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From the Department of Medicine, College of Veternnary Medicine,
00550 Helunrhs 55, Fintand

The Initial Tate of a Trace
Amount of Intravenously Administered Selenite
By
Markus Sandholm
(Recewved Avgust 16, 1972, Accepted November 23, 1972)

Abstract Selenite tnpected 1ntravenously was rapidly taken up by the erythro-
cytes after which 1t was ejected mto the plasma in which the sefenum became
bound to protein {mamnly to albumin) The selentum was then taken up hy other
cells marnly i the hiver which maximally contained radioselenism 15 mn after
the imectton Following this a gradual discharge info the plasma oceurred

Key words Selemite - distribution ~ erythrocytes ~ liver — muice

The accumulation and distribution of selemrum 1n certain tissues after the
admmstration of selemte has been demonstrated many tunes (HrINRIcH &
KELSEY 1955, GanTHER 1965, JACOBSSON & HANSSON 1965, HOPKINS of al
1966) However the transfer mechanisms are not hnown although the sub-
sequent distibution has been observed There have previously been reports
of the accumulation of selemum in the erythrocytes (BUESCHIR et al 1961,
KuTTLIR ef @l 1961, WRIGHT & BELL 1963) and recently 3t bas been shown
that there 15 a very rapid imtial uptake of selenite mn the erythrocytes, after
which the selemium 1s pumped out from the cells (LLE et a? 1969)

The present mvestigation has been undertaken to determmne the acute
fate of imtravenously injected selerute and the participation of the erythro-
cytes 1n the metabolism of selemite 2 1610 m mice

Matenal and methods

Forty male albino mmce weighing 25 g were njected intravenously into the tail
vein with a trace amount of labelled sodim selemte (30 ng sodwm selenite 1 02 ml
09 % salne total ™Se activity 50 ner) Thereafter the mice were hilled after various
mtervals by decapitation and 05 ml blood was drawn directly from the heart into
@ heparinized svrioge The organs (liver, kidneys and the alimentary canal including
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the stomach and the intestines with contents and the pancreas) were dissected and put
into tubes for the measurement of radioactivity

The 05 mi samples were ly put into E; tubes
1 ml saline +4° The tubes were centnifuged (12,000%g/min) and the supernatants
suched off and put into other tubes

The radioactivity of the organs, blood cells and the diluted plasma were measured
by a Nal scintillation counter The netto impulses were compared with the amount
of radioselenite injected and the percentages plotted as shown in figs 1 and 2 The
livers of four addiional mice decapitated after 15 minutes were perfused with Ringers
solution before measurement of the radioactivity

To demonstrate to which plasma proteins the selenium 15 attached five other mice
were injected with radioselenite 05 pet (contamng 2 pg sodium selemte/02 mi
saline) A heparimized plasma sample (about 02 ml) was drawn by heart puncture
after 5 and 45 minutes (hepann 1 mg'ml) The blood samples were centrifuged and
paper electrophoresis was run with 6 pl amounts of the plasma (Beckman model R
system Run according to the mnstruction manual)

After the run some stnps were stamned with amidoblack to locate the proteins and
others cut into 6 mm transverse strips for the measurement of the radioactivities

204

) kdneys

7
0 20 30 40 50 60

tme mn)
Fig 1 The distnbution of intravenously injected trace amount of 15Se sodm selenite
in organs and blood of mice The percentages from the total addition are given for
the whole hiver and Judneys alimentary canal mcluding stomach and intestines with the
pancreas and 2 blood sample representing about 28 % of the total circulating blood
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eo{ ¢

10 20 30 50
tmelmn)

Fig 2. The dstribut on of intravenously njected Se sod um sclerte between the blood
cells (unbroken 1ne) and the plasma (broken line)

Results

From fig 2 1t can be seen that the intravenously injected selensum (as
selenite) has been taken up very rapidly by the red blood cells (at 1 mun
more than 50 %, wside the cells) Thereafter there was a gradual expulsion
process

Fig 1 shows that the selentum disappears from the blood simultaneously
with the selemum ejected from the erythrocytes (¢f fig 2) The selenum
which 1s handled by the blood cells is taken up by other cells mn the
organism mainly by the liver the maximum radtoselenium content occurning
at 15 munutes Ths rad y could not y be reduced with
perfuston of the liver There 1s also an expulsion mechanism 1n these organs
and the selemum again accumulates in the plasma after which concentra
tions of the drug gradually become d mn the kadneys and
unne The blood contents in fig 1 must not be taken as such because only
05 ml blood was apalyzed and the total blood content can be estimated
to be about 18 ml

Electrophoresis followed by gamma counting showed that 1n the 5 min
samples 45 % had been lost dunng the electrophorests and 1n the 45 min
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samples about 38 %, was lost The radicactivities were distnbuted i the
protemn peaks The notable difference between these two senes of samples
was that there was more selemum bound to albumin 1n the 5 min samples
(21 %, from the total activity on the strip) than in the later 45 min samples

az%)

Discussion

The results show that the ntravenously admmistered selemte 15 handled
by the erythrocytes before at enters other cells 1n the orgamsm The selemum
18 possibly transferred by serum protemns, mamnly albumn, [rom the ery
throcytes to the other cells as luded from the alb d sel
concentration difference 1 the 5 and 45 min samples It has been assumed
that the selentum 15 attached between two protemn sulphurs (Lrr et al 1969,
McCoNNEL 1970, JENKINS & HIbIROGLOU 1970), or that the labile complex
on albumin could be a glutathione selenium complex (SANDHOLM 1972, un-
published results) The radioactivity 1s shifted from the erythrocytes to
other organs mamly liver, from which 1t 1s gradually expelled The form
of the selenium at this time 15 not known but after this stage some selenum
excretion 1s observed, manly in the form of methyl selemides (McConNEL &
PORTMAN 1952, GANTHER 1966, BYARD 1969, PALMER ef al 1969)
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00550 Helsinks 55, Finland

The Metabolism of Selenite in Cow Blood in Vitro
By

Markus Sandholm
(Recewved August 16, 1972, Accepted November 23, 1972)

Abstract The transfer of selemte via the erythrocytes to the plasma was investi-
gated using Se™S-sodium selenite and cow blood The selenite was imtially fluted
1nto the erythrocytes by a cyantde sensitive mechanism Duning the uptake period
(within 1 mun ) the erythrocytes consumed oxygen and it can be concluded that
selenium 15 reduced and catalyzes the electron flow to the oxygen The lack of
electrons thus produced is balanced by the oxygenation of GSH The release 1s
dependent on GSH and 1t 15 possible that selenium 15 ejected from the erythro-
cytes as a glutathione complex which 1s fixed to the SH of plasma albumun

Key words Selenite — erythrocytes — metabolism - cow blood m vitro

It has been shown that the red blood cells of humans and several ammal
species concentrate selemum iz vivo and i vitro (SMITH et al 1937,
Butscrrr e al 1961, KUTTLER ef al 1961, JENSEN et al 1963, WRIGHT
& BELL 1963, LEE et al 1969) A spectal mmtial phase of reaction has been
shown m human erythrocytes, the selenum 1s first fluxed 1nto the cells and
thereafter pumped out (LEE er al 1969) Selenum 1s bound to special
plasma protens 1 the hving ammal and the binding protemns vary with
the time (MCCONNEL et al 1960, JENKINS et al 1969)

The present mnvestigation has been undertaken to study the transfer and
binding of sel when duced to plasma protems via
blood cells

Experiment 1 The transfer of selemum into the erythrocytes using different
selenite concentrations

Methods
Different sodum selenite solutions were prepated m 09 % NaCl con-
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tammg selemum 25, 25, 025 etc mM Cow blood was taken mn hepann
(hepanin 1 mg/ml} and cooled to 25°

The expenments were started wittuin 10 nunutes of the blood collection
by adding 9 ml of blood to test tubes contaimng 1 ml of the sodium sefenite
solution (final blood selenium concentrations 0-2 5 mM, final PCV 235 %)
Each tube contained 01 pci $e™ sodium selemte as a tracer The tubes
were shaken continuously and a 1 mi{ sample was taken from each tube
after 1, 2, 5, 10, 15, 20, 30, 45 and 60 munutes and ppetted into a 18 m]
Eppendorf centafuge tube containmg 0.5 ! of 09 %, saline Centnfugation
was started immedately (12,000 X g/l min) The supematant was sucked
off and the radtoactivity i the tubes measured with a Nal scntillation
counter Thts expennment was done 1n tnphcate

Result

The results are shown m fig 1 With small selemte concenirations
(0 00025,A and 0 0025 mM B) st was found that the selenium was rapidly
taken up by the blood cells (withtn 1-2 muin) and thereafter the ejectson
exceeded the uptake With higher concentrations of selemute (0025,C and
025 mM,D) the bulk of the selenium remained 1n the cells Using very high
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Fig ) The erythrocyte ™Se content after addition of vanous amounts of labelled
selenite Selen te additions (mM whole blood) A 000025 B 00025 G, 0025 D 025
E 25



8 MARKUS SANDHOLM

selenium concentrations (25 mM,E) the uptake was restncted the cells
contamed selenum 2 0 mM

Experiment 2 The changes of acid soluble thiols during selemum uptahe
and expulsion

Methods

Expeniment 1 was repeated and the acid soluble thiols m the erythro-
cytes were analyzed by a modified Ellman method (ELiMAN 1959) The
p were precip d with sulphosalicylic acid (final concentration
5 %, wfv) and the acid soluble thiols, mamnly reduced glutatinone (GSH)
allowed to react with the Ellman reagent dithiomtrobenzoic acid (DINB)
Half ml samples of the selenste-blood solutions were taken at ssmilar inter
vals as i Expeniment 1 and put mnto Eppendorf tubes containmg 1 ml of
099, NaCl The tubes were centrifuged, the supernatants sucked off and
the tubes filled ad 1000 ul with 1ce cold 57 %, sulphosalicylic acid (875 )
The tubes were shaken and left at 4° for one hour and then centnfuged
after which 200 pl aliquots of the supernatants were taken into 10 m! test
tubes to which were added 5 ml of phosphate buffer (03 M, pH 6 8) and 2
calculated amount (about 45 y1) of 1 N-NaOH to neutralize the aad Ellman

GSH content of red
m FIG 2 Blaod ce s after the
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Fig 2 The GSH content of erythrocytes after additron of vanous amounts of NasSeO3
Selemte concentrations (mM whole blood) O 1o selenite B 00025 C,0025 D 025
E 25
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reagent, 100 ¢! of DINB 1 mpfmi phosphate buffer, was added 1o each
tube Glutathione standards containing 0 5, 1,2, 3 and 4 mM were pmccsscd
similarly to the blood cells The absory were p 1 -
metrically at 412 nm using 1 em hght path

Result

The results are plotted m fig 2 The erythrocytes onginally contamned
acid soluble thiols (reduced glutathione) 29 mM, cune 0 When small
selemte concentrations (B,C) were used, the reduced glutathione was some-
what elevated dunng the intial phase of uptake after which 1t gradually fell
When large amounts of selemte (D,E) were used the GSH fell very rapidly
to a constant low level

It can be calculated from curve B that GSH fell about 04 mM (packed
cells) from the mitial level 1 the blood cells When the total selenium ad-
dittion was 0 0025 mM whole blood and if this 15 tmside the cells, the packed
cell content 1s about 0 01 mM, the assessed GSH decrease was 40 times as

d with p i of 1t 1s d that all the sell

had been taken up and expelled

Experiment 3 The effect of inhubitors on selenite transfer

Methods

The pi were repeated after the cells had been treated
for 3 mmules thh 103 M cyanmide, azde, 2,4 dimitrophenol, todoacetammde
and 109M azoester (CHoN = NCOOCH3;) The last one 1s known to
oxidate the erythrocyte GSH (Kosower et ol 1969) To determine the
manner 1n which the cell GSH oxidation affects the selenium nflux, an
additional expenment was carned out mn which the azoester was added at
a ttme when the erythrocyles tamed a amount of sel
(e after 1 munute, curve B fig 1 and fig 3) The removal of reduced
glutathione was checked by the Ellman method

Result

The uptake was mfubited by cyanide (8 % 1w the cells after 60 munutes)
The release was miubrted by the SH reagents sodoacetamide and azoester
The reduced glutathione fell after azoester treatment giving a curve not
unhke curve E m fig 2 The selentum content n the expenments based on
azoester are shown mn fig 3 This shows that pretreatment of the cells with
azoester (curve G) delays the imtial anflux and mhubits the efflux The ad
dition of azoester after 1 munute, results m mhubition of the expulsion while
the uptake continues (curve F) The addition of 2,4 dinstrophenol or ande
does not markedly affect exther process
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Fig 3 The effect of azoester on the accumulation of selemite by the erythrocytes

(Selenste 00025 mM blood) F azoester added at 1 muin, G, blood treated for 3 min
with azoester before selenum addition, B control (no azoester)

Expeniment 4 Oxygen consumption of blood during selenium transfer

Methods
Oxygen consumption of the blood after the addition of selemite was
d by y The gas m the

apparatus was measured using a detergent water diaphragm 1n a honzontal
micro burette The expenments were made at 25°

A 9 ml sample of heparimized cow blood was put 1n 2 100 ml reaction
vessel with simlar selentte solutions as m Expeniments 1 and 2 The vessel
was d to the ette (inner 15 mm) a
detergent bubble The blood and the selemte were mixed and the vessel
shaken vigorously during the experiment The movement of the diaphragm
was noted The expeniments were repeated using KOH absorption

Result
Aur consumption was rapid dunag the imtial 30 seconds Total consump-

tion was completed i 45 seconds, after which there was a shght gas volumme
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increase which for the most part could be prevented by using KOH ab-
sorption From the aur volume decrease dunng the first 45 seconds it was
calculated that 1n sample A the oxygen consumption was 2 7 umol 010 ml
blood (PCV 235, Hb 90 after the additon of selenite) Other figures
B29,C35, D60 and E70pmol (the letters refer to those 1n experiments
1& 2andfigs 1&2)

When cyamde or azide pretreated cells were used (incubated for 10 min ,
1 mM concentrations), the sclenite induced oxygen consumption was mitially
low, but then the rate mcreased slowly, so that the same oxygen consump-
fion as m expenments without these heme reagents was reached after about
one hour

Lxperyment 5 The binding of selemum to plasma proteins
Methods

a) To 10 ml of hepannized cow blood was added radioactive sodium
selemte (00025 pM/ml, total activity 01 pc1 PCV 295 after selenite
additon) After 30 mmutes at 25° the blood was centnfuged (7000 X
g/10 min at 4°) One ml samples of the plasma were taken and put into
dialyzing tubes and dialyzed overmght agamst phosphate buffered saline
(PBS) pH 73 Simlarly radioselentte was added directly to the same
volume of plasma and dialyzed aganst PBS after which the radioactivity
was measured from the dialyzing bags by Nal semtillation

b) To 1 ml of hepaninized blood was added radtoselemite 0 0025 pmol/ml,
total activity 01 gt The blood was centnfuged after 30 minutes and
6 pl samples were taken Paper electrophoresis was started immediately
and after 24 hours mcubation at 25° (Model R paper electrophoresis
system, Beckman Schleicher & Schull 2043a Mgl paper stnips, 01 M
veronal buffer pH 86, 04 mA/stnip/16 hours) After the run some
stnps were stamed with amidoblack to locate the protemn peaks while
other strips were cut transversally into 6 mm strips and the radioacttv-
tties of these measured

Revpt

When the selentum had passed through the erythrocytes (30 mm at 25°)
and dnalyzed, 44 % of the added selentum was found mside the dialyzing
tube after mntenstve dialysis for 24 hours When the same amount was put
directly into plasma only 06 ¢, remamed mside the bag When a paper
electrophorests was made from the former dialyzed samples, 54 %, more
of the selenium was lost {freed from the protem dunng the electrophoresis)
The radioactivity was distnibuted 1n the protem areas, though the mam part
was m the fibnnogen globulin region The resulting Se distribution was
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albumun 12 0 %, «; 109 %, 029 1 %, B globulin fibnnogen-y globulin 68 %,
Protein distnibution was found to be albumin 43 %, o1 48 %, @ 56 % and
f globulin fibnnogen-y globulin 46 6 % 1If the plasma was introduced to
electrophoresis immediately after removal of the erythrocytes 1t contamed
more radioselemum in albumin (22 %) than the sample introduced 24 hours
later (14 %)

Experiment 6 The binding of selerute to plasma proteints in the presence
of GSH

Methods

Radioselemte and tntiated GSH were added separately and simultane-
ously to heparnimized plasma In the latter instances only one of them was
labelled After electrophoresis the radioactivity from varous areas was
measured

To 100 ul of hepanmzed cow plasma was added 20 pl 0 01 M Na-Se®0s
(total activity 01 pct) and 20 pl of physiological sahne To the second
plasma sample was added 20 wl of 001 M tntated GSH (total actvity
05 pe1) and saline Other samples contammg the same amounts of selente
and GSH added simultaneously were labelled alternately After 5 minutes
the paper electrophoresis was started After a 16 hours’ run 6 mm stnps
were cut transversally and those contaumng tnttated glutathione counted by
liqud scmtillation For the latter the preces were placed mto counting ves
sels g a toluene llation cocktail (2 vol toluene 1 vol Trton
X100 containing 0 7 % PPO (w/v) and 0 03 3%, POPOP (w/v))

After shaking overnight the bottles were counted with a Wallack DECEM
314 mnstrument The maximum counting efficiency was 35 <,

Result

The averages of three parallel analyses are shown in figs 4-6 No bmding
was observed when only selenite was left with the plasma When GSH was
allowed to react with the plasma 20 %, of the total radioactiity was found
1 the protein area as shown n fig 6 {the peak to the nght of the albumia
1s non bound glutathione)

When selenite and GSH were added to the plasma together, there was 2
special glutathione binding to the albumimn (fig 5) Using radiosefenite and
GSH, the selenmum also became fixed to the albumen (fig 4) The selemum
at the site of application was possibly Sep; which had been produced

Figs 4 5 6 The incorporation of selenste (fig 4) and glutathione (fig 5) nto plasma

protems after reacting equimolarly in heparimzed cow plasma Fig 6 demonstrates the

bmding of GSH when reactuing alone with plasma The percentages are calculated from
the total additions
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Competitive Antagonism Between Phenoxybenzamine
and Acetylcholine in Isolafed Rat Atria

By

Helge Refsum* and hnud Landmark
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Abstracs In ssolated rat atma kept st 32°, phepovybenzamine 108M and
2§ % 1076 M added § min before acetylcholine (ACh), caused an almost parallel
shift 1o the night and o falt in the maximum response in the log dose response
curves ror ACh In the pr:scnt expenmems, these results are indicative of a

between ph and ACh
Key words Isolated rat atna ~ pl - line ~
antagontsm
It has previously been shown that ph b an d)

blocking agent belonging to the f-haloalkylamine class of drugs, posscsses
an atropune-like activity In the isolated gumea-pig atnum, the drug pre-
vented the effects of vagus stimulation and of acetylcholme (ACh) (Brnrry &
GRLEFF 1961, BeNFEY & GRILLo 1963) and 1n the isolated toad bladder,
guinea-pig rectum and ileum the effect of added ACh (BovD et al 1963,
Coox 1971) In addition, 1t has been demonstrated that the changes i the
ssolated rat atual electrogram induced by ACh are prevented by phenoxy-
benzamine, and that atnal flutter and fibnllation produced by a combmation
of the electrical simulation and ACh are converted 1nto sinus rhythm after
the additton of the drug (LANDMARK & REfsuM 1973)

The question anses whether the block action of pt mn
1solated rat atna s competitive and bence strictly “atropie-lke”, ar merely
due to an unspeaific effect The present expenments were undertalen 1n
order to test these possibilities

¢Student Research Fellow, The Norwepian Research Counsit for Science and Hu
manities

2 Acta pharmacologies vol 33 fase 1
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mnotropic effect of ACh being virtually unch d This 1
ehated by ACh was achieved within the same ume interval m the absencc
and presence of phenoxybenzamine When the reciprocals of ACh were
plotted aganst the reciprocals of the effects elicited by ACh 1n the absence
and presence of phenoxybenzamune 25 X 108M it was found that the
2 Liges had a pt with the ord {fig 2) Fig 3
shows a typical ple of the holinergic effect of phenoxyb
The maxumum ACh response varied from 300 to 560 mg In erder to
compare the results this value has been called 100 per cent mn each ex
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Fg 3 The negat ve notrop ¢ effect of acetylchol ne 5 X 10~ M 1 the absence (A)
and the presence of phenotybenzam ne 1076 M (B) and 2.5 X 108 M (O)
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permment The maximum reduction of contractile force after addition of
ACh was 853 £ 26 (mean £ 5 E M) per cent of the amplitude of the
contractions

Discussion

The results presented i this study show that phenoxybenzamine 10 M
and 25 X 1078 M produces a shuft to the night along the ACh dose axis
without sigmificantly changing exther 1its slope or asymptote These curves

are charactenstic of a reversible competitive Phenoxyb
1s generally regarded as a blocking agent for « adrenergic receptors, but this
drug and ather pounds belonging to the -haloalkylamme class of drugs,

have also been shown capable of mhbiting the responses to a wide vanety
of other agomists These includes histamine (FURCHGOTT 1955, NICKIRSON
1956, Cook 1971), S-hydroxybenzamine (Cook 1971) and ACh (Boyp et al
1963, Benrry & GRiLLo 1963)

The blockade caused by phenoxybenzamimne and the related compounds
has generally been considered irreversible or non-compettive However,
NicKIrRsoN (1956) has reported that low doses of GD-121 (N-(2-chloro-
ethyl) methyl-1 naphthalein methylamine HCl = OF-109, S$Y-14) (0 0005
wg/ml and 001 pg/ml) shited the Istamne dose-response curve by
at least 2 log umts along the agomst dose axis without changing either
1ts slope or asymptote, and Coox (1971) found that the fustamine dose-
response curve underwent a parallel shift of about 05 log umts 1n the pres-
ence of phenoxybenzamine 59 X 107 M Higher concentrations of GD-121
and of phenoxybenzamine depressed both the slope and asymptote The
hypothesis proposed by NICKERSON (1956) to explain irreversible antagonism
of GD-121 1s that only a small fraction of the available receptors need to
teract with the agomist to eheit the maximum response This has been
referred to as the receptor reserve hypothesis However, the 1dea of a
“reserve of receptor” has recently been rejected by several investigators
(MoRaN & TRIGGLE 1969, Cook 1971) An alternative hypothesis proposed
to explan a parallel shuft of the dose response curve after yreversible anta-
gonism 15 the so called two site hypothesis (ARIENS er al 1960, MoraN &
TRIGGLE 1969) In the case of phenoxyt the blockade of this drug
should result from an interaction at a site in the neighbourhood of the
receptor which nterferes with the receptor, but does not mactivate 1t thus
gving tise to an antagomsm which appears competittve in nature and limits
the access of agomist to the receptor without rendenng 1t non-functional
This would produce a shift 1n the dose-response curve which appears com-
petitive Higher of phenoxy would the
receptor, thus leading to a decrease 1n maxumum response (Cook 1971)
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In mterpretng the antagomstic effects of the p-haloatkylamine class of
drugs, 1t 1s also necessary to consider the temperature at which the prepara-
tion 1s hept and the length of tune of equilit between g and
reacting structure at the receptor site. NICKTRSON {1956) and Rocna ¥ Sitva
et al (1972) have demonstrated that when the guinea-pig ileum 1s exposed to
GD-121 and phenoxybenzamine for as long as 10 and 15 mun respectively,
the inhit aganst | becomes p If the preparation 1s kept
at 37°, the ntensity of the blockade remains even after rep d
washings with waom Tyrode (37°), but 1f the preparations 1s submitted to
repcated washings with Tyrode kept at 2-4°, the sensitivity progressively
mcreases BEnrry & GRivto (1963) have descnbed an antagontsm of

phenoxyb on the inhibiting action of ACh on the 1solated atnum
This antagonism was, 10 contrast to atropine, slow mn onset and very slowly
ble When )8 and phenoxyb were added simultane

ously, the action of ACh was quickly imhibited, and the effect disappeared
after withdrawal, indicating a protection of the ACh receptor aganst phe-

noxybenzame by atropme This ind that phenoxyb and
atroptne react with the same receptors

In our expenments the of the were rel 1
low, and the contact ttme with the atnum only 5 mun These facts may ex-
plan why a drug which has been fied as an 1 bl 15

capable of producing a shift to the nght of the ACh dose response curve
without reducing 1ts maximum resporise
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Contractile Responses to Phenylephrine and Carbachol
in Circular Rabbit Fundus Strips at Varying External
K* and Ca** Concentrations
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Abstract Both phenylephnne and carbachol produced dose-dependent contrac
tion 1n 1solated awrcular strps from the fundus of rabbit stomachs The threshold
concentration required o prodce 1078 M, !
2 X 10~7M) remamed the same when the external K+ concentration ([K*]o) was
altered from zero to 944 mM, and the external Ca** concentration ([Ca**],)
from zero to 375 mM The magnitude of the contractions produced by the two
drugs was greatly altered bowever, and these alterations were best seen 1 the
responses to the highest used h 1074 M, carb

2 X 1075M) The responses to carbachol 2 X 108M were sigmficantly
(P < 005) greater than the Tesponse to phenylephrine 1074 M at alf [K*], and
[Ca*], other than [Ca®], =0 In order to compare the influence of varying
[h*); and [Ca*], on the responses to the two drugs the per cent alterations
in the responses were studied The contractions produced by both phenylephrine
and carbachol increased when [K*l, was ramed from zero to 238 mM
(P <0005 but were reduced when [h*}, was rased further {to 472 and
944 mM) (P < 005) Increasing [Ca*], gave increasing responses to both drugs
The reduction 1a the response to phenylephrine 1074 M when [K*}, was reduced
from 59 mM to zero was less marked than the redaction 1n the response to
catbachol 2 X 165M (012> P> 005 for the difference), but the imcrease
1n the response to phenylephnne when [Ca**], was in¢reased from 031 to 375
mM was sigmficantly greater (P < 005) than the mcrease mn the response to
carbachol Tt 15 suggested that the increase in response with increasmg [K*ly
from zero to 238 mM may be due to 2 secondary ncrease In available Ca*,

while the reduction e response at higher {K.*]; may be due to the depolanzation
which these [K*], produce

Key words o adrenergic receptors - cholipergic receptors ~ gastnc motiity ~
gastric smooth muscle - potasstam —~ caleum

In a previous paper 1t was reported that phenylephnine — an adrenergic
o receptor stimulating agent ~ nearly always produces a sustained contrac-
tion 1o cireular rabbst fundus stups (HAFFNER 1972) The same effect 1s
obtamned with carbachol, and the mitial phase of both these contractile
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Tesponses appears to be associated with an mncrease m K*-efflux (HATTNIR
et al 1972) This may indicate that alteration 1n the membrane permeability
to K* with a subsequent alteration 1n the ratio between intra- and extra-
cellular K* 1s one step in the excitation contraction process

The aim of the present study was to determine how vanations n the
external K* concentration ([K*},) influence the contractile response to phenyl
ephnoe m crcular rabbit fundus strips, and whether such vanations had
the same influence on the contractile response to carbachol

The effect of vanations 1n the external Ca** concentration {[Ca**),) on the
responses to phenylephnne and carbacho! have been studied for comparnson

Material and Methods

The stomachs of 26 male white rabbits were used for the present investigation
Cyrcular fundus stnips without mucosa were prepared and mounted as desenbed previ
ously (HAFFNER 1972) 1n modified hrebs solution at 38°, bubbled with 95 % O> and
5% CO2 (pH=74) Two separate baths each contmming two strps were used The
strips 1n one bath (randomely chosen each time) served as controls these stnps were
exposed to the same concentrations of drug as the test preparations at the same time
but whereas the Kh* or Ca** concentration of the test bath was changed between
successive dose response curves it was kept constant in the control bath

The standard krebs solution employed contamned (mM) Na* 1369 R* 59 Ca** 25
Mg 12 HCO; 155 HPO,~ 12 CI 1336 and glucose 115 When the effects of
varying {K*], or [Ca* ], were studied the procedurtes were as follows

1 Change of [K*]o from 59 mM to .ero The stups were equilibrated for one hour
at 59 mM K* a dose response curve to phenylephnine or carbachol worked out
the bathing flurd changed 2-3 timese until the tension had fallen to the iuntial
base-line [k ]o was then changed to zero and the dose-response curve repeated
after a new equilibration pentod of 40 mun

/) Change of [K*)o from 074 mM — 1475 mM — 295 mM -» 59 mM (1/8-
standard [KR*],) One hour equlibration at 074 mM K* dose response curve
wash out change of [R*], i test bath to 1475 mM wait 20 mun  new dose
response curve wash out change of [R*]y to 295 mM, wat 20 min  new dose
Tesponse curve wash out etc

Change of [R*), from 59 mM — 118 mM — 236 mM —» 472 mM — 944 mM
(1-16 times standard [K*} ) As II above only starting with [K*]o = 59 mM and
increasing stepwise to 94 4 mM

Change of (Ca**), from 0.31 mM — 063 mM —» 125 mM —» 2.5 mM —» 373 mAf
(1)8 3/2 times standard {Ca*],) Higher concentrations of Ca** cannot be tested
in the present solution at 38° as Ca** precipuates when [Ca**), 13 increased fur
ther) As II above [Ca*], being changed 1n instead of [K*], 1n the test bath

V Change of [Ca*], from 031 mM to ¢ro As I above

!

2

In senes ITl {Na*), was reduced corresponding to the increase 1 [R*), Since
the 10nic alterations in the other expeniments were very small the changes n 100C
composition were made simply by altening the amount of 1sotome RCl or CaCls added

to the hrebs soluton
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responses appears to be associated with an ncrease in K*-efflux (HAFFNTR
et al 1972) This may indicate that alteration in the membrane permeabihity
to K* with a subsequent alteration 1n the ratio between mtra- and extra-
cellular K* 15 one step mn the excitation contraction process

The aim of the present study was to determine how vanations 1n the
external K* concentration ([K*],)mnfluence the contractile response to phenyl-
ephnne m circular rabbit fundus strips, and whether such varations had
the same nfluence on the contractile response to carbachol

The effect of vanations in the external Ca** concentration ({Ca**],) on the
Tesponses to phenylephnine and carbachol have been studsed for companson

Material and Methods

The stomachs of 26 male whte rabbits were used for the present investigation
Circular fundus strips without mucosa were prepared and mounted as described previ-
ously (HAFFNeR 1972) 1 modified hrebs solution at 38°, bubbled with 95 % O and
5% COz (pH=74) Two separate baths, each contamning two strips were used The
strips 1n one bath {randomely chosen each time) served as controls, these stnps were
exposed to the same concentrations of drug as the test preparations at the same time,
but whereas the h* or Ca** concentration of the test bath was changed between
successive dose response curves it was hept constant 1n the control bath

The standard Krebs solution employed contained (mM) Na* 1369, k* §9, Ca™ 25,
Mg** 12 HCO;~ 155 HoPOy~ 12, Cl~ 1336, and glucose 115 When the effects of
varying [k*], or [Ca**], were studied the procedures were as follows

1 Change of [k*]o from 59 mM to zero The strips were equihbrated for one hour
at 59 mM K* a dose response curve to phenylephnine or carbachol worked out,
the bathing flwid changed 2-3 timese untid the tenston had fallen to the mmtial
base line [K*}, was then changed to zero and the dose-response curve repeated
after a new equilibration penod of 40 mun

Change of [K*]o from 074 mA{ — 1475 mM — 295 mM - 59 mM (1/§~
standard [A*),) One bour equilibration at 074 mM K, dose response curve
wash out change of [K*], 1n test bath to 1475 mM wait 20 min, new dosc
response curve wash out change of [h*]o to 295 mM wast 20 min, new dose
response curve wash out etc

Change of [R*], from 59 mM — 11 8 mM — 236 mM — 47.2 mM — 944 mM
{I-16 umes standard [k*]o) As II above only starting with {R*]o = §9 mM and
mncreasing stepwrse to 944 mM

Change of [Ca**]s from 031 mM — 063 mAf — 1.25 mAf — 2.5 mM —» 373 mM
(118-3)2 times standard [Ca**),) Higher concentrations of Ca** cannot be tested
1 the present solution at 38° as Ca* precipitates when [Ca™), 13 Increased fur
ther) As II above [Ca**], being changed in nstead of [K*], in the test bath

V Change of [Ca**), from 031 mM to0 zero As 1 above

I

2

In senes Il [Na*]o was reduced corresponding to the increase sn [K*), Since
the jom¢ alterations in the other expenments were very small the changes mn fonic
composition were made simply by altening the amount of isotome KC1 or CaCl; added
to the krebs solution
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As seen from fig 1 the total change in response due to the alicration in
[K*], can be calculated by subtracting the resp m the test p
(observed response) from the response 1n the controls (expected response)
Expressed 1 per cent of the imtial maximal contraction, the median reduc-
tion 1n maxmal response produced by lowenng [K*], from 59 mM to zero
was 1425 (control response) ~ 449 (test response) = 97.6 for phenyl-
ephnne and 1209-77 8 = 431 for carbachol The dufference mn effect on
phenylephrine and carbachol 1s of borderline significance (Wilcoxons two
sample test, phenylephrine 8 preparations, carbachol 8 preparations 01 <
P << 005)

Change of [K*]s from 074 mM 10 59 mM, and from 59 mM t0 94 4 mM
Fig 2 shows how the responses to phenylephrine 1074 M and carbachol
2 X 1075 M change with changing [K*), It will be seen that the responses
to phenylephrine increases when [K*}, 1s rassed from 0 fo 236 mM
(statistecal sigmificance 0 74 —» 5 9 mM, 6 paurs tested, median mncrease 16 %,
P 005, 59 - 118 mM, 8 parrs, median imcrease 10 %, P <C001. Only

CHANGE IN MAX
CONTRACTION

’

o

-50

100~ T T T T 1
] 07 1415 295 S8 N8 238 (72 944
mM KT
Fig 2 Contractie responses to 10~4M and carbachol 2 X 105 M at

varying [K*], (log scale) Ordmate Change m mavimal contraction in the test prepara
tions relative to the controls expressed an per cent of the maymal contraction In each
preparation at [K*), = 59 mM The response to pheaylephrine 18 represented by fuled
triangles the response to carbachol by the open circles and dotted line (Median values

of 4-8 strips for statistical evaluation see text) RaRaP et

o
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4 pairs were tested at 23 6 mM, and the median increase for these were
32 %, 015 << P <0 1), the maximal response falls when [K*], 15 mcreased
further (8 pairs, median reduction 41 5 %, P << 0 05)

The response to carbachol also increases with increasing (K*},, 074 —~
59 mM, 6 pairs, median increase 20 %,, P<< 005, 59 — 11 8 mM, 6 paurs,
median crease 02 %, P = 05) but fess pronounced than the maximal
response to phenylephrine At {K*}, of 472 and 944 mM the maximal
Tesponse to carbachol was also significantly reduced (6 pairs, median reduc-
tion 44 9 and 317, P <C 0 05 for both) The differences between the effects
on the responses to phenylephnne and carbachol at 23 6 mM s not statis-
tically significant (Wilcoxon two sample test, phenylephrine 4 preparations,
carbachol 6 preparations P << 07)

The marhed reduction in the contractile responses at the highest con-
centrations of K* 1s probably due to the depolanzing effect of K* In
circular yabbit stnps as 1n most other ntestinal preparations these concen-
trations of K* produced a transient contraction which subsided fong before
the dose-response curves to phenylephnine and carbachol were carried out
It should be noted that even at the highest concentrations of K*, where
the cell membranes probably are completely depolanzed, typical dose
response curves to both drugs could be worked out {fig 3) This mdicates
that the contractile effect of these drugs can be dissociated completely from
the effect on the membrane potential

Change of [Ca**), from 0 31 mM to zero and from 0.31 mM 10 375 mM

Alterations n {C**], produced changes m the dose response curves to
phenylephrine and carbachol similar to those produced by alterations 1n
{K*]a, 1 & marked changes n maximal response but no defimte alteration
n sensitivity

The changes 1 maximal response due to the alteration mn {Ca**], have
been plotted semu Toganthmically m fig 4 The responses to both phenyl-
ephnine 107 M and carbachol 2 X 1073 M mcrease with increasing {Ca**lo
throughout the range tested (0~3 75 mM) It should be noted that the mn-
crease 15 most pronounced for phenylephrine [Ca*l, =031 mM -~ 0,
median reduction 1n response to phenylephnne 164 M m 6 pairs = 749 %,
P <005, median reduction 1n response to 2 X 105M carbachol 1n 6
pairs = 63 %, P <005, [Ca**)s = 031 - 375 mM median mcrease 1
response to phenylephnine 1074 M 1 6 pairs = 1719 %, P <0 05, median
increase 1n response to carbachol 2 X 103 M m 6 pas =504 %, P<
005) This difference 1n effect on the responses to phenylephrine and
carbachol 1s statistically sigmficant (Wilcoxon's two sample test, phenyl-
ephrine 6 preparations, carbachol 6 preparations, P <0 05)
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CONTRACTION IN %
OF INITIAL MAX

100

[+ =T rumal
? L1 H
L8G M PHENYLEPHRINE »106 M CARBACHOL

Fig 3 Effect of increasing [h*}, from 59 1o 472 mM The dotted lines (open squares

and aircles) show the iital Jog dose response curves at [K*], = 59 mM the conttnuons

hines show how increase of [K*]a to 472 mM alters the dose response curve for the

test {filled crcles) with the dose response curve 1n the controls

(filled squares} which has been repeated without altering [K+], (Phenylephnine median
of 8 strips carbachol median of 6)

Discussion

The present study shows that the magmtudes of the responses to phenyl-
ephnine and carbachol depend both on the external potassmm and the ex
ternal calcium The d with g [K*To
from zero to 23 8 mM and with mcrcasmg {Ca*], from zero to 3 75 mM
but were reduced at [K*], of 47 6 and 944 mM

It 1s hardly surprising that mncreasing [Ca**], should n¢rease maximal

as it 15 g d that Ca** plays a key role m the
linkage between excitation and contraction (Hurwitz & JOINER 1969) and
1t 1s also likely that the action potential m smooth muscle cells 15 mainly
dependent on Ca**-fluxes (BULBRING & TomITa 1970, NAGASAWA & SUZUKI
1970 Kurtyama 1970)

The mcrease m response when [K*], 1s raised from zero to 236 mM
1s more difficult to explan Since mcreased permeability to K* seems to be
a general effect of « adrenoceptor stmulation, regardless of whether the
Tesponse 1s contraction or relaxation (DANILL ef af 1970} 1t seems unlikely
that K* should have any direct infl on the
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CHANGE IN MAX
CONTRACTION

200 —
100
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90~ L B e N |
0 031 063 125 252375
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Fig 4 C to pt phrine 1074 M and hol 2 X 105M at

varying [Ca*], (log scale) Ordimate Change in maumal contraction in the test

preparations relative to the controls expressed in per cent of the maximal contrac

ton m each preparation at [Ca**); = 031 mM The response to phenylepbrine 13

represented by filled triangles the response to carbachol by open curcles and dotted line
(Median values of 6 strips)

The contractile response to pilocarpme 1 gumea-pig ileum certawnly still
occurs after the associated increase m K* efflux has been inhibited by de-
oxycorticosterone acetate (Bass et al 1964) This indicates that the increased
permeability to K* 15 merely a secondary effect of excitation, and not a
causal factor 1 the mmatlon of the mechanical response It seems most
likely that the of the resp with K%
15 due to a secondary effect on available Ca** It may be that the concen-
tration of k* on the outside of the cell membrane 1s important for the
regulation of efflux of Ca**, or it could be that Ca** 15 less firmly bound
to fixed amomc sites when there 1s more K* present which competes for
these sites (Goobrorp 1965, 1966 & 1967)

The reduced magnitude of response at external potassium concentrations
of 472 and 94 4 mM may be due to the marked depolansation of the cell
membrane which these high [K*], produce (CastreLs & Kurivama 1966,
CasteeLs 1970 Kurrvassa 1970) Although contractile responses can be
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produced m depolanzed muscle (AXrLsoN 1970), contractions are normally
assocrated with transtent or sustamed depolanzation and the abolition of
thus part of the response 1n musele which 1s depolanized beforehand, may
explan the reduction 1n response

In the present experiments it was noted that the response to phenylephrine
and carbachol differed shghlly m therr relationship to {K*], and [Ca*],
The reduct: n p to phenylephrme at zero [K*], was
much greater than the reduction in the response to carbachol, and the
increase 1n response to phenylephnne with increasing [Ca**)s above 0 63 mM
was much greater than the mcrease 1n the contractile response to carbachol
Tt has been reported that the cellular mechamsms underlying the excitatory
effects of drepaline, h and 1n vascular smooth muscle
differ Noradrenaline appears to be able to Iberate firmly bound intra-
cellular calcium, whereas the contractile effects of histamuine and potassium
are almost entirely dependent on free Ca** (HupaINs & Wriss 1968) The
differences between the responses to phenylephnne and carbachol found n
the present expeniments may reflect similar differences m cellular mech-
amsms of action, carbachol may be more able to liberate bound calcum
than p! phrine since 1t prod a much greater maximal contraction
than phsnylephnne

In conclusion 1t may be sald that the present series have shown that the

de of the to phenylephrine and carbachol 1n

arcular rabbit fundus stnips 1s dependem bolh on the external potassium
concentration and the external calcium concentration, but that contractile
responses to both drugs can be ob d 1n sol whuch are depleted of
K* or Ca** The present expeniments also indcate that there may be quant:
tative differences 1n the mechamsms underlying the contractile responses
to phenylephnine and carbachol
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Abstract Cireular strips from the fundus of rabbit stomachs were incubated for
one hour m radwoactive (9°K) modified Rrebs solution They were then trans
ferred to a constant flow apparatus where they were washed with inactive hrebs
solutions with K* concentration ({k*},) of zero 59 (standard) 23 6 and 94 4mM
and with Ca** free solution (0{Ca*}s) After an imtial equilibration penod of
32 mun  the stnps were exposed to 10~4 M phenylephrine or carbachol The
42K efflux the effects of the two drugs on 4°k efflux, and the mechamcal
responses were studied The #°K efflux was lowest at 59 mM kY, and highest at
944 Both phenylephrine and carbachol wmcreased efflux at [K*]o of zero and
59 mM and at 0[Ca**), Carbachol also increased efflux at [K*], of 236 mM
Mechantcal responses to both drugs were obtatned at all [k*], and at 0[Ca™],
Both the mechantcal responses and the alterations in efflux were greatest at
59 mM K* but otherwise no correlation was found between the magmitude of
these two types of responses As the incubation medim had been modified
correspond ngly (o the washing fluid the K uptake at the vanous [k*]y and at
0[Ca*] could also be determined The K* uptake at 0[Ca*+], was 493 mA{
Refkg dry weight at O[K*), 649 mM/kg at standard [R*]s 1452 mM/kg at
236 mM R’ 1769 mM/kg and at 944 K* 1t was 8901 mM/ke The uptake
at standard [K*], was lower after cold storage for two days than afier one day,
but the length of storage did not appear to influence 4°K efflux or the responses
to phenylephnine and carbachol

Aey words Kefflux K uptake — adrenergic receptors ~ chelinergic receptors —
gastric smoath muscle ~ gastric motthity

We have previously reported that both cholmergxc stimualation with

carbachol and « adrenergic ] with line or
henylephnine produce 1 arcular rabbit fundus strips, and
!hat these are d with mereases m
4K efflux (HAFENIR ef al 1972) In a recent wmvestigation (HAFFNER 1973)
1t was found that the P to both phenyleph and

t d with external Ca** concentratmns ([Ca "1}

3 Asta pharmacolog ca vol 33 fasc 1
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from zero to 3 75 mM, and with increasing external K*-concentrations ({K*},)
from zero to 23 6 mM, but were reduced at igher {K*1, The present study
was undertaken 1n order to determine whether alterations in [K*], and [Ca**],
had the same 1nfluence on the increases i K-efflux produced by phenyl-
ephrine and carbachol

Matenials and Methods

As deseribed previously (HAFFNER ef af 1972) circular rabbit fundus strips without
mucosa were prepared from male white rabbits The strips were stored overmght at 4°
On the next day they were incubated 1n aerated (95 % O 5 % CO)) radioactive (°K)
Krebs solution at 38° for one hour, and mounted 10 a constant flow apparatus where
they were washed continuously with warm (38%) oxygenated mactive hrebs solution
which after passing through the apparatus was collected in test tubes and changed every
two min As previously the radioactivity 1n the test tubes as well as that rematning 11
the strips at the end of the experiments was determined 1z a Packard Auto gamma
spectrometer Model 2001 The drugs were added sfter a 32 min control pemod but
m the present inveshgation the effluent solution from the constant flow apparatus was
collected for only 16 min after addition of the drugs This time was more than
ample to measure the transtent crease in 4°K efflux produced by the drugs The
hrebs solution used previously contamned (mM) Na* 1369 K* 59 Ca* 25, Mg+ 12
HCO3~ 155 HPO4~ 12 CI- 1336 and glucose 115 (pH 74) This solution will be
referred to as standard solution In the present experiments the standard solution was
used with the following modiftcations

Expeniments with 0[K'], Storage overmight and mcubation (with 4K} 1w stan
dard solution Washing with standard solution without h*

Experiments with 4 [K 1, Storage in standard solution incubation (with $°K) and
washing with 4[K}], = 236 mM

Experiments with 16[A*], Storage in standard solulion Incubation and washing
0 16{K*], = 944 mM

In both ncubatton and washing solutians the K* 1ons were replaced by a cor
responding amount of Na*

IV Experiments with 0[Ca”*}, Storage incubation (with 4°K) and washing 1 standard
solution completely depleted of calcrum

1

The mitial specific actvity m the medium was app y 6 pcif/ml
Al exneniments

The dry weight of the preparations was determuned after at least 48 hrs drying
at 60°

Drugs Car chlonde h NFN) and pl
HC! (metaoxednnum NFN) were added to the washing solution n amounts whih
gave final concentrations of 10-4M The drugs were prepared each day from frozen
stock soluttons Rad oactive potassium (1°K) was supplied by Institutt for Atomenergl
Ryeller, Norway

Calculations All values given are median values ‘The content of 4°K 1n the prep-
aration throughout the experiment, and the fraction lost were determuned as described
previously (HAFFNER ef af 1972) The half time for K* efflux for the slow part of the
efflux curves was d from the m K efflux cxpressed as counts
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min=¢ at 20 and 40 mun The effects of the drugs were recorded as the maumal
efflux after addition of the drugs expressed as per cent of the efffux value on the
last interval before the drug was added These values have been compared with cor
responding values for controls which were washed out without addition of any drug
Wilcoton s two sample test was used for statistical evaluation (a denotes sigmificance)

Results

R-efflux at varying [K*), and at 0[Ca**), (controls)

In fig 1 fraction lost curves for #K at varymg {K*], and at 0[Ca**], are
compared with the fraction lost curve at standard [K*}, and [Ca**], ob-
tamed previously (HATINCR et ol 1972) The fraction lost per min. was
lower 1n standard solution than at any other [K*], or [Ca**]. The median
values for fraction lost 32 mun after the start of washing out are shown 1
table 1, which also shows the half times for the efflux cunes The half time
for efflux in standard solutton was 43 1 min based on the reduction
K efflux from 20 to 40 min, 645 mn when based on the reduction from
20 to 60 mun (HATTNCR et @l 1972} and 87 1 mun when based on the reduc-
tion from 40 to 60 min

FRACTION LOST/MIN

0040
0030 18 [K‘L
2020 i,
ofcas],
vtin ofd,
standard k],

asag

T 1
4 10 20 30 40 50 11 0 MIN
Fig 1 Fracuon of 4 k lost per min at varying external h* concentration (standard
Ko =59 mM 4[klo=236 mM 16K, =944 mM O[K'lo = K* free solution)
and 1 Ca* free solution (0{Ca**]e) Median curves of 12-13 preparations
,.
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Table 1
K efflux at varying [K*], and at 0[Ca*], *
0[Ca**],  Standard  O[R’lo 4K}, 16081,
Fraction lost
at 32 mun 00181 00056 00116 00219%%*  00319¢**
a** < 00001 0007 < 00001 < 00001
Half time
(min) 239 431 318 2z 183
a* < 00001 0005 < 00001 < 00001

* Median of 12-13 preparations
*® o = significance of difference from standard
¢ The 1ncrease from 4{K*], to 16[K*] 1s also statistically sigmificant a << 00001

Effects of phenylephrine and carbachol on K efflux at varying [K*], and at
0[Ca™],

The changes it K efflux produced by phenylephrine and carbachol at
varymg [K*], and at 0[Ca**], are presented m table 2 The increase in efflux
was always transient and lasted for only 4-8 min

K efflux was sigmficantly d by phenylephnne 1m sol with
standard [R*],, O[K*]), and 0[Ca**),, but no increase was obtmned tn 4[K*],
and 16[k*], No difference was found in the magmitudes of the mcreases
at standard [K*], and O[K*], or between standard solutions and O[Ca*'],
Carbachol increased Keefflux sigmificantly m all solutions except 16{K*Je-

Table 2
k efflux after addstion of phenylephnne or carbachol *

O(Ca~y Standard (Ui Ng 18 AW, 16(K*s
Controls 871 9780 9489 gt 19 9223

Phenylephrine 1012 1091 1035 910 96

\d 00003 0002 001 - -

Carbacho! 1109 1429 1097 1128 962

a* 00005 00001 00006 00001 017

© Median values of 6-12 preparations K efflux is expressed n per cent of the existing
effiux when the drug was added
o» o = sigmficance of difference from controls
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solution The increase 1 +K-efflux produced by carbachol mn standard
solution was significantly greater than i any other solution (O[K*1, « = 005,
4[K*], @ = 0 02, 0[Ca**], a = 0 01)

Contractile responses 10 phenylephnine and carbachol at varying (K*), and
at 0[Ca™),

The contractile responses to phenylephnne and carbachol at varyng [K*],
and at 0[Ca**], are presented in table 3 The contractions were maximal m
standard solutions, just hke the increases m K-efflux, but contractile re-
sponses were obtamed at high [K*], when no sigmficant increase in K-efflux
occurred (phenylephnine 4[K*), and 16[K*],, carbachol 16[K*];) No cor-
relation was found between the contractile force developed at the various
[K*}, and {Ca**)s, and the increases m K-efflux (The contractile responses

and increases 1 K-efflux produced by carbachol appeared to be correlated,

but Kendall's correlation coeff was not significantly dif {rom zero,
a~02)

Effects of varying storage ume and incubation conditions on uptake of K*

As [K*], and [Ca**], 1n the storage and incubation mediym vaned in the
different test groups n the present investigation, 1t was found desirable to
compare the uptake of K mn the various groups The medum uptakes of K i
the control preparation were standard solution 1452 mM{kg dry weight,
O[K*], 649 mM/hg, 4[K*), 176 0 mM/kg( 17[K*], 890 1 mMykg, O[Ca™),
49 3 mMkg The preparations tested 1n standard solution and at O[K*], had
all been stored and mcubated 1n standard solution, they therefore had to be
considered as one group with regard to K-uptake The uptake of K at
0[Ca**], was signtficantly Jower (a<<00001), and the uptahes at 4[K*],
and 16[K*], significantly higher (<< 0 0001), than at standard The differ-
ence between 4[K*], and 16[K*], was also sigmfrcant (« << 00001) Sur-

prsingly, the diff between the prep tested at dard and
Table 3
Contractile responses (mg) to phenylephrine and carbachol *
0[(Ca"], Standard OK*o 4R, 16(K*],

Phenylephrine 250 2200 775 1140 890

[ 0001 0003 om 003
Carbachol 650 3375 1020 2200 2300

o 00004 004 001 003

* Median values of 6-12 preparations, the same as 1 table 2
¢* ¢ = sigmificance of difference from standard
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O[K*], was also found to be significant (0 = 0007) n spite of sdentical
storage and mecubation solutions Further analysis showed that the difference
was due to different durations of storage Whereas 8 of the preparations
tested at standard solution had been stored one day and 4 had been stored
2 days, only 3 of the preparations tested at 0[K*], had been tested after one
day’s storage, the remainmg 8 after two days When the uptake was related
to storage, the median uptahe was found to be 153 7 mM/Ag after one day
and 732 mM/kg after two days. The cfference 1s statistically sigmficant
{« = 0004) The length of storage did not appear to mfluence K-efflux or
the responses to phenylephrine or carbachol

Discussion

The present study shows that K-efflux varies at different [K*], and that 1t
1s lowest at standard [K*), (¢ = 59 mM) Corresponding results have been
obtamned i studies of K-efflux from taema coll preparations, both removal
of external K* and ncrease 1n [K*], 1ncreased K-efflux (SETERLEIV 1967,
CasTELLS 1970) It has also been reported that Ca** depletion may increase
K-efflux from longitudinal ileum preparations (Wriss & Hurwrrz 1963,
vOoN HAGEN & Hurwrrz 1967), as 1t did from rabbit fundus preparations
1n the present study In the taema coli, however, depletion of Ca** caused no
change i K*-efflux 1n standard Krebs solution (CasTeeLs 1970)

Studies on *°K-efflux from taema coli and vas deferens preparations have
shown that the efflux follows a single exponential time course durnng the
first 150 min (CasTrELs 1970) Half umes for the efflux from taema col
have been reported as 68 mm (Casters 1970) and 75 mun (BorN &
BULBRING 1956) and from vas deferens 111 mun (Castrrts 1970) In our
experiments there was an imtial rapid wash-out of +°K, probably reflecting
extracellular potasstum, but after 20 mun the efflux seemed to follow
3 single exponential me course In the preparations studied at standard solu
tion, which had been followed for 70 mun , 1t was found out, however, that
the X efflux slowed up with mcreasing tume, the calculated half-time vary-
ing from 43 to 87 mm depending on which time nterval between 20 and
60 min had been used for the calculations The most likely explanation for
this deviation from the single exponential function seems to be the vanability
m the operation of ndividual cells (van Licw 1967)

In the present study phenylephnne caused an ncrease 1n K-efflux both
K* and Ca** depleted solution, but not at {K*], of 23 6 or 94 4 mM This 15

1n contrast to what other 1nvestigators have found m other types of smooth
muscle Only small and 1nconsistent mcreases 1 K-efflux were obtamed
when the adrenergic a receptors n taema colt and rat uterus preparations
dard Krebs sof but more

were lated 1n
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oceurred after the tissues had been depolanzed with KsSOy rich solution
(BursenG er al 1966, JNkmsoN & MorTov 1967, Danict ef al 1970)
WanLsTROM (1972) found that noradrenaline mncreased Keefflux (10-20 %)
in rat portal vem 1 normal solution, whereas it had no effect on K-efflux
m K*high and Ca**-free solution

In the present investig carbachol produced a {i mcrease mn
K-efflux 1n all sol except that g 944 mM K*, The lack of
increase 1n potassium-rich solution 1s in disagreement with the results of
DurgiN & JINKINSON (1961) who measured the effect of carbachol on
#K efflux on muscle from the taenia coli depolanzed in KsSOy-rich solution,
and found that efflux was doubled 1 a persod of 7 mun after applcation of
the drug. When the data from our expenments were treated mn the same
way as theirs, there was still no increase 1n K-efflux m our expertments

In our expenments the increase in efflux produced by carbachol m
0[Ca*'], solution, was smaller than that in normal solution Wriss & Hur-
wirz (1963) observed that n ileal smooth muscle acetylcholine gave a
greater than normal increase mn <K-efflux when the tissue had been in-
cubated for 5 min in Ca-free solution

The increases 10 both K-efflux and contractile force were greatest in
standard solution, but m with our p: (HATFNER
et al 1972) we failed to find any direct correlation between the effect on
R-efflux and contractile force As pointed out previously these inconsistent
findings could be due to the fact that the magmtude of X-efflux depends
manly on the total mass of the whereas the of the
mechanical responses depends on the thickness and degree of stretch As
discussed elsewhere (HATINER 1973) contractile responses to pilocarpine can
still be obtamed after the associated increase 1 K-efflux has been inhibited
(Bass et al 1964) This 1s 1n accordance with the observation made n the
present mvestigation, that i! P can be i at high
[K*], without any mcrease 1n K-efflux As previously pomted out (HArFNeR
1973) thus suggests that the ncreased permeability to K* 1s not a necessary
step 1n (he contractile response The drugs probably act directly on the

] under these (ScHiLD 1964)

In the present study 1t was also attempted to determine how varying [K*],
and [Ca**], affected the uptake of K* into fundus strips Tt was found that
the vptake was mcreased by mcreasing [K*]o, which 1s consistent with the
findings of DANIEL ¢f al (1970) on rat uterus As efflux also mcreased under
these conditions, they seem to produce a general increase 1n K permeability
Removal of Ca** on the other hand, mcreased efflux but reduced uptake
These findings would be consistent with a hypothesis of a linkage between
Ca 10ns at the cell membrane and the Na/K pump, a reduction of Ca 1ons
leading to dimnished work of the pump
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The duration of cold storage appeared to affect uptake and efflux i daf-
ferent ways, the uptake after two days cold storage was less than after one,
but no effect on efflux was found, either 1n the contrals, or m the Tesponses
to phenylephrine or carbachol As the incubation period was quite long
(one hour), 1t seems unlikely that the effect of cold storage on efflux should
differ merely because the preparations had not had time to recover before
uptahe and efflux were tested Using tacma colt (BAUER ef al 1963) 1t has
been shown that cold storage up to 24 hours does not affect the uptake of
#K 1n one hour The changes seen 1 our expenments on the rate of uptake,
are probably due to the effect of cold storage on the mechamsms which
regulate influx, and must have occurred during the last 24 hours of storage

In conclusion 1t can be said that the present nvestigation has shown that
varymg {K*], and O[Ca**], wcrease K-efflux and modiy the effect of
phenylephrine and carbachol on both K-efflux and contractile force It also
confirms our previous suggestion that there 1s no direct correlation between
the alteration n K efflux and contractile response to phenylephnine or
carbachol
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Abstract Venom from Vespa orientalis hacmolyses erythrocytes of man, gutnea
pig, rabbit cat, mouse and rat, but not of sheep, ox, horse and camel The
haemolytic effect was enhanced by the addition of egg yolk phospholipids
Botling destroyed the haemolytic factor(s), but the haemolytic activity which was
demonstrable after addiion of phospholipids resisted bouing at pH 35 The
haemolytic factor(s) could be removed by hepann precipitation and Amberhite
adsorption and could be neutralized by rabbit anti wasp venom serum The
haemotytic factors could not be removed by dialysis Sublytic doses of whole
venomt caused potassium leakage from susceptible erythrocytes and increased
therr osmotic fragility It 1s suggested that the indirect haemolytic actwity of
the Onental horet s venom s associated with phospholipase activity, while the
durect tytic activity 1s due to basic proten

Key nords Haemolysis — Oriental hornet venom

The haemolytic activity of ammal toxins has been extensively studied and
a large literature exists on the subject, based both on climcal and Jaboratory
observations (Dacit 1967) Most of the studies concern the in vivo and i
vitro haemolytic effects of snake and bee venom (Roy 1945, GrrTer et al
1959, KuemierY & DE Viigs 1063, Conorea et ol 1964h, HamerMANN
1968) Wasp venoms have been relatively hittle studied, due to difficulties
I1n obtaiming their venoms 1n sufficient amount The available information
concerns the common wasp Vespa vulgarts (JACQUES & SCHACHTER 1954,
SCHACHTER & THAIN 1954}, the hornet ~ Vespa crabro (NEUMANN & HABIR-
MANN 1956, BHOOLA ¢f al 1961) and the Oriental homet — Vespa orentalts
(Isuay et al. 1970, 1971 & 1972, EDERY ef af 1972) Climeal observation
of renal damage following wasp stings (JoNas & Suucar 1964) and renal
changes after 10n of mice (5. et al 1972) have been de-
scnbed Recently, the presence of haemolync fracuons mn the venom of
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the Onental homet has been reported (JoSHUA et af 1971, FiscHL ef al.
1972)

In this report an investigation of the haemolytic properties of the Ordental
hornet venom 1s presented

Materials and methods

Hornet venom was obtained 1 the native form from live insects, usieg the following
technigue the abdomen of the msect was held with forceps and gentle pressure was
applied until a small drop of venom appeared at the end of the protruding steg It
was carefully collected with a fine glass capillary Venom obtained mn this way from
many insects was pooled lyophylised and kept at —20° Before use, the venom was
dissolved n saline to a protein concentration of 500 mg %, eshmated by the method
of Lowry

Blood was collected 1 1/20 volume of 38 % sodwm citrate from the foliowing
species man, ox, horse, camel, cat, sheep, rabbit, gtinea pig mouse and rat The blood
samples were washed 3 times 1n phosphate buffered saline — pH 70 and fimally re
suspended 1 a § % concentration vfv Egg yolk phospholipid emulsion was prepared
by musing 05 g egg yolk m 100 ml buffered saline contaming CaCly in a 005 M
concentration ‘The lytic activity of the venom was studied at vanous pH values ranging
from 60 to 80 at intervals of 02 pH units

Acidification of the venom to pH 3 5 was done with 1/10 N HCI Heat machivation
of the venom was achieved m a boing water bath for periods of 2 to 10 minutes
Volume changes due fo evaporation were estimated by weighing the tubes with the
venom solutions before and after boiling and corrected by additton of saline Heparn
precipitation of the disect lytic factor was done by adding gradually to the venom a
solution of thrombohquine® (hepastn sodium, Organon) containing 50 mg/m! hepann
using 2 Hamilton micro synnge The heparnin treated venom was then centrifugated at
3,500 rpm and the supernatant tested for residual haemolytic actvity The sediment
was washed 1n buffered saline and eluted with a veronal buffer pH 88, 1ome strength
005 M by shaking for 30 min at 37° The direct Iytic factor was adsorbed to Amberiite
GC 50{200 mesh by shaking 1 ml of the whole venom with 250 mg of the restn powder,
previously equiibrated with a 005 M sodwm citratefertrrc actd buffer pH 60

‘The haemolytic activity of the various venom was tested by b
known amounts of venom with aliquots of 05 ml erythrocyte suspensions Indirect
haemolytic acuvity was measured by adding 01 ml of the egg yolk emulsion to the
incubation mixiures All tubes were incubated for 2 hours at 37°, after which saline was
added up to a final volume of 2 ml, the tubes were immeduately centnfugated and the

i content of the was read in a Coleman Spectrophotometer at
576 myu wave length The extent of the haemolysis was expressed as percentage of the
total haemolysis obtained by addition of a minute amount of saponin powder

Osmotic fragility of buman erythrocytes (Dacie 1963) was tested after mncubatron
for 60 minutes 8¢ 37° with a sublytic amount of venom (0S5 yl/ml) Potassium leakage
was studied by incubaton at vanous intervals the RBC of different species with a
sublytic dose (05 pg/ml of venom At the end of each period the tubes were centn
fuged and the potassium content of the supernatants was determined using a flame
photometer The values were expressed 10 meq/l of packed red cells, calcutated from
the pached volume of the erythrocytes used 1n the test
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The lytnc acuvity was studied at 0°, 20° and 37°
As the optical density of a haemoglobin solution at 620 o 18 practicaily ml while a
of ery ytes gives a reading in optical density umits due to

1s turbidity, the rate of the reacuon could be repistered in the following way 18 m!
of a 5 % suspension of human RBC i buffered saline was delivered in the cuvette of
a Coleman Jumor Spectrophotcmeter and the wave length of the nstrument was set
at 620 mp 02 ml of a 1 % sapomn solution was then added and the mstrument was
set at a 0 reading The cuvette was then thoroughly rinsed and dned 18 ml of the
same erythrocyte suspension was agam delivered with the addition of 02 mi saline
and the optical density was recorded ‘The cuvette was agam cleaned and filled with
18 ml of erythrocyte suspension {o which 62 mi of venom was added and rapidly
mixed A stopper was set at the time of the introduction of the venom The needle of
the nstrument started to record a gradual fall 10 the optical denssty ‘The times of
halving of the optical density value were recorded and the procedure was foljowed
until the reading fell almost to zero The percent of haemolysis was then calculated for
each reading and the values plotted against the time of mcubation

Antiserum aganst wasp veriom was prepared by immumsing rabbits as follows
10 pg venom with Freund s adjuvant were injected into the foot pad of the animals
twice weekly for 5 weeks and a final booster dose of J00 pg was given intraperitoneally
‘The rabbuts were finally bled by cardiac puncture and the immune serum kept at —20°
until used

For the neutralisation experiments aliquots of 0 1 ml serum were incubated for 15
min at 37° with vanous amounts of venom dissofved 12 G [ mi salne Thereafter 05 mi
of a 5% suspension of washed human erythrocytes was added and the muxtures were
further sncubated for 2 hours and then examned for the presence of haemolysis

Results

‘Whole venom of the Onental hornet had a direct lytic actvity detectable
an washed human, guinea pig, cat, rabbut, rat and mouse erythrocytes No
sigmficant haemolysis was noted against horse, ox, camel and sheep erythro-
cytes at the hughest concentration used {fig 1) The dose dependence fol-
lowed a sigmoid curve with a relatively steep slope The haemolysis started
at a venom concentration of 075 pg/ml or 150 ug/ml whole venom and
was almost completed at concentrations ranging between 3 and 6 pg/ml

Incubation of human erythrocytes with whole venom 1n the presence of
egg yolk phospholipids showed a much stronger haemolysis as compared to
the degree of haemolysis m the absence of phospholimds This was observed
both 1n terms of per cent haemolysis for a fixed period of meubation (table 1)
as well as m terms of incubation time elapsed until a 100 % hacmolysis of
the test systems ocCurred A simular effect was also observed with regard to
enythrocytes of guinea pig, rabbit, rat and mouse Incubaton of erythrocyte

with b 1 of venom at 0°, yelded a neghgible
degrree of haemolysis which fell to 2% of the value recorded at 37°
Incubation 2t room temperature decreased by only 10 % the degree of
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Fig 1 Effect of Vespa orientalis venom concentration on the degree of haemolysts of

various erythrocytes 10 % erythrocyles suspension, 120 min incubation at 37° Types

of erythrocytes used 1~ human 2 - guinea pig 3 ~ rat, 4 — mouse, 5 - rabbif, 6 ~ cat,
7-o0x, 8 - sheep 9 - horse, 10 ~ camel

h 1

Investig: of the nfl of the pH of the incubation
mixtures showed a mild decrease n the haemolysis on the acid side with

an optimum between pH 7 and 7.4 (table 2) The tme kuneucs of the

Table 1

Lyt effect of V' orientalis venom on human RBC in the presesnce and in the
absence of egg yolk phospholipids

Venom % haemolysis Time of complete haemolysis
concentration without PL with PL {tn mun)
pg/ml without PL with PL
075 50 20 208 143
150 88 100 145 102
300 100 100 58 31
600 100 100 25 13

The muxtures consisted of @5 ml of a 5% erythrocyte suspension 01 m] venom, and
01 mi 05 % egg yolk phospholiptds emulsion or 01 ml saline respectively All frgures
represent mean values of 6 consecutive determimnations
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Fig 2 Time kinetics of the haemolysis of washed human erythrocytes threated with

different concentranons of whole venom A - 6 pgim), B - 30 pg/ml, C - 15 pgfml

haemolysis caused by whole venom 1s Wlustrated in fig 2 It can be seen
that the haemolysis starts after a Jag period the duration of which depends
on the concentration of the venom used The curves obtained by plotting
percent haemolysis versus time have a sigmoid shape and the steepness of
the slope depends on the venom concentration In all the concentrations
studied, the haemolysis slowed down after reaching a value of 90 to 95 %

Table 2
Influence of pH on the haemolysis of human RBC by the V' orienralis venom

pH 60 62 64 66 68 70 7z T4 716 78 80

“Time of complete

1 17 17 16 15 4 15 15 16 16 16
haemolysis® (mun }

* Venom concentration 6 pg/ml
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Fig 3 Potassum leakage from erythrocytes of different speciey incubated with a sub
Iytic dose {05 pg/mi} of Vespa orfentalis venom

Table 3

Effect of various treatments on the hacmolytic actvity of V' orientalis venom

% Haemolysis**

.
Matenals' without PLese with PL

Native venom 80 100
Venom heated at 100° (pH 60 or 80)

for 2 mun, 5 15

for 10 min - 5
Venom heated at 100° - pH 3.5

for 10 mun - 25
Venom after removal of heparin precipitable matter 5 35
1 d heated for 2 min at 100° pH 60 - 2
Venom after Amberlite adsoption - 28
Heparta precipitate 70 85
Hepartn precipiate heated 2 mun at 100°, pH 60 - 10

* equivalent to 3 pg/ml venom
** tncubation at 37° for 120 mn
*** Egg yolk phospholipsd — 0 5 mg/m?
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Pre mcubation of human RBC with a sublytic concentration of whole
venom (05 pg/ml) for 30 mnutes at 37° resulted 1n an increase of their
osmotic fragility, which started at 07 %, NaCl and ended at 045 %, NaCl
At the same sublytic concentration, a vanable degree of potassium leakage
was found (fig 3) 1n accordance with the species susceptibihty of the erythro-
cytes used As can be seen, human, guinea pig, mouse and rat erythrocytes
which are susceptible to the lytic effect of Vespa ortentals venom showed a
tugher K leakage as compared to that of horse and ox erythrocytes which
were previously found to be resistant to the Iync effect of the venom

Table 3 summanses the cffect of dialysis as well as heat, hepann or
Amberlte treatment on the haemolyuc propertes of the whole venom or
the venom fractions As can be seen, heating the whole venom from 2-10
minutes m a bosling water bath at a pH of 60 or 80 caused the complete
disappearance of the direct lytic effect on washed RBC even after 3 hours
incubation There was also a considerable loss of the lytic activity 1 the
presence of egg yolk phospholipids, which could be mimmuzed if the venom
was boiled at pH 3 5

The add of hepanin produced a fine Js which was sep
by centrifugation for 30 min at 3,500 r pm The amount of hepann required
to precipitate the basic protem component was approximately half of the
venom total protemn Both the hepann supernatant and the Amberlite super-
natant were almost devord of direct lytic activity, yet retamned the ndrect
Iytec actwvity after the addition of egg yolk phospholipids Dissocration of the
hepann complex yn veronal buffer containng an excess of hepann released
a measurable lytic activity when tested on washed human RBC This activity
was only mildly potentiated by the addition of egg yolk

Treatment with hepann of Amberlite likewise showed a clear cut decrease
mn the direct lync effect with preservation of the indirect effect In all m
stances after elmination of the duect Iytic factor the residual haemolytic
activity of washed erythrocytes was extremely low The lyne activity 1n the

q

Table 4

Neutrahsation of the haemolytc effect of whole venom of V' orientalis
by rabbet anti wasp venom immune serum®

Concentration (ug/ml)
Venom 4 192 9 48 24 12 6

Haemolysis + + + +

&0 1 ml of rabbit anti wasp venom immune serum
4+ haemolysis
— absence of hacmolysis
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presence of phospholiprds was lower than the onginal lytic activity of the
total venom Continued dualysis of whole venom agawnst saline at 4° did
not cause any appreciable loss of the direct Iytic activity Addition of rabbit
ants whole venom immune serum to the whole venom, 12 vitro caused com-~
plete inhibition of the Iytic activity (table 4) The Iytic achvn!y of wasp \cnom

could be d by d t with prepared and
washed human erylhmcyte ghosts The sedunented and washed ghosts were
able to haemolyse a 5% suspension of fresh human erythrocytes The
haemolytic activity associated with the venom incubated ghosts was abolished
by botling at 100° and muldly potentiated by the addition of phospholipids

In a preliminary nvestigation on the i vivo haemolytic effect of Vespa
orientalts venom using mtravenous admimstration of a sublethal dose of
whole veriom to albino mice (2-25 mg per mouse weighing 20 g) free
haemoglobin 1n the plasma and haemoglobinuna were found

Inscussion

The results of the present study pomnt toward a haemolytic system con-
sisting of a direct Iytic factor precipitable by hepann, probably a basic pro-
temn, and an mdrrect lytie factor, mamfesting us acuvxty n the presence of
egg yolk t and hence p a ph p A simtlar
mechanism of haemolysis has already been described wxlh regard to some
snake venoms (RoY 1945, CoNDREA et al 1964a) as well as to the honey bee
venom (HABERMANN 1958) In all these vemoms, the indirect haemolytic
actvity was attnibuted mamly to phospholipase A, which has no hydrolytic
activity on the phospholipids of washed erythrocytcs, yet could cause hae-
molysis m the p of extracor ongmating from
the plasma or even better from added egg yo]k On the other hand, the
direct lytic factors (DLF) from snake venoms or the mebitin of honey bees
venom are capable of lysing susceptible erythrocytes m the absence of ex-
ternal phospholipids M , the p of both factors results 1n a
much stronger haemolytic effect, suggesting that the direct lytic factors, by
changmg the structure af the erythrocyte membrane, allow for the simulta-
neous hydrolyss of 1ts phospholipids by pase A Although the hae-
molync actavity of whole venom on washed erythrocytes reflects the
combuned effect of both the direct and the indirect factors, the presence of
extracorpuscular phospholipids, which play a part in the formation of ad
ditronal lysclecithin and free fatty acids, increase sull further the extent of
the haemolysts

The enhancing effect of egg yolk phospholipids 1s of particular sigmf
1cance m the present study, since up to the present we have been unable to

4 Acta pharmacolog ca vol 33 fase 1
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obtain punified fractions with exclusively direct or indirect haemolytic prop-
erties Therefore, the method allowed for the discrimination between the
direct and the indirect haemolytic effect, the latter beng defined as the
mcrement of haemolysis obtained 1n the presence of extracorpuscular phos-
pholiprds

Botling of the venom was also helpful m discriminating between the direct
Iytic activity which was completely lost and the mdirect one which could be
preserved to some extent at an acid pH The direct lyne factor was found mn
the heparin precipitate The activity of this fraction could also be destroyed
by heat As the durect Iytic factor could be adsorbed to Amberhte, 1t seems
to be basic 1 nature

The direct lytic factor which seems to be firmly attached to the erythro-
cyte membrane of osmotic ghosts, cannot be easily removed by saline wash-
g and retans 1ts haemolytic properties toward freshly added erythrocytes
Whether this 15 due to additional free active groups of the direct factor al-
ready attached to the ghosts, or to transfer of the direct factor from ery-
throcyte to erythrocyte 1s still a matter of conjecture Furthermore, the mldly
potentaung effect of added egg yolk suggests that munute amounts of phos-
pholipase may also have been attached to the osmotic ghosts

The differences 1n species ptibility toward the h Iytic effect of
Vespa orientalts venom are strikingly similar to those found with some snake
Iytic venoms (CONDREA et al 1964b) The explanation offered 1s based on
the lecithin content of the red cells membranes, the erythrocytes which are
poor tn lecithin ike those of the herbivores being resistant to haemolysis
Furthermore additional factors concerming the membrane ultrastructure
mught also play a role, smce the erythrocytes of the camel do not haemolyse
although their membranes are quite rich 1n lecithun

The enhancing effect of egg yolk phospholipids was greatly reduced al-
though still present when tested on isolated and washed hepann precipitate
This finding might be due to contamination with traces of phospholipase
but 1t coutd also be due to a complex f of phosphol with the
direct lytic factor on the basis of 10n exchange That basic proteins like melit-
tin can aggregate 1n mucelles of vanous size has already been shown (FiSHIR
& NEuManN 1961) thus g for the unt s sep of
melittm on moving boundaries electrophoresis Such a property might be

ponsible for the p of multiple cf hic fracuons with
direct haemolytic activity and 15 1n agreement with the findings of FiscHL
et al (1972) using electrophoreuc separation of the haemolytic fractions

The potassium leakage and the “osmotic™ type of hagmolysis caused by

p erythrocy of puble species to sublytic concentrations of
whole venom are remimscent of the effect of Iysoleaithin, the haemolytic
tysocompound generated from leaithin by phospholipase A




HAEMOLYSIS BY ORIENTAL HORNET VENOM 51

The explanation for the sigmotd shaped curve may be that the haemolytic
system 1n fact consists of several factors with different kinetic characteristics

There are several simifanities 1n common with the properties of the venoms
from other wasps and hornets A direct lytic factor has been 1solated from
the venom of Vespa vulgars (JAQULS & SCHACHTER 1954) which 1s precipit-
able by pienc acid Cunously enough, the direct Iytic factor of the picnc
acid precipitate 1s destroyed by boiling, but partly restored after acidification
A simlarly heat labile durect Iytic fac!or has been found m Ihe verom of
Vespa crabro (HABLRMANN 1968) Both phosphot A and phosphol
B have been found in the venom of Vern vulgars (CONTARDI & LJ\TLER
1928), as well as 1n the venom of Vespa crabro (HABERMANN 1968)

No clearcut answer can be given for the specifteity of the antibody respon-
sible for the i vitro 1 of the h lytic activity by the rabbit
anty wasp venom serum All we can say 1s that 1t completely neutralises the
direct haemolytic activity of the whole venom Most of the immunisation
expenments with animal venoms have marmly succeeded 1n the production
of antiphospholipase antibodies (CINADER 1957, HABLRMANN 1968), while
mehttin has proved a poor antigen In the case of the Omental hornet’s
venom, howeser, the basic protein, bemng non dialysable, 1s presumably a
large molecule with good antigemc properties

Although at present we have gamned a better wsight into the mechamsm
of the haemolysis caused i vitro by the venom of the Oniental hornet, there
are stll many questions awaiting elucidation The scarcity of the venom
has so far prevented the use of more detailed procedures of punfication and
biochemical charactensatton of the varnous venom frcattons, which it 1s
hoped will be achieved 1n the future
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Absence of Effects of Methysergide on Connective Tissue in Mice
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Hans Langgird and Jargen Ulrich
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Abstract The effects of methysergide on the composition of skin Liver and retro-
peritoneal tissue have been examuned in mice After 14 days of treatment, no
changes could be demonstrated 1n the contents of water, faf, fat free sohds or
hydroxyproline as compared with a control group nor was the plasma hydroxy
prolime level altered

Key nords Methysergide ~ retropentoneal fibrosis ~ hydroxy proline

Reports have appeared since 1964 on a total of 70-80 cases of retro-
pentoneal fibrosis i mgrame patients under treatment with methysergide
(desers!®, sansert®) (GrAHAM 1964, GRAHAM et al 1966, SuY et ol 1965,
Utz ef al 1965)

As renussion of the disease 1s seen on cessation of the treatment (GRAHAM
et al 1966, WEiss & HINMANN 1966, LINDENEG & Kok-JENSEN 1968) a
causal relattonship would seem probable Methysergide 15 also reported to
have caused fibrosis of other organs, amongst others the lungs, pleurae,
aorta and endocardium (GRAHAM 1967) so that the term fibronc or fibro-
plasuc effect has been used 1n connection with thrs drug In agreement wath
this the pathologceal process consists of an flammatory tespanse of uo-
specific type (GRAHAM et al 1966) However, knowledge 1s lacking as to
how the drug produces this effect, 1 addition 1t is not clear, whether the
changes occur only mn particularly responsive mdividuals Ammal expen-
ments aimed at throwing hght on this problem do not appear to have been
carnied out

The object of the present study has been to attempt to demonstrate any
possible general *fibropl effect of on the
tissue The effects of the drug on the composttion of the skin, Iiver and
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the retro-pentoneal connective fissue have been examined in myce Particular
emphasis has been given to the hydroxyproline contents of the organs as
a measure of their collagen contents and to the hydroxyprohne concentra
tion of the plasma as a sensitive indicator of acute changes taking place 1
the connective tissue organs (LrRoY & S1oERDSMA 1965)

Methods

White male mice (Leo Stntt) weighing 25 30 g were divided 1nto 2 groups One
group (23 nuce) was treated daily with methysergide (desenl® sansert®) 20 mg per hilo
or 0.5 mg per animal 1n 05 ml fumerate buffer gwven intraperitoneally for 14 days
The amumals 10 the control group (19 mice) were imjected with the same amount of
buffer solution without methysergide Twenty four hours after the Jast injection the
ammal was stunned by a blow on the neck and 500 yl of blood sampled by sevening the
blood vessels on one side of the neck after which the animal was bled by decapuation
A defined area of the depilated shin of the back including the subcutaneous tissue was
removed the ltver extirpated i tofo and the retro-peritoneal connective tissue on the
right side including tissue from the lower pre lumbar area removed as completely as
possible The percentage contents of water fat and fat free dry substance of the skin
fwver and \! tissue were by freeze drying 2ad remaval
of the fat with ether and petrolfether The hydroxyproline content was thercafter
estimated on 5 mg of the dry fat free skin and 30 mg of the dry fat free lver ac
cording to Neuman & Logans method in MarTIN & AxziroDs (1953) modification
The fat free solids of the ret 1 tissue only appro<i
mately 1 mg per amimal and hence the tisste was pooled in groups of 4-5 for the
hydroxyprolme esumation The total content of hydroxyproline in the plasma was
estimated by a modification of the method described by LERoy et af (1964) on 100~
200 ! of plasma (cf LANGGARD 1968}

Results

Treatment With methysergide did not result 1 any change 1n the weight
of the animals 1n relation to the control group The average weight changes
duning the test penod 1 the treated group were 03 g (from —3 to +3 g)
m the control group 00 g (from —2 to +3 g) There were no gross changes
i the retro-pentoneal tissue

1t can be seen from the table that the weight of the liver and the amount
of retropentoneal connective tissue did not alter dunng the treatment Also
that the percentage contents of water, fat and fat free dry substance and of
hydrovyproline m the sk, liver and retropentoneal tissue were not effected
Finally, that the concentration of hydroxyproline in the plasma was the
same 1 the two groups

The figures 1 the table ndicate mean values + standard error of the
mean
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Table 1

Methysergide Control

(n=23) {n=19)

Water (%) 69 £ 05 66 £ 12

Fat (X) 6 + 06 9+ 16

Skin Dried defatted weight (%) 25 * 02 25 % 05

Water (g/100 £°) 271 % 21 267 % 44
Hydroxyproline (/100 g*) 90+ 011 89% 014

Wet weight (mg) 1378 310 1364 416

Water (%) 70 * 04 71 %+ 02

Fat (%) 2*0! 2 * 01

Laver Dnied defatted weight (%) 28 %02 27 % 04

Water (2/100 8% 257 £ 26 259 + 24

Hydroxyproline (mg/100 g*) 103 £ 55 116 + 91

‘Wet weight (mg) 44 * 43 55 & 68

Retro- Water (%) 28 £ 12 27 * 15

pentoneal Fat (%) 3403 3 % 05

Connective Dned defatted weight (%) 6+ 14 0+ 19

Tissue Water (gfl g*) 10 £ 08 1 * 09
Hydroxyproline (g/100 g*) 11+ 00** 13% 00**

Plasma Hydroxyproline {mg/ml) 1294 041 124% 038

n = number of animals
* per 100 g dry defatted tissue
*n=j
Discussion

Fibross 1s the final phase of any nfl y reaction Bioch 11

this phase 1s charactenized by a reduction 1n the water content and an mj-

crease 1 the collagen content of the tissue If treatment with methysergide,

under the expenmental curcumstances described, exerted a fibrositic effect,

1t might be possible to demonstrate these changes 1a the organs, urespec

tive of whether the effect was due to fibroplast proliferation, Lberation of

brogemic anunes, primary changes 1n the collagen molecules or to the anty
effect of the pound (LEROY et al 1964)

The entirely negative results of this study are, of course, meonclusive, but
are agamst g general connective tissue effect of methysergide Indurectly the
results thus support the that the of fibross, ob-
served at tunes 1o migramne patients under treatment with methysergide, 15
a smgular manifestation of a vaniety of agents occurnng 1n certain “fibrotical-
ly inchined sndividuals only
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Interspecies Variations in Small Intestinal and Hepatic
Drug Hydroxylation and Glucuronidation
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Abstract In order to stedy the snterspecies variabions tn small intestinal and

hepatic drug bol the b i and UDP
activities were d m the cal guinea pig mouse, rabit and
rat The cat exhibited very low benzp ¥ and UDP

tranferase activities bath 1r s liver and sma!l intestine, Of the other species
the guinea pig had the highest benzpyrene hydrovylase activity, the rabbi an
mtermediate and the rat and mouse the Jowest activity 1n the smail intesine
The hy y of 34 by lwver was most active 1
the mouse and guinea pig the rat hver showed an intermediate activity and the
rabbit liver was least active ‘The UDP glucuronyltransferase activity was highest
10 the small 1ntestmal mucosa of the rabbit and rat, whereas the gutnea pig and
mouse exhibited an 80 per cent lower activity The guinea pig hver nucrosomes
showed the highest activity and the mouse rabbit and rat hvers had an inter
mediate activity The rat small intestnal benzpyrene hydroxylase activity could
be enhanced 1o the same Jevel as in the guinea pig by feeding the rats with a
guinea pig diet

Aey words Anumals, laboratory — 34 benzpyrene ~ plucuromdes — ntestine
small - Jtver — mucous membrane

The testing of drugs and other chemucals for their therapeutic safety is
carried out manly on the common laboratory ammals The possibility of
species differences must always be considered 1n mterpreting and extra-

polating these results to man Thus the k ledge about the

vanations can aid 1n the design of phar ! and log: studies
in animals At present, 1t 15 well cstabhshed mat there are great differences
m the ptibility to foreign P ds and also 1 the metabolic fate of
dmgs m dl.iferent ammal species, although the k ledge of e
phar and drug bol

