestment perod of 10 days, bendroflumethiszide was given oally
concentratlon

The ewcretion of frydroxyprolloc decreaved slowly duriog the thlazkle administra-
Hom perlod. The results sugpest that the bruakdown of both booe mineral ssd
bors pratrix was redoced dearing beadroflumethiarkle sdmiistration. Bors matrix
meetabolien war not poralized sl 7 days after cemation of thiarkde adminh-
trillm & jodged by the time required for reversion of the hydrotyproline

Ker-words: Bandroflumetiiarido - thiazider  ealeim ~ metabolism ~ boos.

Loagterm thiaride admhnistration canses & redaction of renal caletum
ITeton in man (LaMaea & Kuiisick 1959 Higgles et ofl. 1964 YnoT
el 1966 PARFIT 1969 YoaoT 1970) and in the rat (Jomaraesen 1971)

c““mtﬂﬂirum]uhnnbemprumtcdrepmﬂu;thommrmﬂeﬂem

o tiazide dinretics on calchum metat

mptmmzxpedmumarﬂcdouﬁnmmcmptmdnddnathe
SHlecls of Jong-term thlaride on boae tn normal

Matertal and Methods
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sroup of mis was given bendroflumethinzide orslly while another groop served m
mmnmmmm(cnnyw)mmmhmmmmnmm
n an amoent of 30 ml mixed with 20 g of dried food (altromin®) a day Stmce the
lmmmmmlumum4mmmmmnm
thiazide/24 homs was given. The bendroflumethixzide doss was supar-matime! wid
regard to the offect on the renal excretion of sodinm (hosoeam & Kamc 19609 asd
calclum (JowcerarN 1971). The amoont of food ingexted was measnred wrery 24 bownt.
After thinzide adminfstration for 10 days all the rats were killed by cvmpguisston
from tho sortke bifurcation under light ether anacsthesia (in & non-festing state). The
right ctavicle and the right tible werc removed and carefolly dissected free of coo-
Dective timne. All bone smples wero dred to coostamt weight In & vacmm ove &t
65 and 200 mmHy, snd athed by the additton of equal amouonty of 70 per eent per
chloric acid and 65 per cent nitrke acld, and placed In an alominhim bock st 210°
for 33 hours after slow hexting for 3 hours (HaTrneameza o al. 1966). The msbed
material was dimolved In 0.1 N hydrochloric scid, after which 2000 pl of qoartz
rodestilied water was added and OCa way memsnred by Hquid scistllation coootieg
(Liquid Scintillation Cowmter Mark JI, Nucloar Chicagu) uslng the Trikem X 100
aystem (NADARALH «f ol 1969). 100 pl ©Cx coamintng solmtion wes mived whi
m»xupmmwamdﬁ.wmmmdl&
concentration In bone after mbing (8 ashings of tho same bone sampk) wn L8 per
cent. Tho boos ash did not Intexfero with tho countlng rate of an aqecoos stesdand
(NmLsrn, unpublished remlts). 4Ca in the srom wea determined In the same way
(lmﬂmmmmnmmummwumormmﬂmN
haemolyxs was seen n any of the blood mmples,

4Ca W I by mtomlc (Pakin Elmer Atomic Absorpice
s 2%0 B, lene air flame, thros stot Bollng Burner). Oae per cet
Iantharmm otde wey peed for the preparation of gandards and smples fn arder ¥
obviate phosphate interference. Hydroxyprollne fn the trine was messored f2 feo
scrbes of experiments In which 45 pg and 50 pg bendraflumethiazide per § food e
mﬂydrmypmllntmddamlntdbyllﬂtbtmﬂbuﬁonnlﬂimuhodd
Krvmieo f al. (1967).

Resolts

Tho mean weights of the rats (moen + S.D) in the control aod the
thiszide groups of the ©Ca experiment were, respectively 1615 £ (0=T)
and 157+8¢g (1=6) at the beginning of tho edminhtration pﬂfodz
205+6 g and 19419 g after 10 days (P> 01) Tho mexn welghts of
bones used for analysts were: Tibls 45 8 (3.8) mg and 49 4 (3 6) mg. clavicks
122 (09) and 12.1 (0.5) (mean (SEM)) in the control and the
mﬁ;mun;uﬁmduc.mmmmmdaywmm":
administration, 21677 (3703) and 21563 (3806) cpm/24 hrs (SEM) &
control and the thixxide group

mummmot%mmwamwbg
mﬂg.LAdmiﬁundvmdnccdan:ﬂwd“ClthM°
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-1

3 %
IR ks

Fit. 1. The effect of bendroffumetblarids on the resal excretion of €Ca In mts

Prelabalied 10 days befoes the of wrioe compared with an coetrol
¥oup, The fliled columns tndicate the thiaride groun, the open columns the confrol
sroop

W& seen durng the whols administration perlod, The specific actvity was
Bt meamred,

The concentration of stable and radioactive calcfum In bones after 10
dn of thiszide adminktration fs shown fn table 1 No difference in #Ca
Soncentration between the coatrol groep and the thisride group could be
detected, but the concentration of $Ca in the bones and the specific activity
s significantly higher fn the thiszide group than in the controls.

The serom concentration of #Ca and ©Ca 10 days after thiazide ad-
tinieiretion was measured in tho same experiment. The mean concentration
ol #Ca In the thiaride group and the control groop was 2.45 (D 05) and
254 (0.02) mM (S.EM.) respectively (P> 01). The mean concentration
ﬂ‘c(-Pm 34702 (1496) and 32886 (1224) cpm X ml (SEM) respec

>01)

Ia seporats experiments done with the same metabolic tecmique, 7 rats
YT given 45 pg bendroffumethinzids/g food for 7 days, and 7 other s
IO given 90 g bendroflumethiazide/g food. The pre-sdministration perfod

for S dxys and the post-administration persod 7 days. The urinary
and #Ca excretion were measnred daily and related to the
hnbdfnod.Adgnlﬁnnthﬂhhydmxypmﬂneuaudonmm

Suring the lest few days of tho thiarlde administration period, and this was

reversed after thisrlde administration was stopped. The chango
unudouwmmtmnrkndwlthldcuofbmdmﬂnm_
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¥ 2 Do lon in reoal by excration. Above: 10 male

D weigkt 10047 g (mean £ 3D.) bendroflemethlerkic ktake 625-900 ug X 24 bt

7 male rats, welght 1745 5 (wan$SD) bendroflamethiaride faake

10501000 pg X 14 hat Comparison betwee besal excretion and the excretion ca the

M dsy of bendroflumetbieride sdminitration by Stadeats t4ext, P < 0.005 for both

fowes Compartaon between the excretion on the Tth day and on the l4th day:
P < 005 for both dosct.

Bhide twico the amount given In the radlosctive experiment (fig. 2). The
%umﬁonpau.amwhhhhur fomly been published

1971) shows a gradual decresse during thisrids adminlstration with mi-
S excretion valoes from the 4th day of sdminiatration, and & marked
®Rporary rise foll Ang lon of thisxide L at the samo
‘h:cnunk,—: 1 & Ered

Yp! wars

Discasdon
Stnce the calcirm

pool labelled in the present expenuments is a bane
Pool from which deep

the reloase af ©Ca can be influenced by changes In the
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metabollc sctivity of bono cells (JomesTon & Dirss 1966 ORioenun &
AURBACH 1968) the results suggest that the net result of prolonged thiaride
treatment on bone calclum trumsfer is an Inhibldon of bone resorptkm.
Whether this phenomencon is cansed by an actlon of the thiszldes duestly
on bone or whether it is secondary to otber effects e. g, to the cffect ca the
kidoey or both, remains to be established

The suggestion of PARFITT (1969) and KoPrrL «f al. (1970) that thlsndes
produce hypercalcemin due to either a stimulating effect an tho parathyroid
glands or a potentiation effect on the action of the parathyroid bormoos
Is not in agroement with the results of our expenments. A secondary
hypersecretion manifested by hyperplasia of the parathyrold glands a3 fornd
by ProxtEMank ef ol (1969) would, however be cxpected it thiszides act
o bone by inhfbiting bons resorption. Previous experiments in this labors-
tory (JoRGENSEX 1971) have shoem that the reduction fn renal canm
excretiop in ruts durlng thiazide admintstration is also seca In the sbsence
of the parathyrold and thyroid glands. Thersfore, the effect of thiazkdes a
the renal calcdum excretion is not likely to be crused primarily by changes
in the secretory rate of parathyrold bormone or caldtonin The temporary
rise in renal calcium excretion after the end of the thiszide admlipisiratzon
perlod might be 2 sign of a hitherto hidden (compensatory) hypersecretion
of parathyraid hommons, since it b not seen in parathyreidectomired ity
(TemaErsEx 1971) The unchanged renal hydroxyproline excretion at the
boginning of tho thixzide adminfstration pertod might be dus to a compar
satory hypersecretion of the parathyroid glands, this mechanism beieg
exhausted at the end of the thiaride administration perlod, making the booe
effect overt.

The hydroxyproline excretion pattern {n combination with the exersioy
calcium peak seen after the thiaride sdministration has stopped, ndicates that
calelum metabolism is not normalized untll 7 days after the thiszide admit-
stration has stopped.

Ourobucmﬂmlhuremlhydmxypm[hwexmnmhwh
thiazides fn the rat is in agreement with the flndings fn man (YeroT 1970}
The obsesvation by BRXKMAN et af. (1971) thnt a rodoctioa ke the 10l
excretion of calclum s not scen in adult patients with e
in whom bone turnover is excessively low supports the hypothesis that
redoction in renal calclum excretion cam, at least partially bo explatoed bY
2 reduction in bone resorption. alocs et

reveral of hydroxyproline excretion towards
oy g Inlstration s a stronger ndicaion of

toa of beadroflumethlazid -
2 bendrofh {ardde-induced it n(bcncmln'lxt\n’m‘h‘"
o el since
reduction of excretion during the adminmtration period
erately with age (FLO%

unrzﬁnno!hydmxy‘prdlnenorm.ﬂydcamamod
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o & Nicots 1969), and also under identical experd ! coaditl
(NeLstn & JomaraseN 1972)

The absence of a reduction of &Ca or*Ca corcentration in the blood Ia
oar expenuments fs not in dhagreement with the hypothesis that the amount
of calcium filiered b reduced during thiazide administration, since oaly
mwimal (undetectable) decreases In the plasma calclum concentration are
Decessary to Jower the filtration load of caleium sufficlently to depress the
;) excretion of ©Ca in the caso of an unaltered tobular reabsorption.
Hixnrsow & Rose (1968) demonstrated that thlazide treatment in some
petierits i capabls of changing a negative cakchum balance into a positive
directzon, Whether the inhibitory effect on bone resorption suggested by oar
remdts b long-lasting snd can be used fo the treatment of patients with an
kneressed bouo turmover awalts further studles.
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Opposing Anticholinergic and Cardio-depressive Effects
of Promazine and Thioridazine in Isolated Rat Atrin

By
LF W Haftaer xad k. Landmack
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Absract. Acetyicholine (ACH) roduced both the rate of conirsction and the
cotractite force [ lmolated rat atria, bot thess cffects wers hew pronownced
AT the preparations had been treatad with promazine or thioridarine. The
mdicholinengic activity of the phienothlzriees wen counteracted by thefr direct
efects In chectricall lated atri treated with promasine
3% 100, the amtichotinergic effect was d the in
Sorct was lrw than that produced by ACh when scting alone. In the sportane-
vy beatlng airla promaszine 5 X 1043 produced a deprewion of frequency
wkich bulancad the anti pic offect. The in the work Index pro-
NwAczmhuunmo(msxw*umuduu
elfeet on the lie force. The tre effects of
mhﬁhﬂu:xlbﬂimdmﬂncmﬂluduxw'mhmﬂdorn
effects the redoctions bn casdiac perf
thwumumnm.mmwm-mm.mnum.
evad that the erpic sctivity of phenoihl
L"ﬂldﬂowwbbthk.b\nwlu\admemhmmbm:h:drm\,
whith counterset the changes i membrane permeability frodoced by ACh

Xy wondr Phencthla

— eardise antichollnergic #fTects.

The phenothiarines have been reported to reduce the inhibitory effects of
Scrtylcholine (ACh) on the heart. Thioridazine, for cxample blocks the
efect of vagal imolation in the dog, and In concentrations of 1 to 2 mg/
Completely prevents the inbihitory sction of 01 to 0.2 mg¥/ (ACh) on the
“Nnbbhmmoumlmycmrpmmﬂmhudmmm

et al. 1953). The mechaniym underlylng these anticholinergic
:Wﬂﬂhnnotbcmelnddatcd_m;ﬂxmthladm:mylnmﬂmwim

:mwptorhmlthlhoponlblulhllthomﬁcholhzrﬂc
PrOperties of these drugs, which have been clessified &3

1970 Lavpsanx & @YE 1971) are doe to more umspecific

on the myocardtal cell membrane.

H
AN Poermacutogms, vl 1, faee. 349
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Iz order to determme the nature of the enticholinergic effects of the
phbeaothinzine derivatives, we have stodied the action of varymg concentrs-
tions of promazine (an aliphatic derivative) and of thiorldazine (a piperidine
derivative) on the dose-respamse curve to ACh in Isolated mt atna. High
concentrations of promazine and thioridazine have direct cardiodepressive
effects (LANDMARK 1971b) which oppose their anticholinergic effeety, In the
present experiments we have tried to evaluste the relanve importence of
thess two actions of the phenothisnnes,

The effects of the phenothiszmes were finst stodied In electrically sthms-
Inted atria in order to determune their influence on the contractile force st
2 comstant frequency The effects of the same concentmtions of the pheno-
thiazines were then studied m spontancownly beating preparations in ordet
to determine their effect an frequency and work index.