15, as yet, imited Partic~
ularly the hepatic drug metabohsm has been rather extensively studied (for
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reviews see WILLIAMS 1967, CONNLY 1967, PARKE 1968, SMiTh 1968) Some
species vanations both in the ntestinal drug oxidation and conjugation have
also been described 1n separate studies (HARTIALA 1955, STEVENSON & DuT-
TON 1962 WATTENBERG et al 1962) The distribution patterns of the drug

m the gast ! tract are, however, rather

poorly known

The amm of the present report has been to compare the activity of the
drug oxidation and glucurome actd conjugation and the distribution of the
respective enzymes 1 the small intestinal mucosa and liver of the common
laboratory ammal species The hydroxylaton of 3,4 benzpyrene and glu
curomdation of p nitrophenol have been determined 1n the mucosal homo
genates and Liver microsomes Furthermore the effect of different diets has
been studied by feeding rats with the pelleted diet of other species

Methods

Adult male Wistar rats (28) male rabbits (5) male muce (§) mongrel male cats (4)
and gumea pigs (8) of both sexes were used The mice and rats were fed ad fibitum
on the same commercial mice petlets (HANkRUA Oy Finland) as their sole food supply
Both the guinea pigs and rabbits recerved rabbit pellets (HaNkkiA Oy) but they were
also supplied with bread and swedes In order to clanfy the effect of different diets on
the drug metabolism rat groups were fed for 9 days on the rabbit pellets and on
the dog pellets A group of rats was also fasted for 72 hours before sactifice The
cats were fed on milk fish and meat

The an mals were stunned by a blow on the head and bled by cutting the renal
vessels The liver and small intestine were dissected at 4° and either 5 or 10 em
segments of the gut were cut out The mucosa was scraped with an ampoule file and
homogenized with an Ultra Turrax homogemzer tn one per cent digitomn sofution as
described earlier for the UDP gl (HANNINEN ef al
1968) The mucasal samples for the were homo-
gemzed with a Potter Elvehjem type homogenizer wnh a Teflon pestle i 025 mot/l
sucrose The liver microsomal fraction was sedimented by centnfugation at 105 000X g
(60 mun at 0°) in 025 molfl sucrose after presedimentation of the cell debnis nuclet
and mitochondria (VAo & HANNINEN 1972) The sediment was resuspended 10 025
mol)l sucrose to yield a concentration of 1 g liver fresh weightiml The mucrosomal
protein content was determined by the b uret method (GorNaLL et af 1948) The UDP
glucuronyltransferase activity was determined as described by HANNINEN ¢7 af (1968)
usmg p mrophenol as aglycone and an UDPglucurome acid concentration of 47
mmol/l The pH was 70 the incubation time of reaction vaned according to the
enzymatic activity between 10 and 20 munutes in order to work within the linear range
of the reaction The 34 y activity was d as described
earher by GNOSSPELIUS et al (1969[1970) usng about 01-02 mg of liver microsomes
and mueosal homogenate equivalent to 2040 mg of fresh mucosal we ght, The UDP

acd and 3 4-b were from the § gma Chemcal Com
puny {St Lows) and the p mtrophenol from £ Merck AG (Darmstadt) Students T test
swas used to calculate the staustical s gmficances of the results
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Results

The benzpyrene hydroxylase had very different distnbution patterns in

the small intestine of the vanous species Rats and mice had equally high
actvity m the duodenum, from which 1t decreased to the ileocaecal valve
(f)g 1A) In the small ntestine of the gumea pig the mucosal benzpyrene
hydroxylase activity increased from the pylorus to the end of the duodenum
reaching a plateau 1n the jejunum and deum, wiile the activity decreased
agam 2t the end of the ileum (fig 1B) The benzpyrene hydroxylase activity
was ten times higher 1 the guinea pig than i the sat and mouse duodenum
The rabbit showed an aborally g activity of benzpy hydroxyl;
m the duodenum The enzyme acuvny, however, decreased rapxdly m the
jejunum (frg 1B) In the small mtestnal mucosa of the cat only traces of
benzpyrene hydroxylase actvity were obsenved (fig 1C) ‘The guinea pig
and mouse Livers had the highest benzpyrene hydroxylase activity, while the
rat hiver showed a 30 per cent lower activity, and the cat and rabbit even
less (g 1D) No marked differences between the liver microsomal proteins
among the vanous species could be detected (table 1)
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Fig1l The actiity d 25 nmol of hydrotylated 34

benzpyrene (OH BP} X muin=1 X g (f wt)™2) in the small imtestnal mucosa of the

rat (A) guinea pig (B) mouse (A) rabbit (B) and cat (C) The hepatic benzpyrene

hydrovylase activities are given 10 panel D The numbers of amimals were 6 6 8 5

and 4 respectively The distance from the pylorus to the ileocaecal valve has been

denoted by 100 The standard errors of the means are shown by the vertical bars The

animals are represented by the following signs A=rat X =mouse O=guinea pig
@ =rabbit and [J=cat
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Table 1

The hepatic microsomal protesn concentrations of different species as expressed m mg
of mcrosomal proteinfg (f wt) of liver The standard errors of the means are
given The number of experiments 1s shown in brackets

Hepatic rmicrosomal protein

Species melg (£ wt)
Cat 2581491
Gumnea pig 310+32(6)
Mouse 35440
Rabbnt 323%55(3)
Rat 300%35(5)

The UDP glucurony ltransferase activity was highest 1n the small intestine
of the rabit The enzyme actvity 1n this species decreased slowly from the
duodenum aborally (fig 2B) The rat showed almost as high an activity but
a steeper gradient (fig 2A) The guinea p1g and mouse showed equally igh

1 UDP gl yl , which were only 20 per cent
of the enzyme activity found 1n the rabbit duodenum (fig 2A and B) The
small intestmal mucosa of the cat was not able to conjugate p mtrophenol
(tig 2C) The pumnea pig had twice as high hepatic UDP glucuronyl-
transferase actvity as the mouse ot rabbit and three tumes as high as the
rat liver (fig 2D) In the cat liver the UDP glucuronyliransferase activity
was barely detectable (g 2D)

Feeding the rats on the rabbit peflets enhanced the intestmal benzpyrene

»
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Fig 2 The UDP activity (exp as nmol of p P

bound 3¢ glucuromde X wun—t X g (f wt)™) In the small antestnal mucosa of the

rat (A) guinea pig {B) mouse (A) rabbit (B) and cat (C) The hepatic UDP glucurenyl
transferase acvities are shown m panel D For other explanapons see fig 1
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Table 2

The 34 benzpyrene hydrovylase and UDP glucuronyltransferase achivties in the

duodenal mucosa gnd fiver of rats after feeding the ammals on different diets or

after a 72 hour starvation peniod The standard errors of the means are given The

number of expeniments 1s shown 1n brackets The astherisk indicates statistical signuf
1cance as compared to controls (1001 <P <005, (2} P < 001)

Diet Hy ¥ r 1 bound

¢ nmol/min X g (f wt) nmol/min X g (f wt)
Duodenum Laver Duodenum Lver

Controls 0065 £ 0022(10) 1992011 170+ 5(4) 159411

Rabbit peliets 0340 £ 0130 (4)v0 132£033) 165+13(5) 168%26
Dog pellets 0041 £0010(3) 188+025 147£12(5) 128 £ 06(xx)
Starvation <0010 (4) 12440100 108+ 10(5p=x) 128 £ 06(xx)

hydroxylase to a nearly four fold level as compared with the enzyme activity
m rats on an ordinary diet {table 2) On the other band the dog diet feeding
slightly decreased the activity The rabbit diet had no effect on the duodenal
UDP glucuronyltransferase activity, and the dog diet decreased 1t shghily
(table 2) The hepatic benzpyrene hydroxylase or UDP glucuronyltransferase
activity was not enhanced by the dict of the other species (table 2) Starvation
(72 hours) decreased the wntestinal benzpyrene hydroxylase aCtlvlty bcluw
the sensitivity of the method, and the duodenal UDP gf

actvity decreased some 40 per cent {lable 2) Hepam: hydroxylatton and
glucuromdation also decreased after starving (table 2)

Discussion

The results obtamed ndicate that there ate marked mter species differ-
ences 1n the small intestinal and hepatic drug hydroxylation and glucuromda-
tion The carmvorous cat showed the lowest capacity for drug metabolism
and the herbivorous species had quite high ability to metabolize drugs
ALVARES et ol (1970) have previously shown that rabbits have a 509,
lower hepatic benzpyrene hydroxylase activity than gummnea pigs They also
showed that rats have nearly 3 times and mice nearly twice higher hepatic
b hydroxylase than rabbits These results do not quite
agree with our own The discrepancy may be due to the differences m the
genetic background and perhaps also to the environments of the tested
animals However, the i vitro demethylation of ethylmorphine by liver
microsomal preparations of mouse, rat, guinea pig, and rabbit showed a
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4 fold vanation i rate, the preparations from the mouse being most active
and feast active 1n the rabbit (Davies et al 1969) This agrees very well
with the hepatc levels of another mixed function oxidase enzyme, benz~
pyrene hydroxylase, studied 1n the present report WATTENDEIRG et al (1962)
have reported that gwnea pigs have a shghtly lower duodenal benzpyrene
hydroxylase actwity than mice, but that rats have about a 5 fold actwity as
compared with guinea pigs Their results are thus not in accordance with
our own
The mter species vanations 1n drug metabolism are most probably due to
genetic factors and differences m exposure to mducers Benzpyrene hydro
xylase has been shown to be genetically controlled (GIELEN et al 1972}
Furthermore the diet 1s known to have a marked effects on the enzymatic
activities tn the gut (WATTENBERG 1971, HIETANIN et a! 1972) Thus the
dhifficulty in heeping other factors than inter species differences constant
anses, for example between herbivorous, ommivorous and camivorous ani-
mals WATTENBIRG (1971) has shown that b hydroxyt
can be mduced i rats by dietary constituents, e g espt:clally by the vege
tables of the Brassicaceae family In the present study it was found that
feeding the rat with the rabbit pellets, enh d the duodenal benzpy
hydroxylase actwity almost 5 fold
The gastro intestinal bactenal flora ss also able to metabolize drugs and
other chemicals Although several of these orgamisms are common to many
species, they have been found to vary in numbers and location 1n the imtestine
of different ammals, and they can vary within the same species according
to the nature of the diet (ScHrLve 1968) Thus it 15 possible that inter-
species vanations m the bolism of some pounds may depend partly
on the gut flora
Since the guinea pigs and rabbits on one hand, and the mice and rats on
the other, were fed on the same diets, the differences 1n drug metabolism
between those two groups are at least partially due to the dietary differences
This concluslon 15 supported by the fact that rabbit pellets enhanced the
PY Y in rats to the same level as m guinea
pigs The vanatons between the gwnea pig and rabbit and between the
mousc and rat, are, however, probably true inter species differences The
cat’s vegetable free diet probably does not contain the same amounts of
inducers as the diet of other species, and this may partly explain the low
activities of drug metabolizing enzymes
The high benzpyrene hydroxylase actwvity at the begmniug of the jejunum
n the gumea pig and rabbit may be due to the hiberation of inducing com-
pounds from the feed or from the intestinal microflora An entero hepatic
circul of ind may also b to the hugh plateau observed it
the lower duodenum and middle parts of the smalf intesting 1 these spectes
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The results of the present study indicate that although drug hydroxylation

and glucuromdation are subsequent events 1n drug ehmnatton 1t vno, the

of these resp can vary md Jently of cach other

Furt high ! drug bolizing activity, too, 1s not necessanly

linked to a high hepatic drug bol Thts 15 1n d with the

results obtamed from the studies where the oxidation and comjugation steps
have been found to possess different induction patterns (ATTIO et af 1972)
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Lffects of Pyrithioxine, EMD 17246 and Diethanolamine-Rutin
on Acute Alcoholic Intoxication in Rats

By

M E Hillbom,J Linkola, P Nikanderand H Wallgren
{Recerved September 26 1972 Accepted November 15, 1972)

Abstraet The effects of p; EMD 17246 (a of p

and a muture of dicthanolamine and ruttn on acute alcoholic intovication
were tested 1n male Wistar rats A standardized tltung plare test and sleeping
ume measurements were carrred out Neither pyrithrovine nor diethanolamine
+ rutin counteracted the depressant effect of ethanol Admunistration of a single
dose of diethanolamine + Tutin per os two hours before testing did not markedly
affect motor co-ord nation duriag nebriation On the other hand motor capa

bility was shightly better in ammals pretreated orally with pynthioxine (01 glkg/
day) for one weel than sn control ammals Following acute oral admumistration
of 0005 g pynthioune/bg body weight there was alvo shightly improved per

formance but larger doses (01 and 20 gfhg) made this rather worse An
mjection of pynthiovine (0025 g/hg) or EMD 17246 (0025 gfkg) given intra

penitoneally together with ethanol improved motor co-ordtnanon Blood ethanol
concentrations were not sign ficantly affected by pre treatments with the drugs

The results suggest that pynithioune and EMD 17246 slightly protect rats agamst
acute alcoholic intoucation but the effect appears to be dependent on dose
level and mode of administration

Aey words Ethanol iatoxication — pyrithioxine ~ EMD 17246 - diethanol
amine + rutin

Many sub fuding caffeine, ampt and pynth (No-
WAK & SCHORRE 1969) have been studied wath regard to the protection they
afford against ethanol induced intoxication It has been found that the previ

ous use of stimulants can to some extent prevent the sedative effect of
ethanol but, on the other hand, they cannot improve muscular co-ordination
dunng mebnation (WALLGREN & BarrY 1970) Pynthioxine, a vitamin By
denvative, which 1s classified as neither a sedative nor a stimulant (Scuret

BER 1965) and which has no pynidoxine like properties (hORNIR & Nowak
1967) was recently reporied by GOLDSTEIN & DoLcE (1972) to reverse a

5 Acta pharmacolog ca vol 33 faxc 1
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number of the effects of ethanol in cats and rabbuts including overt coma
the cat Their expeniments, mn which electrophystological techmques were
used, suggested that the effect of the drug may not be similar m all species
owing to different arousal mechamsms 1n the bran Rabbuts had the earliest
and most marked changes at the level of the reticular formanon, a structure
which 15 generally believed to be involved m the control of muscle tone,
while 1 cats the hipp pus and the amygdala were more affected No
performance tests were made and consequently no data are presented on the
possible protection afforded by pynthoxine agamnst ethanol induced dis-
turbances of motor co-ordination

On the other hand, another recent report by GELLER et al (1970) indicates
that pre-treatment of rats with a mixture of diethanclamne and rutin protects
the ammals agamst the disruptive effect of ethanol on muscle co ordinatton
It was 1 that the p action of the drug mixture might be
attnbutable to retardation of the rate of absorption of ethanol from the
gastro-mtestinal tract but other possibiities, including the effects of acetal-
dehyde, were considered

These findings seemed to be sufficient to warrant further tnvestigation
of the effects of pyntt and diethanol + rutin on ethanol nduced
sedation and disturbances of motor co-ordination In addition EMD 17246,
a new denvative of pynthioxine was kindly provided for us by E Merch Co
(Darmstadt, Germany) for evaluation of its capacity to check ethanol-
induced :ntoxication

CH-OH
HO. CH>SCHj3 EMD 17246

cuy” Y S Methyl 5 thiopynidoxol

Matenals and Methods

Male Wistar rats of Damsh and Finish ongin 4-7 months old which had been
given ordinary laboratory food were used for the expeniments In different expersments
the amimals recened pyrithioume (E Merck AG Darmstadt Germany) a metabohte
of pyrithcoxine (EMD 17246/charge 4 E Merck AG Darmstadt Germany) and a
mixture of (Fluka § if and rutn (B Merch AG Darmstadt
Germany) vaned doses by different routes before he
nyection of ethanol

The deptessant effect of ethanol as evidenced by the sleepng ime was tested only
1 ammals which were pre treated with pynthioune (01 gikg/day per o) for one week
or with a single oral dose of dicthanolamine + rutin The suspension of d ethanol
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amune and rutin was prepared according to GELLER ef al (1970) by dissolving 55 g of
diethanolamine and 300 mg of rutin tn a small amount of distilled water and adjusting
the pH of the solution to 73 with concentrated hydrochlonic acid When the substances
had dissolved, the mixture was diluted with distilled water to a final volume of 100 mt
Of this mixture 10 mi/kg body werght was mtubated two hours before the start of the
test which was begun by injecting 4 g/kg body weight of ethanol (13.3 % wiv in sahine)
mtraperitoneally All the ammals fell snto apparent coma within three munutes after
the 1njection after which they were placed on their backs on the floor and watched
carefully ‘The crtena of arousal chosen were hifting of the nech, turming on to the
belly, and getting on to their feet The test was performed 1n a quiet room
The rate of elimnation of ethanol was determuned by taking blood samples from
the tip of the tasl duning the sleeping fime test 8 hours after the ethanol injection
1f o rat did not wake up within 8 hours after admumstration of cthanol, a score of
8 hours was assigned as the time needed to turn on to its belly and to get on to its
feet The ethanol concentration was measured by a Perkin Elmer F40 gas chro-
matograph
The motor activity of the ammals was tested on a tiling plane by a standardized
method {ARVOLA ef al 1958) Ethanol (25 g/hg body weight) was given ntrapentone
ally as a 10 % wjv solution mn saline 20 munutes before the first testing on the plane
and each rat was tested every 20th minute duning 160 minutes The test on the tilung
plane was performed each time by the same pesson who was trained to do 1t and
who did not know which drug had been given to the rats On the preceding day three
control tests were performed for each rat, and the performance of the ammals during
inebriation was calculated as a percentage of the mean of thetr own control vatues.
Blood samples were taken from the up of the tail in order to deternune the blood
ethanol concentration of each rat immediately after the last test on the plane In a
senes of control studies it was found that chromue oral pre-treatment with pynthioune
did not affect the rate of absorption of ethanol from the pentoneal cavity Six different
series were performed with groups of vanously treated rats In each experiment control
groups were given only ethanol
The arumals 1n the first series were pre treated with pynthioxine and diethanolamune
+ rutm as i those in the sleeping time test In the sccond senes the effect of a large
dose of pynthiowne was tested A single dose of the drug 2 g/kg body weight, was
wtubated as 2 20 % solutton 1a distilled water two hours before testng In the thurd
senes a single but much smaller dose of pynthwovune (01 g/kg body weight as a 1 %
solution) was given by mouth two hours before testing In the fourth series the dose
of pyrithioxioe given orally was further reduced to only 0005 g/kg body weight as
2 005 % solutton admumstered two hours before testing In the fifth seres pynthioxine
was dissolved 1n ethanol and saline to give a concentration of 01 %, and the ammals
recerved 0025 pikg body weight of the drug together with the ethanol dose 20 minutes
before testing The last semes was the same as the fifth, with the excepuion that pyn
thio¥ine was replaced by the same amount (0025 gfkg) of EMD 17246

Results and Discussion
A standard measure of severely depressant drug effects 15 the sleeping-
time, defined as the duration of time durtng whuch the animal fails to show
the nghting reflex when placed on its back or side This reflex was not
5
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Table 1

Effects of pre treatment with pynthioxine (01 g/kg/day for one weeh) and diethanol
amine + rutin (stngle dose) on sleep nduced by ethanol and the rate of elummation of
ethanol Each figure represents the mean of tenrats £ S D

Lifung of Turming on Getting on  Rate of elimnaton
Treatment the neck to belly to feet of ethanol (mg/100 g
(mun) (oun) (min) body wt Jhr)

- 41+24 424 £ 68 447+ 62 211438
Pynthoxine 52221 414 £55 434 £ 57 22141
Diethanotamine

-+ rutn 69140 434 +45 45138 207429

constdered m the present expeniments, smce 1t has been pomnted out that
after a depressant dose of alcohol the retumn of the reflex occurs gradually
and with relapses (FORNEY ef af 1962) Table 1 summanzes the duration of
sleep of ammals pre-treated with pynthioxine or diethanolanune + rutin
Lifung of the nech, turming on to the belly and getting on to the feet were
not sigmiicantly cifferent between the drug-treated and control groups The
results indicate that the coma induced by giving 4 g/kg ethanol intrapen-
toneally as a single injection cannot be influenced by chrome oral pre treat-
ment with pynthoxine or by acute oral ad ration of diethanol +
rutin Neither do these pre-treatments affect the overall rate of elumnation of
ethanol in the rats

It has been reported that mn rabbits the behavioural sedatwve effects of
ethanol as well as the ethanol-induced changes 1 EEG can be entirely
prevented by pynthioxine (005 g/kg ntravenously, Gotpsrrnv & DolcE
1972) In these anumals, the sedauve effects of ethanol seem to appear ear-
Liest at the level of the reticular formation In the same expenments 1t was
also found that 1n cats ethanol affected the hmbic system more than the
reticular formation and that in the latter ammals pynthioxine prevented the
effects of ethanol on EEG even when ethanol was given mn doses of 3 gike
These electro-physiological studies also revealed that pynthioxine, even
when admunistered chromeally, does not affect sieep features, 1 e neither
slow wave sleep nor paradoxical sleep, mn cats On the other hand, 1 2
previous paper MuLicr CaLGan &, Hotovy (1962) reported that pynthioxine
(005 gfhg per os) had shght sedative effects 1n cats Our studies with rats
ndicate that mn these amimals the ethanol-mduced sleeping-time 15 nesther

g tly d d nor d by pymtt

As can be seen 1 table 1, relatively low rates of elimnanon of cthanol
were obsenved n the rats used in this study, as compared with previous
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findings 1n our laboratories and elsewhere (for a review about alcohol elim-
mation 1 varioys ammal species, see WALLGRIN & Barry 1970) This un-
pectedly low rate of el of ethanol 1n the amimals was believed to
be due to a difference between Wistar rats of Finush and Danish onigin 1n
the rate of ethanol elimmation A control experiment was therefore made m
which 15 gfkg of ethanol (10 %, w/fv solution i saline) was injected intra-
penitonieally inte five amimals of each stock The mean values = § D of
the rates of elimmation of ethanol were found to be 342 + 27 mg/100g
body weight/hr 1n Finmish rats and 26 0 % 5 0 1n Danish ones (P << 005 for
the difference) which confirms that a difference exists between the stocks
The effect of ethanol on the performance of rats pre-treated with pyn-
thioxine and diethanolamine + rutin simifarly to those 1n the slecping time
test 1s presented i fig 1 Dunng the whole test penrod, the performance of
the pynthioxine treated rats was better than that of the control animals
A comparnison of the average performances by means of Student’s t-test
showed a sigmficant effect of pynthtoxine (P << 0 05) A single oral dose of
diethanolamine + rutin did not seem to alter significantly the motor per-
formance of the ammals on the titing plane The blood ethanol con-
centrations after the test were found to be 530+ 37, 538 £ 15 and
557 + 26 yunol/ml of blood, respectively, 1n the diethanolamune + rutin,

PERFORMANCE I of cony ot va urs)

®—8 Py thaxre teard rats

0 0 cartox

¥— D& hano umne uts
teates rats

W W W ® M m e seen

Fig 1 Effects of chronic pre-treatment with pynthioune (01 g/kg/day) and an acute

stngle dose of diethanolamine + ruttn on performance of rats on the tiling plane

after mtrapenitoneal injection of 25 g alcohol/kg body weight Each point 1n the figure
shows the mean performance of 10 animals Vertscal bars indicate 4 or — § D
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Fig 2 Performance of rats on the nlung plane after intraperitoneal mjection of 2.5 g

aleohol/kg body weight The pynthioxine treated rats recetved 0005 gfkg of the dmug

2 brs before the first tesing. Each poiwnt in the figure shows the mean performance of
10 ammals. Vertical bars sndicate + or — S D

control and pynthioxime groups (n = 10 1 each group) Indidual per-
formances of the rats on the tlting plane did not correlate wath the measured
blood alcohol concentrations, which were determined at the end of the
tests It must also be pomted out that the large vanation 1 performance
between individual ammals was at least partly due to the large qualtatne
and quantitative variations 1 behavioural symptoms dunng inebnation

) ]
T

.l

. TT mme

w @ W m W u wees

Fig 3 Performance of rats on the ufting plane after intrapentoneal ijection of 25¢

alcoholikg body weight, Effect of a small wintrapentoneal dose of EMD 0025 grkg ad

mimstered together with ethanol Each point in the figure shows the mean performance
of 20 aumals Vertical bars indicate + or — S D
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Contrary to previous findings (GrLLIR et al 1970), we could not protect
rats against acute alcohol mduced intoxication by pre treating them with a
smgle oral dose of diethanolamie and rutin ANl our anmals showed poor
motor co-ordination, ataxta and lethargy soon after the ethanol mjection
In the expenments made by GELLIR ef al (1970} both ethanol and the drug
mixture were admtmistered per os and the authors considered 1t possible that
the mixture of diethanolamine and rutin caused a gradual bumld-up of ethanol
1n the blood 1n centrast to the rapid build-up following the admimstration
of ethanol alone Our results support this assumption and suggest that further

are needed to establish the mode of action of diethanolamine
+ ruun on ethanol absory from the gast 1 tract

A massive dose of pynthioune (2 gfkg) gnen per os about two hours
before the ethanol imjection did not smprove the motor function of the rats
on the tilting plane Throughout the test the performance of the control rats
appeared to be better than that of the pynthioxme-treated rats At 80, 100
and 120 munutes after the ethanol mjection, the difference was even statis-
tically sigmficant (P << 005), and also the average performance was sigmif-
1cantly different (P << 0 05) Moreover, it was found in further expeniments
that even 5 %, of the earlter amount of pynthioxine when given per os two
hours before the test seemed to worsen rather than improve the anunals’
performance Up to 60 minutes, the performance of the pynthioxine treated

rats on the tlting plane was nearly as good as that of the control rats, but
at 80 and 100 munutes 1t was significantly worse (P <C0 05) Further reduc-
tion of the pynthtoxine dose to 5 mgfkg led to a shight improvement m per-
formance, sigmificant at 100, 120, 140 and 160 munutes (P <005, P < 0 05,
P <0001, P<0O0I res 1y) after the ad ration of ethano! It
has been reported that after oral admmistration pynthioxine (67-87 mgfkg)
1s rather rapidly absorbed from the gastro-mtestinal tract of Wistar rats
and the blood level reaches its peak m the 2nd hour (DARGE ef af 1969)
However, at this time only 04 % of the admunstered dose 1s found 1n the
blood The substance 1s relatnely rapidly excreted into the unne (75 %
withtn 9 hours) both when admumstered itravenously or orally (Darcr
et al 1969) After mtravenous adminstration as much as 95 %, of the dose
of pynthiozine 1s eliminated from the blood after only 5 munutes These data
suggest that 1n our expeniments, the rats must have been under the mfluence
of pynithioxie throughout the test pertod

A smaller dose of pynthmxme © 025 g/kg) gwven together with ethanal
Intraper p d the perf of the ammals on
the ulung plane In this experiment the performance of the pynthioxine-
treated rats was somewhat better than that of control rats up to 140 mimnutes,
but only at 20 mnutes was the difference significant (P << 005) A similar
effect was seen when EMD 17246, 2 denvative of pynthioxine, was mjected
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together with ethanol instead of pynthioxine The rats given EMD 17246
showed a better performance than the controls throughout the test period
but the difference was statistically significant only at 20 minutes (P << 0 05)
Blood ethanol concentrations m the ammals at the end of this senes were
477 + 38 and 503 & 44 pmol/ml of blood 1n EMD 17246 treated and
control rats, respectively

The combined results presented 1n this paper suggest that the motor capa-
bihity of rats dunng mebration may be shghtly improved by pynthioxine
ot 1its denvative EMD 17246 However, the effects of the drugs are depen-
dent on the way they are admimstered as well as on the dose given In rats
the sedative effects of ethanol when given m doses which nduce coma
cannot be counteracted by previous chronic oral treatment with pynthioxine
The present results fail to elucidate the mode of action of pynthuoxine on the
brain It has been reported that pynthioxime 1s able to normalize glucose
metabolism 1 the bram without affecting cerebral cuculation (BECKIR &
Hover 1966) In ammal expeniments 1t has also been shown that the perme-
ability of the blood brain barner to electrolytes can be altered by pyn-
thioxme (QUADBECK et af 1962) These latter two findings are inferesting,
since as early as m 1960 TEUERA & MARTINCZ-LAGE reported that pyn
thioxine (0 025 g/kg) when given mtr larly effectively p d mice
agamnst alcohol posoung and coma induced by aleohol Since pynthiotine
has been reported not to mncrease the frequency of serzures m epileptic pa
tients (HARTMANN vON Monakow 1964), 1t may be of value 1n the treatment
of patients with acute aleohol poisoning However, this possibility remains to
be seen as well as the mechamusm of the protection afforded by pynthioxine
aganst acute alcohol poisoming It would be particularly valuable to find an
agent which would severe alcohol but none of the
results obtained 1n the present investigation are encouraging 1m this respect

Acknowledgement
The pynthoxne as well as EMD 17246 wese generously supplied by
E Merck AG, Damnstadt

REFERENCES

Arvola, A, L.Sammalisto & H Waligren A test for level of alcohiol intovicaon
mtherat Q@ J Stud Alcohol 1958 19 563572

Becker,h & § Hoyer unter der mit
Pynthioun Disch Z Nerveaheitk 1966 188 200207
Darge W, E.Liss & K Oeff Zur Ph Aok k und zom bol von 5

m Ti 1969, 19 5-9

Py



DRUG EFFECT ON ALCOHOL 13

Forney,R B, H R Hulpien & F W Hughes The comparative enhancement of the
depressant action of atcohol by eight representative ataractic and analgeste drugs
Lxperienna 1962, 18, 468-470

Geller,1, N D Campbell & K Blum Protection agamst acute alcoholic mtoxication
with diethanolamune rutin Rer  Commun Chem Pathol Pharmacol 1970, 1,
383-394

Goldstetn L & G Dolce An analysis of the effects of ethanol on cortical and sub
cortical electnical activity 1n cats and rabbits In Int Symp Brol Aspects of
Alcoho! Consumption, Helsinki, 1971 Ed O A Forsander & K Enksson The
Finmsh Foundation for Alcohol Stadies 1972, 20, 267-274

Hartmarn von X 1N h
Krankheitsbilder Sdmﬂ' mzd Wichr 1964, 94, 1059-1063

Korner, F & H Nowak Zyr Vitamun Bg- und Antivitamuin Bg-Wirksambert von l"yn
doxol Denvaten unter Beruch des Py
forsch 1967, 17, 572-581

Muiler Calgan,H & R Hotovy Der Eanfluss von Pyridoxol und von zwcx Pyndom]-
sulfiden anf das Verhalten von Katzen und
Arch exp Path Pharmeok 1962, 243 314

Nowak,H & G Schorre 1 zum M. 1 von Py Arzner
nuttelforschung 1969, 19, 11-15

Quadbeck G, H R Landmann, W Sachsse & T Schmidt Der Esmfluss von Pynthioun

auf die Blut Hurnschranke Medna exp 1962 7, 144-154
Schretber, K G Pynthioun in der Behandlung Schadel Hurn Verletzter Landarzt
1965 41, 1126-1128

Teyerra,J & J M Martinez Lage E[:clo protector de la piridouina y del disulfuro de
P sobre la aguda Revia Med Estud
gen Navarra 1960, 4, 332-333

Wallgren H & H Barry, 11, Actions of alcohol Elsevier Publishing Company,

Amsterdam London New York 1970, vol 1




LETTIRS TO THE EDITOR, Acta pharmacol et tpxicol 1973, 33,74

From the Department of Pharmacology, Umiversity of Copenhagen,
20 Juliane Manesvey, DK 2100 Copenhagen Deumark

The Effect of Tyramine on the Transport of
5-Hydroxytryptamine in Blood Platelet;
By

Toge K, Genefke and T. Dalsgaard Nielsen
(Recerved November 8, 1972 Accepted January 9, 1973)

Key words 5 hydrocytryptamine ~ uptake ~ tyramine — human blood platelets

In order 1o study the effect of tyramine on the i1 vitro uptahe and release
of platelets 5-hydroxytryptamine (5-HT) 1n subjects suffering from migraine,
we mvestigated the effect of tyramine on the uptake and release of platelet
5-HT n normal subjects and rats This paper reports our results regarding
the dose-relationship needed for tyrammne to affect the 5-HT transport
normal platelets As well as the well-hnown releasing effect of tyramine, an
mhubstory effect on the uptake of 5-HT was noted at a concentration, at
which no release took place This mhibitory effect cannot be described as
competitive

Endogenous 5-HT 1 blood platelets can be released by tyramine i vitro
(BARTHOLING et al 1961, McLEAN et al 1963, DA PRADA ef al 1965, Bak &
HASSLIR 1967, MAY et al 1969) Tyrammne seems to mterfere with the ag-
gregates, present within the ntracellular 5-HT storage granules These intra~
granular aggregates are composed of S-HT (in rabbit platelets also hista-
mne) ATP and bivalent metals (PLLTSCHIR et al 1967) After incubation
of 5 HT platefet g with ty 15 mamly
concentrated within the 5-HT granules (DA PRADA & PLETSCHIR 1969,
PLETSCHIR et al 1971)

As regards the effect of tyramine on 5-HT uptake this has been studicd
wn human platelets (STAcry 1961) When platelets are mcubated for 20 min
1n the presence of EDTA, 5-HT uptake 15 inhibited to 50 % by 11 X 104 M
tycamme However, neither the mechamism of the whibition nor the effect
on the 5-HT release has been wnvestigated

We have m d the tyr duced of the 1 vitro up-
take of 5HT by human and rat at ty c of
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Inhitution of 5-HT tptake

2 4 8 B Tyamnesio'M

Fig 1 Effect of tyramme on uptake of $ HT by platelets After pre-tncubation for
15 min at 37°, platelets were mcubated for 30 run with 17 X 103 M of § HT and
different doses of tyramme For human platelets, each point represents the mean of
2-6 expenments Ordinate Percentual inhibiion of the 5 HT uptake Abstissa Con
centration of tyramine Human platelets Rat platelets -

1078—10"* M Furthermore, we investigated the release of 5-HT from human
platelets at tyramine concentrations of 2 X 1071—102M Finally the mech-
amsm of \ was datat tion of 2 X 1074
Tnple determinations were carned out 1n each expeniment The 5-HT of the

Decrease of platelet 5 HT
-

2 4 6 8 Tyramineatd ‘M
Fig 2 Effect of tyraminie on 5 HT release from human platelets After pre incubation
for 15 mun  platelets were incubated for 30 min with different doses of tyrarmne
The 5 HT retained in the platclets after ncubation was plotted against the dose of
tyramine Bach pomt represents the mean of 2-6 expenments Ordinate Percentual
decrease of 5 HT content of platelets Abscissa Concentration of tyramine
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05 10 %

Fig 3 After pre mcubation for 15 mm, human platelets were mcubated for 7 min
with 685 17 and 30 pM of SHT and 2 X 10~4M of tyramine Orcinate The rec
procal of the uptake of 5 HT into platelets doring the ncubation (V) Abstissa
The reciprocal of the concentration of $ HT (I/S) 1n the incubation medmm 1n the

abscence of tyramine and 1 the presence of tyramine

platelets was estimated by UDCNrRIEND'S method (1955) as modified by
Crawrorp (1963) The fluorescence was measured m an Aminco Bow-
man spectrophotofinorometer The platelet counts were performed by means

of phase contrast microscopy (GINEFKE 1971)

No mhbition of the 5 -HT uplake was found with 10’“—10”'M of tyr-

amune for human or rat p

of human platelets occurred with

104M of tyrammne Wxth 2X 10"M and 4 X 10‘4M of tyramine, the

minbitron was 33 + 8% (mean £ S D) and 57 £ § %, respectively, and

with 1073 M, 85 % Rat platelets seemed to be more sensitive to tyramine
with 107 M and 5 X 1074 M of tyramme, the mhubition was 30 % and 80 %,

respectively (fig 1)

Table 1
fluman platelet count before and after incubation with tyramne for a period of
30 nunutes
Tyramne Platelets/ml X 108
[£39) Before After
2% 1074 37 37
5% 10 38 33

7% 1074 3s 34
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Table 2
Rat platelet count before and after mcubavon with tyrammne for o penod of
30 minutes
Tyramine Platelets/ml X 103
M Before Alter
3x 10+ 62 61
5% 104 69 69

At 2 X 107*M of tyramme and below, no release of 5-HT occured for
human platelets At 3 X 1074 M of tyramine, 7 X 1074 M and 1062 M the
release was 15 %, 42 & 4 %, and 55 %, respectively (fig 2)

In an attempt to clanfy the h of tyramme mhib of 5-HT
uptake, human platelets were incubated for 7 min with 2 X 107 M of tyr-
amine and 3 different concentrations of 5 HT' The Lineweaver-Burh plot
indicates that the inhbitory effect cannot be described as competitive (frg 3)

The platelet counts were not il d by b with
(table 1 and 2)

In the present mvestigation, the concentration of tyramine which induced
release of 5 HT could be separated from that which mhibited uptake of
5-HT into platelets Whereas 2 X 107 M of tyramme had no 5-HT releasing
activity, 1t inhibited the uptake of 5-HT from the medim by 33 %, Whether
this can be explamed by a b effect of as well as to 1ts
effect on platelet granules has to be further elucidated

The wmiubition of 2 X 1074 M of tyranune and the release of 7 X 104 M
of tyramme were selected for further investigations on 5-HT uptake and
release 1 platelets from subjects suffering from migrame (DALSGAARD-
NirLses & GENEFKE 1972)

Y
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Accumulation of Guanethidine by Sympathetic Ganglia of
Reserpinized Rats
By
Per Juul
(Recawved February 26, 1973, Accepted March 10 1973)

Key words Guanethidine — reserpine — sympathetic ganghia

G hud: 1 m the h gangha The larger part of
the accumulallon 15 sepsttive to desmethylinupramine, whereas reserpine only
ly lowers the gangt content of 1 (JuuL & Sanp

1973) Since very high doses of reserpine are necessary to deplete the gangh-
omc stores of noradrenaline (NORBIRG 1965) experiments were undertaken
to mvesngate a possible effect of very hugh doses of reserpine on the ac-
of g1 hidine by the path gangha

56 male Wxstar rats weighung 210-280 g at the mmtration of the expert-
ments were used Guanethidine sulphate (tsmelin® CIBA, 10 mg/ml 1n nor-
mal saline) was admunstered intrapertoneally once daily 1n a dose of 20
mgfkg for 7 days In one expeniment the antmals recerved daily intrapen
toneal injections of reserpme (serpasi!® CIBA) 1 mgjkg one hour before
each dose of guanethidize In another experiment a single mjection of
reserpine 5 mgfkg was admimstered 4 hours after the last ijection of guan-
etludme The animals were killed 12 hours after the last dose of guanethidine,
and the content of guanethidine 1n the superior cervical ganglia was de-
termined by a fluonmetnic method (JUUL & SAnD 1973) Each analysis com-
prised 8 pooled ganglia from 4 rats The results are shown m table 1

It 15 apparent from the results that reserpine even n high doses nesther
prevents the gangl uptake of hidine nor releases the guanetindne
already accumulated The lack of effect of reserpine on the storage of guan-
ettudine 1n the rat sympathetic ganghia seems to indicate that the ganglionic
guanethidine 15 located outside the granular vesicles as opposed to 1ts tra-
granular storage at the noradrenergic termmals
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Table 1
Content of guancthidine base 1n rat supenor cervical gangha 12 hours after the intra
1 adm of sulphate 20 mg/hg once duly for 7 days

Reserpine was administered as stated Each analysis comprised 8 pooled ganglia from
4 rais Mean values and § E M in brackets n = number of experiments

Drugs doses and time n ng guanethudine ug dry weight
of admunistration per ganghon per ganghon
Guanethidine sulphate 20 mgfkg 5 93(33) 494 (19)

Guanethudine sulphate 20 mgfkg
+ reserpine 1 mgfhg 1 hour 4 97(11) 534 (28y
before cach wnjection of guanethidine

Guanethidine sulphate 20 mglkg
+ reserpine 5 mg/kg 4 hours 5 113(82) 542(12)
after the Jast injection of guanettudine
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From the Department of Biochemstry, H Lundbeck & Co A/S, Otuhavey 7-9,
DK 2500 Valby, Copenhagen, Denmark

The Distribution Pattern of a Series of Tricyclic and Bicyclic
Thymoleptics Compared with their Lipophilic Properties
and Binding to Plasma Proteins
By
A Jorgensen, V, Hausen and b Tredrlcson Overe
(Recerved October 24, 1972, Accepted November 27, 1972)

Abstract Eight thymoleptic drugs were lab:lled with carbon 14 Four of u:e
drugs were of the trcyclic type and

litracen), the others belonged to the bncychc phthatane and thiophthatane struc
tures The drugs were given intravenously to male albiro rats in doses of
5 mgfkg At fixed tumes after snjection the ammals were killed by exsanguina
tron Blood was collected and exarmuned together with different organs for con
tents of Cl were made on eviracts of
the bramn ‘The relative hipophilic properties of the drugs were determined 2s well
as the binding to plasma protetns The concentration of radioactivity in the
lungs was wn all cases higher after a secondary than after the corresponding
tertiary amuse In the bram the imtial concentrations were highest after the
tertiary amunes, but at later peniods the concentrations were almost the same
aftes a terhiary and the corresponding secondary amme Among the tertiary
and the secondary amunes, respectively, the drugs of the tricyclic type showed

the highest bram The of brain
etracts showed that after the admimstration of a tertiary amune, the parent
drug accounted for almost all rad, while after a y amune the

N demethylation product was present in considerable amounts The Iipophility
studies showed that the tertiary amines were 1n ajl cases much more lipophilic
than their corresponding secondary amunes The data for the binding to plasma
proteins did not show any general trend Tt 1s concluded that the penetration of
drugs wmto the brai 1s only partly explamed by the Iipophility of the drugs
The binding to plasma protewns does not seem to nfluence the distribution

Particular attention 15 drawn to the astonishing finding, that more N de
methylated metabolites are found after secondary amimnes than after tertiary
amines, though the latter are N demethylated at a higher rate

Key words Tt - — lipophility ~ protein binding

In 1965 a new basic structure was discovered for drugs with thymoleptic
properties and m the following years a series of drugs was synthesized and

6 Acta phammacotog ca vol 37 fasc 2
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tested for thymoleptic properties 1n animals (PETERSEN ef ol 1966 & 1970)
Among these drugs the phthalanes and the thiophthalanes turned out to be
the most potent The most potent phthalane denvative, Lu 3-010, was
superior to the most potent thiophthalane denvative, Lu 5-003, 1n studies
on the perpheral noradrenalme neurones (PETLRSIN ef al 1970, CARLSSON
et al 1969), while the reverse was the case 1 the central neurones (CARLs-
SON et al 1969) Because of the higher lipophility of the thiophthalane it was
suggested that the concentration of this compound 1 the bramn was higher
than the concentration of the phthalane

To mvestigate this hypothesis the two drugs, both of which are secondary
amines, together with the corresponding tertiary amunes were labelled with
carbon 14 The distribution as well as the Lipophility and binding to plasma
protemns of the drugs 1n rats were determmed and compared with the data for
some of the well-k tncychc antid

Matenals and Methods

The labelled compounds

The of the eight d: d are given 10 fig 1 The labelled
compounds were prepared by synthesis from a labelled precursor giving a carbon 14
labelling situated in the methylene group alpha to amine mtrogen as indicated on fig 1
‘The :dentity and the radiochemical punty of the labelled compounds were controlled
by thin layer chromatography in several systems The data obtamed are given in
table 1 The compounds were made as water soluble HCI salts and all weights given
refer to this salt

oy

CH CHz cn, n’
ReCHy Am 1 plyline {AMT)
ReH  No triptyline INT)

CHy
;‘ %tk cHy Hp u’
RaCHy Malit sean (MLT)

RaM  Ljreacen  ALT}

M3
oy cha oy L@

X:0 ReCHy Ly 3002
ReH  tulmit

XS RoCry Lud o7
tus 003

Fig 1 Chemical structures of the drugs and position of labelhing (*)
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Table 1.

Specificayons of the labelled drugs (for formulae and
position of labelling sce fig 1)

Specific act  Radiochemucal

(ucr/mg) punty (%
Amitriptyline (AMT) 65 >0
Nortriptyline (NT) 57 >96
Meltracen (MLT) 79 >95
Litracen (LT) 184 >9%
Lu 3009 54 >90
Lu 3-010 131 >92
Lu 4-074 58 >90
La 5003 77 >94

Antmal experiments

Male albimo rats (WistarfAGHan/Mol{Han 67) werghing 80-110 g and fasted for
about 16 hours before the adminsstration of the drug, were used in the studies The
animals were given a ssvgle intravenous injection of the Iabelled drog, § mefkg body
weight 1o a tail vein Groups of 2 to 3 rats were killed by exsangumation under ether
angesthesia at dufferent times after administration of the drug Blood was collected 1

tubes contaiing EDTA to prevent clotung Different organs were removed for ex-
amination

Preparanon of radicactive samples

The scintillators used were tofuene tnton X 100 (2 1) contauung 6 g/l of PPO and
03 g/l of Me»POPOY for blood samples and the dioxa
muixture (diotol) descnibed by Herserc (1960) modified by rephcmg POPGP with
MexPOPOP for the fissue samples

Biood To 01 ml of blood were added 1 m] of conc NHg-solution and 01 mi of 30 %
H:Og-solution After gentle shaking the sample was left at room temperature for one
hour and then heated for another hour in an oven at 60° After cooling 10 ml of
scmntillator was added

Tussues Homogenates containing 1 part by weight 1n 4 volumes of water were made

of the brain Jungs and other organs A 02 ml ahquot was added to 10 ml of
scintillator

Extraction and chromatography

Bramn homogenates were extracied 3 times with at least twice the volume of dichloro
ethane (DCE) after adjusting the pH of the homogenate to 9 or 10 The pooled extracts
were concentrated to 3-5 ml at low pressure Abquots of the concentrated extracts
were counted or subjected to thin layer chromatography on Silica Gel G in 3 different
solvent systems After development the sihica gel was scraped off automatically ito
separate counting vials for each balf centumeter, begtnning at the starting pont and
the radioactivity determuned 1n 10 m! of scintillator

Determynation of hipophility

Two different methods for the estimation of llpcphxh(y were used

BY the furst of these the partion of drug between 02 M phosphate buffer pH 74
Py
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1 1tk

at

and heptane way
two phases 10 2 separating funnet

By the other method the parnthon between water and paraffin was deternuned by
means of a thin layer chromatographic method (MerciFr & DumonT 1969)

The first method gives an estimate of the hpophility of the drug at pH 74, while
the latter estimates 1he Jtpophlity at basic pH i ¢ for the untonized form only

after shaking the

Determmnation of plasma proten binding

The protein binding of the drugs was determuned by ultracentnfugation techmque s
described by Bonai ef al (1969) Fresh hepanmzed rat plasma and labelled drugs at
a concentration of 1 pg/ml plasma were used Two to sic experiments were performed
with each drug

Results

Ay can be seen from fig 1, the studies include 4 pairs (tertiaryjsecondary
amines) of thymoleptic drugs, 2 pairs bemg of the well-known tricychc
configuraton and two others of a new bicychic type The tricyclic drugs
are of the dibenzocycloheptadiens (AMT/NT) and dibenzocyclohexadiene
(MLT/LT) type, while the bicyclic drugs belong to the phthalane (Lu 3-009/
Lu 3-010) and tophthalane (Lu 4-074/Lu 5-003) senes

The concentration of radioactivity 1n the lungs, brain and blood expressed
as pg of parent drug/g ussue or mi blood 15 given m fig 2, a-d In each
part of the figure the vesults for a tertiary anune are depicted together
with those for the corresponding secondary ammne It is seen that the con-
centration 1 the lungs m all cases 1s hugher after the secondary than after
the corresponding tertiary amme The same 15 also true for the cancentration

Table 2

ratos for the of total at different times after
administration of labelled drug

5 min 15 min 20 mun 60 min 240 min
AMT 68 71 48 20
NT 57 52 44 32
MLT 10 13 13 58
T 50 55 66 14
Lu 3009 28 36 08
Lo 3010 04 04 03
Lu 4074 2t 17 15 01

Lu 5003 13 20 26 17
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Fig 2 Concentrations of radioactivity exprassed as pg of parent drug per g of tissue or

ml of blood m lungs, bram and blood for a AMT/NT, b MLT/LT, ¢ Lu 3-009/

Lu 3-010 d Lu 4074/Lu 5003 The values are means from groups of 2-3 amumals

The crosses indicate the groups given a testiary amne, the open circles groups given a
secondary amumne
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and heplane was p
two phases in a separating funnel
By the other method the partiion between water and paraffin was determined by
means of a thin layer chromatographic method (Mereitr & DuMonT 1969)
The first method gives an estmate of the Iipophility of the drug at pH 74, while
the latter estimates the hipophulity at basic pH 1 ¢ for the unionzed form only

at b after shakmg the

Dctermnation of plasma protein binding

‘The protein binding of the drugs was d d by ul i h as
described by Boreh ef af (1969) Fresh hepanmzed rat plasma and labelled drugs at
a concentration of 1 pg/ml plasma were used Two to six experiments were performed
with each drug

Results

As can be seen from fig 1, the studtes include 4 pairs {tertiary/secondary
amnes) of thymoleptic drugs, 2 pairs bemg of the well-known tneychc
configuration and two others of a new bicyclic type The tricyclic drugs
are of the dibenzocycloheptadiens (AMT/NT) and dibenzocyelohexadiene
(MLT/LT) type, while the bicyclic drugs belong to the phthatane (Lu 3-009/
Lu 3-010) and thiophthalane (Lu 4-074/Lu 5-003) series

The concentration of radiwactivity n the lungs, bramn and blood expressed
as pg of parent drugfg tissue or ml blood 15 given 1n fig 2, a-d In each
part of the figute the results for a terbiary amine are depicted together
with those for the corresponding secondary amine It 1s seen that the con-
centration n the lungs i all cases 1s hugher after the secondary than after
the corresponding tertiary ammne The same s also true for the concentration

Table 2

Brain/blood ratios for the of total at dufferent times after
adrmnistration of Iabelled drug

5 15 oy 20 oy 60 mua 240 nun
AMT 68 71 48 20
NT 57 52 44 22
MLT 10 13 13 58
1T 50 55 66 74
Lu 3009 28 36 08
Lu 3019 04 04 03
Lu 4074 12t 17 15 ot

Lu 5003 13 20 26 1
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Fig 4 Distnbution of radicactivity a the fractions from thin Iayer plates Abscissa
Distance from the starting pont Ordinate Radioactivity in each fraction given as
per cent of total radicactivity on plate The brain extracts oniginate from rats given

a upper half lower half

fower half Litracen

b, upper half Melitracen,

Table 3 gives the relative ipophility and degree of protein binding for the
eight compounds It 1s obvious, that the tertiary amimes are more hpophlic
than the corresponding secondary amumes, the factor bemg 50-100 1 the
funnel test and 5-15 m the chromatographic test When the pairs are com-
pared, 1t tumns out that the members of the phthalane par, Lu3 009/Lu 3 010

are much less lspophilic than the corresp

ding amines in the other paus

No general trend 15 seen m the protem binding data, the only astomshing
findmg bemng the low binding of LT The reason for this 1s unknown but a
corresponding low binding of this drug 1s also seen 1n studies on plasma
from the dog and man (FREDRICSON OVER®, unpublished results)

Discussion
Because of the hpophilic nature of the bloo:

d bran-barrier 1t 1s obvious

that the lipophility of a compound must play 2 role n 1ts penetration nto the
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Fig 5 Distribution of radioactvity 1n the fracuions from thin layer plates Abscissa

Dustance from the starung pont Ordinale Radioactivity mn each frachion given 2s

per cent of total radiogctivity on plate The brain extracts ongmate from rats given

a upper hali Lu 3009, lower half Lu 3-010, b, upper half Lu 4074, lower half
Tu 5003

Table 3

4 The relative lipoph of the eight i as the partition

coefficients in heptane/buffer (pH 74) and paraffinfwater and the plasma protemn
binding 1n rat plasma at a drug concentration of 1 pg/ml

Relative lipophility Protem binding
Hep o 74 B % free drug

AMT 62 59 18
NT 11 10 10
MLT 160 68 n
LT 33 13 43
Lu 3-009 71 11 29
Lu30l0 0079 oly 23
Lud074 97 15 L
10 10 11

Lu 5003
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bratn The present studres show, 1n accordance with this view, that the more
lipophilic tertiary amines penetrate the blood brain barner faster than the
corresponding secondary amacs, giving a higher inttial concentration 1n the
brain of tertiary than of secondary ammes However, at the later periods
after ad atton, the of the dary amines 15 almost
the same as the concentration of the tertiary amines, taking into considera-
tion the relatvely large amount of bolites found after of the
secondary amines A similar change ir bram concentrations with tune after
the admunstration of a tertiary and the corresponding secondary amine
has also been shown for the imipramine/desipramune pair by Jort ef al
(1971) Apparently lipophihity only determunes the mutial rate of the bram
uptake of a drug while the concentration obtamed after some time 1s de-
termmed by other factors This point of view 1s 1 agreement with the state-
ment made by JARNCHEN & KRIEGLSTEIN (1971) from therr studies on per
fused, 1solated rat brain with p and their d hyl
products as far as the sigmf; of hpophility 15 d As to the
finally obtammable concentration these authors conclude that this value 15
more dependent on the binding to protens of the perfusion medwm Contrary
to ths, a companson of our brain concentrations to the values of the plasma
proteint binding shows very clearly, that 2 sumilar relationship s not observed
with our data

‘When the bramn concentrations are compared withmn the groups of tertiary
and the secondary amines respectively, {fig 3), 1t 1s evident, that a relatron-
shup exsts between concentratton and hpophility, as far as the tricychc and
the phthalane drugs are concerned, but i this respect the thiophthalane
denvatives (Lu 4-074 and Lu 5-003) are exceptions within their groups

Although 1t 15 obvious, that the lipophility and maybe also the binding
to plasma protems of a drug play 2 role in the uptake by the brain, other
factors among which should be mentioned pKj, values, brotransformation
rates and bindmg to tissue proteins are presumably also of great importance

The p of higher of N-demett 10 the
brain after the secondary amines than after the tertiary amines is rather sur-
prising The bram 1s able to N-demethylate drugs only to an msignificant
degree, the puhlished resulis showug, law of va awsnty dependion, on o
conditions of the studies (FEUER ef of 1971, CrAMMER & RoLFE 1970,
SCHNEIDER & SCHNLIDER 1970, MINDIR ef af 1971} Thus metabolites pre
sent 1n the bramn most likely ongimate from metabolic processes mn peripheral
organs among which the liver 15 by far the most important (SCHNEIDIR &
SCHNEIDER 1970) Since the tertiary amines are metabolized by rat hver
microsomes at 2 much ligher rate than the secondary amines (BickrL et al
1967, Pryst ForsHELL et al 1968, JORGENSEN & FREDRICSON OVER®, un-
published results) much more bolite should be lable for
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into the bran 1n the case of the admimstration of tertiary amumes A possible
explanation to why we, 1 spite of thus, find more N-demethylation products
from the secondary amnes than from the tertiary amines could be that the
half-life for eimmation from the bram of a pumary amne, formed m the
bram or elsewhere, might be much longer than the half-lives for the cor-
responding tertiary and secondary ammnes Further distnibution studies in
which the pumary ammnes are included should be performed to elucidate
tins question
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The Effect of Sodium Chloride on Kidney Function
in Rats with Lithium Intoxication

By

Klaus Thomsen
(Recesved May 12, 1972, Accepted November 13, 1972)

Abstract The effect of Ithum was studied 1n 3 groups of rats given food con
tamming 20 40, or 60 mmol LiClfkg dry weight for 3-4 weeks The ammals had
{ree access to demineralized water The mean serum lithwm levels after 3 days
were 04, 07, and 11 mM, respectively The rats with low and medium lithwum
ntakes could be mantained at thus level for a very long time In the rats with
a high hithum mtake the serum hthwm concentration after 2-3 weeks rose to
hlgh values as a result of a decrease 1n the renal httuum cle:\rznce the rats

ped severe Iithivm il of Nized water with
80 mM NaCl solution m severely intoxwcated rats reversed the toxc effects
the Lithium clearance rose, and the serum lithism returned to the same level as
observed before the intoxication Admumstration from the start of the expen
ment of 20 mM NaCl as the only dnnking flud prevented the development
of severe 1ntoxicalion even n rats ginen food with 100 mmol LiCljkg dry weight
No decrease in the hthium clearance occurred dufing an observation penod of
8 weeks, and the serum lthwm concentration remained constant with a mean
value of 14 mM The results indicate that the decrease 1n Iithiwm clearance
produced by prolonged admimstration of high Iithjum doses 1s not due to 11
reversible lidney damage 1t can be reversed by the admimistration of sodwum
The development of severe intoxication can also be prevented by admimstering
sodiwm along with lthum These observations support the hypothesis that
sodium depletion plays an important role 1n the development of severe hthum
intotication

Key words Lithiom - sodium - kidney - intoxication

Lithium 1s used in long-term mamtenance treatment of recurrent manic-
depressive disorders (BAASTRUP ef al 1970, CopPEN cf ol 1971) The drug
has a low therapeutic index, and the serum lithium concentration must there-
fore be held within narrow himuts

As hthwm 15 ¢l d almost excl fy by renal (RADOMSKI
et al 1950), the serum lithium concentration 1s mnversely corrclated with the
renal Lithwm clearance, 1t may nse to toxic levels if the renal Nithium ¢lear-
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ance decreases The Nthium clearance 1s known to decrease mn subjects given
a low sodium diet and i patients with reduced glomerular hitration rate due
to hidney discase (THOMSEN & SCHOU 1968, THOMSEN of al 1960) Severe
Lithium due to de d renal has, however, also
developed m patients 1 whom there was no evidence of a preceding low
sodiwmn ntake or hidney disease The circumstances under which Ithium
intoxication may develop are thus msufficiently clanfied
Studies on dogs and rats (RADOMSKI et al 1950, Sctiou 19582, THOMSEN
1970) have shown that when hthium was given m moderately high doses, the
antmals developed a pronounced polyunia which remaned stable for months
At a somewhat higher dose level the ammals also developed polyuna but
after some time the condition became unstable, the unne flow started to
fall and the serum hthium concentration sfarted to nse, indicating that
hthum was accumulating 1 the body Thss condition 1s 1n the following
designated ‘severe hthum intoxication™ because the condstion invanably
leads to death 1f no precautions are taken
The mechanism underlying the develop of severe 15 un
known, but sodium appears to be inolved Rapouski ez al (1950) observed
a stniking negative sodium balance durning admimnistration of toxic doses of
Iithwm They suggested that loss of sodum and water might have contnibuted
to the fatal outcome Rapowskr ef al (1950) and Scaou (1958a) furthermare
found that hgher Ithmm doses could be tolerated by ammals receiving
sodwm chlonde simultaneously with Iithwm than by ammals gven no
sodmm
In the present study the renal hthuum clearance 1n rats with a pronounced,
stable polyuria and i rats with severe on have been d
The latter group was exammed a1 a relatively early stage of the toxication,
at a ime when the serum lithim concentration had risen only moderately
This was done 1n order to avoid the complex changes n kidney function
that result from an advanced mtoxication with high serum Ithim values
The effect of sodum chlonde on severe Ithium mtoxication was studied 1n
two groups of rats In one group, the sodium chloride was admimstered when
the httum had already developed In the other group, sodmm
chlonde was given prophylactically 1n order to examine whether high doses
of hthim and hugh serum Ithium could be tol
time when sodwm chlonde was given simultaneously with Ithum

d for long

Methods
Male Wistar rats imtally weighurg 200 g were used The animals were gwen lthwem

m xed with the food and prepared by dissolving 20 g NaCf and a 5 £ cube of dued
me2t extract m 600 ml water To this 4 ml of cod liver ol and 10 20 30 or 50 £
s
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Table 1.
Experimental design
Group n
Duration | 3-4 weeks
1 10 Food 20mmol Lnjkg [ CD
Fluid water
Duration | 3-4 weeks
n 18 Food 40 mmol Lijkg [ CD
Fluid water
Duration 3~4 weeks
u 20 Food 60 mmol Lufkg | CD
Flud water 5 days
Duration | 3-5 wecks 60 mmol Lyjkg 0
w 10 Bood 60mmolLijkg | CD | 80mM NaCllday,
Flnd water 20 mM NaCl4 days
Duration | 3 weeks 8weehks
v 14 Food 40 mmol Lifkg 100 mmol Li/hg [o2]
Flud water 20 mM NaCl

CD = clearance determinations n = pumber of rats

of 2000 mM LiCl were added This solution was mixed with 1 kg dry food prepared as
a mixture of 24.5 kg milk powder, 368 kg casem, 84 kg alfalfa flour, 166 kg wheat
flour, and 37 kg chalk The food contamed 20, 40, 60, or 100 mmol of hthum and
110 mmol of sodium per kg dry weight It was stored in the cold

Table 1 presents the expenimental design for the five groups of rats Groups I, I
and I received food ad hibitum contamming 20, 40, and 60 mmol Lthwum per kg dry
weight, respectively The antmals had free access to demuncralized water After 34
weeks renal Iithiim clearance tests were done In addinon the creatinine clearance was
determined m group 1T

Group IV received food contaming 60 mmoljkg LiCl for 3-5 weeks The rats were
followed up ndividually, when the wnne flow started to decrease, indicating the
development of severe intovication, the rat was placed 1 @ separate cage and dnnkiog
water was substituted by 80 mM NaCl for one day and 20 mM NaCl for 4 days The
thim clearance was determmed before and after the admumstration of additional
NaCl

Group V received 40 mmol LiClfig dry food for 3 weeks and then 100 mmol LiClikg
dry food, supplemented with 20 mM NaCl 1n the dnnkung flud for 8 wecks before
the clearance test The treatment with 40 mmol LiClikg dry food was gven in order to
bypass the mtial penod of hithmum treatment dunng which the water mtake changes
drastically due to development of polyuria (Tromsen 1970)

All the blood samples (02-0.3 mi) for the determination of the serum fithium con-
centration were drann from the end of the cut tail at 9 a m under hight ether anz
esthena
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For clearance determination the unne was collected quantitatively from fach rat
dumng 4 hours, starting 30 minutes after the 9 a m blood drawing, Tlnd but no food
was available dunng the clearance periods The urine collection funnels were washed
with demineralized water to a final volume of 360 ml difvted unde A second blood
sample was drawn 30 minutes after the end of the clezrance period The mean serum
fithium value of the two blood samples was used in the calculation of the lhiem clear
ance, only the 9 2 m values are presented i the resuhs The creatimne clearance was
calculated on the basis of the creatimne concentration in the last blood sample

The hthium concentrations 10 the blood and unine were determined by flame photo
metry (AMDISER 1967, AMDISEN 1971) Creatimne in the serum and unne was de-
termuned by a modified Jaffé reaction 300 yl of plasma or diluted ustne was depro.
tetmized by the additon of 600 pl of sodum tungstate (25 per cent) and 300 pl of
sulphunc acid (330 mM) 700 pl of the supernatant was mixed with 75 pl of saturated
oxalic acid and 15 mg of Lloyds reagent suspended sn 135 pl of water The super
natant was discarded and the residuc washed with 600 pl of 100 mM HCI The super
patant was again discarded, and the Jaffé reaction was carned out on the sediment by
adding 500 I of alkaline picrate reagent consisung of 5 parts of saturated prenic acud,
1 part of 2500 mM sodium bydroude, and 12 parts of water The extinction was

measured at 516 nm and the creattmine concentrations were derived from a standard
curve

Results

Fig 1A shows the mean body weights of groups I, II, and 111 at vatymng
times, and also that of a control group not given hithiwim Group ¥ gamed
weight at a somewhat slower rate than the controls, group II showed only a
small weight gan, and group III lost weight The loss of weight became
more and more p d dunng the penod

The water intake as a function of time 1s shown in fig 1B Groups II and
11 developed a pronounced polyuna with consequent polydipsia, which in
group I continued at a high constant level In group II the polyuna poly-
dipsia reached a maximum after 2 weeks and then started to decrease

After 3 days of ithium treatment, the mean serum hthium concentrations
1 groups I, IT, and 1T were 0 38, 672, and 105 mM, respectively (fig 1C),
the serum hthium concentration was at this tume proportional to the Iithum
content of the food After 3-4 weeks the serum lthium concentratton was
still about 0 4 and 07 mM m groups I and I, respectively In group 111 some
of the rats showed the same serum Ithium concentration as after 3 days, but
1n the majonty of the anumals 1t had increased considerably

The rats with 1mereased serum Libwum concentrabions had lower uvone
tlows and lower Lithwum ¢learances than those with unaltered serum thyum
1n the Jatter the lithmum clearances were of the same magnitude as thosé
found in groups T and II Fig 2A and 2B show the relations between seruem
hthwm and unne flow and between serum Ithmum and hthium clearance

e
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Fig 1A. Average body weight as a funchon of t me in four groups of rats Groups 1
11 and [I] received food contain ng 20 40 and 60 mmof hthwum per kg dry weght
respectinely and the controls recenved the same food without 1 thium
Fig 1B Mean water intake i the same 4 groups of rats during the experimental period
Fig 1C The ind vidual serum 1th um concentrat ony 1n the three groups measured
ut day 3 and after 3~4 weeks

Increased serum hithium, decreased unne flow and decreased Lithium clear
ance are clearly associated phenomena in severe hihium intoxication
“The rats with Jow Ithiem clearances i group 111 also had low creatinine
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Fig 2A Relation between serum lithiwm and unine flow 1 rats from group III given
Nthwm for 34 weeks
Fig 2B Relation between serum lithiem and hthium clearance 1n all rats given hthum
for 3—4 weeks O group I, @ group 1I, A group il

clearances (fig 3) The hthium clearances were lowered relatively more than
the and the lihum/s i ratio was
lowest 1n the most ntoxicated rats

The admnistration of sodwum chlonde to rats with severe Lithium ntoxi-
cation (group IV) reversed the changes in serum hithium, hithwm clearance,
and unne flow Fig 4 (left) shows that the serum lLthium concentration
decreased to an average level of 10 mM, this level 1s almost the same as the
level of 11 mM found before the intoxication when Ithium had been given

€on mon €00 €y o fmed 009

Fiz 3 Relatton between lthium clearance and creatimioe clearance in rats from
group I1I given lithwm for 34 weeks

7 Acta pharmacolog ca vol 33 fass 2
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Fig 4 Serum lithium concentration n @ blood sample taken before the clearance test,

hithiem clearance, and unne flow 10 rats with severe 1ntoxication (group IV) before {a)

and after (b) admumstration of sodwm chlonde, and 1n rats given sodum chlonde
preventively for 8 weeks (group V)

for only one week The decrease in serum hithmum was due to a pronounced
mcrease 1n lithwm clearance (fig 4, mddle) The unne flow also increased
{BGig 4, nght) The effect of sodium set in rapidly, the mean water intake rose
from 12 to 108 mljhour/100 g body weight withun the first 24 hours of
the sodium treatment The ingestion of sodium chlonde also reversed the
weight loss, the mean body weight rose from 149 g to 181 g in § days

Most of the rats i group V, given food contaning 100 mmol lithwum per
kg dry weight and 20 mM NaCl as drnking flutd, did not develop severe
ntoxication, their serum lthmum concentration remained stable at about
14 mM (table 2) In a few rats, No 2, No 12, and No 14, the serum
Tithrum concentration at a certain point started to rnise They were then given
additional sodium chlonde, and this stopped the impending mtoxication, the
serum lithium concentration fell to the previous level and did not nse agan
{bg 4, nght) The effect of sodum set m rapidly, the mean water intake rose
lowered, 1 fact they were mcreased 1 companson with the hthwm clear-
ances measused mn groups T and 1T The hugh Lithum clearances were ac-
compomed by togh unme flows (Sig 4, nph) The 1ots m proup V gaweed
weight from a mean value of 254 g to a mean value of 303 g dunng the
8 weeks they received food contamng 100 mmol Dthwm chiondefkg dry
weight

Discussion

The results of the present study show that long-term treatment of rats
with lithwm chlonde leads to changes 1n kidney function When lugh doses
are guwen, seyere 1 with di Inthium clearance
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Table 2
Individual serum lithium concentrations 1n rat$ given food contaming 100 mmol of
Lthium per kg dry weight and dnnking flud contaming 20 mmol of sodium chlonde
per hter (group V)

Serum lithiam concentration (mM)

pay No 8 1 2 4 46 56

Rat No
1 15 15 14 15 15 14
2 13 16 14 16 19 220
3 15 15 14 16 15 16
4 11 15 13 10 14 13
5 16 16 18 17 15 15
6 09 12 11 10 11 08
7 10 09 11 120
8 12 16 15 12 14 14
9 12 13 17 15 14 15
10 09 15 15 14 14 14
11 15 14 14 14 16 14
12 1.5 20 17 17 250 11
13 15 14 og 16 16 16
14 16 17 27 07 18 13

Mean 13 15 15 14 16 14

(2) In rats No 2 12 and 14 the serum lithium concentration at a cerfain powt began
to nse Rats No 12 and 14 were then given additional sodim chlonde n the
dnnlung flud Rat No 12 was given 30 mM NaCl from day 47 to day 56 and rat
No 14 was given 80 mM NaCl from day 26 to day 39 and then 30 mM until day 56

(t) Rat No 7 died on day 36 serum lithwm was 13 mM a a blood sample taken 8
few minutes after death

accur, and Wthwm accumulates 1n the body The anunals develop polyuna
befare they become mtovicated This mught give the impression that the
polyuna per se leads to severe intoxication This 15, however, not the case,
since dogs and rats can survive with a pronounced lithwm induced polyuria
for many months without developing intoxication (RApoMskI ef al 1950,
‘THOMSEN 1970)

The reduction 1 hithm clearance dunng severe Intoxcation was assoct-
ated with a red: 1n the In p expenments
(RADOMSKT ef af 1950, ScHoy 1958a) an of serum n
mirogen and urea occurred dunng the late stages of ntoxicatron These ob

servations indicate that the glomerular filtration rate y5 reduced in severe
lthuum mtoxication

S
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The lthwum clearance was lowered relatively more than the creatimine
clearance The consequent lowenng of the hithum/creatinme clearance ratio
shaws that during severe lithium there 15 an d fractionat
reabsorption of lithum i the kidney tubules

The decrease m unne flow observed dunng severe mtoxication 15 1n ac-
cordance with the observations of RADOMSKI e¢ af (1950) and Schiou (19582)
The decreases 1 unne flow and creatimine clearance show that the toxic
changes m kidney function 1nvolve not only the renal handling of lithwam,
thus the hidney function appears to be more generally influenced by the
ingestion of Tugh amounts of hithwum

‘When sodium chlonde was admimstered to severely intoxieated rats, the
lithium clearance and urine flow rose to levels comparable to those found 1n
group V The toxic changes produced by lithium are accordingly reversible

In the expenments carried out by Senou (1958a) an irreversible stage of
intoxication was reached The most likely explanation for this seeming
discrepancy between Scrou’s and the present findings 15 the different ways
of admimstering littuum  Schou gave intrapentoneal 1njections leadng to
very high serum concentration peaks, and these mught have been responsible
for the wuresersible kidney damage By administerng hthmm i the food
such peaks are avoided, and these are more parable to
those found 1n the treatment of human subjects In view of the use of Iithium
as a drug it 1s important that the hidney damage should be reversible

Some of the data presented here might ndicate that severe Lithium mntox-
caton develops when the serum lthium concentration at which the animals
are mamnta ned exceeds a particular cntical level The rats an group IT were

at a serum c of 07 mM and did not develop 10~
toxicatton the rats in group 11T were mamtaned at 1 1 mM and did develop
intoxication Hence the erttical serum hithium level was under these expern-
mental conditions somewhere between 07 and 11 mM

However the critical serum Lithivm level could be raised by altenag the
expenimental cond , namely by I sodium chionde
The rats in gronp V recened extra sodium and tolerated a mawntenance
serum lithism level of 14 mM for more than eight weeks This shows that
sodium can protect agamnst severe hithium wntocation 1n two ways (1) by
ereasng the hithium clearance and thereby lowenng the serum hithwm

and (2) by co g directly the touc hthwm effect on
the tssues so that fugher serum lithium concentrations are tolerated

It 15 not known why the Lithwm clearance falls dunng ntoxication and
whv sodiim chlonde counteracts directly the toxic effects of lithrum Lathwm
clearance 15 lowered m patients with chronic glomerulonephntss or pyelone
phntis Under those circumstances, where the lowenng 1s due to a fall m

the number of ph the lithiem/ clearance ratio
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1s erther unaltered or mereased In severe hthum intoxication, on the other
hand, the hthuum/ at ratio s d d This 1nd; that
the decrease 1n hthum clearance during intoxication 1s riot due to a reduc-
t10n 1n the number of functioning nephrons

A decrease 1n the ithwm clearance and 10 the Ithwmfcreatimne clear-
ance ratio 15 regulirly observed m rats with sodwm depletion due to the
wtake of a low sodum dset (Scriou 1958b) The Iithium/creatimine clearance
ratio 15 reduced to a level comparable to that found during severe lithrum
mtoxication It 1s thereforc possible that sodium depletion 1s responsible for
the lowering of the lithwm clearance and hence for the development of
severe mtovication A stnking progressive sodwm depletion occurred
the expeniments of RADOMSKI e af (1950), 1n which dogs were given toxic
doses of lithium

The present expeniments mvolving the admunstration of sodium chlonde
were carried out on the assumption that extra sodium chloride might reverse
the hypothetical sodum dep} and hence severe
The results show that sodium chlonde reverses both the lowered hthum
clearance and the lowered unne flow Moreover, administration of sodium
stmultaneously with lithwum prevents severe intoxication even i rats with a
tugher ntake of Lithium and a lugher serum hthjum concentration than those
tolerated 1n the absence of extra sodium chlonde This suggests that sodium
depletion plays a role m the development of severe lithium mtoxication
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Adrenergic and Ser inergic Meck
in Gastric Secretion in Rats
By
B Falland
(Recewved November 27, 1972 Accepted January 1, 1973)

Abstract The snfluence of and on gastnc
secretton was ravestigated using fistula and pylorus hgated rats Secretion was
increased by the tyrosine h Tase nhibitor & meth This effect

could be reversed by L-DOPA 6-bydroxydopamyne also {ncreased gastric output
The tryptophane hydroxylase nhibitor p chlorophenylalanme reduced gastnic
output and abolished the increase 1 gastne secretion induced by o methyl
tyrosine

“The antisecretory effect of serotonin was found to be antagonized by « methyl
tyrosine Pre treatment with 6 hydrotydopanune also dumimshed the aot
secretory effect of serotonin

The results 1ndicate the posstility of the existence of an inhubiing penipheral
adrenergic tonus 1n the regulatton of gastnc secretion in rats Furthermore 1t 1s
suggested that the anti secretory effect of large doses of serotonmn may be due

to of m neurenes Funally the question
15 ratsed whether a balance between and m

the regulation of gastric secretion may exist 1n rats

Key words Gastne acid secretion — vats ~ catecholamines ~ serotonin

The tfluence of the biogenic ammnes and the sympathetic nervous system
on gastric secretion wn rats, has not been subject to the same intensive

research as that of parasympathommmetic drugs and the parasympath:nc
vervous system G ly the hol: and are d

as hib of gastric 1 ammals (HAKANSON ef al
1967, Bass & PATTIRSON 1967, MISCH:E.R et al 1969, SHAY et al 1958,
WinsHIP & SHUCK 1970, FIALLAND 1972) Some 1nvestigators have made w,
efforts to elucidate the anti secretory mode of action of the
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but it 15 stll questonable whether the catecholamines possess a direct
anti-secretory effect (Bass & PATTIRSON 1967, PRADHAN &, WinGATE 1962)
or whether this effect 1s secondary to the vasoactive properties of the amines
(HAIGH & STCFDMAN 1968, JacopstN et al 1967) However, in a recent
paper CuRwaN & HOLTEN (1972) showed, that i dogs the anti-secretory
effect of soprenaline was not due 1o a decreased mucosal blood flow,
whereas the decrease m gastnic secreton produced by noradrenaline was
probably secondary to the decrease in mucosal blood flow

In most of the expenments published exogenous amines have been used
However 1t 15 doubtful whether the marked effects of exogenous amunes,
often admimistered m rather large doses, have any beanng on their physi-
ologeal role For thus reason the problem has n the present paper been
approached by the use of substances which interfere with endogenous
amine synthesis, 1n order to throw some light on the possible function of
biogenic amines 1 the control of gastric secretion in rats

Matenal and methods

Pylorus ligated rats

Male rats (Wistar/Af/Han/Mol (Han 67) conventional} 150-160 g were fasted for
48 hours i individual cages with free access 10 water Under ether anaesthesia the
pylorus was higated according 10 SHAY ef al (1945) Four hours later the ammals were
kifled under ether anacsthesia, the oesophagus higated and the stomach removed The
gastric juce was collected 1n tubes After the volume and the
content of tatal acid were determmed A control group receiving sahine instead of test
substance was included in each expenment

Fistula rats
Male rats (Wistar/Af/Han/Mol (Han 67) conventional) 180-220 g were fasted for
18 hours with water ad hbirem Under cther anaesthesia a gastae cannula was applied
according 1o the method descnibed by Lane et al (1957) The capnula was made of
perspex toa of that descibed by these authors A model
by QNSEN (personal was used Two weeks aflter opera
non the amimals were traned for 91 least four 1mes (0 remn 10 3 reslraiming Cage
Before the experiment the amumals were fasted for 18 hours with free access to water
They were placed n the restraiung cages and the cannulae were provided with a
shaft From this the gastric juice was led into a small centnifuge tube placed below the
shaft The stomachs were rinsed with 37° warm saline In order to prevent excessive
loss of water and chlonde dunng the expeniment the ammals were given injections
of 1 m! saline subcutancously each hour through a permanently inserted needle After
collestion of the gastrc juice for two hours (basal gastrie secretion) the drug under
nvestigation was 1njected through the needle After the experiment the volume and the
content of total actd were determined The control salues in the fistwla rats
saried 10 the present expenments between 07 and 1.2 mifhr for the volume snd
betnecn 59 and 93 yieq fhr for the total acid autput.
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Drugs
The following compounds were investigated and given as aqueous solutions L DOPA
thy fest hlonde 5 HT sulphate) a MT (4 1-a methyl p
tyrostne methylester hydrochlonde H 44/68) PCPA (d 1 p chlorophenylalanine methyl
ester b hloride} and 6 hydrox; h e

Analysis af gasttic Jurce

A volume of 0 5-10 ml of gastric Juice was used for the detesmnation of content of
total acid After titration with 001 N NaOH to pH 7 (pH meter Radiometer Copen
hagen) the content of total acid was expressed 1t fieq /4 hours for shay rats and peq ft
hour for fistual rats

Statistics

The statistical were done to Van der dens X test (VAN DER
WaERDEN & NIEVERGELT 1956) Dretermination of ED50 values (experiments with § HT)
were done by probit analysis as descibed by Fivwey (1952) The ealeulations were
performed by maeats of an TBM 1130 computer system using a Jog dose scale

Results

‘The wfluence of the tyrosine hydroxylase mnhbitor « MT (SprcTor 1966)
on gastne secreton i fistula rats 15 shown m fig 1 A marked increase
1 total acid output was seen 1o the second, third and fourth hour after
80 mg/kg subcutaneously Admmstraton of L-DOPA (200 mgjhg sub-
cutaneously) resulted in a significant mhibitron of output Furthermore it
appears that the effect of @ MT could be reversed by L-DOPA However
a discrepancy exists in the test values for a-MT and o-MT -+ L-DOPA at the
second and third hour This was due to excessive secretion of acid from a
single rat 1n the @ MT group But as seen from the fignre sigruficant differ-
ences first appear at 4 and 5 hours

The effect of repeated dosage with o-MT (50 + 100 + 50 mgjkg ntra-
pentoncally 25, 18 and 2 hours befare test} on gastric secretion in shay rats
has also been 1mvestigated (fig 2) As in fistula rats a sigificant increase
n output was dbtained after this compound From fig 23t can also be seen,
that the tryptophane hydrotylase mhibitor PCPA (Corropt ez ol 1968),
given to shay-rats 1 doses of 100 mgfkg intrapentoneally for three con-

secutive days preceding the test, sigmificantly decreased the output of volume
and total acid. A b of the two sub

not different from the control value

6 Hydroxydopamime, 2 drug known to destroy temporanly penpheral
adrenergic nerve function when given mtravenously (THOLNEN & TRANZER
1968), mcreases gastnic secretion i pylorus higated rats (table 1% When
given m 2 dose of 30 mgfky mtravenously

resulted 1n an outpnt
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Fig 1 Effect on total acid output in fistula rats of @ MT, L-DOPA and a combination
of the two substances L-DOPA (200 mglkg subcutaneously) was given 2 hours after
o MT (80 mgfkp subcutaneously) Abscissa fime i hours Ordinate per cent change
1 total acid output. Vertical bars indicate S E M In brackets number of animals used
Sign ¢ P<0005, w P<00f, & P<0025, @ P>0025

Table 1.