Material and Methods

Femle, albino Wistar raty (about 200 g) were snsesihetired with ethor the beuts
were exclsod and the atria removed by dimection. The with pecud
boating atrle wero performed with dombleatria e left and right atria diasected o
en block  while the experl with electricall lated preparations werd pet
formed with left atris. Tho atria were ted to an acryfic holder and monnted b o8
argan bath contalning 30 ml modified Ringer solution at 32 Aod babbled with #5 X
03 and 5 X COy. The Ringer solution had the following compaehtion (loot I moq /1

Na 1434 k 33 Ca* 51 Mg~ 23 Cr 1264 HP0; 24 HCO 2%
50; 23 and ylucose 18 mg/ml pH was 74 A preload of 400 mg wes put om the
preparations and the contractila force was recorded Mometrically with a Gria foree
dhspl to a Grasm polygraph (Model TRCIZPAL

(FTO3Q
Tho atrls were slectrically wimulated through bipolar platlmnm electrodes f 8 fre-
quency of 180 per min by wquare wave pulses of 0.5 meec. dunthon, delivered by 3
Blotronic lbartary stimulator Tbsvolmpwdmsthnumeunnhdd-ﬁ‘ﬂ
fand(hﬁm.bavbmﬂmnﬂom!nﬂcdtu!nﬂovthudmhﬂmlﬁlfrw

of the drugs. The threshold varied from 05 0 20 V as messred 0n &
Dualbeam Oscilloecope, type SOZA.
ManmﬂxmmmoddnmuumuAmhhmmm::n:

of 531078 25X 1077 104 53 10% 25X 1078 and 10-4 was o
was comphtely empticd and reflied between cach addition of the compoed: .
+ tha sirta wero left for 3-3 min to equillbrate beforn the nett sdditlon of ACk ¥
mads. When the tiree highew concentrations of acetylcholise were uxcd, 1t was wectt
fary 1o epty and rofMl the bath 2-3 thmes fa order to repaln the foftel contrscBe
strength and rate, e
anumdwuﬁh-lhmddmmmmm‘nww
mdmmumﬂwﬂimmwﬁxd
10 min befocs the second seskes of ACH sdditions, and mbesqoestly
wmmmuwmm-m e
mmﬂcfmhmmmmﬂfyuw"hﬂ'h’“w'kh
mmdmlﬂimuxxu‘llmm&muﬁw e
curve for ACh was thercfors limited to four concentrations (10% 5%
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20d 1070 n atrla treated with procuains 103M and to two cooconimtioos (1074 and
3X10% ar 25X 10°% and 10-4M1) in arria treated with promazins 2.5 X 10FM.

The ensitivky 1o ACh varied in indivhual prepanitions, bot was relatively coostam
froe tha firet to (e second dase-response curve In tho same preparation. The maximal
dlect of ACh abo varked, so that W1l rosnlts were comverted fnto per cont of the
sratest redoction of contrartile force or rat  prodoced by ACh (called 100 X) [n the
ficw dowe-responte curve, This cuabled w to compars the alterations In ACh pensitiv-
7 b Siferent preparations.

The following paremeters were swdicd.

Aln electrically slemlased atrla.
1.The redociion n contractils fores procuced by ACh befors (ist doso-reaponse
m[‘é-lﬂﬂtl-lﬁ-ndmﬁmumwwmpmmnjnemmhddnim

Qad dose-responw curvo dotted lno fn flgz. 2 5%

2.The aiteration tu tnltial contractllo forco from ibe flrst to the serond doss-re-
3pome corve As the prepamtions were wmbed beiween esch acdition of ACh,
the baitl] contractile forvo varied alightly for tho different concentrations of ACh
It was therefore necermry to d Ina the sheration in tho iafttal 1k
force from the firet to the second dose-retporse curve for cach comcratration of

Mmmwwmhmmmm
(}—hﬁp.z.‘s),

The parametery siutied e demonsirated fo fig. 1.

B In moctanconsly besting doubleatria

1. The radnetion fn rate of contraction produced by ACh befors and afier expesre
o promusine oc thioridsrine.

2 The radnction In rate of cootraction prodaced by the phesotiiazines (s0e  bove;
A,

1. Tho comblued effect of ACh and the phcoothlezines (so sbovs; A3) o ratn of
contractica.

‘ Hl'” J”Mdﬂ#ﬁiﬂﬂﬁ
' 1 *

scuwin oty A v

mmewlmmmmemw

md-mr(rhmnnn;:mmwmﬂn;

0¥ redces contrachls forcs to bowt mame Fxtent &8

n&mmmmAa,mdmmlnembmmfmvwwdmwb
e b both stusces (compare fig. 5)
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4Therr¢unbnh1wuftlndn(-mbcnfbnupamim(omnlﬂp&:db1m—
tractile force developed in cach beat, Lawn 1965) prodoced by ACh befor aad
after cxposurs to promarine or thioridarina

3 The redoction In work ndex prodoced by the pheaothlazines (seo sbore A 2
6. The combined effert af ACh and the phenotbdazines (sec above: A %) on work
index,

Drugs:
Tho drogs used wers promaxine hydrochlodde (Narfarma), thiocdariss kydro-
chlerido (Sandoz), scetylchallne chloride and atropine sulphate. Frnh preparstoes of

Contractile force

Acetylcholine gave a dosc-dependent reduction in contrectile foree. The
roaxtmal effect (= 100 / of max ACh responsc) varied from 40 10 100 4
of tho injtial contractile force, The threshold concentration for the effect
varied from 5 X 107 to 2.5 X 10", and the maximal effect was obtained
with concentrations of either 2.5 X 10T snd the maximal effect was ob-
talned with concentrations of elther 2.5 X 107¥ or 10¥M When no drug wa
added befors the second dosc-response curve in 5 control preparationt, two
nearly tdentical carves were obtalned for the effect of ACh.

Atropine 10M gave a roughly parallel shift to tho right of the dose-
response curve for ACh In 4 preparations, but did not alter the muxima!
effect of ACh the antagonim was wholly surmonntable. This is the typical
lteration In & doso-response curve produced by competitive antagonists.
Promazine 5 X 10M (fig. 2) also altered the dose-fesponse curt
ACh, bat in a different way from atropine. The respamses to all concentrd-
tloms of ACh were reduced. The reduction was most pronomeced at the
highest concentrations of ACh, while the maximal effect of ACh was co-
sdderably lower after treatment with promazing 5 £ 10M than before. ThS
effcct on the dose respomse curve §3 geaenally taken f indrate aotpecle

tnhibitien.
The reduction In contractlls force produced by the mado
the cval of the anticholinerglc effects difficult sinco the initial valoet

changed from tho first 10 the second dose-response curves. The p”
effect of ACh and theso drugs is determined by the relative magultuses
the cardio-depressive and anticholinerglc actions. Both the negative

and the apparent anticholinergic effects (the shift n the doss-espomso €TV
for ACh without taklng sherabons In initial vafues nto mcounl)dfl’m?:
on the concentration used. Promazine 5 X 104M caused ooly & et/
alteration in contractlle force, but the enticholinergic effect was
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Tie combined effect of ACh snd this concentration of promazine was there-
Bre s smaller redocton of contractile force than that prodnced by ACh

AN & .
H\;\ i\\ Vo
I\; k\‘

. N \ﬁ\\’: "
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caty endl
Fig.3, Redoction 18 comractile forcs 1 holaied dlectrienlly wimalasted 1 atris

mew—m (4 tria) or peomarine 2.5 X 1096 (10 airia) [) —~ACH

umcumg.panrd\h-AChhwm«dmmﬂm I—Aa\mmn_m‘
combined (L STLM.).
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Thioridazine 5 )X I07¥M (fig. 2) and the higher concentrations of pro-
mazine (6g.3) had greater negative inotrople effects which appeared to
balance (10*M promazne) or ewen exceed (2.5 X 10 promazine) ther
anticholinergic effects. The cardlo-depressive effect of 2.5 X 10M proma-
zino was 5o great that the preparations fafled to follow stimulation whes
more than two doses of acetylcholine had been tested. The coatrol curve
iy thereforo obtained from 10 atna, while each paint on the test corves
represents 3 atria.

Raze of contraction.

Acetylchollne reduced the rate of o in the mp ouzty
beating atrle. The threshold concentration for this effect was higher (25 X
107 — 10°M) than that reqalred to produce a reduction In contractile foree,
and 10M ACh almost invarably produced atrial arrest. In 5 control stda
two practically identical comecutive dose-respamse curves wero obtained

Promazine snd thoridazine redoced the effect of scetylcholing, bot even
the Jowest concentration used (5 X 10%M) had sech & marked negative
chronotroplc effect that it balanced the smticholinergle effect (fig 4)-

Higher concentrations of the phenothiazines had even grester negatve
chronotropéc cffects and cansed atrisl arrest even when comblaed with the
lowest (5 X 108 — 10*M) concentrations of ACh.

Work index
Acayla%dhcmmed-mprodudbkdowwdthhm
index 1n 5 spontancomly beating control preparations. Tho thresbold fo¢

% 0F AL
tHaE Oh B
AL oy

'Lh\hxl o
|

\
" R Jl"» L
Vo
) U g

. .
Ay acEiTONOUL X

" atria bt P
Fig 4 Redoction tn {reg In beating rat doubl
mu(pmmumsxm—m«.m.)“wsxxwuumhlw
o dn figt 2 and X
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ts effect was the same as the threshold for the negative inotroprc effect in
Lbu&kcﬂiuﬂyﬂimﬂhtcdnﬂn(SXlO"—zﬁylmi) and the reduc
tion in work lndex at the lowest concentratlons of ACh was entirely due to
a reduction In contractile force. At these Jaw concentrations ACh had no
effext on rate (sec above)

Promazine § X 10N and thloridazine 5 X 107*M had only slight direct
ellects on the work index (fig. 5) The rote of contrection decreased, but
this was comy d for by a corresponding increase in ile force.
Both drugs reduced tha effect of ACh — and the combined effect was there-
fore a smaller depression in work index than that prodnced by ACh alone.
Ay mentioned above, higher concentrations of the two phenothiarines
caused cardiac arrest when ACh was also given — and the combined cffect
00 work index was therefore greater than that of ACh alone.

Discusion

I the present investigation, promazine and thioridazine aliered the dose-
Tetponse curve to scetyleholine i bsolated rat atria in a manner which
Inficatey that the antichollnergic effect of the phenothiszine derlvatives is
umpecific, The term  atropine-like™ should therefore bo avolded when re
ferring 10 the action of the pbenothiazines, as §t will ly be t2ken to
Indicate specific receptor-blockade.

It should be noted that the anticholinergic activity of these drogs ls
Wmtu’uﬂcdbylbdrdlmctmyomrcﬂ&ldwnteﬂm-lhzmmbm:d

o
LI

N

———3

.

™ oo

Plg. S Rednellon in work bdex in rpontanecnly beating rat doublo-atria trested with
Promazize § X 10-6M (4 st} o thioridxring $X 100M (3 wtria). Symbob m In
i 2,3 wd 4
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cftect of acetylcholine und phenothlazines therefore depends on the relative

i of these two app ’—,naiom.mk:wmmﬁomuiﬂndmp,
the anticholinergic property dominates, and the et result & a reduction In
tho responte to ACh. At hugher concentrations, however tbe direct cardio-
&ptudvencdouhmmutobahnee(pmmdnclﬂﬂorm
m@muxlmmmweﬂmmm
:ﬂ’ccththﬂcfmmequa]orgmﬂtﬂd:prndmofwdhcwﬂﬂtylhm
that caused by ACh alope,

msphmntﬂmmhnwbecnmmmmbnwmbmzm;
propertles (LANDMARK 1971b) which may explain thelr anficholinergc
action, since ACh i thought 1o act mainly through Its nfluence on the
jonic permeability af the cell membrace (WiLSON & NACHMANSORN 1954),
Duo to the membrane stabilizing effect, ths drugs will Interfers with the
movements of jons across the cell membrane It has been stated that this bs
the way in which another group of membrame-stabiliring agents, the Jocal

betics, exert thelr snticholinerpe effects (FrinsTEN & Panane 1967)

The negattve notroplc cffect of ACh bt axsoclated with an Increase I
potassium efflnx (HOLIAND ef ol 1952 Haras & HutTix 1956 Hotraxo
et al. 1959), whereas the negative motropic effect of the phenothixzines fs
associated with a decrease (LANGSLET 1970 LANDMWARK 1971a LANDMARK
et dd 1971) This may partly explain the antichalinergic actions of the
phenothiarmes, but alterations in the permeabllity to other lons aro prob-
ably siso involved

ACh reduces the uptaks of calcium into ths myocardium (Grossuan &
FurceoorT 1964 Hoowrz & LOLIMAN 1964) and the phenothlezines ap-
poar to do the same (LANDMARX 1972). This may explain why both ACh and
high concrotrations of the phenothiatines reduce contractile forcs, sinco the
availability of mtra-cellular calcium appears to be an jmportant factor in the
regulation of contractile force.

In the present lavestiganon scetylcholine did not affect the contractiic
forco and amal rats 1o the same extent. The negative inotropic effect of
ACh had a lower threshold than the ch pic effect, and wheress ACh
nearly alwags caused atchal arrest, it very rarely produced complete inbibl
- tion of the comtrectile forc. As the difference was obestved both in chec
trically lated and In sp ly beating preparations, It cannot be
dos to the releass of ACh from postganglionic cholinerpre fibres, which
occurs at supre threshold stumlation (Vivcrazs & WrsT 1965 Rus 19701
LANDSARK 1972). It therefore seems possible that the chollnergic receplons
in tho pace-maker cells differ from those in the remainder of the myocardlsc,
but the dufferences In the dose response curves may also be due to &if
ferences in the ways in which alterations fn foalc fluxes ifluence coatractlle

force and rate.
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Tho effects of ACh and of the phenothiannes on jonke flixes in cardisc
paccmaker celly are not known, because of the technical difficulties involved
o studying these cells. As they discharge spomtzneously it has been sug
gesied that the Jonic movernents which regulate the ection potential In these
Ctﬂ:diﬂerlroml}mclnnm-plmk:rﬂﬂue(SmneraL 1966) This
might explain why the magnliude of the clfects of ACh and the pheno-

on contractike force and rate were different.