Anti secretory effects of 6 hyd, (30 mgfkg ly given 20 hours
before 1est) 1n pylorus-ligated rats 'rhc control group was gwen sahne {1 mif100E
intravenously) The values are means & S E M

Secretory volume Acidsecreted f
Treatment mYs br % mcrease ueq M4 hr % Increase
Saline 28 26402 BEHR
6-hydrotydopamine 28 3903 50212 368+ 39 560217

* P <0005
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Fig 2, Effect on gastne secrenon 1o pylorus higated rats expressed as per cent of the
control value (broken Line — 100 %) o MT ( B ) was given 25 18 and 2 hours before
test 1n doses of 50, 100 and 50 mg/kg intrapenitoneally (N=22) Control values volume,
27402 ml4hr, total acd 257%32 peqfdhr PCPA (M) was given in three doses
of 100 mg/kg intrapenitonenlly 72, 48 and 24 hours before the test (N=222) Control
values volume, 31 02mif4hr total acd 310+ 27peq/éhr o« MT + PCPA ( B)
gwven 1o the same doses as mentioned above (N=16) Control values velume, 35202
mif4hr, total scid 34936 peq/4hr Vertical bars indicate SE M Sign + P <

0005, ++ P <001, OP > 0025

Table 2
Antu secretory properties of 5 HT in fistula rats

Dose of % inhibition of EDSOmg/kg s c*
SHT N
megfkgs ¢ Volume ‘Total acid Volume ‘Total acid
5 15 Al 83
2 10 33 47
01 8 39 8 133 063
o0t ¢ s o ©74239)  (042-095)
0001 6 2 o

e
*In brackets 95 % confidence limuts



108 B FIALLAND

TOTAL ACID OUTPUT

per cent decrease

Fig 3 Effect of & MT on the anti secretory effect of 5§ HT 1n fistula rats SHT

@ mglkg subcutaneously) (N = 10), -=nev 5HT (2 mplkg subcutaneously) + « MT

(30 + 100 + 50 mglkg intraperitoneally 25, 18 and 2 hours before the test) (N =8)

Abscissa time it hours after admunistration of 5 HT Qrdinate per cent change m

total acid output Vertical bars indicate SE M Spn AP <0005, mP <001,
® P >0025

6-hydr: dop caused a f) m the volume and total
acid output

5-HT mhbtts gastnic secretion in fistuta rats (table 2), although the ED30
values are quite high When treating fistufa rats with o-MT (50 + 100 +
50 mgjkg ntrapentoneally 25, 18 and 2 hours berarc the test), the aml-
secretory effect of 5-HT (2 mpjkg sut ly) could be pl
antagonized (fig 3) It can be geen, that 5-HT sigmficantly reduced the
output of total acid, whereas 1n ¢ MT pretreated rats 5-HT failed to reduce
aaid ovtput The effect of S-HT on the volume was simlar to the cffect
on total acid, but according to table 2 less pronounced The nhibitory
effcct of 5 HT on volume was also antagomized by a-MT pretreatment

‘The snfluence of 6-hydroxydopamine on the anu-secretory effect of S-HT
was studied 1n fistula rats (fig 4) 5-HT (2 mg/hg subrutancously) was
examuned for 1ts effect on total acid output before and 1, 8, 14, 21 and
28 days after an intravenous mjection of 30 mgfkg of §-hydroxydopamine
It was found, that 6-hydroxydopamine reduced the anti-secretory effect of
5.HT One, 8, 14 and 21 days after the ad of 6 ds
amme the total acd ontput under the snfluence of 5-HT was not s:gmﬁcanl‘y
different from that of controls In ammals not treated wath 6-hydroxydop-
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JOTAL ACID OUTPUT

per cent decrease

Fig 4 Effect of 6 hy ydop: (30 malhg fy) on the ant: secretory

effect of 5 HT (2 mglke subcutaneously) in fistula rats The effect of SHT was

estumated befate () and 1, 8, 14 21 and 28 days after the admumstration of 6 hydroxy-

dopamme The same amimals were used in all experiments (N = 8) The columns Te

present the per cent mhibition 1 total acid output by 5SHT Vertical bars indicate
SEM Sgn ++P<0005, +P <001, QP>0025

amne and those pretreated 28 days prewously, 5-HT caused a sigmficant
reduction 1n acd secretion

Discussion

In the present paper the tyrosine hydroxylase inhibitor «-MT 1ncreased
gastrie output 1n fistula- and pylorus-ligated rats Moreover 1t was shown,
that the increase 1n output induced by a MT could be reversed by L-DOPA
i hstila rats In shay-rats L-DOPA also antagomzed the effect of o-MT
(EALLAND & PEDIRSEN 1971) «-MT selectively reduced the central and
penpheral noradrenaliee level without lowenng the S-HT level (Sercron
et al 19652, SpECTOR 1966, HERMAN 1970) This may ndicate, that the
increase in gastrc secretion produced by « MT 1s due to an imhibition of the
synthesss of the catecholamines, and hence due to a reduction m adrenergic
tonus esther centrally or perspherally

6 hydroxydop when njected mt:
lowered the penipheral

y 1n doses of 20-30 mgfkg,
noradrenaline content by about 90 %, (THOLMIN &
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404

per cent decrease

Fag 3 Effect of a MT on the ant secretory effect of § HT mn fistula rats SHT

(2 mg/hg subcutancously) (N = 10), - - S HT (2 mglkg subcutancously) + u MT

{50 + 100 + 50 mp/kg intrapentoneally 25, 18 and 2 hours before the test) (N = 8)

Abscissa time sn hours after admumistration of SHT Ordinate per cent change in

total acid output Vertical bars indicate SE M Sign A P< 0005, mP<001,
@ P >0025

6-hydroxydopamine caused a sigmficant increase n the volume and total
acid output

5-HT mhibits gastric secretion 1n fistula rats (table 2), although the EDSO
values are quite high When treating fistula rats with «-MT (50 4 100 +
50 mg/hg intrapentoneally 25, 18 and 2 hours before the test), the anti-
secretory effect of S-HT (2 mgjkg sut 1y) could be pl
antagomzed (fig 3) It can be seen, that 5-HT sigmficantly reduced lhc

output of total acid, whereas 1n «-MT pretreated rats S-HT failed to reduce
acid output The effect of 5-HT on the volume was similar to the effect
on total aaid, but according to table 2 less pronounced The inhibitory
effect of 5-HT on volume was also d by a-MT p

The influence of 6-hydroxydopamine on the anti-secretory effect of 5-HT
was studied 1n fistula rats (fig 4) S-HT (2 mg/lg subcutaneously) was
examuned for its effect on total 2cid output before and 1, 8, 14, 21 and
28 days after an intravenous injection of 30 mgfkg of 6-hydroxydopamine
1t was found, that 6 hydroxydopamine reduced the anti-secretory effect of
5-HT. One, 8, 14 and 21 days after the ad: of 6-hydroxydop
amine the total acid output under the influence of 5-HT was not slgmficamly
different from that of controls In ammals not treated with 6-hydroxydop~
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Fig 4 Effect of 6 y (30 mgikg 1y) on the anti secretory

effect of 5HT (2 mg/hg subcutancously) in fistula rats The effect of S HT was

estimated before (0) and 1, 8, 14, 21 and 28 days after the admuntstration of 6 hydroxy

dopamune The same ammals were used 1n all expersments (N = 8) The columns re

present the per cent mbubition n total zcrd output by S HT Vertical bars ipdicate
SEM Sge ++P <0005, +PF<00l, QP>0025

per cent decrease

amune and those pretreated 28 days previously, S-HT caused a significant
reductton 3n acid secretion

Discussion

In the present paper the tyrosine hydroxylase mhibitor «-MT increased
gastnc output m fistula- and pylorus-higated rats Moreover 1t was shown,
that the increase m output anduced by «-MT could be reversed by L DOPA
i fistula rats In shay-rats L-DOPA also antagomzed the effect of a MT
(FiaLranp & PEDIRSEN 1971) a-MT selectively reduced the central and
peripheral noradrenaline level without lowenng the 5 BT level (SPECTOR
et al 1965a, SpEcTor 1966, HIRMaN 1970) This may indicate, that the
ncrease i gastric secretion produced by « MT 1s due to an inhibition of the
synthesis of the catecholamunes, and hence due to a reduction 1n adrenergic
tonus enlher oeutrally or penpherally

when njected ly m doses of 20-30 mg/kg,
luwered the peripheral noradrenaline content by about 90 % (THOLNIN, "

e
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TRANZER 1968, CorroDI et af 1971) without interferng with 5-HT (Vora-
vova et al 1971) In this stuation gastne secretion was increased by
about 55 %,

Based on these results the bility of the of an nhibitory
penpheral adrenergic tonus 1n the regulation of gastnc secretron 1n rats 1s
suggested Whether a central component 1s also mvolved can not be ex-
cluded since a-MT, as mentioned above, exerts its actwvitzes both peripherally
and centrally

PCPA, the mhibitor of the synthesis of 5-HT, caused inhibition of gastnic
secretion n shay-rats, an snhibition which has been shown to be antagontzed
by 5-hydroxytryptophane (FJALLAND & Pedersen 1971) PCPA given
doses of 100 mgjkg for 3-4 consecutive days decreased the central and
peripheral 5-HT content by about 80 %, without nterfering with the nor-
adrenaline content (Brony 1970, Koe & WEISSMAN 1966) This would indi~
cate, that the nhibition of gastnc output by PCPA may be due to a defi~
ciency in the synthesis of 5-HT This does not agree with the above mentioned
finding, that 5-HT, autself, decreases gastric secretion However, the doses
of 5-HT necessary to inhibtt the output were quite large The possibiity
therefore exists, that exogenous 5-HT m large doses does not 1nhibst gastric
secretion by a direct action

In this study 1t was shown, that m fistula rats the ant secretory action
of 5-HT could be amagomzed by pretreatment with «-MT, indicating that
m the [ of d hed of the hol 5-HT
looses lt anti-secretory propemes Furthermore it was shown, that 6 hydroxy-
dopamune wnhibited the anti secretory effect of S-HT Corront et al (1971)
have shown, that the content of noradrenaline 1n rat hearts 1s reduced to
10 %, of 1ts ymtial value 24 hours after 6-hydroxydopamine (20 mgfkg intra-
senously) After 21 days the content of noradrenaline 1s 60 % and 28 days
after the ad: ion of 6-hydroxydop 1t 15 90 % of the ongmal
level These results give further supports to the above mentioned assumpuon,
that the ant secretory effect of 5-HT 1s dependent on the d
concentration 1n penpheral adrenergic neurones Based on these results it 18
proposed, that the effect of exogenous 5-HT n high doses does not reflect
the phywolomeat role of 51T, 't s due 1o displacemem of noradrendlne
1n the adrenergic neurones

The increase i gastne secretion produced by a-MT has been shown to be
antagonzed by treatment with PCPA This means, that the two opposite
actions of these enzyme inhit are abolished
Tt 13 thus possible that a balance between adrenergic and serotonmnergic
mechanistas 1s mvolved 1n the regulation of gastnc secretion 1n rats Whether
such a regulatory balance s functional in the central nervous system or
penpherally cannot be decided on the present data
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However, HARARSON & OwMAN (1966) hase reported, that the 5-HT
contatmng cells i the stomach are not tocalized closely to the panetal cells,
2 fact winch does nat support the hypothesis that penpheral 5-HT may have
a role m gastne m rats ‘To clanfy these problems fusther
stydies are necessary

REFERENCES

Bass,P & M A Patterson Gastnic secretory responses fo drugs allecting sdrenerpic
mechanisms in fats J Pharmacol Exp Therap 1967, 1%, 1, 142149

Brody,3 P Behavioral effects of serotomn depletion and of p-chlorophenylalamne
(2 serotonun depletor) in rats Prychopharmacelogia 1970, 17, 14-33

Corrods, H, K Fuxe & T Hokfelt The effect of immobilizationt stress on the ncthivity
of central moncamune neurons Life Scf 1968, 7, 107-112,

Coteods H., D T Masuoka & W G Clark Effect of 6 hydrovydopamine on rat heart
noradrenaline. Eur J Pharmacol 1971, 15 160-163

Curwain, B P & P Holten The effects of 1soprenaline and noradsepahine on penta
gastnn stimulated pastric acid secretion and mucosal blood flow 1o the dog Brir
J Pharmacol 1972, 46 225-233

Finney, ) 1. Probut analysis 2nd ed Cambridge University Press 1952, pp 20-64 and
236-245

Fjalland, B Biogerue amines and gastric sceretion in rals Acta pharmacol et toxteot
1972, 31, supp! 1, 48

Flalland B & V Pedersen On the role of biogemic amines an the control of gastne
secrebion 1 rals Acta pharmacol et toucol 1971, 29, supp! 4, 13

Haigh A L. & W M Steedman The action of catecholamines and adrenergic biockade

on gastnic blood flow and aeid secreuion in the dog J Physiol (London) 1968,
198 79-80

Herman Z S Studies on ad: h m the action of d h
(DMI) Psychopharmacologia 1970 17, 234-24)
Hikansan, R., B Lilja, C.H Owmag & 8 Thunell Changes in gastsic secretion nduced

by certain amunes amime precursors and related enzyme iohubitors Eur J Phar-
macol 1967, 1, 425433

Hikanson R & C Owmar Distibution and properties of ammo acid decarbosylases
n gastnie mucosa  Brochem Pharmacol 1966, 15, 489-499
Jacobsen E D, K G Swan & M I Grossman Blood flow and secretion i the
stomach Gastroenterology 1967, 52 2, 414422
Koe B & A Weissman P-chlorophenylalanime A specific depletor of brain serotonin
J Pharmacol Exp Therap 1966, 184, 499-S16
Lane A, A L Ivy & E K Ivy Responses of the chrome gastrie fistula rats to fug-
tawiine Amer J Physol 1957, 192 221-228
Mischer A, R G Pendleton & R Staples Effects of adrener,
B¢ drugs uj
secretion i yats Gastroenterology 1969 57, 3, 294-299 o veon gstne
Pradhan S N & H W Wmgate Effects of adrenerg)
s dogs Arch int Pharmacodyn 1962, 149 3-4 399-40§
hay,H, 8 A Komorov, S S Fels, D Meranze M Graenst
3 e & H Siplet A simpl,
method for the umform produchon of gasy i
entratosy 1998 5. 13 AT 8astn¢ ulceration n the rat Gastro

IC agents on gasinc secretion 1



112 B FJALLAND

Shay,H, D C H Sun & M Gruensten Effect of serotonun and is precursor on tater
digestive gastnic secretion 1n the rat Fed Proc 1958, 17, 146 (580)

Spector, S b of Y Pharmacol Rev 1966,
18, 599-609

Spector, S, A Sjoerdsma & S Udenfriend Blockade of endogenous norepinephrine
synthesis by « methyltyrosine, an inhubitor of tyrosine hydroxylase J Pharmacol
Exp Therap 1955, 147, 86~95

Thoenen, H & 1 P Tranzer Chemucal sympathectomy by selective destruction of
adrenergic nerve endings with 6 hy Arch Ph kol Exp Pathol
1968, 261, 271-288

Van der Waerden, B L & E Nuievergelt Tables for comparing two samples by X test
and sign test Springer Verlag, Berlin 1956

Votavova, M, D ¥ Boullin & E Costa of action of 6 hy in
penpheral cat tissues Depletion of noradrenalme without depleuon of 5 hydroxy-
tryptacune  Life Scr 1971, 10 1, 87-91

Winship, D H & T J Shuck Serotomn inbibstion of gastric acad secretion Gastro
enterology 1970, 58, 6, 1008




Acta pl armacol et tovicol 1973 33, 113-122

From the Inststute of Pharmacology and Toxicology, Royal Veteninary and
Agricultural University, 13 Bulowsve; Dh 1870 Copenbagen V, Denmark

The Ultrastructure of Livers from Chickens Embryogenically
Injected with DDT
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Abstrace DDT (1 1,1 trichloro-2 2 bis(p chl h embr, i
gected wto eggs causes hepatic fine structural changes m one to three days
old chichens as compared with appropriate controls The most stnking changes
are proliferation of agranular with vesicula
tion of rough and and of the
presence of mtochondrial myeloid bodies The proliferation of agranular endo-
plasmuc reticulum supposts the finding that DDT tncreases the actwaty of drug
metabohizing enzymes 1a hepatocytes from similarly treated chickens Mitochon
drial myetord bodies in embryome chicken hepatocytes reported 1 the literature
are only vissble after double fixation in glutaraldehyde and osmium tetroide and
disappear after the 17th day of embryome development In this study they were
found 1n one to three days old chickens but were larger and more numerous
the treated chickens suggesting that the normal occurrence of myelord bodies 1n
embryomnic chicken hvers 1s h an exp: of cellular

which can be prolongated or reinduced by DDT

Key words DDT  chicken hepatocytes — mutochondrial myeloid bodies —
agranular endoplasmuc reticulum

DDT (1,1,1-tnchloro-2,2-bis(p chlorophenyl)ethane) and phenobarbital
(phenemaluym NEN) belong to the most potent 1nducers of drug metabolizing
enzyme activity They are classified as nion specific mducers (GILLETTE 1963)
and produce ultrastructural changes i hepatocytes after dietary itake 1
sufficient quanuty over a penod of time (HERDSON ef al 1964, BURGER &
HerDSoN 1966, ORTEGA 1966, KIMBROUGH ef al 1971) The induction of
drug metabolzing enzyme actwity caused by DDT and phenobarbital 1s
followed by I{ of the lum 1n hepato-
cytes (REMMER & MERKIR 1963a, 1963b, 1965, HART & Fours 1963, 1965,

8 Acta pharmacolog ca vol 33 fasc 2
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Results

Clinical and necropsy findings

The hatchability was 93 % m group one, 86 % 1 group two, 71 %, m
group three and 93 % m group four The chickens m group three and four
showed charactenstic DDT-induced tremors on the second and third day
after hatching, and were most severe 1 group four on the turd day

The decrease 1n relative Iiver weight dunng the examination penod was
the same 1n alf four groups

Chenucal analysis

The content of p p* DDT 1n the Livers from group three and four tncreased
very fast dunng the three days after hatching In group three the content
increased from 403 to 521 ppm DDT (all weights are wet weights) and 1n
group four from 496 to 1330 ppm DDT On the furst day the yolk sac
contamned 443 and 2260 ppm DDT 1 group three and four, respectively
and on the third day 1310 and 1740 ppm DDT The liver and the yolk sac
from the analysed chicken in group two contamed 0026 ppm and 0024
ppan DDT, respectively

Light muicroscopy

All the livers were of normal appearance with a marked duffuse fatty 1n
filtration with many small droplets of fat located 1n all parenchymal cells
The amount decreased dunng the three days of exammation

Electron nucroscopy

In groups three and four, large myeloid bodes mn the hepatocytes were
common They vaned sn size, reaching a maximum diameter of 06-08 p
and were round or efliptical i shape They consisted of concentrically ar-
ranged lamellac of electron dense matenal (fig 1, 2 and 3) and were

d with the hondna, being located either mside or partly out-
side The superhcxal lamella was most often continuous with the outer

dnat b Such hondna showed scanty cnstze, and
sometimes an irregular outline Only 2 few myelod bodles appeared un-
related to the hondra, ly due to g The
frequency as well as the size of the myeloid bodies increased duning the three
days of bemng most P m group four

Myeloid bodies with simular configuration and location were found in
hepatocytes from all chickens m groups one and two, but they were smaller
and contamed only a few Jamellae (ig 4) Compared to groups three and
four their frequency was low and they were difficult to demonstrate 1 all
"
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sections Dunng the three days of examunation both frequency and size
decreased and on the third day, the myeloid bodies were rarely found

In groups three and four many hepatocytes, especially on the second and
third day 1n group four, contained large vesicles of agranular endoplasmic
reticulum (figs 5 and 6) Such vesicles could not be found in groups one
and two. In the area of glycogen deposition small vesicles of agranular
endoplasmic reticulum were found in all four groups,

In the hepatacytes from groups one and two the rough endoplasmic reti-
culum consisted largely of single aisternae surrounding almost every muito-



DDT ON LIVER ULTRASTRUCTURE 117

Rl \
EAS v

.wl

ORI - S
,.,;.« - " >>.‘<<*¢\.qf..

| L oK T
Fig 1-3 Mitochondnal myeloid bodies from the treated groups In fiz 1 a myeloid
body with very irregular lametlae 18 situated 1nside the mutochondria, probably due to
section direction The myeloid body 1o fig 2 1s partly surroupded by the inner and
outer membranes of the mitochondna At A the myeloid body 19 m direct contact
with the cytoplasm In fig 3 the myeloid body 13 almost without contact with the
membranes of the mitochondra Fig 1 and 3, magmification X 64000 Fig 2, magafi-
cation X 42000

Fig 4 Mnochundnzl myelod badies (P) from one of the chickens from the control
groups Compared to ftg 1-3 these myeloid bodies are small and contamn only  few,
thin lamellae Magnification X 40 000
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Group four Some of

Tig $-6 Prol of the
the free ribosomes are situated near the agranular vesicles (B) Only a few nbosomes
are attached to the vemcles (A) In fig 6 the rough endoplasmic reticulum contans

electron dense matenial {(C) Magmification X 47 000
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chondnon, and of a few vesicles randomly destributed throughout the cyto-
plasm The rough endoplasmic reticulum m groups three and four consisted
manly of vesicles located diffusely mn the cytoplasm Some of the vesicles had
only a few nt ‘hed and m the cytop more free nb
were found as compared to groups one and two The free nbosomes were
often sitnated near the vesicles and aggregated to form polysomes

The + lated rough pl fum 1n hepatocytes from groups
three and four occasionally contamed higly electron dense matenal, probably
protein Hepatocytes from the same groups had large Golgt complexes
consisting of many dictyosomes

Discussion

The ultrastructure of hepatocytes from groups one and two 15, except for
the presence of small myeloid bodies, 1n agreement with that descnibed by
STEPHENS & BiLs (1967) usmg ostmum tetroxade as fixative Myeloid bodies
tike those found 1n thus study are common 1n embryome chicken hepatocytes
{CurGy 1968) and neurablasts {(CanDioLLO & F1LoGAMo 1966) double fixed
m glutaraldehyde and osmim tetroxide In embryome chicken hepatocytes
fixed only 1 glutaraldehyde the myeloid bodies are only wvisible as electron
transparent regions, and cannot be found after single fixation in osmwm
tetromde (CURGY 1968) After the 17th day of embryomc development
myelod bodies 1n chicken hepatocytes are rare or absent (KARRER 1961,
Curcy 1968) In the present study small myeloid bodies could be demon-
strated 1n hepatocytes from all chickens i groups one and two but on the
third day there 15 a d frequency and size as pared with the
first day In hepatocytes from groups three and four the myelowd bodies
were more common on the first day and much larget as compared with
groups one and two, and became larger and more numerous dunng the
exammed period This must be ascribed to an effect of the injected DDT
Furthermore, 1t suggests that the presence of myeloid bodies 1n embryonic
chicken cells 15 a morphol 1 exp of ceflular made
wisible by fimatoon  glutaraldelyde amd that the cellalar mmatuney can be
prolongated or re-induced by DDT In rat hepatocytes drug-induced myeloid
bodies with different contours have often been desenbed, lately by Hrupan
et al (1972) using osmium tetroxde as fixative Myeloid bodies Iike those
descnbed in this study have only been demonstrated 1n cells from embry-
onic chickens fixed 1 1deh (KARRER 1961, CanploLLO & Firo-
GAMO 1966, WESTMAN & SANDSTROM 1966, Cunay 1968)

‘The presence of vesicles of the agranular endoplasmc reticulum 1 groups
three and four 15 very common but they could not be found 1n hepatocytes
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from groups one and t\vo except for the area of glycogen deposition The
rough ) d mainly of vesicles, some being ne1rly
devord of nbosomes The total amount of endopt T

was much larger 1n the treated gmups lhan m gmups one and two This
may mdicate that the reticufum 1 the
treated chichens can be transferred from rough endoplasmic reticulum
(DALLNER ef al 1966) The number of free nbosomes in the cytoplasm was
mcreased and many were situated near smooth portions of the rough endo-

plasmuc reticulum This indicates furthermore that some of the smooth

vesicles may originate from d lated rough endopl reticulum This
can represent normal proliferative changes of the agranular endoplasmuc
reticulum (DALLNER et al 1966) or fit of the rough endopl:

reticulum (SmuckLIR & ArcasoY 1969) The increase in agranular endo
plasmuc reticulum s i agreement with the findings of Asou Donia &
MeNzeL (19682 & b), who demonstrated increasing drug melabohzmg
enzyme activity in liver cell from ct embryog n-
jected wath DDT

The contents of DDT 1n the liver increased very rapidly from the first to
the third day The amount of myeloid bodies and agranular endoplasmic
reticulum similarly 1nereased StEpHENS & BILS (1967) have shown a defi-
nite ncrease 1n the number of lipid droplets present within the hepatoeytes
after 15 days of incubatton These results suggest that absorption of DDT
from the yolk sac 1s slow dunng the early embryomic period and very fast
before and after hatching In embryonce rabbits (HART ef ol 1962) and rats
(Frurr & Liscio 1970) induction of drug metabolizing enzyme activity has
only been seen when the mothers are medicated during the final four days of
pregnancy CoNnry (1967) suggests a defective enzyme forming mechamism
before this tme This, too, could explam the late ncrease of agranular
endoplasmic reticulum 1n the present study
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Abstract An 1 sitn techmique for rectal perfusion in humans has been devel
oped The sotution 1s instilled through an outer tube, nses 75 cm in the rectum
and 1s drained through an mner tube The method allows well defined absorption

with normal ph; funepson  Ab: from 1wo different
solutions can be compared 1n one eypsriment An example of determining the
rate from the of the sub in the plasma 18 deseribed

Key words Rectal perfusion = i1 vive techruque — man

Perfusion expenments on the gastromtestinal tract n ammals have piven
many data about the absorption and exchange of electrolytes

Because of the greater difficulties and meth such
tons i man are rather scanty However 1t 15 highly desirable that the quallty
and the quantity of the fiindings are confuirmed m humans

As the rectal mucosa 1s the nearest part of the intestme for direct ad-
muttance, and since 1t 1s an absorption surface for suppositortes, 1t seemed of
interest to find a satsfactory method for rectal perfusion n man

Primanly 1t 1s important that the method allows normal physiological
functions and ensures well defined absorption conditions Secondly the
discomfort to the experumental subject should be neghgible and the expen-
ment reasonably easy to perform

Exisung methods have been considered, but none of them fulfilled the
above mentioned conditions

A common method for examining rectal absorption 1n humans 1s to mstil

*Part of thus paper has been presented at the “Jownt Meetng of the Germas
Societies”, C h: , Denmark, July 2¢
.

o~




124 ERIK BECHGAARD

a test solution m the rectum and either empty the rectum after a certamn
time or withdraw samples at varous mtervals Exact results by this method
are very difficult or even impossible to obtain, because the absorption sur-
face 15 poorly defined, and the comp of the so} 1s ch d duning
the expeniment resulting m altered absorption condihons

A double luminal tube with a distendable balloon at the end can be placed
in the rectum through the anal canal (Darmark 1970) Though this method
15 not directly used for investigation of rectal absorption 1n the article re
ferred to, 1t 15 probably useful for the purpose Yet a well occluding
distended balloon may result m an unpleasant defaecatron reflex, while the
absorption may be decreased by a decreased blood flow due to compression
of the rectal wall

Finally, a test solution can be instilled directly mto the colon by oral
sntubation (LEVITAN ef al 1962) or 1n colostomy patients (CURRY ef al 1935)
the effusate then bemng collected through a tube placed in the anal canal
It may be posuible to perfuse the rectum in the same way, but in addition
to a great many practical problems, difficulties 1n controlling the expenmen-
tal conditions and unphystological factors may be involved

b
em 0.
[
Y
s |
L

Fig 1 System for rectal perfusion a) and n2 outer tube bl inner tube b2 effusate
tube s stop block 1 thermo-feeler
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Fig 2 The apparatus used

Matenals and methods

Perfusion techmque

Descriprion As a result of prelumnary experiments the following technique has been
chosen A solution 1s mstilled 1ato the rectum by a tube and collected by another tube
placed further up n the rectum of the seated expenimental subject In this way a well
defined area of the rectum 1s exposed to the solation

Fig 1 ts an 1llustration and fig 2 a photo of the apparatus used An outer tube 38
placed 1nto the anal canal The 1nfusate 1s wsttled through this tube, and the solution
rises up to 7.5 cm 1 the rectem, where 1t 1s drawned through tiny holes 1n an nner
tube From a burette the solution 1s led through a heated water bath to the outer tube

The outer tube consists of two parts (al and aZj al is made of a reversed poly
ethylene test tube (onter diameter 13 mm, length 8 cm) with a hole (diameter § mm)
at the bottom or of a stff pownted plastic tube (outer diameter 8 mm, length 10 cm)
1t should be placed 1n the anal canal and a plexiglass stop block(s) ensures that the
solution 15 constantly mstilled at 45 cm from the outer opening of the anal canal
a2 15 2 branched P V C tube (outer diameter 11 mm, inner diameter 8 mm) which
holds the thermo-feeler (t), the inner tube and the influx al, a2, s and brasch are
glved together with Araldite.

‘The mner polyethylene tube (bl) (outer diameter 3 5 mm, inner dizmeted 2 5 mm) 15
25 em long The end of the tube 1s closed and melted round and smooth 1n order not
to damage the mucosa In the wall of the tube, just beneath the closed end eight small
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holes have been made with a needle The diameter of the holes ts about 05 mm to
keep out any rough particles

A 60 cm long effusate tube (b2) (same type as bl) connected with the tnner tube
leads the effusate 1nto a teceiver

Instruction The inside of the mnner tube 15 mowstened and the outer tube 1s filled
with the solution from the burette The expenimental subject humself inserts the ap
paratus Dunng the insertion 1t 1s an advantage to steady the mner tube with another
suff but thinner tube When the stop block touches the openmg of the anal canal the
apparatus s fixed to the expenimental subject by means of a belt and strings fastened
to the outer tube under the stop block The experimental subject 1s placed on a chair
with a arcular opemng for the tubes surrounded by a mng of foam rubber The
effusate tube and the syninge both filled with the solution are now connected to
the inner tube and the small draming holes are cleaned by blowing with the syringe
The perfosion 1s then started by opening the tap of the burette and removing the
syninge from the effusate tube Dramage which 1s the main problem, 1s pnimanly
dependent on the diameter of the draiming holes Impunties may block the holes
making 1t necessary to clean them by small blows with the syringe 1t 1s better to blow
than to suck with the syninge, as suching usually stops the holes sull more Often
# may be sufficient merely 10 shake the effusate tube When the cffusate drops
regularly the level of the hiquid in the rectum is generafly correct If small blowing
with the synnge as 2 control results m an abundant flow of effusate the level of
the iquid 15 too high One to two hours after defaccation 13 the best ime for perfusion
as at that time the effusate 1s generally sufficiently clean A perfuston rate of five to six

wml per minute 1s easy to but a slow perfi rate may be ble
with small
Yo grasma
0.
3
i

™

Te s Jo e S5 & % o mn
Fig 3 Absorption from & 47 mM salicylate sotution (pH 59} in one expeniment
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Deterrnation of absorption

‘The absorption can be expressed in two ways either as the appearance of the
substance n the blood or as the disappearance of the substance from a solution re
circulated tn the rectum

Fig 315 an example of the first type of expeniment The concentration 1n the rectum
of a salicylate solution is kept constant by perfusion at a rate of 5-6 ml per minute
The absorption 1s determined by examining the plasma salicylvte concentration

The total perfusion time 1s 25 minutes of which the 1tial 10 minutes are used for
nosing the mucosa 3nd for obtaining stable absorptton conditions Four blood samples
are drawn from the car at intervals of five menates (10 15 20 and 25 munutes after
start of the perfusion) Dunng this period the plasma salicylate consentrstion platted
against neme gives a straight line The slope (a) of thit line 15 used as a measure of the
absorption rate During the pesfusion 1t 1s possible to change to another perfusate and
to determune the effect of an altered compositton of the solution

In this type of espeniment the condihons are well defined 1 contrast fo the re
circtilation type where e g the concentration a( the substance i the solution
decreases gradually and where for
1atestinal t ssue is not possible

1 the human

Discussion

‘With the techruque described 1t 15 possible to study the absorption from
a limited part of the rectum, which ss kept constantly 1n contact with a well
defined solution

The 1deal conditions put forward 1n the mtroduction are to a great extend
fulfilled, although some training 15 necessary to master the draiage

The techmque has proved to be useful 1 absorption studies (BECHGAARD
1973) 1n whach the absorption rate of salicylic acid 1s found to be propor-
tional to the concentration and nfluenced by the pH 1o the perfusion solu-
tion Some of the experiments were performed by perfusing 2 cm, 4 ¢cm or
75 cm of the rectum As might be expected the absorption ncreases with
the length of the perfused rectal segment

Prmanly the information obtamned from rectal perfusion 1s usable 1o
rectal drug admmstration Funhermore the results may give a hint as to

the d of the biol L pecially the mucosa of
the colon
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Abstract ‘The absorption of salicylic acd from solutions 1o which it i highly
1omzed was investigated by means of a new in vivo perfusion technique in
human subjects The Ttate shows prop to the

{156 mM=-250 mM) while the rate decreases with increasing pH (59-89)
This 15 1 agreement with the theory of passive diffusion of the umomzed form
of the drug From a 47 mM sodium salicylate solotion buffered to pH 79 with
phosphate 75 cm of rectum absorbs about 100 mg pes hour When a glycine

buffer 1s used nstead of the phosphate buffer the absorption rate increases about
25 nmes

Key words Rectal absorption — salicylic acid — perfused man

The absorption of weak organic acids or bases from the almentary tract
has been espemally mvestigated by the BroDiE group (¢ g SCHANKER 1971)
It s g pted that these comp are mawnly absorbed by pene-
xratmn of the umonized form of the drug through a lipoidal barner How-
ever, 1t 1s still an open question, to what extent the 1omzed form 1s able to

pass membranes, and to what extent the pH partition theory 1s quantitatively
vahd

It has been reported that the tonized form of some drugs 1s probably ab
sorbed from the small utestine KAKEML et gl (1969) condludr from, v vive
expenments m rats that ¢ g 1omzed salicylic acid 1s absorbed to a great
extent i the small intestine at a rate depending on 1ts bindmg to the
mucosal surfase TURNER et al (1970) have shown in vitro that e g
salicylic acid, when ughly 1omized, has a greater permeability constant from
the mucosal side than from the serosal side of the rat intestine JacksoN
et al (1970) conclude from in vitro expenments that the rat jejunum posses
ses a specific mechamsm for the transport of some aromatic acids The
mn vitro experiments of Nocam1 er al (1961) on the rat small intestine have

9 Acta pharmacolog ca vol 33 fasc 2
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shown that the p of d salicylie acid 15 only 6 umes higher
than that of the romzed form CROUTHAMEL et al (1971) find that the perme-
ability ratio 1s about 5 for sulphaethidole 1n 11 viv 0 expenments on rats

These findings are not 1n agreement with the results obtaned by HoGhrN
et al (1959), who examuned the steady state distrbution of drugs across the
rat mtestine v suu Assuming that the pH at the membrane 1n the small
intestme 15 5 3, they calculated the permeability of d sahcyhic acid
to be 4500 times higher than that of the 1omzed form However, sahicyhc
acid has often been found to be amazingly well absorbed even at a pH 1
which 1t 15 lughly 10nized (e g Dovuisio et al 1969)

The present paper presents results from expenments using a procedure
for human rectal perfusion (BrcHGAARD 1973), i which the influence
of lummal concentration and pH on the absorption rate has been in
vestigated

Methods

Procedure of absorption experiments

The perfusion of the rectum was carried out on healthy male students and the ab
sorption was determined 1n the blood as descnbed by BecnGaarp (1973) A buffered
sodium salicylate solution was perfused at a rate of 6 ml per minute. At this perfusion
rate the concentration of salicylate in the rectum was considered constant the con
centration 1o the effusate being neatly the same as that m the wfusate The pH of
the unne was kept below 6 by the adi of 05 g chlonde
1 2 hours before the expeniment In this way the elitunation rate was decreased As
the experimental peniod was short and as the experimental results were meant to be
compared with ¢ach other the ehimination was therefore disregarded in the calculations

Perfusion solutions
lut used for the of the nfl of the on the

absorplion rate were buffered with phosphate to pH 65 (buffer capacuty (B) == 003)
The salicylate concentrations varied from 156 mM to 250 mM Buffered solutions with
concentralions higher than 50 mM were hypertome Weaker solutions were made
1sotomc by the addition of sodium chlonde

In the experiments 1 which the influence of pH on the absorpuion rate was et
amined the solutions were 1sotonic and sodwm laten a
of 47 mM Phosphate buffers were used for pH 59 (B=0013) pH 69 (B=006) and
pH 79 (B=001) As the pH 1n the rectum 1s reported to be about 79 (BrrTrRstaN
ef al 1967) 1t might be assumed that the buffer capacity of solutions at this pH does
not need to be high At pH 89 the phosphate buffer has too little capacity Hence
a glyaine buffer (B=0055) was used at this pH Furthermore a glycise buffer pH 79
{B=001) was used.

Analytical methods
Salicylic acid was determned 1 the plasma 1 the same way as described for p-
aminosabicylic acid by RASMUSSEN (1968) The fluorescence was read at pH 11 on an
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Amunco-Bowman spectrofluorometer at 410 mu, activated at 300 mp Plasma standards
and blanks were run through the procedure In the experiment where salicylic acid was
analysed apart from ¥ acd the was read at pH 55
instead of at pH 11 (SCHACHTER ef al 1958)

Resnits

The influence of the concentration on the absorption rate

Fig 1 shows that direct proportionality 15 found between the absorption
rate and the concentration of salicylic acid m solutions with pH 6§ It 1s
also seen that the absorption increases with the length of the perfused rectal
segment

Fig 2 1s an example of an expeniment dunng which the concentration of
salicylic acid 1s changed from 156 mM to 156 mM It demonstrates that a
ten fold increase 1n the concentration gives a ten fold increase 1n the absorp-
tion rate

The results ndicate that the absorption of salicylic acid shows no sign of

even at as high as 250 mM

The influence of pH on the absorption rate
The ratio between the ab rates from phosphate buffers pH 79,

69 and 59 1s found to be 12 3 (fig 3), which can also be demonstrated 1n
a single expenment (fig 4) With the glycine buffer the absorption rate 1s

g

Fig 1 The influence of the concentration on the absorption rate of sahicylic acid (pH 6 5)
Length of perfused segment @ 75em Odcm A 2 cm

9
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F¥m s

T CIa an

Fig 2 The absorption of sahcylic acid durning successive perfusion of two different
concentrations @ 156 mM salicylate {pH 6 5) (O 156 0 mM salicylate (pH 6.5}
1 Change of perfusion solution

increased to about 25 times the rate found with the phosphate buffer at
pPH 79 Furthermore, fig 3 shows that the absorption 1s still pH dependant
at pH 89, because 1t 1s smaller than the absorption rate from both the
phosphate buffer and the glycine bufl‘er atpH79

The pH 1 the rectum was diately before the exp
with 2 Radiometer GK 2302 C combined electrode 6~7 cm from the outer
opemung of the anal canal the rectal pH was normally found to be 76-78
The pH was remeasured 2 minutes after the perfuston However, the post
perfusion regulation of rectal pH 1s about 05 pH unit per minute, with the
consequence that the pH almost returned to normal 2-3 minutes after the
expenment In spite of the alkaline reaction of the rectum the pH i the
perfusate never changed by more than 0 1 umit at the perfusion rate used

The disappearance of salicylic acid from the plasma m 5 subjects, fol-
lowed dunng one hous after the expenment, was 25-30 %, pes houe As the
distribution space 1 man 1s about ten hiters st 1s possible roughly to calculate
that the 7 5 em of rectum used absorb about 100 mg salicylic acid per hour
from a 47 mM solution buffered with phosphate to pH 79

Discusslon

The results are 1n agreement with those obtaned by SCHANKFR (1959) by
the m situ rat colon perfusion They found that the absorption was propor-
tional to the concentration and dependent on the pH m the perfusion solu
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Fig 3 The mftuence of the pH on the absorphon rate of salicylic acid (47 mM)
® Phosphate buffer
X Glyeine buffer
Absorpsion rate Mean£S E M

E 3 3 B min

Fig 4 The absorption of salicylic acid during successive perfuston of three solutions
(47 mM) buffered with phosphate to different pH
@ pH 79
O pH 69
COpHSY
4 Change of perfusion solution
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tion, and suggested that drugs 1n the colon are passively absorbed 1n the
umontzed form across a barner which 1s lipoidal m character ke the
barmiers 1n the small intestine and 1n the stomach

Kaxrwmi et af {1969) also observed that the absorption of salicylic aad
1 the small intestine 15 nfluenced by pH m the pH mterval n which sali-
cylic acid 1s aghly 1onized In contrast to the absorption rate found 1n the
colon and rectum they considered that their resylts were 1n better agreement
with the binding of salicylate to 1solated mucosa than with the dissociation
curve of salicylic acid

However 1t 15 theoretically possible to explam even the pH dependant
absorption results of KAKIMI ef al as a diffusion of the umomized form Cal-

] from the Hend: ¥ tbalch equation show that the concen-
tration of umomzed sahcylic acid (pKA = 3) \ncreases ten times when the
pH m the solution 15 Jowered from 8 to 7, and 100 times when the pH 1
lowered from 8 to 6 Consequently the theoretical ratio between the absorp-
tion rates should be 1 10 100 The relation found 15 12 3,1 ¢ of the same
magnitude as 1s seen 1n perfusion expeniments on rats (c 3 Kakent et al
1969, HoGBEN ef al 1959) This 15 far from the theoretical ratio One expla-
nation for this discrepancy may be that 1t 1s diffycult to change the pH at the
absotbing membrane The results of corresponding expenments on a 25 pm
thick aruficial lipoidal membrane (DIBBERN et ol 1969, fig 23 5) are like-
wise mnadequately descnbed by the Hend Hasselbalct The
Hend Hasselbalct 1s a static model, which does not take 1nto
account structural changes of the membrane and kinetics Expeniments on
artifical membranes might be used as a supplement to the equation to express
the theorctical influence of pH on the absorption rate

It 15 possible that the 1omzed form 1s bound to a substance in the mucosa
and i this way transported through the membrane This mechanism would
be expected to have a hmited capacity but the absorption rate at pH 65 15
found to be proportional to the concentration of the perfusate up to 250 mM
(4 %/, sodm salicylate solution) and possibly even stronger

TrAVFLL (1960-61) found that salicyhc acid accelerates the absorption of
strychmine from the stomach of cats and conclyded that salicylic acid de-
stroys the epithelial barner She suggested that epithelial destruction might
explain why other mvestigators found highly 1omzed salicylic acid to be well
absorbed from the small mtestine KUNZE ef @/ (1972) suggested that sal-
cylate interacts with bivalent metals 10 or at the epithehal cells, with the

result that the b permeability 15 d Tig 2 shows that dunng
an expenment the absorption rate from the rectum 1s constant Therefore
there 15 no indication that salicylic acid gradually ynfl the | bility

of the absorbing membrane In any case destruction must hase been com-
pleted wathun the 1mitial 5-10 minutes of the perfusion before the penod
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of blood sampling In additton proportionality 1s found between the con-
centration and the absorption rate A ten fold increase n the concentration
results 1n a ten fold increase in the amount absorbed An increased perme~
ability of the membrane 1s most likely to & certain extent dependent on the
If the permeability e g 15 two times by rasing the
concentration ten times, the absorption in the above mentioned example
should increase twenty times instead of the ten times observed
The fact that salicylic acid 1s well absorbed from a lummal pH 1n which
1t 1s highly jomzed, 1 difficult to explan according to the pH partition
theory However, as 2 small fraction of salicylhe acid 1s always present
d, the bl bemng an almost instant process, the
results obtamned could explan the absorption of salicylic acid from the
human rectum as a passtve diffusion of the vruomzed form
The increased absorption rate from the glycine buffer compared with the
phosphate buffer 15 a separate problem It 1s possible that glycine and sali-
cylic acsd are conjugated, and thus absorbed as the metabolite salicyluric
acid, but if salicylic acid 1s determined when 1solated 1n the blood, an
ncreased absorption rate 1s still found (g 5) This makes the assumption
of absorption as the metabolite unlikely

FYmisuasma

3

To s % 6 mn

Fig 5 The absorpuon of salicyhc acid duning successive perfusion of two solutions
(47 mM) with different buffer systems
® Phosphate buffer pH 79 (buffer capacity 001)
X Glycine  buffer pH 79 (buffer capacity 001)
4 Change of perfusion solution
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In 1 licylic acid, although highly ionized in the perfusion soluti-
on, is well absorbed from the human rectum, It is possible to descnibe this
absorption as a passive diffusion of the unionized form through a barrier,
which 1s lipoidal in character.

Though physiological factors may decrease the influence of pH on the
absorption rate, this cannot account for the fact that the effect observed is
much smaller than expected from the Hend: Hasselbalch i
Results from equivalent experiments on artifictal membrancs may be a valu-
able addition 10 theoretical calculations.

It is most likely that glycine i the of salicylic acid.

The permeability of the absorbing surface 1s probably not influenced by
salicylate dunng the experiment If any, this influence must be completed in
the imtial 5-10 minutes of the perfusion.
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Abstract The in vitro rates of 7 y and 2 1
and the as obtamned by a randomszed
cross over study on 10 healthy volunteers were studied It was found thata Two
ovytetracychine preparations (fos 1 and 7) were infenior to the others in terms of
mean serum levels and 1a prod non d or serum concen
trations 1n 2 and 3 persons respectively b The bro-availability of the 5 other oxy
tetracychine preparations were of the same order (statistically not sigmficantly
different) although one prepatation (ne 3) echibited higher mean serum levels

¢ The area under the serum curves were to and
correlated with the amounts of oty and 1 d
the urnine dunng the peniod of study d The rate of dissolution was related to
the ofr the 1and 3 No could
be demonstrated between the results of the dissolution tests and the results of
the absorption study for 7 ¢ The Y gave

serum concentrations above those of most oxytetracyclines f The oxytetra
cychne and tetracycline preparations tested showed marked vanation in the
of active

Key words T - oxy - = in vitro release

D 1 phar
significantly influence the rate and extent of absorption {rom the gastro-
intestinal tract (AGUIAR et al 1968, BLLL ef al 1971, CasTLE et al 1969,
Levy & NEtson 1961, WaGNr 1961, WanLqvist 1969)

of genenc may

For antibactenial therapy, it ss that the b
at the focus of infection are maintained above certan thresholds determined
by the sensttivty of the infectious agent Differences in biological ayaulability
for antibiotics may have sefious consequences
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In 1969, the Food and Drug Administration (FDA) withdrew its certifica
tron for oxytetracycline prep from 10 prod pending the dem-
onstration of adequate serum levels comparable to a reference preduct
(terramyein® »Pfizer« capsules) (BLAR et al 1971, Bricr & HAMMIR 1969,
EDITORIAL 1970, BARR et al 1972) By the end of 1969, only two manufac-
turers managed to present satisfactory evidence

Before 1969/1970, the Norwegtan health authonties requred complete

for p g new actwe t bc(ore
these were brought on “the market Sub of
drugs wera, however, accepted on the assumpnon lhat genenc ldenmy also
p equvalence, and on serum -
tions were not required for these prod All oxy ycline
on the Norwegian market were mtroduced before 1969/1970 ACCordmgly,
an of the biol 1 1 of these prep and, for
companson, some tetracycline preparations was deemed desirable
‘The absorption ck 1stics for the tetracycl line prepara-

tions on the Norwegtan market have been amply demcnstrat:d for the tetra-
cycline aureomycin® »Lederle« and oxytetracychine terramycm® which have
been used m several extensive compansons with other formulations (BArR
et al 1972, BLaR ef al 1971, BRICE & HAMMER 1969 MACDONALD ef al
1969) The absorption ch istics of oxy Di ® »Dumexs« have
also been reported (HANSEN 1967) No published absorption data are avail-
able for the other marketed tetracycline or oxytetracycline preparations

The present presents a absorption study on the
7 lable oral hne pr and 2 tetracycline formulations

2
In viro analyses of dxsmtegmnon and dissolution were carred out on the
same batches that were included n the absorption study

Matenals and Methods

Drug preparations

All the 7 marketed oral oxytetracychne (OT) drugs from 5 producers (as of May 1
1972) (oxytetracycline 1s the most widely used tetracycline dervative 1n this country
accounting for 78 per cent of the total number of doses of tetracychines sold (Harse M
personal commumcation 1972)) and two tetracycline (T) formulations were exarmuned
The tesramycin® capsules and the muxture (preparations nos 6 and 4) and achromycin®
capsules {preparation no 8) were cons dered as standards as these were the first
genenc preparations marketed Preparations nos 3 and 5 were the tablets and muxture
tespecively from the same producer

All the examined were batches obtaned directly from the
Norwegtan state monopoly for drugs (Norsk Medissnaldepot - NMD) This ensured that
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Table 1
Products included m the study

Declared quantity
per dose {as oty

.
Pr::;:::“ tetracycline (OT) Pg:‘::;:;:::ld Lot number Expiration date
or tetracyclne
(T) base) (&)
1 0250 0T* Sugar coated tablets 10203 1February 1974
2 02330T**** Sugar coated tablets 9/74/G September 1974
3 02500T* Film coated tablets 18206 10ctober 1876
4 02500T**  Mixture 101 50252 March 1975
5 02500T**  Mixture 17231 1November 1973
6 0250 OT**** Capsules 101 51603 January 1976
7 0280 OT**** Sugar coated tablets 35181 Tanuary 1973
8 0228 T**** Capsules 4768-07 8250 31 May 1975
9 0228 T**** Capsules 8973 June 1975

* Preparations 1 and 7 were withdrawn from the Norwegian market 1n May 1972
** The OT base concentration 1n the solutions were 25 mg/ml (as calciem salt)

**¢ OT as dihydrate

**** OT and T as chlonide,

the preparations had been stored under recommended conditions and were the same a3
those delivered for sale at this tome

Subjects
Ten healthy medical student volunteers participated 1n the study (table 2) Any other
medication denng the period of the investigation was not allowed

Table 2
Charactenstics of test subjects
Subject Weight
no Sex Age Xs
1 M 27 66
2 M 23 68
3 M 22 8
4 M 2% 7
5 M 25 7
6 M 2 73
7 M 28 k5
8 M 23 67
9 M 22 70
10 13 30 55
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Table 3

Evaluntion of assay accuracy ¢

Vanable designation Numerical values
Intended specsmen concentration (pg/ml) 04s 0%0 140
Measured mean (ea/ml} 0456 0828 1248
Relative standard deviation (S D) (%) 836 667 842
Highest measured value {ug/ml) 054 09s 1.50
Lowest measured value (ug/ml) 038 072 105
The deviation of the mean from

intended concentration (%) 13 80 109
Largest deviation from the

mtended concentration %) 167 200 250

* As a basis for the calculations three “unknowns” made up to contan concentrations
of 045 090, and 140 pg/ml ovytetracyclme-HCl were measured 28 times each For
this purpose, 11 holes were mcluded on cach of the triplicate plates each with its
own standard set {individual standard curves for the triplicate with 0.5, 10 20, 40
and 80 pg/ml) and 6 positions for the “unknowns’ Each of the 28 X 3 deterrmina
tions was thus the mean of three observations (¢ ¢ on 3 parallel plates 6 unknowns®
conld be assayed)

Examunation procedures

The subjects had been fasting over night and were allowed to eat only 3 hours after
medication

Doses of one tablet or capsule or the equivalent quantity of the mixtures were given
The declared OT and T quantities per dosage umt appears in fable T The drugs
were swallowed with one glass of water

Usually, one week elapsed between tests but once there was only a 3 day and once
a 4 day interval Venous blood was withdrawn at 1,2 3,4 and 6 hours after drug
ntake by indwelling venous catheters (Venflon®) Urine samples were collected durning
the 6 hours of the study Serum and urine samnles were frozen to ~70° withun 1 hour
and analysed within 3-5 days

Microbiological assay

Staphylococcus aureus ATCC 6538p was used as the indicator organssm n an agar
cup techmque on Mueller Hinton Medmm (Difco) agar sisular 1o that previously
described (BERGAN & DYDVIN 1972)

Serum standards and dilutions were made with pooled human serum For unae, the
diluent was Soreasen s phosphate buffer of tH 70 The most useful assay interval was
02-100 ygfmt the lower humt of seosiity beng approvimately 01-015 pg/ml
Evaluations of assay reproductbility appear in lable 3

Reagents

The anubiotic reference substances were obtammed from stock at NMD The ovy
tetracycline chlonde was from ot A nr 0C151 Quartitation according to the Bnush
Pharmacopeta showed 101.3 per cent specific substance The tetracyeline chloride
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Table 1

Products included m the study

Declared quantity
per dose (as oxy

0y
P!;T:‘::n tetracycline (OT) P:Z::‘::;::;ﬂ Lot number Expiratson date
or tetracycline
(T) base) (g)

1 0250 0T***  Sugar coated tablets 10203 1Fehruary 1974
2 0233 0T**** Sugar coated tablets 9/74/G September 1974
3 0250 OT**** Film coated tablets 18206 1 October 1976
4 02500T**  Mixture 101 50252 March 1975
5 02500T**  Mxture 1723 1November 1973
6 0250 0T**** Capsules 101 51603 January 1976
7 0280 OT**** Sugar coated tablets 35181 January 1973
8 0228 T**** Capsules 4768 07 8250 31 May 1975
9 0228 T°*** Capsules 8973 June 1975

* Preparations 1 and 7 were withdrawn from the Norwegtan market m May 1972

“¢The OT base concentration in the solutions were 25 mg/m] (as calcum salt)

#¢° OT as dihydrate
*#2* OT and T as chlonde

the preparations had been stored under recommended conditions and were the same as

those delivered for sale at this t

Subjects

1me

Ten healthy medical student volunteers participated in the study (table 2) Any other
medication during the penod of the investigation was not allowed

Table 2

Charactenstics of test subjects

Subyect Weight
no Sex Age ke
1 M 27 66
2 M 23 68
3 M 22 78
4 M 24 7
5 M 25 77
6 M 22 3
7 M 28 75
8 M 23 67
9 M 22 70
10 F 30 55
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Table 5

Time of 50 per cent dissolution for tablets and capsules of oxytetracycline and tetra
cycline preparations belonging to the batches used in cross-over absorption studies

,I.‘Prcparahon ‘Times of 50 per cent dissoluion (min) Mean :::?S::
1 ND*, ND, ND 520, 125, 120, 150 NC NC**
2 75 58 56 75,68,55,150 77 33
3 Between 0 and 1 munute <1 NC
6 62,72 64,64,64,230 923 67
7 140 59,45,67,80,71 17 33
8 56,40,40 43,42,46 45 06
9 42,35,26,29,38 34 o7

* ND = 50 per cent dissolution not reached within 60 minutes
**NC = not calculable due to particularly long or short (¢ e without numereal char
acterization) dissolution times

Preparation no 3 dissolved completely (> 95 %) withun 2 mmnutes and
was thus supenor to all the other preparations tested The dissolution char-
actertstics for preparations 2, 6 and 7 were fairly similar to each other, one
tablet of each showing a retarded dissolution

Three of the tablets from preparation 1 failed to disintegrate The coating
of four other tablets from this preparation were divided 1nto two parts with-
out further disintegration dunng 60 minutes The active ingredients 1n three
of these tablets were almost completely dissolved within 30 minutes and
the fourth withun 60 muutes All the tablets of preparation 7 exhubited hard

Cut

e

Fig 1 Dissol curves for tablets of number 1
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number 7

fragments of coating which did not further disintegrate Stmular observations
were not made for the other preparations

Biological avalability
The results of the absorption studies are detailed 1 figs 4-9 All the n~
drvidual results are given so as to document the details of the differences

. darug 8

80-

sof

"

o

E

40

El

E

10

S0 % 20 25 somaes

Fig 3 Dissot curves of ¢apsules of oumber 9
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wgimt drug 1
20 1Parson not measuratie
15

10

1 2 1 H 5 § hours

Fig 4 Serum concentrations reached with the oxytetracycline preparation number 1 1o
10 ndividuals When only one measurable serum concentration was found for ao
individual, this 18 indicated with a filled dot (@)

uglm drug 3

1 2 3 & H € hours

Fig 5 Serum concentrations reached with the oxytetracycline preparation number 3 in
10 individuals
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Fig 6 Serum concentrations obtamed with the oxytetracychne preparation number 7 1n
10 wdwiduals Legend see fig 4

s serum concentrations reached with different dosage umts of the drugs
Table 6 shows the standard deviations and range of values observed at each
samplmg time The mean concentration curves for the 7 oxytetracycles
appear 1o fig 8 and for the two tetracyclines 1n fig 9 The values are given
as measured, without numernical adjustments for differences in dosage size

The mean peak serum concentrations of the T and OT preparations were
always reached after 3 hours The hughest mean peak concentration obtained
was approximately 1 pg/ml with the oxytetracyclme preparation no 3
and the tetracyclne 9

P 1 and 7 d the least ble cf 15tic
these had the lowest mean serum concentrations (figs 4 and 6) The differ-
ences between the serum concentrations of preparation 1 and 3 {the latter
having the lighest mean concentrations} was lughly sigmficant at all sampling
times (P <C 0 001) The differences between preparations 3 and 7 were also
tughly sigmificant It should be noted, however, that the declared OT cop-
tent of prep 7 was ap ly 12 per cent higher than that for
preparation 1 A considerable vanation mn the biological availability of
prepamhon 1 was observed One of the tablets tested failed to give any

ble serum another tablet showed measurable

amounts only at the 3 hour Ip With 7, ble serum
concentrations were not obtained 1 two of the subjects and 1 a trd subject
Jow levels were obtained only at the 3 and the 4 hour samplinps
e
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Fig 7 Serum concentrations reached with the ovytetracycline preparation nuymbers
2,4,5 6 and the tetracycline drugs 8 and 9 Legend sce fig 4
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T 7 H T T

Fig 8 Mean serum concentrations after one dose of the oxytetracychne preparations
110 7 The variauon on cach sampling appears n table 6

The remamnng OT preparations, 2, 4, 5 and 6, had lower mean values than
preparation 3 which exhibited the highest mean peak value However, statis-
tically, the four former prer were pot ly d from
preparation 3 It should bs noted, however, that preparation 2 1n two of the
ten test subjects only showed detectable serum concentrations at the 3 hour
sampling

Indwvidual variation of absorption

Drug absorption may differ from one subject to another Likewise, one
may find different responses on repeated tests in the same subjects It 15
consequently of interest to monutor the extent of mndividual vanation

et

H 3 7 H

Fig 9 Mean serum for the numbers 8§ and 9
‘The vanation on each sampling 15 1épotted n table 6
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Table 6

Range (R) and standard deviations (S D) of serum concentrations after 7 oxytetra
cychine and 2 tetracycline preparations

Prepara Hours after drug intake
non Varnable 1 Py 3 A 6

1 R 0023 0-0 60 0-097 0-103 0-065
S D 0119 0191 0284 0331 0258

2 R 0-096 0-107 029-118  0-100 0-078
SD 0327 0367 0350 0350 0285

3 R 0-135 0-140 055-150 045-140 033-115
SD 0347 0344 0278 0266 0240

4 R 0-076 034-095 048-120 039-095 017 071
$D 0205 0192 0208 0164 0143

5 R 0-080 032-100 045-112 038-047 021061
S D 0217 0207 0175 0164 0106

6 R 0-082* 035115 050-145 039-135 031081
sSD 0315 0277 0291 0271 0164

7 R 0-064 0-112 0-132 0-1.30 0-105
SD 0228 0364 0220 0375 0312

8 R 012-044 029-105 039-110 035117 026-066
SD o121 0260 0252 0240 0128

9 R 024-100 045-152 050-170 045-135 043097
S D 0263 0347 0380 0293 0189

* Ths figure calculated from 9 blood samples

To this end, the results after giving the muxtures, preparations 4 and 5,
are relevant With these the process of disintegration 1s omtted It 15 also
seen that the serum concentrations with nos 4 and 5 showed little vanatton
as compared with the tablets or capsules

Urinary excretion

As 15 apparent from table 7, uninary recovery was mostly correlated to
absorption as evaluated from the size of the areas under the curves
(AUC) for the serum concentrations Fig 10 shows examples of these
relationships for the preparations 1 and 7 The subjects wath the lughest peak
serum concentrations tended to have the largest AUC’s

The table 8 shows the relative AUC s and amounts recovered m the unne
for the OT preparations The higher serum concentrations with drug no 3 1s
reflected 1n lower values 1n the rows and hugher numbers 1n the columns of
the table for the relative AUC-values and amounts of OT recovered The
good agreement between AUC and the amounts recovered 1s reflected by the
correlation coefficient r = 07264 (P<C0001) for the 84 entnes of the
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Table 8

Relative mean areas under the curves (AUC) and percentages of actual dose recovereq
1 unne (%) for the 7 oxytetracyclme preparations

A AUG/AUCy

Preparations Preparations as numerators

as denominators 1 2 3 4 5 6 7
1 -~ 14711 2029 1564 1767 1762 1360
2 060 - 1379 1063 1202 1198 0925
3 0493 0728 - o 0871 0868 0670
4 D616 0907 1254 - 1130 1126 0870
5 0566 0832 1148 0885 ~ 0997 0770
6 053 0835 1152 0888 1003 ~ 07712
7 073 1081 1491 1150 1299 1295 -

B %xl%y

Preparations Preparations as numerators.

as denomnators 1 2 5 6 7
1 = 1364 1464 1464 1.555 1273 1164
2 0733 - 1073 1073 1140 0933 0853
3 0683 0932 - 1000 1062 0870 0795
4 06gz o932 0932 - 1062 0870 0755
5 0643 0877 0942 0942 -~ 0819 0749
& 0lgs 2272 115 2315 1221 - po14
7 0859 1172 1158 1258 1336 1094~

The correlation coefficient for table A versns table B 1s 1 = 07264 which corresponds
to correlation probability of P < 0001

bodies of the table 8 The AUC for preparation 3 1s 2029 tumes larger
than the AUC for preparation 1 and 1491 tumes that of no 7 The cor-
responding figures for the amounts recovered 1n the unne are 1464 and
1158 These data correlate well with the highest mean serum concentrations
for preparation 3 and the lowest for no 1

Discussion

These absorption studses revealed that the different OT and T preparations
tested differed 1n their piclogical availability Preparation 1 and 7 showed
serum concentrations Which at peak values were markedly lower than prepa-
ration 3 (P <C0 001}, the dissimifanues were afso sigmficant at other times
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T T T T 1
] 2 3 i 5 8 AUC
Fig 10 Interdependence for the area under the curve (AUC) and per cent specific
substance recovered 1n the urine (%) during 6 hours for the oxytetracycline preparations
1and 7

of sampling Although preparation 3 gave higher mean serum concentrations
than the other preparations, the difference between the results obtamed with
this prep and with prep 2, 4, 5 and 6 were not statistically
sigmificant The formulations 1 and 7 showed both lower AUC's and less
urnary OT recovery (tables 7 and 8)
In the present studies, single tablets or capsules have been given to detect
o 10 biol 1 Tabil

Y

0b ly, diff m serum after indwidual dosage
umts are more sigmficant if absorption varies within fanly narrow Imits
The fact that absorption as such was a relatively stable event 1s demonstrated
by the serum concentrations obtamned with the liquid preparations 4 and 5§
{fig 7), m which the bio availability was independent of a disintegration
procedure With the mixtures the vamation n individual serum Ievels 1s less
It 1s 1mportant ta note that the mixtures gave acceptable serum levels m all
the subjects tested

The better serum profiles observed in mdividual 10 may partly be ascribed
to the lower body weight of this subject

The preparations with the lowest serum concentrations, also gave lower
unmary OT and T values The general trend 1 table 8 towards lower mndex
values 1n the rows and higher figures 1n the columns for preparation 3,
pomts towards a formal relationship between the two variables Thus, when
the serum concentrations with preparations 1 and 7 are low or non measur~
able, insigmficant amounts are recovered concomitantly ia the urine It can
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be shown that the formal relationship between the serum concentrations and
renal excretion can be expressed by the formula
ct
M=Clp (Ac+ ‘g)

Cl 1s renal clearance, p 15 the protem binding factor, A, ss area under the
curve (AUC) dunng the fimte time ¢ of the observation penod, c; 1s the
serum concentration at tume ¢, and ks 35 the coefficient of excretion

The overall relationship between AUC and OT recovery 1n the unne was
demonstrated by the correlation coefficient r=-07264 (P <C0001) This
supports the above equation The relative excretion was of the same order
as the relative bio availability evaluated on the basis of AUC (table 8) Thus,
once unne recoveries have been correlated to serum concentrations (2)
recovery in the unne can be used as a prelimmary value 1n routine controls
of tetracycline preparations to momtor differences in bio availability

The observations that there was httle absorption and low uninary recovery
for preparation 1 correlates well with the results of the pharmaceutical
it vitro tests performed on the product These findings show marhedly slower
and more varied dissolution rates for preparation 1 than for any of the other
preparations Out of 7 tablets tested, 3 only became soft without showing
any dissolution, and one had a to as high as 52 minutes Disintegration
expenments (table 4) showed that preparation 1 disintegrated more slowly
than all the othet preparations Some tablets only divided 1n two halves
without any further disintegration It seems likely that the two cases without
any serum ations were caused by tablets of iferior
coating Although the low bio-availability of preparation 7 1s probably caused
by the pharmaceutical farmulatlon, the in 1itro expenments offer no expla-
nation, as the dissol 1stics of these prep did not differ
significantly from those of preparation 2 and 6 The dissolution curves of
the tablets from preparation 7 had practically the same course and spread as
those of formulation 2 and 6 Nevertheless the difference between drugs 2,
6 and 7, namely that the preparations 2 and 6 gave measurable serum con-
centrations 1n all the test subjects, 15 a sigmficant and important difference
between these preparations

It 1s mmportant to note that preparation 1 with a low release also has a
Tow bio-availability as compared to preparation 3, which showed the higher
mean bio-availability and the more rnp:d dissolution The correlation of
rapid and better has also been noted for
other anubiotcs, ¢ g ampicilin (WAnLQVIST 1969) pemacithin-V
(TounsGARD & TORUD 1971 JuncHrr & RAascrou 1957) chloramphenicol
(Aguiar et al 1968, GLAZXO ef al 1968), and sulfonamides (TARASZKA &
DrLor 1969)

1t 15 notable that the drug 9 extubued higher serum concentrations than
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the “ref dard” prep 8 Tt s also notable that the tetracychne
“standard * displayed the same levels of serum concentrations as the oxy-
tetracycline “standard”, 6 In the USA, preparation 6 showed a bio-avail-
ability supenor to that of other generic preparations (BLAIR et al 1971,
BRICE & HAMMIR 1969), and has been used by the FDA as a reference
product {(EDITORIAL 1970)

Drug absorption 1nvolves many biological vanables Accordingly, the
serum concentrations recorded m this study are not defimtive, smnce they
may be related to the particular batches studied and the test subjects used
The serum concentrations obtamned for oxytetracychines m this study are
shightly lower than those found in other studies (BLAIR ef al 1971, BRricE &
HamMMER 1969), but the o for yel tally with p
data (MACDONALD et al 1969) It 15, however, not surpnsing that absolute
figures may vary from one group of subjects to another Nevertheless, the
relative values for the preparations should be valid Assay standards and as-
say procedure as well as the condittons and time of storage of the prepara-
tions before acquisition may also influence the results It should be noted
that error 1n assay s the least for lowest as the
are the greatest for drugs with the lowest serum concentrations Table 3, for
stance, shows that the relative standard dewviation for 28 determinations 1s
only 13 per cent for a concentration of only 045 pg/ml Since this ts of the
same order as the peak serum d for the prep

1 and 7, the results and evaluations with these drugs should give the highest
confidence

It 1s obvious that 1n many instances, more effort should be made n the
phar 1 for of tetracycl, before they are certified for
sale This entails that more basic studies should be performed n the first
nstance by the manufacturer

All the formulations should satisfy the requirements for quantitation,
disintegration and dissolutton set by the Ph Nord 1963 The requirements
of Ph Nord 1963 which accepts 100 per cent disintegration after as much
as 60 muinutes for coated tablets 1s, however, entirely nsufficient for tetra-
cyclines The more realistic Lomts of 10 minutes have been set for capsules
and non-coated tadlets

The madequate bio-availability of some of the OT formulations, ob-
tained 1n the present study, could mostly have been avorded if requirements
for the accep of new b for were rather ngid The
tesults demonstrate the importance of testing pharmaceutical formulation
i vivo In vitro tests (dissolution tests) do not always reveal inferor biolog-
1cal availlambity

It would be desirable 1n absorption studies to have 2 cross over random-
1zed pattern using 10 or more subjects Companson with such data should
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make for more efficient and adequate information concerning the absorption
of new prodi ) the new formul (preferably of an age corresponding
to the expiration date), b) a “reference” drug with known/certified bio-
availability charactenstics, and ¢} 1f possible a iquid preparation contaming
the same active mgredient as the formulation tested The purpose of the
last control 1s to monitor the vanability of absorption n the test subjects

The names of the preparations tested are available from the authors upon request
Preparation no 1 has been reformulated and reappeared on the marhet
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The wasp Paravespula g a 15 P m countnes, 1
North America, 1n North Afnca and in New Zealand (LokrN 1962, THOMAS
1960) In Israel 1t 1s found sn the northern and central regions In the present

paper we descnibe a number of phar logical effects produced by the
venom sac exiract
Methods We d 6000 wasps, deep freezed them at

- 20° and gradually extracted venom sacs from the insects by means of
gentle pressure on the edge of the abdomen The venom sacs were homogen
rzed extracted m distilled water, and then hophylized The dry substance
was used for the experiments
The toxicsty of the venom (venom sac extract) was determined by njection
1nto the tail vein of male albino mice weighing 20 g The maximum volome
myected was 03 ml Four groups of six ammals each were used the final
mortahty being recorded 24 hrs after admimstration of the extract The LD,
was calculated by log probits method (FINNCY 1952) Within 1 hr the muce
showed symptoms 1n the following sequence dyspnoea, akinesia, diarrhoea,
mydnass, loss of nghting reflex, and paralysis This last mentioned symptom
was of prolonged duration and the ammals eventually died i coma The
LDS0 was 117 5 mg/kg The venom was dialysed for 24 hrs at 4° and injected
fato mice  Moreover matenal retawed 11 the dralysis sac produced the same
effects as the whole solution and caused no lethal effects while the dialysate
did not produce mortality even 1n triple doses Boiled venom (for 5°) did not
cause mortality at any dose level The venom was examuned for protease
and hyaluromidase actvity by the methods of KocHwA er af (1960) and
Dr-Ferante (1956), respectively To determme haemolytic activity, drops of
veniom solution (100 ug/ml) were appled to Petrn dishes contaring agar
human blood and mcubated at 37° for 24 hrs It was found that the venom
d protease and hyal dase activity and caused haemolysts }hirj\
-~
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mine releasing activity was tested 1 rat mast-cells obtamed after mtra-
peritoneal 1njection of buffer solution The cells were meubated with 150 pg
(protemn content) of venom for 45 mun at 37° and then centnfuged After
discarding the supernatant the cells were treated with 1 ml of 01 N-HClI
and boiled for 3 mun 1n order to release the remaimng tistammne The
solution was then neutralized and tested on isolated gumea-pig ileum prep-
arations No histamine remamned 1n the mast cells after incubauon with
venom On the other hand, 50 mg of histamne could be liberated from the
control cells at the end of the incubation penod

Isolated guinea pig 1leum and rat uterus were used to study the actvity
of venom solution on smooth muscles (EDERY et al 1972) Contractions of
the tleum and uterus were recorded through a transducer on a polygraph
(Grass) Doses of 0 35-0 75 mg venom caused slow, sustamed contractions
of both preparation Following the injection 1n the organ bath of 10 ug
atropine sulphate (Mann), 1 mp mepyramne maleate (Teva) and 200 pg
desenl® (Sandoz) (methysergidum NFN) before the venom mjection, the
contraction of both the organs tested was smaller

The activity of the venom on the d; 1 d

system was

op TSV AN
FAP | pr

FCG  sommetdlitiu i lobiti

RES "VW\/W‘.\\/F

T

Fig 1 Vennicular bigeminy following injection of venom 4 mg venom sac extract after
dialysis was injected (arrow) mto the femoral vein of a cat of 30 kg Note that the
blood pressure 13 tn no way affected
FAP = femoral blood pressure
ECG = electrocardiogram lead I
RES = respiration
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m six cats weighing 3-3 8 kg They were anacsthetized by intravenous mjec-
uon of 25 mg/kg of sodum p barbital (met lum NFN) (nembutal®)
(Abbott) and prepared for the ding of blood p from the femoral
artery Simultaneously, an ECG was run 1n Lead IT, as well as a respiration
test The imjection of 035-14 mg venom intravenously in the imtial
stage, caused a sharp fall in blood pressure and a nise 1n the pulse pressure
A second and a thued dose of venom njected after short intervals gave nse
to senous respiratory disturbances deep, uneven breathing as well as distur-
bances 1n cardiac rhythm and extrasystole (fig 1)
The effect of the venom on stnated muscle and on nerve conduction was
studied m eght cats weighing 25 10 33 kg They were apaesthetized as
d and prepared for ding the of the
nbzalu amenor and ga.mocnemms soleus muscles n the nght leg (BUurN
et al 1950, EperY et al 1972) After the injection of 0 6175 mg venom
{diduted 1n 0 1-0 3 ml saline) the mdrectly induced twitches of both muscles
tested were gradually reduced, the nibualis anterior bemg 1n all cases more
afffected than the gastrocnemus soleus The direct induced stimulus showed
no changes 1n the muscle twitches (fig 2) thus mmdicating that the venom
affects the neuromuscular junction but not the muscle cell membrane When

—in
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Fig 2 Rcducuon of wndirectly mduced twitches of smated mus:le following mjection
of venom Injection (arrow) of 175 mg of dialysed venom sac extract into the femoral
attery The amphitude of the tndirectly (IS) induced contractions of fibiahs anterfor
(TA) and gastrocnemius soleus (GS) was gradually reduced Direct stimulus (DS) of
TA showed no changes i1n the muscle twitches
TET = tetanus
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evoking a stumulus causing tetanus and injecting addihonal doses of venom
the pbalis anterior was the first to reject the tetanus

Venom solution was wmjected mnto chicks weghing 34 g via the jugular
vein 1-5 min after injecting 0 25~0 7 mg venom diluted by 0 1 ml saline,
the following symptoms were observed dyspnoea, akmesia eyeclosure,
brooding position, vertigo, flaccrd paralysts and death

EDIRY ef al 1972 have described the activities of Vespa orientalis venom
which by and large resemble those of Parayespula germanica but V oren-
talis venom produced paralysis of both directly and ndirectly induced
sttmult while the P germanica venom affected the mdirect induced stimuli
only The mamn substances 1n the P germanica are apparently large mole-
cules and of a protemn type that does not pass through the dialysts sac and
1s 1nactivated by boiling Apart from this protein like substance the venom
contamns a mixture of small 1 lly active
which are probably responsible for the immediate changes in the cardio
vascular system and stmulate contractions of smooth muscles Some of
these activities are abolished by of acetylcholine (atropme) of
5 hydroxytryptamuine (desenl®) and of hstamine (mepyramine) JAQUES &
SCHACHTER (1954) and PRADO et al (1966) have descrbed the finding of
brogenic amines and kinns 1n wasp venoms but apparently no work has been
done on the charactenzation of the large molecular substances present 1
the venom which represent, as has been stated previously, the principal toxic
component

phar
P
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Abstract Optimal conditions for the synthests of o amirophenol and p mitro-
phenol glucuronides by & clonal strain of rat hepatoma cells (MHCy) 1n culture
were established Properties of (UDP gluca
£ (acceptor E C 24117) 1n homogenates of cultured
hepatoma cells, subcutaneous tumours derived from these cells 1 rats, as well as
livers of Buffalo rats were studied In rat liver 83-90 % and 92-95 % of the
actvity 1 h o p and o amino-
phenol respectively were latent, the latency bemng most pronounced m male
amimals With homogenates of cultured hepatoma cells, on the other hand
digrtontn activated 13 and 18 fold only with p mtrophenol and e aminophenol
as acceptors, other potential activators (Tnton X 100, UDP N acetylglucosanune
and diethylnitrosamine) were erther without effect or inhibited the enzyme A
15-2 fold Tugher degree of activation of glucuronyltransferase was found
homogenates of hepatoma tumours derived from the same cells 1njected sub
cutaneously into Buffalo rats The speaific activity of fully activated glucuronyl-
of cultured h cells was however, 2-6 5 fold
higher than that of the fully activated rat hver enzyme The rate of p mitro-
phenol glucuronide synthesis by culftures of hepatoma cells increased up to
a concentration of 0 10 mM of the aglycone in the growth medium At concentra
tions of 03 mM and higher, a peculiar Jag period was seen before any glu
curontde appeared 1n the medium This phenomenon was not seen with ¢ amino
phenol as acceptor and not in broken cell preparations with either substrate
‘The mavimal rate of o ammophenol glucuromdation sn culteres of the hepatoma
cells corresponded to that found for bomogenates with 025-050 mM UDP
glucuronate added to the incubation mixture This value 1s 1n good agreement
with the presumed intracellular Jevels of UDP glucuronate 1 the fver cell
m vivo

Key words UDP glucuronyltransferase ~ microsomes ~ rat liver — rat hepatoma
cells
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The liver muc; 1] (s) gl 1 (UDP-gl
gl yl ase (accep peafic), E C 2 4 1 17) catalyse(s) the
formation of plucuromdes of a wide variety of hiologically-aumportant com-
pounds of both endogenous and exogenous ongm (DuTTON 1966, 1971)
The activity in vutro of this enzyme 15 ncreased several-fold by many com-
pounds Thus detergents (LULDERS & KUFr 1967, Wmnswes 1969) UDP-N-
acetylglucosamipe (PoGELL & Lrior 1961, WiNsNes 1969) and diethyl-
mtrosamine (STEVENSON et al 1968, WINSNES 1969) when added to Liver
homogenates may enhance glucuronyltransferase activity up to 20-fold The
available evidence suggests that this is an activation at Vipax (VEssty &
Zaxiv 1971, WiNsNes 1972) indicating that more active sites are made
accessible for the substrate(s) Whether this activation 15 due to effects on
the enzyme proten itself or on the microsomal membrane environment 18
open to speculation It 15 also not known whether this actvation i vitro
reflects regulatory prop of phystol 1 sigoik

For better eval of the f; of glucuronyl £ activity
measurements performed n homogenates (with and without activators)
companson with the rate of glucuromde synthesis in ntact cells 1s hughly
desirable However, this approach has utherto been hampered by the lack
of a line of cells 1n which the synthesis of glucuromides remams mntact We
have used a clonal strain of rat hepatoma cells (MH,C;) established in cul-
ture from the transplanted Morris hepatoma number 7795 by RICHARDSON
et al (1969) These cells perform a senes of hver-specific functions after
senal propagation m witro for years, they produce serum albumin, tyrosme
amunotransterase, the mnth component of complement (TASHAN et &
1970), blood clotting factors (RUGSTAD ez af 1972) and several other rat
plasma protems (GAUDERNACK ef al 1973) These cells have previously been
found to glucuromdate bilirubin (RUGSTAD et @l 1970) and p aminophenol
(DYBING & RugsTAD 1972) The hepatoma cells might therefore offer a good
model for studies on the regul of gt d

Matenals and Methods

Chemicals of analytical grade were obtained from the same sources as described
earlier (WiNsNES 1969)
I i A h 1 was ay descnibed
by LEvyy & STorey (1949) Reduction n absorbance at 400 nm in the cast of p mtro
phenol (IsseLsacner 1956) and reduction in fluorescence at 460 nm 1 the case of
amethylumbelliferone (ARIAS 1962) were used as Measure of the amount of glucuronide
formed with these acceptor substrates

Methods of cell culiure A clonal stran of rat hepatoma cells denved from the
gransplantable Momns rat hepatoma No 7795 (RICHARDSON ¢7 ol 1969) which ongmated
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from a Buffalo rat, was grown wn Falcon plasiic tissue colture flasks (250 ml) in
PDulbecco s modification of Eagle s medsum supplentented with 15 % horse serum and
25 % foetal calf serum and antibiotics as described by RuastaD ef al (1970)

Glucuromde synthesis by intact b cells was d by the cells
at 37° with varying of P land 4
Iferone as At the of each the growth medium was

removed and the cells washed once with fresh prewarmed medium without added
serum A prewarmed muxture of 95 ml Dulbeceo s medium without serum and 0.5 ml
stock solution of substrate was then added This mixture had been bubbled through
with 5% COs in zir before the incubation started Ascorbic acid was used as antt
oxidant for o ammophenol and was present in 10 mM firal concentration in the
mediwm Ethanol was used to dissolve p mtrophenol giving a final concentration of
approximately 005 % (v/v) ethanol 1a the medium Bovine albumin was used as carrier
for 4 ma of 20 mg per 10 mM of substrate, thus
probably giving a constant percentage of free substrate at varymg absolute concentra-
nons At desired time intervals 05 ml ahquots were removed for measurement of
0 hy r h and 4 i

P G was studied in homogenates of
1) cultured hepatoma cells, 2) subcutaneous tumours from Buffalo sats (100200 g
weight) njected with a hepatoma cell suspension 4-5 weeks before sacnfize and 3)
hivers from Buffalo rats The homogenates were prepared in 1sotonuic KCI solution with
2 homogenzer (submerged 1n 1ce water) with Teflon pestle at high speed for 1-2 mun
‘The homogenate was spun at 1000 X g for 5 mun and the supernatant was used for
enzyme assay Homogenates of hepatoma cells were also prepared with a micro
modification of the Potter Elvehjem glass to glass homogentzer (volume about 0 5 ml)
Grinding was performed at low speed for 10 mun No sigmficant difference 1n specific
activity or degree of activation by digitonia was noted between cell homogenates
prepared with Teflon or glass pestle Ultrasonication was aveoided as homogenization
technique since this treatment activates glucuronyltransferase (HENDERSON 1970) The
cell homogenates were usually prepared from 10 cutture flasks (2 total of about 50 mg
proteir) The cells were harvested by mcubation and subsequent shaking with 002 %
EDTA 1n phosphate buffered saline The cells were centnfuged down and washed once
n 1sotoruc saline

Glucuronyltransferase activity towards o-aminophenol and p mitrophenol 1n ho-
mogenates was measured i 05 ml final volume with Tris maleate buffer at pH
74 10 mM MgCl> was present with o ammophenol as acceptor With this sube
strate the amount of proten in the tncubation mixture was 015-040 mg 11 the
case of hepatoma tissue whereas with rat liver 2-5 me proten was used 1a the assay
The 1ncubation time was usually 10-15 min, but at Jow protem concentration or with
non activated enzyme meubations were often extended to 30 min The Lineanty with
time and protein was y 1if not more than 25 % of
the acceptor substrate was coosumed during incubation In order to ensure such
Lizearsty, pilot mcubations were pecessary with each batch of hepatoma homogenate
to determune the smtable incubation time and protein concentration With p mitropherol
as acceptor both the protein concentration and the incubation time had to be reduced
to one half or ene third of that mentioned above for o ammophenol a3 acceptor If not
otherwise stated the substrate concentrations were 05 mM for aglycone and 2 mM
for UDP glucuronate Maximal activation was obtained with the following concentra
tions of the 2 mM UDP N and 15 mM dicthylmtrasarnme,
whereas with digitonn 010 % (w/v) was optimal in the case of liver homogenates and
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005 % in homogenates of cultured hepatoma cells Further details on the enzyme assay
methods are given elsewhere (WINSNES 1969)

Protein concentrations were determined by Ovama & EAcLE s (1956) modification of
Lowry s method with bovine serum albumin as standard

The effect of orotic acid on o m mtact cells
was tested with 01, 05 and 1 0 mM orotic acid added in the culture medium together
with the aglycone Two cell culture flasks were also pre mcubated for one hour with
05 mM omue acid before addition of 0 aminophenol

e of tumour tissue was performed after fixation

m 4% formaldehyde and staimmng with haematoxylin eosine Van Gieson s connective
tissue stam and Gomon s retrculum stain

Results

Glucuromde synthesis in intact hepatoma cells

‘The rate of apy of o- henol gl de m the culture
medum duning ncubation of hepatoma cells at 37° 1s shown m fig 1
At ns of o~ henol up to 02 mM, the rate of glllcuromd:
appearance d hed with time probably because of depl of agly
With 050 mM o-amuinophenol 1n the medium the reacnon was Lnear for
five hours The maximal rate of glucuromide synthesis with o-amnophenol as
acceptor was obtained at about 05 mM of substrate, and the rate was
constant up to 1 0 mM substrate concentration

At low concentrations (0025-010 mM) of p mitrophenol (fig 1) and
4 methylumbelhiferone {not shown 1n the figure) a constant rate of substrate
consumption was found for approximately one hour At hgher concentra
ttons of p phenol and 4 mett \; a lag period appeared
and increased m length with g substrate ations Thus with
05 mM p mtrophenol i the medium no significant consumption of sub
strate was found dunng the first 2 hours After that time the reaction rate
ncreased gradually up to 4 hours With 0 30 mM p mtrophenol only a very
short lag period was found, and the reaction rate was constam fmm 40 mmn
to 4 hours Similar results were ob d with 4-methyl as
substrate

The maximal rates of conjugation per mg protemn and per hour with intact
cells were about 42 nmol at 05 mM o-aminopheno! (fig 1), 58 nmol at
010 mM p mitrophenol (fig 1) and 105 nmol at 0 10 mM 4 methylumbelk
ferone

One set of expeniments with 05 mM o-aminophenol and varymng con
centrations (0, 05 10 20 mM) of UDP glucuronate n the medium was
performed The amount of o p t d dunng
the first two hours was exactly the same, ind that UDP gl
was unable to pass through the membrane barmers
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Figl oA henol and p henol

synthests m satact and broken
hepatoma cells at varying aglycone concentrations Intact cells an culture (upper graphs)

and hepatoma cell homogenate (lower graphs) were wmncubated with varying concentra
tons of o ammophenol (left graphs) and p nitrophenol (tight geaphs) as indicated 1n the
figures Other conditions were a5 described 1n Matenals and Methods

Orotic aad 15 2 of vrdme nucl , and a beneficial effect
of thus acid on the hyp b: a of has been reported
(KiNtzeL et al 1971) However no effect of orotic actd (i the concentra-

tions tested) on o-aminophenol glucuronidation rates was seen dunng four
hours mcubation

UDPg ltransf ‘
cells

wm h

of cultured h

With o-aminopheno] as acceptor the maximal activity was reached at
10 mM whereas 15 mM of ¢ aminophenol was shghtly mhibstory (fig 1)
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‘With mtact cells a similar curve was obtaned although there was no signif-
1cant activity increase in the o~aminophenol concentration range 0 3-1 0 mM
Thus the concentration (0 5 mM) of acceptor substrate used routinely n the
enzyme assay lumted the gl dation rate 1n h to about
70 %. of the maximal, but to icrease 1ts concentration further would obscure
companson with gliucuronidation rate 1n intact cells

The maximal activity towards p mtrophenol was reached at 075 mM of
acceptor (fig 1) which 1s conssderably higher than in intact cells where the
maximal rate was reached at 010 mM The pecuhar lag penod seen m
mtact cells at 0 30 and 0 50 mM concentration of p mtrophenol was not seen
with homogenates

The pH optimum of *native” henol gl ase m
h of cultured hep cells was 7 8, whereas with p nitrophenol
as substrate the optimum was at pH 6 2 (fig 2), both values being stmilar
to that reported for the corresponding detergent activated mouse and rat liver
enzymes (WINSNES 1969, HOwLAND ef al 1971) pH 7 4 was, however, used
routinely m homogenate expenments with both acceptors to make com-
panson with intact cell glucuronidation easter, as pH m the growth medium
was kept at 7 4

The o phenol gl 1 i activity mcreased considerably
m the UDP-glucumnate concentration range 0 125-8 0 mM and had not
reached 1ts maximum at 8 mM (fig 3) The Lineweaver-Burk plot was
Iinear and the apparent Kipr glucarsnate Value was 27 mM (17, 31 and
33 i different expenments) while the apparent Vi, was 219 nmol/mg
protein per hour (200, 167 and 290 1n different expenments) The enzyme
actvity found 1n 1ntact cells (42 nmol/mg protemn per hour) was reached at

x lu
:
20
T
X aCr
e
Tig 2 pH-optimum of “native™ and p |

n of cultured cells
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Fig3 oA hi de synthesis 1 of cultured hepatoma

cells (HTC) hepatoma tumour (HTT) and Boffalo rat hiver (Liver) at varying UDP

glucuronate concentrations and f xed aglycone concentration (05 mM) Assays were

performed with native enzyme as well 23 w th optumal concentrations of d gitomn

(DIG) UDFP N acetylglucosam ne (UDPNAG) diethyhutrosamme (DEN) and EDTA
added

a UDP glucuronate concentration between 025 and 050 mM which 15
smular to the concentrations reported for this nucleotide sugar 1n rat hver,

028 pmol per g wet tissue (KEPPLER ef al 1970), 0 12 pmol per g wet tissue
(Zmvkov 1970)
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Although the UDP-glucuronate saturation curve of p-mtrophenol glu-
curonyltransferase appeared to be a hyperbola, the more sensitive double
reciprocal plot revealed an abrupt transiton at 1 mM UDP glucuronate
i1z 4) This phenomenon has recently also been deseribed for some forms
of the mouse and rat liver enzyme (WinsnEs 1972} It may (among other

bilities) indicate the of two different enzymes or two active
mes with different affinity on one enzyme (CoNway & KoSHLAND 1968,
LEvizKt & KOSHLAND 1969) The apparent Kupp glucrenata values were
06 and 15 mM respectively The apparent Vimay values were 670 and
1080 nmol per mg protemn per hour which 15 10-15 times hugher than the
maxiumal glucuromdation rate obtained with mtact cells 1 culture How-
ever, since glucuromde synthesis with intact cells was inhibited at 05 mM
of p-mtrophenol (used i the it with h ) no
adequate companson with the results obtaned 1 homogenates can be per-
formed

Since rat liver glucuronyltransferase activity in sutro 1s enhanced m:ukedly
by detergents, UDP-N-acety), and, with henol as sub-
strate, also by diethylmtrosamme (STEVENSON et al 1968, Wmsm:s 1969),
1t was of imterest to test the effects of these agents on the hepatoma cell
enzyme As seen from tables 1 & 2, the activity could be increased 18 and