The flodings presented above may have clinical implications. ACh can
produce cardiae arrhythmias in vitro (Burk ef of 1955 Hotrasp & Baroas
1959 Core & Lucin 1964) and vogal mimulation can do the same in vivo
(Alcurmes & P 1966). A corrclabion between anth-archythmic and

propestics certalnly seems 1o exist (Siamma 1962), bat the
may bo dus to the fact that both the occurrance of arriythmiss and the
eflects of ACh are d with ion In membrane permeability The
sotl-arthythmic property of the pb ines s well d d (Coor
VOISIZR €t af 1953 MriviLic 1958 SHARMA & ARORA 1961 Mipan &

PENDSE 1963 Smucut & Siamaia 1969 LANDMARK 1971b) but although this
may be partly due to their anticholinergic property the umpecific gencral
ovmbrans-siabilzing effect 15 probably of greater importance. The tachy-
cardia which patlents on phenothlazines frequently expericnco may also be

Partly due to the antl-cholincrgic effects, although the fall in blood pressare
which theso drugs produce (FOSTIR of af 1954 SHAGKMAN ef of. 1954) may
bo more important.

In conclusion it may be said that the present Investigaton hes given somo
new information about the way in which promarine and thiordazine may
hﬂnmlhachnﬂncrzlccoumlolmdhcpeﬂurmm
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Urinary Metabolites from Rats Given L-DOPA!

By

O Bormd, T Midtredt and L. R. Ghessing®
(Recelved March 16, 1972, Accepted June 19 1572)

Abriracs. Urine from germ-free and normal rats were Imvestigated both before
and after oral L DOPA administration, Two neutral L DOPA metabolites
taentatively Mdentifled a1 (N-acetyl)-3-methory4 dno and
I-methoay-4-by Co Ine and two other W
known metabolites derived from L-DOPA wors detected (n addition to 3-ue-
thoxy4-hyd acid, 3 4-dilydrotyphenylacetic acid, and 3-methazy-
4-brydrotypheny No difference In the evcretion of arisary
DOPA metaboilics was obwerved between gatm-free and normal raty

Key-wordss L DOPA - rat — [(N-acetyl)}-3-methca y-4-hy P 1-
[3-mcthaxy-4-hydrocyphenyletbano]

Dopmnem(mmduuurtuarymmbomeolD-mdL—DOPAhnﬁ
by Hourz & Creoram (1944) and ps Eos ef of. (1955) showed that ont)
DOPA given 1o rabbits resulted in the urinary excretion of 3 4-dihydrosy-
phenylacetic acid (DHPAA) and homovanillic acid (HVA). Priumm &
D [or10 (1955) and SuAW et al. (1957) found dopamme, 3 4-dityd
pyruvic ackd, HVA and DHPAA as tho maln urinary metabalites of L-DOPA
o raty.

GoLpsToiN & Musacchio (1963) d d N-acetylated 3-mthoxy-4
hydroxyphenylethylamine (N Ac MDA) and N-scetylsted 3-methoxy-4-fy
drosyphenylethanolamine (N Ac NMN) in rat urine, and Trcz (1970) foond
N Ac-MDA and N-scetylated dopamine =3 the L-DOPA metabolites o
perfused rat fiver

lThhvwkwuhpnnmp-puﬂtdbyRau:chGanMNaMlndmad
Mental Health, Umted Siates Public Heatth Service, and by Nonk Modssimidpel,

Norway
£ Requent for reprints. L R Gjeming, Seotrallaboratorier, Ditemarl eykebmy 1389 58

berg p- 4. Norway
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DL EDS et af (1955) and SANDUR ef of (1969) suggested blotransforma
tin of L DOPA to meta-hydroxyphenyl compounds by Intestinal micro-
mpnisnnlnlbembbhundmanrefpccdwly and Baxxr (1971a & b) showed
that the Intestinal flora from rats metabolised L DOPA to meta-hydroxy
F‘Iﬂﬁmtknddmdomerphcnoh

We were (nterested in the effect of intestinal microorganisms on the L
DOPAmcubolthumn(BclUDad 1571). In this paper we detcribe
nine metabolites fn the urine of rotobiotic (germ-fres) and normal rats
after onal koads of L DOPA

Methods

The rais wers mabwed asd reared a3 described by MinTvenT & Taretsup (1970).
Wheo stedying the excretion of phtnolic compoandy, all the mats were bottle fed for
3 days on a il dict consisting of commercial dry milk powder (Viking, Nestke, Noc
¥¥7) dimolved tn water 110 and astoclaved at 120 for 20 minutes. The enimals
wors placed in metabolic cages so armnped a1t allow po milk duet (o contsminate
e urine specimem obtained by moams of separstors which dieposed of the fascer
The diet was withdrwn 12hours befors drug L-DOPA was

Weaschrat i alngle lond of 17 o, Lo spproximat ly 10 g per 100 gram body

Urino samples wero coflccted st room temperature In sterilized bofties contalulng
3 m of N-HCL The botties wers replaced cwry 12 or 24 bours and stored at —20
2l the o of L DOPA

Creatinine in urine was estimated sccordmg to Jaffe's mathod.

Hydrolysiy | urine wis dono a1 37" fox ™4 hoars with Iphatase
made from Belix pocatia (Calblochern. USA) at pH 535 afier peecipdating the
wlphate with BaCl; (Bowup & Curmssng 1970) Acid hydrotysis was doos at pH 1 with

voltaye clectropboress aod chrametography accorndtiag o Grraecea (1963}
o by bigh unoe with ethylacetate et pH 7.6

cutral phemolic powmds wero outnected from
m:w:m o 1 10 BoxuD & Gressaa (1970)
whero this-layer chromatograpby on slicagel with —thylscetate ls also dewcnbed. Thin-
hmnm,mpu;ummdcmﬂnthAmmlomuﬂml).

Keto acidy were 7 tod with 24 to Saah

Statuing reagers: Deszotised p wd xific cid were made
m“mwndmam‘-m-mbymﬂm
Wymm&hdbﬂhuﬂllhlmmlmommm
€ 6 and 3 ml 245colldine was wdded befors we. Ethylomcdiamine-
lmty-md-mm-d-umdlnlemaum(mu,
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Amhmo/tdmmdmlmﬂuwmcmahoddmmﬂduﬁn
Standants and obb 3 methoty4-hyd acki, (HVA), 3
thaxy4 leth (MDA) Fmethotyd-h .
L3 4t f (L'DOPA), 34-dIhydroty .
34-diydraxyphenylacetie acid, (DHPAA), weee el commercial prodocta (N-aceryf)3-
methary4-hydrotyphenylethylambng (N Ac MDA) war synthertred,

Results

Thres germ-free, five monocontaminated and four pormal rats were stnd-
fed on & controled milk diet and after oral loads of 17 mg of L-DOPA.
All the rats d the same bolites In similar in the nrine.
On the dict the rats excreted mainly para-tyrosine metsbalites (Bomup ef o
1971) After L-DOPA they excreied largs amounts of HVA, DHPAA,
MDA, dopamine and the unknown campounds A, B C, shown on the
chromatogram m fig. 1 The addition of 2A-dinitrophenviliydrazine to fresh
rat urines did not change this pattern, and the keto scids 3-methaxy-4-

-

e

i}

F Onva @cFo
o Qoreas

2

Q

[} @ MDA

.

L

f AwD+E
1

[SOPROPANOL-AMMONIA WATER (811)
—_—
Fle L Two dimenstonal arinery chromstogran made from rot loaded with L-DOPA

ackd (HVA) 34-dBydrox acid (DHPAA) doparsine (DA) sad (20 &%
buwn:puuAmdB.Huddepouvakmermmﬁc. oo
DHPAA and fo. of A and B apy o

(ADA) and spot C, e table 1 nd 2.
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iydrotyphenylpyruvic acld and 3 4-dihydroxyphenylpyruvic acid were not
detrcted in eat wrines after L DOPA a5 the 2,4-dinitrophenylhydrazones.
These aclds were only minor L-DOPA metabolites Ln the urine (less than
3/ meovery from L DOPA {ngested) The excrction of phenalic com
pounds wars almost normalised twelve hours after DOPA treatment.

Following DOPA treatment the rats excreted 100-300 yg HVA per my of
ﬂmh:h:enro.s—zmgptrZA hours (3-12 / recovery from L-DOPA) and
m*ylmaﬂlmmmteftheaddmcon}umcd.

mnrinaryDl-lPMm:mnednthamme}eveluHVA.bunhh
acld was pantly confugated, see fig. 1

The red spots A and B were major metabolites in the arine of germ-tree
8 well a3 of conventional rats after DOPA administration. These spots dms

*ppeared when the urine was hydroly y lly of with hydrochlort
:ﬁ:ﬂhoth’. lae and MDA ¥ d and spot C appeared, as shown
1

Spot A was purified from tho urine by high voltage ehectrophoreals and
chtomatography in n formic acid run. Most of the red spot A, designated as
cumpoynd D migrated Iuto the electrophorests like tyrosino and was dif
fevent from dopamine. Another emall amount of A, dealgnated as compound
E, did not migrato at afl.

D was holated from the paper concemtrated and enzymatically
Iydrolysed n 1 N-NaAc at pH 5 After hydrolysis the extract contained a
Soumpound similar to dopamine. This dopamine-llke compound had the same
mw‘mmmmmmwmd\mmw
h4dlﬂmtrumumnduddupamtne,mubh11‘hocolomrmmm
with 4 different spray reagents were also Identical with dopamme. Table 1
810 thows the Rf values and the colour resctions of ydroxypheny
n;"fﬂﬂlddlnmdcrmdtnmmm&udhdmﬂnﬂﬂﬂdtpouAlndBﬁth

.

The amount of free dopamine in 5 rat urines in the first twelve hourns
after L-DOPA administration was 4-32 ug per mg of creatinino or & total
of 0.02-0 19 mg (mean 0.11 mg) The total dopamine excretion mesyured
wher enmymatic kydrolysts was 32477 g per mg of crostinime or a totl of
019256 mg (mean 103 my) in twelve boun. The total recovery of dop-
amine from L-DOPA in the five rats was 1.5-19.8 / (mean 8.7 /)

Spot C in fig. 1 was lsolated and purfied by entymatic kydrolyds of the
urlne ing 5 mg of nin d at ncutral pH and examined
by paper chromatography in actdic and alkaling rums. The phic
properties and colour characterstics of this apot aro shown in tabls 2.
Thin-eyer chromatography oo silicagel showod that spot C was split jnto
two compounds, F being the major and G the minor part. Thin-layer chro-
matogrems showod that ¥ bad the same R; valoe &3 standard N-Ac MDA,
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under nablo 1. Abbreviations sew fIg. 1 and under methods.
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and G the same Ry valoe ax dard 3-methoxy-4-hydroxyph hancl
(VE) 2cc table 2

Substance F eluted from thin-layer plates, had the same chromatograpic
properties in 3 solvent systems and the same clectrophoretic migration &
standard N Ac-MDA, a5 shawn In table 2. The colour reactions with min-
hydnn, diszotised p-nitroeniline and Gibb s reagent were also fimilar to the
standard N Ac-MDA.

Synthetic N Ac MDA was split Into MDA by alkaline kydrolyds tn 2
N-N2OH at 100° for 20 minmtes, @3 shown in table 2. Standard VE wis
partly decomposed under thess condlitions. N Ac MDA was not split into
freo MDA by acidic hydrolysis at pH 1

Compound F wes hydrolysed in alkall and the products sere run o
paper chromstograms with and without the addition of standard MDA
F disappesred during hydrolysis and a compound appeared with the same
chromatographic properties and the same colour reactiom a3 MDA, wxee
table 2, These findings mdicated that compound C in fig. 1 consisted mainly
of N Ac MDA and contained only a small amomt of VE

Spot B in fig. 1 had the same colour reactions as spot A with Gibb's
reagent, dierotised p-mitroaniline and solphanflic acld, but the minkydrin

pounds B and B, which is the minor part of A, were purified by high voltage
clectrophoresls and chromatography B and E did not migrate on electro-
phoreats, and they had the same R; values in the alkaline rum and aiso in
hopropanol-formic acld-water Purified B and E was enzymatically hydro-
lylcd.nndthecompound:dhappcnmd&mthemluﬁm.Wumnulbk
to detect DOPA, dopumlneo\'DI{PAAllhydmr!yﬂcpmd\iﬁl(mB
and E.

The rats excreted less than 02 / of frec + conjogated L DOPA or 30-
methy-DOFA m the unne, whereas we found a 01-1 / recavery of L
DOPA and 3-O-methyl-DOPA In normal man and in pathents with Parki
son 3 disease (O GORMAN ¢f o 1970 and unpublished results)

Discanion

PrLLmiN & DTomio (1955) injected D,L DOPA 2-CV into rat mdt
cavered in the urine up to 26 / as dopamine, 19 / nDOPA.IS/"_[;T
dibydroxypbenylpyruric ackd, and 7 / s dihydroxyphenyfacetic acid o
found dopemine a3 & major metsbolito from the fnjected DOPA, &

found after oral administration.
cumpoundvmmemd:pommmumsdmaaedudopaﬂ”
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mfmlcdlnlhepao—hydmxyposmon.Wulmethalﬂmdopm\hnm
fogated with sulphate becavze compound D was split both by acid and
by emzymatic hydrolysts. This dopamine<onjugate was not found Ln buman
urine fter L DOPA treatment (O GomMaN ef al. 1970).