13-fold by digs with o henol and p-mtrop! 1 as P
Neither UDP-N-acetylgl nor diethylmtr (with
phenol as acceptor only} activated gl Itransf m h of

these cells 1n contrast to the enzyme m rat liver

UDP-glucuronyltransferase actnvities in homogenates from hepatoma tumour
and Buffalo rat iver

Since culture conditions nugh! p()SSlb]y be responstble for the atypical
activation ch tstics of g ferase 1n hep cell homo-
genates a suspension of these cells was injected subcutaneously m 2-3
weeks-old Buffalo rats of either sex After 4-5 weeks a visible tumour
usvally developed These were excised when wesghg about 1 gram and
homogenates of the tumour as well as of the host liver prepared

Figs 3 and 4 and tables 1 and 2 show that a shghtly higher degree of
activation by digitonin was found for glucuronyltransferase in tumour homo-
genates as pared with h of cultured cells Diethyl
and UDP-N acetylglucosamine caused no activation of the transferase in
cell culture homogenates, whereas 1n tumour homogenates a 10 respectively
40 9, increase m activity was caused by these agents when a—ammophenol
was used as acceptor Diethyl however, d the enzyme
actinaty 2 6 (male) — 4 6 (female) times, and UDP- N-acetylglucosammne about
4-fold when added to rat lner homogenates (tables 1 and 2)
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Fig4 p N 1 synthesis n of cultured h: cells

(HTC) hepatoma tumour (HTT) and Buffalo rat liver (Lwver) at varymg UDP glu

curonate concentrations and fixed aglycone concentration (05 mM) Assays were

performed with “native” enzyme as well as with optimal concentrations of digitomin
(DIG) and UDP N acetylglucosamine (UDPNAG)

Although the “native” henol gl activity 1
hepatoma tumour was 3 4-3 7 times higher than m the host lvers, the
maximally activated enzyme (both digitomin and diethylmtrosamme present)
was more active m lver (table 1) This is 1n contrast to the finding for
P ! gl where {both “pative” and ac-
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tivated enzyme) in hver always were considerably lower than 1n tumour
With both o-aminophenol and p mitropheniol as acceptors the specific activ-
1ties 1n homogenates of hepatoma tumour were 44-15 of that n homogenates
of cultured hepatoma cells (tables 1 and 2) No sigmificant conjugation of
o-aminophenol was detected 1 homogenates of subcutaneous tissue from
these rats
Both with tumour and liver homogenates atypxcal shghtly sigmoid UDP-
on curves for o-a h yltransf; were
found (fig 3) The sigmord form was not seen whcn EDTA was added to
10 mM concentration, possibly because of inhibition of UDP-glucuronate
pyrophosphatase activity which otherwise would result in arufically low ap-
parent glucuronyltransferase activities at low substrate levels (Pocrur &
LELOIR 1961) With homog of cultured hep cells (o~ phenol)
and for p rutrophenol as substrate with all enzyme sources no sigmoid part
of the curvc seemed to be present, possibly because less proten, and con-
i\ y less pyrophospt was present n the incubation muxtures
Apparenl Kupy stucuronste and Vs values could therefore not be calculated
from the present expenments with tumout and Iiver-homogenates (without
EDTA added) Companison of the specific activities at 2 mM UDP-glu
curonate (tables 1 and 2), however, probably give a fair 1dea of the relative
amounts of enzyme n the different tissues Hepatoma cells 1n culture un-
doubtably have a considerably ligher speaific activity of both p nitrophenol
and o-amnophenol glucuronyltransferase than rat liver from the host ani-
mals (tables 1 and 2)

Discussion

It 15 evident from the present Teport that i  native” homogenates of
cultured hepatoma cells 56-77”/,, of the maximal glucuronyltransferase
activity (d: 15 In contrast the degree
of latency of this enzyme in mt liver 1s derable, only 5-8 % }
phenot as acceptor) respectively 10-17 9, (p-mtrophenol as acceptor) of the
actvity of optimally activated enzyme (at 2 mM UDP glucuronate) 15

le in natne prep (tables 1 and 2)

There are mamly two posstble explanations of the different degree of

latency found 1n hepatoma cells as compared with hver The endoplasmic

b{ 1 by of the hey cells might also be permeable to
charged substances, such as UDP glucuronate, to a greater extent than 1h$
membranes found in rat hiver Uncharged sut such as ph

and p mtrophenol have probably free access to microsomal enzymes (NiLS-
soN ef ol 1971) It 1s known that fast growing hepatomas may show 2



MICROSOMAL UDP GLUCURONYL TRANSFLRASE 173

of the endop lum (HRUBAN er al 1972) It 1s also
possmle that nutntional factors can affect the degree of latency of glucuronyl-
transferase Thus the latency increased slightly when the cells were trans-
planted sub ly In this 1t 1$ mtetesting to note that severe
protern def; 1n rats was d with increased glucuronyltransferase
activity, whereas the activity of several other drug-metabolizing enzymes
decreased considerably (Woop & Woobcock 1970, Woobcock. & Woon
1971) Since “natve” glucuronyltransferase activity only was measured
these studies, this stmulation by protein deficiency mught have been caused
by a decreased latency of the enzyme
Another possxble explanation for the different degrees of latency 1s the
f d confor forms of the enzyme proten atself Di-
ethylmtrosamme probably exerts 1ts pnmary effect on the enzyme and not
the microsomal membrane because 1) the effect 1s confined to one specics

(rat) and two sut [¢ henol and p, ol) and 2) 1t activates
the enzyme “solubnlized * by digitonin (STLVENSON ef ol 1968) Since there
15 no g effect of diethyl on the hep cell enzyme,

this might therefore wndicate that a different enzyme form 1s present in these
cells In this connection 1t 1s of interest that the enzyme from newborn rats
cannot be activated by this agent (WINSNES 1971a) Possibly therefore the
hepatoma cells contain an ontogemcally early type of glucuronyltransferase
This would agree with the frequent finding that enzyme forms charactenstic
for the embryonsc penod tend to domnate 1 malignant cells (SCHAPIRA &
HarzreLn 1972)

In cultured hepatoma cell and tumour homogenates no or only very slight

by UDP-N- gl was found whereas digitomn ac-

tivated 13-3-fold This dissociation between the effect of detergent and the
nucleotide-sugar 1n 1ts actvation effects 1s siilar to that seen 1 homo-
genates treated with thiol blocking agenls (WINSNLS 1971c) Conformational
change 1n both the b as well as the enzyme
itself could however, explan such differences between the hepatoma and
liver tissue enzyme

Reoenﬂy 3t was shown that apparent Kupp gururonsre Values of “native

were bly lower than those of the activated
eXlzl'me (Wmsnes 1972) The apparent Kupr elucaronsts Values of ¢ native”
cell gh are of the hugh type 1 ¢ simular to those

of the activated form of Liver enzyme The pH optinum of p mtrophenol
glucuronyltransferase was also that characteristic for the activated form of
enzyme (fig 2, WiNsNEs 1969)

The decreased activity n preparations from the subcutaneous tumour
pre as d with 1 from cultured cells cannot be
explamed by the admixture of cells of other types e g fibroblasts in the
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tivated enzyme) 1n liver always were considerably lower than in tumour
With both o-aminophenol and p-mitrophenol as acceptors the spectfic activ-
sties 1n homogenates of hepatoma tumour were 1414 of that m homogenates
of cultured hepatoma cells (tab]es 1 and 2) No sigmficant conjugation of

o- henol was d m h of sub tissue from

these rats

Both with tumour and liver homogenates atypical, shightly sigmeid UDP-
glucuronate saturation curves for o-aminophenol glucuronyltransferase were
found (fig 3) The sigmoid form was not seen when EDTA was added to
10 mM concentration, possibly because of mhibitton of UDP-glucuronate
pyrophosphatase activity which otherwise would result 1n artifically low ap-
parent glucuronyltransferase activities at low substrate levels (PoGrLL &
LeLor 1961) With h of cultured her cells {0 phenol)
and for p mtrophenol as substrate with all enzyme sources no sigmord part
of the curve seemed to be present, possibly because less protemn, and con-

quently less pyrophosph was present w the incubation muxtures
Apparent Kupp glocuronate 20d Vinax values could therefore not be calculated
from the present expenments with tumour and Liver-homogenates (without
EDTA added) Companson of the specific actvities at 2 mM UDP-glu-
curonate (tables 1 and 2), however, probably give a fair 1dea of the relative
amounts of enzyme n the different tissues Hepatoma cells in culture un-
doubtably have a consxderably hugher specific activity of both p mitrophenol
and Itr: than rat liver from the host ani-
mals (tables 1 and 2)

Discussion

It 1s evident from the present report that . “native” homogenates of
cultured hepatoma cells 56-77 % of the maximal glucuronyltransferase
actvity (digitonin-activated preparations) 1s measured In contrast the degree
of latency of this enzyme 1n rat Iiver 1s constderable, only 5-8 %, (o-amtne-
phenol as acceptor) respectively 10-17 %, (p-mitrophenol as acceptor) of the
acuvity of opumally activated enzyme {at 2 mM UDP-glucuronate) 15
measurable 1n “native™ preparations (tables 1 and 2)

There are mamly two possible explanations of the different degree of
lalency found 1n hepatoma cells as compared with liver The endoplasmic

r b of the hef cells mght also be permeable to
charged substances such as UDP-glucumnnte. to a greater extent 1han lhc
membranes found 1n rat liver Uncharg by such as P

and p-mtrophenol have probably free access to microsomal enzymes (NILS~
sox et al 1971) It 1s known that fast growing hepatomas may show 2
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Alterations in Neurochemical and Behavioural Parameters in
the Mouse Induced by Low Doses of Methyl Mercury
By

Paul Salvaterra!, Bradley Lown?, John Morganti? and Edward J Massarot
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Abstract The effects on mouse behaviour 1n the open field situation of con
trolled single doses of methyl mercury (MeHg) (1, 5, 10 mg Hglkg) were in-
vestigated at varying ttmes after intrapenitoneal mjection (1, 3, 72 hours} In an
effort to correlate behavioural and biochemrcal data, the effects of dose and
tme afler dose on the levels of selected glycolytic pathway satermediates,

adenine and were moni-
tored A very good correlation between bramn biochemustry and behavioural
effects of MeHg was observed That 15 the dose response relationship for the
open field task correlated with alterations i levels of metabolic mtermediates
At 1 and 3 hours after admunistration of MeHg, when the levels of the meta
bohie intermediates were sigmificantly different from those of controls, altered
behaviour was observed At 72 hours post adminsstration, when the bologieal

Pparameters were approaching control values, a return to normal behaviour was
observed

Key words Methyl mercury — neurochemistry — behaviour ~ mice

There has been extensive mvestigation of the tissue distribution, pathology
and neurology of overtly toxic concentrations of methyl mercury (MeHg) m
2 vanety of species (See ex Methyl Mercury in Fish, 1971) 1t has been
observed that the distnbution of MeHg in ammals 15 charactenstically
different from that of morgamec mercury (BERLIN & ULLBERG 1963a, b, c)
Neurol, 1 the picture 1n cases of accidental and
expenimental MeHg imtoxication A latent period 15 often observed m hu-
mans and other mammals from the time of exposure to the onset of overt
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neurological symptoms In mice, the d are bell
dysfunction and a charactenistic hyper reflexia (SA\TO et al 1961, Suzukr
1969) On the cellular level, damage 1s furst observed fo occur to neuroglia
and granule cells Purkinje cells appear unaffected until the later stages of
poisonung (FaREUCHT 196843, b, 1970) Much the same pattern of destruction
15 observed i myelinating cultutes of mouse cerebellum (K 1971) along
with a secondary degeneration of myelin sheaths

In contrast, Iittle 1s known of the effects of low doses of MeHg (1 ¢,
doses which do not induce ol 1 symp of MeHg intoxication) either
at the cellular molecular level (BERLIN ef af 1965, CHANG & HARTMAN
1972a,b, Crimer 1967, KuwaHArRA 1970, MIYAKAWA et al 1969, 1970,
PATTIRSON & USHER 1971, YOsHINO et al 1966a,b) or on behaviour
(BROWN et al 1972, Evans & KosTyNiak 1972, HUGHES ef al 1972, Post
et al 1972, SpynER et ol 1972) In the behavioural studies usmng MeHg,
generally, only the effects of relatwvely large doses have been imvestigated
andjor the amount of MeHg uptake was not controlled Thus, Evans &
KosTyniak (1972) produced gross mtoxication in pigeons while the rats of
Post et al (1972) may have received up to 20 mg Hgfkg depending upon
the amount of MgHg that passed through the digestive tract and was ex-
creted The quantity of MeHg taken-up by the mice m BRowN ef al ’s (1972)
experiments, was certamnly uncontrolled

The lack of systematic knowledge of the effects of low doses of MeHg
on y and beh cannot be over emphasized Given the
detenorating 1 the acqs of such kn dps
must become of increasing concern Thus, utihzing the mouse as a model
system, we have undertaken an mnvestigation of the time dependent effects
of controlled, low doses (sub LD 50) of MeHg on (a) behaviour 1n the
open field situation, and (b) the levels of ademne nucleotides, phospho-
creatine, a glycerophosphate and the actvity of the glycolytic pathway 1o
the cerebellum and cerebral cortex

The glycolytic pathway was chosen because of its central importance 1
energy production m the bramn (LATTHA 1970) Mice were selected because
they have been used 1 many psychopharmacological studies (CANDLAND &
NaGY 1969 LaBarsa & HooGe 1970, MCRLYNOLDS ef al 1967, Nagy &
Forrest 1970, Nagy & Guastr 1970, Nacy & Howm 1970) Swce the open
field was furst used 1n psychopharmacological studies (JANSSEN et al 1960)
different drugs have been shown to affect various measures of the behaviour
of mice (and rats) mn the open freld (AHTCE & KARKI 1968, BRIMBLICOMBF
1963, BROADHURST ef al 1959, ERikssoN & WALLGREN 1967, JANSSEN
et al 1960, MorrisoN & LrE 1968, RvaLL 1958) Thus, it seemed reason-
able to use the open field as a fust step i evaluating some of the effects of
MeHg on the behaviour of mice
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Materials and Methods
I Biochenucal studies

Reagents All enzymes were hi from (Mannh Corp,
New York, NY) except rabbit muscle myokinase which was obtawned from Sigma
(Chemical Co, St Lows, Me) All awulliary substrates and co-factors were obtained
from Sigma $8Hg labelled methyl mercury chlonde was obtained from New England
Nuclear (Boston, Mass) (> 99 % radiochemical purity) Stable methyl mercury hydr-
oude (MeHgOH) was purchased from Ventron (Beverly, Mass) All other chemcals
used were of reagent or flvorescent grade

Preparation of amwmals and brain samples Adult male Swiss-Webster mice (Car-
worth Breeding Laboratories, New York, N Y) weighing 25-32 g were used For

of bramn bol d the ammals were decapitated and
placed durectly into Freon 12 (CCI:Fs) mamtained at —150° with lquid Ny The heads
were stored at —80° before preparation for analysis

Dosing of ammals

A Animals used for of levels of by di and behav-
tour m the open field task

A stock solution of MeHgOH containiag 10 mg Hg/m! was prepared 1n 0 14 M NaCl
“Thin layer chromatography on cellulose and silica gel G 1in 3 M NHOH showed
complete conversion of the OH to the Cl salt Diutions contamng 01, 05 or 10
mg Hg/ml were admimstered satrapentoneally in ahquots of 1 ml per 100 g body
weight (b w) corresponding to doses of 1, 5 and 10 mg Hglkg respectively Control
ammals were mjected with 014 M NaCl (1 ml/100 g b w)

The analyses for levels of ntermediates were performed on groups of 12 ammals
Le 6 expenmentals and 6 controls at each dose and time studied Ammals were
sacrificed at 1 and 3 hours after each admimistration of the three dose levels and at
1, 3 and 72 hours after the highest dose

B Animals used for ime dependent distnbution of #03Hg labelled MeHg

A solution of 1 mg Hg/ml MeHgOH (containing 9 72 perfml of 203Hg labelled methyl
mercury chloride) was prepared m 014 M NaCl and adnumnistered intrapenitoneally to
twenty animals (1 m1{100 g b w) This corresponded to 10 mg Hefkg and approxumately
2 uc1 per ammal

Ammals were sacrificed by cervical dislocation 1n groups of 4 at 1, 3, 24 and 72
hours post admimstration Two ammals were sacnficed at 7 days One ammal died at
48 hours and anotker at 5 days post admimstration

Preparation of tissue and analytical methods

A For levels of intermediates

Tissue was prepared essentially as descnbed by KAUFFMAN ef al 1969 Analyses of
levels of metabolic intermediates were performed using slightly modified standard
fluorometnic techniques (LOWRY et al 1964, Marrra & EsTasroox 1964) to measure
the sppearance of NADH/NADPH or disappearance of NADH (NADH = reduced
wicotinamsde adenine dinucleotde, NADFH = reduced nicotinamide adenine dinucleo-
tide phosphate The key to all other abbreviations used 1s found 1n table 1)



180 PAUL SALVATERRA ¢t of

B For tume dependent distribution of $03Hg

Whole blood (2pproximately 100 pl) was obtained from the heart and pencardial
cavity immediately following sacrifice The brain was removed and dissected into the
cerebellum and cerebral cortex All tissues were placed n tared polyethylene wials,
weighed and counted 1 a Packard Model 3003 gamma scmtillation spectrometer
Mercury were d by with a standard prepared from
the injection solution Counting efficiency averaged 35 7,

C Statistical analysis

The data for levels of brain glycoly d 1 adenine
nucleotides, and phosphocreatine were analyzed by aualysls of vanance The con
current control mean was subtracted from the individual experimental values (umol/g
wet wt) to compensate for day to day vanatons tn base Iine levels of intermediates
An approuimate 3 way analysis of vaniance was performed separately on the vafues for
each intermediate measured using 2 4 X 2 X 2 expenimental design and the NysmuL
computer program (NYsMUL 1969) The factors in the design represented dose (0,1,5
or 10 mg Hg/kg) time (1 and 3 hours after dose) and bramn region (cerebellum or
cortex) Data from the 10 mg Hg/kg dose was subjected to a one way analysts of
varnance with regard to time (1, 3 and 72 hours) rrespective of region

Student s t test for pared data was used for analyus of the differential uptake of
203Hg labelled MeHg by different bran regions The concentration of 203Hg in the
cerebellum and cortex of each ammal at all times represented the pairs

H Behavioural studies

Subjects One hundred twenty 6 to 8 week old, male Swiss Webster mice were
used (Ss)

Apparatus The open field apparatus was a 3 feet by 3 feet area diwded 1mnto 36
six inch squares and enclosed by 24 inch high walls The field was white with black
dividers and was umformly lummated from above with a 30 watt fluorescent lamp

Procedure ‘The smimals were dosed as in the biochemucal studies Each of the
4 dose conditions was dwvided 1ato 3 groups One of the groups was observed n the
open field 1 hour after injection, one group 3 hours after injection and one group
72 bours after wjection This procedure generates a 4 X 3 factonial design havieg 12
groups There were 10 ammals 1n each group

Each mouse was placed in a particular square near the center of the open field and
was observed for 10 munutes Ambulations were scored as the number of squares
entered (zll 4 fee() by the S dunng each munute of the observation period A reanng
was recorded each time a S stood up on its hind legs The observers did not know what
dosage group the Ss were in,

Results

Biochenucal The values of control levels of the metabolic intermediates
under smestigation are recorded n table 1. Fig 1 illustrates the alterations
n bram (cerebral cortex plus cercbellum) levels of six glycolytic mnter-
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Table 1.
Intermediate Control level (a) of intermediates
n cerebellum and cortex
Glucose 1 phosphate (G1P) (73) ®) 0006 + 00007
Glucose-6-phosphate (G6P) (81) 0041 £ 00010
Fructose 6-phosphate (F6P) (77) 0008 £ 00002
Fructose 1,6-diphosphate (FDP) (71) 0143 £ 00099
Dihydroxyacetonephosphate (DHAP) (77) 038 +00009
o Glycerophosphate (¢ GOP) (71) 027100107
Pyruvate (Pyr) (77) 0118 £ 00038
Phosphocreatine (PC) (57} 1219 200311
Adenosine tniphosphate (ATP) (61) 1452+ 00347
Adenosine diphosphate (ADP) (64) 060400235
Adenostne monophosphate (AMP) (75) 0359 £ 00149

(3) Levels expressed tn pmol/g wet weight of bram ¥ S E M
() Number of samples analyzed

B2 Img Hg/g
20- 3 smghg/hg |
N 10 mg Mg/ kg

H ] |
:

" |

GIP | 1GEPY IFEP 1| FOP | IOHAP { 1#GOPTIPYR |1 PG | 1ATP 11 ADP | { AW
ol e | 1278 B 1 PR | 8201 BBl | o] 5r] |37 110501,
Fig 1 Changes 1n mouse brain (cerebral cortex plus cerebeltum) levels of glycolytuc
intermediates, «GOP, PC, and adenme nucleotides induced by varying doses of MeHg
(both 1 and 3 hours post intraperitoneal injection)
aNot sigmificantly different from control
b Level of sigmficance from 3 way analysis of vanance
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mediates, «GOP, PC, and ademine nucleotides induced by MeHg at 1 and
3 hours post admunistration

A dose related response 15 nd d for all f: and
decreases in the levels of the intermed: gated No £
interactions between the mamn effects of dose and time were observed

When data for the three dose levels at 1 and 3 hours post ijection are
analyzed mn the 4 X 2 X 2 factonal design, no sigmficant mam effect of
time 15 observed for any mtermediate However, when data for the dose of
10 mg Hg/kg (at 1, 3 or 72 hrs) are analyzed separately with tume, sigmficant
changes are found Fig 2 shows the percentage change from control values
as a function of time for the glycolytic intermediates, «GOP, PC and adenine
nucleotides In general, the pattern 1s one of greater changes from control
Jevels at 1 and 3 hours than at 72 hours for glycolytic mtermediates, ADP
and AMP The changes in FDP, PYR and AMP are sigmficant with regard
to time in 2 one way analysis of vanance ATP levels were essentially
1dentical while those of PC increased shightly

MeHg induced changes in the levels of glycolytic itermediates, aGOP,
adenine nucleotides and PC vanied as a function of the bram region The

8 t HouR [
301 [ 3 Hours

72 HOURS
20- L
1

% of costral
B

I i

.
3 3
—

%

'
A
o

-,cw”cw”m’”;vgs”ump“ coP“r:;l Irc ”AYP”ADP”;M:'

Fig 2 Changes mt mouse bran (cerebral cortex plus cerebellum) fevels of glycolytic
\ntermediates, eGOP, PC, and ademnc nucleotides induced by 10 mg Hgfkg McHe
at various times after intrapentonesl injection

aLevel of significance from one way analyss of vanance
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Fig3 Time dependent distnibution of 20Hg labelled MeHg 1n mouse blood cercbral
cortex and cerebellum at varous tunes after intrapentoneat ijection of 10 mg Hglkg
{each pont represents the mean of 4 ammals except for that at 168 hours which
represents 2 ammals)

levels of glycolytic intermedrates which were found to increase with dose
(see fig 1) exhibited a greater mcrease m the cortex than in the cerebellum,
wlule the glycolyuc mtermediates and «GOP, which decreased with the dose,

d more i the The fatios of the changes m cortical levels
to changes m cerebellar levels of adenmne nucleotides and PC are all less
than one, idicating greater changes in the cerebellum The only statistically
signficant regional differences were observed for aGOP, PYR and AMP
(P <002, 0002 and 0 04, respectively}

Results of a study of the time dependent distnbution of a 10 mg Hg/kg
dose of #*Hg labelled MeHg 1n the mouse bran and blood are shown i
fig 3 It can be seen that the rate of decrease of 203Fg in the blood 15 faster
than the rate of uptake by the bramn tissue The faster rate of accumulation
by the cerebellum than the cortex at times up to 72 hours should be noted
When the data for the fust 4 time periods are amalyzed by Student's t-test
for pared data, the t exhibits a fy greater uptake of
#5Hg than the cortex (P <0 0005, average difference 1s 0515 yg Hg/g
tissue) Also the differential in the amount of #2Hg found 1n the two bramn
regions decreases with time to 72 hours and 1s reversed by 168 hours When
data for the mn 2Hg between bramn regions with
time are analyzed by a one way analysis of vaniance, differences between
the groups are highly sigmficant (P << 0 001)

Behas toural Data for both dependent measures (reanngs and ambulations)
were summated across the ten minute observation perod providing a total
score for each ammal These scores provided the basic data Data for each
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measure were analyzed 1n a 2 factor, 3 X 4 factonal analysis of vanance
The factors were time (1, 3 and 72 hours) and dose (saline, 1, 5 and 10 mg
Hg/kg)

The data for rearings are presented 1n fig 4A The analysts of vanance
yielded sigmficant mam effects both of time (F — 24 88, d f 2/108, P<
0001) and dose (F = 2658, d { 3/108, P <<0 001} as well as a sigmficant
time by dose wteraction (F = 589, d f 6/108, P<<0001) Individual com~
pansons between groups were made using the Duncan Multiple Range Test
to determune the site of simple effects underlying the man effects The
ndmwidual compansons showed that the 1 mg Hg/kg dosage groups were
not significantly different from the salne groups at any tume period The
5 mg Hgfkg groups were sigmficantly different from both the salme and
1 mg Hgfkg groups at both 1 and 3 hours after mjection The 10 mg Hg/kg
group was sigmficantly different from all 3 other groups, both at 1 and
3 hours However, at 72 hours there was no difference among any of the
groups Across time, the saline groups did not differ sigmificantly from one

[same | [tmomma| [smoron] Jomomuas]

MEAN REARS

MEAN  AMBULATIONS

{ sotne | fimarera| {2ma vemo] fromg rgrmo|

Fig 4 Mean number of rears and ambulations for each dose and time after each dose
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another The 1 mg Hg/kg groups exhibited a tendency toward increased
reanngs across time while reanings n both the S and 10 mg Hg/kg groups
increased dramatically (fig 4A) After 1 and 3 hours both the 5 and 10 mg
Hgfhg groups were sigmficantly lower than the salme groups, but, by 72
hours all mercury treated groups were at the saline Jevel indicatng complete
recovery

The data for ambulations are presented m fig 4B The analysis of van-
ance yielded significant main effects of both time (F = 9556, d f 2/108,
P <0 001) and dose (F = 8108, d f 3/108, P <0 001) The interaction
between tume and dose was not sigmficant although 1t approached sigmif-
icance (F = 2044, d f 6/108, P<<010) Individual comparisons between
groups showed that at 1 hour there were no differences between saline,
1 mg Hg/hg and 5 mg He/kg groups The 10 mg Hg/kg group differed shghtly
from all the other groups at 1 hour An identscal pattemn was found at
3 hours At 72 hours no significant differences among the groups could be
detected 1ndicating a complete recovery Across time, there were no differ-
ences 1n the saline, 1 or 5 mg Hg/kg groups The 10 mg Hg/kg group showed
sigmficantly lower numbers of rearngs at 1 and 3 hours and a complete
recovery at 72 hours

Discusston

Major effects of the expernimental vanables, dose and time on open ficld
behaviour of the mouse have been observed These effects emerged most
clearly from the data obtamed on rearings The measure of ambulations was
conststent with these findings, but equivalent levels of significance were not
attaimed It should be noted that other studies on the effects of drugs on
open ficld behaviour have mdicated that rearings may be a more sensitive
measure of behavioural alterattons than total ambulations (Erxsson &
WALLGREN 1967, MorrisoN & Lre 1968) The dosage level had a major
effect on behaviour The data clearly indicate significantly decreased reanngs
with increased doses of MeHg both at 1 and 3 hours after mjection The
ambulations data are consistent with these findings although only the 10 mg
Hg/hg dose proved to be sigmficantly different from the controls

Another key fact to emerge from the data 1s the change in the behaviour of
all mercury treated groups across tme The sigmficant differences from
the controls of the MeHg treated groups obtained at 1 and 3 hours after
mjection disappeared by 72 hours after mjection across mercury dose By
72 hours, all treated groups had recovered completely These findings do not
mean that the mercury concentrations used had only a margimal effect since
7 of 23 ammals mjected with 10 mg Hg/kg died withm 4 days after mjection
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(note that 7 anumals i the 1 hour groups were sacrificed immediately after
running and thus were not included 1n the above statistics) None of the
ammals mjected with the lower doses died At 72 hours all animals that
had not died, behaved 1n a manner not sigmificantly different from that of the
controls This findig 1s particularly wnteresting conswdering that the greatest
concentration of mercury 1s observed 1n the bramn at approximately 3 days
(bg 3)

Consideration of these time effects may elumdate the findings of Post
et al (1972) and BrownN et al (1972) Post et al (1972}, using rats, found
ro sigmificant effects of mercury 1ngestion on 8 voluntary tasks m the open
freld, but their tesing began 2 to 8 days after treatment ceased Sinilarly,
Brown et al (1972) found mutial differences between post-weaning mercury
treated mice and controls 1z a T-maze, but no differences 1n retest data con-
ducted a week later It would seem that time after injection, for low doses of
MeHg, 1s a critical factor to be d 1 assesing beh al effects

The results of the biochemical experiments show that MeHg exerts a dose
related, time dependent, regional effect on levels of mouse brain PC, adenine
nucleotides, «GOP and glycolytic intermediates

The m ntermed at the b of the glycolytic pathway
(G6P, F6P, FDP) along with the decreased levels of PYR and «GOP indicate
nhibition at some mtermediate pomt n the pathway This apparent nhbi-
tion may be due to the interaction of MeHg with (1) glycolytic enzymes,
2) Ived 1 adenmne nucleotid 1 ltng 1 an al-
lostenc inhibition of glycolysis (LOWRY et al 1964, Rowreston & NLws-
HOLME 1967, Taxacak1 1968) ot (3) both of these possibilities Allostenc
mhibition seems the more likely explanation m view of the fact that MeHg
modifies brain ademine nucleotide levels (figs 1 and 2) and the Hg levels
1n brain tissue do not directly parallel the ume dependent changes 1 glyco-
lytic intermediates (compare figs 2 and 3)

Rat bram ATPase has been shown to be inhibited 11 virro by low levels
of MeHg (TAcoRSON ef ol 1972) In this study, bram ATP levels were ob-
served to increase i response to mcreased doses of MeHg suggesung that
ATPase 25 anhibted ATPase 15 & good candidate for MeHg sslubwson due
to 1ts location at the cell membrane, the site at which heavy metals would be
Iikely to exert therr toxic action (PASsow et al 1961)

MeHg has also been shown to cause damage to the blood brain barner
(CHanG & HARTMAN 1972b) which may effect bram metabolism profoundly

It 1s 2lso interesung to note that the changes observed m this study are
qualitatively comparable to those observed in guinen pig cortex shees on
addition of ATP to the ncubation medium (TAKAGAX! 1968) PATTERSON &
UsHir {1971) have shown dose related alterations in rat bram levels of
glycolytic mtermedrates and, less clearly adense nucleotides in response 10
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MeHg Our results differ from thewrs in several qualitative aspects This
may be ascnbable to species differences, different dose levels, observation
times, bram regions or any combination of these factors The magnitude
and time dependent course of MeHg mduced changes 1n metabolite levels
m mouse brain correlates with the observed behavioural alterations (figs 1,
2and 4)

‘Thus, behaviour 1s effected more at 1 and 3 hours post MeHg admrmistra-
tion than at 72 hours and the bel 1 and 1 “wash
out’ with time more or less simultaneously However, mercury levels con
tinue to mncrease m the bram up to 72 hours {fig 3} This suggests that some
type of compeusa(ory mechamsm lS set i operation to mamtamn brain

bolic and,

The metabolic intermediates which exhibit statistically sigmificant regional
alterations mduced by MeHg («GOP, PYR and AMP) all exiubited greater
changes in the cerebellum than n the cerebral cortex This 15 consistent with
the behavioural data smce the open field task 15 one measure of gross motor
actinity that ss known to be largely controlled by the cerebellum Tiis ob
servation 1s also m good agreement with the differential uptake where the
cerebellum exhibited a faster uptake of mercury from the blood than the
cortex

It 15 to be noted that adenme nucleotides and PC are changed more 1 the
cerebellum than 1n the cerebrum
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(note that 7 anumals m the 1 hour groups were sacnficed immediately after
runmng and thus were not included m the above statistics) None of the
ammals injected with the lower doses died At 72 hours, all amimals that
had not died, behaved m a manner not sigmficantly different from that of the
controls This finding 15 particularly interesting considering that the greatest
concentration of mercury 1s observed i the bram at approximately 3 days
(fig 3)

Consideration of these time effects may elucidate the findigs of Post
et al (1972) and BRowN et al (1972) Posr et al (1972), using rats, found
no sigmficant effects of mercury ngestion on 8 voluntary tasks in the open
field, but their testing began 2 to 8 days after treatment ceased Similarly,
Brown et al (1972) found 1mtial dif between post. g mercury
treated mice and controls 1n a T-maze, but no differences in retest data con
ducted a week later It would scem that time after injection, for low doses of
MeHg, 15 a cntieal factor to be dered 1n assesing beh 1 effects

The results of the biochemical expenments show that MeHg exerts a dose
related, tune dependent, regional effect on levels of mouse bran PC, adenine
nucleotides, aGOP and glycolytic mtermediates

The 1n mntermed; at the beg) of the glycolyuc pathway
(G6P, F6P, FDP) along with the decreased levels of PYR and «GOP mndicate
inlubition at some mtermedsate pomt in the pathway This apparent inhibt
tion may be due to the interaction of MeHg wath (1) glycolyhc enzymes,
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inhubition seems the more Iikely explanation 1n view of the fact that MeHg
modifies bram ademine nucleotide levels (figs 1 and 2) and the Hg levels
m bram tissue do not directly parallel the time dependent changes 1n glyco-
Iytic intermechates (compare figs 2 and 3)

Rat bran ATPase has been shown to be mhubited i vitro by low levels
of MeHg (JACORSON et af 1972) In this study, brain ATP levels were ab
served to 1ncrease m response to increased doses of MeHg suggesting that
ATPase 15 mhibited ATPase 1s 2 good candidate for MeHg miubition due
to 1ts location at the cell membrane, the site at which heavy metals would be
Iikely to exert their toxic action (Passow et al 1961)

MeHg has also been shown to cause damage to the blood bran barrier
{CHANG & HARTMAN 1972b) wihich may effect brain metabohsm profoundiy

It 15 also interesting to note that the changes observed n this study are
qualtatively comparable to those observed m guinea pig cortex shees on
addition of ATP to the incubation medium (TAKAGAKI 1968) PATTIRSON &
Uster (1971) have shown dose related alterations 1n rat bran levels of
glycolytie intermediates and less clearly adenine nucleotides n response to
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Potassium-Efflux and the Response to Carbachol,
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Isoprenaline in Rabbit Antrum Muscle
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Abstract Longitudinal stnips from the antrum of rabbit stomachs were incubated
for one hour 1n radivactive (4°K) hrebs sofuhion and transferred to a constant
flow apparatus where they were washed with non radtoactive solution After an
equhibration peniod of 28 mun, me strips were exposed to 1073 M carbachol or
104M or Some car
bachol treated strips were h(er also exposed to the adremergmic drugs The
mechamcal responses and the effect of the drugs on +°K efflux were studied
Carbachol which 1mtiated rhythmic contractions or gave a ‘fused” (tetamic)
contraction, produced a franstent, statistically sigmficant increase m K efflux as
compared with untreated controls Ph and

which had no effect or imtiated rhythmic contractions m inactive strips, reduced
the mechantcal actvity 1n strips exposed to bach

had only mlubitory effects All the four adrenergic drugs tncreased K-efflux
sigmficantly 1 inactive strips probably due to o receptor stimulation, smce
the effect of 1soprenaline could be bloched by phentolamine Noradrenaline
also increased K efflux sigmficantly 1n strips exposed to carbachol The racrease
1 K efflux produced by phenylephnine in the antrum strips was not as great
as that previously recorded in fundus strips The K uptake was the same, but
K efflux was greater than 1o the fundus It i1s concluded that « receptor stumula
tion creases K efflux of whether the h
tory, whibitory, or mi!

Tesponse Is excita

Key words K efflux - K uptake ~ adrenergic receptors ~ cholinergic receptors ~
gastnc smooth muscle  gastric motilty

The mechanical activity of strips obtained from the antrum of rabbt
stomachs 1s different from the mechamcal activity of strips obtamned from
the fundus (HAFFNER 1971) In the antrum preparatrons rhythmic contrac-
tions domunate the motlity-pattern, while the mechanical actvity of the

o
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fundus preparations consists matnly of slow, sustamed alterations 1 tenston
Smilar pattems of activity are obtamed when the pressure-changes 1n the
antrum and fundus of the rabbut, rat, and guinea-pig stomachs are studied
(HATENER & STADAAS 1972, HArrnek 1973b)

Stimulation of adrenergic a-receptors in cucular rabbit fundus stnps
produces 2 slow sustamned contraction, the magmitude of which depends both
on the existing tone (HATFNER 1972) and on the external K*~ and Ca**-con
centrations (HAFFNER 19732) Associated with the contractile response
a transtent increase in K-efflux occurs (HAYTNER et al 1972), but this -
crease can be dissociated from the mechamcal response by alterng the
external K*- and Ca**-concentrations (HATENER et al 1973)

Stimulation of the a-receptors in the antrum can give exther an excita-
tory or an v effect, depending on the existing activity
(HAFFNER 1971, HAFINER & STADAAS 1972) Antrum strips therefore present
a unmque opportumty for studymng m one preparation the alterations m K-
efflux associated with both u-receptor mediated exeitation, and a receptor
med:ated nhibition

1In the present stndy we have invesugated alterations in K-effiux associated
with the mechanical responses to phenylephrine, adrenaline, noradrenahne,
and 1soprenaline 1 active and inactive antrum strips We have also com-
pared the effect of phenylephnne (the most spectfic a-receptor stimulating
agent used) on K efflux from the antrum, with that previously observed
fundus preparations In addition K-uptake has been determned, and com-
pared with that in the fundus

Material and Methods

Fifteen male white rabbits weightng from two to four hg were killed by a blow on
the head and bled by cutting the caroud arfenes The stomach was removed and 10-14
longitudinal strips were prepared from the antrum The mucesa and most of the
circular musculature were cut away m order to make the stnps thin enough to fit
casily into the constant flow apparatus This did not appear to affect the mechanical
responses which were similar to those obtamned previously i full thichness strips
(HAFTNER 1971) All the sirips were stored overmght m Krebs solution at 4° m order to
make the pre investigation conditions as similar as possible On the next day the strips
were incubated 1n aerated (95 % O 5 % €03} radioactive (’k, 6 per/ml smtiatly) Krebs
solution for one hour at 37° and mounted 1n a constant flow apparatus as described
previously (HAFFNER ef al 1972) As before they were washed with aerated Rrebs solu
won at 37° which contained (mM) Na* 1369 K*S59 Ca*+2.5 Mg*12,HCO; 155
$:P0O,~ 12, CI~ 1336 and glucose 11 5 (pH = 74) After passing through the constant
flow apparatus the solution was collected 1n tho munute samples The radioactivity
of the samples and that remaiung 10 the strips at the end of the cxpenments was
determined in & Pachard Auto-Gamma Spectrometer Model 2001
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When the effects on nactive stuips were studied the drugs were added 28 min after

mounlmg and lhe s(nps were washed for a further 16 min period When the effects of
and on

with carbachol were studied carbachol 1075 M was added 28 mm after mounting the
adrenergic drugs were added 16 min l:.\ler, and the strips were washed for another
16 min The effects of treated with 53x
1075 M were fested on stnips which had been etposed to phentolamine both n the
1ncubation medium and from the start of the wash out

Drugs and conc used Carb chlonde bach:
NFN) 106-10-5M, phenylephrine HC! (metaoxednoum NFN) 1074 M, adrenahne
bitartrate 104 M noradrenaline b tartrate 1074 M, 1soprenaline sulphate J0~4 M and
phentolamine (regitin®, Ciba) 53 X 102 M The drugs were prepared each day from
frozen stock solutions apart from phentolamine which was prepared from the com
mercially available 1 mt ampoules of regiun® Radioactive potassium ({°R) was supphed
by Institutt for Atomenerg: Kjeller, Norway

Calculations K uptake was calculated by adding the radioactivity to all the samples
of effluent to the radioactivity which remained in the preparation at the end of the
expeniment The fraction lost at any time dunng the expenment was determined by
dwviding the amount of tracer lost per mtn wnth the amount of tracer which the
preparation contamned at that time, The half tume for K efflux for the slow part of the
efflux curves was calculated from the difference in K efflux expressed as counts mun 2
at 20 and 40 mun The effects of the drugs were recorded as the maximal efflux 4-6 mun
after addition of the drugs espressed as per cent of the efflux value at the last interval
before the drug was added (28 and 44 min after the start of the wash out) These values
have been compared with the corresponding values for controls which were washed
out without addition of drugs (inactive preparations) or which were washed out for
60 mun., carbachol 1075 M bemg added at 28 tun (active preparations) Statistical
significance was determined with Wilcozons two sample test (Hopaes &
1964) o denotes level of significance

Results

Drug responses in inactve Strips
Phenylephrine, adrenal drenalne, and all
the K efflux from inactive antrum strps Table 1 shows the efflux values,
number of preparations used, and statistical sigmficance of difference from
the controls The increase was greater after noradrenaliae than after phenyl-
ephrine (a = 0 001 for difference) and adrenahine (@ = 0 06) It should also
be noted that the mcrease produced by 1soprenaline 1074 M could be blocked
by phentolamine 5 3 X 107% M which mndrcates that the increase 1n 42K-efflux
produced by the adrenergic agents 15 due to simulation of « receptors
Rhythmic activity was mitiated m some strips by all the three g-receptor
agents A 1 1m 3 out of 6 strips,
noradrenahine m 2 out of 6 and phenylephrme m 2 out of 16 stnps No
contractions were seen after the addition of 1soprenaline
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Table 1
Altered °K efflux 1n 1nactive antrum strips
Control PE A NA IS0 PA  PA+ISO
No tested 9 16 6 6 6 1 6
K efflux 934 967 1007 11205 972 919 920
Significance 003 0006 00003 003 - s

PE = ph P 104M A=ad hine 1074 M, NA = d hine 1074 M
ISO = 1soprenahine 1074 M, PA = phentolamine 53 X 105 M
PA + ISO = phentolamine 53 X 1075 M + soprenaline 1074 M
¢ Not significantly different from Control
** Not signsficantly different from either Control or PA

No correlation was found between the mechanieal effect and alteration
1n ©’K-efflux As shown 1n figs 1 and 2, the mcrease n «°K-¢fflux in response
to noradrenaline occurred both 1 the stnps 11 which no mechameal effect
was obtamed, and i the stnps i which noradrenaline mtiated rhythmic
contrachons

Carbachol produced a statistically stgnificant increase in ©K-efflux, both
1 concentrations of 1078 M (6 strips, median 109 %, u = 002), and 105 M
(71 stnps, median 126,8 %, o = 00001) Carbachol 1075 M was used to

26
1) (140
2
0 00E
00013
20m2. NA g0 M
v T
20 20 w0 MIN

Fig 1 Addwmon of 104 M noradrenahine produces no mechantcal response (top tracing)
10 an ypactive antrym stnp but increases 4°h-cfflus marbedly (bottom tracing = fraction
Tost cune)
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* N

0005
8004 NA 10 M
0003
~ T —
20 30 MIN

Fig 2 Addition of 10~ M noradrenaline initrates rhythmic contractions (top tracing)
n an mactive antrum strip, and also produces a transient inerease in 49K efflux (bottom
tracieg = fraction lost curve)

activate the strips 1n the present investigation as 107¢ M failed to mutiate
rhythmic contractions 1n one out of six strps 1a a prelmmary sen&s, while
carbachol 105 M always gave le effects The h

to carbachol usually consisted of an umnterrupted semes of rhythmxc
contractions, but occasionally a brief period of rhythmic contractions was
followed by a prolonged period of “fused ’ (tetanic) contraction (fig 3)

o b whe

» o " M s

Fig 3 Top tracing Addition of 10-5 M carbachol to an inactive antrum stnp imtiates
a burs of rhythmic contractions which progresses jnto a fused (tetanic) contraction
(top tracing) Addition of 104 M noradrenaline reduces the fused contractron into
a series of rhythmuc contractions whuch gradually fade out Bottom tracing  Both
carbachol and noradrenaline increase 4°K-efflux (fraction fost curve)
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Drug responses 1n actn e antrum strips

Noradrenaline was the only one of the adrenergic drugs which caused
a statistically sigmificant alteration n #K-efflux in the active strips The
+’K-efflux 1ncreased to a median of 110 7 % 1n 12 stnps, as compared with
967 % 1 8 controls (@ = 001 for the difference) No sigmificant effects
were obtained with adrenaline (13 strps), phcnylephnne (19 stnps) or nso-
prenaline (5 stnps), although all the drugs produced y h
effects In the preparations i which a “fused” contraction had been pro-
duced by carbachol, the mhbitory effect could well be mustaken for an
excttatory one, the ‘ fused” contraction was altered nto a senes of rhythmic
contractions of hugher amphtude (fig 3), but 1t must be reahzed that both
ths effect and a reduction or total intibition of rhythmic contractions (fig 4)
represent inhibitory responses

Comparison of #2K efflux after phenylephrine in antrum and fundus strips

The median increase 1n “K-efflux produced by phenylephrne 1074 M 1
16 1nactive antrum strips was 3 3 %, (median value of the increase mn each
strip after phenylephrine, less median value of controls) The increase in
12 nactive fundus stnps tested 11 standard soluhon after one mght 1 cold
storage (HAFENIR et al 1973) was 1159, Tins difference 1s statistcally
significant (a = 0 022) a-receptor stmulation therefore produces a greater
mcrease 1n K-efflux 1in fundus than in antrum stnips

No companson was possible for active strips, since no studies have been

} Al
1
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e,
.
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sy
o cewn et

» " " -

Fig 4 Top tracing Addmun of 1075 M carbachol to an mactve antrum stop inutiates
a senies of thythmic contractions which are inhubited by 104 M noradrenalme Bottom
tracing Both carbachol and noradrenaline Increase 4°K-efflux (fraction lost curve)
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carmed out on the alteration 1n K-cfflux produced by phenylephrine m active
fundus strps

Comparson of 2k uptake and efflux wn antrum and fundus strips

The median uptake of potassium m § control antrum stnps was 144 1 X
108 mM/kg dry weight This 15 almost xdennical with the uptake previously
found mn fundus stnps (HATTNIR et al 1973), 1 ¢ 1537 X 108 mM/kg
dry weight

The median half tune for the efflux 1n the antrum strips, calculated from
the difference n efflux at 20 and 40 mun of wash out, was 34 5 oun, which
1s significantly lower (o = 0031) than that m fundus stups under sumiar
conditions, 1 e 43 1 mun,

The median fraction lost at 32 mmn of wash out was 000902 m the
antrum strps as compared with 000375 m the fundus (a = 008) The
fraction lost values vaned greaily, both i the fundus and antrum stnps,
possibly because the size and shape of the individual stnps vaned a lttle,
gving different ratios of surface areajvolume (See discussion for possible
mportance of difference 1n size of antrum and fundus strips)

These results show that the uptake of 4K 1s the same 1n antrum and
fundus stnps, but that the antrum stups loose #K more rapidly than the
fundus stnps

Discussion

It has previously been reported that both excitatory (HAFFNER ez ol 1972
& 1973) and whibitory (see DANIEL et al 1970 for ref ) mechanical responses

to « receptor 1 are d with a merease m K-efflux
These studies were carned out op different preparatons however, whuch
either gave only y or only kb hanieal Tesp to

pto; The m h 1| P mght
therefore be due to differences mn cellular organization or biochemical com
position in the different preparations

In the present mvestigation the alteration m X efflux produced by adren-
ergic agents has been studied i 2 preparation which can give ether an
exatatory or an whubitory mechanical response to g-receptor stimulation
depending on the degree of existiog activity when the receptors are stmu-
lated The results show that « receptor sumulaton mcreases K-efflux 1r-
respective of whether the mechamcal response 1s excitatory, imhibitory, or
mil and srrespechive of whether the preparation 1s active or nactive From
these expentments and those previously published by us and other 1nvestiga-
tors, 1t may safely be concluded that the ncrease 1 X-efflux has no causal



198 J F W HAFINER ef al

relationship to the quality of the mechanical response The importance of
the alteration i K-efflux 1s uncertamn, both we (HATTNIR et al 1973) and
others (BAsS ef al 1964) have been able to obtain contractile responses in
smooth muscle preparations under conditions 1n which no increase oceurs in
K-efflux Furthermore, as K-efflux 1s increased irrespective of the quality of
the mechamical respoase, 1t seems unlihely that increased permeability to K*
15a y step in the mect 1 a-receptor resp Nor 15 1t likely that
the alteration 1n elflux 1s dary to the } 1 resp if so, no
alteration would have occured in the preparations which failed to give a
mechanical response The inerease m K-efflux therefore seems to be a

result of a-recep i but one which 15 not necessanly
a link in the chain of events which prod the 1 resp
One possibl 1 for the 1n K-efflux 1s that it 1s secondary

to the alterations 1n membrane potential associated wath mechanical re-
sponses to e-receptor sumulation (see Kurtvama 1970} Thes seems quite
likely since no increase 1n K-efflux was obtained 1n fundus strips submerged
i hugh K*-Krebs solution (HATENIR et al 1973) wiuch 1s known to depolar-
1ze the cell membrane almost completely The increase in K-efflux assocrated
with excitation (membrane depolanzation) may be part of a general increase
1 membrane permeability to several ioms, while the ncrease m K-efflux
d with it (memt hyperpolanzation) may be due to a
1 n the permeability for p
In the present investigation 1t was found that the increase m K-efflux
produced by « receptor stumulation 1s Iess marked n antrum strips than m
fundus stnps The difference could be due to differences mn thuchness, as the
antrum preparations generally were thicker than the fundus preparations
and therefore had a smaller surface area per umt volume It seems unlikely
that thus should be the explanation however, since the Keefflux from the
antrum preparations was greater than from the fundus A more likely ex
planation 15 that the membrane properttes of the smooth muscle 1o the
antrum dffer from those of the smooth muscle m the fundus The differences
1 type of mechamcal activity m the two parts would seem to indrcate this
It 1s very unlikely that the difference should be due to differences in content
of K* 1 the two parts of the stomach, since the K uptake was almost
1dentical 1n preparations from the fundus and antrum
The K uptakes determmed in the present and the previous (HAFENTR
et al 1973) nvestigations are considerably lower than the K-uptakes found
1n other smooth muscle preparations, but comparison 15 difficult since we
have determined the dry weight, while most other 1nvestigators have used
wet weight CASTEELS (1970) reports that the wet weight/dry weight ratio s
18 for guinea-pig taemua coly, and 17 8 for the vas deferens If the same ratio
1 e 18 15 correct for rabbit fundus and antrum preparations, the uptakes
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would be approximately 8 mMfkg wet weight 1n one hour This 1s consider-
ably lower than the uptakes 1n guinea pig taema coli (= 72 mM, GooDForD
1966, CASTEELS 1970), pregnant rat myometrium (= 42 mM, DaNIEL et al
1970} and rabbit mesentenc vem (= 29 6 mM, MatTEWSs & SUTTIR 1967}
The cause of this difference ss unknown It may partly be explamed by the
fact that our preparations were not stretched while they were loaded with
£, contrary tothe other investigators who studted uptake under 1sotomc con-
ditions by applying a constant load to the preparations Another factor which
may have influenced the X uptake 1s cold storage, our preparations were
studied after cold storage over might, whereas other investigators have stud-
ted fresh preparations, and although Bauer et al (1963) failed to find any
difference 1n K-uptake 1n fresh and 24 hour cold storage preparations of
guinea pig taema coly, effects of cold storage on stomach preparations cannot
be excluded, especially since our p (HAFFNIR et al
1973) showed that K-uptake after two mights cold storage was sigmficantly
different from the uptake after one mght Some difference must also be
expected due to different spectes and organs studied
In conclusion it may be said that the present investigation has shown that
even 1n the same prep @ receptor 1 i an increase
m K efflux regardless of whether the mechamcal response 15 excitatory,
mhubitory, or ml The present investigation has also shown that a-receptor
it produces a sig! y greater increase 1n K-efflux i fundus
than 1n antrum muscle, and that the uptake 1s roughly the same in these
two preparations, whereas K efflux differs, K* being lost more rapidly from
the antrum muscle strip
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Abstract Hyaluronse acid (HA)-protein complex was exitracted with 02 M-NaCl
from homogenized skin of the back of mice. The complex was separated from
unrelated protems by ethanol preciptation followed by three nmes chromato-
graphy on CM Sephadex columns The composition of the complex 1solated from
mice treated with oestradiol differed significantly from the complex of the
control mice, the ratio HAlproterm was 3§ times higher i the former than m
the latter The molecular sizes of the HA from the two samples were compared
by means of gel filtration on Sepharose 2B column Apart from a high molecular
fraction contauung 4 % of the HA from mice treated with oestradiol no differ
ence was found between the elution patterns The exchangeabity of the
chlonde 1n the skin of control mice and muce treated with oestradiol was studied
by means of the 150tope dilution method No sigmficant difference was found
between the two groups of mice

Key words Oestrogenic hormones - hyaluronic acid ~ protein complex — chlo-
nde — skin mice

Subcutaneous conmective tissue ground substance has, for several years,
been assumed to function as a depot for water and electrolytes (BUDDECKE
1960, HYIDPERG 1962, LANGGARD 19652) The ground substance binds water
and el lytes mn a three d 1 network made up of hyaluromuc acid
(HA) and protemns The system 1s highly orgamsed and, most likely, the
proteins are speaific protems whach, in connection with HA, constitute well-
defined HA-protem complexes formung the gel (VELICAN & VELICAN 1967)

Generally, HA and all the sul tissue poly are
considered to be bound to protemn i thetr native state m tissues (SCHUBERT
1964, ScHirLir 1966) It seems well established that the chondroitin sul-
phates are covalently bound to protein(s) (ANDERSON et al 1965, STIRN et al
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1969, TsiGANos & Muir 1969, Dran & Muir 1970), whereas only a few
stucdies have shown evidence of the existence of covalent bonds between HA
and protem (HAMIRMAN et al 1966, PRESTON et al 1965, WARDI ef af 1965)
The structure of the HA-protein complex has been the subject of only
relatively few investigations and thus httle iformation 15 available con-
cerning this compound

The hypothes:s that the ground substance exerts a depot function for
water by means of HA 15 supported by the results of GRoSMAN et al (1971),
who found a lincar correlation between the increase 1n water and HA con-
tent 1n the skin of mice treated with oestradiol (ovex mice)

The results of the chlonde exchange experiments of LANGGARD (1965b)
mdicate that HA might also be involved 1n a chlonde binding mechamsm
1n the tissue He found that a part of the chlonide exchanged at a low rate
and the amount of slowly exchanging chlonde were correlated to the tissue
content of HA This finding could reflect a speaific property of the ussue If
this 15 the case, 1t scems lihely that the binding of chlonde is caused by
HA-protein complexes

The purpose of the present study was, wm continuation of previous works
(GROSMAN et gl 1971), to elucidate the changes induced by oestrogen treat-
ment 1n the ground substance in the sk of mice The HA-protein complex
from the shin of control and ovex mice was 1solated and the possibility of a
relationship between the content and composition of this compound and the
exchangeability of the chloride was examined Further the degree of poly-
menzation of the 1solated HA was investigated by means of gel filtration on
Sepharose® 2B column

Materials and methods

White male mice (NMRI/BOM strain) wete treated with oestradiol monobenzoate
and the skin was dried defatted and homogemzed as previously described (GrosMan
et al 1971)

Extraction of HA from skin homogenate HA was extracted almost quantitatively
with 02 M-NaCl 3 times 4 ml/100mg dry fat frec homogenate The cttraction was

at room an plastic stop d fuge tubes which were gently
rotated for 1 hyfextraction Fractionation of the extract on cetlulose columns ac
cording to the method by GRosMAN et al (1971) showed that HA was the only acid
mucopolysacchande isolated by this method The three extracts were pooled and HA
precipitated by addition of 3 volumes of 96 ° ethanol (Swann 1968a) and left at room
temperature over might

Deproteint atwon of HA The ethanol caused an
of most of the extracted tissue protein The HA was dissolved m 002 M citrate buf
fer pH = 52 and further deproteinized by applying the superratant to a CM Sephadex
column 1 % 30 cm equlibrated with 002 M citrate buffer pH = 52 and eluted with
the same buffer (BERMAN 1966) The eluate was collected 1 5 ml fractions which
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were analysed for uronic acid and proteir The HA was mainly found in the third
fracton but usnally the second and fourth fraction were also found fo contan
some HA The HA contmming fractions were rechromatographed twice on CM
Sephadex columns A fourth passage through CM Sephadex showed that the ratio of
urome acid/protem was constant after the third passage indicating that only protem
firmly “bound to HA was eluted

‘The recovery of a single run on CM Sephadex columns was close to 100 % The
determination of the rauo HA/protern was performed on single ovex miuce whereas
extracts from four control mice were pooled before deproteinization on CM Sephadex
columng

Gel fultration on 2B HA was hed on a 2B column
25 X 40 ¢m with 0002 M b buffer 01 M-NaCi pH =
70 the same buffer was used as eluant The column was run with an upward flow
mamntamed at 9 ml/kr by a penstaltic pump and § fractions were collected per hr
By means of Blue Dextran the void volume was deternined to 74 ml and the total
volume to 220 ml The column was not cal for weight d
as the elution diragrams were only used for comparing the depree of polymenzation
of HA from control and ovex mice The ethanol precipitated extracts as well as the
deprotemized matenal from CM Sephadex columns were used for the filtration ex
periment and 1dentical elution diagrams were obtamed

Hexurome acid was determined by BITTER & Mums (1962) modification of the
carbazole analysis with glucuromc acid as standard

Protens were determined by MILLER s (1959) modification of the method of Lowry
et al (1951) with BSA as standard

Exchange of chloride The chlonde exchange were 11
by the procedire of LanGGARD (19655) with tinor medifications

20 ut of a 09° NaCl solution contamung 008 g1 of 35C as NaCl was myected
nto a tail vemn and groups of ammals were examned 10 min 1 hr or 23 hrg later
One half of the skin was freeze-dried and defatted to determme the water content and
the dry fat free weight of the tissue The other half was hydrolysed 1 1 ml of 05 N~
NaOH at 70° The proteins were precipttated by adding 1 mt 10 % ZnSO, Plasma
samples were treated 1n an identical way 1€ to 100 yl plasma was added 300 pl
05 N-NaOH follawed by 300 pl 10 % ZnSOy After centnifugation 100 uf of the clear

was added to a medium desctibed by Bray (1960) and the

radioacttvity measured in a Packard Tn Carb liqmd scinpllation spectrometer

Another aliquot of the supernatant was used for chemical determmnation of chloride
by automatic potentiometric titraton with 002 M AgNO; (Radiometer's® titrator)
1 ml of ussue samples and 300 p of plasma samples were used

Results

The composition of the HA-protein complex 15 shown n table 1 The
ratto HA/protein 1s 3 5 fold higher in the complex 1solated from ovex mice as
compared with the complex from control mice When calculating the com
posttion as the percentage of protein 1n the complex this value m ovex mice
1s found to be half of that of the control mice

Fig 1 shows two typical elution diagrams from Sepharose 2B column of
the 1solated HA from the skin of control mice (fig 1a) and ovex mrce
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Table 1
‘The composition of HA protein complex deproteimzed on CM Sephadex columns
2 HA/g protein % protein m the complex

Control mice
=7 154004 395107
Osetmice
{(n=13) 532t04t 166+11

P <0001 P <0001

The values are given as the mean & S E M The differcnce between contro and ovex
mice was tested by means of Students t test

(fig 1b) The diagrams are dinided into three parts, as indicated on fig 1
Matenal, which 1s excluded of the gel, 1s eluted with the first 93 ml of eluate
with a peak at 74 m! of eluate (part I) Between 93 ml and 176 m] of eluate

Esz0
1 n b ¢
15622257 204/7°257 a
40+
Contrel mice
20+ f n-s
o —
680%+25/| 3207425/ b
201
60
404
Ovex mice
20 /\/ n=12
0 o1 % 220

mi of eluate

Fig § Elution diagram of HA from control suce {a) and ovex mtce (b) on a Sepharose
9B column 25 X 40 cm The column was eluted with 0002 M phosphate buffer con
taming 01 M NaCl pH = 70 flow rate 9 ml/hr, 5 fractions were collected per hr The
uromic acid content of the fractions was assayed by the method of BnTEr & Mur
(1962) The mean relative distributions of HA in part IT and part IIT are given 10

the diagrams
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Table 2
The percentage of chlonde 1o the skin which exchanged with plasma chlonide
10 min 1hr 23 hrs
Control mice 896£13 95525 94322
(n=31) (n=15) (n=4)
Ovex mice 88208 90%19
(o=37 (n=12)
P>01 P>01

‘The values are given as the mean = § E M The difference between control and ovex
mice was tested by means of Student s t test

{part II) the matenal 15 eluted according to molecular size Matenal, the
molecular dimensions of which allow 1t to disperse 1 the total volume of the
column, 1s eluted between 176 ml and 220 ml of eluate with a peak at 187 ml
(part IIT)

The elution diagrams of HA from ovex mice showed a peak 1 the void
volume corresponding to 4 % of the eluted HA Ths fraction was not found
1n the control material Apart from that, no sigmficant difference was found
between the two types of elution patterns The mean relative distnibutions of
HA were compared by means of Student’s t test Both the difference of the
distnbution i part II and between part IT and part IIT were tested resulting
mn P-values corresponding to 0 1

The results of the chlonde exchange expenments are seen in table 2 The
10 mun expenment 1s composed of three expenments performed on three
dependent groups of mice Al results gave P> 0 1 when testing the difer-
ence between the control and ovex mice by means of Student s t-test Thus,

1t was not possible to reproduce the results of I ARD (1965b)
Discussion
‘The of the HA-prot complex from ovex mice differs

sigmificantly from the complex 1solated from coatrol nuce (table 1} Follow-
Ing oestrogen treatment the tissue content of HA increases 5 4 tumes (Gros-
MAN ef al 1971) and the ratio HA/protein 3 5 times Based on these two
values the mcrease in the amount of protemn complex-bound to HA s cal

culated 10 15 fold

It cannot be completely excluded that the 1solated HA-protemn complexes
are formed during the 1solation d In a preh y g
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(Grosman, unpublished results) the HA protein complex was ssolated by
means of a different procedure (BLRMAN 1962) The complexes 1solated by
the two procedures had identical ratio HAJprotein which strongly indicates
that they are of native ongin This assumption 15 further supported by the
JH{ ) of the plex isolated from the skin of ovex mice as
compared with the controls

As mentioned 1n the 1ntroduction only hittle 15 known about HA protein

pl HA and p might be syntk d sep 1y and become at
tached to each other later on, but they may also be metabolized as a umt It
1s not known whether a constant number of protein molecules are bound to
each HA molecule or whether the amount of protemn bound to HA depends
on the molecular size of the HA molecule (HA 15 known to be polydisperse
(LAURENT 1966))

The degree of polymenzation of HA 1n the two tissues was compared by
means of gel filtration on Sepharose 2B Only 4 %, of the HA from ovex
muce had a higher molecular weight whereas the remainder showed the same
elution pattern as the HA from control mice Thus, differences 1 molecular
s1ize could not account for the different composition of the HA proten
complexes

The different composition of the HA protein complex from the sk of
control and ovex muce 1s more Jikely a consequence of the mechamism by
which this compound 1s synthesized The experiment of DavIDsoN & SmaLL
(1963) suggested that there was more than one metabolic pool for HA m the
skin This assumption was supported by the finding m the shin of muce
(GRrOSMAR et al 1971) of a low molecular HA fraction, which increased 8
fold after oestrogen treatment, and by the 1solation of four different fractions
of HA from rooster combs (SWaNN 1968a) Swann (1968b) deternuned the
protein content of the HA fractions to 035 %, and despite large vanatons
1n molecular sizes the armino content per mol of urome acid was very simlar
1n the different fractions This investigation led to the hypothesis that HA
contamns at least one, but probably more, chemucally bound protewn of
peptide component and that this molecule occurs 1n the connective tissues
28 2 Somplex Sk tesswe protoms

HA has a high metabolic activity, which 1s intensified by treatment with
oestradiol It ts a reasonable assumption that only some of the protemns the
complex — perhaps only the covalently bound proteins — are metabolized at
the same rate as HA The metabohsm of these proteins and HA 1s regulated
by the same mechanism whereas the metabolism of the remainder of the
proteins 1n the complex 1s controlfed more or fess independently This could
be the reason for the small mcrease in the amount of complex bound proteut
as compared with the drastic increase m HA after oestrogen treatment ‘Fur
ther studies are needed to show the rehiability of this i -
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i 3 1zation and
HA protein complex

q of the protems i the
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Effect of Guanethidine on the Ultrastructure of the Small,
Granule-containing Cells in Cultures of Rat Sympathetic
Ganglia!

By
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(Recetved November 28, 1972, Accepted January 5, 1973)

Abstract  Sympathetic chain gangha of newborn rats were cultured 1 Rose
chambers with and without guanethidine After one weeh, the cultures were
examned by light for it induced fluores
cence and by electron mucroscopy after fixation 1n 5 % glutaraldehyde and 1 %
osmium tetroude Guanethiding sulphate {2 mgft) cawsed an increase in the
number of the small intensely fluorescent (SIF) cells in the ganghon explants
Electron of cultures revealed
an increased number of small granulecontamming (SGC) cells, which cor
responded 1 size and shape to the SIF cells Round vesicles (about 100 nm
in diameter) and elongated vesicles {about 80 am 1 cross secgron and about
200 nm yn length) contamung an electron dense core were observed 1n the
cytoplasm of the SGC cells both m control and guanethidine contaimng cul
tures The granular vesicles were most frequent 1n the penphery of the eyto
plasm In ganglia cultured wath guanethuidine, most SGC cells observed contaned

a greatly reduced number of granular vesicles as compared to SGC cells of the
control eultures

Key words Guanethidine ~ small granule contamng cells ~ cultures ~ ultra
structure
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Sympathetic gangha are known to contam small, intensely fluorescent
(SIF) cells amongst typical sympathetic nerve cells (EraNKo & HARKONIN
1963 & 1965, review by Eranko & ERaNkO 1971b) These cells correspond
electronmicroscopically to small, granule contaimng (SGC) cells, which are

charactensed chiefly by the of cytoy vesicles an
clectron densc core (MATTHLWS & RAISMAN 1969)
Prol d ad ation of g hidine has been shown to canse de-

generatne changes in nevrons of the sympathetic gangha of adult rats
(Jrnsen Howwm & Juur 1970 & 1971, BURNSTOCK er al 1971, HEATH of al
1972, EraNkd & EranNko 1971b) In newborn rats, guanetudine causes
destruction of sympathetic nerve cells (ERANKD & ERANKO 1971a, ANGELETTI
et al 1972) but a marked mcrease 1n the number of the SIF cells (ERaNkG &
Eranno 1971a) A simlar increase in the pumber of SIF cells has been
observed 1n cultures of symp gangha a low or
concentration of guanethidine (ERANKO et al 1972a) The present study was
undertaken to compare the ultrastructure of these cells 1 control cultures
and 1n cultures contaming guanethidine

Matertals and methods

Newborn albmo rats of the Sprague Dawley stram were killed by a blow on the
head The thoracic and abdominal sympathetic chain was dissected with the ard of 2
binocular microscope under stenle cond trons carefully avoiding damage to the gangha
The chains were then treated wath 0125 % trypsin 1 a balanced salt solution and
after cutting the connections the separated gangha were transferred to collagen-coated
coverslips

Detarls of the method of tissue culture bave been descnibed by CHaMiEy et of (1972)
However 3t should be mentioned here that the cultures were carrted out 1 modified
Rost (1954) chambers contuning Medinm 199 (SALK et al 1954) supplemented with
20 % (viv) of foetal calf serum 005 umits/ml of wnsulin 100 umts/ml of pemcillin G
5 mg/ml of glucase and 1 unit/m} of nerve growth factor (Burroughs and Wellcome
England) Guanethidine sulphate (smelin® Ciba Geigy Basle) was dissolved m the
balanced salt salution to make a stock solution contuniag 02 mglm! This was filtered
through a mullipore filter and added to the culture medivm 1 a proportion of 199
thus a final of 2 of sulphate per m!
culture medm or 2 mg/l The culture chambers were Lept in an ncubator st 37°
supphied with a continuous flow of 5 % carbon dioude n atmosphene auwr (Common
wealth Industrial Gases Australia) bubbled through water Both guancthidine-contaiming
and control culture media were changed daily

The material 12 h hambers and 12 control cham
bers each containing 4 explants The cultures were carried out for 7 days They were
opened on the 8th day and 4 control and 4 guanethidine-contatmng chambers were
prepared for fluorescence microscopy The remam pg 8 control and 8 guanethidine
contaming chambers were prepared for electron rucroscopy and one explant from
each of these was selected for detailed analysis
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For d of hol. the cultures were
first dried on the coverslip overmight m a hosph P di
at room temperature They were then exposed to formaldehyde vapour from para
formaldehyde powder, equihibrated with air of 60 % relatve hurmidity in loosely closed
Jars at 50° for 30 min and subsequently at 80” for 1 hour They were then mounted in
Iiqusd paraffin and examuned m a Leuz Ortholux fluorescence microscope with an
HBO 200 mercury lamp and a filter combination of BG12 and K510 Further details
on the hustochemical method are given in previous papers {ErRanko 1957, ERAnKO et al
1972b)

Matenial was prepared for electron by m the fol
lowing solutions at room temperature Cultures on the coversiips were fixed 1 5 %
gintaraldehyde 1 01 M phosphate buffer (5H 7 4) for 30 min , washed 1n buffer for
10 mun, post-fixed 1m 1 % buifered osmium tetrouide for 30 mun, briefly nnsed n
distilled water, stained 1n 2 % 2queous solution of uranyl acetate for 1 hour, dehydrated
in a graded acetone semes 1efiltrated 1n a mitture of equal parls of acetone and
Araldite and finally embedded 1n Araldite Thin sections cut with a2 Huxley Cambndge
ultramicrotome were double stamned with a saturated agueous solution of uranyl acetate
follawed by lead citrate (REYNOLDS 1963) and were subsequently examimed with an
Hitachs 11B electron microscope

i Results
Catecholamine fluorescence

Control cultures SIF cells i the control cultures were usually found m
small clusters, and exhibited a green fi of low to d m-
tensity Some single SIF cells were also seen Other areas of the ganglion
explants exhibited only a weak diffuse f forming a t
agamst which the SIF celf clusters stood out clearly

Guanetludine-containung cultures In guanethidine-contamng cultures the
clusters of SIF cells were larger and more numerous The colour of the
fluorescence was green as mn the control cultures, and the fluorescence m-
tepsity ranged from weak to moderate However, compared to contro} cul-
tures, a greater number of weakly fluorescent SIF cells was observed

Ultrastructure

Control cultures The nucler of SGC cells 1n cont
h and the cytopl.
and abundant free mbosomes, usually 1 rosette formation Cisternae of
rough endopl: lum and L were present The granular
vesicles, typically abundant i these cells, were mostly located 1n the penph-
ery of the cytoplasm (fig 1) The granular vesicles were round (50-150 nm
m diameter) or elongated (50~100 nm 1n width and 150-250 nm 1n length)
i profile The central granule was usually of the same shape as the vesicle
sur g 1, and an electron-lucent halo, usually 15-20 nm 1 width,

——

rol cultures showed dense
1 L
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Fig 1 Typical ells i control cultures The nucler show dense

chromatin aggregation, particularly in the pertphery, and the cytoplasm contams an

abundance of organelles The granular vesicles are located mainly in the penphery of

the cytoplasm The cell membranes of cell A and cell B are in close contact while

cell A and cell C are separated by a thin satellite cell process 7 day culture, Magm
fication X 22,000

was present between the granule and the vesicle membrane (fig 3) In some
areas the outer cell membranes of the SGC cells were 1n close contact
while 10 others a thin layer of satellite cell cytoplasm was observed between
the SGC cells (g 1)

Guanethidine-contaiming cultures The number of SGC cells observed was
distinctly increased i all the guanethidine-contaiming cultures examined
Although some vanation existed between individual cultures, 1 approxi-
mately 75 % of observed SGC cells the population of granular vesicles Was
markedly reduced as compared to SGC cells of control cultures (fig 2)
Many SGC cells hid: t: cultures d only 10-20
granular vesicles per complete cefl profile, compared to 100-250 granular
vesiles per complete profile of a typical SGC cell of sumlar size 1
control cultures. The mrtochondna n some SGC cells 1n guancthudime-con-
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Fig 2 SGC cell 1n a guanethidine contauntng culture Only few granular vesicles are

present i the tytoplasm, and the mitochondna (m) show damaged enstae and decreased

density of the matrix, Otherwise the structure of the cell 18 similar to controls 7 day

culture with 2 mgll guansthidine sulphate 1mcluded 1 the culture medum Magmbfica-
tion X 22,000

tamng cultures (particularly those with greatest reduction of granular ves-
1cles) showed structural damage to cnistae, decreased density of the matnx
and also swelling in some instances The ultrastructure of this group of
SGC cells appeared to be otherwise normal. Some SGC cells (approximately
25 %) obscrved i guanethdine-containmg cultures, however, appeared to
be stmular to typical SGC cells of control cultures 1n all ultrastructural as-
pects, 1ncluding the population of granular vesicles (fig 4) The mitochondna
of SGC cells 1n this monty group were sumlar i size to those 1n control
SGC cells, and were always structurally intact It should be stated that
a small number of observed SGC cells contamed a number of granular
vesicles ntermediate between the two extremes described above, giving the
mpression that a continuum existed from the SGC cells with only few
granules to those with numbers typical of SGC cells 1n contro] cultures

The dimenstons and shapes of the granular vesicles in SGC eells ‘9[ fuan-
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Fig 3 Control culture The granglar
vesicles of the SGC cell are round or
elongated The granule takes the same
shape as the bounding membrane An
electron lucent halo s present between
the membrane of the vesicle and s
core 7 day culture Magnsficauon
X 35,000

Fig 4 Penpheral region of an SGC eell
from a goanethidine containg culture
‘The number of granular vescles 1a this
cell 15 comparable with that i SGC
cells of control cultures The granular
vesicles are of simiar dimensions to
those 1n control cultures and the cores
of the vesicles are of sumlar electron-
density to the controls (cf fig 3) Note
that the mutochondnia are structurally
mtact. (The large size of some of the
muochondria 1a this micrograph repre-
sents only an occarsional finding 1 this
specimen) 7 day culture with 2 mgfl
guanethidine sulphate ncluded 10 the
culture medium Magmification X 35,000
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ethidine-contamng cultures were sumilar to those of control cultures, and
there was no sigmficant tendency towards either an merease or decrease m
the size or electron density of the central core 1 SGC cells of the guan-
ethidine treated cultures (fig 3, cf 4) Depleted or “empty” vesicles were not
observed 1n SGC cells of guanethidine-treated cultures

Nerve cells and satellite cells appeared normal both 1n the control and the
guanetidme contaimng cultares

Discussion

‘The increase 1n the number of SIF cells observed in the present study after
the addition of 2 myg/l of guanethidine sulphate to the culture medum 1S 1n
agreement with the previous observations that 1 and 3 mg/l of the same
drug causes an mncrease 1 the number of SIF cells 1n cultures (ERANKO ef al
1972a) and that guanethidine njections given to newborn rats result m a
hyperplasia of these cells (ERaNkO & ERANKO 1971a) The mncrease mn the
number of the SGC cells observed by electron microscopy 1n the present
study 15 conststent with this 1ncreased number 1n the SIF cell population,
since the SIF cells are beheved to correspond to the SGC cells not only 1n
sympathetic ganghia of normal adult (MATTHEWS & Raisman 1969, van
ORDEN et al 1970, ERANKO & ERANKO 1971b) and newborn (EraNKO 1972)
rats but also i cultures of sympathetic gangha (LLvER & PrESLEY 1971,
ERANKO ef al 1972c)

The observation that the number of granular vesicles 1n most SGC cells
of the guanethidine-contaimng cultures was less than that n SGC cells of
controls 1s interesting, especially in view of the previous observation that an
anerease 1n the number of SGC cells dunng hydrocoruisone treatment was
assoctated with an sncrease in the number of granular vestcles 1 those cells
both tn vitro (EraNKO et al 1972¢) and in vivo (ERANKO ef af 1973) This
suggests that the mechamsms by which hydrocortisone and guanethidine
cause an mcrease mn the number of SGC cells may be at least partly different
It 1s possible that guanetiidine may stimulate mutotic division of the SGC
cells, this mech has been pi ly d foll g the observation
that in the sympathetic gangha of newborn rats mjected with guanethrdine the
number of SIF cells i each cluster was greatly increased while the number
of clusters was essentially unaffected (ERaNko & Eranko 1971a) Electron
microscopic observation of mitotic division of SGC cells 1n newbom rats
has been reported by Mascorro & YATES (1970) Although mutoses were not
observed 1n the present study, these events could have occurred pror to the
ume of examunation {after culture for 7 days) Increased formation of cate
cholamine contanmg granular vesicles m prmitive cells, presumably pre-
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cursors of the SIF or SGC cells, has been proposed as a possible
explanation for the apperance of numerous new SIF or SGC cells 1n newborn
rats (CRANKO & ERANNO 1972, TRANKO er af 1973) and i cultures of
sympathetic  gangha (ERaNKO et af 1972b & 1972¢) treated with
Aydrocortisone  However, m the present study, this explanation would
secmn less fikely since the fluorescence intensity and number of granular
vesicles were decreased i many SIF or SGC cefls That guanethidie causes
at the same time an ierease 1n the number of SGC cells and a loss i the
average number of granular vesicles in them may be due to two separate
actions of this drug, 1 e, stmulation of mitotic division of these cells and
depletion of catecholamines from their storage granules Such mechantsms
may explam the very vanable reactions of the SIF cells observed in cultures
g high of hdine (ERANKG et al 1972a)

Studies of chronic high dose guancthdine treatment in vivo have shown
that the mutochondra of adrenergic neurons, which selectively take up
guanethidine, represent a primary site of action of this drug (JENseEN Horst
& JUUL 1971, HeaTH et al 1972) Thus the mitochondnal damage observed
1 some SGC cells of guanethidine-contaimng cultures may represent a direct
effect of this drug In this regard st 15 interesting that the SGC cells showing
mutochondrial damage were those with the greatest reduction 1 the number
of granular vesicles Since the ation of hidine sur d
the gangha in the present in verro study is likely to be low compared to those
which elicited damage 1n the in vivo studies (where doses of 10-40 mg/kg
(JenseN Hotm & Juut, 1971) and 30-100 mgfhg (Heatht et al 1972) were
employed), this may explain why no ultrastructural sign of toxic effect was
observed 1n the sympathetic neurons
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Biliary Exeretion of Ampicillin, Azidocillin
and Benzylpenicillin in the Rat
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Abstract  The bihary excretion of 8.

358 andocillin and BS-benzylpeniailhn was studied 10 rats with hgated renal
pedicles The total excretton of radicactivity was of the same magmtude for
the three penicillins (65-72 % of the given doses) but the amounts of biologically
active pemectllin vaned Of the injected dose 44 % of brologically active ampiail
Iin was excreted into the bile while the corresponding values for benzyl
persctlin and azidocititn were 199 and 13 % respectively Chromatographic
studies indicated that as well as the unchanged drug pemcilloic acids of the
corresponding penicilling were present i the bile Iocubation studies with rat
liver slices showed that ampicilin was more stable to degradation than benzy!
pemcillin and szidociilin It 15 suggested that the high hydrophobic character
of the side chain of pemeilling (high protein binding) may predispose to extensive
brotransformation and lower amounts of unchanged pemcilhin m the bile

Key words Penicillins — biliary excretion

In most studies on bilary of lhns e g b 1
(ANDERSEN & BRODERSEN 1949) and ampicillin (STEWART & HARRISON 1961)
only the biological activity has been assayed Therefore little mnformation 1s
available on the total excretion of pemicillins (2ctive and inactive penicillin)
mto the bile

Some new data mdrcate differences m bile concentration of biologically

active p fln after of various p Hins tto rats (RYRFELDT
1971) These differences may be an expression of the differences in in-
through t formation of varous p 11 However, such

factors as e g differences m affimty for transport system(s) and plasma
protein binding may also be of importance (BanG & Geora 1948)

The present mvestigation was undertaken n an attempt to obtamn further
wformation on these aspects by mjecting 8 labelled penucillins ato rats
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with bile fistulas and wath hgated renat pedicles Uptake studies with rat
ltver shees were also performed The compounds used were two well known
drugs, namely benzylp in and amp and a new

pemieillin, azdocillin (S10BERG et al 1967, HANSSON et al 1967)

Materials and methods

Cherucals
D-% S ampicillm (spec act 06 and 40 pei/mg) 3 § benzylpemcillin (spec act 62 and
28 peifmg) and D-3S azidocillin (spec act 14 and 41 paifmg) were obtamed from the
Research Lab 108 Astra Lak 1 AB Sod Sweden and
azidocillin were obtained as sodium salts and ampicillin was obtaned 1n the amphoteric
form The radiochemical punty of the compounds was cheched by means of thin layer
hi as dt below The radioch purity of the compounds was

about 95 %

Amimal experiments

Male Sprague Dawley rats weighmg 250-350 g were used The ammals were
d with barbital sodium NFN) (30 mglkg intrapentone
ally) and after laparatomy a polyethylenc tube (PE 50) was mnserted 1nto the common
bile duct The renal pedicles were ligated before the mcision was closed Radioactive
pentcilltns together with carriers were dissolved i physiological saline rmmediately
before use and admunistered intravenously into the femoral vein The dose was 15
mg/kg calculated as the free acid of the compounds Before admimstration of the drug
the bile flow was controlled and the flow was considered satisfactory if it exceeded
05 mihr Dunng the experiment the animals were hept warm with a warming blanket
The rectal temperature was recorded every quarter of an hour and maintawned at
/L

Bile was collected 1n preweighed sterile glass test tubes during two 30 munute
pertods During the sampling procedure the test tubes were culled with crushed ice and
during storage the samples were hept at —~20°

Blood samples (about 0 5 ml) were taken from a polyethylene tubing nserted into the
carotid artery at % hr and 1 hr after admimstration of the drugs The blood was
collected 1n heparimzed test tubes

At the end of the expenment the liver and hidneys were excised blotted free of
blood and weighed These organs were homogenized m a Potter Elvehjem homogentzer
w th an amount of water equal to twice the organ weight The homogenates were stored
at —20° before analyses

Uptake studies

Male Sprague Dawley rats (175-200 g) were decapitated and the Ivers removed as
quickly as possible They were placed in beakers contammng ice cold saline Slices
were cut out free hand (about 05 mm thick) placed 1n 1ce cold Tyrodes sofution
(pH 74 containing 1 ¢ glucose/l) After this the slices were nnsed several times with
1ce cold Tyrode s solution and ncubated for 10 minutes at 37° to get nd of weakly

bound cell components s
‘The uptake studies were performed e vials contaming one shee (75-125 mg) am
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100 m! Tyrode s solutton and 100 mi serum or 100 ml Tyrode s buffer Pre incubation
was performed for 10 mmutes at 37° for temperature stabihization before 200 ul of
saline, contaiang pemallin, was added The incubations were performed n an atmos
phere carbogen (935 % Oz and 6.5 % COz) and the vials were shaken in a metabolic
shaker To stop the incubations the vials were taken from the tncubator and placed n
ice cold water The slices were removed, blotted on shghtly morst filter papes and
transferred to test tubes contanmg 1 00 mi 1ce cold water The slices were homogenized
m a Potter Elvehjem and the of the h as well as
that of the mediwm was assayed

Resulty are expressed as shees to medium concentration ranios (S/M rano) and are
d pm {10 mg “shees”
Tpm /100yl medum

calculated as

Microb ological assay

Anubiotic concentrations in bile samples were determined by the cylinder plate
biological assay method with Sarcima lutea ATCC 9341 as test organusm (Grove &
RanpaLt 1955) The dilutions for the standard curve were preparsd in pooled rat bile
and the bile samples were diluted 1n the same medium to give a concentration within
the range of the standard curve

Bload samples were assayed by a micro method with filter paper discs (WaLTER &
MaRGET 1958) Sarcina Jutea ATCC 9341 was used as test orgamism The standard
dilutions were prepared wn rat whole blood Aliquots (10pl} of these dilutons or
samples were distnbuted to each of 6 discs (No 2668 ¢ 6 mm, Schleicher & Schisll,

Kassel Germany) To prevent coagulation a solutton of Liquoid (Hoffman La Roche
& Co AG) was used

Radioactive assay

Aliquos (100 pI) of water samples (bile and medium) were dissolved 1n 15 ml scmtil
fation sofution (70 g Buty! PRD, €00 ml ethylene glysol monoethyl ether, 1000 mi
toluene) The counting effictency was estimated by the external standard channels ratio
procedure and the counting performed so as to avoid an ervor larger than *+ 3 %
(95 % confidence Lumit) m the total count of each sample

The rads of the ussue h were obtamed by dissolving 100 gl of
a sample in 100 ml Soluene (Packard) and shaking the samples for 15 minutes After

this 15 ml scintillation solution was added The counting was performed as described
above

Chromatography

Pooled hver the same time, were
at 9000 r p m for 15 minutes at (-4 and aliquots (100 ml) of the supernatants Were
freeze dned To the residue was added 020 ml of wce cold water and 20 ! samples
were spotted on pre coated silicagel plates (E Merck AG) The plates were developed
(10 cm) with n butanol acetic acid water (414, orgamic phase used) in sandwich
chambers (Chemie £l und A AG, & 1 After devel
oping and drying the plates, zones (one em) were scraped off and the scrapings trans
ferred ta counting wials contaiming 005 M NaOH solution The vials were shaken for
ane hour, and after this scintillation solution was added and the samples assayed

Bile samples were also chromatographed as described above The radioactivily of
these chromatograms was detected with 2 radio-chromatogram scanner (Pachard Model
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7200} and/or by pressing X ray film (Structurix D7, Gevaert) agamnst the chromato
grams for two three days The fitms were developed in Gevaert G 230 X ray developer
for 5 minutes and ficed 1n Gevaert G 305 for 10 munutes

Lnzymatic tncubation

To 100 pl of bile samples (0-24 hr) 100 1 of a solution containing 1 mg pencillinase
(neutrapen®, Riker) per 10 ml 1/15 M, sodium phosphate buffer pH 74 was added,
The mcubations were perfarmed at 37° for { hour

Results

Excretion into the bile

The of biol lly active p M and rad ty excreted
into the bile are given n table 1 The excretion of radioactivity was of the
same magnitude for the three penicillins during the 1-hour sampling pertod

(65-72 %) However, the of biologically active p llins vaned
Ampicillin showed the highest excretion with 44 %, of the given dose while
benzyl, I and azdocillin were d by about 19%, and 13%,
respectively
Transfer of biol Iy actnve p lin and rad, 1ty into the bile

In table 2 the cc 1s guven of lly active p lln 1n
blood 44 and 1 hour after injection and 1n tile during the 0_14 and 44-1 hour
intervals In thus table the of total rad ity exp

as unchanged drug 1n the blood, bile and liver 15 also given
After myection of the pemcillins a much higher concentration of biolog-
scally active perneilln was found mn the bile samples than in the blood

Table 1
(e excretion of b active pemcillm and rad oactivity in the bile after
of %S 38 lin and $55- 1l
(15 mi/kg body weight) into rats with bile fistulas and with ligated renal pedicles

Amount excreted (%)*

Compound 0-% hr 0-1hr

Biol act Raduac Biol act Radiac
Ampictim 303%78 393+63 436%115 6523;2
Andocitlin N7x28 449198 129+ 23 646:52
Benzylpemciln 158408 493%13 187£ 15 6k

= Each value represents the mean + § D for 3-4 expeniments
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Table 2
Concentrations of biologically acttve pemzeliin and total Tadwactivity expressed as
h d drug in brols 1 samples after of 838.

S azidoctllin and 38 benzylpemeillin (15 me/kg body werght) into rats with bile fistulas
and with ligated yrenal pedicles Bile was collected dunng two 30-mmnutes periods and
blood was taken at the end of each bile collection pertod

Concentration (ug/g)®

Compound Sample Yhr 1hr

Biol act  Total radiac Dol act  Total radiac

Ampicithn Bile 2093312 2329+ 128 11723351 1933+ 90
Blood 28303 950%18 23403 83412
Liver - - - I35+116

Azndocillin Bile T72L64 2315 4 206 N2+103 12574264
Blood 23%09 87104 11£04 59+02
Liver - - - 366128

Benzylpemcilin  Bile 9395 327170 238£51 1n18+2
Blood 34%09 noex14 18+02 80%12
Liver - - - 332134

* Each value represents the mean + § D for 34 experiments

samples In companng the concentration found tn the bile dunng the
14~1 hour mterval with the mean concentration in blood obtained from the
¥4 and 1 hour samples, the concentration ratio was 451 for ampicilin and

the cor ding values for benzylp (ln and azdocithn were 92 and
56, respectively
In a sumlar companson with total radicactivity 1n the bile and blood
the values were 222 for 187 for b Ip hn, and 172 for
docillin The hver of rad vity were between the bile
and blood hi bl of rad

vity were found
1n the kidneys, indicating that the ligations had been adequate

Uptake of pentcilling n Iiver slices

The results from the uptake studies are shown 18 fig 1 In the expenment
without serum m the medium, the highest uptake of radioactivity was noted
with azid 1lin showed a higher uptake than
ampicillin After 60 mmu!es wcubation the SM-value for andocillin was
384+ 025(x £ S D ) while the corresponding values for benzylpenicillin
and ampiclln were 196 £ 021 and 170 % 032, respectively After 15
minutes incubation the S/M values of unchanged pemcillin were about 0 7 for
the three pemcillins Sixty minutes incubation gave a S/M-value of about 1 0
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o] A {8

S/M-RATIO

15 60 15 60
INCUBATION TIME {min)
Fig 1 The uptaks of penicillins, expressed as slices to medium concentration ratios
(S/M ratio) by rat Jiver shces Incubations were performed without (A} and with serum
in the medium (45 %) (B) Medium concentration of pemrctllin was 1 X 104 M Each
pomnt 1s the mean of 5 expeniments Filled symbols represent total radicactivity and
open symbols represent unchanged drug
A andoaillin
O benzylpemeitlin
O ampicillin

1t

for b ] 1lin and azrdocillin but the corresponding value for amp
was 15

Serum in the mcubation medium (45 %) could influence the uptake In
the incubation studies with azidocillin the uptake of radicactivity was sigmf-
cantly decreased The 60 nunutes value was 271 % 029 compared with
3 84 wathout serum in the medum (P <C0001) Benzylpenicithn showed
a slight decrease (S/M 159 + 033) compared with the control (S/M 196)
but the ampicillin uptake (1 64 + 021) was not influenced as compared with
the control (S/M 1 70) The S/M-value of unchanged drug after 15 minutes

incubation was about 08 for Ihn and 05 for benzylpemcillin and
andocillin, respechively
The S/M-value of h d ampicilbin after 60 mnutes incubation was

14 while the corresponding values for benzylpemallin and azidocilin were
09 and 05, respectively

Serum 1n the wcubation medium did not nfluence the degradation of
pemcillin 1n the slices After 60 munutes mncubation 88 %, of the total radio-
activity 1n the shces could be attnbutable to unchanged ampicilin when
serum was present i the medwm and with no serum 1n the medum, the
valye was 85 % The corresponding values for benzylpemcillin were 54 %
and 56 %, and for azidocillin 25 %, and 20 %
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Chromatographic studies of bile samples

After hy of bile duning the 034 hour interval after
wyection of andocillin the activity was mamly Jocalized to two spots with
Rf values of 078 and 051 In the 24-1 hour bile sample nearly all of the
activity was found mn the spot wath an Rf-value of 0 51 Authentic azdocillin
had an Rf value of 078

After chromatography of bile samples obtamed from benzylpenicillin
treated rats, a distinct spot with the same Rf value as authentic benzylpeni-
allin (075) of the autoradiogram was found Other spots with Ri-values
045, 025, and 019 were also found The mamn spot of these was the one
with an Rf-value of 045

The d showed 3 rad spots with Rf-values of 045,
025, and 0 11 after chromatography of the bile samples obtaned from rats
treated with ampicitlin The matn spot had an Rf-value of 0 45 both 1n the
0-14 hour and 141 hour samples and thus Rf value was the same as that of
authentic ampiciilin

After penscill and ch aphy of bile samples (0-14
hour) nearly all the activity could be found in one spot, for the respective
pentctllin, and this spot had the same Rf-value as the pemallinase treated
solution admunsstered For azdocillin the Rf-value was 051, for benzyl-
pemallin 0 45, and for ampicillm 0 25

Discussion

The present investigation shows that the excretion of biologically active
penscillin vaned markedly Of the mjected dose, 44 %, of actve ampicilhn
was excreted into the bile, while the correseponding values for benzyl-
pentcillin and azidocithn were 19 % and 13 %, respectively The fact that
ampicillin showed a higher excretion into the bile than e g benzylperuallin
15 10 agreement with the results of HARRISON & STEwART (1961) and Ryr-
FELDT (1971) The excretion of total radioactvity was about the same
{65-72 %) for the toree peniciilins 1 our study

The reason for the m of active p 1lin mto the bile
may be due to imactivation through biotransformation, affimty for transport
system(s) and/or plasma protein bmding of the pemcillins The high amounts
of ampicillin excreted mto the bile as compared with benzylpemcilim and
even more so for andoallin, may indicate, that ampicillin 15 more stable
to mactivation (e g 1n hiver) than the other two pemcillins In support of
thus the results from the incubation studies with hver slices may be taken
These expenments showed that ampicillin was more stable to degradation
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than benzylpenaillin which was shown 10 be more stable than azdocilin
Kinp et al (1968) have also shown that ampscillin was more stable to de-
gradanon than benzylpemeilin, 1n rat liver perfusion studies Tt 1 noteworthy
that azrdocillin which shows the greatest degradation has the highest partition
coefficient (log P) (RyrrrLor 1971) Such values can be used to describe
the hydrophobic character of the side cham of the pemcilling (Bmb &
MarsHALL 1967) Since BIrD & MARSHALL have demonstrated a correlation
between the hydrophobic character and protein binding (high log P-values —
tugh proten binding), our results may suggest that azdocillin has a greater
affimty for the enzyme(s) responsible for the degradation than benzylpem
cillin and amprerlin

The concentration difference of biologically actsve pemcilln between
blood and bile which has been reported by mvestigators e g KInD ef af
(1968) and ANDERSON & BRODERSEN (1949), was also found m our study
The bile to blood ratio of biol 1y active peucdim as well
as of total radoactivity was as much as 100 fold Tius indicates a con
centrative transfer from blood to bile Our results also showed that the ratio
of biologically active p lhn to total rad y was about the same
for the three pemcillins 1n the blood (031-032) but m the bile a higher
ratio was found for ampicilin (0 90) than for azdocillin (0 33) and benzyl-
pemeidlin (030) This may be taken as an indication that ampicilin has a
igher affimty for a transport system directed ynto the bile than the other
two compounds The nature of such a transport has not been ivesugated
here

The significance of plasma protemr binding 1n the excretion of orgamec
compounds has been a matter of debate Bang & GrorG (1948) suggested
that compounds showing extensive binding to plasma proteis, ate prefer-
entially excreted i the bile while those showing low protemn binding are
manly excreted in the urine That hugh plasma proten binding per se should
further extensne biliary excretion does not seem to be very probable. How
ever, a high affinity for protemns € g located ntracellularly and wm the

b of the liver parench may p biliary of organic

compounds (CORNELIUS et al 1967, LEVI ef al 1969) A more probable
effect of plasma protemn binding 1s a retarded excretion process The -
cubation studies with liver slices are indicattons of this 'The uptake rate of
azidoaillin was sigmficantly reduced when serum was present m the

b medium as P with the control expenments The plasma
binding of the pemcillins used m this mvestigation were, ampraillin 18 %,
benzylpemeillin 61 %, (BRp & MARSHALL 1967) and amdocilhn 84 % (S0
BERG ef 4l 1967) (all human data) BRrauer & PrssorTr (1949) showed a
sumtlar effect on sulphobromophthalemn excretion 1n liver perfusion ex-

peniments
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Irr conclusion 1s suggested that a low hydrophobic ¢haracter (low protein
binding) predisposes to extensive biliary excretion of active penscillm A high
hydrophobsc character (high protemn binding) promotes biotransformation
and quently small of active p are excreted 1n the bile

The chromatographtc studtes showed lhat metabolites were found i the
biological samples, in additron to mkact pencillin Incubation studies with

1) followed by ck hy 1nd d that one of the meta-
boll(es, 1s probably the Hoic acid of the correspond llin How-
ever, this has to be confirmed with more specific methods lhan those used in
this mvestigation The nature of the other metabolites found is not known
but e g hydroxylation of benzene ring may occur (VANDIRHALGHE et al
1963)
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Abstract Samples of plasma with the property of spontaneous activaton of
factor VII on 1ncubation overmght at 0% were studied with regard to the con
of k fractions and the actvity and concentra
tion of proteinase intubitors A tugher of
was observed 1n the cold activation positive plasmas from pregnant and controt
subjects The concentration of kininogen substrate 2, which was 1ncreased donng
and with oral was not cof
related with the cold The rate of inhib of immo-
genase achivity in normal plasma was very {ow at 0° as compared with that at

25", and 1t 18 concluded that this may explain the odd temperature dependence of
the spontaneous activation of factor VII

Key words Kallikremn - factor VII ~ cold ~ contraceptives, oral

In 1967 SCHROGIE et al descnibed sp h g of the thromb
test cloting tme after storage overnight at 4-6° of plasma from women
treated with oral p G (1973) sut ly observed

sumlar changes 1n plasmas from women m the last tnmester of pregnancy
and occasionally even in plasmas from untreated adults. He ascribed the
cold promoted shortening of the thromb tume to an of factor
VII and also suggested that the cold actvation might be caused by plasma
kallikrein (GieNNAZSS 1972b)

In the present work exp were undertaken to d whether
the cold promoted activation of factor VII 15 related to changes i the kal-

likrewn kinin system of plasma, and why the activation takes place at low
temperature only
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Matenals and methods
All ch s were of anal 1 grade S hydrochlonide (Sigma Chemical
Co, St Lows, Mo, U S A) was dussolved 1n twice disulled water and evaporated at
10 mm Hg at 60° to Yemove traces of ethano! Glassware and cannulas were siliconed
(siliclad®, Clay Adamis Parsipanny, N'J U S A) and plastic ‘tubes were used to

avoud contact activation of plasma
Rinpi wne drawn fram women n tha th ed te mactar nf amnn o

[P pa——

15 mg (sekvens®, E Lilly Co, Ind U S A) and from untreated normals Plasma
was obtamed from blood collected into 1/10 volume of 01 M sodium aitrate dihydrate
by centrifupation at 3,100 Xg for 30 smunutes at 12° and stored at —20° Pooled
plasma from three healthy men was stored 1n small aliquots at —=20° and served as a
reference plasma for the preparation of acetone activated plasma kallikrein and the
60" heated kimnogen substrate

Preparariois of kallikrein *

A crude preparation of plasma kallikremn was prepared by activation of plasma with
16 7% (v/v} acetone at room temperature for 17 hours and evapofation of the acetone
A partally punfied prepiration of plasma prekallikretn was kindly supphied by A M
Vennergd The punfication of this preparation was 70X and it yielded 18 BAEe
esterase units per ml when activated with kablin treated plasma (fig 3) On actvation
less than § % of the BAEe esterase and kininogenase activity m the incubate fould be
attributed 1o the haohin activated plasma The specific activities of the preparations of
Lallikrein used were Crude plasma hallikrem 0009 unts/mg towards BAEe (I mM)
and 0015 umts/mg towards TAMe (10mM) Actwvated prekallihrern 039 wnitsimg
towards BAEe (1 mM) and 077 vnus/mg towards TAMe (10mM) None of the pre
parations were active towards I lysime ethyl ester and N acetyl 1 tyrosine ethyl ester

Hog pancreas hathik for the d of & was obtamned as depot

padutin® R 100 (Farbenfabriken Bayer Leverkusen Germany) and dissolved to 40
biological umits per mi 1n 0 15 M sodum chloride

Inhibition of plasma kimnase
The plasma kimnase was inhibited by incubation for 30 minutes at 37° with ethylene
dramine tetraacetic acid disodium (EDTA 2Na) final concentration 4 mg/ml

Preparations of kininogen

A crude preparation of kininogen was prepared by heating of the reference plasma
which had been treated with ED'TA 2Na at 60° for'd hoor to deplete it of prekallthrein
and factor XII

Deternunation of esterdse actniy
The rate of hydrolysis of « N benzoyl l arginine ethyl ester (BAEe Sigma) was
estimated as deseribed by TRAUTSCHOLD & WERLE (1961) with séme modifications The
reactton was rom at 25° in cuvettes with 24 ml buffer at pH 88 (75 "mMsodwm
75 mM and $0 mM glyane), 0L mt
30 mM f nicotinamude adentne dinucleotide (Sigma) and 002 mi erystallie suspension
of alcohot from yeast { h GmbH Germany)
Finally 05 ml of a 6 mM solubion of BAEe was added and the reaction was nated
with 003 ml of the sample After pre incubation for § munutes O D 340 was read
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three to five times with a Hitachi 101 spectrophotometer combined with a W+W
electronic 3012 recosder If the increase in optical demsity exceeded 003 O D per
minute the sample volume was reduced Simples taken at ntervals after koolm
activation of plasma showed constant esterase actity for more than 30 munutes
1dicating that no intubition of the esterase actvity took place tn the cuvettes at this
dilution of the contact activated plasma The results were corrected for spentaneous
hydrolysis of BAEe, and the actvity was transformed into enzyme umits per ml One
unt corresponded to pmole BAEe sphit per minute at 25°

The concentration of ethanol was determined by the same method, omating BAEe
gnd adding 0 5 m! of the sample tnstead O D 340 was read immeduately and after m
cubation for 30 minutes at 25

Determuination of kmn

The concentration of kimn was evaluated as bradykinin by bioassay on the 1solated
“estrus’ rat uterus The samples were diluted 1 25 with 015 M sodium chlonde at 100°
and kept at this temperature for 5 munutes before the assay (BRISEWD ¢f al 1968)

Coagulation fests

‘The thrombotest (OWREN 1959) was d in duphicate ag by the
manufacturer (Nyegaard & Co, Osfo Norway) but with plasma jnstead of blood
All the plasmas had tmtia] clotting times between 35 and 45 seconds on thrombotest
They were classified as being cold activation positive af the thrombotest clotung time
after incubation at 0 for 20 hours was shorter than 20 seconds and as cold activation
negative 1f the cloting tme had not been shortened by more than 5 seconds on
mcubation 1 the cold

of inhubitors

‘The of CI tivats o o; antitrypsin and antt
thrombn 3 were determined by single radial immunoditfusion 1n 1 ¥ (w/v) agarose m
007 M veronal buffer pH 86 (MaNcNt et al 1964) The wells were circular, with a
diameter of 21 mm and contaed 001 ml samples The concentrations of antiserum
1n the agarose were as follows CT imactivator 33 % (Behnngwerke A G Marburg
Lahn Germany) a>macroglobulin 13 % and ¢pantitrypsin (from Dr Fagerhols
Iaboratory) and antithrombsn 333 % (Nyegaard & Co)

Stanstics
The statistical sigmficance of the data was tested by Stndent s one tasded t test

COMMENTS ON THE TECHNIQUE

Esnmation of prekalitkrein

COLMAN ef al (1969a) have provided evidence that the argine esterase activity after
contact activation of plasma with kaolin 15 caused by plasma kallikren The matimum
esterase activity that 15 obtaned with kaohn (final concentration 5 mg/ml) bas been
reported to reflect the concentration of prekallikren (CoMaN et af 19695) In our ex
peruments the esterase acuvity towards BAEe reached 2 maximum after incubation with
kaoln for 30 seconds at 37° (fig 2), and this actwity was taken 1o represent the

concentration of prekallikrein in the plasmas after correction for the spontaneous
esterolysis
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Fig 1 Inhibition of the kaolin activated esterase at25° assayed at two different dilutions
Plasma was actwvated bY incubation vath an equal volume of kaolin 10 mg/mlm 015 M
sodium chionde At difution [ 102 of the reaction muxture, 003 ml of the kaolin
activated plasma was taken out at mtervals and the esterase actvity towasds BAEe
determned At ditution 112,20 ml of the kaoltm activated plasma was added to 04 ml
6 mM BAEe at itervals After 1 minute the esteroiysis was stopped with 024 mi
100 % (wlv) tnchloroacetic acd The mixture was then centrifuged and the ethano] was
determimed after retitration of the supernatant with 1 N sodium hydroude to pH
$0-90 Each pomt represents the mean of five observations with 95 % conhidence
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Fig 2 Contact activatton and mbubiion of plasma argimine esterase at different
temperatures Plasma Wwas activated by imncubation with sn equal volume of kaolo

10 mgfml 15 015 M sodium chlonde,

mtervals Each valug febresents the mean of 6 observations with 95

and the actvity towards BAEe was recorded at
% confidence

nterval
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Kinette d of p hib

After kaolin activation of plasma at 37" and 25° there was a rapid decrease in the
activity towards BAEe to about 30 % of the peak acuwity {figs 1 and2) C! iractivator
snhibits plasma katlikrein (hAGEN 1964) and the mitial reduction of the esterase activ
1ty after contact activation has been attrnibuted to this inhibitor (COLMAN et a! 1969b)
According to Haweer. (1970), uymacroglobulin in plasma also seacts with plasma
Xalltkremn and forms a complex with retention of about 50 % of the esterase activity
Usually the assays for argmine esterase activity mvolves considerable dilution of the
sample, and 1t might be that the residual actvity observed after activation with kaoln
merely represents enzyme actvity which 18 desorbed from the kaolin, or dissociation
of enzyme-nhibitor complexes at hugh Ky values of the inbibitors, T this were true,
different kinetics for the mhubition of esterase activity after kaolin activation would
be demonstrated 1n expertments with less dilution of the samples Fig 1 demonstrates
that sumlar kinetics were observed when the samples were diluted 112 and 1102
‘Thus the residual esterase activity on contact was probably caused nerther by desorption
from the kaolin nor by dissociation of enzyme nhibitor complexes on dilution

‘The imtial loss of actvity after kaolin activation was exponential towards an asymp
tote which represented the residual actreity (fig 1} Plasma kallikrein activated by
contact 15 mhibited by both CT inactivator and ez-macroglobulin, the latter forming
an esterase active complex with kallikrein The residual activity was calculated 1n per
cent of the concentration of prehallikrein and used as an estimate for the concentration
of CT’ relative to ao fobulin Pseudo first order reaction kinetics were
applied on the exponential decay of the esterase activity at 37°, and the rate constants
were taken 1o represent mamnly the effect of CT mactivator on the contact activated
esterase (COLMAN et al 1969b)

Results

1 Estimation of prekalltkremn
Cold activation positive plasmas contawed higher concentration of pre-
kallikrern (P = 005) than the cold activation negative plasmas (table 1),

but 1 the plasmas from women treated wath oral contraceptives the differ-
ence was not statistically sigmficant

2 Actvity and of plasma p b,

The kinetic data obtained after kaolin activation of cold actrvation posmve
and cold activation negative plasmas were pleted with the
determnations of Cl-macuvator, armacroglobulin, aj-antitrypsin, and anu~
thrombin 3 (table 2) The differences between the cold activation positive
and negative plasmas within each group were not statistically sigmficant
when ded either by the 23 or by the kinetic methods, even

though the of e was hat lower 1n the
cold activation positive plasmas
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3 Inhibition of plasma kallikrein in human plasma at low temperature

The spontaneous cold activation of factor VII takes place below 8° only
(Gronmarss 1972b) The decay of the esterase actvity after contact activa
tion was studied at vanous temperatures (fig 2) The maximum esterase
activity devefoped later at 15° and 0° than at 37° More striking, however,
was the very slow decay of the esterase activity at 0° This mught have been
caused by suppression of the actvity of Cl-inactivator and the formation
predominantly of the esterase active complex between plasma kallikremn and
armacroglobulin However, heating at 37° after 60 minutes’ incubation
of the kaoln plasma muxture 1nduced intubition, thus indicating that the
esterase was still subject to hibtion by both Cl-mactivator and «-macro-
globulin

The rate of the reaction between the activated prekallikremn and the m-
hibstors 1 plasma was evaluated at 25° and 0° wath regard to the kinn-
~Iiberating effect (fig 3) At 0° the hiberation of ktmun from heated plasma
is inear with the concentration of plasma kallikrem up to 0 7 pg bradykinm
equivalent per mi of the substrate (VENNEROD & LAAKT, unpublished results),
and the kmin release can therefore be taken to represent the actity of
kiminogenase In the expeniment cited in fig 3 the half-tmes of the kumno-
genase activity were 12 and 120 minutes at 25% and 09, respectively On the
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Fig 3 Inhibition of the kimmogenase activity of plasma kalhkrein at 25° and 07
Reference plasma was activated at 0° with kaolin for 10 minutes and 006 mi of the
plasma kaofin mixture was mncubated for 30 minutes at 0° with 04 ml of the punfied
preparation of prekallikremn ‘The reactton muxture which contaned activated plasma
allikrem was then incubated at 25° and 0° with an egual volume of EDTA 2Na
treated reference plasma to supply inhibitors, and Polybrene (Aldrich Chem Co Inc
Milwankee, Wisc U S A) was added to a final concentration of 01 mg/ml to arrest
further actvation of prekallikrein At mtervals, 01 ml of the musture was added 10
05 ml 60° heated himinogen substrate at 0° and the kuum release during 15 munutes
was determined
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other hand, the kinn-lib effect of the prep was 6 6 imes higher
at 25° than at 0°

4 Es of total k and &

Plasma kalhkrein and glandular kallikrein react with different fractions
of kinogen m plasma (BRISEID et al 1970, 1973) Expenments were under-
taken to estmate the total k and the Ximun release
obtamed with plasma kallikremn (sut 1) and hog p kallik

2 lly), resp 1y (table 3) The total kimnogen concen-
tration 10 plasma was found to be significantly hugher duning pregnancy and

with genic oral contracep than m untreated, non preg-
nant subjects The tncrease was conlined to the k fraction d
by hog pancreas hallikren Within each group the total copcentration of
Jamnogen was somewhat higher 1n the cold activation positive than 1 the
cold activation negative plasmas, and a sumilar trend was seen m the fracnons
actwvated by the preparation of plasma and hog 4

Discussion

For the estmation of prekaliikrem in plasma the determination of the
maximum activity towards argumune esters after activation with kaolin 1s
probably a valuable method Our observations that plasma prekallikremn was

Table 3
Total kinmogen concentration and concentration of kintnogen fractions
Group Pregnancy Contraception ‘Untreated
Cold activation Positive® Negative®  Positive® Negative®®  Posiuve** Negative®
Total Juminogen 439052 410 4563086 430 392 329+035
Substrate 1 0824006 097 107£016 051 092 09%+012
Substrate 2 4432060 296 39%0t04l 320 221 237026

The total kimnogen concentration (BRISEID et al 1967) was estimated by mcubation of
10 ml EDTA 2Na treated plasma for 24 hours with 0 5 ml acetone and 35 mI 015 M
sodivm chlonide and subsequent determmation of the kimn The corcentration of
substrate 1 (BrisEm er al 1970) was deternined by incubation of the EDTA 2Na
treated plasma with an equal volume of EDTA 2Na treated preparation of plasma
kallikrera for 10 mnutes at 37° The concentration of substrate 2 was essentrally
determueed by incubation for 30 minutes at 37° with hog pancreas kallikrein {padutin®)
final concentration 32 biological units per ml EDTA 2Na treated plasma (BIELTVEDT
& BRISEID 1967) The results are given as pg bradykitun equivalent per ml plasma
* The means of five observations with 95 % confidence interval
** The means of two observations
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mcreased 1n pregnancy and dunng treatment with oestrogenic oral contra~
ceptives, are in good agreement with those of CotMaN et al (1969b) The
method does not take 1nto account vanations 1n the concentration of factor
XIT However, previous studies by GIoNNarss (1972a) disclosed no differs
ences between the cold activation positive and negative plasmas with regard
to factor XII Furthermore, 1t has not been settled whether the mcreased
esterase acuwity after kaolin T d
the proenzyme or merely increased esterase activity of the kallikrenn mole
cule At present, it seems most fruitful to consider the first possibihity

The concentration of prekallikremn was higher 1n the cold activation posi-
tive plasmas than mn the negative plasmas within each group The agreement
however, was plete, since the prekalliksein 1 the cold
activation positive plasmas from women on oral contraceptives was sumlar
to that m the cold activation negative plasmas from pregnant women
(table 1) Furth punfied prep of plasma prekallikrem are
stable (WUEPPER & COCHRANE 1971), and the proenzyme has not been
reported to have esterase or protemnase activity However, assuming that
factor XII 13 activated 1n the cold and gives spontaneous activation of the
kallikrein-kinun system as suggested by ARMSTRONG & DA SILvA (1970), then
an d of prehallik 1t the positive plasmas may lead
to an increased formation of kallikremn if the Ky for the effect of activated
factor XII on prekallikrein 15 1n the range of the physiological concentration
of prekallihrein in plasma

‘The activities and the concentrations of nfubitors of protemnases 1n plasma
are influenced by oestrogenic hormones (BopvAN 1958, LaureLL et al 1968,
FAGIRHOL & ABILDGASRD 1970) Both Cl-mactivator and a-macroglobulin
are potent wmhibitors of plasma kallikremn (KAGEN 1964, HareEL 1970), and
vaniations m the mhibitor actvity might be related to the occurrence of the
cold activation of factor VII However, neither the kineties of the inhtbition
of the kaoln activated esterase at 37° nor the results of the immunological
determinations of vanous proteinase mnhibitors m plasma substantiated such
a view (table 2) Furthermore, at 09 the reaction between the kimnogenase
and the whibitors 1 plasma was markedly suppressed (figy 2 and 3)
whereas the humnogenase was stll quite active towards kmunogen If
plasma kallikremn can actvate factor VII, then the marked temperatuse
depend of the inh of the } activity may explan
why the activation takes place at low temperature only The tempera
ture dependence of the kallikremn nhibitors 1s presumably sumlar mn all
plasmas, and the observed temperature dependence does not explamn Why
only some plasmas show spontaneous cold activation of factor VII Whether
such marked temperature dependence also applies to the intubition of other
protemmases 1s largely unknown, NosseL & Nmmerz (1965), however, ob-

ation of
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served slow mhibition of the contact product of blood coagulation at 4°,
while the activity of CI activator towards CT 1s low at 10° (LEPOW ef al
1958)

The inhibitory effect of plasma on kuunogenase activity represents an ob
stacle for studies on the kinin Liberating effects of the kallikreins on kinmnogen
‘Vanious methods, such as treatment of plasma with acid (HorTON 1958) and
acetone (Brisemp ef al 1968), have been reported to suppress the effect of
the mmfubitors As kmin was still released at 0° and the effects of the in-
huibitors were strongly suppressed at this temperature, cooling may represent
a valuable tool 1n such studies

Usmng the mamod of DiNiz et al (1961), Perrrt & GASPARRI (1966) ob-
served an of } 1n plasma during pregnancy
Our results (table 3) support therr findings and disclosed simular changes
dunng treatment with oral contracepives The kininogen mncrease was
mamnly confined to the kimnogen substrate 2 of Briszip et al (1970, 1973)
Our results were not correlated with the concentration of protem 1 the
plasmas, the msigmficant differences m the kimnogen frachon 1 (table 3),
however, mdicated that the refative of the d
fractions were actually altered duning pregnancy and treatment with oral
contraceptives Isolated fractions of human kimnogens bave been reported
to exert neither esterase nor protemase activity, and we do not feel that the
lugher concentration of kimnogen in the cold activation positive plasmas
can account for the activation of factor VII
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cholinergic mechanisms 1 the bramm  However, to be able to study the
central effects of oxotremorine, the peripheral muscannic effects had to be
blocked with methylatropine The above concluston thus implies that the
brain concentration of methylatropine 1 the newborn dog 15 not that much
higher than 1n the adult dog and that it can block the central cffects of
oxotremonne However, there are some reasons for suspecting that thus s
the case Frstly, methylatropine 1s eltmunated from the ventncular cerebro-
spmal flmd (CSF) partly by an active transport mechamsm n the adult
dog (AquILoNius & WINBLADH 1972) Secondly, other quaternary amines
such as tetraethylammomum (TEA) are excreted i the kidney partly by
tubular secretion (RENNICK et al 1954) Such active transport mechamisms
are not developed at birth 1 the dog at least not with regard to parammo
hippunic acid (PAH) (Hook er al 1970, HoLroway & CassiN 1972a)
Thurdly the general concept 1s that the blood bran barrier 15 more permeable
mn immature anumals {cf DOBBING 1968) The present study was thus under
taken to determine to what extent immatunty wfluences the fate of methyl
atropine 1n the dog

Methods

15 beagle puppies of both sexes from 7 litters were nsed at the follawing age nter
vals newborn (t 5 days) three weeks (18-25 days) 6 weeks (40-50 days) and 3 months
(85 100 days) The experimental procedure was the same as descnbed earber (WIN
BLADH 1973a) and special care was taken to avoid hypothermia m the newbom group
The labelled methylatropine was synthesized from atrop ne generally tritiated 434

(R h 1 Centre A ham England) and checked for radiochemical
purty as descnibed elsewhere (WinsLap 1972a) The labelled drug with the mecessary
amount of carrier methylatropine mitrate was injected subcutaneousty into the heck or
intravenously 1n distilled water 1n a volume of 1 ml/kg to the two youngest age groups
and O1 mifkg to the older dogs The injected radioactivity varied between 50 and
200 perjkg Blood and unne sampling was done via catheters inserted before the ev
penments with the animals under halothane znaesthesia Determunation of tissue con
centrations of radioactivity was done by hqud scmtillation counting after otygen
combustion while the radioactivity 1n the blood tnne CSF and bile was determmed
after direct mixing with the somtdlation solvent The different parts of the bran
from the hemispheres were obtaned by cutting out a piece of tissue stretching from
the lateral ventricle to the panetal cortes and then dividing it by three equidistant
transverse sections Invest gation of metabolites n the unne was done by paper chro-
matography (Whatman no 1 butanol acetic acid (5 1) satured with water) and h gh
voltage electrophoresss (Whatman no 1 borate buffer 05 M pH 10 20 V/em 2 hrs)
Calculation of half life of total plasma radicactvity was made by fitting a hine ac
cordmg to the least square method to all values from one group on parts of the curve

. L =~ loganthmic plot with the aid of @ FOCAL
It the above methods have been described
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dpmfg plasma oo Ty, min
100 |- 9prm/g injected ® Three weeks 195
45x - - 165
50 ® Three months 225

20
10
5 I | S 1 1
0 1 2 3 4 Time(h)
Fig 1 Plasma of after

mjection of 05 mefkg
of methylatropine o three dogs of different ages Each curve represents one dog
T 14 = plasma half Life of radicactivity for the linear curve part

Results
Plasma concentrations
The plasma of rad after a single dose
of 05 mg/kg was below that of a umform concentration within 10 mun
Durng the first hour there was a raptd 1 di m

m the semilogantmic plot (fig 1) From 1 hr after injection the disappearence

dpm/g_plasma

oit0 Ty, min
dpm/g injected % Newborn o
100 x/* ® Three weeks 130

4 Sx - -~ [2) 55
B Three months {2) 130
50 4 Adult 15

(x}

0
Fig 2 Plasma of.

2 3 Time(h)

after sub, jection of 0 § mg/kg of
methylatropine to dogs of different ages For six weeks and 3 months old dogs curves

represent mean from two dogs other curves represent one dog
T % = plasma half bfe of radwactivity for the inear curve part
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curve 1s linear and there are no significant differences m the concentrations
or half Tives (165-224 mun, fig 1) between the mvestigated age groups,
1 ¢ 3 and 6 weeks and 3 months old amimals After subcutaneous mjection
of 05 mgfkg a peak concentration of radicactvity was reached within
40 nuputes The peak concentration was three tumes higher 1n the newborn
dog than m the adult, while the concentrations i1n the other groups fell
inbetween After the concentration peak there was a non hnear decrease for
about one hour 1n the semu-loganthmic plot (fig 2) After this phase the
dissappearence curve 1s hnesr as in the intravenous njections Half ife of
plasma radioactivity dunng this phase was shghtly shorter for the newborn
and the adult dog than for the other age groups (110-115 min versus 130~
155 qun, fig 2) The plasma concentration at 4 hrs after jection m the
3 months old and in the adult amimal was % and 14 respectively that of the
younger age groups However, 1n the expenments where tissue concentrations
were mvestigated no consistent differences m plasma concentrations between
newborm and adult ammals were found at 2 hrs after injection (table 2)

Untnary excretion

The unnary excretton of radioactivity was between 40 and 70 per cent
of the wmnjected amount at 4 hrs (table 1) Between 60 and 100 per cent
was in the form of the unchanged drug according to the electrophoretic
studies, except m the 3 momths old dog where only 25 per cent was ¢
covered as methylatropine There were no consistent dhfferences n excretion

Table 1
Unmary excretion 4 hrs after mjection
Route  pyereted radioacnvity Per cent Plasma
and ot T 100 -
dose Injected
Newborn sc 05 52 66 50 13
-~5675
3 weeks 1v 05 44 50 11
sc 03 39 0 13
6 weeks 1v 05 45 10
sc 05 67 63 79 100 21 10
scOl 40 45 - 100 1 -~
47 76 10
3 months s¢c05 45 72 - 25 87
Aduht® sc01 55 33 5

©® Data from ALBANUS et af 1969
*» per cent of total activity from the
dpm/g plasma
+#? Given as dpmlg_hmjected X 100
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Table 2
Tissue concentration® of radioactivity 2 and 4 hrs after subcutaneous injection
of methylatropine

2 hrs 4 hrs
Age group newborn  adult*® newborn 6 weeks

Dose mg/hg 01 (3] o1 05 01 os

Kidney - -~ - 85 126 167
34

Liver 207 393 360 n 662 551
392

Bile 236 3400 - 2700 22000 103500
3500

Plasma 15 14 9 13 10 u

dpm/g tissue
mx 100 Each value represents ope ammal

** Data from ALBANUS ef ol 1969

* Gven as

rate: or fractiont of metabolites between the different age groups Nor was
there any correlation between the excreted amount 1n 4 hrs, the fraction of

b i the unne coll between 2 and 4 hrs, and the plasma
concentration 2t 4 hrs affer injection (table 1) The igh voltage electro-
phoretic procedure gave a more efficient separation of the metabolites than
did the chromatographic separation The pattern of metabolites was qualita-
tively the same as that reported for adult dogs (ALBANUS et al 1969), except
1 the three months old dog which showed only 25 per cent unchanged drug
w the unne This animal had 3 unnary peak of radigactivity wm the chro-
matogram with a lower Rf-value, 047, 1 addition to the two peaks usually
found, 055-057 and 066-072 (methylatropine) This peak represented
about 15 per cent of the recovered activity

Tissue concentrations of radioactivity

The concentrations of radioactivity 1 the kidney and liver at two and
four hrs after 1njection were usually more than five times higher than that of
the plasma All values are shown 1n table 2 "Two hrs after subcutaneous
ingection of 0 1 mgfkg of methylatropine the of radioactivity
m the iver was almost twice as high 1n the adult dog as 1n the newbom
The bile concentration was about 15 times hugher, while the plasma con
centrations were the same The differences between newborn and s1x weeks
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Table 3
Bramn concentrations of radiwactivity® 2 and 4 hrs after subcutaneous mjection
of 05 mglkg
2 hrs 4 hrs

Age group Newborn Adultees Newborn 6 weehs
Hemispherese

Shee¥ "1 103 12 24

Slce TU 142 13 15 43

Shice T 162 11 29 33

Slice IV 150 188 42 59
Thalamus - 94 11 -
Cerebellum - 79 59 -
CSF 24 28 09 19
Plasma 15 15 13 1n2

dpm /g tissue
BIVER 85 T b g smpected 100
(10 corresponds to 005 pgfg of the unchanged drug)
*¢ Slice I nearest to the lateral ventricle shce IV parietal cortex
*** Data from ALBANUS & WINBLADH 1969

*C

old dogs at four hrs after injection showed a simular pattern 1 e the older
dogs had lugher kidney, liver and bile concentrations than the newborn, but
they had about the same plasma concentrations

In the brain hemispheres there appeared to be a fall in the concentration
of radwactivity from the panetal cortex towards the Jateral ventricles
(table 3) The concentration 1n the cortical shice was 15-3§ times larger
than that in the slice nearest to the ventricle This shice 10 ats turn had 2
13-45 times larger concentration than the CSF collected 1 the cistema
magna Apart from these findings there were no sigmficant differences m
concentrations either between the different bram regions or between the
different age groups

Discussion

In general there appears to me quite small differences o distnbution, meta
bolism, and excretion of methylatropine between dogs of dfferent ages There
were no large differences m plasma half e or concentrations of radtoactvity
between newborn and adult dogs 1 contrast to the finding wath atropine
After both subcutateous and intravenous admrmstration of this drug adult
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dogs had a shorter half hife and lower plasma concentrations than newbomn
dogs (WinnLapH 1973a) Further, alter atropine the rate of unnary excretion
of radwactivity was only half of the adult rate n newborn and six weeks
old dogs (WINBLADH 19732) It has been shown that atropine 15 partly ex-
creted in the unne via tubular secretion (ALDANUS et al 1968) and st was
suggested that the slower excretion of this drug i the newbomn 13 due to
an ymunatunty 1n the tubvlar transport mechamsm (WiNpLaDi 1973a) as
shown for para amnohippunc actd (Hook et al 1970) Tt appears hikely
that methylatropinie 1s also excreted partly by tubular secretion, sice this
drug 15 excreted hat faster than pine 1n the adult ammals at stmilar
plasma concentrations and with about the same fraction of metabolites 1n
the unne The reason why no difference in the rate of excretion of methyl-
atropine was found between the newbomn, six weeks old and adult dogs 15
not evident. One possible explanation would be that two transport systems
are mvolved and that the port of hylatrop develops earlier
Another explanation ss that the more lipid soluble atropine rediffuses from
the tubnles to plasma to a greater extent than the less Iipid soluble methyl-
atropmne, thus exceedmng the transport capacity of the tubules in the young
dogs There 1s a progressive ncrease mn the accumulation of TEA in renal
slices from dogs wath increasing age (RENNICK ef al 1961) At least in the
liver 1t appears as the secretory mechamsms for methylatropine and for
1ts metabolites are not yet developed 1 the newbarn dog, since bile con-
of rad y are derably lower 1 this age group than
1n the adult This difference 1s not likely to be due to differences in the rate
of the hepatic degradation of the drug because there 1s no difference 1n the
{raction of the metabolites 1n the urine between the different age groups
‘There were no m CSF between newbom and
older dogs The rate of of hylatropine 1n the 1solated
choroid plexa was approximately the same 1n the tissue of dogs of different
ages (Wmvprap 1972b), while an increase with age has been reported for
PAH (HoLloway & CassiN 1972b) This mcrease 1n chorord plexus trans-
port of PAH i vitro was reflected m a lower CSF clearence of the drug in
newborn dogs than m the adult (HotLoway & Cassmy 1972a) However,
the CSF clearence of methylatropine has not been studied 1 dogs of differ-
ent ages
As descnibed above there was a gradient of radioactivity
within the hemispheres with the lowest concentration towards the lateral
ventncle One possible explanation for this finding would be a diffusion of
the drug towards the lateral ventricle due to a constant removal of the drug
from the ventncular CSF by CSF bulk flow and active removal via the
choroid plexa However, there are other factors which might be Tesponsible
for this distnbution picture (WINBLADH 19733 &, 1972b)
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There were no stgmftcant differences however 1n brain concentrations or
concentration gradients between the dogs of the different ages studied
Thus, the lack of t 2t action of oxot me 1n the newbom
puppies does not depend on a high brain concentration of methylatropine
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Abstract Two simple arrangements are described by means of which the Peoe
and Pos of physiological salt solutions placed 1n open vessels can easily be
adjusted and mamtamed at known and constant levels dunng biological ex
peniments on immersed living tissue The charactenistic feature of the proposed
arrangements 1s that a certain fraction of the area of the free surface of the
fluid under standardized stirfing conditions 1 exposed to 2n atmosphere with
known and constant concentrations of CO» and Q2 The constancy of the
Pcos and the Pos 1n the flud xs by the

strnng cansed by the brojogical expeniments for which the bath 1s used

Key words Carbon dioude environment controlled ~ surviving tissue

The behaviour of 1solated Living tissues 15 greatly mfluenced by environ-
mental conditions Therefore, in most experiments with surviving tissue,
a constant and well-defined en 15 P ble (AHLGREN 1930,
ELLIs 1969)

For many experimental purposes thrs 1s achieved by immersion of the

tissze m a sutable solution of hnown and constant composition and
temperature

The concentration of the non volatile substances of this bathing flud will
remamn practically constant during the expenment if the volume of the
Ratlng, el s made e vl s Yvnpraed wilh tie ik of ussue,
and the temperature of the bath can easily be controlled by well known
measures However, the precise control of the concentration of dissolved
volatile substances may require special attention 1n biological expeniments 1n
which the expenmental procedure necessitates exposure of the surface of
the bathing fluid to the atmospheric arr

Because of the influence of the concentration of dissolved CO upon the
pH, 1t may be of paramount mportance to cantrol the Pcos, whereas 1t 18
generally sufficient merely to keep the Po above a certain critical level
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In most biological work with 1solated tissue the concentration of other dis-
solved gases 15 without sigmificance

In expeniments of short duration 1t may be sufficient Just to provide an
mitial equilibrium between the batlung flwd and a switable mixture of gases
However, for expenments of longer duration this 1s not enough It should
be realized that bubbling of a fluid placed in an open vessel with air con
taming known concentrations of CO. and O- 1s unsmtable for providing
diffusion equilibnum between the awr used for bubbling and the flnd The
resulting concentration of CO: (and O-) 15 not constant and often approaches
equilibrium rather with the air of the room than with the air mixture used
for bubbling (KLinGrLnorrrr 1929) The main reason 1s that the total sur
face of the simultaneously ascending air bubbles generally constitutes only
a small fraction of the free surface of the fluid which 15 exposed to the air
of the room

A desctiption 1s gven below of two arrangements suitable for the establish-
ment and mamtenance of constant Pco: and Poy 1n fluids, such as physiolog-
1cal salt solutions placed 1n open vessels with the surfaces exposed to the a
of the room The steady state Pcoy and Po- of the fluds 15, within wide
limuts, unaffected by varymg intensities of the sumng of the fluds

Prelimunary experiments

The procedures were worked out with organ baths contamed in box shaped
glass vessels of different shapes and sizes In most expenments vessels measunng
about 21 X 34 X 25 cm (height) were used The air exposed surface of the flud was
about 720 cm? Dunng the experiments the vessels were filled up to 4 em below
the upper nm thus giving a volume of bathing fluid of about 13 litres

In all expeniments described below, the bathing fluds were stirred by a rotating
ctreular disc mounted concentrically at the end of the shaft of an electne a ¢ motor
making sbout 1400 revolutions per munute In most expenments the disc was im
mersed 5 em into the flud with the shaft placed verucally Different and repro
ducible 1ntensities of stirnng were obtained without changing the speed of the rotating,
shaft of the strrer simply by the selection of discs of dufferent diameters (up to
6 cm) The thickness of the discs was 3 mm 1n all experuments

The first experiments were carned out to determe the rate of the exchange of
CO- through the free surface of water placed 1n the above mentioned glass vessels
under different conditions In theve experiments the bathing flud was distilfed water
shightly acidified with citnic acsd (10 mM) An imtial COs concentration of about 5 mM
m the flnd was provided by the arrangement shown 1n fig 2 2and the concestration
of CO dissolved m the fluid was determined at swtable time intervals by a method
based on measurements of the electrical conductivity of a solution of Sr(OH) before
and after the absorption of the quantity of COg contamed 1 a small sample of the
above mentioned flud (Houss Jensty 1960 1963 & 1965) The balf tmes of the
processes of COz elinunation were read from the lmear plots on semulogartthmic paper
of the COz concentration against time

Expenments which were carred out with 3 or 4 baths simul
that at room temperature the half Lfe of dissolved CO> with a surrag

Ttaneously revealed
disc of a
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diameter of 4 cm, which gave a fairly vigorous strmng was about 3.5 hrs when the
shaft of the sturer was placed 1n a corner 6 cm from each of the adjacent glass
walls With this posiion of tbe sirnng shaft furnshed with the 25 em disc, the
half time was about 55 hrs and with the shaft of the motor alone without any strrnng
disc mounted the half life was about 13 brs Expenment at 37° with the 4 ¢m
stuting dise placed 10 a corner as described above showed that CO; escaped with 2
half hife of about 24 hrs

In expenments with a fan blowing air on the surface of the fluds it was found
that a moderately increased shemng of the arr of the room did not sigmficantly
nfleeace the half time of the CO; ehrmination

Furst arrangement

The first of the prop ar fig 1,15 ded for experiments
n which only half of the surface of the bathing fluid needs to be freely
accessible for the procedures required by the biological expeniments, the

Fig 1 Organ bath with half of the surface of the flurd exposed 1 a separate aw
chamber to (a current of) carboxygen or some other air mixture with a switable
concentration of COz. The roof and the vertical partiion plate of this compartment
are made of Perper camanted antght topethar sad oo dfe opper nm of tie giass
vessel The lower nm of the vertical partition plate 13 immersed 1 to 2 ¢m below the
surface of the flurd The roof 15 provided with a nozzle for the inlet tubing and an
outlet tube with an internal dizmeter of 06 ¢m, which 15 the minmum diameter
required to avotd obturation of the tube by droplets of condensed water With this
diameter, the length must be at least 6 cm to avoid admixture of atmosphenc air
The vertical shaft of the stuming motor penetrates the sutface near the middle of
the bath close 1 the Perspex pattinon plate The shaft making about 1400 revolutions
per munute 15 provided with a aircular strnng disc — diameter, for most purposes
4 cm — which 13 immersed 4 10 5 ¢m below the surface A suitable flow rate of
carboxygen 1s about 7 mi/mn per 100 cm? free surface of the bath
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other haif of the surface being exposed to an atmosphere 1 a closed com-
partment through which carboxygen Ph Nord (a mxture of 4 %, COy vjv
and 96 %, O: v/v) 1s passed

Expeniments revealed that with 3 flow rate of carboxygen of about 50
mi/mm per 700 cm? fluid surface the CO, concentration of the flwd of
the bath approached a steady state corresponding to equilibrium with an arr
muxtyre with a CO, concentration of about 45 %, of that of the carboxygen
used for the expenment In this arrangement with the partition plate dipped
2 cm below the surface and with the 4 cm strning disc and shghtly
acidified soluttons, the half time of the approach to the steady state was
about 3 hrs at 37° The steady state concentration of CO; m the flwd was
not 1nfluenced measurably by variations of the strnng ntensity caused by
changes of the stirring disc dhameters from 25 to 6 cm The steady-state

Fig 22 Uit comprising motor 1 with shaft and cucular surrng dise 2 and
air chamber 3, for the estabhishment of contact between COo and a Constant portion
of the surface of the flusd under well defined strring conditions The air chamber
which 15 firmly fixed to the shell of the motor 15 made of Perspex It consists of two
concentnic tubes length 3-4 cm cemented to a roof, leaving the aperture of the 1aner
tube uncovered for the passage of the surming shaft The roof 15 provided with an
inlet nozzle and an outlet tube for the CO-» gas (imensions as 1o fig 1) When 1 use
the lower nm of this ar bell 15 1mmersed 1-2 cm below the surtace of the floid
“The distance between the lower mm of the chamber and the stmng disc 1s 3,{““
A sustable flow rate of the CO> gas 1s about 2 mljmin per 100 em? free surface
of the bath
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Fg2b Sectonal vew of the CO chamber for an organ bath wth an ar exposed

surface of 720 cm® An ar chamber w th an outer d ameter of the inner tube of 30 cm

and an mner d ameter of the outer fube of 525 ¢m gv ng a bottom area of the CO

chamber of 146 cm? proved very sutable for bolog cal work The steady state of

the bath ng fiu d corresponds to cqulbrum wth an atmosphere contam ng about
45 4 CO

concentmnon of O

which was determined 1n 2 few expenments cor
to it

with aie g about 55 ¢/ of oxygen

If the abovc arrangentent 1s used with physxolog;cal salt solutions con
tamng 10 meq /1 of bicarbonate which 1s about 40 %, of the bicarbonate
concentration of blood plasma the pH of the solution will be smtable for
most experniments on surviving tissues from homoiothermic ammals while

a precise adjustment of the pH can conveniently be made by changing the
concentration of bicarbonate

Second arrangement

The second arrangement fig 2 15 mtended for expenments i which 1t 1s
important that nearly the whole of the free surface of the bath 1s accessible
for the biological expeniments The principal feature of this arrangement 15
that 2 small fract on of the free surface of the bath 1s exposed to air m a
chamber through which pure carbon dioxide 1s passed Stirring of the fluid 1s
carned out with the above mentioned discs placed with their centres 1n a
fixed position relative to the CO~filled aic compartment

‘With the arrangement shown m fig 2 the steady state concentration of
CO. dissolved 1n the fluid was determmed to be between 2 0 and 2 4 tmes
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the level expected 1f the CO; saturation was proportional to the fraction of
the fluid surface exposed to the CO: atmosphere

Expenments revealed that doubling and halving the area exposed to the
CO; ) by changing the outer d of the CO; chambers dd
not change the above factor of proportionality, and that changing the stiming
ntensity by exchanging discs beween diameters 25 and 6 ¢cm did not 1
fluence the steady-state concentration

The influence of additronal stirnng elsewhere 1 the bath proved to be
negligible when the diameter of the additional stiming disc did not exceed
one half of the diameter of the disc of the CO; chamber

The steady-state equlibrium was found to be practically umnfluenced by
reduction of the CO. flow down to a mummum of about 2 mli/mmn per
100 cm? free surface of the bath
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Abstract The rotacone 13 2 modified rotared found suitable for the measure
ment of drug induced changes in motor coordination On this apparatus mice
are forced to walk agamnst ncreastng surface speed uatil (hey drop off the cone
As the test 15 quick the animals are not exhausted, and there 15 no problem with
mmice taking “free ndes” Saline treated mice showed a constant performance
level 1n 4 immediately successive trials whereas ammals under the influence
of drugs especially chlordiazepoxide, showed an increase i performance 1n
the 4 trials After chlor and de there
1s a graded response with a normal distnbution of scores Pentobarbital gave
a response of the all or non type

Key words anmmal - ek - - barbe
turates — phenothiazines
Vanous techmques used for the of motor d were

reviewed by KINNARD & WATZMAN 1n 1966 The first horizontal rotating rod,
the rotarod, was described by Dunsas & MIvA 1957 Mice were tramed
until they were able to remain on the rod for one minute Disturbance
motor coordination was urdicated by the inability of the ammal to remain
on the rotarod for the one minute test pertod

WaTzMaN & Barry 1968 used a modified rotarod test They in
creased the rotation speed every 30 sec, and measured the time spent
on the apparatus untl the ammals fell off In this way they were able
to measure both decrease and increase m performances caused by drugs
A smilar primciple was used by JoNES & Roperts 1968 1 the ac-
celerating rotarod With both methods graded responses were obtamed The
test time to obtan a full performance m the non drugged state was ap-
proxumately 2 and 4 mun, respectively The present work desenbes another
modification of the rotarod On the rotacone the animals are forced to walk
agamst mncreasing surface speed The test 1s quick as 1t takes about 20 sec
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to test a mouse, and due to the short lest ime exhaustion plays no role m
the measured performance

Another problem which has been overcome by this method 1s the problem
of mice taling ¢ free ndes”, 1 ¢ the animals cling to the 1od without walking
This behaviour enables some ammals to stay on the rod even when motor
coordmnation 1s 1mpaired by chlorpromazine (WATZMAN et al 1967) On the
rotating cone such a clinging does not tend to overestimate the perfarmance
The rotacone was developed by E JacosseN (Danssh Patent No 117598
1970)

Matenals and Methods

Ammals
Male albmo mice (24 30 g) of the NMRI strain from Mgllegaard s Breeding Labo
ratories were used

Equipment

The rotacone cons sts of a cone with a stitably rough surface A wall wound m 2
spiral on the surface of the cone forces the ammals to move along the cone aganst
mcreasing diameter and with this an ocreasing surface speed resulting in a maxumum
speed which 1s 3 tmes the i tal one Through a gearbox the cone 13 coupled to 2
motor This mahes 1t possible to use different speeds of rotat on ranging from 10 to
40 r p m When (he mice are no longer able to maintait equisbrium on the rotacone
they fall 1nto one of ten boxes placed under it The boxes are numbered 0 10 9 from
the right to the left The performance of a moase s defined as the box number 1
which 1t falls Mice fall ng 1n box No 9 show the maximal performance The rotacane
15 seen 1 fig 1

Fig 1 The rotacone with ten boxes placed underncath Length of the cone 1250 mm

Diameters 35 mm to 115 mm
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Traiming

Generally the trarming takes 3 days On the first day the mice are tramned at a low
speed 18 * p m on the following day at the test speed 30 r p m After 2 or 3 runs
on the third day the mice reach a performance level, constant both 1n successtve
tests and from day to day The individual normal performance was measured 1m
mediately before the imjection of the drug

Measuring performance

‘The effect of a drug 1s expressed as the activity 1atio (AR), which 18 the perfor
mance aftet njection of the drug divided by the normal performance for the ex
penmental ammal Mice having normal performances corresponding to box 4 ana less
were not used 1n the experiments

Results

Performance of untreated trained mice

The test speed of 30 r p m gave normal performances with most un-
treated trained ammals fallmg into boxes number 5, 6, 7 and 8 and only
a few 1nto boxes number 4 and 9 At a slower speed too many ammals were
able to run all the way A faster speed could be used to test improvements
1n performances The distnbution of performances for 30 r p m s seen
m fig. 2 Each performance 1s the mean performance of a single mouse 1n
4 unmedtately successive trrals, 1 & the mouse 15 replaced on the rotacone
mmmediately after the previous tnal

Fig 3 shows that untreated control mice and saline mjected mice m 4
mmedately successive trials have constant performance levels, and no sign

of mice

30

20

1 L 5 6 78 9 box number
37 [ 51 ss 65 72 79 86 93100 surface speed mjnin
Fig 2 Distnbution of normal performances on the rotacone of 200 tramed muce
{30 r p m) Each performance 15 the mean of 4 immediately suceessive trials for
2 smgle mouse
17 Acta pharmacolog ca vol 33 fasc 4
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The responses 1 fig 5 give the results for compounds tested For chlor
promazine, meprobamate and chlordtazepoxide there are praded responses
with normal distnbution of scores Pentobarbital sodwm (mebumalum NFN)
dissolved 1n 09 %, saline and given intrapentoneally half an hour before
the test gave a response of the all or non type After 15 mg/kg no decrease
1 performance was seen, but after 225 and 30 mg/kg 3 and 12 mice,
respectively, out of 16 had an AR of less than 02 wiile the remainder
showed no dufference from the salme treated control tests

AR meprobamate AR chlordinzepoxideHol
10
06 *
»
06
04
*e
02 *s
'

26 50 100 180 175 W % 75 dmemgf,
saline sdline e
control control

AR cHorpromazine HCt

10
08
5
0E
s

04 -
0z

05 7% 50 15dosem

o s
cantrol

Fig 5 The AR as a funcnon of varying doses of meprobamate ¢hlorpromazine HC!
and HCl of drugs and salme as m fig 3 The AR
15 the highest n4 tnals 34 hour after the mjectiod
of the drug divided by the mean performance 1n 4 immediately successwve trials Just
before injection of the drug for a single mouse The mice were kept at 31° from the
injection 10 test Each pont 15 the mean of 16 mice £ § E M (vertical hnes)

* P< 00! compared with saline control

# % P<0001 compared with sahne control

(student s t test)




MEASUREMENT OF MOTOR COORDINATION 261

Discusston

The rotacone was found suitable for the measurement of drug induced

t 1n motor gwing a y which seems to be
equal to the above mentioned accelerating rotarod (JONLS & ROBERTS
1968) For chlordiazepoxide, however, the sensitivity seems to be decreased
i the present apparatus as compared to the consventional rotarod (SofiA
1969) This 1s probably due to the increase tn performance i the 4 mm-

trials esp found after chlordiazepoxide 1n this

study

The reason for this increase 1 performance 1s not clear, but 1t cannot be
due to a decrease 1n the blood level of the compound and its metabolites
duning the test penod, since 1t takes less than 80 sec to carry out the 4 tnals
As seen from DENCKER CHRISTENSEN 1973, the level of the only measurable
compound 1n the plasma 14 hour after mjection of chlordiazepoxide, HCI

50 mg/kg, the bolite D M (7-chloro-2: 5 phenyl 3H-1,4-benzo-
diazepine-4 owude) 1s rather constant
The p might be dent on learming or adaption to the test

situation, and 1s under further investigation
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Abstract A single with de, HCl (50 or 165 mg/kg)
to male mice produced tolerance to the compound 24 hours later as measured
by the performance on a modified rotarod {the rotacone) The plasma levels of
chlordiazepotide and the major metabolites 7 chloro-2 amino-5 phenyt 3H 14
benzodiazepine-4 oude (D M) and 7-chloro 13 dihydro-5 phenyl 2H 1,4-benzo-
diazepine-2 one-4 oude { lactam”) were determmed 10 mice acutely and re
peatedly treated with chlordiazepotide Although a single pretreatment of
chlordiazepoxide HCI mncreases the rate of metabolism other factors must be
mvolved to explain the tolerance developed. Mice treated twice with chlor
diazepouide  HCl 165 mgfkg had significantly higher plasma levels of the
compound and its metabolites 10 and 30 minutes after the second imjection
(given 24 hours after the first tnjection) as compared with mice receving 50
mgfkg chlordiazepoxide HCI acutely, while the performance on the rotacone
was similar 1n the two groups Chlordiazepotide had the most potent effect 1n
the rotacone test D M and <lactam’® were about equipotent

Key words ammal - — drug tolerance

Chlordiazepoxide (clopoxidum NFN) has been reported to cause tolerance
after repeated treatment of mice and rats HoOGLAND et al (1966) showed
that treatment for 5 days with 100 mg/hg chl P to rafs p d
tolerance to the skeletal muscle relaxant effects of the compound These rats
sho\ved ncreased rates of tissue disappearance and excretion of ¥C-labelled
de as d with tolerant rats due to stmulation
of the hepatic 1 ble for drug bol; sug-
gesting that this stimulation was mvolved mn the mechamism of tolerance
development
GOLDBERG ef al (1967) reported that tolerance to many effects was
developed after chromc ad of chl poxide to muce and rats
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Ewidence was found suggesting that d bolism participated m the
underlyng mechanism
‘The aum of the present study was to examune whether the increase m
metabolism and excretion could explain the tolerance seen after repeated
with chlord, de to mice This was done by companing the
performance on the rotacone (DENCKER CHRISTENSEN 1973) with the plasma
fevels of chlordiazepoxide and its major metaboltes, 7-chloro 2 amino 5-
phenyl-3H-1,4-benzodiazepme-4-oxde (D M) and 7-chioro-1,3-dihydro-5-
phenyl 2H-1,4 benzodiazepine-2-one-4-oxide (“lactam”) shown m fig 1
(Coutiveo et al 1969)

Materials and methods
Ammals

Male albino mice (24-30 g) of the NMRI strain from Mgllegaard Breeding Labora
tanes were used

Measuring drug effect

Motor coordination was measured using the rotacone , a modified rotarod
(E Jacowsen Danmish Patent No 117598 1970, DencKEr CHRISTENSEN 1973) The
activity ratio (AR) 1s the highest test score 1 4 immediately successive trials 10 30 or
60 mun after mjection of the drug divided by the normal performance for a single
tramned mouse A low AR indicates a poor performance

Lactam”
Fig 1 Cl and 1ts mamn 1 mice o
Chl 7 chloro-2 5 phenyl 3H 14 4¢

DM 7-chloro-2 amino-5 pheny! 3H 1 4-benzodinzepine<4-ouide
“Lactam™ 7 chloro-1 3-hhydro-5 phenyl-2H 1 4-benzodiazepine 2

§
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Analysis

The specific determination of the metabohtes D M and lactam  was done according
to the method of ScuwaArTz & PostMa (1966) The ftotal concentration of chlor
diazepoxide and D M was estimated by a spectrophotometric method measuning the
absorption at 248 nm 1n 7 N HeSO4

Procedure

300 ul plasma was added to 2 m! 10M potassium phosphate buffer pH 70-72 and
extracted with 6 00 ml ether for 20 min, followed by centnfugation (2500 r p m.} for
5 min  Lactam was removed from the ether by extraction of 500 ml of this phase
with 300 ml 01 N NaOH for 10 mmn followed by the usual centnfugatton In this
way lactam was separated 1n the 01 N NaOH from chlordiazepoude and D M which
were still found in the ether The last mentioned compounds were removed from
400 ml of the ether phase by extraction with 400 ml 7 N H S04 for 10 mn

Lactam  analysis

The 01 N NaOH extract was washed with 4 m! etber and placed under a dayhght
tamp for 1 hour The flucrescence mtensity was read at 374 nm/470 nm (uncorrected)
on an Aminco Bowman spectrophotofluorometer

D M analysis

After removal of the ether by aspiration from the 7 N H SOy extract 12 ml of the
extract was removed to other tubes After 1 hour the fluorescence was determined at
363 nm/470 nm {uncorrected)

Chlord azepovide aralysis

The absorption m the rema ning 7 N HzSOjy extract was measured using a Bechman
DU spectrophotometer at a wavelength of 248 nm 1n which both chlordiazepoude and
D M show an absorption masimum

Conformity with Beer s law was ensured for both compounds Concentrations 1 the
plasma of treated ammals were based on authenhe standards of chlord azepoide DM
and lactam added to plasma and carried through the same procedure as the un
knowns All determinations were done 1n duplicate The vanation from the mean was
found to be reproducible wathin 2 3% The senmtivity using 300 pl plasma wos
03-05 pg/ml plasma for DM and lactam and 1 2 pg/ml plasma for chlordiazep
oude Recoveries for the components ranged from 85 to 100 per cent Calculations
were done according to the methad of SCRwARTZ & PosTMA (1966)

Treatment
A Relanve potency of chlord a epoxide D M and lactam®

Various doses of D M and lactam were tnjected intrapentoneally mnto previously
tramned mce The performance tests on the rotacone were taken 34 hour later Im
mediately after the test the mice were decapitated and blood samples were collected 1
heparimized tubes w th blood from 2 mice 1n each sample Plasma analys s were made
as described under analysis SKF 525A 50 mg/kg was mjected 1ntrapentoneally into
tramed mice ¥ hour before the nject on of 35 mgitg chlord azepoxide HCl Per
formance tests were carmied out 10 30 or 60 mun after the mnyection of chlordiazepox de
HCl Immediately zfter the test the mice were decapitated and blood samples were
coliected 1n heparinized tubes with blood obtamed from 2 muce 1n each Analysis were
ding to the above p Cl de DM and SKF 525A were

done
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Table 1
Treatment sequence
Group 1st day 24 hrs later
“Acute 50" 09 % NaCl 50 mg CDZ HClikg
001 mtlg 001 mlig
“Repeated 50 450" 50 mg CDZ HCl/kg 50 mg CDZ HCl/kg
001 mlfg 001 mlfg
“Acute 165 09 % NaCl 165 mg CDZ HClifkg
001 mljg 001 mifg
“Repeated 165+165* 165 mg CDZHClIfAg 165 mg CDZ HCl/kg
001 ml/g 00t mlfg

CDZ HCI = Chiordizzepoxide,HCI

dissolved m 09 % saline as the hydrochlonde salts “Lactam” was dissolved as the
sodim salt 1n 0.9 % saline

B Tolerance studies

Trained mice were randomly divided 1nto 4 groups and treated as indicated in table 1
After the fust day of treatmient the mice were given food and water ad hbtiwn
24 hours later the normal performances of the mice on the rotacone were determined
and different doses of chlordiazepoxide HCl were given mtrapenitoneally as indicated
In the table The test and blood samples were taken as descnibed 1n the SKF 525A
study The groups are named as 1ndscated 1n the left column In all studies the mice
‘were kept at 31° from the mjection to the test

Staustlcal analysis The Mana Whitney test was used for comparison of the means

Results

A Relative potency of chlordiazepoxide, D-M and “lactam” on the
rotacone

From fig 2 1t can be seen that the relative potencies of D M and “lactam”
are almost equal

As the of chl de 1n muce 15 very rapid 1t 1s not
Possible to measure the effect of chlordrazepoxide alone 1n the mmce Half an
hour after the mjection of chlordiazepoxide, HCI only small amounts of
the compound are found (fig 4) In order to decrease the metabolic rate
Ppretreatment with SKF 525A, 2 known whibitor of the enzymatic degrada-
tion of many compounds, was used SKF 525A 50 mgfkg was given 14 hour
before the mjection of chlordiazepoxide, HCl 35 mgfhg Fig 3 shows
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10 20 30 40 50 ug DM or
Lactamy ol plasm

Fig 2 The performance of trained mice on the rotacone as compared with the plasma
levels of D M and Jactam’ D M was gven intrapentoncally (001 ml/g) in the follow
mg doses 1 ¢ 30 50 60 and 80 mp/kg ‘Lactam was gwven intrapenitoneally (001 mi/g)
1n doses of 15,30 50 and 75 mgikg AR Each point 15 the mean of 14 mce £ S E M
(vertival lines) Plasma levels Each point 1s the mean of 7 estimation + § E M (hon
zontal lines) on blood from two mice after a particular treatment Test and blood
samples 30 min after the mjection
DM A— — —A
Lactam [Q---- --- ml

the plasma levels and the performances 10, 30 and 60 mun after the
mjection of chlordiazepoxide, HCl Companson of this figure with fig 4
shows that more chlordiazepoxide and less D M 1s present in the plasma of
mice pretreated with SKF 525A than i the plasma of mice receiving only
chlordiazepoxide, HCI at all tunes tested After 30 min the AR i the SKF
525A pretreated amimals 1s low, 0,18 The plasma levels of chlordiazepoxide
and D-M are 12 ug/m! plasma and 7 pg/ml plasma, respectively The “lactam”
level 1s not measurable As seen i fig 2 37 ug D-M/mi plasma had an AR of
024, which mndicates that chlordiazepoxide must be the most potent of the
three compounds No effect was found after 50 mg/\g SKF525A as compared
to saline treated ammals After 75 mg/kg SKF 525A a sigmficant decrease
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AR

Qs
(X

04

ug COZ 10 30 60
oM
Lac(am/:‘l

lasma

min after
nj

Fig 3 3% hour after intraperstoneal injection (001 ml/g) of SKF $25A 50 mglhg
35 mgitg HCI 15 given 001 ml/g) to traned mice
Plasma Ievels and performance on the rotacone afe given as a function of time after
chlordiazeporide, HC1 injection AR Each point 15 the mean of 16 mce £ S E M
(vertical Lines) Plasma levels Each pount ss the mean of 8 estmations on blood from

two mice * § E M (vertical lines)

Chlordiazepotide Q- O

DM A— ——A

“La¢tam* a -0

in performance was seen A synergism between SKF 525A and chlor-

diazepoxide 15 not likely with the dose of SKF 5254 used, but this cannot be
exclyded

B Tolerance studies

Fig 4 shows the results from the “Acute 50” and the “Repeated 50450
groups The repeatedly treated amumals have a migmficantly mgher per-
formance (P <<001) 10 and 30 mun after imection At the same time
stguificant dufferences were found between the chlordiazepoxide and
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Fig 4 “Acute 50’ and ‘Repeated 50 + 50 Flasma levels and performance on the
rotacone as 2 fonction of hime after chlorduazeponide, HC! 1njection on the dest day
AR Each point s the mean of 16 mce = S E M (vertical lines) Plasma levels Each

pomt is the mean of

§ estimations on blood from two mce + S E M (vertical lmes)

# P <001 Mann Whitney s test
CDZ = chiordiazepoude

AR oz DM “Lactam”
“Acute 507 —V— —0— —p— --~O-"
“Repeated 50 + 507 -y ——8— —— A -~
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Fig 5 “Acute 165” and Repeated 165+165" Plasma levels and performance on the
Totacone as a function of tme after chiord azepoude HCl smjection on the test day
AR Each point 15 the mean of 16 mice = S E M (vertscal Lines) Plasma levels Each
pownt 1s the mean of & estimations on biood from two mice & § E M {vertical Lines)

* P <001 Mans Whitney s test
CDZ = chlordiazepoude

AR <z DM Lactam™

“Acute 165"

—V— —O— —A— ---O---

“Repeated 165+165

° A —— -
4 -
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Fig 4 “Acute SO and Repeated 50 + 50" Plasma levels and performance on the
Totacone as a function of time after chlordiazepoude HCI injection on the test day
AR Each point 1s the mean of 16 mice + S E M (vertical lines) Plasma levels Each
point 1s the mean of 8 estumations on blood from two mice = § E M (vertical hines)
* P <001 Mann Whitney s test
CDZ = chlordazepoxde

AR €z DM “Lactara”

“Acute 50° _— —0— —A— -—--0---

“Repeated 50 + 50" —_——y— - A
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tam” levels The plasma level of D-M, however, after 10 min was found
to be sigmficantly higher (P << 0 01) 1n the “Repeated 50450 group, while
1t was Jower after 30 and 60 min (P << 001) indicating a more rapid dis-
appearance of the compound from the plasma

1 was also developed after repeated with 165 mg/kg
chlordiazepoxide, HCI as 1s seen 1n fig. 5, where the AR for the “Repeated
165-+165” group was sigmficantly higher than for the acutely treated
ammals 10, 30 and 60 min respectively after injection The plasma levels
of chlordiazepotide from the “Repeated 1654165 group compared with
the “Acute 165”7 group are sigmificantly lower 10 (P<<001) and 30 min
(P << 001) after injection, and after 60 min the DM level 15 also Jower
(P <<001) “Lactam” levels were found to be higher in the repeated group
at all testing times The overall picture shows an mcreased disappearance
of chlordiazepoxide and D M 1n the repeated groups, while the “lactam™
level 1s a little higher

These changes in the metabolism of chlordiazepoxide cannot explain the

tolerance seen in ths study From fig 6 which shows the results for the
“Acute 50° and the ‘ Repeated 165+165" proups 1t can be seen that
the AR 1s of the same magmtude 1n the 2 groups 10 and 30 mun after
the mjection At the same times the levels of chlordiazepoxide, D-M and
“lactam” are significantly higher mn the “Repeated 165+ 165" group than
1n the “Acute 50° group This suggests that the tolerance developed cannot
solely be due to d plasma disapp of chlord) de and its

bol in mice p d with chlordiazepoxide, HCI, not even if the
relative potencies of chlordiazepoxide, D-M and “lactam” are taken mto
consideration

Discussion

Vanous may be t 1 the develop of tol
They can be divided mio two classes {KALANT et ol 1971) The kst one,
which 1s dispositional tolerance, involves factors which decrease the con
centration of the drug at the site of action, such as changes i shsorphion
distribution, excretion and metabohsm The second one, namely functional
tolerance, 15 related to a decrease m the sensitrvity of the target tissue to
the drug

The present work shows that a single pretreatment with chlordiaze;
HCI to muce 1s sufficient to ncrease the d of chl
and 1ts major metabolites from the plasma as compared with acutely trreated
ammals and 1n this way participates 1 the underlying mechamsm for the
tolerance developed This 15, however, not sufficient to account for the
tolerance developed Fig 6 shows that muce receving a single dose of

poude,
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50 mg/kg chlordiazepoxide HCI have the same performance as mice treated
repeatedly with 165 mgfkg chlordiazepoxide, HCl Nevertheless the plasma
levels of chl P and 1ts bolites are {ly tugher in the
repeatedly treated group than in the acutely treated ammals

The possibility of an altered distubution from blood to brawn 1 tolerant
and non tolerant amumals cannot be excluded As mentioned 1 the review
by KALANT et al (1971) some disagreements can be found m the hterature
concerning this problem with regard to barbiturates and minor tranquilizers

The data about chlordiazepoxide of HOOGLAND et al (1966) show that the
brain plasma ratio for chlordiazepoxide 2-1C 1s Iower n rats made tolerant
to the compound than 1n non tolerant rats

1t would be nteresting to see if the same phenomena could be observed
m muce and 1if this could explam the tol seen after repeated t.
with chlordiazepoxide

Acknowledgements

1 would like to thank Mr Ugo Basile, Via A Campiglio 9, 120133
Milano, Italy, for the excellent manufactunng of the rotacone used here,
mrs E Jprgensen for skilful tect 1 Dumex Ltd , Copent
for a generous supply of chlor poxide and 1ts bohtes D M and
*lactam , and Smuth Kline & French Laboratones, Philadelphia, for a
generous supply of SKF 525A

REFERENCES

Coutinho € B T A Cheripko & J J Carbone Relationship between the duration of
anti convulsant activity of chlordiazepoxide and systemic levels of the parent
compound and its major metabolites in mice Biochem Pharmacol 1969 18
303 316

Dencker Chnstensen I The rotacone A new apparatus for measiring motor ¢o-
ordination 1n mice Acta pharmacol et toxicol 1973 33 255-261

Goldberg M E A A Manan & D H Efron A comparative study of certam phar
macologic responses following acute and chromic admun strations of chlordiazep
oude Life Sciences 1967 6 481-491

Hoogland D R T § Miya & W F Bousquet Metabolism and tolerance stud es with
chlordiazepoxide 2 1C in the rat Toxicol Appl Pharmacol 1966 9 116123

Ralant H A E Leblanc & R J Gibbins Tolerance to and dependence on some
non opiate psychotropie drugs I’llarmncol Rev 1971 23 135 191

Schwartz,M A & E Postma of chl de 7
Pharm Sc 1966 55 1358 1362




Acta pharmacol et toxical 1973, 33, 273-279

From the Z: ! 1L of Zoology,
Umversity of Turkuy, SF 20500 Turku 50, Finland

Temperature-Dependent Sensitivity of Adrenoreceptors
in the Toad’s Heart

By

Mikio N L. Ham
(Recetved January 5, 1973 Accepted February 1, 1973)

Abstract A decrease of the expenimental temperature from 25* to 12° resulted
m a 102 X increase 1n the sensitvity of the toad s heart to the positive chrono
tropie effect of adrenaline, measured as EDS0 ratios, and 1n a 49 X mncrease of
the to the o drug p! In contrast, the sensitivity
to the B drug did not change with tempera
ture alteration Acchmatization of the ammals to 25° increased the sensitivity of
the heart to adrenaline by 22 X compared wib the 10° mamntained toads The
blocking capacity of the blaching agent, was

with cold The most pronounced decrease was seen 1n the blocking capacity to
the effect of isoprenaline On the other hand the blockmg capacity of the

o blocking agent p! was di with warmth In

lhu case the most marked decrease was observable dunng antagomism between
and pl

Key words T - - - heart

Some recent studies 1n mammals (GARB & PENNA 1956, TRCNDELENBURG
1968, OPPERMANN ef al 1969, 1971, 1972, REINHARDT et al 1972, SCHUMAN
et al 1972) and 1n amphibians (Kunos & SzENTIVANYT 1968, Buckiey &
JorpAN 1970) have shown that the sensittvaty of 1solated organs to sympatho-
Mumetic amunes 1s 1ncreased as the expentmental temperature is decreased
Furthermore, 1t 1s shown that 1n the 1solated frog heart the blocking capacity
Of o adrenergic blocking agents to the effect of adrenaline is increased at
low temperatures, whilst the blocking capacity of B adrenergic blocking
agents 15 decreased (Kunos & SZENTIVANY! 1968, BUCKLEY & JORDAN 1970)
However, on 1solated guinea pig atria, the affimty of @ blockers was not
influenced by temperature changes (RENHARDT e al 1972)

1% Acta pharmacolos ca vol 33 fasc 4
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In this study the sensitivity of the toad’s heart to the posttive chronotropic
effect of sympathomumetics and the capacity of adrenergic blocking agents
to antagomze these effects was tested at two temperatures using an i vivo
techmque In addition, the importance of temperature acchimatization in
modulating the sensttivity of the heart to adrenaline was studied

Matenials and Methods

Ammals

Altogether 101 male sumimer toads (Buro BuFo), wetghing from 30 to 45 g were
used The 2mmals were mamntaned at 10° for at least two weeks before use Some
ammals were also acchmatized to 25° for two weeks before assay

Experimental procedure

The toads were pithed The chest was opened leavsng the pericardium undamaged
A polyethylene tubing combined with an injechion synnge was introduced into the
abdomiral ven for the injection of drugs, and the ammals were allowed to stabilize for
30-50 min before addition of the drug at the expenimental temperatures of 25° and
12° The abdormnal vein was cut distal to the tubing immediately before the agomst
jection 1 order to allow any excess flud to fiow out Cumulative dose response
relationships were determuned by the njection of agomst at mtervals of 2 mun and
by increasing the concentratton of agomst m the jection flud an steps of 05 log
units until no further increase in positive chronotropic response to that agomst had
developed The heart rate was caunted during the 30 to 90 second peniod post 1njection,
at which time the maximum response had already developed When the blockng
capacity of an adrenergic antagonist was studied, the antagomist was dissolved in the
same frog Ringer as the agomist In order to achieve a sufficient concentration of
antagomst at the recepior sites even before the agomist injection Ringer contamsng
the antagonist 1n a concentration indicated m table 1, was injected 30 and 5 mun
before the agonist The injected volume was 004 mIj10 g of body weight The dose of
agoast required to produce 50 % of the maximum positive chronotropic response
(EDS50) was determined from the log dose response curve obtaned A single dose
response was on each heart Sigmficance of differ
ences was estimated by Student s t test

Drugs
‘The following drugs were used 1 adrenaline as base (Merck A G) isoprenaline
hydrochlonde (isuprel®, Winthrop) chlonde 1num NFN)
®, W ) chlonde NFN) (inderal®,
ICI)p b chlonde NFN) , Smutk, Khine and
French Laboratones)
Results

The basal heart rates were 24 2 + 124 beats/mun at 25° and 134 * 033
beatsjmin at 12° The results in fig 1 and 1n table 1 show that a decrease
1 the expenmental temperature from 25° to 12° resulted 1 a 102 tumes
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decrease of the ED50-values for the positive chronotropic response of the
toad’s heart to adrenaline (P <C 0 001) and 1n a 4 9 times decrease to phenyl-
ephrine (P<<002) Thus, the sensitsvity of the toad’s heart to these drugs
was creased with cold In contrast, the sensitivity to 1soprenalme did not
change sigmificantly with temperature alteration The maximum responses
to these drugs did not differ sigmficantly from each other either when
measured at 25° or at 12° The results also show that acchmatization of the
10°-mawntamed toads to 25° shifted the d p curves for adrenal

to the left by 022 log umits (P << 0 001)

Addition of adrenergic bloching agents to the njection flwd shifted the
dose-response curves for the agomsts to the right 1n a parallel manner at both
temperatures used, without reducing the maxima Propranolol i 3 X 1077M

ation m the ) flwmd d the EDSO values for adrenaline
by 3 5 times when measured at 25° and by 4 7 umes when measured at 12°
These values do not differ sigmficantly from each other However, the
blocking capacity of 3 X 107" M propranolol to the effect of 1soprenaline

*
W9 [ jsoprencline Adrenctine Pheaytephrine
25°C as'c 2s°c
50
° ]
100
e e ”e
50

o
001 61 1 W WO OM 61 1 W WO 00 &1 1 W Wouglky

Fig 1 The log dose response curves for the posstive chronotropic responses of the

toad's heart to and p ne when at 25° and

at 12° without antagomists (dots) and wuh 3 X 107 M propranolol (triangles) or

5% 108 M phenotybenzamne (open circies) 1n the njection flud Continuous lines

indicate +10° acclimatized and broken lines +25° acchimatzed toads The responses

are ted 1n of (=100 %) The exact values of the mavimal
responses and the numbers of experunents are given in table 1
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was decreased from 107 times at 25° to 26 tumes at 12° and that to the
effect of phenylephrine from 3 9 times to 1 1 umes, respectively, as measured
by the ED50 ratios 1n the presence and absence of the blocking agent. A
smaller concentration of propranolol (3 X 1078 M) did not affect signtficant-
1y the ED50 values for the amines tested The blocking capacity of 5 X 107¢M
{smaller concentrations were meffective) phenoxybenzanune to the effect of
phenylephnne was 102 times greater at 12° than at 259 Furthermore,
phenoxybenzamine caused a 69 tumes blockade to the effect of adrenaline
at 12° but only a 4 2 tumes blockade at 25° In contrast phenoxybenzamine
did not block sigmificantly the response of the toad’s heart to isoprenaline
at any of the temperatures used

Discussion

The i vao techmque used proved to be a very simple and rapid meth-
od for testing the drug effects on the amphibian heart, since the drugs
injected mto the abdommnal ven reached the heart rapidiy and practically

without dilution C do curves, lly used for
ssolated organs only, were regarded as the most useful method for companng
the of different h amunes, since the duration of the

chronotropic response caused by a single amine mjection rematned unaltered
for at least 5 mun even at the hugher expenmental temperature In this study
the maximum responses of the toad's heart to the sympathommmetics used did
not differ sigmficantly from each other at any of the temperatures used
Hence the ED50-values gave the best results for comparing the potencies of
different agomsts In agreement with these results the maximal developed
motropic effects induced by some p-adrenergic drugs on gumea pig atna
did not differ from each other at temperatures of 25° and 33° (REINHARDT
etal 1972) On the other hand, BUCKLEY & JORDAN (1970) observed that the
extent of the effect of 1soprenaline on work output (force X rate) of the
1solated frog heart was d at low bath temp more than those
of adrenaline or noradrenaline However, they used only a few doses (2 to 3)
so that one cannot draw any conclusions Furthermore, 1n agreement with
thes study Kunos & SzrNTvanyr (1968) showed that 1n the isolated frog
heart, the treshold to was d d at low bath
temperamres On the other hand, there are data which show that the
of ssolated auricles might depend on the
a.mma\s species used (OPPIRMANN et al 1969)
OPPERMANN et al (1971, 1972) d that the temp d d

sensitivity of 1solated guinea-pig atna may be due to decreased catcchol 0-
methyl transferase actvity at the Jower bath temperature but not to a
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decreased uptake of ammes It 15, however, mteresting to note that the
affinity of the amunes used for the uptake mechamsm in rat heart 15

drenalne > phenylephrine > Tine (IVERSEN 1964) If a decrease m
the activity of the uptake mcchamsm occurs at the lower temperature one
would expect to see changes 1n sensitivity 1 the same relative order, which
1 fact 1s the case in this study Some reports based on expenments 1 mam
mals (REINHARDT ef al 1972, SCHUMAN et al 1972) and in frogs (hunos
&. SZENTIVANYT 1968 BuCKLLY & JORDAN 1970) support the assumption that
the metabolic rate of an organ may be the factor which determines the
sensitivity of the adrenoreceptors and hence the selectivity of the sympathomi
metic drugs This 15 also supported by the observation that acchmatiza
tion to warmth changed the senstivity of the toad s heart to adrenaline
1 10ns are m to elucidate 1 more detauls the role of temper
ature acel 1zation 1 modulating the y of ad:

Jn the 1solated frog heart the b]ockmg capacity of a adrenergxc blocking
agents to the effect of adrenaline was found to mcrease at low temperatures
the opposite being the case for the blocking capacity of § blockers (hunos
& SZENTIVANYI 1968, BucKLEY & JoRDAN 1970) On the other hand, n the
1solated guinea pig atna the affimuty of p blockers to the effect of p adren
ergic drugs was not influenced by temperature changes (REINHARDT ef al
1972) In thus study the blocking capacity of propranolol (B blocker) was
decreased with cold, the most pronounced decrease was seen m the blocking
capacity of propranolol to the effect of 1soprenaline ( stmulant) On the
contrary the observed increase i the blocking capacity of phenoxybenz
amne (a blocker) 1n the cold was most marked 1n the phenoxybenzamine
to phenylephrme (« lant) It can be luded that the
affimty of a blockers on the adrenoreceptors of the toad s heart 15 increased
at low temperatures whilst the affimty of the § blockers 15 mncreased at high
temperatures
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Biliary Excretion and Intestinal Reabsorption of Mercury
in the Rat after Injection of Methyl Mercuric Cloride
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Tor Norseth
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Abstract The relative amount of methyl mercuric compounds m rat bile 1s not
dose dependent for doses from 1 mg Hglkg rat weight to less than 1 pg He/he
givens as methyl mercunc chlonde Binding of mercury 1n the bile and reabsorp-
tion from the intestinal tract are stmilar for doses several orders of magmtude
apart The reabsorption of mercury 18 not part of an enterchepatic clreulation
as mercury which 1s reabsorhed 1s not d The distnbu
tion of sulfhydryl groups between the liver and the bile does not explan the
distribution of mercury The excretion of mercury does not increase when the
volume of bile incyeases The mercury concentration 1n the bile reflects the liver
concentration and not the plasma concentration There have been no indications
of an active transport mechamsm for methyl mercunc compounds from the
fiver cell to the bile demonstrated

Kev words Methyl mercuric chlonde — bihary excretion — entero-hepatic cir
culation

Mercury 1s excreted in the bile in a number of ammal species after ex-
posure to methyl mercunc salts (NOrRSCTH & CLARKSON 1971, NORSCTH
1971a, VosTAL 1972) The bilsary content of mercury both 1n the rat and
n the mouse after such exposure 1s higher than the faecal excretion thus
mdicating reabsorption of hary mercury from the gastro-intestinal tract
(NorseTR & CLaRksoN 1971 NorsrrH 1973) Mercury in bile after ex
posure to methyl mercunic salts 1s bound to a number of different com
pounds, including at least one protein compound and one compound of
the molecular size of a small peptide or an amino acid (NORSETH & CLARK-
SON 1971, NorsETH 1971b) The rate of reabsorpuon of mercury s different
for the diff ds, the small 1! T d bemg re-
absorbed to the hlghest extent Based on this observation, peroral treatment
of mice after exposure to methyl mercunc chlonde with a resin which could
not be absorbed was suggested Several resins substituated with sullhydry!
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groups were tested, and a polyvinyl resin was found to be effective (CLARN-
SON et al 1973)

The studies on the intestinal transport of methyl mercury i the rat have
so far been done 1n a model system by admumstering a standard dose of 1 mg
Hg/kg rat weight as methyl mercuric chlonde For practical toxicological
purposes this must be assumed to be an unreahistic high dose Furthermore,
to what extent the reabsorption really demonstrates an enterohepatic circula-
tion mnolving reabsorption and subsequent reexcretion n the bile 15 not
known

In this paper therefore the relative bihary excretion, reetcretion and
binding of mercury 1n bile after the mtravenous mjection of different doses
of methyl mercury chlonde has been tested

Materials and methods

A single intravenous injection of 2%Hg labelled methyl mercuric chlonde was given
to female rats ( mean weight 200 g range 180 g—230g) of our own breed {Institute of
Occupational Health Wistar) 1n doses ranging from 5 mg Hglkg rat weight (1000
nelrat) to 0001 mg Hglkg rat weight (02 pglrat) The rats were kept in barbiturate
narcosis durning a two hours collection pertod A tracheal tube was nserted to heep free
aurways and the body temperature was hept constant The bile was collected 1 pre
werghed vials and the amount of bile was determined by weighing The mercury
concentration was determined by counting ¢ach vial and compaired with the standard
samples of the injection solution with known specific activity

A system 1ncluding two rats with canutated bile ducts was used for testing the extent
of reexcretion of mercury Bile from one rat was introduced into the duodenum of the
other rat over § hours and bile from this rat was collected as described previously
at intervals of 15 mn At the end of the experiment both rats were counted 1n 2 whole
body counter the intestnal tract from the rat receiving bile was removed and counted
and the biliary excretion of mercury from this rat determuned as previously described

The effect of bite flow on mercury excretion was tested after mducing a high flow
of bile by sodum debydrocholate treatment Sodium dehydrocholate was injected sub-
cutaneously after a control excretion penod of 2 bours and the excretion tested at
15 mm 1ntervals over the first hour and at 60 mun intervals for an additional 3 hours
Period

Rats were given 1 mg Hg/kg as methyl mercunic chlorde and killed at the time
intervals of 1 hour 2 hours 4 hours and 24 hours to lest the ratio of biliary concen
tration of mercury to that of the lver plasma or blood The concentration of
ercury 1n samples of blood plasma and liver homogenates was determined as de
seribed for bile

The binding of mercury i bile was by column on
sephadex G 75 m 01 M Tns buffer pH 80 and with sodium azide and 0.5 M NaCl
added Fractions of § m! were collected and the exclusion volume determined using blue
destran (AB Pharmacia)

Methyl mercunic cysteine was used for indicating the elution of the small molecular
even if final of this bad not been done Chromato-
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Table 1

Mercury excreted 1n bile with different doses

+8
Dose glrat No of rats Excreton {mean D)

18/2 hours % of dose

1000 2 201431 20
200 45 39240 + 12977 19+ 06
20 4 02700 x 00837 1108
2 4 00583 + 00134 32*10
02 5 00050 25%06

graphy was performed shortly after the bile was collected but some samples hept
frozen or cooled were run the next day for control purposes Mercury in the fractions
was determined by direct counting of the fractions with standards and adjusted for de
creased counting efficiency because of large counting volumes

Sulfhydey! groups in the liver and bile were determined by the method of SEDLAE
& LINDsay (1968) The liver was homogenized 1 ice cold 00> M EDTA For non
protein sulfhydryl groups protems were presiptated with 10 % of 50 % TCA Bile was
collected directly into the reaction muxture or into ice-cold 002 M EDTA

Results

The relative amount of the mjected dose of mercury excreted i the bile
dunng the first two hours varted from 11 %, to 3 2 %, of the dose (table 1}
The vanation did not, however, scem to be dependent on the imjected
dose The hughest and the lowest dose resulted 1n simular relative excretion
The collection period of two hours was used because these rats were also
used for other purposes Longer ttme ntervals were tested for some doses
The time course of the excretion did not vary with the dose

Table 2

Enterohepatic circulation of mercury

5D
No of rat parrs Dose (ug/ran Biliary excretion (mean )

% of dose
Ratly  Rat2M Rat1 Rat2
3 200 14 7104 48+25
3 02 oot4 72%12 39118

1) The dose was given by intravenous injection

 The dose was given by smplantauon of the canulated bile duct from one yected
rat into the duodenum of one of this group The value corresponds to bultary
excretion from the inected group
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Fig 1 Bilary excretion of mercury n rats given mercunc chlonde by direct infusion
nto duodenum of the bile from rats injected with methyl mercunc chlonde Circles
represent an inyected dose of 200 pg Hglrat, and the corresponding excretion values
are given from 00 to 03 g Helg bile Triangles represent an 1jected dose of 02 pg
Hg/rat, and the excretion values are given from 00 to 00003 pg Helg bile The rats
wete myected at time 0, and each pownt represents the mean of 2 expenments
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Fig 2 Mercury concentration n rat organs at different time intervals after intra
vesous myection of 200 g Hgfrat as methyl mercunc chionde Each point represents
mean £ S D for 3 to 5 rats
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‘When bile from rats given 02 pg of mercury was directly excreted nto
the duodenum of another rat, 72 % of the oniginal dose was excreted dunng
5 hours Biliary excretion of mercury from the second rat was 3 9 % of the
mtroduced dose (table 2) When the dose given was 200 pg 719, was
excreted by the treated rat while 4 8 % was excreted by the rat receiving
bile

There was a lag peniod of about 60 mun between treatment of the first
rat before the mercury could be detected 1n the bile of the second rat This
fag period as well as the time course of the excretion was the same for both
the dose levels tested (fig 1)

The biliary concentration of mercury was about 3 pg/g both after 1 and
2 hours, then decreased to about 25 pgfg after 4 hours and slightly more
than 1 pg/g after 24 hours (fig 2) The concentration of mercury i the

VOLUME
2
]
I —
]

. . . ; . ;
g3 CONG
a =
2 2| i) g+
Ey -

z [F——
a gj,
4 % [l L  — )
3 TOTAL
o2 N 'c//j:;:’“ <

7 e, 'q
:a: < N —)
21

T

T2 3. 4 6 6

HOURS

Fig 3 Bilary excretion of mercury m rats given a single intravenous njection of

methyl mercunc chlonde at ume 0 followed by 100 mg sodum dehydrochotate after

2 hours Concentration of mercury m bile 15 given for intervals of 15 mm over the

hours before and after the dehydrocholate mnjection  Average values for the same

time periods are given for bile volume and total mercury excretron Each curve Ie
presents one rat
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Iver was after 1 hour between 5 and 6 pg/g, then fell to about 4 5 ngjg,
3 pglg and 15 pgjg after 2, 4 and 24 hours, respectively There were no
differences between the Iner and bile concentrations after 2, 4 and 24 hours
(t test, P < 0 05)

The blood concentration of mercury was shghtly less than 10 pgml
dunng the tesung period (fig 2) Plasma concentrations fell from about
7 pgfm! 10 0 1 yg/m! during the same period The red cell to plasma ratio
creased from 24 after 1 hour to 138 after 24 hours

The biliary concentration of mercury decreased after treatment with de
hydrocholate The bile volume increased as expected, and the total mercury
excrehion was unaltered (fig 3)

Mercury n bile ts bound to some small molecul. d ly
of the dose as no difference was found for the doses of 200 pg aud 02 g
(fig 4) When the bile was stored for 24 hours there was a shift 1 the
binding and all the mercury was found 1 a fractton corresponding to some
high molecular weight compound when 02 pg was given A shuft in binding
was also found with the high dose, but only a small part of the mercury
shifted with this dose

Total sulfhydryl groups 1n bile were 233 £ 024 umolfg (n = 16) The
amount of protemn sulfhydryl 1n bile was too low to be deternuned by the
method used as no differences were found between the non protein and
the total amount Total sulfhydryl groups in the liver were found to be

COUNTS
000,

3000

2000)

1009

2 30 40 50 [
® FRACTIONS

Fig 4 Column chromatography on sephadex G 75 1 01M tnis buffer pH 80 of bile

collected during the furst 2 hours after an travenous myjection of 02 g He as

methyl mercuric chlonde Blue dewran and methyl mercunic cysteme were eluted

corresponding to fractions 10-13 and 46-50 respectively The drawn curve represents

bile applied to the column shortly after the collection period was ended the dotted

hine represents an aliquot of the same sample after bemng stored frozen for sbout.h,
24 hours

.
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2186 + 247 pmol/g (n=8) and the non-protein part was 466 + 092
pmol/g (n = 5) Sulfhydryl groups in bile and non protem sulfhydryl groups
m the hver are significantly different (t-test, P < 0 001)

Discussion

The biliary excretion and reabsorption patterns demonstrated previously
for relative high doses of methyl mercury chlonide in the rat are the same
for doses several orders of magmtude apart (Norstre & CLARKSON 1971)
This indicates that treatment with resins which are not absorbed will also act
with low doses of mercury (CLARKSON et al 1973) The effect of the treat-
ment will, however, depend on the relative amount of mercury excreted i
the bile of different amimal species Differences 1n mercury excretion between
species have been demonstrated (VosTAL 1972) Mercury has been demon-
strated 1n human bile, but both exposure condittons and the mercury com-
pound used are unknown (NORSETH, unpublished results)

Mercury 1n bile after exposure of rats to methyl mercunc chlonde 1s
almost exclusively present as methyl mercunc salts, a small amount betng
morganic mercury (NORSETH & CLARKSON 1971) The mechamsm of the
methyl mercury exeretory process is unknown No indication of a saturable
Process has been demonstrated with doses up to 5 mg Hg/kg rat weight or
1000 pg/rat, corresponding fo about 10 pg Hg/g of bile Both the results
from five dose levels tested for the two hour penod, and the excretion and
e excretion expenment which mcludes four dose levels for the excretion,
support this i Even the 1on 10 pg Hglg, however, 15
lower by more than a factor of ten on a molar basis than the concentration
of the sulfhydryl groups 1n bile

The 1ntestinal transport of mercury does not seem to be part of a real
enterohepatic circulation 1if the term includes re-excreion of the amount
absorbed The relative amount of mercury re-excreted as compared with
the tihary excretion after intravenous injection, cannot be accurately esti-
mated because of the different exposure pattern A lower amount of the body
burden, rather than a higher amount scems to be the correct answer This
assumption 13 correct even with a degree of reabsorption of about 65 %,
a value recorded for some of the rats

Whether the binding pattern 1n bile reflects the excretory mechamsms
or unspecific binding 15 not known The same problems related to bihary

g has been d d by Ticny & Cixrr (1972), but
the binding of the methy]l mercuric jon scems to be more specfic the
tile than the bimding of manganese Even wath the high stability constant
of mercury for sulfhydryl groups, there 15 a re-distnibution 1n the bile when
samples are stored This re-distribution 15 obvious only with Jow concentra
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tions of mercury 1n the bile, and 1t probably reflects a small amount of
protein sulfhydryl groups, in the range of mpmol/g bile

The biliary excretton of methyl mercunc salts cannot be explaned by
transfer of the metal to a compartment with a higher concentration of
sulfhydryl groups the bile being this compartment The transport may
be related to the transport of some small molecular compound with a sulf-
hydryl group A compound corresponding to the methyl mercunc compound
demonstrated in bile could not be found by column chromatography 1n liver
cell homogenates or in the nuclear, the mitochondrial, the Iysomal, the
microsomal or the supernatant from the hver cell (NorstTh, unpublished
results) Small molecules with sulfhydryl groups present mn the liver mndicate
that such a compound may exist in small amounts probably with a rapid
turnover

The sumilar concentration of mercury m the liver and n the bile, and the
sumlar relative excretton over the doses tested do not indicate an active
process for the transport of mercury to the bule For the first two hours
there 15 a rapid mise 1n bihary mercury concentration but when the con
centration reaches the same level as for the liver, the concentration falls at
the same rate as for this organ

The low plasma values of mercury as demonstrated previously was found
m this investigation but the blood plasma ratio was considerably higher
shortly after the mtravenous mjection than after 24 hours (NORSCTH &
CLarksoN 1971) This did not influence the biliary excretion of mercury,
but may be of unportance in explaing the liver uptake There 1s a high
concentration gradient between plasma and hver, but the mechamisms of
liver uptake 15 not known

Passive transfer and excretion of mercury dependent on bile flow were not
found The concentration of sulfhydryl groups in bile decreased corre
sponding to the increased volume of bile Sulfhydryl groups and mercury 1n
bile were thus altered 1n a similar way by dehydrocholate treatment
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Uptake of Piribenzil by Rat Liver Slices

By
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Abstract The uptake of SH pinbenzil (2 hydroxymethyl) 1,1 dumethyl pipendiniem
{2H) benzilate an antichohinergic agent 1nto rat hver slices was found to be con
centration and time dependent At a mediom concentration of 1075 M the slice to
medium (S/M) ratio was about 4 after 60 minutes incubation The uptake was
decreased by acd and 24 ) and
by m N; similar {cations) also
decreased the uptahe of pirbenzil but orgamic anions did not influence the
uptake process Chromatographic studies revealed unchaoged pintbenzil 1 the
slices Binding of pinbenzil to liver homogenate occurred Moreover efflux of
ptabenzil from liver shices was decreased by rodoacetic acid These in vitro
expenments may reflect processes responsible for the biliary exeretion of orgamc
cations

Key words Pinbenzil - transport systems — liver

The importance of bihary excretion for the elummnation of many orgamc
catiomic compounds 1s well known (SMITH 1966, SCHANKER 1968) Processes
such as passive diffusion, affinity for cellular components and energy depen-
dent transport system(s) are very probably of importance for the transfer of
a compound from the blood nto the liver cells and out nto the bile To
elucidate the importance of such processes, incubation with liver shces are of
mterest Such studies have been performed with ¢ g procamne amide etho-
bromide (PAEB) (SoLoMON & SCHANKER 1963) and chloroguamidetnazine
(CGT) (Gicon et al 1969) These compounds are known to be elimunated 1n
the bile to a large extent The studies with CGT ndicated extensive bmding
to cellular components but the uptake was also energy dependent The uptake
of PAEB was markedly energy dependent and the uptake could be blocked
by vanious mhibitors Neglhgible binding to cellular components occurred

In order to learn more about the importance of the above mentioned
processes for uptake into liver tissues and then possibly for the mechamsms

19 Acta pharmacolog ¢3 vol 33 fase 4 - Eal
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respansible for the bibary excretion of orgame cations, the present study with
SH pinbenzil [2 (hydroxymethyl)-1,1-dimethyl pipendmum (H)benzilate]
an anticholinergic agent, was undertaken This substance 15 a monoquater
nary ammomum compound and s known to be elimmated to a large extent
i the bile (RYRFLLDT & HanssoN 1971) The uptake of pinbenzl was
studted e g 1n the presence of varous metabolic inhibitors and other organic
compounds which might mfluence the uptake process

Matenal and methods

SH pinbenzil methyl sulphate (sp act 95 yei/mg) was obtaned from the Rescarch
and Development Laboratortes Astra Lakemedel AB Sodertalje Sweden The radio-
chemucal purity of the compound was cheched by means of thin layer chromatography
as described below The compound proved to be radio chromatographically pure

Al other chemicals used 1n this mvestigation were of analytical grade and supplied
by E Merck AG and Fischer Scientific Co or as indicated 1 the text

Uptake studies

Female and male Sprague Dawley rats (250-300 g) were decaputated bled and the
Tivers removed as quickly as possible and placed in beakers contmning ice cold saline
Shices were cut free hand {about 0 § mm thick) and placed 1n 1ce cold Tyrode s solution
(PH 74 contaning | g glucose/l) The shices were then rinsed several tmes with
1ce cold Tyrode s solution and pre incubated for 15 munutes at 37° to get nd of weakly
bound cell components

The uptake studies were performed i vials contaiming 2 00 mt Tyrode s solution and
a liver shice {weght 70-130 mg) 3H puibenzil was added 1z 020 ml saline In some

xperiments the were added to the incubation medum 10 study
the r effect on the uptake of pinbenzil 2 4-dinttrophenol todoacetic acid ouabain
(Sigma Chemucal Co) sodium cyamde emepron bromide (AB Kabi Stockholm
Sweden) methylatropine lidocatne (AB Astrz Sodertalje Sweden) phenolphthalen
glucuronide (Sigma Chemical Co) andocllin ampiaillin (both AB Astra Sédertalje
Sweden) sulphobromophthalein sodwum (BSP) phenolphthalen and phenemal sodipm
These compounds were added m a volume of 020 ml saline The final incubation
volume was 1n all expcniments 2.40 ml Incubations were performed at 37° 1 carbogest
atmosphere (935 % O>and 65 % COw and the vials were shaken n a metabol ¢ shaker
“To stop the mcubation the vials were taken from the incubator and placed in ice cold
water The shces were removed blotted on slhightly mosstened filter paper and tans
ferred 1o test tubes contaning 100 ml we<cold water The slices wero homogenized
n a Potter Elvehjem and the of the as well a9
that of the medium was assayed
Results are expressed as slice to medism concentration ratos (S/M ratio) and are

dpm 100 mg slices

caleulated 8% FrTTGT T mediwm
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Efflux studies

Liver shees (weighing 93-107 mg) were prepared as described above Pre-incubation
was performed by transferning a shee ito 200 m! Tyrodes buffer and incubated at
37 for 10 minutes for temperature stabilization After that 020 ml saline containing
pietbenzil was added The concentration of pinibenzil 1n the final meditm was 108 M
Incubation was performed for 60 minutes at 37° 1n carbogen atmosphere and under
agitation

After this slices were blotted on shightly mosted filter paper washed 1n sce-cold
Tyrode's solution (whole procedure 10 seconds) and transferred to vials containing
aither 100 m! Tyrode's solution or 100 m! Tyrode's solunon contaiming iodoacetic
acid (1078 M) Incubation was then performed at 37° 1n carbogen atmosphere Samples
(100 ) were taken out from the medium at 10, 20 and 40 munutes after the start of the
ncubation, for radroactive assay

Radioactive assay

The of the h was assayed by alhiquots of 200 mg
to counting vials and the samples were dissolved m 040 ml perchlonc acid (70 %) fol
lowed by 020 m! hydrogen peroxide (30 %) The vials were placed in an oven at 70° for
one hour After cooling 15 ml scintillation solution was added (70 g Butyt PBD/Ciba/,
600 ml ¢thylene glycol monoethyl ether and 1000 ml toluene) Water solutions were
assayed by dissolving 100 pt m 15 ml seitllation solution

‘The counting efficiency was determuned by external standard channels ratto proce
dure The counting was performed so as to avosd an error larger than + 3 % (95 %
confidence Limut) in the total count of each sample

Chromatography
Pooled liver the same time, were

at 9000 rpm for 15 manutes and aliquots (1 00 ml) of the supernatant were freeze-
dried To the residue 040 ml ethanol was added and the samples were shaken for
15 minutes followed by centnfugation Ahquots (100 pl) of the supernatant were
spatted on pre coated silica gel plates (E Merck AG) and the plates were developed
with nbutanol formic acid water (40 10 20) After developmg and drymng of
the plate 11 zones of one cm were scraped off and the scrapings transferred to
counting vials contamang 0'S mi 01 M KBr solution and the vials shaken for one hour
Following thus scmuillation solution was added and the samples assayed The recovery
of the radioactivity applied to the plate was 92 95 %

Ultrafiltranon

The compound was dissolved 1n water and added to vanous dilutions of rat lLiver
homogenate 1 water Five experiments were performed at each lLwer homozenate
dilution

Ultrafittration was performed at 37° using Visking tubings and at a posittve pressure
of 1 kgfem™ The volume of liver homogenate used was § ml and the volume of ultra
filtrate collected was about 05 ml The method 13 described in detail by ROLINSON &
SUTHERLAND (1965)

The

of the 2nd liver b was assayed as described

before

Statistical treatment
Results are expressed as means + standard deviation (8 D) The level of sigmificince

was determined by Student's t test.

Y
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Results

Uptake of pirtbenzl

A rapid initial uptake of radioactivity 1s found which gradually duminishes
with tncreasing incubation time {fig 1) When the concentration of pinbenzil
was 10 3M, a higher uptake was noted than with a 10 times higher con
centration  After 60 munutes incubation the S/M ratio was 415 £ 064
(x £ 8§ D, n = 12) with a concentration of 103 M and the S/M-ratio was
200 + 028 (n = 4) with 107 M concentration of pinbenzil

No apparent difference in the uptake of pinbenzil between Iiver shces
obtained from female and male rats was found The S/M-ratio at 60 mmn
sncubation time for females was 4 15 + 0 64 (n = 12) and the corresponding
value for male rats was 468 + 043 (n = 6)

Effect of bol fub and Nz phere on uptake

Table 1 and fig 2 show the effect of vanous metabolic mhibitors on the
uptake of radioacuvity In all studies using metabolic whibitors the shees
were pre incubated for 10 minutes before SH pimbenzil was added Both
2 4 dimtrophenol and 10d acid cause f mhtbition of the
uptake process (P << 0001 with 109 M concentration of nhibitor) The
high concentration of ouabamn (10 3M) causes a signthcant whbition
(P < 005) but at the lower concentration of ouabain (10 4 M) no sigmficant

S/IM-RATIO

INCUBATION TIME (min} °
Fig 1 Influence of concentration of H piribenzil on uts uptake by rat Lver shees
Companson between shices obtained from male and female rats 1s also shown ‘The
uptake 15 expressed as slice to mediom concentration ratios (8/M value) Each pownt is

the mean of 4-12 experiment Brackets indicate the S D

Q pinbenzil 1 X 1073 M (2)

A pnbenzit 1% 1074 M (2)

e pinbenzil 1 X 1078 M (3)
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Table 1
Lffect of vanious metabohc snhibitors on the uptake of SH pinbenzil sn hiver shces
of rats The uptake 15 exp d as shee i [E8)] rabo after

60 min incubatton The concentration of pinbenzil 1a the medium was 1075 M Results
are given as mean values from 4 expenments £5 D (control group 16 expeniments)

Inhibitor Concentrations (M) SIM ratio P

24-<dimtrophenol* 1074 286to1t <0001

108 2421042 <000t
Todoacetic acid® 1073 186034 < 000t
Ouabain* 104 374+014 N §e**

103 333+059 <002
Sodium cyamide® 1073 384072 NS
Ngatmosphere 316£016 <001
Control* 421059

* Incubations performed tn carbogen atmosphere
**N'S Not significant (95 % confidence limit)

mhibition was noted Sodium cyamde does not seem to nfluence the uptake
process in the actual concentration (1075 M)

Incubation 1 Ne-atmosphere does not seem to influence the uptake
process at the shorter incubation times (5-15 mmn ) However, the S/M-values
obtaned after 30 and 60 munutes ncubation indicate a sigmificantly lower
uptake of pinbenzl

$/M RATIO

s
INCUBATION TIME {mn)

Fig 2 Effect of metabolic inhibitors and the absence of oxygen on the uptake of
pubenzil by liver shices obtamed from female rats Each pomt 15 the mean of
4-12 expertments Brackets indicate the § D

O pinbenzil 1 X 10°M
pinbenzl 1 X 1075 M -+ dimtrophenol 1 X 10-8 M
pirtbenzal 1 X 1075 M + 10doacetic acd 1 x 108 M
pirberzil 1 X 1075 M in No-atmosphere

>0
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Table 2.
The effect of some organic compounds on the uptake of SH pinbenzil 1n rat Liver slices
Incubations were performed in carbogen atmosphere at 37° The uptake 1s etpressed
as Slices to-medmm (S/M} concentration rauo after 60 min incubanion The concen
tration of pinbenzil 1n the medium was 105 M Results are given as mean values from
4-8 expeniments + S D (control group, 16 expenments)

C Ce (M) S/M ratio P

Emepronbromide 104 132+£009 < 0001

103 1092014 <0001
Methylatropine 104 2214030 < 0001
Lidocaine 164 288020 <0001
Phenolphthalemn 1074 423071 N§*
Phenolphthalein glucuronide 104 462%£051 NS
BSP 104 4881071 NS
Azdocillin 1074 4031053 Ns
Ampieitlin 104 3974037 NS
Phenemal 1074 3761038 NS
Control 4211059

*N S Not sigmficant (35 % confidence himut)

S/1-RATIO

€0
INCUBATION TIME {m n)
Fig 3 Uptake of pinbenzil by hver slices obtamed from female rats, m the presence
of some orgame cations and amons Each point ts the mean of 4-12 experiments
Brackets 1ndicate the § D
puibenzil 1 X 105 M
puibenzl, 1 X 1075 M + emepronmm, 1 X 104 M
pinbennl, 1 X 1075 M + methylatropme, 1 X 1074 M
pinbenzl, 1 X 1075 M + xylocaine 1 X 104 M
pinbenail, 1 X 1075 M + phenolphthalein glucuronide, 1 X 1076 M
pinbenzil, § X 1075 M + ampicillin, § X 1074 M

Pmep>00
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Effect of some organtc compounds known for extensn e biliary excretion

The hepatic uptake of pirtbenzil in the presence of other orgamc com-
pounds which are known to be elimuinated 1n the bile to a Iarge extent are
shown in table 2 and fig 3 The quaternary
bromide and pine cause 1nhut (P < 0001) of the upmkc of
pinbenzil Emepron bromude seems to be more effective than methylatropine
Lidocame which 1s a tertiary amune also causes a sigmficant decrease
(P <C0001), but thls compound seems to have a somewhat smaller effect
than pron b and

The aadic pounds  phenolpt halewn, phenolphthal A d
BSP, and phenemal do not scem to mﬂuence the upkake process af pinbenzl,
nor do the two pemcilins Azdocilhin 1s an acid and ampreillin an am-
pholyte

Chromatography studres

Fig 4 shows the of 1 y after ct of
ethanol extracts of homogenates from lver slices The chromatograms
showed only one peak and this peak has the same Rf value as that of
authentic pmbenul (RE~.05)atall mcubauon tumes (5-60 min ) The peak
height d with ttme

Binding 10 liver homogenate

Table 3 shows the bindmg of radioactivity to various dilutions of hver
homogenate as revealed by ultrafiltranon The concentration of pinbenzi
was the same 1n these expenments (1075 M) but the dilution of liver homo-
genate vaned from 3-31 %, (W/W) The results indicate extensive binding

o] A j
&
T
z e S ]
= |B
= ~
4
=
2
&

orIs N d FRONY

DISTANCE {cm)
Fig 4 Thin layer chromatography of rat Liver homogenate obtamed from an uptake
study with SH pinibenzil The plate (silica gel) was developed with n butanel formic
acd HO (4 1 2) e
A 60 mun ncubation
B authent ¢ ¥H puribennil *
A

5
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Table 3
Binding of 3H pinbenzil to various dilutions of liver homogenate as revealed by ultra
filtration The concentration of pirbenzil was 1003 M m all expenments Results are
given as mean values from 5 expeniments = S D Dilution factor 003 means a 3 %
(W/W) liver homogenate

Dilution factor Bound pinbenzil (%)
003 253%20
007 343429
014 4315516
031 601%19

of pirtbenzil to liver component(s) At the liver dilution factor 003 about
25 %, of the radicactivity was bound to the liver homogenate and at the Liver
dilution factor 0 31 about 60 % was bound

Efflux studies

The results showed (table 4) that the efflux of radioactvity was decreased
when 1odoacetic acid was present 1 the medmm, as compared with the
control samples Statisuical signtficance was obtained after 20 and 40 mimutes
mcubauon (P << 001)

Discussion

The present study suggests that the uptake of pinbenzil into lrver shices
1s partly energy d dent The lic mhib 2 4 dimtrophenot and
1odoacetic acid s:gmilcantly decreased the uptake of pinbenzil (P <0 001)

Table 4
Efflux of radioactivity from rat liver slices pre mcubated (60 munutes) with SH pint
benzil 1n Tyrodes buffer The effect of 16doacetic acid (1 X 1673 M, medwm concen
tration) was mvestigated Mean values + S D are given from 5 expeniments

Incubation time Radivactivity
mn Sample dpm /100 pt medium F

10 control 8106 + 796 NS§*®
1odoacetic acid 8113+ 346

20 control 11263 £ 603 <oo!
10doacetic actd 10140 £ 253

20 control 13490 £ 886 <ool
1odoacetic acid 11680 £ 416

*N S pot significant (at 95 % confidence imit)
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Todoacetic acid blocks glycolysis and reduces the supply of pyruvate for
oxidative metabolism 2 4 dinstrophenol 1s an uncoupler of oxidative meta
Yolism Incubation 1n Ne-atmosphere also decreased the uptake (P << 0 01)
The effect of these bo d leads to a d or of
the generation of ATP, required for e g energy dependent transport systems
The fact that 24 dinstrophenol, 1odoacetic acid and incubation 1n N»-
atmosphere decreased the uptake of the amino compounds PAEB (SorovoN
& ScHaNKIR 1963) and CGT (G1GON et al 1969) nto liver slices support
the results obtained m this study with pinbenzil The effect of ouabam, a
suggested inhibitor of Na*, K*-APT-ase, was not so evident Inhubition of the
uptahe was noted when the concentration of ouaban was 1073 M but not
when the concentration was 10 1M Sodium cyamde was found to have no
statistically sigmificant effect on the uptake of pinbenzil 1t 15 known that
cyamde decreases the bile flow but does not influence the excretion of
cholcophlic substances such as BSP and bilirubin (HARGREAVES & LATHE
1963, VANLERENBERGHE ef af 1970) SoLoMON & ScHANKER (1963) found no
effect of cyanide on PAEB uptake mto liver shices

It should be remembered that these results do not make clear whether the
observed uptake (SfM values) 1s confined to the mtracellular space of the
liver parenchyma andjor that of bile I A f; d m
the uptake (P << 0 05) was noted after 10 munutes incubation with the meta-
bolic ihibitors 1odoacetic acid and 2 4-dimtrophenol After 5 minutes a
decrease 1n the uptake was already noted, however, this decrease was not
sigmficant This may be due to the fact that a too short premcubation time
(10 munutes) with inhibitor was used These results suggest an energy
dependent uptake 1nto the mntracellular compartment The results from the
secretion” studies showed that the efflux of pinbenzil from the shices was
decreased by 1odoacetic acid This may be interpreted as an energy
dependent transport system directed outwards from the shces However,
this study does mot give any mnformation as to whether this process 1s
localized to canahicular sites and/or to other sites of the liver parenchyma

Swmce the water content of liver shces 1s about 75 % of wet weight
(SoLoMON & SCHANKER 1963) one would expect an S/M value of about 0 75
if a compound 1s distributed equally between the extracellular and intra
cellular water In none of the experiments with metabolic mhibitors and
ncubation 1 N-atmosphere was the S/M value reduced to about 075
This may indicate the presence of other uptake mechamsms than an energy
dependent transport system Such processes could be responsible for the
binding of the pound to 11 p or biotransformation,
thus reducing the concentration of free substance 1 the cytosol Ultra-
filtration studies showed that pinbenzil was hghly bound to hiver homo-
genate Extensive bmding of CGT to b~
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et al 1969) but PAEB showed almost no such binding (SoLoMON & ScHAN-
KER 1963) Uptake due to raptd biotransformation does not seem to be
of major sig since the chr phic studies only mdicated the
presence of unchanged piribenzil 1n the slices

It 15 possible that the energy dependent uptake 1s a rapid process trans-
fernng the comg d into the intracellular space and that binding to ntra
cellular components e g protein occurs afterwards Tlus does not exclude
the possibihity that the observed binding

Emepron bromide and methylatropme which structurally are close to pint
benzil, with an onwmum group at one end of the molecule 2nd one or two
non polar ring structures at the opp end of the molecule, separated
by an intermedate cham, sigmficantly decreased the uptake of pinbenzl
(P<C0001) Lidocame which 15 a tertiary amne also caused sigmificant
mhibiion Emepron bromide which structurally 1s most close to piribenzil,
was the agent most effective m blocking the uptake while hidocaine showed
the least effect The studies may mdicate that 1f drugs with sumtlar molecular
properties are given simultancously to a patent they may interact durng
their a possibility which may be of clinical importance

It 15 often considered that organic anions and cations are secreted by
separate transport systems, ¢ g SCHANKTR (1968) This seemed to be of
xelevzmce i ths study with pinbenzit Phenolphthalemn, phenolphthalein

, BSP, and ph 1 did not influence the uptake of pinbenzil
Tht: two pemqllms, ampicillin and azdocilling too did not decrease pm-
benz! uptake Al these compounds are amons (ampicillia 1s an ampholyte)

and are known to be extensively excreted 1n the bile

The present results suggest that the uptake into liver shices of pirtbenzil 15
energy dependent and that binding to tissue components occurs Efflux from
liver shices contaming pinbenzil, also seems to be energy dependent These
n vitro expenments may reflect processes responsible for the biliary ex-
cretion of orgamc cations
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Ahstract Canmne subcutaneous adipose tissue was isolated and auto perfused
m sty Nicotinie acid (NicA) (4 or 40 mg/hg intravenously caused an increased
factate release andjor a decreased pyruvate release from the tissue Following
the admimistration of the tigher dose of NicA the glucose uptahe was also
enhanced While there was no mhubition of basal lipolysis basal FFA release
was sigmftcntly reduced following the higher dose of NicA Lipolysis mduced
by sympathetic nerve stmulation (4 Hz for 10 mm) was mhibited by 60-80
per cent while induced FFA release was inhubited by 90 per cent or more
Thus increase 1n re Wi Tt ded that
re-estenfication plays an important role i the FFA lowening effect of NicA

Kev words Nicotmic acid — adipose tissue — hipolysss — estenfication

Following the discovery by CArrson & ORro (1962) that micotime 2cid
(NicA) lowers plasma free fatty acid (FFA) levels and antagonizes the nse
after noradrenaline infusion, several attempts to explam the mechamsm of
action have been made (cf Gry & CarrsoN 1971) Studies on white adipose
tissue 1 vitro have demonstrated that NicA terferes with the actwvation of
hipolysis but has little effect on the Iipase wself (CARLSON 1963, BIORNTORP
1965) Studies on isolated fat cells from the rat have indicated that there S
an nterference with the formation of cychc AMP (Butcurr et al 1968,
WiLLiaMs et al 1968) Some investigators have reported that the hpolytic
action of exogenous cychic AMP 15 also by NicA,
that intubition also occurs at subsequent steps in the activation sequence
(NArANO 1970, HoLIMaN et al 1972), while others have faled to demon-
strate such an inhibation (¢ § Heer ef al 1971) Furthermore, 1t has been
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shown that NicA increases tnglycenide synthests i vutro, which mught suggest
that part of the FFA lowening effect n vni0 15 due to an increased re-
estenfication (Lrr er al 1961, OSTMAN 1964, SoLyom & PucList 1966,
HourMaN e al 1970}

Since these studies on the mechanism of action have all been performed
1 vitro, there 1s hittle information concerning the relative importance 1z vn0
of lipolysis inlbition and re-estenfication as means of lowenng the plasma
FFA levels In the present paper some findings related to this question will
be reported The by ntr 1y d NicA of glycerol
and FFA release from canine subcutaneous adipose tissue was therefore
studied It 1s assumed that glycerol release 1s an adequate measure of lipolysis
(STEINDIRG & VAUGHAN 1965) The results indicate that increased re-estenfi-
cation, defined here as a greater depresston of FFA release than of glycerol
release, plays an tmportant part 1 decreasing FFA mobihization from white
adipose tissue in situ

Matenals and methods

The experiments were conducted on fed female mongrel dogs weighing 7-15 kg
Anaesthesta was induced by 25-30 mgfkg sodum pentobarbital (pentobarbitalum INN
mebumalum NFN) and was supplemented by further single doses of 25-50 mg ntra
venously dunng the course of the expeniment Subcutaneous adipose tissue in the
Inguinal region was solated from all the surrounding tissues (ROSELL 1966) and the
artery and vein leading to the preparation (weight 19-53 g) were cannulated with
polyethylene catheters Heparin (Vitrum) was adminstered 1n a dose of approumately
2500 1u fkg ntravenously about two hours before the expenment to prevent clotting
of the blood Blood was directed to the adipose tissue from the ipsilateral femoral
artery via zn exterionzed loop of plasuc tubing into which a drop counter was 1o
cluded to monttor the blood flow The venous blood was directed back to the general
arculation via the ipsilateral femoral vein The blood flow and the blood pressure
measured by a Statham P23 AC transducer 1n the contralateral femoral artery were
recorded on a Grass polygraph The nerve suppplying the tissue was cut at the level
of the external hiatus of the inguinal canal and placed on a bipolar silver electrode
protected from drying by Plastibase (Squibb) Electnical pulses of supramaximal in
tensity (12-13 V) and duration (2 msec ) were dehvered at the rate of 4 cps

Arterial blood samples were drawn from the femoral artery and venous samples were
taken by allowing the venous blood to flow freely into ice-cooled centrifuge tubes
After the determination of lactate (HOHORST 1962) pyruvate (BUCHER ef al 1962) and
haematocrit (39 S1 per cent) the blood was centrifuged and aliquots of plasma were
taken for the determination of glycerol (LAURELL & TisBLING 1966) FFA (TRroUT et al
1960} and glucose (GLOX Reagent KABI Stockholm Sweden) The rate of uptake
or release of these substances was calculated from the arterio venons concentration
difference and blood (or plasma) flow Control artenal and venous blood samples
were drawn at least 90 mmn after the admumstration of heparn The sympathetic
nerve was then stimulated for 10 min Dunng and after sumulation venous samples
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were drawn Thirty min after the end of the stimulation persod s control artersal blood
sample was drawn and an infusion of aicoume and (Acidum mcotinum INN NEN)
at a rate of 02 (5 expeniments) or 2 (3 expetiments) mg X kg ! % min 1 m the brachal
vein wrs commenced and was contimued for 20 min Starnng at about 10 and 60 min
after the end of the NicA infusion a similar sertes of arterral and venous samples were
drawn The pattern of samphing 15 shown m fig 1

Results

Admimistration of 4 mgfkg NicA (5 dogs) did not change the mean arteral
blood pressure, which averaged 132 mmHg (115-155 mmHig), but a ten
times hugher dose (3 dogs) caused a drop of 5-10 mmHg NicA did not
sigmbicantly change enther adipose tissue blood How {average resung value
133 2 24 ml X mm * X 100 g 3) or the vasoconstnctor response 10 nerve
stimulation (215 & 53 per cent Increase 10 vascular resistance)

The metabolic effects of NicA (4 mg/kg) are lustrated m fig 1 and
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Fig 1 Effects of mcotme neid infused ot the mate of 02 mp X mm L ¥ kgt for

20 min wia the brachial vewn 1n one dog weighing 12 kg The 1solated ad pose hissu¢

weighed 191 g and the haematoent was 5047 From top to bottam ad pose tissu¢

vascular resistance net release rate of FFA and glycerol rate of net release (+) oF

net uptake {~) of Jactate and glucose m adipose tissue ¢ me (mn) artenal concentra
nion of glocose Jactate FFA and glycern)
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summanized 1n table 1 10-50 mn after the NicA infusion the artertal FFA
levels were decreased, while the glycerol and glucose remamed unchanged
There was no statistically sigmificant change 1n the basal release or uptake of
glycerol, FFA and glucose dunng this time mterval On the other hand,
the arterial lactate level and the rate of lactate release from adipose tissue
was mereased The net release of FFA followming nerve stimulation (cal
culated as the net release dunng and 30 mun after nerve stimulation minus
the net release duning the pre simulatory control period for the same over
all time) was completely mhibited, whereas the nduced net release of
glycerol was inhibited by about 60 per cent The difference 1n nduced FFA
and glycerol release, which mndicates an increased re estenfication, was
sigmificant at the five per cent level

Table 1

The effect of NicA (02 mg/kg infused for 20 min ) n dogs
The results are mean = S E M from five expeniments Statistical hypotheses were
tested by a two-way analysis of variance

ARTERIAL CONCENTRATIONS

Pre imfusion 10-50 min post infusion
of NicA (control} of NicA.

60-110 mun post nfusion
of NicA

mM % change from control % change from control
Glycerol 05 + 02 +10 %+ 7 +127 & 47 (P<005)
FFA 58 £ 21 ~32+ 8 (P00 + 54 £ 4
Glucose 674 + 88 +3% 2 + 6% 3
Lactate 135+ 26 +26 £ 7 (P<005) + 66 % 3

ADIPOSE TISSUE UPTAKE (—) OR RLLEASE (+)

Pre infusion

of NicA (coatrol)

10-50 mn_ post imfusion

60-110 min post infusion

 moles X of NicA of NicA

o L X 100 g1 pmolesXmin "1X100g71 wmolesXmin ~1x 100g™1
Glycerol 20+ 06 1nE o0 44 £ 11 (P<009)
FFA — 2% 28 08 = 18 — 04 % 09
Glucose —415 + 58 ~437 2164 =393 102
Lactate 13 % 32 9 + 49 (P<001) 67+ 17

NET RELEASE FOLLOWING NERVE STIMULATION

Pre wnfusion

of NicA (control)
pmoles X 100g !

10-50 min post infuston
of NicA
% mhibition

60-110 min post infusion
of NicA
% wnubitton

Glycerol 2332+ 725
FFA 022 + 3075

62+ 8 (P<OOY)
107 * 16 (P<00O!)

45 = 10 (P<O0N)
27 £ 17
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Table 2
Effects of NicA (2 mgl/kg nfused intravenously for 20 min) n anaesthetized dogs
The results are mean = S E M from three experiments

ARTERIAL CONCENTRATION

Pre infusion 10-50 min postinfuston  60~110 mimn postinfusion
of NicA {control) of NicA of NicA
mM per cent change per cent change
Glygerol 013 004 —40 £ 10 (P<005) —-20 * 35
FFA 096 + 14 -3 % 8 (P<0O5) —-10 * 46
Glucose 610 + 42 +12 & 24 —10 £ 25
Lactate 131+ 12 +26 £ 5 (P<005) +20 & 18
Pyruvate 133+ 010 —8% 3 +4t16

ADIPOSE TISSUE UPTAKE (-) OR RELEASE (+)

Pre infusion
of NicA (control) 10-50 mn postinfusion  60-110 mn post iafuston

f NicA of NicA
les X o
mu:L‘I:“;e:OO L moles¥mn~1X100g™1 pmolesXmn~1x100g™

Glycerol 14 + ot 27 % 07 09 + 01
FFA 10+ 11 —~ 16 + 05 (P<00S) 00+ 04
Glucose ~18 * 92 —292 # 86 (P<005) —335 105 (P<005)
Lactate 8+ 17 163 + 12 (P<005) 132 % 17 (P<005)
Pyruvate 055% 032 -~ 069t 032(P<<0D5) 034 £ 022(P<00D5)

NET RELEASE FOLLOWING NERVE STIMULATION

Pre mfusion 10-50 mun postinfusion  60-110 mun postnfusion
of NicA (control) of NicA of NicA
umoles X 100 g1 per cent inhubition per cent inhibiion
Glycerol 4003 2892 -7+ 5 (P<001) —61+ 4 (P<O01)
FFA 4724652 —90 + 12 (P<00I) —95 & 12 (P<O01)

There was no sigmficant change 1n the artenal level of FFA, glucose of
lactate or 1n the net release from adipose tissue of these metabolites 60-110
mun after NieA admustration On the other hand, the artenal glycerol
concentration and the net release rate of glycerol was increased, while the
evohed glycerol and FFA release were stll somewhat reduced dunng this
penod

The results of three experiments, 1 which a ten times higher dose of NicA
was admimstered are presented 1n table 2 With this dose the pattern of
metabolic changes was somewhat changed Not only the artenal FFA, but
also the glycerol level was depressed dunng the first period following ad-
ministration of NicA ‘There was also a decrease i the basal rate of FFA
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release, while the glycerol release remamed unchanged and the glucose
uptake d The dep of d FFA and glycerol release was
of longer duration and there was no indication of a secondary nise m glycerol
efflux In these expenments, pyruvate was also determined and the results
mdicate that pyruvate and lactate changed in opposite directions 1n the adi-
pose tissue, indicating a more reduced state of the cytoplasmatic NADH/
NAD system

Discussion

There was no evidence of inhibition of basal lipolysis at any tme after
NicA administration This 15 m agreement with i vitro findings which de-
monstrate that NicA does not ihibit basal lipolysss even when present in the
incubation medium 1 very h:gh concentrations (SCHWANDT ef al 1967)
G y there was a prol hib of Iipolysis induced by sym-
pathetic nerve stunu]anon This can be explamed by the i vitro findmgs
that NicA intibats the activation of the lipolytic process rather than the lipase
1tself (see Introduction)

The crease mn glycerol release f g nerve 1l 18 a
of ncreased hpolysis, as discussed by STEINBIRG & VAUGHAN (1965) It 1s
generally agreed that simulation of lipolysis 1s caused by an activation of a
hormone-sensitive tnglycende hpase, rather than by an activation of lower
lipases, and one must therefore assume that three moles of fatty acids are
formed per mole of glycerol (cf STEINBERG & VAUGHAN 1965) The finding
that less than three moles of FFA are released per mole of glycerol following
nerve sumulation therefore indicates that fatty acids are re utilized m the
tissue to a constderable degree It has been found previously that in fed
dogs, such as those used in the present study, glucose 1s hikely to be the
major sub for and that d of fatty acids can explain
only a very minor fraction of the difference between the amount of fatty
acids calculated to have been formed and the amount that 1s actually released
(FrepHOLM & KARUsSoN 1970) There seems to be hittle evidence to suggest
that fatty acid oxidation 1s increased m adipose tissue following NicA, while
there 1s considerable evidence that the process of fatty acid esterification 1s
increased by the drug (LLE ez al 1961, OSTMAN 1964, SoLyoMm & PucLISI
1966, HOLIMAN et al 1970) For these reasons the present finding that NicA
caused a greater depression of shmulated FFA release than of stimulated
glycerol release 1s taken to reflect an increased re esterfication

‘The major source of the a-glycerolphosphate necessary for re-estenfication
of fatty acids 1n white adipose tissue of fed ammals 1s commonly believed

11, a1

20 Acta pharmacologica vol 33 fasc 4
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to be glucose (see VAUGHAN & STEINBIRG 1965) An increased uptake of
glucose tends to increase re esterafication 1 camine subcutaneous adipose
tissue (FrepHoLM 1971b) Although NicA increases glucose uptake m adipose
tissue 11 vitro (LEE ef al 1961) 1t 15 unhkely that this 1s the major reason for
the increase m re-estenification, since the lower dose of NicA did not produce
an 1ncreased glucose uptake On the other hand, and increased release of
lactate andfor a decreased release of pyruvate was a constant findmg, mdi
cating an 1ncreased cytoplasmic NADH/NAD ratio There 1s considerzble
evidence that in cammne subcutancous adipose tissue increases n this ratio
are accompamed by an mcreased re-esterification (FRepHoLM 1970, 1971a,
1971b)

The present study has thus demonstrated that NicA causes an mcreased
re estenfication of fatty acrds 1n adipose tissue iz suwe The complete inhiby
tion of FFA mobil on that 1s Ily seen following NicA 15 due o
the combined effects of lipolysis inhibition and of increased re estenfication
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Abstract Unne and faeces of rats were for phenolic

after oral admimstration of 14C L. DOPA Germ free and conventional rats were

used The unnary radioactive mctabohtes detected were 3 methoxy-4 hydrmy
thi acd  m hydroxypheny!

acetic acd and m hydroxy acd Comientional rats excreted
more radioactive meta compounds lh:m the germ free rats The faeces of germ
free rats 3 mc\ho(y 4 hydroxy phenylacetic
acd and faeces of the rats m- and phy

droxyphenylacetsc actd

Key words Dopa  unine ~ faeces - rats

The metabolism of L-DOPA 1 rats have been extenstvely investigated
(PrrLeriN & D Jorio 1955, Gorpstoin & Musaccmio 1962, Tyer 1971,
HORST &. JESTIR 1971, BAKKE 1971a & b, Borup et al 1971) SANDLIR
et al (1969) suggested biotransformation of L-DOPA 1 man by mtestnal

to det d bol and SMrri et af (1964),
BouLtoN & QuaN (1970) und Bakxr (19712) found evidence for this 11
both guinea pigs and rats

Borub ef al (1971 & 1972) did not find a sigmficant effect of wtestinal
microorgamsms on L-DOPA metabolism 1n rats on a mulk diet. To -
vestigate rats on a normal diet, germ free and normal rats were given tracer
doses of HC-L-DOPA, and radioactive metabolites from the urne, faeces
and caecum content were detected




DOPA METABOLITES TN EXCRETES 309

Materials and methods

Compounds and abbreviations
L334 d:hydmxyph:nyl) alantne 3 CH (MC-L-DOPA with a speaific activity of 97

was purch: from the Rad 1 Centre, A h England Un
Jabeled L DOPA (eldopar®) was a pift from Weiders Farmaspytiske A/S, Oslo, Nor-
way N A 3 meth 4 (N Ac MDA) was synthezized
according to GOLDSTEIN u al (1961) 3 methovy-4-hydroxyphenylalanine (vanyl
alaning) 3,4-diby 3 methoxy 4 hy
anune (MDA) 3mcthoxy-4—hydmxy phenyhcdlc acid (VAA), 34 dAhydroxyphenyl
acetic acid (DHPAA), 3 mclhoxy 4 , hanol (VE), 3 methoxy-4-hydre
rhenylethanolamine  (NMN), 3 methovy-4 hy yp! {N-methyl)

(MN) 3 methaxy-4-hydroxyphenylformic ac:d (VFA) 3 methoxy-4-hydroxycinname
actd (ferulic acid) p tyramune (pTA), m tyramine (mTA), m hydrovyphenylproprome
aad (mTPrA) m hydroxyphenylacetic acid (mTAA), p hydroxyphenylacetic acd
{PTAA ) p hydroxyphenylformic actd (pTFA), were obtained from commercial sources

Animal experuments

Adult rats of the CDF strain {germ free and comventional aimals) were rassed and
reared as described clsewhere (Mmrvenr & TRIPPESTAD 1970) All the rats recewved
a pellet diet duning these eq:enmems, and they were starved 24 hours before the
L-DOPA The 4 (02 mg L-DOPA) was dissolved 1n
5ml50% ethanol to which were added three drops of glactal acenc 2cid and 7.5 ml
water before autoclaving at 120° for 20 minutes A solution of L-DOPA handled 10
the same way showed no decomposition The radioactive solution was divided mto
four poriions, and these were iven indivdually to two germfree and two convenfional
rats They consumed the L DOPA solution within two hours, and they were allowed
free access to food and water The rats were placed 1n metabolic cages, and urine
speCimens were obtained by means of separators which disposed of the faeces The
urines were collected at room terperalure in stenle bottles from the germ free rats
Urnine from the conventional Tats was collected m bottles contaiung § ml 1 N.HCI
The bottles were changed every 24 hours and stored at ~20° The faeces were collected
at foom temperature and stored at —20° Forty erght hours after L-DOPA was given to
the amimals they were killed by decapitation The digestive tract from the duodenum to
the Tectum was opened and the content was taken out and stored st —20° The walls
of the ducdenum, small ntestine, caecum colon and rectum were washed with distilled
Water and fixed to filter paper and served a3 a plan of the digestive tract After
drying the walls 1n the exsicators for several days, they were exposed to X ray film
for two weeks

Chemcal determinations

Creatimne 1n the urnine was estimated according to Iaffe s method Hydrolysis of the
urine was done at 37° for 24 hours at pH 55 with B glucuronidase + arylsulphatase
(Helix pomatia, Calbiochem, U § A) after precipitating the sulphate with BaCle

The facces, caecum content and pellet diet were vigorously shaken with 01N HCl
(pH 1-2) for two hours The suspensions were extracted with twice the volume of

and the ethyl was carefully sucked of Extraction was
Tepeated twice and the combined organic extracts were concentrated on a vacuum
¢vaporator at 40°

Uninary aminoacids were concentrated on a Zeocarb 225H* column, elated with'10 % P
P

oy
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ammonta solution and before el b and ch hy 2e
cording to GressiNg (1963) Phenolic acids were detected after ethylacetate extraction
by bud paper chrom, according to ARMSTRONG ef al (1956) Phenolic

amnes were concentrated on Dowex 50 Columns before paper chromatography ac
cording to KakmMoTo & ARMsTRONG (1962) The spray reagent applied on the chro-
for phenolic p was P (ARMSTRONG ¢f af

1956)
Rod

on allt was detected with X ray film (Kodak Safety
Film 3) followed by exposure for two weeks

Results

Urine

Phenolic compounds d d by d d 1 rat unne
corresponding to 1 mg of creatimne, 1s shown 1n table 1. Twenty four and
48 hours unne samples from two conventional and two germ-free rats were

11 d The meta- pounds mTAA and mTPrA were the man spots on
the phenolic acid chromatograms made from conventional rat unne Germ-
free rats had pTAA as the man acid 1n unine and small amounts of the
meta-compounds

Table 1 also shows which phenolic atids contaned radwactivity after oral
loads of C-L DOPA Nearly all the radioactivity mn the phenolic acd
extracts was found 1n the first 24 hours unines The two conventional rats
excreted radioactive VAA, mTAA, mTPrA and pTAA Small amounts of
radwactivity also showed up on the X-ray films 1n the area corresponding to
3,4 dihydroxyphenylacetic acid The two germ-free rats excreted radioactie
VAA, pTAA, mTAA and mTPrA Diazotized p-nitroanshine showed the
typical colour of the mefa compounds on the chromatograms different from
the colour of the para compounds

A neutral rad spot apr d on the p lic acid ch
made from hydrolysed unnes, and the Ry values were stmilar to VE of
N-Ac-MDA The amount of the neutral radioactive DOPA metabolites was
simtlar for germ free and com entional rats

Phenofic amines 1n the unnes contamed radioactiity onfy 1 MTA &
shown n table 1 There was no difference between germ-free and comen-
tional rats NMN and pTA +mTA showed distinct spots on the chromato-
grams sprayed wath diazotized p mitroaniline, but X ray film cxposed for two
weeks to the amnes did not show any radioactivity 1n these amnes

Free aminoacid analysis of the unines from all rats showed no radioactive
DOPA or vanylal on corresy to 1 mg of creati-
nine However, mn the unne of the camemronal rats, radioactivity was found
1o three spots with small Ry values corresponding to conjugates of DOPA
or dopamme The cluated cony from the ch were not

1
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hydsolysed by 1 N-HC! for 30 mmutes at 100° Germt free rats also showed
some sadh on the i ¢h w the same
“eanpugate” area, Folky\\mg hydrolysts in 1T N-HCI they sp)ﬂ up mto radio-
actne MDA and vany lalanne

Faeces Table 2 shows the phenolic acids found m the faeces from the
rats ‘The maw acids i com enteonal sats were mTAA, mTPrA and smaller
amounts of pTAA, pTFA and VAA Radioactivity was detected in pTAA
and mTAA, but not it VAA Germ-free sats showed phenohe acds pTAA,
mTAA and pTFA, but radioactivity was found aaly 1n VAA w thew faeces

Gut wall The rats were killed 48 hours after they had consumed the
L-DOPA, and the caccum wall as well as the walls of colen and rectum
contamed radioactvity Acidic extracts of caccum content did not show
any rad) y on the cb as shown m table 2 Comentional
wats had conwiderable amounts of mTAA and mTPrA with smalter amounts
of pTAA, pRFA and VAA, whereas germ-free mats had pTAA as the man
phenolic aeid wn thewr cascum content with smaller amounts of mTAA,
mTPrA and pTFA

The pellet diet was extracted for phenolic acids, and we found pTAA,
mTAA and several other unknown ds on the ch Some
of these unknown compounds appeared n the unine as well as m the facces
and caecum content from the rats

Discussion

In spite of the few experiments with only four rats the results 1n table 1
are clear ‘The unpary metaboltes from orat teacer doses of L-DOPA were
the dehydsoxylated phenolic 2ads pTAA, mTAA and wTPrA which were
found 1 sumilar amounts as VAA (see fig 1) These tesults are 1n agree-
ment with the studies of BAKKE (1971a & b), but different from our earlier
studies on rats og a controlled diet and given large doses of L-DOPA
{BORUD ¢ ol 1972) Comentonal rats metabohzed a greater percentage of
L-DOPA 1o the mera metabolites fran the germ free s Bur we also found
distnet radioactive spots 1 the mTAA and MTPrA on the chromatograms
made from the germ-free rat unines This was confirmed by diazotised p-
The of phenolic acids for the pellet diet showed that

Berm free rats can excrete exogenous mTAA and mTPrA from the diet,
but the radwacuve acsds must onanate from the BCL-DOPA This 1s an
interesting finding smce the mete acids normally present m rat anmes were
pecied to be of at b 1 ongin (ARMSTROMG & Suaw 1956,
ScrrLing & Miprveor 1970, BAsKE 1971b) The earlier results from this
!abomwry also showed that germ free sats excreted small amounts of mTAA,
but we did not find an increased excretion of this acid after the L DOPA
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C
L-Dopa® —— COMT 5 v vjalantne
mTPrA® & —|— — DHP pyruvic acid ———————— 3 Vopyruvic acid

DHP-lagtic acid ————wme—— [—) VLA
pTAR®

& L DHpAAS
mTAA’

vaa®

DHPE e y®?

&

UHP-icetad(hyde ~—————————> V-atetaldehyde

N
N

N Ac D N'Ac MDA

MDA

Noradrenaline

Fig 1 Metabolism of L DOPA 1n the rat Radwactvity in N acetylated ammnes
phenohe alcohols and phenohic acids detected wn unne and faeces after oral tracer
doses of 11C L-DOPA (L. DOPA x)

expeniments (BORuD ef al 1971) The results in table 1, however, support
the findings of Bakke (1971a) that m-hydroxyphenol compounds are €x-
creted 1n unne of rats given L-DOPA

The dehy ylation of the dihydroxyphenyl s ds 1n the rat occurs
mainly 1n the para position (DL Eps ef al 1957, SCHLLINE ef al 1960), but
we also detected a sigmficant amount of radioactive pTAA 1n the unnes both
from conyenttonal and germ-free rats A sigmficant metabolism of L-DOPA
to pTAA was found and this 15 1n agreement with the findings of BouLToN
& QuaN (1970) They reported p tyramne as a metabolite mn rat bram from
DL-DOPA 2MC injected, and thus showed that dehydroxylation 1 the
meta posiion of DOPA occurs 1n rats

Unnary amines showed no radioactivity 1n the pTA or mTA, except for
the MDA both \n comentional and germ free tats This mdicated that de-
hydroxylation to the meta and para hydroxyphenolic acids n our rats takes
place after mo oxydase has d d dop as mdicated
fig 1 BAXkE (1971b) suggested that the dehyd occurs at the final
acidic stage, and he found evidence for this 1 experiments with ntestinal
mcroorgamsms from rats
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In spite of a distinct spot of NMN on our amine chromatograms, no rad:o-
activity was detected This ind avery slow bolism from the radio-
active L-DOPA to noradrenaline and NMN sn the rats, a finding which 1s 1n
agreement with eatlier reports of PriLeriv & D Iorto (1955), TYcE (1971),
Horst & Jester (1971)

Table 2 shows phenolic acids detected in the facces and caecum content
from the rats ginen radioactive L-DOPA The datly excretion of phenolic
acids 1n rat faeces can be simular to the amounts found tn urine, and this
may be important when studying the of bolites from known
precursors in the rat Tycr (1971) detected several metaboltes from
L-DOPA 1n the bile when imvestigating 1solated perfused rat liver, and these
compounds may be excreted both in the faeces and in the unne In table 2
1t 15 also shown that the caecum content contained phenolic acids even 1n
germ-free rats As i the unnes the meta-compounds mTAA and mTPrA
predominated mn the faeces and caecum content from the comentional rats
In the faeces from gerni-free rats we could see traces of mTAA, pTAA and
PTFA (dietary ongin?), and 1n the caecum content pTAA was the mamn acid

Facces from the com entional rats collected during the first 24 hours after
oral 14C L-DOPA contained radioactive pTAA and mTAA but no VAA
The two germ free rats only showed radioactivity m VAA 1n thewr faeces
These findings indicate that the bactenal flora ss involved mn the metabolism
of L-DOPA The walls of the dxgeshve tract from the rats Mlled 48 hours
after L-DOPA y The caecum wall showed
the strongest ray emitting area, and germ free and conventional rats showed
the same 1ntensity of radwactivity mn the digestive tract The caecum content
did not contaun any #C phenolic acids or neutral compounds This indicates
that the radioactivity 1n the walls of the digestve tract 1s probably due to
bound dopamine

In conclution we found that g free and al rats d
lhe same pattem of L-DOPA metabolites m urine All rats excreted the
d PTAA Comentional rats excreted more mTAA
and mTPrA than germ free rats Only MDA was detected as the amne
metabolite from L-DOPA, and this that the dehyd of
DOPA metabohites takes place at the late acidic stage

Faeces from ¢ I rats d rad pTAA and mTAA,

whereas facces from germ free rats contamned only radioactive VAA This
indicates that microorgamsms play a part in the dehydroxylation of L-DOPA
metabolites 1n the rat
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and the Department of Pharmacology Royal Veternary College,
Stockholm Sweden

The Distribution and Fate of *C-Cloforex in the Lung of the Rat
By

A Ryrfeldt, C H Ramsay and L. E Appelgren
(Recerved Tebruary 26, 1973, Accepted Apnil 2 1973)

Key words Cloforex ~ chlor - lung

Whole-body autoradiography wuh labelled cloforex [ethyl N (2 (p chlor-
phenyl)-1,1-d y1) carl an agent structurally related to
amphetamine, has shown 1n mice a marked accumulation of radioactivity n
the lung (RyrFrior 1970) This finding may be correlated to the chimcal
observations of pulmonary hypertension obtained with some anorectic drugs
of this type (GURTNER ef al 19682 & b, LANG ef al 1969, SCHWINGSCHACKL
et al 1969, OsTeERMAN & TEGNER 1969) Accumulation of foam cells 1n the
alveoli of the Iungs of rats has been found after cloforex admimstration
(MAGNUSSON &. MAGNUSSON 1972)

In order to study the distnbutton m the lung in more detail a micro-
autoradiographic study was performed using labelled cloforex The only
labelled substance available was 1#C-labelled 1n two methyl groups, which of
course hmuts the autoradiographic resolution The labelled substance was
obtamned from the Radiochemical Centre, Amersham, England and had a
specific radioactivity of 20 pci/mg To be able to study the distnbution of
radioactivity also m the foam cells, which develop after prolonged cloforex
admumstration, 4 male Sprague Dawley rats were dosed orally with non
radioactive cloforex (75 mg/kg) dissolved 1n Cremophor® El water solution
(25 %, wjw) for 10 days Four control rats received vehicle solution only
On the day of 11th one oral dose of “C-cloforex + carrier (200 pcyjkg
75 mg/kg) was given to all the animals Four and 24 hours after admumistra
tion 2 rats from each group were killed, the lungs dissected free and samples
taken for 1) freeze drymng and 2) total radioactivity measurement and ex
traction, 1n order to find out which substance(s) the radioactivity cor-
tesponded to
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Fig 1A M cro-autoradiogram showang the d stnbut an of rad oactev ty 1n the lung of

a rat dosed with 1C-cloforex orally The rats was treated w th non rad oactive cloforex

25 mahe) orally for 10 days before the adm n stration of the labelled drug The rad 0~

actvity 15 localized over the normal alveolar cells as well as over the foam cells Yarse

cell in framed arca see B) X 150 Fig 1B Framed area of A sn higher magmifs at 00
X 700
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After freeze drying the specimens were embedded m paraffin wax while
sull kept tn vacuo, and mucro-autoradiographed according to the “dry”
method deseribed by HaMuarRsTROM ef o (1965)

The radioactivity was localized over the normal aheolar cells as well as
over foam cells, in the lung No radioactnity was seen over the alveolar space
orn the bronchs (fig 1)

Total radioactivity measurements showed that in control ammals the 24
hour value of total radioactvity (39 X 10 d p m /g lung tissue, mean,
N=2) was higher than the 4 hour value (1 6X10°d p m /g tissue) However,
tn pretreated ammals the radwactivity was about the same at both tumes
(38X 10°d p m [g ussuc)

The radioactivity in the lungs were assayed after homogemization of the
tissue samples and then performing acid (PH ~ 1) and alkahne (pH ~. 12)

with 1 chlonde Unch d cloforex 15 obtamed after
acid extraction and chlorphentermmne [1-{p-chlorophenyl)-2-methyl-2 propyl
amme] a metabolite of cloforex, after alhaline extraction The separation
capacity of the extraction procedures was cheched by thin layer chromato-
graphy as described previously (RYRTCLOT 1970) By analysis of simulated
lung homogenate samples, 1t was established that the mean recovery of
cloforex was 936 + 07 %, (mean £ S E M, n = 5) and the corresponding
value for chlorphentermine was 989 + 22 % (n = 8)

The results showed (table 1) that after one single oral adpunistration of
HCxcloforex the mam part of the activity in the lung samples was attnbutable
to UC-chlorphentermune  Only munor amounts of unchanged drug were
found The same was found 1n the pretreated ammals

Table 1

Ratio of HC-cloforex and HC to total of lung samples
after a single orat admenstration of HC cloforex to rats (75 mg/kg)

Time after admims % of total radioactivity
Pretreatment Animal no tration of cloforex chlor
14C cloforex (hours) phentermine
Control 1 4 78204¢ 853%07
2 4 5007 945+11
3 24 43405 948%22
4 24 49407 984%32
Non radioacuve 5 a 44208 86631
cloforex orally 6 4 35402 948+17
for 10 days 7 24 53407 013%33
{75 mgfke) 8 24 6003 200+39

*mean kS E M (a=3)
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Thus 1t 1s plaustble to ider that a bolite of cloforex, chlorphenter-
mine, 15 the active substance causing the pathological lung changes observed
n connection with cloforex admimstration to rats and that this metabolite
1s localized to normal cells as well as to foam cells
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As a son of a doctor, Knud O Mgller naturally studied medicine He gradu
ated 1n 1922 from the University of Copenhagen, and soon became assistant
i the Pharmacological Institute where he Lept this position except for an
interval duning the years 1926 - 28 when he recetved a throughout clhimcal
traimung In the Phar 1 1 1 his h was mainly concen-
trated round the effect of dmrencs for which he recerved a Ph D 1n 1926
In 1938 he took over the chair 1n Pharmacology at the University of Copen-
hagen, at that tune the only medical school 1n Denmark

As soon as he was established he devoted humself to teachng In an
astomishung short time he single handed wrote the first modern textbook
1n pharmacology 1 Scandinavia He was not without educational traimng
he had taught pharmacology at the College of Dentistry from 1927 and had
also written a pharmacological textbook for dentists The first edition ap-
peared 1 1941, and 1ts subtitle was “The rational basis of drug therapy '
His clinical education allowed lim to descnbe the mutual interactton be-
tween diseases and drugs so that hns book almost became a textbook m
climical pharmacology It soan became very popular amongst physicians tn
general practice or with specialists 1n internal medicine Over a long period
st was used as textbook in unnersities all over Scandmavia and its German
translation was used 1n quite a few medical schools m Central Europe It
ran through 6 editions and was revised according to the development of
pharmacotherapy The latest edition appeared 1n 1966, but unfortunately
the rapid development n the field made the book outdated 1n some respects,
and the many textbooks 1n English of which new editions appeared at very
short 1ntervals partly replaced Mgller’s books 1n teaching, though 1t 1s still
found on the shelves of many Scandmavian doctors and often used for
references 1n cases of doubt Mpller was easily readable, as hus style was
precise and the matenial well prepared, not only 1 his books, but also 1
his many review arucles m which he mformed the Damsh medical profes-
sion about recent progress mn pharmacology and about the proper use of
drugs

Mpller s predecesser had little interest 1n scientific work, but Mgller rapid-
1y opesed tus wstinte to young ressarchers, mastly with 2 madieal back-
ground He supported their studies and research with enthusiasm with the

result that many p ppeared from the I of Phar 1
of the Unwersity of Copenhagen Much of the work was done for practical
purposes, i collab with cl Mgiller started the

development of anacsthesiology in Denmark, and the first Danish anaesthest-
ologists began their career m his nstitute  Another achievement i which
the Pharmacologtcal Insutute was involied was the treatment of patients

d by | In coll with the cl the mstitute
developcd 2 lhcor:hcal basis for the * Scandmavian Method” 1n which the
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treatment was directed against vascular shock, which brought down consider-
ably the mortality of barbiturate poisomng

Swce the establst of the Phar logical Institute of the University
of Copenhagen, 1t was used by the police to supply information about the
chemical and forensic examunation of organs obtamed from corpses of
subjects suspected of dying from pmsonmg, also of matenals suspected of

being d with p To begn wath thes activity
was on a modest scale, but successively the number of requests increased
As a result Mgller ded 1n blisk a 1 1 mstitute wath

almost a dozen chemists and technicians engaged 1n the work The analytical
methods were improved, made more semsitive, more specific and more
exact These were p d, not nf ly i with a report of
mteresting cases of posomng Finally a special bulding was erected to
house the Institute of Forensic Chemustry After Mgller’s retirement the main
part of the analyses were taken over by the Institute of Forensic Medicine
but the pew institute gave a most wellcome grant for the enlargement of
the Insttute of Pharmacology wiich due to the tremendous increase in
teaching and research was severely 1n need of space

1t would be difficult to descnibe all the research acttvities 1n Mgller’s msti-
tute during the years The ab d wmportant ples will suffice
10 show bow great a part of the mstitute s research was conducted with direct
practical aims Yet more basic research was also provided Amply grants
from the Darush Association against Rheumatic Diseases allowed Mgller to
establish a laboratory for the study of connective tissue, its reaction to
sttmulation and the mfluence of drugs In his later years most of the
expenmental work of the mstitute was devoted to problems concerning
connective hissue

Unfortunately, there was for profes-
sional pharmacologsts 1n Denmark d\mng the tume in w}uch Mpller worked,
erther 1n umversities or m mdustry This was perhaps the reason why Mgller
never founded a school m the classical sense With very few exceptions, hus
outstanding collaborators and pupils became scattered around with leading
posmons m other professions, such as mternal medicine, clinteal chemustry,
etc On the other hand their pasic
education made some of them occasional, though useful advisers m varous
governmental stitutions and commssions

By tradition Mgiller became the chauman of the Damish Pharmacoposea
Commission He took up this work with ardent encrgy, first in Denmaxk and
later as a member of the Pt
Undoubtedly no small part of that essential work was mﬂuenced and
spired by lum, although m later years he withdrew more and
this special work One subject was of particular interest to,

ne -
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namng of drugs His 2im was to systematize the generic names by using
well defined suffixes and prefixes mn such a way that 1t would be easy to
recognize the type and effect of a drug merely by its name Some of the names
are pted only by the d Pharmacopoiea, such as phenemal
forp bital, resp phenobart and diemal for barbital, resp barbi-
tone Many of s other mvented names are more widely used, and his
actvities made hum a member of the WHO Nomenclature Commuttee

The story of this journal, Acta phar logica et ot has fre-
quently been told (JacoBsEN 1956) and there 1s no need to go mto all the
details here At the end of 1943 during World War 1I with the German
occupation of Denmarh, the publisher Einar Munhsgaard approached Mgller
and myself, at that time the only two pharmacologists 1n Denmark m leading
positions, with the proposal of staring a Scandwmavian journal of phar-
macology The 1dea was not new to us, and had frequently been discussed
between us A Scandinavian Pharmacologieal Society was founded 1n order
to continue the existence of pharmacology as a profession and to secure
the ownership of the new journal, and the furst 1ssue of Acta pharmacologiea
et toxicologica appeared 1 1945 on the very day on which the war ended
in Denmark Very naturally Mgller became the editor 1 chief of the journal
His editonal work was carefully prepared in every detail with the same sense
of system and order with which he ran hus institute, and for almost 20 years
he scrupulously edited every manuscript submutted to the journal His spint
still influences the journal and the results speak for themselves

His vast expenence made um the principal national authanty on pharma
cology Naturally he presided m severat f such as the Dansh
Pharmacological Society, the Scandinavian Pharmacological Society, the
Soctety for Theoretical and Practical Therapy etc Many of the societies

+ 1

& 1 their g1 des to him by him as honorary mem
ber These included the Danish A hesiol | Society, the Damish Phar-
macological Society and the Scandinavian Pharmacological Society Officially
n Denmark no or bly, even with the slightest

with phar ! probl Pr d without mviting Inm

to take the chair In this way he remamned an authomty on the develop-
ment 1 the field in Denmark for nearly three decades

His nterests were far reaching He enjoyed lierature and music, while
sport for him was more than a hobby He was the co founder and the
chairman for many years of the Damsh Students’ Sporung Association, and
1n hus younger days he was seen rowing on the Sound every morming from
early spring to late autumn

Mpller will be bered as being e ly helpful, and very few
ashed nm for help without leaving him wath at least some good advice, but
e never compromsed He formed his opmron and promoted or defended
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1t eagerly sometimes almost passionately On the other hand he was per-
fectly witling to modify or even change this opinion if faced with new facts
which would convince him

He was a faithful foiend and liberally opened fis home to guests from
all parts of the world He also enjoyed arranging congresses, attending
meetmgs as a ch:urman or hcmg n the audience, and sithng over drinks

or 1fic, with his friends His birth-

days \vluch fell on the Jongest day of the year were legendary

Weakness forced hun to slow down Ius activities n his later years,
although he admitted 1t only with difficulty A few years after his retrement
he became bednidden and disease prevented hum from following the rapid
development of the science to which he had devoted hus Ife

Enk Jacobsen
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The Toxicity of Chlorpromazine and Mescaline on
Mouse Cerebellum and Fibroblast Cells in Culture*

By
1 F Roubein, M Samuelly* and W Keupt+
(Received January 8, 1973 Accepted Aprnl 11, 1973)
Abstract The touicity of (CPZ) and line (MCL) to mouse
cerebellum and fibroblast cells was studied in vitro CPZ proved to be more

toxic than MCL to both tissues Fibroblast celles are more sensitive than the
cerebellum to both CPZ and MCL

Key words Ci - cells — chlor -

) The toxic effect of chlorpromazine (CPZ) on the cerebellum m culture
has been studied and descnibed by NAkazAwA (1960), but its lethal dose level
on the cerebellum has not been reported Nor has a comparison been made
between 1ts effects on the cerebellum and on fibroblast cells of the same
species

Relatively little 15 known regarding the toxicity of mescahne (MCL) on
the central nervous system an culture In view of these facts, 1t scemed both
logical and expedient that the cytotoxic and lethal dose levels of these two

pound nvestigated, the obj being to assess their toxic poten-
tial on the cerebellum and on fibroblast cells obtained from the same species
of amumal

+ Present address Dr M Samuelly Staten Island Mental Health Socicty, 657 Castle-
ton Avenue Staten Island New York U S A

«+ Present address Dr W Reup Stadt harl Ner k, O b
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Materials and methods

The cerebellum was removed from newborn Swiss Webster mice, after thus the
menmges and choriond plexus were stnipped off, 1t was then sectioned into 8 parts Two
explants were placed on » collagen-coated covership, fed with one drop (004-005 ml}
of a nutnent medum contamng no antibiotics and similar to that reported by
ALLERAND & MURRAY (1968), it was d 1n a lying-drop position in
assembly at 34-35° according 1o the method of BorNSTEIN & MURRAY (1958)

One htter of Swiss Webster mice embryos which had been obtamed under asepuc
conditions 2 to 3 days before birth, was used as the source of the fibroblasts used m
this study The fibroblasts were prepared by trypsinszation of the entire batch of mnced
embryos and this was followed by the of the cells by The
cells were grown as a monolayer in T flasks at 37° with Eagle’s basal medmum supple
mented by 20 % calf serum, dihydrostreptomyein (02 mg/ml) and pemcillin (200 1u Jml)
The cultures were made periodically since cells that had not been subeultured more
than 4 times were exclustvely used in this study

Drug solutions for the cerebellum were prepared by dissolving CPZ (or MCL) 1n
a mixture of equal amounts of Eagle s mummal essentral medium and Earle s balanced
salt solution ‘The muxture was stenilized by filtration, after which the required amounts
of the other nntrient medsam constituents were added For the fibroblasts, the solutions
were made by dissolving each of the drugs 10 2 Mg and Ca free balanced salt solution
(BSS) which was added to the feeding medwm

A total of 143 cerebellum cultures were exposed to the drugs from the time of ex
plantatson, 54 cultures for MCL and 89 for CPZ. As controls, 117 cultures which were
explanted from same cerebellum in each expeniment were used, all cultures were
examined 48 hours following e<plantation In determming the touc effects of both
drugs on fibroblast cells each dose level was studied i toplicate The drug solutions
wete added 24 hours after subcultuning and the cultures were examined after 72 hours

Observations The cultures of the cerebellnm were examined by bright field micro-
scopy with a X40 fluorite, 1 mm working distance ol immersion lens The cytatovicity
level was determined by using the cntera of Narazawa (1960) vacuohzation with
drawal of processes cytoplasmic bubbling and granulation Cell death was considered
to have occurred if growth had balted the explant had detached from the collagen,
and the pH had remaimed unchanged

The cells were graded to the of
TorL (1959) The criteria for eytotoueity were changes 1 morphological appearance,

Results and Discussion

In the hterature a wide diversity of cellular effects of CPZ has been de-
senbed GuTz & SPIRTES (1964) suggested that CPZ, acted pnmarnly on t
cell membrane DuUIOVNL & ZIMMERMANN (1968) reported that CPZ «
leakage of enzymes from cells 1 susp Simular effects were
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Table 1

Mintmum cytotouc and lethal dose levels (ug/mb) of mescaline and chlorpromazine
for cerebellum and fibroblast cells

Mescaline Chlorpromartne
Tissue cytotoxic lethal eytotoxic lethal
dose level dose level dose level dose point
Cerebellum Mintmum 500 2000-2500 Minmum 25 175-200
Fibroblasts 200-300 Miimum 600 | 20-30 Mimmum 80

by ZivmrrRMAN & KENDLIR (1970) when Chang human hiver cells were ex-
posed to CPZ or to other phenothiazine denvatives They assumed that
these drugs produced damage to the cells or altered the permeability of
their membranes

Data 1n table 1 shows that CPZ 1s more toxic to the cerebellum and to
fibroblast cells than 1s MCL The difference 1n cytotoxic dose levels of CPZ
for both tissues was insigmficant, but its lethal dose vaned sigmficantly,
the dose required for the fibroblast cells was 80 pg/ml whereas
for the cerebellum 1t was 175-200 pg/ml Moreover, the same table indicates
that the cytotoxic dose level of MCL for the cerebellum was almost twice
that required to cause similar effects 1n the fibroblast cells The lethal dose
level for MCL on the cerebellum was 3 to 4 tmes greater than the level
required for the fibroblast cells The higher resistance of the cerebellum to
both CPZ and MCL 1s noteworthy However, it must be taken into consider-
ation that 1n these i vuro studies the cerebellum and the fibroblast cells
were cultivated under different conditions, and this factor could have some
effect upon the comparative resistance of the two tissue types to CPZ and
MCL

Our finding that CPZ 1s more toxic to both tissues than MCL 1s 1n agree-
ment with the m v o studies of CampariL & RICHTER (1967) and FRICOVAN
et al (1963) They found the ED50 1 mice to be 400-800 mg/hg for MCL
and 220 mg/kg for CPZ
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Modification by L-DOPA Methylester (H 19/61)
of Amphetamine-Induced Brain Catecholamine Changes,
Thermal Responses and Toxicity in Developing Mice
By
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Abstract The effect of 150 mg/kg of L DOPA methylester on bram catechol
amines was studied 1n adult and developmg mice aged 3-5 days and 13-15 days
was d i the ping bram but

showed a manyfold increase The mncrease of dopanmune was less pronounced 1n
adult brain High doses of dI amphetamine (50-160 mg/kg) mnjected to L-DOPA

mce further the d levels 1n the developmg brawn
The adult bram catecholamines were remarkably depleted provided the observa
tion period was 4 hours after amphetamine Amphetarine Jowered the body
temperature i mice aged 13-15 days the fall was dose-dependent and poten
hated by pretreatment with L DOPA In adult mice amphetamume caused hyper
therma which was not modified by L DOPA L-DOPA did not change the mor
tality rates induced by amphetamine 1n developing mce but infant mice pré
treated with L DOPA showed a lower bram amphetamne concentration after
death than the mice given amphetarame only In adult mice L-DOPA enhanced
amphetarmine toxicity  Special attention 1s paid to the importance of different
turnover rates of catecholamines during development as well 23 to the complet
action of amphetamine on enzymes repulating catecholamupe turpover It i8
assumed that the h of g mice after might
result from the primary effect of

p on

Key words Age  amphetamine — catecholamines — L DOPA.