S0/ -5 / of the urinary dopamine in man after L-DOPA was found
Yo be confugated (ampublished results) whereas rats exereted up to 90 / of
the dopamine tn & conjugated form., These results Indicate that the rat ex
cretes a higher p tage of dopamine in & conjugated form than man. An-
otber interesting differcnce between man and rat was that the rat excretes
dopaming #3 ono of the major metabolites from L DOPA, while man only
eteretes dopamine ns a minor compound. The confugation system Is perhaps
moce effective in rats thus facllisting dopamine excretion.
mS—mﬂ}my-dcdnlhto(dupnmino.hﬂ)A,wunbofomdm}nlym
 conjugated form. This amine was probably conjugated in a simflar way
1 dopamine since acidic and enzymatic hydrolysis of rat urmes resulted in
the appearance of MDA.
Ancther conf

h far dopamine and MDA n rats (Gow-
STEIN & MusacOno 1963) and in man (Sexrres & Hrraorent 1963) fs eoo-
Iylathon of the amino groap of dopamise or MDA. We found compound F
I 1t urine, teotatively identified a3 N Ac-MDA. This compound was the
major part of total urinary MDA-conjugates as shown In fig. 1 MDA was
Present in smaller amounts than the blue-grey spot C. Both MDA and N Ac
MDA were mest lkely conjugated with sulphate s they were detectable in
the trine by cnzymatic as well m by scidlc hydrolysis. Our finding of
N-At MDA In the urino of germ-free rats supports this finding (Tcr: 1970)
:nmphmammumﬁmmuwm:mﬂnmmawm
the rat,

An N-a phenol. and the corresponding phenol alcobol are
difficult to sep by paper ch hy or horesls (GOLDSTERY
& Musacoio 1963 BoruD & Gorssive 1970). In tho urine of patients
mﬂ:rh;tmmncumhlninmlmlmmpﬂimh;ivmeOPA,ombum
be careful to distingulsh between these four peutral metabolltes, 3 4-dl-
kydmypbmﬂMLNAcDA,vE,mdN—AcMDA.Caumad(l%Q)
detected gmall amounts of VE in the udnes of patients with Parkinsons
ditease oo 1. DOPA treatment, and we abso found tmall amounts of this
metabolite in the urme of narmal subjects oo L DOPA (O GomaMan et of
1970). CaLxm et al., howeer did not mention N-Ac-MDA. Our resalty nd!
cate that human subjects excrete some VE but very little N Ac MDA after
L DOPA sdmimtstratton, while the rat excretes dgnificant amounts of N Ac
MDA'myngnloVE.Thucruulnhxﬂnm!hltlbomauboumo(
LDQPAhdlﬂueannulndmmundhww]dbnlmmmlngmm
whether this difference has eny physiologieal sigal
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Wamnctnbletaldcnd!youuufﬂmma}orDOPAmﬂnboEu:,La.
spat B in fig, 1, bot thh spot may be a conjugated dihydraxy componnd
(Baxxx 1971b) Tycs (1970) in ber perfsion experlments, found s volatlke
compound and it is posiible that this compound is B

B was split by hydrolysis in the same way =1 the conjugated dopamine,
but we were ot able to detect any of the usual DOPA metabalites or DOPA
itself in the hydrotysate, Spot B was negative to the ninhydrin spray which
Tuncd + N Tatad f

CALNt et o (1969) suggested that munor pathways of L DOPA mets-
bolum could bo lmportant in man, and they detected mets-hydroxypbemyh
acetic acid as one potxibly Important metabolite fonmed by intestinal micro~
orgarizms, We did not find this pound on onr chr elther In
germ-free or in normal rats on 8 milk diet.

In a conciusion there was no difference between germ-frew and noemal
ats with regard to their urinary pattern of DOPA metabolltes when given
a controlled milk diet,
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Age Deperdence of the Effect of Oestrogenic Treatment
on the Acld Mucopolysaccharide Pattern in the Skin of Mice

By

Nisa Gromoza
(Recetred November 18 Accepted Apdl 13, 1972)

Key-words, Oe ic b - i des . akin, mics - age de-
peadence.

Oestrogenic treatment of mice causes a significantly increased content of
water and scdd mucopolysaccharides (AMPS) (e.g. hyaluroate acld (HA)) in
the subcutaneons connectlve thsue ground substance (Hvipaera ef al. 1963
LanGairn & HviDRERG 1969 Grosuan et of 1971), Treatment of mice of
& stmilar ags provokes reproducible changes of the gromnd substance, and
consequently this tissue serves as & useful ground substance “model” (HvD-
EERG ef ol 1963) Previowsly published resulis by other fvestigators indfeste
that the resp to penl is unaffected by tho age of the
snimals (Waxken & FAGAN 1960 SomsL & Coemn 1970) This is net In
lg;reummtumammapeﬂmmdthepurpmonhcpmmumde
to guandtats the effect of the treatment on two differcat age groaps of mice-
White mafe mice (NMRI/BOM strain) weighing 334 + 2.7 g (mean T
S.D) 7-8 weeks old and thus sexually maturs (Fris 1972, personal coo
mmfﬂﬁnn)wemuscdmmmdocstomkuntmlonmhﬂ?ﬂ?ﬂ
muce was compared with the results of a previously pablished ¥

onymngcrmlm(wdghingﬂ6114g$—6wecbo¥dmdm(wemﬂ!
maturs (Frits 1972, personal comamunication)), of the same strain (Grasya
ﬂd.lWl)mmicem:ucmdmdLbeAMPSLmhuddemcﬁmutd
by hydrolysis wath papaln, eetylpyridinium chlorids (CPC) precipitation £2d
tulse eolamn fractonation as previously deseribed (Grosw et ol 1571)
Tablo 1 shows that the content of wates and AMPS Is almost identical £
thc-kinoithemwuummpxmmummthhﬂndln;lhcmwww
oestradiol treatment b cxtremely dilfercat In the two groups of mice. Bath
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Frem the Department of Pharmacology
University of Copenhagen, 20 Jullane Mariave), DK 2100 Copenhegen (0 Desmark
(Head. Professor J Schou, M.D)

A Simple Method for the Fluorimetric Determination
of 5-Hydroxyindoleacetic Acid in Humsn Urine

By

Ings K. Genelke
(Received March 23, 1972; Accepted Aprll 13, 1972)

Kep-wrods. $Hy d acld, - bams
unoe.

5-hydroxylndoleacetic acid (5-HIAA) is the peincipal metabolite of 5-
hydmmypmmlua(LHDthmmudnc.chwulmhoch[orthcdﬂﬂ
mination of $-HIAA in urine have been reported (UDENFRIEND ¢f al. 19558
MUSTALA f of 1064 Hanson & SrmiN 1955 CoNTRacTom 1966 Ko &
VALKENBURGH-SIXBMA 1969) Untll now colorimetric technics bave vsmlly
been wsed. Most procedures ar based on the reaction betwren S-hydrany-
indole compounds and 1-nitroso-2-naphthol which forms a vioket chromo-
phore In nitrows acad (UDeNTRIEND 7 ol 1955D).