Several studies (WEISSMAN ¢ al 1966, Ranprur & MUNKVAD 1966,
ScnrEl-KRUGER 1971) indicate that the central effect of amphetamine de-
pends on a ¢ ynth of ho! (CA) n the bran
Previous studies from this Jaboratory suggest that the relative resistance to
amphetamine toxicity obsersed i developing mice could be, at least partially,
due to the pnmanly low central CA level in developing mice and that
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the mechamsms of amphetamme toucity and CA-responses induced by the
drug in adult and developing mice ts a very complex process (ALHAVA 1972,
ALHAVA & KLINGE 1972, Auiava 1973) The protective effect of mhibition
of the CA biosy by thyl against amph toxicity 1n
adult mice was well documented by Menon & Danpiva (1967), and this eould
also be reproduced 1n developing mice (ALHAVA 1973) Amphetamine en

hanced the central CA reduction tnduced by methyltyrosine 1 adult and
developing mice, which was assumed to reflect the accelerating effect of

h on CA (AvHava 1973)

On the other hand, the typical sumulation induced by amphetamne 1s
mhibited by methyltyrosine and restored by the administration of L-DOPA,
and amphetamine and L DOPA are krown to potentiate each other
(RaNDRUP & MUNKvVAD 1966, HansoN 1967) Furthermore, amphetamine-
duced hyperthermuia has been suggested as a lethal factor in amphet-
amme mtoucation (Moore 1963 &. 1964), and 1n rats and rabbits the hyper

thermia can be nh d by blocking dop P {Hr & Hormra
1971, MaTsumoro & GRIFrIN 1971) There s also some evidence about the
importance of dop h m control 1n mice

(Fuxe & Sioqvist 1972)

In additon to the functional and biochemical immatunty of the central
nervous system (CNS) of developing mice (KOBAYASH! ef al 1963, AGRAWAL
et al 1968), one possible exp for the d tol to amphet-
ammne 1n developing mice might be the low level and slow development of
the peak of bran amphetammne concentration observed in infant mice
(AvHAVA & MATTILA 1972) Therefore, the aim of the present study was to
analyze further the mechamsms of amphetamuine toxicity m developing
mice by investigating the effect of L-DOPA on amphetamine toxicity and
the changes 1n the central CA levels as well as on amphetamine-nduced
thermal responses and tissue amphetamne concentrations

Materials and methods

General techmque and environmental conditions

Aduit male NMRI stram muce weighing 19-25 g and developing muce of e ther sex
1 age groups of 3 § days and 13-15 days (body weights 1940 g and §2-8 1 g) wese
kept under standard Jaboratory conditions (ALHAVA & KLNGE 1972) the htters kept
with their mothers until used

The drugs used were L-DOPA methylester (H19/61 Kustner Lab Gothenburg
Sweden) and dl amphetamine sulphate The bramn concentration of CA body tem
perature and tissue amphetamine content were d after vanous

In all experiments L-DOPA methylester was d ssolved m saline and the dose
10 the methylester DI amphetamine sulphate was mjected 1 a
the doses refer to the base All the miections Were mada intranare
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volume of 01ml/10g of body weight The iojection techmque used for ammals
weighing fess than 10 g has been previously described (ALava 1972) After the in-
Jections the mice were put Into opaque plastic cages (15 X 20 X 13 cm) mn groups of
4 without access to food or water In the thermal experiments the control mice were
also fasting The room during the ¢ was 24-25° The values
of noradrenaline (NA) and doparmne (DA) as well as that of tissue amphetinune are
expressed as pg/g of fresh tissue Student's t test was used for the statsstical treatment
of the results

The assay of CA

The mice were npected at 9 a m with 150 mg/kg of L DOPA methylester The
ammals v ere decapitated 30 or 60 munutes after the injection, and the CA content of
the whole brains was assayed

Muce pretreated with H 19/61 30 or 60 munutes earlier were injected with high doses
of amphetamime (50-160 mg/kg) They were ly after
death or after the observation period of 1 or 4 hours The whole bramns were assayed for
therr NA and DA contents by the spectrophotofluorometric methods descrnibed by
BERTLER et al (1958) and CARLSSON & WALDECK (1958) The methods were shghtly
modified os previously described (Arttava & RLmce 1972) The adult brawns were
analyzed indvrdually In developing mice each sample consisted of 4 pooled bramng The
recovery of NA was 664 +27% (mean® S E M) and that of DA 773+ 28%
The results were corrected for the respective recoveries

Since L DOPA methylester 1s hnown to be oxidized by both the ferncyanide procedure
used for NA and the 1odine pracedure used for DA and eluted \n the DA fraction
half of the DA eluate was oudized with ferncyantde, which made possible to calculate
the porcentages of methylester of the actual DA values (Hanson & Umiey 1965) At
the age of 3-5 days the methylester contnbuted 77 % 15 % (mean + SEM) to the
DA values 30 minutes after the administration and 22 & 05 % 60 minutes after the
adminsstration At the age of 13~15 days the respective value for the methylester was
27 %07 % of the DA values both 30 and 60 minutes after the administration and
adult muce 134 + 24 % of the DA values including both penods after the admimistra
tion The DA values were corrected for the mean
unless the experniment had continued for 4 hours after amphetamine 1njection

Recial temperature of mice

The rectal temperature of adult and developing mice of both age groups was
measured with Ellab thermometer type TE3 The mfant mice were mjected with
120 mg/hg of amphetamine the 13-15 day old mice with 50 and 100 mg/kg and the
adults with 50 m/kg of amphetamine afler which the meastrements were made every
15th munute duning the first hour and then every 30th minute duning the subsequent
3 hours The effect of an intraperitoneal injection of 150 mg/kg of L DOPA methyl
ester, as well as the effect of L DOPA methylester pretreatment, miven 30 munutes
before injecting n the doses above, on the rectal temperature
i all age groups of muce was studied the ntervals between measurements after
amphetamine mjection being as desenbed above The youngest mice were handled
with forceps dunng the measurements

Tovcry experiments and tissue amphetamne content

The effect of pretreatment with 150 mg/kg of L DOPA methylester on the amphet
amne toucity i adult and developing mice was studied Tharty minutes after the in
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section of H19/61 the 3 S-day-old mice were given 120 mg/hg of amphetamine The
Tespective doses of amphetamine were 100 mg/hg to 13~15 day-old muce and 60 me/kg
1o adult mice  After amphetamine induced deaths the brans of the infant 2nd adult
nuce and the brams and hearts of 13-15 day old mice were dissected The tssues con
centration of amphetamine was measured spectrophotometrically as descnbed by
AMELROD (1954) The survinors were decapuated 4 hours after the amphetamine
injection and the tissue content of amphetamine was simularly determined In all age
groupsthe tissues of muce which died sp after were analyzed in
dvidually In determinations performed on the tissues of 4 hour survivors each sample
consisted of 2 pooled bramns or hearts except n infant mice n which these samples
consisted of 3 brans The recovery of amphetarmne from the bram was 87-90 % and
from the heart 103 %

In order to study the possible interference by H 19/61 with the amphetamine assay,
expeniments with H 19/61 and amphetamine #1 ynvo and m sitro were performed wm
adult brain hemogenates H 19/61 did not change the recovery of amphetamine i vivo
nor did 1t produce any colour reaction when given alone However, in experiments
performed in vitro the presence of H 19/61 caused a shight decrease (5-10 %) in amphet
aminy, recovery This was considered to be within the confidence ltmits of the method

Results

Effect of L-DOPA on the brain CA

As seen 1 table 1, 150 mgfkg of H 19/61 greatly increased the bran DA
level in the youngest mice both at 30 and 60 munutes after the myection,
while the increase 1n the NA level was only shight or absent In the older
age group H 19/61 clevated the DA level even more, and now the NA
level was also significantly increased In adult mice the changes mn the CA
content were very slight

Modification by L~-DOPA of the amphetanune induced brain CA changes

Table 2 shows the effect of amphetamine on the CA level of nfant nuce
after pretreatment with H 19/61 The most pronounced increase n the CA
was seen 1n mice given 120 mg/kg of amphetamine 30 munutes after the
pretreatment and decapitated 60 munutes later When the ammmals were
killed 4 hours after the amphetamie 1njection the DA level was sull 14
tumes higher than the control level while NA was only shghtly mecreased
A very high dose of (160 mg/kg) d the CA Jevels 1
muce decapitated 1 hour after amphetarmine

Table 3 shows that m mice aged 13-15 days, 100 mg/kg of amphetammne
killed some ammals within 5 munutes mrespective of the mierval between
L-DOPA and amphetamine The DA content was marhedly and the NA
content moderately mcreased

It emerges from table 4 that the CA changes in response to amphetamine ,’
of adult mice pretreated with H 1961 differed from those of w. ™
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mice Mice decapitated 4 hours after 50 mg/kg of amphetamine showed
a definite depletion of both NA and DA levels 1n contrast to the massive
merease of DA seen mn mfant mice 4 hours after 120 mg/hg of amphetamine
(table 2) A high dose of amphetamme (100 mg/kg) killed the ammals withmn
35 munutes, at whnch time NA was decreased to 67 %, whereas the DA level
was almost three times as high as the control level

Effect of amphetarune and L-DOPA on body temperature

It 1s seen from fig 1 that i the youngest mice the rectal temperature in
the control group spontaneously decreased by about 5° dunng the 4 hour
measurement period (P << 0001) Amphetamine (120 mg/hg) nduced a
stmilar decrease dunng the first 90 munutes (P << 0 001), after which there
was an ncrease of 1° during the subsequent 90 munutes (P < 002) H19/61
alone produced a temperature curve of about the same shape and level as
120 mg/kg of amphetamune, and the curve did not noticeably change when
the mice were pretreated with H 19/61 before injecting amphetamme

From fig 2 1t 1s seen that I3-15-day-old nuce had a higher and more
stable control level of body temperature than infant mice The imjecton of
50 mg/kg of amphetammne caused a rapid decrease of about 3° in body
temperature, which gradually returned to the control level dunng the 4 hour

AGE 3 5 DAYS
®—® CONTROL ®=& CONTROL
©—O AMPHETAMINE 120 mq/kg A—h H 19761 150mgrkg

A—AH 19761 150mg/kg +
AMPHETAMINE 120mq/kg

e © a1
o w 3
2 B
& 2w
& 8 2l
B
E‘ ] 2¢)
- w .,
- '~
o a5 haptates SRR
h 2
B 8
& o o
e
A AR
AMPHETAMINE TIME {HOURS) ’“9’5’T TIME {HOURS)
AMPHETAMINE
Fig 1 Body induced by 2nd L-DOPA in mce 8¢d

3-5 days Each point of the curves represcnts the mean £ S.E M of 10 animals
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AGE 13-15 DAYS

®-# CONTROL ®-® CONTROL
©0—O AMPHETAMINE 50mg/xg A—A 1 19/61 150 mg/ky
w~& AMPHETAMINE 100mq/kq At R 19761 T50mq/kg &

AMPHETAMINE 5D mq/kq

L o
o w 3 - _——"/.
@ « at
El &
=3 g
2 2 3
& @ 3z
& e
= B
o o
g = 2
o
‘é |€=.| 28
PP R S —
iz 2 3 4 5 1”2 2 3 & 5
TIME [HOURS) mng TIME {HOURS)
AMPHETAM NE
Fig 2. Body responses tnduced by and L-DOPA 1a mice aged
13-15 days Each pomt represents the mean +SEM of 6 ammals
penod The hypoth effect of ampt 1n this age group was dose

dependent, stmee 100 mg/kg of amphetammne mduced a twofold (6°) decrease
m temperature as compared with 50 mgfkg The level of the curve induced
by the larger dose remamed low dunng the whole measurement period
H 19/61 mtally shghtly d (by 1°) the dunng the first
90 minutes after which the p e gradually by about 2°
1n the remaining time period Pretreatment with H 19/61 enhanced the hypo-
thermic effect of 50 mg/kg of amphetamine
In adult mice (fig 3) 50 mgfkg of amphetamune caused a typical hyper

thermic resp which had pletel ded 5 hours later After H 19/61
there was an mitial decrease (about 2°) i temperature dunng the first hour,
and thereafter the temperature fluctuated between 36° and 37° The control
level of adult body temperature was higher than either of those of the
developing mice Pretreatment with H 19/61 did not prevent, nor potentate,
the hyperthermua mnduced by 50 mg/kg of amphetamine

Ejffect of L-DOPA on amphetanune toxicity and tissue content

In mice aged 3-5 days pretreatment with H19/61 did not change the
mortality rate mduced by 120 mg/kg of amphetamme the mortality 1o # .
pretreated group was 9/16 and m mice mjectad vmeh o -

hatamama ol

2
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ADULT
®-8& CONTROL & =& CONTROL
OO AMPHETAMINE §0mq/kg A—A H 19781 150mg/kg
A4 H 19781 150mg/kg +
AMPHETAMINE §0mg/kg

& P
w
S &
2 S
3 E
& 4
W w
* &
S I
= -
5 g
& g

73 2 3 4 T 3

TIME {HOURS) meI TIME (HOURS)
AMPHETAMINE

Fig 3 Body to and L-DOPA in adult mie Each

pount represents the mean £ S E M of 6 ammals

712 However, table 5 shows that pretreated muce which died within
15 minutes after amphetamune had about a 50 %, lower brain amphetamine
concentration than the unpretreated mice (P < 0001) The survivors de-
capitated 4 hours after amphetamine showed the same bramn amphetamine
level 1 both groups

Table 5

Effect of pretreatment with L-DOPA methylester on amphetamme tovicity and bram
amphetarune concentration in mice aged 3-S5 days The number of experiments i
Riven 1n brackets

Pretreatment Dose of Time of Bram amphetamine
with H19/61  amphetamme death after (pe/s)
{mg/ke} (mg/kg) amphetamne meant§ E M
150 120 15 min 42%20%% ()
- 120 15-20 muin 82£54 (1)
150 120 20-45 mun 8115 (9
150 120 4 hrs 9E59 @)
- 120 4 hrs #$t26 @)
“s*p L0001 versus bramn h level 1 mice given amphetamine

only, and 1n mice which died at the same time
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Table 6

Effect of pretreatment with L-DOPA methylester on amphetamme todeity and brain
and heart amphetarmine concentration 1 mtce aged 13-15 days The number of
expenments 15 given 10 brackets

Brain Heart
Pretreatment  Dose of Time of amphetamine amphetamme
with H19/61 amphetamine  death after (ue/e) (ug/e)
(me/kg) (mg/hg) amphetamine o0 s R M meantS E M
150 100 5-10 min 126165 (5) 97179 ()
- 100 5-35 mun 1652162 (4) 133+ 96 (4)
150 100 105-125 min 1262107 2) 38131 2)
- 100 70-130 mm 150144 (4) 642130 (4)
150 100 4 hrs 55+ 87 (4) 18+ 31 (4
- 100 4brs 60% 55 (4) 16% 31 (4)

In mrce aged 13-15 days, 100 mgfkg of amph given to
mice mduced a mortahty rate of 7/16 In unpretreated mice 1t was 9/16
From table 6 1t can be seen that also 1n this age group the pretreated mice
which died sp ly after amp showed hat Jower
brain and heart amphetamne concentrations than mce myected with amphet-
amine only Dunng 4 hours the brain and heart amphetamime was decreased
to the same level 1in both groups

Pretreatment with L DOPA enhanced the toxe effect of 60 mgjkg of
amphetamine m adult mice The mortality rate m the pretreated mice was

Table 7

Effect of pretreatment with L DOPA methylester on amphetamine tovicity and
brain amphetamine concentration 1 adult mice The number of expenments 15 given
n brackets

Pretreatment Dose of Time of Brain amphetamine
with H19/61  amphetamine death after (ugle)
(me/kg) (mgfkg) amphetamine meantS E M
150 60 30 mun 135251 (3)
150 60 80 run 15568 ()
150 60 145215 mun 36260 {6)
- 60 130-165 min 36%238 (2)
150 60 4 bes 1238 (4)/
- 60 4 hrs £iua
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12/16 and m the mice injected with amphetamine only, 2/12 The bram
amphetamine concentration was the same m anumals which died spontane-
ously 1 both groups, as well as m survivors decapitated 4 hours after
amphetamune (table 7)

In all the experiments performed with both developing and adult mce
the dose of L-DOPA methylester mduced a marked sedation, which was
most pronounced immediately after the mjection and almost completely over
in 60 munutes The stmulating effect of amph after the p
secrned to be somewhat milder than without any pretreatment

Discusston

The bramn CA-changes m response to L-DOPA methylester differ between
developing and adult mice as was also found after the admumistration of
methyltyrosine methylester (Atstava 1973} As shown in a previous study
(AL1tava 1973), the 13-15-day-old mice seemed to be at a particular stage of
development as regards the brain DA levels The DA pool of this age group
was particularly resistant to the infubition of tyrosme hydroxylase (ALHAVA
1973), and after L-DOPA a marked overshooting of the DA level could be
seen The decarboxylation of L DOPA appears to be effectine m the devel
oping orgamism The many fold mcrease 1n the DA level in both age groups of
developing mice might reflect a relative lack of dopamune § hydroxylase as
well as a low activity of both CA-degrading enzymes in the developing bram
(MIRAIN 1970) Furthermore, the msufficient development of the granular
storage system mn young age groups could partially explan this phenomenon
The present findings give addrtional support to the eustence of the previously
suggested differences mn the turnover rates of CA dunng development
(ALnAVA & RLINGT 1972 Athava 1973)

As to the ability to degrade L DOPA methylester, the 13-15 day-old mice
agun showed their particular type, having only 27 % of the drug as methy!
ester at both times after the admimstration This reflects 2 ligh hydrolyuc
activity 1n this age group and 1s i agreement with the findmgs of DovE
(1964), who mentioned that the hydrolytic reactions of developing ammals
occur as actively as those of maturc amimals In this respect the mfant mice
lie between adult and 13 15-day old mice, which might dicate 2 relatne
immatunty of the general metabolic processes 1 very young antmals (DONE
1964, MirnIN 1970)

The hypokinesia seen after the admimstration of H19/61 i adult and
developing mice tallics with the finding of STROMBERG (1970), who revealed 8
dose dependent reduchion 10 motor actvity 10 mice mjected with L-DOPA
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1n a dose range of 313 to 250 mgfkg The mechamsm of this sedation 15
probably central, since 1t can be p d by inub bral
DOPA decarboxylase (STRGMBERG 1970), and since the brain DA level and
the time course of hypokinesia roughly correlate with each other

Large doses of amphetamine induced very high brain DA levels 1n devel-
oping muce pretreated with L-DOPA Smce L-DOPA alone was far less
active 1n this respect, the amphetamine effect might result from the dop-
amue § hydroxylase-ichinting activity of amphetarmne (GLowmNskl et at
1966) Considening the high doses of ampt used, 1 ¢ producing
high levels of amphetamine 1n the bram, the possibility of MAO inhibition
cannot be excluded (GLOWINSK et of 1966, RUTLEDGE 1970) This seems
even more hkely since the activity of the CA-inactivating enzymes mn devel-
oping ammals 1s low (MRKN 1970) As previously discussed (ALHavA 1973),
one further reason for increased DA levels might be the stmulation of
biosynthesis of brain DA induced by amphetamine {CoSTA & GROPPETTI
1970)

In pretreated adult mice, the CA changes of which n response to L-DOPA
alone were much milder than those of developing ammals, a considerable
depletion of both amines was seen at 4 hours after amphetamine mjection
This mght be explamed by the different tumover rate of CA 1n the mature
brain Furthermore, the short duration of the peak concentration of amphet-
amine m adult bran 1 contrast to the nfant bram (ALHAVA & MATTILA
1972) may exclude the mhbition of MAO activity by amphetamine at the
very time of the bran CA assay The high level of DA m pretreated adult
muce killed by 100 mg/kg of amphetamine 1s assumed to result from exther
the persistence of L-DOPA effect at the time of death or from the same
effects of amphetamme on DA turnover rate as discussed above, or both

In a previous study (ALHAVA 1972) 1t was suggested that in developing

muce the ymmature adrenergic system may hmut the development of hyper-
thermua and hence dimunish the exhaustion component of toxicity The
present findings support this assumption, smce the typical amphetamme-
mnduced hypertherma seen in adult mice could not be reproduced in devel
opmg mice Fuxc & SioQvist (1972) have suggested the existence of a
eritical balance between central DA and NA neurons in the thermo-regu-
lation of the mouse, and hence, a selective direct stimul; of DA p
would elicait a d m body P , Whereas 1 of NA
receptor activity would tend to mncrease the body temperature In 13 15 day-
old mice the bram rato for DA/NA was 12 while the respective ratio
adults was 21 (Aruava & KLINGE 1972) Amphetammne 1n tumn affected
bram DA more casily than brain NA 1n young mice Hence, 1t 15 tempting
to suggest that amphetamine hypothermia 1n 13-15-day-old mice could be
prmanly due to DA release, and, danly, to the reup block
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activity of the drug (GLOWINSKI ef al 1966) the combmed effects thus
leading to an increased amount of DA at the receptor sites The potentiation
of hypothermia by L-DOPA, too, could be explamed by an increased
avallability of DA at the receptor sites The predommance of DA release
over that of NA 1n this age group 15 further supported by the very greatly
mereased DA levels after L-DOPA gven esther alone or tagether with
amphetamme
As previously shown (Atnava & Kuinge 1972), i adult mouse bran
50 mgykg of amphetamine depleted the NA Ievel to 35 %, of the control level
m 4 hours, whereas DA was reduced only to 90 % Accordingly, the hyper-
thermia seen after this dose of amphetamine 1 adult mice mught be ex-
plamed by a prnimary mcrease m NA at the receptor sites, which may
domunate DA release i the brain (Fuxc & Sioquist 1972) The short du-
ration of inthal hypothermia seen after the admmstration of L-DOPA cor-
relates with the time course of bramn DA level after H 19/61, both effects
reaching thewr maximum at 30 munutes after the mjection (table 1, fig 3)
Thereafter a balance between DA and NA neurons in thermoregulation 1s
reached (Fuxe & SioqvisT 1972) Perhaps due to the short duration of the
L DOPA effect on the DA level, the increase 1n body temperature after
amphetamme m spite of pretreatment with H 19/61 15 again observed In
imfant mice, the general immatunty of the adrenergic system as well as the
tack of fur might explam the insufficiency of thermorcgulaion Further
discussion about the temperature control of mice 1s not justified because
of the relative lability of thermoregulatton of this ammal species
As reported by several investigators (RANDRUP & MUNKVAD 1966, HAN-
$oN 1967), L-DOPA and amphetamine are hnown to polentiate each other,
and m reserpinized mice the amphetamine toxicity 1s markedly ncreased
after pretreatment with L-DOPA (MeNon & DaRDIYA 1967) With regard to
adult mice, the present findings support this finding, and the enhancement
of amphetamune toxicity by L DOPA was also reproduced 1n nfant mice
Even though the pretreatment did not considerably change the mortality
rates of developing mice as compared with those mduced by amphetamiae
only, the H 19/61 pretreated 1nfant mice after death showed a lower bram
amphetamine concentration The difference between hissue concentrahions
within the two groups of treatment 1s so remarhable that it cannot be ex-
plamed by the shght with amph recovery caused by
H 19/61 The slow development of the peak of bram amphetamine con-
centration 1 infant mice 1s analogous with the previous finding from his
laboratory (ALIAVA & MaTriia 1972) It appears that the iniial massive
overload of DA 1n the bran could change the bram perfusion and thus
snhibit the penetration of amphetamine into the bram tissue Hence, n the
presence of a DA overload, even small concenyrations of amphetamune 1@
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the bran covld be sufficent to imduce death, e g by causing an
acute massive release of CA (CarLssoN 1970) The short duration of the
L DOPA effect mught explain the disappearance of the difference n tissue
concentrations with time

Pretreated 13-15-day-old muce hilled by amph showed a tend
to loner tissue amphetamine concentratton than those injected with amphet-
amne only, although the difference was The 1

considered to result from the great vanability m the time at which death
occurred between the two groups of treatment Therefore, 1t 15 probable that
the same phenomenon as n mnfant mice n amphetamine toucity 1s also
molved in L-DOPA pretreated muce of this age In adult mice, iz which the
pattern of brain amphetarmne concentration is known to be different (AL-
HAVA & MATTILA 1972), even the mortality rates showed the potentiating
effect of L-DOPA on amphetarmine toxtcity Furthermore, since the effect
of L-DOPA on brain DA Jevel 1s much milder than in developing mice there
1s no such hindrance induced by a DA overload with regard to the pene-
tranon of amphetamine 1nto the brain and a hugher concentration of the drug
1s needed to mduce early death In the mice which died 2 to 3 hours after
the treatment, who already showed a considerably reduced bram amphet-
amine level, further changes 1 the central CA turnover rate possibly lead to
2 lethal outcome

The present findings agan reveal the p} of the amph
action They also give further support to the assumption previously made
{Arnava 1973) about the particular stage of biochemical development of
the 13-15 day-old mouse bramn Furthermore, the effects of L DOPA may
be quite vanable depending on the dosage (HORNYRIEWICS 1966, STROMBIRG
1970), which complicates the mterpretation of the [-DOPA data It appears
that the toxic action of amph md might be based
on changes 1n those enzyme levels which are msponsnble for the CA turnover
rate Further conclusions from the present results may not be justifiable with-
out more specialized biochemucal experiments
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Abstract Suspensions of rat intestinal cells were incubated for 30 mm at 38°
with either sodium fluonde, sodium laurylsulphate or chlorhexidine acetale
Except for a shight sumulation with fluonde and laurylsulphate at the Jowest
concentration tested (005 mM), all three P ly supp

glucose at A 50 % mhib occurred at
approumately 3 mM fluonide, 1 mM laurylsulphate and 02 mM chlotheudine
Thus on an equimolar basis fluoride proved to be the least potent hibitor of
mucosal glucose metabolism The implications of these findings are discussed
with regard to the of these used 1n oral p

as well as to the amounts that may be swallowed and thereby reach the 1
testtnal epithehum  According to the results from this #n vitro system, the
amounts of fluoride tested are less Iikely to affect this essential digestive process

than the 2 of laurytsulpl or chl

Key words Fluonde — laurylsulphate — chlorhexidine — glucose metabolism -
rats ~ intesunal cells

The use of fluonde rep a well-cstablished aid 1 providing more
decay- teeth The and ¢ s 1n current use depend
on the mode of admumstration or apphication Ia dentifnces the conceniration
of the fluonne component usually corresponds to approximately 01%
fluonde

Synthetic ansonic detergents such as laurylsulphate m concentrattons of
1-3 %, are also common dentifrice components but have a less well-proven
value

R tly 1t has been o d that local appheation of chloshexidine
1 the oral cavity exerts a remarhable dental plaque-preventing effect (LOC &
Scirort 1970) Dentifrices contaiming 06 % and 08 % chlorhexidine have
been tested 1n chneal tnals (Girrvo & RoL1a 1970)
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Drugs used n dentifrices or mouth nnses may not have only the in
tended local effect, as considerable amounts may reach the gastro
mtestinal tract After a two minute mouth nnse with 7 m! of 0 05 % sodium
fluoride solution, 164 % of the fluonde was retained i the body (BRKEL-
1AND & LORKEN 1972) The retention of chlorhexidine after one-mmute
nnses with 10 ml of 0 05 %, chlor digl solution d to
437 %, (BonsvoLL ef al 1972), and with 10 ml 02 %, sodim laurylsul-
phate solution to 27 £6 % (BONCSVOIL et al , personal communtcation 1972)

Next to the oral epithelum, the gastromntestinal mucosa will be exposed
to the highest concentrations of ingested substances The present investiga
tion gives an m vitro companson of the potency of fluonde, laurylsulphate
and chlorhexidine with respect to their interference with one of the essentral
digestive processes, namely the glucose metabolism of the intestmal epi-
thelium

Material and methods

Non fasting male rats (180-220 g) were anaesthetized with urethan imtraperitoneally
using 10 m! of an aqueous 125 % urethan solution per hundred gram body weight
The tntestinal mucosal cells were then isolated as descnibed by SoGNEN (1967) ana
ncubated 1n a Krebs Runger phosphate solution

To 25mt Erlenmeyer flasks contatnng 100 ,d (005 per) D glucose UC(U) (The
Radiochemical Centre Amersham) was added sodrem fluoride sodum laurylsulphate
or chlorhexudine acetate in a 100 pl volume or in the controls 100 pl 09 ° NaCl
Of the cell suspension 28 ml was then pipetted into each flash Thereafter a centre
glass well with 200 pl Hy: (Packard Co } for the of HCO»
was put 1nto the flasks which were then oxygenated for 4 min The flasks were sealed
with rubber caps (Capuchons Alpha Pour Sterihisateur} and left 1 a shaking bath for
30 mimn at 38° Incubation was termunated by adding 05 ml 75% tnchloroacetic acd to
stop the metabolism and to release carbon dioxide from the solution Shaking con
tinved for 5 min. The vessels contaimng Hyamme were then transferred in toto to
counting vials with 10 ml Insta Gel® (Packard Instrument Co) and counted 1n a
Packard Tn Carb Scintllation Spectrometer model 3310

Results

The effect of fluonde laurylsulphate and chlorhexidine on glucose me-
tabolism 1n 1solated intestmal mucosal cells 15 rllustrated m fig 1 Chlor
hexidime proved to be the most potent mhbitor and caused an almost com
plete suppression at 05 mM, while with Jaurylsulphate a concentration
about ten times higher was needed to obtam thus effect Fluonde was stil
less potent At 005 mM concentrations of fluonde and laurylsulphate,
glucose utilzation appeared to be shghtly stmulated This tendency wa
not observed with any of the tested concentrations of chlorhexidime T <
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Fig 1 The effect of fluonde Iaurylsulphate and chl on glucose

10 rat ntestinal mucosal cells During incubation for 30 min at 38%, 14COs formed
from metabolized D glucose 14C was collected The values (mean values £ S D) are
calculated as percentages of the controls (In brackets, number of expeniments )

sulphate at low concentrations has previously been reported to sumulate rat
testinal glucose absorption (Nissm 1962) and respiratory rates i sus-
penstons of rat hepatic cells (TARNOIT & STRAUSSER 1969) Davics (1949)
found that the respiration of frog gastric mucosa was elevated by low levels
of fluonde

Discussion

The question whether dmly ingestion of small quantittes of substances,
such as those presently tested, interferes with gastroimtestinal metabolism
and absorption of nutrients or drugs 1s complex Dilution and binding to
proteins and other components 1n the alimentary flurds may reduce or modify
thesr effects The very rapid regeneration of the ntesynal mucosa may
further contribute to a reduction of the effect on this cpithelim Usually,
the mucosal transport capacity for nutnents exceeds by far the body require”
ments, and 1t 1s not likely that a mnor deficiency n the uptake will be of
any toucological importance under normal conditions In alimentary diseases
or at P lly lugh req however, the presence of interfenng
substances may become a problem

Mucosal glucase metabolism, selected as our test parameter, repre
an essential encrgy-yielding process for a number of actwe transport ntech-
anisms, ¢ g of flurd (BARRY ez al 1961), sodium (BARRY et al 1967), ﬂ"“":
acuds (DAWSON ef al 1965), calcm (Saacurr & Rosty 1959), aad o

sents
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glucose itself Inhubition of glycolysis may thercfore be regarded as an ex~
pression of a general toxic effect on the intesttnal mucosal cells

Fluonde 10ns are generally considered to be a potent mhubitor of glucose
metabolism In the i yuro system used at present chlorhexidine proved
to be a more potent mnhibitor of this metabolic process than either fluonide
or laurylsulphate A 50 % mhubition of glucose metabolism occurred at
approximately 02 mM (0 0125 %) chlorhexidine, 1 mM (0 029 %) lauryl-
sulphate, and 3 mM (0 0126 %) fluonde

The concentration of chlorhexidine, which 1 the present study inhibited
glucose metabolism, corresponds to the results of HELGILAND et al (1971),
who found toxic effects of chlorhexidine 1n concentrattons from ¢ 05 mM 1n
cultures of human epithehal cells

The results of this comparative study may be of mterest when related to
the concentrations and amounts of the drugs that are used 1n dentifrices and
mouth ninses Winle the possible deletenous effects of the caries prophylactic
use of fluonide have recetved much attention, less interest has been focused
on the potential of other agents of more questionable value, such as lauryl-
sulphate The present results indicate that, d to both Jaur
and chlorhexidine, the amount of fluoride that may be ingested following
the use of such products 1s less ikely to mterfere wath glycolysis 1n intestinal
muycosal cells It should be stressed, however, that care must be taken when
interpreting these i witre findmgs, as differences m their affimties for n-
activating components iz vivo may modify the relative toxcities of the agents
tested
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Abstract may eust m {wo isomenc
forms « and fi Flupemhnol contains 45-55 % a flupenthixol The pharma

cologeal effects of hrxol « and B fl hxo! have been

with those of cl 1y h chlor
and | In most screeming tests « flupen

thixol was with BF showed very low phar

macological activity As expected the polency of flupenthixol was about one

half that of « p was more poten( ﬂlan

and m {he mnhb of

response The influence on and the « adreno-

Iyhe effect was considerably weaker than that of chlorprothixene

Key words P X agenty ~ flu

penthixol — clop:n(hlxol - Chlurptnlhxxene

In our omgnal pubhcation (MoLLtr NiLSIN et af 1962) on the
central depressant activity of throxanthenes, there was no evidence with
the methods used m this study, tbat flupenthixol (N 7009) was more
acuve than many other substances Since then, as other more specific meth-
ods have been tried, flupenthixol appeared to be a potent neuroleptic, and
the most potent 1n the thioxanthene senes Chmically, flupenthixol bas been
established as a potent, low dose neuroleptic It has a very low sedative-
hypnogeme potency, while on the contrary, a certam activating effect has
been ascnbed to this drug In the present paper the psychopharmacological
profile of [lupenthuml has been compared wnlh that of « *

per s and halc
'e

(furmulas see fig 1}

-
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Like other nng-substituted thioxanthenes, flupenthixol may exst n two
1somenc forms, a and § Flupenthixol contams 45-55 %, a flupenthixol For
this pharmacological study «- and § flupenthixol were prepared mn a pure
form and tested separately

Materals and methods

Campoundx

a i [ ! 1 h and ﬂu
phenazme were available as the dib: hlorides cht and
as hydrochlondes These substances were vsed as nqueous solutions Halopmdcl was
dissolved 1n 01 M tartanic acid and diluted as required with distilted water All doses
refer to the respective substances according to weight

Animals
Except where otherwise stated the following animals were used
Male mice, NMRI/BOM
Nale rats, Wistar/Af/Han/Mol (Han 67)
Guinea pigs unspecilied either sex
Rabbits New Zealand White ether sex
Cats unspecified domestic cat either sex
Dogs pure bred Beagles, own breed either sex
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Caleulations
Most log probit analyses and calculations of 95 % confidence fimuts were done by

means of an IBM 1130 computer system according to the method desenbed by Fromy
(1952)

Methods
Inkibinton of spontaneous motor activity in mice
Motility was d 1n pggle cages the amount of activity

of mice placed n a new environment for 15 minutes The method used was essentrally
the same as that descnibed by KopF & MoLLer NiELsEn (1959) The jiggle cages have
been modified so that vibrations are registered by means of a strain gauge bndge
EDS0 was defined as the dose reduciag the actvity to S0 % of that of the control
ammals Ten animals were vsed per dose level and 20 antmals for the control groups
Test were d

Cataleptic reaction, vertical rod test in mice

Mice weighing 25-28 g were kept 1n groups of five in Macrolon cages, type 2 at a
roem temperature of 23°

A modification of the method described by ZETLeR ef af (1960) was used to mea
sure the cataleptic reaction In this test the amimals were considered cataleptic when
they remained immobile during a penod of 30 sec after being placed on a vertical rod
wound with stnng Untreated mice chmbed normally up asd down the rod Mice
treated with cataleptogemc drugs at appropriate dose levels remamed ;mmobile on
the rod The ammals were checked for the presence or absence of catalepsy ¥, 1,
1%, 2, 2%, 3, 4, 5 and 6 brs after subcutaneous injectron of the test compounds Five
ammals were used at each dose level EDS0 values, defined as the doses productog
catalepsy 1o 50 % of the mice, were determned on the basis of the maxumal cataleptic
effect of each dose level, irrespective of time

Cataleptic reaction (wire mesk} in rats

Rats were kept in groups of 5 1n Macrolon cages, type 3, at a room temperature of
2250 235°

The ammals were placed on a vertical wire mesh Rats were considered cataleptic
when they remained immobile during a penod of 15 seconds Untreated rats chimbed
normally up and down the wire mesh

‘The anunals were checked for the presence or absence of catalepsy 1, 2, 3, 4, § and
6 brs after mtrapenitoneal jection of the test compound The EDS0, defined as the
dose producing cataleptic reaction 1 S0 % of the rats, was calculated for each ume of

ohservation The EDSOmin was defined as the lowest EDSQ that conld be obtantd m
relation to time duning 6 hours of testing

Ptosis inducing effect in mice

In order to differentiate between spontaneous and drug induced ptosis a hght extero-
cepteve shimulation was apphied (TEDDSCHI 1967) A Macrolon cage, type 2 contaming
5 mice was tilted up and down once Thurty seconds later the degree of ploms was
determined according to the scorng system adopted by RUBIN ef af (1957) Each group
of mice was tested 34, 1, 134, 2, 2}4, 3, 4 and S hre after ntrapentoneal inject
of the test compound

210
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The ptotic score for each dose group and time interval was expressed 1 per cent of
the mauimal obtainable score The EDSO was determmed on the basis of maximal
per cent ptosts for each dose level, wrrespective of ume

Antagomsm against apomorphine induced stereoty py 11 rats

Rats (230-270 g) were given test substance mntraperioneally (5 ammals per group)
‘Two hours later apomorphine hydrochlonde (10 mg/hg) was injected intravenously
and the ammals were placed 1a ndividual cages for one hour A cage consisted of a
30 cm high perspex box (12 X 25 em), without bottom and hd, which dunng the
evpeniment was placed on corrugated paper In this situation control arumals, when
given apomorphine, exhibit excessive gnawing compulsion In the expenimental groups
the percentage of ammals that did not ite the cofrugated paper was determined
ED50 values, defined as the dose protecting 50 per cent of the animals agamst gnawing
compulsion were calculated

Antagomsm against apomorphine induced vomuting in dogs

The dose of h 1de for the of vonmting 1n
our dogs has been d: to be 25 ygfhg After this dose vomutng
occurs within a few minvtes

Test substances were given at 3 1o 4 dose levels subcutaneously (2 to 4 dogs per
dose level) Four hours later the dogs were challenged with the threshold dose of
apomorphine hydrochlonde and observed for the occurrence of vomitng. Approximate
ED350 values were determined

A

against tnduced rypy in dogs
When given 16 mafkg yd 1d dogs display 2
stereotyped runmng activity which starts a few munutes after the snjection and persists
for about 1 hour (NYMARK 1972) Test substances were imyected subcutancously sn 2
10 § ammals per dose level 4 hrs before the apomorphine challenge The anmals were
then observed for the presence or absence of stereotyped runmng actvaty for { hour
Approumate ED50 values for protection were determined

Antagorism against amphetamne induced stereon py n rats

Rats (230-270 g) were given a subcutaneous dose of the drug under invesizaton
and immediately thereafter 136 mg/hg of amphetamune sulphate (~ 10 me/hg of
amphetamine basc) was mjected intravenously The ammals were then placed m
indvidual cages as described above under apomorphine sntagomsm  After 55 and
65 minutes the rats were observed for stereotyped movements of head and forelegs for
one minute The absenice of stereotypy was interpreted as a drug effect EDSO vatues
for against Py were

All compounds were tested at 2 munmum of three dose levels using 10 rats per dose
and the observer wus kept unaware of the mdenuty of the groups untl after the
experment

agansr wnduced py in nuce
Mice (18-25 g) were given an dose of the test P ¢ Two hours
later 60 mg/kg of methylphenate bydrochlonde was imjected subcutancously, and
immediately thereafter the ammals were placed in cages, 2 mice 1 each cage, for
1 hour The cages which duning the were placed on d paper, are
described above under ay In thus situatron control mice when
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given bite the § paper (gnawing compulsion) (PEDERSEN &
CurssTENSEN 1971 & 1972) All compounds were tested at at least 3 dose levels usiwg
3 to 6 parrs of mice per dose The absence of biting the paper was constdered as a
drug effect ED50 values were calculated

Inhibition of conditioned avoidance response, rats

Rats were tramed to avod an electrical shock m a shuttle bot {Ugo Baside, Milan) by
moving from one compartment to the other dunng a peniod of warming Each tnal was
organized as follows 5 sec. of wamug signal (tone), § sec of tone + shock and
20 sc¢ nfertnal An experimental session consisted of 10 such trals Change of side
immediately would termmate the shmulus bemng presented 2nd thus prolongmg the
intertrial period All experiments were controlled by a Massay Dickinson programmung
and recording system

During training and testing three types of responses were scored if the rat crossed
in response to the conditioned stimulus (tone) only, a “conditioned avoidance response™
{CAR) was scored, if the cross occurred dunng the time when both the conditioned and
the unconditioned sumuli (tone and shock) were beng presented, an “unconditioned
escape response’ (UFR) was scored, of the rat failed to cross dunng the shock pencod,
an *escape failure” (EF) was scored

All rats were traned until 2 cnterion of at Jeast 0 % avoidance response was
reached Five or ten rats were used at each dose level For each substance tested a
new group of rats were trained The rats were tested 1 hr before and 1, 2,3, 4, 5, 6
and 24 hrs after sub of the test

The per cent inhibition of CAR was calculated on the basis of the pre-dosmg level

EF
The per cent mnhibition of UER was calcutated as follows N 10 100 (EF = total

number of escape falure, N == number of ammmals tested) EDS50 values were cal
eulated

Influence on body temperatire, rats

The body of d caged, d rats was recorded by means
of a (El lab, Co h The room was 22-24° The
temperature was measured 45 munutes before and 3, 33, 1, 134, 2 3, 4 and 5 hrg

after ntrapentoneal mjecyon of the test compound at dose levels of 125, 25 and
5 mp/kg

Adrenaline (A) noradrenaline (NAJ and 5 hydroxytrypanne (5 HT)-antagonism
pithed rat preparation

‘The antagonisi to A, NA and 5 HT pressos effects 1n pithed rats was studied by the
method previously descnibed (MoLier NIELSEN & NpvHorD 1959) Test compounds
were mjected iniravenously at 3 to 4 dose levels (n=2 to 4) Reduction of pres-
sor response was calculated 1 per cent of the 1mnal value The per cent mhiby
toa was plotted against log dose, and the ED50 read on the diagram In the case of

NA antagomsm EDS0 could not always be determuned, but instead an ED3S was
obtmned

« Recepror blocking effect denervated nicnitating membrane, anaesthenized cat
T 10 cats the nght nicutating membrane was denervated by removal of ™™™ or ,p
cervical ganghon under mebumal Na (pentobarbital Na) anacsthessa, T >
later the cats were anaesthetized with chloralose urethane (43 and 430 ©
P
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+ ¥ ) The of the denervated mctitating
membrane was recorded by means of a Sanborn displacement transducer (Type
7DCDT 1000) Load 65 g and 10 times d were made on an

ultraviolet galvanometer wrnter (ABEM Ultralette 12) The nght femoral vein was
canulated for injection of the drugs A standard dose of noradrenaline butartrate
corresponding to 5 pgfhg base was injected intravenously every 15 minutes Increasing
doses of the test were given y at 45 minute intervals Tntubition
of the NA response was calculated yn per cent of the 1mual value Dose effect curves
were plotted on semuloganthmic paper The EDSO values corresponding to 50 % mn
hibition were read on the diagrams

Antichohnerge effect guinea pig tlewm preparation

‘The influence on the acetylcholine evoked contractions of the ssolated gutnea pig
tleum was determined according to the method of MacNus (1904)

In each expenment varymg doses of the test substance and of atropine sulphate were
given 1n random order The antagomstic effect of the test substance was calculated
1n relation 1o that of atropine sulphate Acetylcholine HCI was added to the bath in
a final concentration of 004 pg/ml

Results and discussion

The results obtained with flupenthxol, a- and B flupenthuxol and 6 refer-
ence neuroleptics, 1n 13 screeming tests are histed 1 table 1 Tt can be seen
that a-flupenthixol m most respects compares well wth flupt With
regard to ptouc activity 1t 1s about 3 times more potent The antagonsm
aganst apomorphune stereotypy 1n the dog 1s only one third of that of flu-
phenazine while 1n rats the apomorphine of the two pound:
15 about equal Both are equally potent antremetics 1n dogs The adrenaline

of e-flup 1 was derably stronger than that of flu-
phenazine, though 1t was not possible to demonstrate 2 noradrenaline an-
tagomstic effect with o-flupenthixol Surpnsingly a noradrenolytic cffect
could be determned with flupenthixol although a- and f flupenthixof were
almost without activity The anticholimergic effect of a- and B ﬂupeﬂihlxo‘
was very low and of the same order as that of clopenthixol, fluphenazine,
perphenazine and halopendol, chlorprothixene being the most potent anti-
cholinergic drug

The mhibitory effect of 1, cl hixol and chl h on

d d P s (CAR) an:i d d escape response
(UER) 15 tllustrated 1n fig 2 It can be seen that all three neuroleptics 1
ibited CAR at doses lower than those causing escape disruption Flupen
thixol was the most active, the lowest EDSO being 0 06 mg/kg subcutane-
ously Surpnsmgly clopenthrzol was only shightly more actie than chlor-
prothixene, the lowest EDS0 values beng 024 and 0 33 mg/kg subcutane-
ously, respectively Peak effect of flupenthixol occurred at 4 hrs The 24 hrs
EDS50 value was 3 tumes that of the lowest ED50
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FLUPENTHIXOL CLOPENTHIXOL CHLORPROTHIXENE
s
o %
0
o i’
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« s 4 /
g 03 1
K
T o {,
a b B
8 ,
w oos /
004/
v 3 6 5 6 13 12 31 & 8 3 & 5 6 %
HOURS AFTER DRUG ADMINISTRAT]ON
Fg 2 of di d response (CAR) and unconditioned escape
response (UER) of flup: hixel and in rats @ ®
CAR, 0——O UER Vertical bars show 95 / confidence Limits
In fig 3 1s shown the 1nfl of fl b and four sub-
stances on body tempernture Most potent was chlorproﬁuxene followed by
and chlorp , while flupenthixol and fluph

sho“ed only moderate temperature reducing effect

1 1smgrs o
N B 25mgts o
[ SENEETEINY

MAX. FALL IN BODY TEMP °C

FPTCPT CPX
Fig 3 Influence on body temperature of rats FPT = flupenthixol CPT = clopenthixol

CPX =l CPz = rPZ =
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Fig 4 Inhibition of NA response in the denervated mcma(mg membrane preparation
cats O Fl hixol

P hlorp!

The three thioxanthenes have been compared with regard to a-adrenoly tic

effect on the denervated b All three caused

a dose depend di of the of the

on intravenous mjection of NA ¢ uglkg) In fig 4 are presented the dose
curves for fupenth and chl the cor

respondmg ED50 valyes were 06 048 and 006 mg/kg intravenously,
respectively Thus flupenthixol and clopenthixol showed a considerably
weaker o adrenolytic effect than did chlorprothixene

This study has confirmed the previous findings with thioxanthenes, that
the sterecisomenc configuration 1s of decisive unportance for the phar
macological activity (MoLter NIELSIN ef al 1962) o Flupenthixol was
found largely equip with flupl while B flup showed a
very low acuvity Since B flupenthixol has this very low level of acuwity,
the potency of flupenthixol, which contans about 50 %, of « flupenthixol

y
should be expected to be about half that of « flupenthixol This also seems
to be the case

REFERENCES
Finney D I Probst analysis 20d ed Cambndge University Press 1952 pp 20-64 and
236745
Kopf R & 1 Mgtler Nielsen
denwvate Arch int Pharmacodyn Therap 1959 119 119 132
Magnus R Versuche am uberlebenden Dunndarm von Saugetieren P/l gers Arch
1904 102 123-151

Mgtler Nielsen I W Hougs N Lassen T Holm & P V Petersen Central depressant
activity of some th Acta phe ! et tovicol 1962 19
87 100

eimger




362 % MOLLER MNIELSEN et af

Mgller Nielsen,I & K Neuhold The h logy and logy of the

trans 1somer of 2 chloro9 (3 y di h HC1 (chlor
and chlor Acta ph I et touical 1959, 15 335-355

Nymark, M A hine p: ked ypy 1 the dog Psychoph ! 1972,
26, 361-368

Pedersen,V & A V CI A henid: duced P
£0awIng 1n mice Arm pharmacol et mncal 1972, 31, 488496

Pedersen,V & A V C 1 rmce as a rapid

screening test for neuroleptic drugs Acta pharmacal et tovicol 1971, 29, suppl 4
4

Rubin, B, M H Malone, M H Waugh & J C. Burke Bioassay of rauwolfia roots and
alealods J Pharmacol Exp Therap 1957, 120, 125-136

Tedescht D H G effects of on central and penpheral auto-
nomic outflow In Neuropsychopharmacology, vol 5, Int Congr Ser 129,
314-320 Excerpta Medica, Amsterdam, 1967

Zetler,G, K Mahler & F Damel Versuche zu emner pharmakologischen Dufferenzie-
rung kataleptischer Wirkungen Arch exp Path Pharmak 1960, 238, 486-501




Acta pharmacol et foxicol 1973, 33, 363-376

From the Dep: and Te ! H Lundbech & Co ASS,
Omllavel 7‘9. DK 2500 Copeuha;en Valby, Peamark

Prolonged Neuroleptic
Lffect of a-Flupenthixol Decanoate in Oil
By

M Nymark, K F, Franck, V. Pedersen, V. Boeck and T Moller Nietscn
(Recewved January 15 1973 Accepted Apnl 10, 1973)

Abstract ‘The duration and intensity of the neuroleptie effect of a flupenthixol
decanoate 1n viscoleo® have been compared with that of o flupenthuxol, 2 HCI
10 aqueous solution and « flupenthixol base 1n viscolee® 1n 2 number of ammal
1 models a 1 base m ol led to & pro-
ITongation of the effect m dogs, b
of conditioned avordance 1n rats and muce) as compared to the duration of the
effect of ¢ fiupenthixol, 2 HCI 1 aqueous solution Jn both cases marked se
dation was observed In contrast, there was no sedation after o flupenthixol
decanoate in ol but a slower, smoother onset and a much longer duration of
neuroleptic effect resulted In rats the cataleptic effect and the apomorphine
effect of ofl h m ol were of much skorter
duration than the snhibitory effect on conditioned avotdance response In muce
a shght of b could be 1-6 hrs
after high doses of o flupeathixol decanoate n oul. ‘The clinucal advaantages of
the depot preparation are discussed

Key words Tranquilizing agents — delayed actton preparations — flupenthxol —
psychopharmacology

Flupenthixol dihvd

1de has been blished clmcally as a potent
drug when ad: d orally However, 1 order to mamtain
sufficient drug concentration at the site of action repeated daily dosages are
necessary Such dose regmen affords several difficultes n psychiatne prac-
tice (ENERHEMM ef ol 1970)

In order to these difficul a depot p fluanxol
depot® with prolonged action after dj has been
developed Fluanxol depot® contams as the active ponciple the ester o-flu-
penthixol decanoate {for formula see fig 1), dissolved m the low-vxscos:ky #
vegetable o, viscoleo® (oleum le tenue) in a 100
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FLUPENTHIXOL {FPT)
Fig 1 Structural formutas of flup and flup

a flupenthixol decanoate per ml Since «-flupenthixol decanoate 1s some
several thousand times more hpopluhic than flupenthixol, 2 HCIl (K FREDRIC-
soN OVIRo, unpublished report No 51, Biochemcal Laboratory, H Lund-
beck & Co A/S, 1970), 1t 1s released from the oil depot at a very slow rate
and hydrofyzed to a-flupenthixol and decanoic acid m vanous tissues The
metabolic disposition of a-flupenthixol decanoate in o1, injected intramuscu-
tarly 1nto rats and dogs has been studied and reported by JORGINSEN ef af
1971)
The present paper deals with phar ! 1 exp designed to
nvestigate the strength and duration of neuroleptic activity following mtra-
or sub ]l of a-flupenthixol decanoate m ol as
compared with that of « flupenthixol, 2 HCI given orally or parenterally and
that of e-flupenthixol base 1n o1l adminsstered parenterally
From previous pharmacological expeniments (MoLtrr Nicisin et al
1973) flupenthixol was known to possess potent ncuroleptic actity in a
number of ammal test models For the present mvestigation the following

models were used Apomorphine m dogs ( effect),
F ph g 1n rats ( agamnst pulsive gnawing),
d d Jance (shuttle box) m rats and mice, cataleptic

reaction 1n rats and barbiturate potentiation 1n mice

Beng a throxanthene dernative with an asymmetrnic ning structure, flupen-
thrxot may exist m two stereosomenie forms Onc 1somer, a-flupeathol
15 considerably more actnve than the p-form (MoLiLr Nirtsi~ et al 1973)
When prepanng the decanoic acid ester from the mixture of «- and pfle
penthizol, predomunantly the B-isomer 1s 1solated an a crystalline form For
this reason the flupentiuxol used in the preg of flupenthixol t
was pure a-flupentinxol

Abbreviations used a-flupenthixol dihydrochlonde «-FPT, 2 HCl, @ flu-
penthixol base o-FPT, a-flupenthixol decanoate a-FPT-D, « p flupenthxol
dihydrochlonde TPT, 2 HCL, a-f-flupenthixol base FPT, viscoleo® ol
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DMaterials and methods

Ansmals
Dogs adult purcbred Beagles own breed, ether sex
Rats, male Wistarf AffHan/A ol (Han 67) SPF, caneational housing
Mice, male NMRIBOM SPF, convennional housing

Apormorphine antagomse in dogs
d-dose of fvdrochlard:

for the of vonuting 1
the dogs has been deternuned to be 25 pg/hg itravenously After this dose vomiting
oecurs within 3 {ew munutes of the snpection

Four dogs wera used for 2ach dose level of the drug, which was mjecied subemtane
ously 8¢ the back of the neck At hfferent tumes afiet the drug admumsteation the dogs
were then wath 10 an “up and down™ schedule using
the dose range 25-400 pplhg etravesously geometnically spaced Thus of for ex
ample @ dog vomsed after 100 pgfhg the next dog was gwven 50 pplfig or 200
pefhg of the first dog did Dot vomt and 50 on In thrs way 1t was pessibie (o esumate
at which level of apomorptune the dogs were protecied al & gnen tme The dogs were
fed half an hour before festing to ensure an easy vommtmg

The following preparations and doses were lested by wubowtancous mjection o FPT
2 HCE an agqueous solution 2 %) 2 and 6 mglhs o« FPT 1n ool (2 5) 2 and 6 mgfig
and & FPT D 1 ot (2%%) 2 and 6 me/kg

Apomatrphine antegonism in rofy

Rats weghwp 200-300 g were pretreated with « FPT D 1 o4 2 %) 8 mglkg sub
cutaneously FPT in ol (2 %) 8 mpflg subeutageously or FPT, 2 HC aqueous
solution (0B %) 8 mg/kg svbcutancowsly Approphate conteol groups recewing in
secuons of the vehicle were ncluded m each expenment In the expeuments with
FPT 1o of and o FET D 1 o 2 groups of 10 rats were used for each preparation
The two groups were it d with 10 mglkg sub~
cutaneously on alternate days the first group 24 brs and 72 brs und the second 48 hrs
and 96 hes after the snjection fu the expenments with FPT, 2 HCY tn agucons solution
3 groups of 10 sats were wsed These groups were chalienged with zpomorphine & 17
or 23 hrs alter admumstration respecuvely

The testing for 2% desenbed by Mgl

was
Nuwisen er al (1973) Absence of biung 1w 30 % or more of the animaly was considered
a drug effect

Inhibition of condimoned esordance response

Testung for snhibition of conditioned avoudance response (CAR) 2nd uncondstroned
escape vesponse (UER) was perfarmed as descnbed by Movter Negisen er of (1973)
The following drugs and doses were fested 1 rats « FPT, 2 HCL 1n aguegus solubion
25 and 5 mgig (25 mb/ke) gven orally once dly for 5 conserutne days, @ FPT m
o single ntramuscutar yection of 375 and 7.5 myfkg (025 mig) o FPT D in o
swgle intramuscular weckion of 25 S 10 aod 20 mpfkg (025 miAg 1 mice o EPT
2 Mt (05 mi/kg) aqueous solution 006 mgfg single tnjection wttamuscutarly the

myection being repeated after 43 hirs, a TPTD 1 ol single stramuscular snpection
of $ and 10 mpfhg (05 mikg)

Caaleptie reachon {wire mesh) in razs
Cataleple reachion in £avs was tested on 2 vertical wire mesh as deseribed by Motizr
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NIELSEN ef al (1973) Ten rats were used for each dose level of the drugs, which were
njected intramuscularly (injection volume 025 mllkg) At different times after drug
administration the rats were cheched for the presence or absence of catalepsy

Potentiation of enhexymal Na anaesthesia in mice

Mice werghing 18-25 g were used The highest dose of enhexymal Na, which would
not induce anaesthes1ia as defined by loss of nghting reflex for more than 1 mm, was
established to be 32.5 mg/hg mtravenously in non pretreated control muce Out of 200
control mice sleep was only induced tn 1 ammal following this dose of the anacsthetic

Test was 1ojected sub n doses at varying mtetvals
before testing with enhexymal Na Ten ammals were used for each dose and time
wnterval Following the injection of the anaesthetic the number of slecping mtce was
recorded and expressed as per cent of amimals tested

16.
a-FPT 2 HCl aq
8
4
2
1
012 4 7 11 1416 20 Days
Z e
S
=
w e -FPT 1n oll
® g
M
£ 4
2
- 1
]
z 012 4 7 11 1416 20 Days
]
Z 16
a~FPT-D in oll
[
4
2
1

ovz 4 7 11 1416 20 Days
o—0 2 mgikg s¢
*-—a 6 mglkg sc

Fig 2 Apomorphine antagoniym In dogs



& FLUPENTHIXOL DECANOATE IN OIL 367

Results

Apomorphine antagomsm in dogs

The vanous preparations of a-FPT all provided pronounced protection
agamst the emetic effect of apomorphune Fig 2 sllustrates the time course of
the apomorphime protecting effect of the vanous preparations of o-FPT The
ordinate indicates multiples of the normal emetic threshold dose of apo-
phine (25 pgikg nt ly) necessary to Cause vomting at a given
tme
It appeared that o FPT, 2 HCI 2 mg/kg protected aganst more than 16
times the threshold dose 1 and 24 hrs after injection Moreover 48 hrs after,a
derable p p d Normal threshold was reached between 72
and 96 hrs p 1 Six mg/kg exerted considerable protection for about 9 days
Simtlarly ¢ FPT m o1, 2 and 6 mg/kg showed very marked protection from
2 hrs fo about 4 and 10 days, respectively o FPT-D in o1}, 2 mg/kg yrelded
2 more moderate protection, 2-3 times the threshold dose, with maximum
value at 24 hrs and reaching normal threshold at about 10 days. Six mgjkg
of a FPT-D showed shght protection at 24 hrs The protectron increased
slowly, reaching maximal value, 16 times the normal threshold, at 7 days
p t after which 1t gradually d d, ‘hing normal between
day 18 and 21 The ammals recesving « FPT, 2 HCI m aqueous solution
showed very heavy sedation lasting for 2-3 days Likewise those on o-FTP

1n o1l showed heavy mutial sedation bsiding over the foll

o—0 FPT 2 HCl AQUEOUS 8MG/KG
e——0FPT IN OlL 8 MGIKG
*~—e o FPT-D IN OIL 8 MGIKG

“h INHIBITION

—— e
0 1 2 3 4
DAYS AFTER SUBCUTANEOUS DRUG ADMIMISTRATION

Fig 3 Apomorphine antagonism in rats
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2-3 days In sharp contrast, the ammals recciving even 6 mgj/kg o-FPT-D
1 o1l displayed a completely normal behaviour at all trmes

Apomorplune antagomsm n rats

The results are depicted graphwcally n fig 3 i which time 15 plotted
against per cent ammals protected Although with the method used the
effect of all preparations lasted considerably less in the rat than in the dog,
a prolongation of effect was demonstrated with FPT 1n o1l and even more
so with o-FPT-D 1 o1l as compared with FPT, 2 HCl 1n aqueous solutron
The maximmal protective effect was seen 4 hrs after the admimstration of
FPT, 2 HCl aqueous and FPT m oll, the effect lasting for about 24 and 60
hrs, respectively o FPT-D wm o1l was not tested at 4 hrs, but a maxtmal
effect was observed at 24, 48 and 72 hrs A certain degree of protection was
still detectable at 96 hrs

It should be noted that the amimals receving FPT, 2 HCI in aqueous
solution and FPT m od sere markedly sedated during the first 24 hours,
while the antmals recerving a-FPT-D 1z otf exhibrted a completely normal be-
haviour throughout the expenmental period

fub of ds d avordance resp
Rats When tested on drug-free days the rats showed almost 100 %, CAR
and UER (fig 4) When gnen o FPT, 2 HCI aqueous solution orally at daily

3

3

=3

5 % AVOIDANCE o—o
T 100 ESCAPE a—a
- ne 5 RATS

3

o

g 50

I

o

=]

>

<

s of- R

z

b=4 -168 120 72 0 24487256 168

- 4 28 5276 100

P MoTuwWdThFr Mo

< HOURS BEFORE AND AFTER ORAL DRUG ADMINISTRATION

Fig.4 Intibon of conditioned avondance response in rats « FPT, 2 HCI 5 mefig
perorally daily for 5 days
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Table 1

Duration of mhbition of conditioned avoidance response in rats after administration
of vanous preparations of o flupenthixol

Preparation Dose (mgfke) Route Duraton days
25 1-2
a FPT, 2 HC1 aqueous so po 1-2
375 7-8
«FPT in ol 75 m 1112
25 7-8
@ FPT D m ail 50 1m 5-15
10 223
20 29

doses of 5 mg/kg for 5 consecutive days a marked miubition (80-100 %)
of CAR was registered 4 hrs after each dose (fig 4) Immediately befare
the next dose the inhibition was considerably lower although an mdication of
accumulation of effect was seen on days 3 and 5 The UER was wlubsted
to a lesser degree but also here a certain accumulation of effect was indi-
cated When 25 mg/kg was given 1n the same manner CAR was also con-
siderably mbited with peak effects of about 50-75 %, hibitron

Table 1 gives a survey of the duration of action of the various forms of
admumnistration of « FPT While the effect of o-FPT, 2 HCl orally was
detectable at most for only 48 hrs, incorporation of « FPT 1 oll prolonged
the effect to 8 to 12 days depending on the dose The o FPT-D 1n o1l exerted

w
o
2 AVOIDANCE o—o
e ESCAPE o—a
g8 ® 5 RAT
:; n ATS
o ;
i
&2 o
w
8%
o
Z8

01234 788100 1415

DAYS AFTER INTRAMUSCULAR DRUG AOMINISTRATION
Fig 5 Inhibition of conditioned avoidance Tesponse 1o rats a FPT in o1l
75 me/kg intramuscularly
24 Acta pharmacalogles vol 33 fase 56
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Fig 6 Inhib of d response 1n rats « FPT D n ol

10 mg/kg intramuscularly

an even more marked prolongation of the duration of effect The effects
of 5 and 10 mg/kg which are equmolar to 375 and 7 5 mgfkg of « FPT
lasted for 16 and 23 days, respectively

As examples of the results obtaned fig 5 shows the effect of 75 mg/kg
a FPT 1n o1l and fig 6 that of 10 mg/kg a FPT-D m ol While the effect
of « FPT 1n o1l reached its maximum within the first day, that of a-FPT-D
n o1} gradually increased over the first 4 days and declined at a slower rate
With 20 mgfkg FPT-D m ail, however, the maximal effect (100 %, whibt
tion) was reached after 24 hrs and between 100 and 80 % inhtbition was
mamtamed for 21 days

The inhuibition of UER was relatively high at the beginming after 7 5 mg/hg
a FPT n o1l and at day 34 after 10 mg/kg -FPT-D m o1l

Mtce In this species « FPT, 2 HCI in aqueous solution and a-FPT-D 10
o1l were both tested after intramuscular injection The overall results with
respect to duration of effect are listed m table 2 With the mtramuscular

Table 2

Duratton of inhibiion of condittoned avosdance response tn mice after sdmemstration
of varous preparations of a flupenthizol

Preparation Dose (mg kg} Route Duration days
a FPT, 2 HCI aqueous 006 rm 1-2
50 5-7

o FPT Dol 10 1m 11-14
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Fig 8 Inhitution of condmoned‘avc‘ldanca response in mice «
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o-FPT IN OIL «-FPT, 2 HCI,AQUEQUS
wn
g e 00375 MG/KG 10 0—025 MGIKG
& —s75 MGIKG o—e5 MGIKG
o 8 8
=
g
4 6 §
-
S 4 4
'
o
x 2 2
&
2
R 0
S
6 1 3 3 4 s 61 2
DAYS AFTER INTRAMUSCULAR DRUG ADMINISTRATION
3
036 HOURS 016 30 HOURS

Fig 9 Catalepsy 1 rats « FPT, 2 HC! aqueous solution and « FPT tn oif

route «-FPT, 2 HCl was rather potent since 0 06 mg/kg given twice within
the same week yielded a of 60-86 %, inhib of CAR3hrsp1
(fig 7), the effect being detectable for 2448 hrs «-FPT-D m oil, 5 mg/kg
caused an inhibition, reaching 2 maximum at about 6 hrs p 1 and was
detectable for 5-7 days With 10 mg/hg o-FPT-D 1n o1l the mhibition of
CAR also reached a maximum (100 %) within the farst 6 hrs, the effect being
detectable for 11-14 days (fig 8) It should be noted that the specificity 1§
rather good m this species since UER was only slightly inhibited by o-FPT,
2 HCl and was very shortlasting (less than 48 hrs) after 10 mg/kg o-FPT-D
moil

2

NUMBER OF CATALEPTIC RATS

o 1 2 3 & 7 8 9
BAYS AFVER INTRAMUSCILAR DRUG ADMINISTRATION

Fig 10 Catalepsy n rats a FFT D in osl
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Cataleptic reaction (wire mesh) in rats

The time course of the cataleptic effect of the vanous preparatrons of
a FPT 1s tllustrated 1n fig 9 and 10 It appears that o-FPT, 2 HCI, 2 5 and
5 mgjkg, caused 100 % catalepsy 1, 3 and 6 hours p 1 After 24 and 30
hours some of the ammals were still cataleptic, but after 48 hours the effect
had completely disappeared «-FPT 1 o1l, 375 and 7 5 mg/kg also caused
100 %, catalepsy and a maximal effect was reached within 6 hours The
duration of action was 3-5 days

«-FPT D 1t o1, 25 mgjkg did not induce catalepsy With the doses 5
and 10 mgfkg, which are equmolar with 375 and 75 mg/kg of «-FPT,
a cataleptic reaction could be detected, the maximal effect being 50 and
60 %, depending on the dose Only the ligh dose, 20 mg/fkg, caused 100 %
catalepsy The maximal effect of a-FPT-D 1n o1l was reached within 3 days
The duration of effect was 7 to 8 days

The ammals treated with o-FPT, 2 HCl and «FPT 1 o1l were heavily
sedated durmng the first 24 hours After «-FPT-D in oil only the ammals
treated with the hugh dose (20 mg/fkg) showed signs of sedatton 34 days p 1

Potentiation of enhexymal Na anaesthesia in mice

Fig 11 compares the barbiturate potentiating effect of a-FPT, 2 HCI m
aqueous solution with that of «-FPT-D 1 o1f A clear-cut potentiation was
demonstrated with o-FPT, 2 HCI m doses of 0625 and 125 mg/kg, a
maximal effect being obtained 35 to 1 br after drug admmistration Only

a-FPT-D IN OIL «-FPT 2 HCL AQUEQUS

00! 10 MGIKG 100: - =125 MGIKG
5 MG/KG weey = = 0625 MG/KG

80/ —— 25 MOIKG 80 *\ 0313 MG/KG

\ = 0156 MG/KG

4, MICE SLEEPING 2 1 MINUTE
o
=1
@
S

40 40 / 5
Y
20 20 Y
o __/\W [N
13 6 24 48 72 13 6 24 .

HOURS AFTER SC DRUGFADMINXSTRATION *

Fig 11 Potentiation of « anaestheyia in
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shght potentiation was obtained with «-FPT-D m o, 25 to 10 mgkg
The effect of 10 mgfhg app d 1 hr after mny and r d at the
same level 3 and 6 hrs p 1, while the effect of lower doses was maximal
at 6 hrs Potentiation could in no case be demonstrated 24, 48 and 72 hrs
p 1 The maximal effect with «-FPT-D 1n o1l reached about the same level
as that obtained with 0 3 mg/kg of « FPT, 2 HCI

Discussion

The companson of the duration of pharmacological effects cf FPT m
the various dose forms has clearly demonstrated that dtssolving FPT 1n an

jectable o1l prol the activity derably By replacing o-FPT with the
decanorc acid ester, which 1s several thousand times more lipophilic, the
prolongation of the e[fect 1s even more pronounced This prolongation was
clearly d d with the ant-ap del n the dog and the
CAR-model in the rat and mouse, where eﬁec\s could be shown for up to
3 weeks, while 1 the anti-apomorphine-model 1 the rat the effect of even
8 mgfkg « FPT D 1 o1l only lasted for 4 days This discrepancy between
the two rat models seems to indicate that inhibition of CAR 15 2 much more
sensitive method for the detection of the central effect of FPT
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QAYS AFTER DRUG ADMINISTRATION
SINGLE INTRAMUSCULAR OR DAILY ORAL
Fig 12. C of inh of response after repeated oral
admimstration of a FPT, 2 HC! agqueous solution, and intramuscular admunistration
of a FPT D in oil
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In fig 12 the mhibiwon cunve of CAR for 10 mg/kg «-FPT-D in o1,
myected intramuscularly has been supenmposed on the curve representing
the CAR mhibition obtained by repeated oral admumistration of 5 mglkg
« FPT, 2 HCI It can be seen that the intramuscular 1njection of 10 mg/kg
« FPT-D 1 ol 1s roughly equivalent to a daly dose of 5 mg/kg a-FPT,
2 HCl orally, only that the effect builds up somewhat more gradually

The slow onset of action after a-FPT-D 1n ol seen 1 dogs and in the
CAR expeniments in rats probably reflects the slow release of active sub-
stance from the depot

In dogs the effect of «-FPT, 2 HCI and « FPT 1n oil sets 1 very rapidly
and heavy sedation 1s seen, while with the depot preparation the antiemetic
effect gradually ncreases up to the 7th day without any overt signs of
sedatton at any time Thus probably has some slgmflcance mn lerms of chmcal
use, since 1t might be said that the p d and
effect of 2 and 6 mg/kg of « FPT, 2 HCI 1m agueous solutton or o-FPT 1n
o1l 15 obtained at the expense of intolerable side effects, while with « FPT-D
m o1l the effect 1s smooth, longer lasting and without any side effects

« FPT D 1n o1l caused 2 long lasting mhibition of CAR 1 rats while the
cataleptic effect was rather weak and of considerably shorter duration
Regarding chinical use these findings may indicate that extrapyramidal side
effects after the mny of the depot p will be nuld and transient
and only occur at high dose levels several days after mmjection, which seems
to be the case (ENERHEIM et al 1970)

The expenments on p of are important
m order to assess whether p of } mmght be
m case of a patient, under treatment with the depot preparation, has to
undergo anaesthesia The potentiation observed after 10 mg/kg o FPT-D 1
o1l was very modest and occurred only within the first 24 hrs These results
should be seen in the light of the fact that i mice a very lugh degree of
mhibition of CAR was obtaned wathin the fust 6 hrs after 10 mgjkg
«-FPT D m oil, an effect which lasted for about 14 days It 1s unlikely,
therefore, that any sigmficant interference with an anaesthesta would occur
1 patients recetving the depot preparation

Thus the amimal expenments have clearly demonstrated the prolonged
reurdreput ¥t Ut o TR m ol "Futhrnore wnen tne amount of active

drug necessary to maintain neuroleptic effect with the depot preparation, 15
compared to the amount of orally admmstered drug fiecessary to maintan
the same effect, a much better * economy’ of drug 1s achieved with the depot

The same has been gamned from the clinical use of
the depot preparation (GOTTERILS 1971) An additional advantage of the

depot p 15 the t of effect as compared with
the serra(ed effect curve of orally admimstered FPT
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Characteristics of the ”Receptor” for Narcotic Analgesics
in Synaptic Plasma Membrane Fraction from Rat Brain
By

lLars Teremus
{Recewved March 8, 1973, Accepted Apmil 39, 1973}

Abstract The ch of the between dihyds hine (DHM)
and a synaptic plasma membrane (SPM) fraction from rat brain cerebral cortex
have been studied DHM at 107 M concentration 1s bound in a reversible
process which 1s partly specific. The specific binding is inhibited by the sulph

hydry! reagents, N and p b acid The binding
15 strongly inhibited by 1078 M levorphanol but significantly less inhibited by 1ts
ophcal antipode, dextrorphan, which 15 much less analgetic AV 107" M concen

tration, nalorphine and naloxone were strongly inhibitory while heromn at 1008 M
and codeine at 1077 M were nearly mactive A musture of 1075 M acetylcholine
and 25X 1075 M eserine caused a moderate inhibition white dopamine noradren

aling, serolonim, histamine and propranolol were clasgfied as inactive (i ¢ caused
Tess than 25 % wbibition at 107 M) The observed binding charactenstics of the
SPM fraction are compatible with those which might be expected for the actual

narcotic feceptor Anal SPM from panrts of the
cetebrum and from the brain stem also showed stereospeaific bnding of nar-
colics

Key words Narcoucs ~ analgesics — bram ~ analges:c receptors

1t has recently been rep thata lutar fraction hed 1n synap-
tie plasma membrane (SPM)! from the rat cerebral cortex stereospecifically
binds DHM (TIRENIus 19734) The speerfiaity found 1s that which could
be expected for the actual nascotic receptor This communication presents
additional wnformation on the charactersstics of the DHM binding process

1 Abbrevianons SPM  synopuc plasma membrane DHM, dhydromorphine NEM
N PCMB p ch) acid, d -

minute
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Material and Methods

Drugs Labelled DHM (nomunally 78-SH) was prepared by catalytic tntiation of
morphine base After removal of Jabile tritium the product was punfied by repeated
thin layer chromatography Punfied samples were stored at —20° under mitrogen in
absolute methanol The specific activity was 50 me/mg and the radiochemical punty on
thin layer chromatograms 1n seversl systems was better than 97 %

Natoxone was hindly donated by Dr H W hosterlitz Department of Pharmacology
Unverstty of Aberdeen Scotland Jevorphanol and dextrorphan were gifts from Ciba
Geigy AG Basel Swizerland Dopamine and noradrenalme (noradrenalinum NFN)
were pifts from Astra AR Sodertalje Sweden and propranolo! was supplied by Scan
meda Gotcborg Sweden Acetylcholine eserine PCMB and NEM were purchased
from Sigma Cherucals St Lows, Mo The other chemscals were obtained from the
usual sources All chemicals used for the preparation of buffers etc were of reagent
grade and the water was redistilled

SPAf fraction The methods for the preparation of the SPM fract on 13 described
briefly (Tercvius 1973a) Brains were obtained from female Sprague Dawley rats
werghing 125-150 g The animals were bled under ether anaesthesia and the whole brain
was placed 1n icecold 032 M sucrose All operations from this step were carned out
2t 0-4° The cerebral cortical grey matter (in a few expenments subcortical areas or

brain stem) was isolated h and snbjected to centrifugation
essentially according to GRAY & WHTTTARER (1962) The ¢rude mitochondnal fracion
from the was shocked (WHITTARER ef @l 1964) and was

centrifuged at 12,000 X gnag for 20 min The supernatant was carefully decanted and
layered over a discontinuous sucrose grad ent consisting of equal volumes of 04 10
and 12 M sucrose which had been allowed to pre equilibrate for 1 hour This was
followed by centrifugation at 100000 X gngx for 80 min The band between 04 and
10M sucrose was designated the SPM fraction and was sampled for wcubation In
almost all expenments ncubations (see below) followed immediately after the frac
tonation \ few expenments however were carnied out on fractions previously frozen
and stored a1 —70° Frozen preparations have the same binding capacity as before the
freezing (Teresius unpublished results)

Incubations  Aliguots of the SEM fraction were wncubated at 25° wath shakung 1
4 mi of the following buffer (NaCl 124 mM KCl 5 mM KH.PO; 12 mM CaCle
075 m¥1 N 2 hydroxyethylp perazine N 2 ethanesulfonic acid “HEPES™ 26 mM pH
§0at 257 TERENILS 1973b) If not stated otherwise in the text the following incubation
procedure was followed After 10 min of pre incubation of the SPM fraction with of
without non labelled inhub tors labelled DHM was added 1n 02 ml buffer to a final
concentration of 08 X 109 M and tncubation cont nucd for 60 mn The flasks were
cooled o1 1ce and the incubates were spun down at 120000 X £qay for 30 min Aliquots
of the supernatant were saved for rad oactivity measurements and the Femainder was
discarded The pellets were rapdly washed with cold buffer The concentration of
radioactivity of the supernatants and of the pellets (after d gesion with soluene™
Packard Ca) was J by liquid The protein content was
measured according to Lowry ef af (1951) with serum albumm as standard The
bind ng of Jabel 1o the pellets was finally calculated as d p mJ/mg protan
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Fig 1 Typical ume course of the binding of DHM to the SPM fraction and the effect
of NEM on bmncing The SPM fraction was pre incubated 1n the buffer for 10 mun
at 25° After this DHM-3H and NEM were added The flagks were then either m
mediately chilled on 1ce and centnfuged or icubated for 30 or 60 min before centn
fugation Each pont represents the mean of 3 samples, the bonzontal hines indicate the
range The final concentration of DHM was 08 X 1079 M, and of NEM 163 M

Results

In the previous communication (TERINIUS 1973a) mcubation of the SPM
fraction with DHM 3H was carned out for 60 min at 25° However, as
can be seen 1 fig 1, the binding process 1s very rapid and no marked differ-
ence 1s found between the different incubation penods If the SPM fraction
15 treated with the sulphydry! reagent, NEM, no effect can be seen with
competitors such as levomethadone (TERENIUS 1973a) or levorphanol (not
shown) indicating that NEM 1nactivates the specific binding sites In fig 1,
experiments with NEM were included in order to measure the specific part
of the total binding (restdual binding after NEM treatment considered as
nonspecific) The wnhibition caused by NEM is about 60 %, after 30 or
60 mun incubation (see also table 3) Consequently, the specific part of the
total binding 1s also about 60 % 1In all the following expenments an n-
cubation penod of 60 mun was used 1n order to ensure equilibrum con
ditions

The binding process 1s reversible (table 1) since 1t 15 equally reduced by
the addtion of non labelled levomethadone before labelled DHM as well
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Table 1

Reversibility of the binding of DHM-3H at 08 X 102 M to the SPM fraction The

standard incubation procedure of 10 mn pre incubation and 60 min incubation with

DHM-3H was followed Levomethadone (at 2 X 10°8 M) was either present for 10+

60 min or only for the last 30 min NEM was added (to make a 1073 M solution) after

the 60 mun. incubation with DHM-SH and incubation was continued for 10 min

Means of duplicates or triplicates (d p m./mg protein} are given Each experiment was
run with a separate SPM preparation

Addition Expt I Expt 2 Expt 3 Lxpt 4
None 2340 3110 3180 3000
Levomethadone 1430 1610 2050 1500
Levomethadone 30 min after
DHM-SH 1410 1630 1670 1570
Expt § Expt 6 Expt 7 Expt 8
None 2560 33%0 3620 3952
NEM 60 mun after DHM-SH 170 2060 1520 1806

as 30 min after the addition of label The binding 1s also strongly reduced
1 NEM 15 added to a SPM preparation which has previously been allowed
to bind DHM-H

The binding charactenstics of the SPM fraction showed at least qualita-
tely the speaificity which could be anticipated for the actual narcotic
receptor (table 2) The potent analgesic, levorphanol, had a hugher competi
uve affimity for the SPM fraction than its optical antipode dextrorphan,
which 1s a much less active analgesic (cf BrekrT & Casy 1962) The differ-
ence 1n inhibitory activity between the two antipodes m 5 experiments,
tncluding those shown in table 2, was Tughly sigmificant (P < 0001 1n Stu-
dents t test) Codeine was mactive 1n the binding test while the two narcotic
antagomssts nalorphine and naloxone, nhubited the binding effectisely
Heroin was not very active

A number of non-analgesic compounds were tested for ther effect on the

binding of DHM The c of these p ds was 1000 times
that for the 1 and \| tested Only acetylchohne
and :scnnc combined inhitated binding while dopamine, noradrenaline,

and tol were Listed as mactive since they

produced less than 25 mhxbmon 1n 3 expenments (these negative results
are ot shown in able 2)

The sulphydry! reagents NEM and PCMB, markedly inhibited binding
at 1073 M (table 2)
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Table 2

Inhybition of the binding of DHM-IH a1 pg X10OM 10 the SpM fraction *
different experiments Were tun with dfferent SPM Preparations, 1 addon, alf ¢
pornds i each expenment Were not tested with the same SPM Preparation How e
the optical antipodes, lcvorghano!/d:"rorphan were always testeq with the sa
preparation Mean values from duplicates or tripheates {d p m/mg proten) are shoy

Concentration Inhrbrion of Binding (%)

Substance M) Expt 1 Expt 2 Expt 3
Levorphanol 108 48 51 46
Dextrorphan 1rs 21 ? €
Codeine 0 2 12 7
Heroun 108 13 19 12
Nalorphtne 108 44 42 45
Nalotone liad 45 49 5
A choline 1

i 28 1078 M 3 40
PCMB s 63 n 3
NEM s 62 61 0

The question whether stereospecific binding of DHM2H coutq oecur
1 other parts of the central nervous system than in the <esebral cortey
was tested A Very crude dissection of the bram was performed to
isolate the subcortical part of the cerebrum (“subcone“’) and the bram ster
The same subceliatar fr. dure as used for the cerebral cortex
was followed These preparations looked less welf defined 1n e Stcrose

Table 3
Binding of DHM-SH a2t 08 x 1079 M to SPV fractions from vanaus
hleans of duphicates (d P /ME protemn) are 8iven Fach expersm,
a differens Spa Preparation.