The present method is based on the native fluorescence of 5-HIAA I
3 N HQL Interfernng substances are ellminated with Florlsil (Prrux 1968)-
Blanks are obtalned by oxidation with periodato (Komp & VALKENMRGE:
Smxema 1969).

Urine 1 adjusted to about pH 1 by the dropwise addition of concentrated
HCL Four ml of uine s shaken for 5 min. with 1 g Florlsil 50‘“:’
meth (magnesta siticat) (Fluka) 015 M phosphate batier pH 7 1/15 M
KHyPO, and 1/15 M-Ne HPO; (39 ml plus 61 mi), Ethyl Acetate,
grade. Hydrochlorlc acld, snalytical grade. S-HIAA standards (Sigme) 1023
S-HIAA dissolved n 100 m! HQ1 0 01 N Sodiumpmmmmhr&onom/B
(The Britsh Drug Houso Ltd) Nn(l.umlyﬁcalp’ldc-mdﬂ"dmu:d
usedlnlﬂmluﬂom.]undlhmwudfuwdfo‘rsmin.nlOOO!E-T““Bﬂd
mempemmmh-ddcdmlgummdmmmsm“‘“um]
ethyl.ccuu.Fourmlollhaorgan}cphmhshnkmfotSmln-‘"-h
of phosphate buffer ‘mcofg-nnlcphaxhdhm:dcdmdlm]dmﬂ"“’”
phase s adjusted (0 3 N with concentrated HQ Internal standards,
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by adding 2.5 50 or 100 ug of S-HIAA to one ml urinc, sre carned out
through the entire procedure. The floorescence of the sample and the Internal
standards are messored at 545 nm (wmcorrected) in an Aminco-Bowman
spectrofloorometer activating at 310 nm (uncorrected). The actual concen-
tration of 5-HIAA in the sample is calculated from the fi of the
umple-fterdeducﬁonnf!hcblmkbytﬂvmngwhhtheﬂmpm-
doced by 1 g 5-HIAA measurcd on the lnternal standard eutve for the sam
ple (comp. fig, 1). Blanks arc obtained by addlng 100 pd of 002 / sodlom
periodate to exch sample after the fluorescence has been measured. The con
centration of 5-HIAA in different samples of urines canoot be calculated
from the same standard curve, &3 the slope of the Internal standard curve
differs between samples of urlne.

All samples arc run {n dupllcate.

A ion and fl spectra of ic S-HIAA (2.5 pgiml), a
mm.mumﬂmmmnmmungM/
mlurme)andnbhnkobulntdbypcrlodlwcddlﬂmmlhcwuhﬂg_z,A
and B ThurpcdndmtbcnﬂcS}HAAmdumnmmmny
the same.

mmwmﬂ:undardmfor&minnmmlhummlnimhlmw
within the concentratlon range investigated (2.5 10 yg -HIAA/mI of urine,
fig. 1). The calculation of the 5-HIAA content In the sampies ks described
above.

mmmwqummmwb,m,mm
(table 1)

. I 1] -
D HA g b wive (o /)
Fig. 1 The floorescence (Orinaie: arbituy ) o

oo™ Uy,
-mmmm--mnubcl Mhb"'lﬂ&dd o 10060
Abacine. SHIAA soded 1 10,
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Fig. 2. Activation spectrum (A) (flnorescence menwured at 345 nm) and flnorescenct
spectrum (B) (activation t 310 nm) of authentic SHIAA - — — — av mioasy

extrwct —— 4 orinery extract with an nterl standard (2.5 g SHIAAM
wrne) — — — — — and an urimary evtract after detroying S-HIAA

As shown in table 2 a good correlation exlsts between the present floor-
metric method when compared to the colarimetric method of UDENFRIEND
¢t al. (1955) as modified by DeEvx & DrLaxeux (1964). The mesn valoe
from 6 samples of normal urine averaged 4 6 and 5 0 pg/m! respectively

In order 10 see whether there is also a Ineer relationship in wrine con-

Table 1
Sample SHIAA Druplcate
No, (ug/mD} sampley
1 47 30
2 64 64
3 52 52
4 23 22
s

41 41

Double determinations of 5-HIAA pgimi urine
determined by the flusrimetre metbod
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Table 2
Colorimetric metbod Floarimetde metbod

$HIAA (mg/m] urine) deteymined by a colortmetric
method compared with tha  lues ohtalned by the
fuodmetric metbod.

taining less S-HIAA than In normal urine, S-HIAA was removed from the
wrine The unne was taturated with NaC1 and washed with 2 double volame
of ethyl ucetate When 5-HIAA was added to the samples a lincar relation-
thip between concentration and fluorescence was obtained (Ug. 3)
MmewrmmmMmﬂﬂummmmfm
1o be satisfactory a3 to specificl and reproducibility The crite
ﬂmwmmﬂdwmlmmmmwimm
from urhne and the The in 3 N-HCA at
545ﬂm(unuxrcued),nmndngn310nm(unmacﬁcd)umﬂcmtho
5-bydroxy- and 5-methoxy-indales (Quay 1563).
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Tissue Concentrations in a Case of Acute
Merearic Chloride Poisoning

By

Anal Steentoflt
(Reecived Apell 21 1972 Accepied J e 19 197D

Key-words: Mercury - { tal pofsoning ~ Umoe concentratioot

In the past 10 years oaly omo case of acule mercury polsoning has been
Investigated ln our department. Since only few reparts are found in the recent
lieratore, we thought it relevant to publish our resalts, obtained by the
method described by Storarn (1953)

The mercury i d a3 the dith ing reflux digestion of
the blological material (2g). A spectrophotometric messurement of the
di‘hhvuccnm:thpedurmedbdumundnﬁarbdﬂouumt.byvbhh
the merery-d complex i3 yed. The difference between the
mmntﬁmmbwdfmdtulmhﬁmnlthumumrywmmm

/g (ml) g
[
14386 w7
ot of sl eezis i fr
B o 3 27
Bood n (110 oa/S D
L 56 3
5 42
," o 158 44
Moscl 5 (150 ma/28 k)
136 “z
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the sample by companson with a standard curve obtained by messurisg
solutions with known amounts of mercury

The recovery of known amounts of mercury 5 pg and 25 pg (as 8 mereeric
salt) added to homogenized Iiver (2 x) not contalning mercury is meavared
to 80 / and 84 / respectively

In our caso a man aged 53 years died a few hours after taking a white
powder identified as mercurlc chloride. The concentrations of mercury by
the different organs are shown in table 1 The resulls are the mesn valoes
from two dithone extractions

The results of the chemical 1y are In agr with mercary
polsoning as the cause of death, The high concentratiqn In the pancress ks
remarkable, In comparison with this case KLENDSTOI & REJENT (1966) bave
published & case of mercury polsoning with 4.5 g of bichloride of mercary
whero the patieat died on the 8th day after admission. The metbod med
the samo a$ in the present case. They found 0.8 pg/ml blood 1.1 pg/g brein,
33.2 ug/g liver and 46 7 pg/g kKidaey
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