Parts of rat brmg
et was run wah

Subeortex Braw stem
Campenitor Expt § Expr 2 Expt 3 Expp 4 Expt § Expt 6 Espt 7 Expr g
None 70 2210 80 38%0 3430 3asg 3970 339p
Levomethadone
{1088y 000 1540 amo 2280 2180 1550 2490 2480

Destromethadone

1078 ) me 210 3020 3080 2960 3030 M0 a0
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gradients and were probably less pure than that from the cerebral cortex In
all expeniments with these preparations (table 3) the binding values were as
predicted if the receptor was present

Discussion

The present data and those presented earlier (TrrENIUS 1973a) show that
the binding of DHM to the SPM fraction exhibits a high degree of speaificity
The sterco-specificity (1 ¢ discnmmation between the optical antipodes levo-
methadone/dextromethadone (TrreNius 1973a) and levorphanol/dextror-
phan, table 2) 1s that which could be expected for the analgetic receptor,
1f 1t 15 assumed that stereoselective events at the receptor level are responsible
for the differences 1n analgesic activity This assumption 1s supported by
numerous studies with chiral narcotic agents In all cases studied, differ-
ences mn distnbution, metabolism etc were not likely candidates for the
observed diff m analgesic p (PorTOGHESE 1970) It 1s also
reasonable to conclude that optical antipodes should have nearly equal
access to the receptors as long as thetr distribution 1s governed by passne
processes If agents with different physicochemical properties (other than
chirality), are compared the distnbutional factors become mmportant (cf
APPLLGRIN & TERINIUS 1973) However, the fact that codene has a very
low affimty supports the receptor concept smee 1t 1s also a weak analgesic
and the low affimty of heron 1s understandable, if one assumes that its acetyl
groups have to be split off before 1t can exert ats biological activity In fact,
6 acctymorphine and morphine are rapidly formed from heron i the blood
and the bramn (WaY 1968) Since nalorphine and naloxone are mhibitors, this
suggests that they act as £ by receptor blockad

If the observed binding affinities of the h ar¢
1n structural terms 1t scems as if tertiary substitution of the nitrogen with
methyl (lesorphanol) or allyl (nalorphine and naloxone) 1s compatible with
binding affimty The frec phenolic hydroxyl scems I (present in the
strong competitors levorphanol, nalorphine and naloxone but not m heron
and codeinc) The free fiydroxy] tn position 6 (o5 mn nalorphinc) can be
absent (as 1n lesorphanol and naloxone) wath retention of binding affimty
Similar results were obtained for the binding charactenstics of a subcellular
fraction from the guinea pig sleum (TrRrNius 1972 & 1973b) The mactivity
of a pumber of unrelated neuro-active substances (table 2) also powmts to

the speaificaty of the system studied Whether the inlibition by a high con-
centration of eserme + acetylcholine 1s relevant for the conditions obtainable
i wnvo 15 not known Propranolol was included since it has very recently
been stated (Grosz 1972) that “under both s vitro and In vino condittons

dered
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propranolol mhsbuts the ‘binding’ by the bran of radioactive morphine”
Furthermore this effect, “seemed to be confined largely to the cerebral cor-
tex, and other areas of lugher sensory function and had no obvious influence
on the cerebellum or the bram stem ™ Sice the statements cited above 1s
the only mformation provided by the author, the reason for the discrepancy
with the present results cannot be evaluated

The data 1n table 1 and the fact that almost all the radioactivity 1s extract-
able m acid alcohol (TLrRENIUS, unpubhshed results) indicate that the process
studied can be charactenzed as a reversible non covalent binding The sensi~
tivity of the binding process to sulphydryl inhibition suggests that the
“receptor’ or its immediate environment 1s part of a protein contaming es-
sential sulphydryl groups It 15 nteresing to note that sulphydryl groups
which are essential or modify binding properties are also present in other
drug ‘receptors’, viz, for sterord hormones (JENSEN et ol 1967, TrRENTUS
1967), for cholinergic agents (KarLIv 1969) and for adrenergic agents (LEF-
xowirz et al 1972)

The ‘receptors’ seem to be distnbuted over vanous levels m the central
nervous system (table 3) Thus 1s not an unexpected finding since morphine
like drugs probably affect pam and other CNS mechamisms at different brain
levels

Expenments with DHM at duff (TERENIYS, unpublished
results) showed that the dissociation constant for the specific binding under
present conditions 15 3-5 X 10°M Assuming 2 yreld of ‘receptor’ 1n the
preparations of 10 %, (which 1s the average yield of the plasma membrane
marker, 5 nucleotidase), the concentration of ‘receptor in cerebral cortical
grey matter 1s about 10 pmol/g fresh weight This value can be compared
with the concentration m rat bram of the extremely potent analgeste, etor-
phine at doses which produces analgesia (Dopss 1968) One can calculate
the app maxymum to be 25 pmolfg (of whole bram)
after an ED,g dose Tius value fits reasonably well with the present data if 1t
15 assumed that most etorphine 1s bound to the binding sites descnbed above
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The Effect of Dopamine and Noradrenaline Antagonists on
Ampt ine Induced L Actisity in Mice and Rats
By

Zhgalew Rolinski* and Jorgen Scheet-kefiges
{Receved March 15, 1973, Avcepted Apnt 30, 1973)

Abstrarr The effest of i p v %
and b and i drugs with receptos blocking
12k 1, h ide and pimonide

was tested on the locomotor and reanng achvity snduced by amphetamune, 25
mgfhg, m rats In general € was found that the neurolephe drugs m very low
dases, halopendal, 010 me/kg, 005 mghyg, trif 015
me/kg, spiramide, 005 mg/kp and prmoztde, 815 mefkg produced complete
nbbitan of the amphetamine activilies, whereas much higher doses of ace
perome, 30 mpshe and phenviybenzamine, 20 mgfhe only produced partinl
antagomsm Dihydroergatamne (20 me/kg) produced no sigmficant effect on the
amphetamme focomotor and reanng actovty In muce (nfluperazae (02 and
04 mp/ke) produced 3 very marked shibitory effect, whereas spirammde (015
and 020 mp/hg) produced o sigmicant but short Yashng effect of the tocomotor
actmty after 4 and 8 mg/kg d amphetamine Acepesoas (5 and {0 ma/kg) and
ghenoxybenzamine (10 mg/hg) also praduced a swong antagomuste effect ou
the mehlty Furthermore urncthyhyrmme {250 #nd 330 mghgd, aa whbitor
of the b hess of d and 3 produced complele mbibiion,
whereas FLA63 (20 and 40 mg/kg), an inkbtar of {he formation of nor
adrenaline produced partral whsbstion In conclusion these results indieate that
the locomotor effect 1 mice and rats afier amphetarmne 13 dependent on both

and However, & muy be
cegarded as most significant, since the amphetamine taotibty only seems pos
sible m the preseace of functional achive dopamine receptors

hey words L achivity -
depamine antagonists — neuraleptic drug:

® Present address D of P! A Cotlege, Lubhn, Aca
dempcha 12 Poland

Reprint yequests § Scheet hruger Central Laboratory, St Hans Hosprat, DK-$0DD
Roskuide, Denmark
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Bioct 1 and phar log! studies have shown that the central
lant effects of are dependent on an with the
catecholamines dopamune and noradrenaline (FUXE & UNGIRSTEDT 1970,
Growmsky 1970, ScHLEL-KRUGER 1971, 1972a & b, Stotx & Recn 1970)
However, 1t 15 more difficult to establish the individual role of dopamine
and noradrenaling 1n the amph mnduced } activity n muce
and rats It ts well known that a methyltyrosme, an mmhibitor of the bio-
synthesss of dopamune and noradrenaline, inhibits the central stimulant
effects of amphetamine including the locomotor effect (DosiNie & Moorr
1969, RANDRUP & MUNKVAD 1966, ScHEFL-KRUGEIR 1971, Storx & Rrcn
1970, SvENssoN 1970, WiissMAN et of 1966) Disulfiram and diethyldithio-
carbamate, which inhibit the formation of noradrenaline from dopamine
reduce the amphetamine locomotor acuvity 1n mice and rats (MA1 & Przr-
GALINSKI 1967, PrEIFFER et al 1966, Ranprup & ScuLEL-KRUGER 1966)
However, some doubts have been raised on the specificaty of these two last
mentioned drugs (AIGNIR er al 1967, Moorr 1969, SVINSSON & WALDICk
1970) Reccmly SvENssoN (1970) h:.\s shown that FLA-63 (bis-(4 methyl-1-
bony!) disuliide), a new and more specific inhibitor
of lhe enzyme dopammc-ﬂ hydroxylase, produces partial inhibition of the
amphetamine locomotor actisity 1 normal but has no effect n reserpme
pretreated mice

Based on catecholamine uptake studies with d- and l-amphetammc TAYLOR
& Snyptr (1970 & 1971) suggested that 1
the locomotor activity However, several recent studies do not agree with
TAYLOR & SNYDIR on the reported difference between these amphetamine
1somers on brain noradrenaline In contrast it was found n biochemical
and functional studies that d- and I amphetamme showed similantics in
potency to noradrenaline but differences with regard to bramn dopamtne
(FrrRis et al 1972, Mas er al 1972a, ScHEEL-KRUGTR 19722 & b, SVENSSON
1971) The differences between d- and l-amphetamune i eliciting hyper-
motiity may thus rather be related to their different effect on the central
dopamine neurons (S\INssov 1971, ScHEft-hRrUGER 1972a & b)

In the present study the respective role of dopamune and noradrenaline
underlying the amphetamine motility 1n muce and rats was analysed by
means of drenaline receptor bl drugs and vanous neuroleptic
drugs with specific dopamune receptor blocking effect Furthermore FLA-63
and a-methyltyrosine were included in the studies on mice

Materals and Methods

Locomotor studies in mice
The expenments were performed on SPF female albino mune 19-22 g of the
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N M R T strain obtaned from Dr Mpgllegaards breeding center, Ejby L Skensved,
Denmark Each mouse was only used once The experiments were performed between
gam and 4 p m at room temperature (19 21°)

Drugs

hfc following drugs were used d amphetamine sulphate, 4 and 8 mg/kg (Nordisk
Droge), spirammde, 015 and 020 mg/kg (R 5808, Janssen Pharm) tnfluperazine, 02
and 04 mg/hg (terfluzin®, Barker Rodhia), d,1 & metbyltyrosnemethylester, 250 and
350 me/kg (H 44/68, AB Hissle), phenoxybenzamme (bensylytum NFN), 10 mpg/kg
(blocadren®, A/S Alfred Benzon), aceperone, S and 10 mg/kg (R 3248, Janssen Pharm )

and FLA-63, 20 and 40 meg/bg (AB Hissle) A . and
were ad)

wherens H44/68
and FLA-63 were admimstered iwstrapentoneally The m]tc(ed volume was always
5 ml/kg Amphetamine was givent 30 mur after
and 3 hrs after the injecnon of H 44/68, FLA-63 and phenovybenzamne
The locomator activity shown by 4 mice treated with antagomistic drugs plus amphet
amine as sgamnst the control groups of 4 muce treated with amphetanune was measnred
simultaneously by two Ammex actvity Meters (SVENSsoN & THIEME 1969) The mice
were placed i the plastic cages of the Amimex | hr before the amphetamine injection,
for acchmatezation After 30 oun the mice received the 1njection of compounds under

and

25 Acta pharmscolog ca vol 33 fase 56
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study or saline and were replaced in the cages Following anotber 30 min  amphetamine
was njected and the recording of the locomotor activity started smmedmately The
actvity counts were accumulated and recorded for each 30 mun during continuous

peniods of 2 or 3 hrs Each drug of plus wat
tested it with the g control group in three
repeated schedules (n=3) The was d by Students
17 test

Locomotor siudies in rats

Male SPF Wistar rats obtained from Dr Mgllegaards breeding centre Ejby
L. Skensved Denmarh weighing 225-275 g yere used Al rats were kept in indivsdual
cages of wire netting (floor area 24 X 27 cm heipht 16 ¢m) ot a room 1emperature of
21-22* The rats were placed in their cages 18 20 hrs before the expeniments

Drugr

“The following drugs were used d amphetamune sulphate 2.5 mpAg (Nordish Droge)
aceperone, 10 and 20 mgfkg (R 3248) Janssen Pharm) phenovybenzamine 10 and
20 mg/kg (blocadren®, A/S Alfred Benzon) d hydroergotamine 10 and 20 me/is
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{Sandoz), halopendol, 005 and 0 10 mg/hg (serenase®, Janssen Pharm ), perphenazine,
005 mg/kg (trlafon®, Schening), tnfluperazine, 0 15 mg/hg (terfluzin®, Barker Rodhua),
spiramide, 005 mg/kg (R 5808, Janssen Pharm ) and pimozide, 005, 0 10 and 0 15 mg/kg
(R 6238, Janssen Pharm) The drugs, hal tnfle
perazine and spiramude were injected 30 min, bc(ore nmph:umme leozldc was given
3 hrs before amphetamine The noradrenaline receptor blocking drugs, aceperone and
dihydroergotanune were given 1 hr before whereas
was injected 3 hrs before amphetamine All drugs were ingected subcutaneously with
the only exception of phenoxybenzamine, which was given intraperttoneally
The locomotor and rearing activuty (standing up on the hind legs) of the rats was
timated to the foll scale

(+) = the actvaty 1s non eustent or very mfrequent

+ = weak and infrequent

4+(+) = present i short-lasting contimuous periods (24 min )
++ = continuous but moderale in intensity and frequency

4 ++ = continuous and very marked 1 intensity nnd frequency

As a rule the 13ty were observed continuously under blind conditions during 2-3 hrs
after amphetamine
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Results

The amphetamune mduced motility i mice

The results presented in fig 1 show that sprramide reduced the amphet-
amme-induced motiity The effect of spiramide was short-lasting, since the
antagonistic effect was most marked dunng the furst half hour

Tnfluperazine (fig 2) decreased the locomofor actvity more markedly
than sp de The L
present during the 2 hours’ recording penod

The two noradrenalne receptor blockrog drugs aceperone and phenoxy-
benzamune (figs 3 and 4) also reduced the amphetamine motihity The effect
of acepcmne was long-lasting and more potent than phenoxybenzamine

(g 5) d nearly all

as FLA 63 (fig 6) only produced partial but sig; hit of the
amphetamine-induced motility

effect was long lasing and

where-
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Blnek

The effecs of noradrenaline receptor
nduced locomotor and rearing actinaty in raty

In previous studies from this laboratory (Schrrt-KruGrr 1971, 1972a& b)
sanous doses of amphetamine were studied on the locomotar and reanng
actnatics 10 rats Amphetamine in a dose of 25 mg/hg subcutancously was
found to produce a very marked and highly reproducible locomotor and rear-
ing actiaty without the presence of extreme stereotyped actiiuies such as
ficking and gnawing actnvties These activities are presentin our rats weizhing
200-275 g after doses of 5-10 mg/kg subcutancously

The effects of drenal 2 drugs § nted 1 table 1 de-
monstrate that accperonc and phenoxybenzamme produced a marked inhibi
tion of the locomotor and reanng actwity mduced by smphetamine (2.5

mg/hg)

drugs on the amphetamine-
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Fig 6 Effect of the dopamine B hydroxylase inhibitor (TLA-63) on the amphetamine
hypermotility 1n mice

Phenoxybenzamine (20 mgjkg) was most active and produced complete
tahttation dunng the first hour 1n all rats tested and partial intubition duning
the following hour

Acepcrone (20 mg hg) produced complete mhibiion dunng the first
30 min and partral mhibitton dunng the following 1% hr

However, dihydrocrgotamine (20 mg/kg) produced only weak mhibitory
effect on the amphetarmine locomotor and reanng activity

None of these three tested drugs produced sigmficant profongation of
the amphetamine stimulation which lasted 3-31 hrs after 2 5 mg/hg amphet-
amine

Dunng the prelimnary studies aceperone and phenoxybenzaminic wWere
also tested wath a lower dose of 10 mg/kg but the antagonsstic effect on the
amphetamine Jocomotor and reanng activitics was much weaker than after
the Tugher dose (20 mpikg) of these drugs
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The effect of leptic drugs on the I locomotor and rearing
actvity wn rats

In general the neuroleptic drugs were found to produce 2 nearly complete

hib of the amp and reaning activities with ex-
tremely small doses during the 3 hours’ observation penod (table 2) Only
very nfrequently did the rats move from one place of the cage to another
Sometimes small nodding movements of the head were observed Grooming
activities were completely absent n the control rats recewving only amphet-
amine (12} hrs after the mmjection) but grooming spells mamly performed
on the body with the head were sometimes observed after the combined
treatment with neuroleptic drugs and amphetamme Most grooming spells
were observed after the bined t of tnflup (015 mg/kg)
and amphetamine (2 5§ mg/hg)

‘The doce levels of the neuroleptic drug which produced complete in-
hibition of the ampt nduced ] and reanng activities were
as follows Halopendol, 010 mgfkg, perphenazine, 005 mgfkg, tnflu-
perazne, 015 mgjkg, spiramude, 005 mgfhg and pimozde, 015 mgfkg
Halopenidol, 0 05 mg/kg and pimozde, 0 05, and 0 10 mg/kg also produced
significant but only partial it The other leptic drugs have not
been tested 1w lower doses

Duscussion

The present study shows that the neuroleptic drugs, spiramide (0 15 and
020 mgjkg) and tnfluperazine (020 and 040 mgjkg) given m low doses
produce inhibition of the amphetamine (4 and 8 mg/kg) induced motility 1n
mice Much higher doses of the nor line receptor blocking drugs,
aceperone (5 and 10 mg/kg) and phenosybenzamine (10 mg/hg) are neces
sary to obtain sigmficant mhibition

This result 1s 1n close agreement with the conclusion reached by Van
Rossum (1965, 1966 & 1970) on the amphetamine motility 1n mice

The present study extends this evidence to mclude the rat, i which
species the amphetamine locomotor and rearing actvities after 2 5 mg/hg
are etely whibited by the teptic drogs, halopendol (0 10 mgjke),
perphenazine (0 05 mg/kg) pimonde (0 15 mg/kg) spiramsde (0 05 mg/kg)
and tnfluperazine (0 15 mg/kg) in extremely Jow doses

The norad (20 mgfkg) and pheroxybenz-
:mme (20 mg/kg) produce partial but marked mhibition 1 much higher

oses

Dihydroergotamine (20 mg/kg) produces no or only weak mhibstion

which may be due to the lack of sufficient central potency (Munoz & C ™~
STEIN 1961)

’
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The results ob d with the bt of dop and drenal
synthesis, a-methyltyrosine (H 44/68) and the noradrenaline synthesis -
hibitor, FLA 63, on the mouse are 1n close agreement with SVENSSON (1970),
since FLA-63 produces a partial mhibition, whereas « methyltyrosine pro
duces complete inhubition

Other studes i this laboratory (AYHAN, unpublished results) have shown
that FLA-63 produces a marked mnhibition of the motlity and reanng activ-
1ty 1n rats following lower doses of amphetamine, but weaker effect agamst
higher doses of amphetamine (see also CorrODI et al 1970}

The available evidence thus suggests that the amphetamine-induced mo
tility 1s dependent on both dop and noradrenaline Howezer, in reser-
pinized mice and rats the amphetamme-induced motility seems to be ex-
clusinely dependent on dopamine {(SVENSSON 1970, ScHEFL-KRUGER 1971 &
1972b) The role of noradrenaline 1s supported by the results with inhibitors
of noradrenaline formation and the noradrenaline receptor bloching drugs
aceperone and phenoxyt {sce also Introd ) Phar 1 1
and biochemcal studies have provided evidence which indicates that ace-
perone and phenoxybenzamine do not block dopamine receptors (ANDIN
er al 1964 & 1970a, CaressoN & LINDQVIST 1063, JanssIN ef al 1965 &
1967, O KLLrrE ef al 1970, SCHILL-KRUGER 1972¢)

Howeser, it scems ble t0 lude that dop may be reg
as more sigmficant than noradrenaline since the motility only seems pos
sible 1n the presence of functionally active dopamine receptors The present
adminsstered neuroleptic drugs have thus been selected as being relatively
specific dopamine antagonists with no or only neghgible effect on nor
adrenaline particularly 1n view of the low dose levels of these drugs used
(ANDEN ef al 1970a & 1972, FoG et al 1968, JANSSEN ef al 1965 & 1967,
Prorrsey & CHRISTENSEN 1972 RANDRUP & MUNAVAD 1970, VAN Rossunt
1965 & 1966)

Previous studies with apomorphine and clomdine, drugs which sumulate
directly d and receptors resp y, have led to the
hypothesis that the stimulatton of locomotor actvity requires the intact
f of doy and 1s dependent on both dop and frenal
receptor sumulation (ANDIN ef af 1970b, Fuxr & UNcrrsTenT 1970, MA
et al 1972b) Howerver, the behavioural exertation 1s changed from loco-
motor activity to stercotyped behaviour if the degree of dopamune receptor
stimulation 1s too 1ntense or the ratio of dopamne to noradrenaline receptor
activity 1S mereased above a certamn lesel (ANDIN er al 1970b, Fuxy &
UNGERSTFDT 1970) Stmilar conclusions also seem to apply to the amphet-
amine sumulation m the rat (see also CORROD! ef al 1970) The locomotor
exploratory stimulation 35 thus mostly charactenstc following Jower doses of
amphetamine (1-2 5 mg/kg) Tollowing higher doses (5-10 mg/hg) the loco

dod
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motor and reanng activities n the rat are only present duning the prephasc
to the performance of an extreme d actrty of
ous smffing, hckmg and gnawing the ammals placing themselves in a small
area at the bottom of the cage Forward locomotion s absent dunng this
stereotyped phase but backwards locomotion may occastonally be seen (Ran-
DRUP ef al 1963, ARNTRED & RANDRUP 1968, FoG 1969, SCHErL-KRUGLR
1971 & 19723) Consxdemblc ewdence has shown that this stereotyped
15 € d on even 1n the
absence of noradrenaline (RANDRUP & ScHEIL kRUGER 1966, ScHrEl-
RRUGER & RANDRUP 1967, SCHELL-RRUGER 1971, 19722 & b)
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On the Effect of a Polypeptide Isolated from ”Kalata-Kalata®
(Oldenlandia affinis DC) on the Oestrogen Dominated Uterus
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Abstract In Aftican folk medicine an aqueous extract of Oldenlandia affims
DC, Kalata Kalata”, 1s used to accelerate chidbinth From the extract, which
induced strong contractions wn solated uterr serotoma and an utero-active
polypeptide have been 1sofated The peptide has been examined on oestrogen
dominated uten from rats and rabbuts 1 vine and in vitre and also on human
uterme stnps The oxytocic activity showed the same threshold valve of 20 yg/ml
m vitra for all three species In vno the same dose caused ventricular fibifla
non

Kev words Oldenlandia affinis DC ~ oxytocic effect - cardiotovic effect

Aqueous extracts of the dnied herb ‘Kalata Kalata”, Oldenlandia affints
DC, are extensively used by the natives m the Kasar Province of Zaue to
accelerate childbirth (GRaN 1970) Due to its oxytocic activity this drug 15
also used 1n the Central African Republic (SANDBERG 1965) Aqueous plant
extracts have been found to contract isolated rat uteri as well as stnps from
pregnant, human uteri (GRAN 1970) Two utero active substances have been
isolated from the drug 1 e serotonin and a polypeptide with a molecular
wesght of about 4000 (GrAN 19732) In the present work the uterine actvity
of this wnknown pephide was examuped n virro and m ve 1 ras and
rabbits and 1n strips from the human uterus

Material and Methods

In vitro studies
1 Rats Uten from Wistar rats (180-220 g) were suspended in aerated de Jalons sotu

tion (GADDUM ef al 1949) mamntaimned at 28° The rats were injected subcutaneously
with stilboestrol (diaethylstilboestrolum NFN) (01 mg/hg) two days before they were
falted and the uterne horns were used immediately The contractions were recorded
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isofomically (Harward heart/smooth muscle recorder) The load was 1 to 2 g, and the
recording was started when a constant response had been obtained with a standard,
usually with oxytocip The contact time was adpusted to maximal contraction, and
the uterus was washed at least four times and sllowed 3 min relaxation before the next
stimulation

2 Rabbus The method described by NESHEmM (1972) was used Circular and longt
tudinal stnps were suspended in the same bath which was kept at 41° and oxygenated
with 5% CO2 mm O The stnps were stretched to 8 mean tension of 1 g and were
allowed to adapt for ot least 1 hr before the addition of drugs The uterine tension was
recorded tsometrically Spomtancous acuvity was present in all preparations A cumu
lative administration of drugs was made at 5 min antervals with no washing out since
this procedure disturbs the pattern of spontaneous activity

3 Human uterine strips Stnps longiudinally excised from the fundus dunng Cae
sarean sections at or pear term, were prépared and examined according to the method
descibed by SULLIVAN & MARSHALL (1970) The strips (30X3X 3 mm) were suspended
m the oxygenated bath at 37° and kept under a tension of 2 g The contractions were
isometrically recorded with Statham transducers and drugs were cumulatively ad
ministered

In vivo studies

1 Rats Adult Wistar rats (200-280 g) were selecud i the pro oestrous phase ac
cording to therr vaginal smears, by of urethane
(7 ml/kg of a 25 % w/v solutton) and tracheotonized A carotid artery was cannulated
for registration of the blood pressure and a jugular vemn for the mtravenous admimis
tratios of drugs The method of PICKLES & FITZPATRICK (1966) for recording the intra
luminal, uterine pressure was used A 2 ¢m long uterine segment was isolated, and the
ntraluminal pressure was recorded by a Statham transducer (P23AC) connected to a
Grass polygraph The blood pressure was recorded n the same way The temperature
was kept at 35° by varymg the dsstance of a heating lamp placed above the ammal
The volume of each intravenous mjection was kept below 05 ml

2 Rabbus Oestrogemuzed rabbits (2642 kg) treated hike the animals used for the
11 vitro studies were anaesthetized with urethane (1 g/kg i 25 % w/v solution) given
through an ear vein and a subcutaneous dose of 02 g/hg

Cannulation was made according to SETERLEIV (1964) similar to the method used
for the rats A 3 cm long uterine segment was isolated and filled up with 09 % saline
under an 1tial pressure of 25 cm of water In addition the respiration was recorded
using a carbon dionide analyser (Capnograph, Godart 146) which continuously aspirated
arr for analysts through a needle wserted 1nto the tracheal tube The temperature was
kept at 33 5° by a rectal to a thers l: heater on the
operation table Injected volumes of wmtravenously given drugs never exceeded 3 ml

Intragastric administration Drugs were mnstilled imto the stomach through a gastric
tube 1n 4 rats and 4 rabbits The rats received 10 mg of Kalata peptide 1 5 m] saline
the rabbuts 100 mg in 50 ml The annals were then observed for 1 hr For comparison
aqueous plant extract and thereafter serotonin n corresponding doses and volumes were
adounustered (1 kg dnied plant 20 mg serotomn 1 g Kalata peptide)

Drugs were diluted i the same solvent in which they were admmistered The
Kalata pepude was preparcd by Sandoz Ltd, (Basle Switzerland) according to the
method previously described (GRAN 1973b) and 1n addition punfied by adsorption
chromatography on silica ge! and on acid aluminum oude. Serotomn standard was
prepared from Serotomn Creatiun Sulfat Komplet (Schuchardt, Mumich Germany)

26 Acta phammacolog ca vol 33 fase 56
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Oxytoctn Syntocinon® (Sandoz Ltd, Basle) and Afethysergide 1 methyl~2 bromo-
lysergic acid diethylamude {from the same firm) Progesterone Primolut N@ (Schering
Ltd Berlin Germany) was shaken with de Jalons solution at 40° to give a homogene
ous suspension of progesterone (20 pg/ml) stable at 28° (SULLIVAN 1966) Crude drug
extract was prepared by evtraction of finely ground plant material with boiling water
for 30 mmn

Results

Invuro studies Fig 1 shows contractions of the 1solated rat uterus caused
by serotonn, Kalata peptide and crude drug extract Contractions induced by
the crude drug were rather sumifar to those obtained with serotontn Contrac-
tions obtaned with the peptide, however, showed another pattern They
were slower, step E and d the utenne tone Fig 1
further shows that methysergide mhibited both the and the plant
extract, but had no sigauficant effect an the peptide-nduced contractions

Fig 2 shows that 10 pg/mi of the Kalata peptide had an action on the
ssolated rat uterus roughly corresponding to 0 08 mull (mU) of oxy
When the activity of the two drugs was compared 1n relation to werght, the
following relationship was found Oxytocin/Kalata peptide ~ 1/50000 (one
umt of oxytocin calculated as 22 pg of pure synthetic oxytocin (STURMER
1968)

ISOLATED RAT UTERUS

% of maximat
contraction
1

Kz
50 g

—

10min
—_—

Methysergide 10ug/t tre

Fig | Isotomic contractions of the rat uterus due to stmulation by serotonin (S) 1n

nanogram/m crude plant extract (K1) in mg plant/ml and Kalata peptide (Ks) 1

wg/mi of bath flwd before and after the addition of methysergide Maximal contrac
ton the maximal response which could be produced with serotonn
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Fig 2 Isotomic utenine contractions after st mulation with exytocin {Ox) mU/ml, and
Kalata peptide (K} pg/ml of bath flmd before and after the addition of progesterone
Maximal contraction the maumal response which could be produced with oxytoein

After the ntrod of p the effect of fell to a
stable level within half an hour (same as SULLIVAN 1966) The Kalata peptide
was also ihibited by progesterone (20 pg/ml), but not to the same extent as
the oxytocin

The utenne reaction to Kalata peptide was also tested aganst other
htbitors, such as acetyl sahicybc acid (40 ug/ml) known to antagonize
prostaglandin provoked activity (VANE 1971), the antifustamine mepyramine
maleate (0 2 pg/ml) and atropine sulphate (0 02 ug/ml) without showing any
effect by these compounds

2 Rabbus The action of the Kalata peptide was different in the circulatory
and longitudmally cut strips of the rabbit uterus In the circnlar stnps a
certain degree of mhitrtion could be observed, while a stunulating effect was
found m the Jongitudinal muscles, fig 3 The doses required to provoke
contractions of the rat uterus, (10 20 ug/ml), were also needed to mtiate
the effect on the rabbit uterus

3 Human utermne strips A stunulating effect of the spontaneous activity
with an ncrease of the tone m the utenne strips was nvanably found
EC




404 LORENTS GRAN

A ISOLATED RABBIT UTERUS

1,179
[ Circular
Longl!udmil
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HUMAN UTERINE STRIPS
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sol.

Fig 3 Isometric recordings of the utenine motility in vitro0 before and after the addition

of Kalata peptide Figures mdicate the doses added tn pg/ml of bath fluid A circufar

muscle strips - B stnps - (both from rabbit)
C human uterine strps — stimulation

This effect was seen with a dose of about 20 ugfml or more, the same
threshold dose as found for rats and rabbits

In vivo studies

1 Rats Urethane proved to be a stable anaesthetic A very small spon-
taneous uterine activity was seen when ammals 1 pro-oestrus were selected
Oxytocn 1nduced dose dependent contractions when doses from 1 to § mU
(4-32 mU/kg) were given

In a few rats a small shmulation of the uterme activity was observed after
the 1njection of the Kalata peptide, but the contractions were mnconstant, and
no dosejresponse relationship could be found No uterine stimulation was
mnduced 1 most of the animals (7 of 10), by intravenous doses from 1 to
100 pg of the peptide, (4400 yg/kg)

When the Kalata peptide was injected into the pentoneal cawity, the
conditions appeared sumlar to those found in vitro By means of an mntra-
pentoneal catheter left m the wound, the drug wluch had been dissolved
m 3 ml of 09 % saline at body temperature, was mjected The threshold
doses for obtaimng uterne contractions, were the same as found m the
n vitro tests, (about 20 pg/ml mn the njected flwd) When normal salime
alone was mjected, no contractions occurred
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RAT

BPmm Hg

["’TJ

7 T D
Ox K K K Ox 8mU0  IP-K
Bmu 8mu Tpg 10pg 100pg 300pg
Fig 4 Intra lumenal ulennc pressure and blood pressure recorded 1n o rat (230 g
trethane h dury of oxytocin (Ox) in mU and of
Kalata pepnde (K) 1m pg At 1P K the peptide was injected mtrapentoneally i 3 ml
of saline

In contrast to the weak uterine reaction on intravenous admmstration,
a marhed effect on the cuculation was found ECG showed ventncular
tachycardsa, and the lethal dose was 1 mg/fkg (0 6-2 0 mg/kg, mean 1 mgjkg,
n 12) which resulted m ventncular fibnilation The artenal blood pressure
was markedly decreased with doses of about 100 pgfkg, often preceeded
by a short ymtial merease 1n blood pressure (fig 5)

2 Rabbits The effect of intravenous doses of the Kalata peptide was
recorded 1 ten rabbits and proved to be rather simlar to the action ob-
served 1t the rats Doses of about 100 pgfkg nduced utenne contractions
(4 ammals) Higher doses usually caused a fall 1n the blood pressure, and
all the amimals were killed by a dose of the peptide from 0 6 to 2 0 mgjkg
(mean 12 mg/kg, n 10), the same lethal dose as found for the rats ECG
recording during the mnjection of the lethal dose showed ectopic pacemaker
and a final fibnllation End expiratory CO» percentage 1o the trachea during
urethane anaesthesta was found to be 4 % (1) After high doses of the
Kalata peptide a hyperventilation was noted, and with lethal doses resptra-
tory arrest followed after the circulatory collapse

Intragastnic admunustration. No utenine reaction and no circulatory effect

due to 1tragastnic admimistratton of the drugs were recorded 1n the antmals
tested
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Fig 5 ECG and blood pressure varations in rat (220 g, urethane anaesthesia), daring
increasing intravenous doses of Aalata peptide (K) in mg/hg In relation to the last dose

ventnicular tachycardia and increased blood pressure are seen, tmmeduately followed
by ventricular fibnllation and eutus

Autopsy of all the ammals was done immediately after cessation of the
respiratory movements It showed 1n all cases a distended, fibnllating heart,
distended central vemns and a dark, bloodfilled liver Lung oedema was
observed in 3 rabbits

RABBIT
BPmm Hg
100" "
50 v yp 2 »
0 LS min
Intrauterine
pressure
o o Wl U
Hagh iR ’k"'/{MWAA.AMA
K\owg Ox 2U Saline Ox 2U KiDpg Ox ZU
ce 3 mi 10049 IOOOpg

6
|
0

Fig 6 Rlood pressure (BP) ntraluminal utenine pressure and tracheal COs-concentra

tion recorded from & rabbut (4 1 kg, urethane anaesthesia) during intravenous ajections
of exytocin (Ox), saline and Kalata peptide, (k)
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Discussion

The observatson of an oxytocic activity foliowing oral mtake of the native
drug lacks a £ and | {SANDDERG 1965, GRAN
1970) The intensive use of lhe crude drug extract by two different and far
separated tribes, probably through generations, makes 1t likely that some
effect has been obtaned from 1t

The phytochermcal investigations on the plant revealed two utero-active
substances, serotomn (20 mg/kg of dned herb) and a pcpndc (1 g/ke),
{GRran 1973a) The possibility of other present in the
plant can not be excludcd The recorded effect on xsolated rat uten caused
by the crude drug, however, can fully be explaned by the two isolated
substances

Serotorun 1s known 1o cause utering contractions both tn vitro and tn vivo
when parenterally administered (SOUTHGATE & SANDLER 1968) Taken orally
1t 38 rapidly destroyed and thus can not be expected to cause wtenine activity
{GoopMAN & GILMAN 1970) This assumption was supported by the in-
vestigations performed, as neither the crude plant extract, nor serotomin
provoked any activity in the ammals after intragastric admunsstration

The utenine activity due to the Kalata peptide observed i vutro and the ab-
sence of 1ts effect in vivo, can most likely be explamed by the marked cardio-
toxcity of the peptide The concentration needed to provoke contractions
n vitro (about 20 pg/ml), 13 practically 1dentical wath the concentratton ob-
tamed 1n the blood after injection of an ordinary lethal dose (1 mg/kg body
weight = 20-30 pg/ml blood)

The fugh molecular weight of the peptide, about 4000, makes absorption
from the gastromtestinal tract less likely Support for thus assumption was
gwen, as no physiological effect could be recorded after the intragastric
admumstration of the drug

The pregnant, human uterus showed the same threshold value tn vitro as
the rat and the rabbit uterus An especially high sensitvity to the Kalata
peptide of the human uterus should thus be excluded When the isolated
peptide and oxytocin were alternatively injected ntravenously dunng the
ammal expenments, no potentiation of the oxytocin activity was found This
should exclude a possible synergrsm with the hormone

Serotonin has been shown o cause a towc effect on the foetus (ROBSON
& SuLLIvan 1968) As descnbed abave, the Kalata peptide also has a highly
toxlc effect when given parenterally A plant extract contaimng both these

can not be regarded as an obstetnic therapeutic agent,

and it should also be abandoned m pnmitive medicine, as complications
have been reported to anse from the use of 1t (GrAN 1970)

The weak utenne activity compared to the hugh toxicity shown m animals,
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daes not seem to justify climical trials with the genume Kalata peptide Other

peptides, present 1n small qp as well as deg products might,
however, be of interest for further investigations
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Abstract The subeellular distnibution and the latency of the lysosomal enzymes
& glucuronidase and acid DNase have been studied in livers from ethanol treated
and control rats Some hivers were 1solated and perfused with or without ethanol
Ethanol treatment (4-5 weeks) increased the free (non latent) lysosomal enzyme
actvity sigmificantly without affecting the total activities In the perfused Iner
ethanol produced a small stabilizing effect on the lysosomes The lipid content
of the liver did not change, and the plasma enzymes (alamine amunotransferase,
aspartate alkaline b d: and plasma
b lirubin were tn the present study unaffected by the ethanol treatment

Key words Lysosomal enzymes — ethanol ~ b glucuromdase ~ DNase

Ethanol given to rats leads to wcreased serum levels of certan cyto
plasmic enzymes (¢ g alamne ammotransferase and aspartate aminotrans-
ferase, for review, see FRENCH 1971) This 1s mdicative of an imcreased
fragility of the biolog b and 15 with the finding that
liver mutochondna from ethanol treated rats show icreased permeability n
vitro (FRENCH & MoRIN 1969) It scemed of interest to find out whether the
lysosomal membrane 1s also influenced by ethanol treatment since 1t has
been suggested that towc agents cause tissue mnjury by mnducing the release
of acid hydrolases into the cytoplasm or by increasing the permeabslity of
the lysosomal membrane (DE Duve 1963) In the present study an attempt
was made to evaluate the state of the Iner lysosomes 1n rats exposed to
chronic ethanol treatment We have, m addition, studied the effect of ethanol
1n the 1solated perfused Liver




410 TROND BERG AND JORG MORLAND

Materials and Methods

Male Wistar rats werghing 275-300 g, were maitained on a fat nch diet (MgRLAND,
1973) Ethano! consttuted about 30 % of the total calories consumed by one
group of ammals (ethanol treated amimals), while sucrose replaced ethanol i1so-
calonically in the control group The rats were treated for a period of between 4 and
5 weeks

Liver perfusions were performed as descnibed previously (SEGLEN & JerveLL 1969)
The livers were obtamned from either ethanol treated or control rats Blood samples
were obtmned from male rats (400 g) fed on an ordinary laboratory diet 40 ml of
perfusate (rat blood diluted with buffer to a final b of 18 %) was
through the liver at 37° and pH 74 The perfusion rate was between 15 and 20
mli/minfg liver After perfusion for 15 min ethanol was added as a single dose of
150 mg followed by a nfuston of app: ly 120 mg per hiver for 2 hrs
In this way the perfusate ethanol concentration was kept at between 37 and 57 mM
©17-026 %)

‘The amimals were sacrificed by decapitation The liver was rapidly excised and
chulled 1n 1ce-cold D25 M sucrose contaimng 1 mM Trs buffer, pH 730 Homogeniza
tion was done 1n a chilled Potter Elvehjem homogenizer with a teflon pestle rotating at
about 1000 r p m The gnnding consisted of 5 complete up and down runs with
the pestle Special care was used to follow the same homogenization procedure to
reduce the lysosome disruption

b Glucuromdase (GIANETTO & pr Duve 1955) and acid DNase (De Duve ef af 1955)
were used as marker enzymes for hepatic lysosomes

“Fo assess the latency of lysosomal enzymes we have either measured the b glucuroni-
dase actiity in the presence of 0.25 M sucrose (free activity) or acidd DNase and

actiwity 1 a after high speed centnfugation of the homo-
genate (non sedsmentable activity}

Bovine testes DNA (Sigma) and phenolphthatemn glucurome acid {Sigma) served as
substrates for acid DNase and b-glucuromdase respectively Both enzymes were mea
sured in the presence of 01 M acetate buffer, pH 50 The free activity of b glucuron
1dase (BEre & BIRD 1970) was measured mn fresh homogenates and in the presence of
025 M sucrose and 005 M acetate buffer, pH 50 The incubation time was 10 min
The total activities of both enzymes were measured after treating the homogenates with
005 % {v/v) Trton X 100 Since b glucoronidase 1s mhibuted by sucrose (DE DUVE et al
1955), total activity was measured both 1n the presence and absence of sucrose to make
compansons between free and total activity possible Tt was found that the activity 18
reduced by about 27 % when sucrose was included in the assay muxture The amount

of enzyme released from the mn fresh h was n the
after of the n a Sorvall for 3 000 00U
gXmin
Part of the b glucuronidase activity in liver homogenates 1s of microsomal ongin (DE
Duve et al 1955) To detect possible between the
of b glucuromdase 1 ethanol treated and 1n control ammals, complete differential
was carried out to DE DUVE er al (1955)

Samples for the determination of plasma enzyme acttvities and bilwrubin were
withdrawn from the abdominal aorta while the amimals were under light ether anaes-
thesia The blood samples were hepanimized and then centrifuged for 10 min at 1500

r p m Bilirubm was (Technicon method
AA 11 18) based on the method of JENDRASSIK & Gxop (1938) Actuwities of the fol
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Towing enzymes were determined in plasma b glucuromdase (FrsimuaN 1955) alkaline
phosphatase (Bessey ef ol 1946) aspartate amunotransferase (GOT) (KARMEN 1955)
and alanine aminotransferase (GPT) (WROBLEWSKT & LADUE 1956) All enzymes except
b were (LKRB kinetrc test recording snitial re
action velocity) based on the onginal methods

Proteins were measured according to Lowry e al (1951)

Lip ds were extracted by FOLCH s procedure (Forcu er af 1957) from about 3 g
of hver that had been stored 1 liquid mitrogen before use Tnglycendes and phospho-
lipids were separated by thin layer chrontatography (Snipski ef al 1965) Tnglycendes
were then determimed by the method of CartsoN & \apstroM (1959) The phos
pholtpsds were determmed by phosphate analysis (Fiske & Susmarow 1925) after
compicte hydrolysis

Small samples of liver (about 200 mg) were fixed in 4 % formaldehyde stored in
60 % ethano! imbedded tn paraffin shced and stamned and then examined in the light
microscope

Results

Table 1 demonstrates that chronic ethanol treatment results 1n increased
free activity of b-glucuromdase About 52 % of the enzyme 1s non latent in
homogenates prepared from ethanol treated rats as compared with about
35 % 1 the controls There 1s no b fe 1n the total
of b glucuromdase or acid DNase between the ethanol treated and control
amumals, whether the activity 1s expressed as actiity per mg protein or
activity per liver

Since mucrosomal b glucuromdase 1s non latent (D& DUVE ef af 1955)
1t seemed possible that the large increase 1 free activity following ethanol
treatment was due to a selective increase in a mucrosomal enzyme To de
termine the amount of b-gl dase of 1 ongm, h
from ethanol treated animals and controls were fractionated by dxfferemlal
centnifugation The results of these expenments are demonstrated 1n fig 1
It can be seen that there 15 no sigmuficant difference 1 the refative amounts of
microsomal enzyme m the expenmental and control ammals

The non sed of b and acid DNase show
mmor but sigmificant increases after ethanol treatment (table 1) Control
values for b glucuromdase and actd DNase are 52 and 97 %, of total activ-
1ties Tesp ly These are to 80 and 155 % of total
activity for b-glucuromdase and acid DNase, respectively, after ethanol treat-
ment (table 1) It can be seen that the non sedimentable actvity of acid
DNase 15 hugher than that of b-glecuromdase both for the controls and ex-
penmental ammals

by light Py mnd that all the livers
fmm the 7 control ammals were pormal A very shght cloudy swelling was
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Table 1

Effects of ethanol treatment (4-5 weehs) on total, free and non sedimentable
enzyme activities

Lthanol treated Controls P
b glucuromdase,
total activity 777 £ 65 () 882 & 65 (7) ns
Acid DNase,
total activityd 187+ 003 (3) 216 % 003 (3 ns
b glucuronidase,
free activitye (%) 524 + 28 (7) 347 33 D) [}

b glucuromdase,

non sedimentable actvity (%) 80 = 07 (3) 52 £ 04 (3 005
Acid DNase

non sedimentable activity (%) 155 * 22 (3) 97 + 05 (3) 00s
Body weights final (g) 21 12 (U] 303 *16 Y] ns
Laver weights, final (g) 1o £ 06 (M 1no £ 05 (M s
Protein content (mg/g liver) 2 9 M 2 9 M ns

Values are means = S E M Numbers 1n brachets indicate numbers of aumals a To-
tal activity 13 exp as pg ph /he/mg protemn at 37° b Total activity 18
expressed as od/hr/mg protein at 37° ¢ Free and non sedimentable activities are
given as per cent of total activity

seen 1n two out of 7 livers from the ethanol treated group The rematnmng
5 livers appeared to be normal

The mean triglycenide content of livers lysed for 1 1
was 5 6 mg/g liver and 8 9 mg/g hver for ethanol treated and control ammals,
respectively, and no significant change 1n the phospholipid content was seen
(The mean value for ethanol treated animals 15 28 3 mg/g liver as compared
to 26 8 mg/g liver m the controls) Thus the ethanol treated rats showed no
sign of lipid accumulation

The data for plasma enzyme actvities indicated that ethanol treatment
had no sigmficant effects on the activities of b glucuronidase or the other
enzymes measured (see Methods) The bilirubin content of serum was also
unaffected

Luver perfusion for 2 hours mcreased the free activity of b glucuronidase,
particularly 1n the control ivers (from 347 + 33 10 502 21 %) Ethanol
added to the perfusate to a final concentration of 0 17-0 26 %, was found to
reduce free b-glucuronidase activity both m the controls and ethanol pre-
yreated rats (from 538 £ 09 %, 0482 £ 21 % mShvers,1 ¢ 2 signtfrcant
(P << 0 05) reduction)
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BIRG & Janorl 1968) It is therefore possible that b-glucuromdase 15 non
Jatent while sull inside the lysosome Ethanol does not seem to have any
direct effect on the lysosomal membrane when tested on punfied particles
wm viero (LIL 1972) or m the perfused hivers studied 1n the present expen
ment but the chronic i vivo cffect may be caused by peroxidatine decom
position of the structural hpids of the membranc, as ethanol has been shovn
to merease ipid peroxidation (Covrort ef al 1967, DiLuzio 1963) This
13, however doubted by other 1nvestipators (HASHIMOTO & RLCANAGEL 1968
Irent & Mowriv 196)) Ethanol 1s hnown 1o mercase the activity of micro-
somal hydroxyluscs and the amount of cytocrome P 450 (RupiN ¢r al 1968
RusiN & Lisir 1968) The possihility therefore remams that cthanol treat
ment may increase the oxidation of NADPH as a consequence of wncreased
microsomal enzyme activity CHLN & McCay (1972) recently showed that
free radicals tht were formed m vuro by the microsomal owdation of
NADPH could damage Jysosomal membranes The labthzation of Jysosomal
membranes would then be secondary effect of cthanol admimstration

Trincu & MoriN (1969) found increased free activity of succuuc debydro-
gentse n rat Iver mitochondna after chronsc cthanol treatment. Such treat
ment has been shown by other investigators to reduce hondnal protest
synthesis (RuiN ez a! 1972) as well as general Iver protemn synthesis (Baws
ctal 1970) Changes 1 lysosomal membrane proteins could also concevablh
oceur, and this could luad to changes 1 the membrane propertics sumsls
those scen 1 the mitochondrna

Irom the additional exammntions for the absence of patt
on the liver it 15 suggested that changes wn the permeability
membrane precede gross changes in liver composiion «
damage

Pratt & Scunorr (1971) hawe demonstrated defects
membranc 10 rat Iner parenchymal cells after ethanol
servalion 1s consistent with the increasud free b
present study However thuy found a decreased be-r
both m the lysosomal fraction and mn the | ¥
enzyme achivity was only n a P
natant after 80000 g X mun ) which makes comp n=<
e to the Iysosomes might be so severe that a con
cnzyme was lost from the hyver Furthermore the cu

utrapentoneally wlich may cause local damage to the
1972)

ysosomal <
+
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BERG & JANOFF 1968) It 15 therefore possible that b-gl dase 15 non
latent while sull 1nside the lysosome Ethanol does not scem 10 have any
direct effect on the Jysosomal membrane when tested on punfied particles
at viiro (LLx 1972} or m the perfused hsers studied m the present experr-
ment, but the chromc w1 110 effect may be caused by peroxidative decom-
posttion of the structural hipids of the membrane, as ethanol has been shown
to mcrease hipid peroxidation (ComporT ef al 1967, DiLuzio 1963) This
15, however, doubted by other investigators (HaSHIMOTO & RLCKNAGEL 1968,
FRENCH & MorIN 1969) Ethanol 1s known to increase the activaty of mucro-
somal hydroaylases and the amount of cytocrome P 450 (Runin ef of 1968,
RumN & Licser 1968) The possibihity therefore remans that ethanol treat-
ment may increase the oxidation of NADPH as a consequence of increased
microsomal enzyme activity CuEN & McCay (1972) recently showed that
free radicals that were formed i vitro by the mucrosomal oxidation of
NADPH could damage Iysosomal membranes The labihizauon of lysosomal
membranes would then be a sccondary effect of ethanol admnistration

FRENCH & MORIN (1969) found increased free acuvity of succinc dehydro-
genase 1n rat Iiver mitochondna after chronic ethanol treatment Such treat-
ment has been shown by other m to reduce hondral protein
syathesis (RUBIN et al 1972) as well as general lner protewn synthesis (BANKS
et al 1970) Changes 1n lysosomal membrane proteins could also conceivably
oceur, and this could lead to changes in the membrane properties sumlar to
those seen 1n the mitochondna

From the additional examinations for the absence of pathological effects
on the lver 1t 1s suggested that changes in the permeability of the lysosomal
membrane precede gross changes mn liver composition and signs of cell
damage

PLATT & SCHNORR (1971) have demonstrated defects in the Iysosomal
membrare 1 rat liver parenchymal cells after ethanol treatment This ob
servation 1s with the 1 free b dase found m the
present study However they found a decreased b glucuromdase activity
both 1 the lysosomal fraction and in the lysosomal supcrnatant, but the
enzyme activity was measured only 1n a postmitochondnal fraction (super-
natant after 80 000 g X mun } which makes companson difficult The dam-
age to the lysosomes might be so severe that a considerable amount of
enzyme was lost from the liver Furthermore the ethanol was admuustered
intrapentoneally which may cause local damage to the hver (STRUBELT ef al
1972)
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Abstract  Tropolone (100 mg/hg sntrapentoneally) was given to rats and the
catechol O methyl transferase (COMT) activity and tropolone concentrations
were measured 1n the submaxllary gland and in the hiver and the concentrations
of (NA) and (NM) and the of
metabohites from #C tyrosine were measured 1 the brain and i the submaxii
lary gland The maxtmal tropolone concentrations were found after 05 hr and
were 50 % higher in the liver thap 1 the gland After 2 5 hrs 1t was reduced
to 70 % thver) and 25 % (gland) Tropolone caused a slight reduction of 15 %
10 the COMT acuvity when measured in yi¢ro but a vapid fall of 40-60 % was
fouad 1 the NM concentrations After 24 brs the NM concentration was normal
18 the brain but shil maximally reduced 1n the gland A parallel decrease of the
NA content was found i the braiy but not in the gland The studies of
metabohtes from MC tyrosine indicated a reduced synthesis of NA from tropo

lone with no change i the NM frachon No signuficant traces of acidic or
neutral metabolites from NA were found but there was evidence of the for

mation of transamunated products the most promunent of which was p hydroxy

phenyllactic acrd Two large radioactive metabolies could not be identified The
results indicate that the measurement of COMT in vitro may not be an adequate
measure of the enzyme inhibition tn vivo The enzyme tropolone complex 15
probably easily released by the in vurro procedures

Key words Catechol O methyl - ]
bran

y gland —

Tropolone 15 an mlubttor of catechol O methyl transferase (COMT)
(BELLEAU & Bumma 1963) No evidence has been found for the in vivo
o] 1 of this pound Tropol however, has the disadvantage
that 1t 1s rapidly removed from the brain and moreover there are discre-
pancies 1 lhe results with regard to the action of tropolone on the formation
of y bolites from dop wm the corpus stnatum, the i vitro
27 Acta pharmacolog ea, vol 33 fasc 56
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inhibrtion of COMT and the action on the enzyme actvity when determined
m bran tissue from ammals treated with tropolone (BrocH 1972) The
reason for these discrepancics 15 probably the reversible binding of tropolone
to the enzyme and the fact that the mhubitor 1s easily released

The present work deals with the action of tropolone as an nhibitor of
COMT 1 the penpheral and central adrenergic nerves The following para-
meters were studied after single 1njections of tropalone m a fixed dose nor-
adrenaline (NA) and nor phnne (NM) and NA syn-
thesis rate 10 the submaxillary gland and the bram, and COMT actinities
and trop ations 1a the sut llary gland and the liver The
NA synthesis rate was determuned from the relative measurement of the
amount of rad ool lated after an nfusion of ¥C-
tyrosine A qualitative study was also done on the acidic and neutral metab-
olites formed from MC-tyrosine

Materials and Methods

The were as n a previous work where experimental

details are explained (Brocu 1972)

Arimals and drugs

Altino Wistar rats of either sex were used 1n all experiments

Tropolone (Aldrich Chem Comp J was dissolved 1n distilled water 20 mg/ml and
given intrapenioneally n a single myection of 100 mgfkg

HC Tyrosine (U) {The Rad 1 Centre A specific activity 513
o/mol was givea by a constant m(mpcmoneal nfusion over 20 munutes 50 pet per
ammal For expenments using hy the rad yrosine

was given 1n a single intraperitoneal injection of 50 por 20 minutes before the ammal
was hilled

4ssays of anunes
Three submaxillary glands or 2 forebrains were pooled for each determination The
amines were acetylated extracted mlo dichloromethane and separated by paper chro
hy before the (CRAWFORD & YATES
1970) All were corrected for their which were
means £ 5 D) for NA 91 + 25 (10 estimates) and for NM 75 + 14 (7 estumates)

Deternunation of metabolites from HC tyrosuse

The amine metabolites were determuned in the brain stem and the submaxillary gland
The organs were dissected out immediately after the infusion of radioactive tyrosine
The brain stem was cut at the level between the cerebral hemispheres and the cerebel
lum The hemuspheres the hippocampt and the corpora striata were removed from the
forebrain and the remamder was used for the deterinatians The braia stem from one
ammal was h d m 2 ml 04 N acid and the y glands
in a volume of 4 ml After removal of the perchloric acid by preciputation as the
potassium salt, the acidic and neutral metabolites were extracted 1nto ether and the
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Fig 1 A typical two dimensional chromatogram with markers showing the places of
possible tyrosine metabolites
DOPAC = 3 4-dihydroxyphenylacetic acid

HGA hommogentisic acid

HVA homovanitlic acid

MHPG 3 methoxy-4-hydiox phenylglycol
POMA b hydroxymacdelic acid

POPAC p hydroxyphenylacetic acid

FOPLA = p hydroxyphenyliactic acid
VMA vamllyImandelic acid
AB unknown metabolites

ammes remamning 1n the aquequs layer were acetylated and then extracted with
dichlorometbane and separated by paper chromatography according to CRAWFORD &
YATEs (1970) The radioacuvity of the paper fractions was counted m a hiquid seintid
lator A sample of 01 ml of the extract was taken out for the determination of tota}
activity before the extraction of acids

The acid fractions were separated by two paper ch 1
graphy (fig 1) Whole forebrans witbout corpora striata were homogenized 11 4 m)
04 N perchloric acid After removal of perchlonc acid the extracts were acidified with
01 ml 2 N HCI and extracted twace with 10 ml cther The ether extracts were com
tied washed with § mt 01 N HCI, and the solvent was evaporated wih a stream of
nitrogen The Tessdue was dissolved 10 2 small amaunt of methanol angd apphed 10 a
‘Whatman No 1 paper (46 X 46 cm) The chbromatogram was developed for 5 hrs in
system 1 (chloroform acetic acid water, 22 1 by vol ) and then taken up, dried, turned
90° and run for 17 hrs overmight in system 2 (propanol ammonia water, 8 11 by vol )
Markers were rus simelfaneously in cach system Squares of 5 X 5 cm were cut ac
cordiag to the markers and to the vials a toluene
based phosphor

The punty of the radioactive tyrosine was cheched Five pl was dissolved 1 2 ml
water acidified with HCl and extracted with ether After washing the ether with
01 N HCI 1t was evaporated and the residue was dissolved and sur on a two-dimen

sional chromatogram No fraction showed an actvity higher than 004 %, of the onginal
tyrosme solution

e

P
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et fpmuat

R ] 100
Tropolone concentraton, JM

v, Heamxigd

Tropolone concentrat o, pM

Fig 2 Determunation of K, for tropolone, 2) in the liver and b) 1n the salivary gland

Three ndependent experiments, each with two different concentrations of substrate,
were done

Determinanon of tropolone

The tissues were homogenized mm 04 N perchloric acd After removal of the per-
chlorate, the tropolone was extracted twice from a neutral supernatant with 10 mi
chloroform After re extraction 1ato 01 N NaOH and adjustng the pH to 60 the
samples were read m a spectrophotofluonmeter at 310/400 nm The double extraction
with chloroform gave a better recovery with smaller vanavons (69 % £15, S D -
6 estumations) compared to the earler 50 % with a single extraction (Brocu 1972)
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COMT determination

A radiaactive method was used (BRocH & Fonnum 1972) with a shght modification
in that the concentration of coenzyme (SAMe) had to be increased to oblan opumal
condetions for the tissues and the substrate concentration was also reduced. The volume
of the incubation medwm was 1 mt with the following solute concentrations 06 mM
3 4-cuhydrosyphenylacenc acid 48 mM MgClz, 120 mg/liter SAMe (028 mM of a pure
preparation) for the submaxillary gland and 360 mg/lter (084 mM) for the hver The
tissues weré homogenized 1n phosphate buffer pH 78 which was diluted to a final
concentration of 004 N — SH (Methyl)-SAMe was addeq in tracer amounts The n
cubation yme was 30 minutes

Moncamune ovidase defermination
This was done in the brain stem according to SNYDER & HENDLEY (1968)

Encs e Liretics
Th:

¢ constant of lone was by a method developed by
Dixon (WEBs 1963) The tropolone concentration (abscissa) was plotted against the
nverse value for the enzyme activity at two different substrate concentrations (03 and
06 mM) The abscissa of the intercept of the two littes gave the mhibition constant (Ky)

The lines were copstructed using the method of least sum of squares The Michaehs

Menten constants (ki) were deternuned from Lineweaver Burk plots Three expen

ments were petformed for each constant

Results

Kinetic constants

The b values obtamed using 3,4 droxyphenyl: acd as a sub-
strate were (mean of 3 determmnations £ S E M) 09 + 036 x 10 4M
for the submaxillary gland and 19 + 094 X 1074 for the Iner The cor-
responduig b values for tropolone were (fig 2) 34%17x1073M and
27 £07 X 10°*M The mtercepts of the curves were always found 1n the
second quadrant of the coordnate system This pomted to a competitive
hbition although the nature could not be determyned with certamty It has
been shown for 4 methyltropolone using 2 more punfied enzyme preparatton
that the inhibition 1s competitive (MAVRIDES ef al 1963)

COMT actn ity and tropolone concentrauon (table 1)

Half an hour and one hour after tropolone (100 mg/kg intrapentoneally)
the drug concentrations 1o the hver were comparable to those found for the
bramn and reported 1n an earlier mvestigation (Brocy 1972) except that the
tropolone was retained for a longer time 1 the Liygr In the salivary gland
the maximum concentrations were also found at 05 and 1 hr but only
60 %, of the concentration i liver was reached There was stll some
tropolone 1n the liver 24 hrs after the 1yjection

The COMT actiity when measured s Vitro after the m o admunstra-
tion of tropolone was reduced by 15 %, wmn the two tssues This reduction
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Table 1
Tropolene and anune concentrauons and COMT acuvaty in the rat brain, submaxiltary
gland and hver after tane, 100 mg/hg Hly Mean £S E M (number
of determinations}
Time Tropolone COMT activity Noradrenaline Normetaoephnne
brs 18/s pmol/g/hr ne/g /s
BRAIN t
0 0 004420002 02340018 (5) 0032:0006 (5)
03 21 34
1 19 %51 003240005 01920024 (5) 0019£0006 (5
25 35%10 003410004 01320014%(5) 001420004°(5)
24 0302 00400008 02220022 (5) 00460005 (5)
SUBMAXILLARY GLAND
o [ 075 £006 (6) 121X009 (10) 037 £0079 (6)
05 128421 (§)
1 114219 (5) 073 £004 (6) 1072011 (10) 028 +0056 (7)
2s 44309 (5) 063 X005 (6) 105015 (9) 014 20026*(7)
24 0301 (5) 074 2007 (6) 156+009* (10) 015 +0037°(5)
LIVER
o 0 177203 (6)
s 186%26 (5)
1 195114 (5) 167+ 10 (6)
25 123423 () 146 £ 10° (6)
24 15+06 (6) 17910 (6

* Sigmificantly different from 0 hr P <005 (& test)
t Values of tropolone from brain and COMT from brain stem cit BocH (1972)

was significant for the liver only The maximal reduction was found at
25 hrs and this ume did not correspond to the tume for the maximal
tropolone concentrations

In vivo wniubition of O methylation

The concentration of NM decreased significantly to the lowest value of
50 % of the control m the brawn and 40 % of the control m the salvary
gland 2 5 hrs after the 1njection of tropolone After 24 hrs the NM content
of the bram was normalized winle 1n the salivary gland st was stll 40 %
of normal (table 1) No sigmificant change was seen w the NA concentration
of the submaxillary gland, apart from a small increase after 24 hrs In the
bram a decrease to 60 %, of the normal was found, which paralielled the
changes 1n the NM concentration
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Table 2
Radioactive metabolites 1n the brain stem and sub y gland after
100 mg/hg and constant 1 infusion of HC-tyrosine over

20 minutes Vatues 1 ho of total activily, mean of 4 cxperiments x S E M

Hours after Total achivity .
tropelone cpm % 1073
BRAIN STEM
0 17455 074%013 026£005
1 1557 0304005 020009
25 21£42 0231005 0231006
24 22259 0921011 0312004
SUBMAXILLARY GLAND
[ 4687 054008 0284003
1 33%55 013£006% 0274007
25 THE26% 0243005 0304008
2% 4865 053012 0374006

* Sipruficantly different from 0 hr (P < 005, ¢ test)

Anune synthesis from HC-tyrosine

‘The radioactivity m the NA fraction was considerably reduced both n
the submaxillary gland and m the bramn stem at 1 and 25 hrs after the
tropolone 1jection (table 2) returmung to normal values after 24 hrs No
change was found in the NM fractions These were quite smail 1n the
control animals but some decrease might have been detected With the
method used 1t was ump to separate p from NM but 1t
was considered unlikely that p would be b to a sigmf-
1cant degree under the prevailing expenmental conditions

Acidic and neutral membolxte: of HC rosine

e hy was engmnally used for the separation
of the acdic as this was suffl for d bol;

A study of the NA metabolites after tropolone gave z non sigmficant xe-
duction of 50 % m the rad of the “3.met -4-h

ypheny!
glycol " and * vanullylmandelic acid’ fractions with large vanauons m the

results By further separation of the fractions on the two-dimensional
system 1t could be shown that the man actvity in these fractions came
from other substances which could not be separated adequately from the
two O-methylated NA metabolnes m salvent 1 (table 3, fig 1) The results
from two-d by vaned more than those from the
one dimensional amne fractionation and required higher valupg st
could be pted as Actvities up to 03 %a.
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Table 3
d m bramn and y gland after constant infusion of
1C tyrosine over 20 mioutes Values 10 %4 of total rad: mean of 3
tSEM

p Hydr p Hydr
Methoxy- Vandlyl p Hyds

oxy oty ”
phenyl  pheayle MO pangene XY At Bt
acetic lactic phenyl acd mandelic
acd acid glycol acud
BRAIN
Control 04£005 10101 01%004 01,01 03%01 26%03 41407

Pargylhine,

75 mg/hg 01£005° 19106 0 011007 0,0 24%03 12203
SUBMAXILLARY GLAND

Control 06104 05%01 0 o 024008 78+18 07104

Pargyline,
75 mg/kg 0601 09+02 0101 011003 03+003 62+16 10%04

* Statistically different from control (P < 005)
t Unknown metabolites

doubtful This represented about 30 % of the blank values from chro-
matography paper

One of the identificd metabolites was p-hydroxyphenyllactic acid Some
activity was also found in the p-hydroxyphenylacetic acid fractions In
the bramm this fraction was reduced significantly by Pargylme wiile no
change was seen 1 the gland On the other hand, the p-hydroxyphenyl-
lactic acid fractions increased considerably m the brain with Pargylne
The 1ncrease was not sigmficant

The greatest activites were found n two fractions which were different
from all usual aromatic tyrosine metabolites shown m fig 1 One of these

bolites (“B”) was p 1 the bramn only and 1t was reduced to

30 % by Pargyline The other bolite (A"} was found
appreciable amounts both 1n the brain and 1n the submaxillary gland and
was not changed by Pargylne The p-hydroxyphenylpyruvic acid was un-
stable 1n both chromatographic solvents and could not be detected

No activities were found 1 the fractions of the methylated NA me-
tabolites 3-methoxy-4 hydroxypt 1 and Iylmandelic acid either
1n the bram or 10 the gland (table 3} Incubation with hydrolyzng enzymes
(Glusulase, Endo) of the water residue from one of the brans after ex-
traction of the acid metabolites gave no additional activity in the 3 methoxy-
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Table 4

Monoanune oxidase activity in the bram stem 4 hrs
after Pargyline 75 mg/hg intrapentoneally pumol/g/hr,
mean of 4 determunations + § E M

Contiol 12204
Pargyline 010002

4-hydroxyphenylglscol fraction However, the glycol was not stable n 0 4 N
perchlonic acid smce 1t was converted to a substance with acidic properties
showing red fluorescence 1n UV ight By paper chromatography in solvent 1
1t streaked from the positions of DOPAC to POPAC and in solvent 2 1t
was found between VMA and substance “A” (cfr fig 1)

Less than 1 per cent of the normal monoanune oxidase acuvity could be
found 1 the bram stem after the Pargyline treatment (table 4)

Discussion

The present results show that tropolone 1s rapidly excreted from the
organism  The discrepancies in results between the i yvirro wnhubition of
the enzyme and the mhibition of O methylation after the admunistration
of tropolone to the amumals indicate that tropolone 1s readily released from
the tissues and the enzyme The maximal tropolone concentration m the
submaxillary gland was about 0 1 mM, a value exceeding the K; values by a
factor of three The maximal decrease m the NM concentration was found
15 hrs later Hence there 1s a fair association mn tune between these para
meters as some time 1s needed for the endogenons NM to be metabolized
As the amount of tissue used for the COMT determinations was 18 mg per
ml ncubation medum, the concentration of tropolone 1n the medium
cao be calculated to be 17 yuM at 1 hr and 07 M at 25 hrs These values
may represent quite well the small degree of mhibtion of COMT measured
after a trop Thus, tropol 1s mot firmly bound to the
enzyme like, for ms!ance, the monoamne oxidase mhibitors to the mono
amune oxidase (ERwiN & DEerrricH 1971)

Infusion of radioactive tyrosme for the study of catecholamine synthesis
and metabolism was not found suitable for the study of noradrenaline

b In the gic system of the corpus stmatum the activity
of tyrosme hydroxylase ts espectally high (McGEER ef al 1967) and the
turnover of dopamine 1s higher (half ife 25 hrs IVERSIN & GLOWINSKI
1966, BRODIE ez al 1966) than that of NA 1 penpheral nepves ( Qife
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83 hrs n rat heart CoSTA et al 1966, SEDVALL e af 1968) with a half-
hic of NA 1 the central nervous system lying between these values (2 84
and 4 hrs BRODIE et al 1966, NLIF ef al 1969) In the dopamnergic
system of the stnatum, activity was found not only n the amine fractions
but also 1n the fractions of the two acd bolites 3,4-dihydroxyphenyl-
acetic acid and homovamllic acid (BrocH 1972) The main metabohite from
NA 1n rat bram has been 1d das 3 h 1-hydroxyphenylglycol
conjugated to sulphate (SCHANBERG ef al 1968) The praeedure used 1 the
present work was not found to be swtable for the 1solation of this metab~

olite even if hydrolysis of the cony was perl d
Most of the tyrosine 1s, probably, metabolized through other pathways
like t and mcorp into proteins The p-hydroayphenyl~

acetic acid was reduced sigmificantly i the brain from traceable amounts ta
almost zero Two pathways are theoretically possible for this metabolite
It may be the result of transamimation of tyrosine to p hydroxyphenyl~
pyruvic acid with subseq decarboxyl S dly tyrosine may be
decarboxylated to tyramine and then deamunated A decrease n the p-
hydroxyphenylacetic acid after Pargyline treatment would favour the latter
hypothests The decrease was seen m the bramn only, and 1t was associated

with a corresp g increase m the p-hy yphenyll acd, a second
metabolite of p-hydroxyphenylpyruvic acid
It 15 most likely that Pargyle mnduced a shuft in the metabolism of

p hydroxyphenylpyruvie acid in the brain The p-hydroxyphenylpyruvic amd

could not be detected because of 1ts bility 1 both cl
solents At any rate, the turnover of tlus acid 1s presumably so hlgh lhat
bl do not 1 tissues

Onc of the unidentified metabolites, B, which was most promwment m the
brain was reduced by 60 %, by Pargyhne It 1s not assumed, however, that
1t 1s a product of deamination as the reduction should then be expected to
be larger, as the monoamme oxidase activity was almost completely m
hibited

The reduction m the radioactivity of the NA fraction pomted to a
reduced synthesis This could be the result of an inhibitory effect of tropo-
lone on the synthesizing enzyme, ¢ g. tyrosme hydroxylase (GOLDSTLIN et al
1967) This might especially be true for the bran as the NA content showed
a clear reduction dunng the first 2 5 hrs In the submaxillary gland the NA
cone d m spite of a rapxd reduction of the synthesis

dicated by the d m NA after 1 hr This
probably 1s the result of an inhibition of both tyrosine hydroxylase and
COMT In the dopaminergic system an increase in the catecholamine con-
centration was found 1 hr after the tropolone mjection (BRocH 1972) Ths
indicates a smaller activity of tropolone on tyrosine hydroxylase i this system
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The decrease 1 the NM content was much more prolonged mn the sub-
maxillary gland than n the brain, These differences probably reflect dif~
ferences 1 the tumover rates of NA n the central and the perpheral
nervous system.
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Abstract Groups of 8-16 rats at vartous ages {20, 26, 32, 42 days old and adult
ammals) were injected subcutaneously with morphine and the degree of analgesia
measured, using the hot plate techmque, at 30, 60, 90, 120 and 150 mun after the
mjection ‘The nise and dechne of analgesia was steeper 1n antmals 1n the younger
age groups than 1o the 42 days old or 1 the adult ammals. The degree of
analgesia was thus at a maxsmum at 30 or 60 run i the 20, 26 and 32 days
old rats, whereas a peak analgesic effcct was measured at 60 or 90 mun. 1a the
42 days old and the adult ammals Sensitivity to morphine anafgesia was greatest
in the youngest age group and then gradually dechined towards the adult level

‘When comparisons were made at the height of analgesia, 7,5-10 tunes greater
doses were required 1 the adult ammals i order to produce a degree of
analgesia of the same order of magmtude as that obtamed 1n the 20 days old
ammals At the age of 26 days the difference 1n sensitivity was about threefold
and approximately twofold at the age of 32 days The analgesic effect was very
similar 1 the 42 days old rats and 1n the adult ammals The high degree of
sensitvily to morphine analgesia i the 20 days old ammals was matched by
very high amounts of morphine in the brain 40 mun after the subcutaneous
njection of 5 mg/hg morphine labelled with 14C n the ammomethy! group The
amouats of morphine 10 the bran of the 26 days old rats were thus less than
one half of that found in the brain of the youngest ammals Bran levels of
morphine in the 26 days old anunals were significantly different from those mn
the brain of 42 days old and adult rats but not from those found 1 the bram of
the 32 days old ammals The amounts of morphuie 1n the bramn of the 32 days
old ammals did not differ sigmficantly from that found in the 42 days old or
10 the adult ammals The ratto between the amouats of morphie 1n plasma
versus bram increased gradually with age (20 days old ammals 177, adult
ammals 344) Accessability of morphine to the bran thus decreased with
age by 2 factor of two It was accordingly coacluded that the relatively lower
amounts of morphine tn the bran could to a certan extent, at any rate, explain
the lower sensiuvity n the older than in the younger rats The results also
indicate that the sensitivity to morphine analgesia may decrease per se with age

Analgesic experiments with young of mothers treated with morphine late 1n
pregnancy showed that the highest degree of analgesta obtamed was the same

as that in the respective control young It was, however, found that analgesia
dechined faster 1n the morphine treated young than i the control young 1n the

20 and 26 days groups (the degree of analgesia was sigmificaatly fower st 90 min™
1 the morphine treated young), whereas this was not the case 1 the

-
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42 days old rats This was taken as a sign of residual tolerance to morphine
Residual tolerance (sigmficantly lower analgesic effect of morphmne at 90 and
120 min} was also observed 1n the mothers 42 days after delivery, followsng
treatment with morphine during pregnancy The young of the morphine reated
mothers weighed sigmificantly less at the age of 20 and 26 days than the contro]
young This difference hawever, was not seen after 4 weeks of age

Kev words Morphine - analgesia - sensitivty — youpg rats ~ adult rass ~ hramn
levels — toferance

A parucularly ugh degree of analgesia has been reported after small doses
of subcutaneous morphine 1n 12-13 days old rats At the age of 20-21 days
Iugher doses of morphine were required 1 order to obtan the same degree
of analgesia These doses were, however, far lower than those required to
produce a degree of analgesia of a similar order of magmtude 1n expen-
ments on adult female rats (JoHANNESSON & BECKER 1972) The results of

thus previous study morcover 1nd d that y to
1 the young anumals could vary with the body weight wuhm the same age
group In the present we have therefs d a more

systematical study of the sensitiaty of rats at vanous ages to morphune
analgesia, by using ammals of as umiform a body weight as possible withmn
the different age groups Included in the expenments were the young of
rats treated with morphme dunng the pregbancy pemnod as well as some
of the mother rats This was done 1n order to study whether the development
of morphine tol n utero, as ated by J N & BECKER
(1972), 15 of the same order as that which develops i the mothers
It appears to be an established expenmental fact that the ratio between
the amounts of morphine 1n the blood 1ersus the bratn in the rat increases
with age (cf KUPILRBERG & WaAY 1963, JoHANNESSON & WooDs 1964, J6-
HANNESSON et al 1972), and MitthERS (1959) contends that subcutaneous
morphine 1s absorbed more efficiently m the young than i the adult rat
These phenomena would obviously favour a greater sensuivity to morphune
analges1a 1 young than in adult ammals In the present mnvestigation a
subcutaneous dose of morphune was therefore admumstered to a number of
ammals 1 each age group and the of morphine d in the
bran and plasma It should thus be possible to evaluate whether, and to what
extent, the enhanced sensitwity to morphine analgesia 1n the young can be
explamed in terms of greater availability of the drug in plasma or to 2
greater access of the drug to the bran
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Methods

Ammals

Adult female Sprague Dawley (Simonsen) rats, around 230 g body weight, were
housed in stamless steel cages and maintained under constant environmental conditions
with fres access to a commercial food preparation (Wayne-Lab-Blox, Allred Mulls, Inc )
and tap water The females were mated with male rats of hnown fertility from the
same stoch The finding of sperm n vaginal smears was taken as a sign of copulation,
this time being designated as the first day of pregnancy The rats were hept 10 groups
of three or four urtil day 21 or 22 of the pregnancy when they were separated and
housed singly in cages furmshed with paas covered with corn cob bedding Within
24 hours after delivery the young mn each litter werc counted and weighed and the
Itters standardized to ctght pubs (4 males and 4 females) whengver possible The
mothers and their young were taken off breeding pans 15 days after delivery and the
young were weaned at the age of 26 days The young were used for the expenment
at the age of 20 days (20-21 days) 26 days (26-27 days), 32 days (32-33 days) or at
42 days As far as possible, the htters were bept ialact up to 26 days Expeniments on
20 and 26 days old rats were therefore preferably carred out with whele litters (one or
two at a tme) After approximately 4 weehs of age the body weighis of each of the
amumals m the litters were found to vary markedly, probably due to different growth
rate of male and female young Experiments on 32 days and 42 days old rats were
thus carned out on amimals with as umform a body weight as possible, taken from
more than one htter, rather than from whole litters Care was taken, however to use an
equal number of males and females 1n each group as far as was possible

The expeniments also included three groups of adult female, non pregnant rats

Toe studies descnibed here were conducted during the months of August, September
and October 1972

Trealments

A stock solution containing 10 mg of morphine as the base per ml distilled water was
prepared (10 ml each tume} and all the solutions used for isjections in the experiments
on the degree of analgesia were fresh aqueous dilutions of this solution Injections were
made subcutaneously in the middle of the back at the midline, using a short 25 gauge
needle for the 20, 26 and 32 days old ammals and 23 gauge needle for the 42 days
old young and the adult ammals and 1 ml teberculin synnge graduated to delver
001 ml Efforts were made to heep the volumes delivered from the synnge within a
narrow range whatever the given doses and volumes per hg amimal weight might be
The average volume delivered from the syninge i all the analgesimetric expenments
(except for maternal rats) was thus 043 mt £ 005 (S E M)

In order to study the effect of admunistration of morphine dunng pregnancy on the
analgesic actiop of this substance 1o the resultant young, morphime (20 mg/kg) was
injected subcutaneously (2 ml/kg) into a pumber of rats on days 17, 18, 19 and 20
of pregnancy (cf JORANNESSON & BECKER 1972) The young were then used for the
expeniment on the same days as the control young (young of maternal rats not tmjected
with morphine)

The following doses of morphune (as the base) were used for analgesimetnc expen
ments Figures in brackets denote the average body weight & S E M of alf anumals
used for 1n the respective age groups
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20 days old rats (407 g £ 074) 05, 10 or 20 mg/kg 1 a volume of 10 ml/hg,

26 days old rats (667 g £ 063) 10, 40 or 50 mg/kg m a volume of 6 ml/hg,

32 days old rats (1030 g £ 194) 30, 40 or 70 mg/kg 1n a volume of 4 mlikg,

42 days old rars (1556 g £ 31) 100 or 150 mg/kg 1n a volume of 3 ml/kg,

Adult non pregnant, female rats (2439 g £ 64) 50, 100 or 150 mg/kg 10 a volume
of 2 ml/kg (These rats were taken from the same stock of female rats as those
used for breeding)

The analgesic action of morphine was morcover measured 1n a number of maternal

rats (bath untreated and treated with morphine duning pregnancy) on the 42nd day after
delivery

The degree of analgesta was deternuned at four or five thirty minute intervals fol-
lowing a nyection of h using the hot plate method descnibed by
JOHANNESSON & Woobs (1964), and expressed as the mean reaclion Ume n seconds
for a group of ammals (1 ¢ the mean tume in seconds which elapsed from the moment
each ammal was placed on the hot plate until it reacted to the heat) The ammals
were taken off the plate if they did not react 1n 30 seconds Thus 30 seconds 1s the
highest score given In cxpeniments on 20, 26 and 32 days old ammals a restraiung
cylinder measuring 14X 13 c¢m was uscd instead of the usual one used 10 experiments
on adult animals

In order to study the distibution of morphine in bramn and blood, a number of
animals tn each age group were wnjected subcutaneously with morphime 5 mg/kg (con
tammng 5 or 10 % of radivactive morphine labelled with 14C 1n the aminomethy] group)
in the same volumes as stated above for ammals (used for analgesic expenments) 1n the
respective age groups Forty munutes later the ammals were anaesthetized with ether
While under ether anaesthesia, the ammals were exsanguinated by heart puncture with
heparimized syringes, the head cut off and the brain (including cerebelium and braw
stem) was taken out The blood was centrifuged and the plasma collected Brain and
plasma were stored frozen until analysed for morphine Bran and plasma from every
two animals 1n the 20 and 26 days age groups were pooled and analysed collectively
Radicactive morphine prepared by the method of ANDERSON & Woops (1959), was
obtained from Amersham/Searle The specific activity of the compound was 57 mey/
mmel (150 pey/mg) and the radtochemical purnity was found to be 98 % Non radicacuve
morphine was Morphine Sulfate, U S P

The of rad I was the same as that used by
JOHANNESSON & Woobs (1964) Levels of 14C activity were determuned 10 a Pachard
Model 3310 Tri Carb Liqud Scintillation Spectrometer equipped with automatie ex
ternal standardization The queach and of net
per minute from the counting rate were determined using a computer programme de-
scribed by SPRATT 8. LAk (1967) In expenments on the distribution of morphine the
raxed drug {labelied and non labelled) was, as mentioned before, admuustered to the
ammals Appropnate multiplication factors were therefore used to calculate the total
amounts of morphine 1n the bram and plasma The results (ng/g or ng/ml) refer to the
total amounts of ‘ free or unconjugated drug only

Statstics
The t test was performed as described by GOLDSTEIN (1964) The level of sigmficance

was P <005
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Fig 1 The analgesic acion of morphune, exptessed as the mean reaction time in seconds
(£ S E M) (ordwnate) 15 20 days old rats (A), adult female rats (B) and 42 days old
rats (C) at 30, 60, 90, 120, and 150 mun after subcutancous mjection of the Jrug
(abscissa) The doses shown refer to the results of experiments depicted above Broken

Lines (—~—~) 1a parts A and C refer to expenments on the young of morphine treated
mothers (given 2 mg/kg and 10 mg/hg, respectively) There were 8-16 ammals 1n
each group
Results

Lethality About one fourth of the maternal rats treated with morphme
m the pregnancy penod died withun 24 hours after the furst injection No
deaths were observed in the control rats Litters of some maternal rats
treated with morphine weighed sigmficantly less at birth than those of the
corresponding control rats Death rates of young in these litters were at
tumes so lugh dunng the first two weeks that they did not fit into the
expenmental design (cf Methods) and were therefore removed from the
expeniments Other Litters (the majonty) of morphine treated mothers were
of a similar or shghtly less (not statistically signtficant) weight at birth as
those of the control ammals Death rates 1n these litters were sumular to what
was seen 1 litters of the corresponding control ammals The young of these
Iitters were subsequently used for analgesic experuments

Analgesymetry Subcutaneous morphine 0 5 mg/kg had only a shight anal-
gesic action m the 20 days old rats If 1 mgfkg or 2 mgfkg was given, a
Ingh or very hugh degree of analgesia was obtamed (fig 1A) The degree
of analgesta rose sharply to a peak at 30 mun and then quickly waned
At maximum the analgesic action after 1 mg/kg and 2 mg/kg was thus about
20 sec and 28 sec., respectively, but had fallen to about 12 sec at 90 mm

28 Auta phanmzcolog ca val 33 fase 5.6
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Much higher doses (7 5-10 times greater) were needed mn order to obtain
a comparable degree of analgesia in expenments on adult ammals (fig 1B)
However, the analgesic action neither increased nor decreased as sharply m
the adult amimals as 1n the 20 days old young and was therefore at a max
mum at 60 or 90 min rather than at 30 minutes after the injecuon (figs. 1A
and B) Statistical analyss showed that the degree of analgesia after 1 mgfkg
morphine n the young and 10 mg/hg i the adult anumals did not differ
sigmficantly at 30 or 60 min, while 1t differed sigmificantly at 90 and
120 min In the groups which were given the lughest doses (young 2 mgfkg,
adult ammals 15 mgjkg) the apalgesic effect was sigificantly different at
30 mun as well as at 90, 120 and 150 min after the mjection At 60 mn
the difference was not significant,

The analgesic responses of the 42 days old rats were very similar to those
of the adult ammals (figs 1B and C) The nse and fall of analgesia was
moreover sumiar 1n these two groups The degree of analgesia measured after
the admimstration of same doses to rats in these groups was therefore not
sigmficantly different at any time interval

The results of expeniments with 26 days and 32 days old rats are shown
m figs 2A and B Morphine 1 mg/kg had a shght analgesic effect i 26 days
old rats while a lugh degree of analgesia was obtaned after a dose of 4
mg/hg and a very lugh effect after 5 mg/kg The intensity of analgesia, as
well as 1ts nse and decline, d after the ad. ration of morphine
4 mg/kg was very sumilar to that seen m the 20 days old rats after 1 mg/kg of
morphne The analgesic responses measured after morphine 5 mg/kg inthe26
days old rats were thus quite sinular to those obtawed m the 20 days old rats
after 2 mgfkg of morphine (figs 1A, 2A) Admumstration of 7 mg/hg of
morphme to 32 days old rats gave a very high degree of analgesia which at
30 and 60 mun was equal to that seen mn adult aumals after 15 mgfkg of
morphine Unlike the 20 days and 26 days old rats, analgesia in the 32 days
old rats was at a maxunum at 60 rather than 30 mmn However, analgesta
dechined sigmbicantly faster n 32 days old young than m the adult ammals
(figs 1B and 2B) Analgesic responses measured 1n 32 days old rats after
the admunstratron of 4 mgfhg of morphine appeared to be lower than those
measured m 26 days old rats given this dose (fig 2A and B) Statistical
analysis however, showed the difference to be significant only at 90 min
A dose of 3 mg/kg morphine was without analgesic effect in the 32 days
old rats

A number of 20 days old young of morphine treated mothers were in-
jected with 2 mgfkg morphime The results showed that the degree of anal

gesia was statistically the same at all ume intervals as that measured m the
young of the uptreated mothers except at 90 min after the mjection At this
{ume 1nterval the degree of analgesia was significantly lower in the young of
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A B
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Timelmn

Fig 2. The analgesic action of morphiae 10 26 days and 32 days old rats
For cxplanation, sce fig 1

the morphune treated mothers (ig 1A) Results of a sumilar expenment wath
26 days old young of morphine treated mothers mjected with 4 mgfkg are
shown 1p fig 2A The degree of analgesia was sigmficantly lower at 96 min
than that measured m the control young At other ume mtervals observed
the differences were not statistically sigmficant In the 20 days group the
average weight of the morphine young was 335 g 111 (S E M) as
agamst 393 g & 096 (S E M) of the control young This difference was
statistically sigmificant In the 26 days group the mean weight of the mor-
plune treated young was also sigaificantly lower (626 g 132 S E M}
than that of the control young (671 g+ 077 S E M)

The degree of apalgesia measured 1n 32 days old yourg of morphume
treated mothers appeared to be appreciably lower than that m the control
young (fig 2B) Statistical analysis showed, however, that at no tme 1nterval
were the observed differences significant. The average weight of the young
%as also the same (control young 98 g, morphuine young 96 g) At the age
of 42 days, the analgesic action 1 young of the morphine treated mothers
was at all ume ntervals statistically the same as that m the control young
28
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Table 1

Amounts of morphine 11 bran (ng/g £ S E M) and plasma (ng/ml £ S E M) 1a 20

26, 32 and 42 days old rats and adult (female) rats 40 min after the subcutaneous

mjection of morphine § mg/hg Ratios between the amounts in plasma as against brain
for cach age group are included

N = number of amumals 1 each group

20 daysold® 26 daysold® 32daysold 42 daysold Adultammals

N=14 N=14 N=8 N=9 N-8
Amounts
10 brawm S04t145 242181 213486 203164 202£35
Amounts
in plasma 892+392 6174325 6091300 623£227  704%194
Ratios
plasma/
bram 177 255 286 307 EES

* Brams and plasma from two ammals were pooled sespectively and used for each
analysis

(fig 1C) The average weight of these ammals was also the same

Forty two days after delivery a group of 15 female rats were given 10
mg/kg of morphine The degree of apalgesia measured was at all time 1ter-
vals statistically the same as that seer in previous expenments on adult
female rats (g 1B) A group of 14 matemnal rats which were treated with
morphine dunng pregnancy were smularly used for expenment 42 days after
delivery The analgesic effect of morphine was sigmificantly lower at 90 and
120 mn 1n these rats than mn the control ammals mentioned above At 30
and 60 min the analgesic eifect was stauisuically the same 1 rats i both
groups The average weight of the control ammals was 302 g % 057
(S E M) as agamst 290 g £ 75 (S E M) m the morphune treated antmals
This was pot ity sigmi

Distribution of morphine The results of these expeniments are shown
table 1

Morphune was found m significantly greater amounts 1 the bran of the
20 days old rats than 1n the brawn of rats In any other age group Bramn levels
of morptune were thus more than twofold lower 1 the 26 days old than in
the 20 days old rats Somewhat lower levels, not statstically different from
(hose 1n the 26 days old rats, were found i the bramn of the 32 days old
rats g was i1 P lly the same 1 the bram of
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42 days old and adult ammals, the amounts bemg about 20 %, lower than
those 1n the bramn of the 26 days old ammals Staustical analysis showed
that the above mentioned amounts i the bram of 42 days old and adult
amimals were sigmificantly lower than those i the bram of the 26 days old
ammals Differences betwcen morphine concentrations wm the bran of the
42 days old and adult ammals, on one side, and that of the 32 days old
ammals, on the other, were not statisically sigmficant.

Morphme was also 1 significantly greater amounts n the plasma of the
20 days old amimals than 1n the plasma of ammals m any of the other age
groups The plasma levels then fell by about one third and remamned m
the narrow range of about 610-620 ng/ml i the 26, 32 and 42 days old
anunals About 15 %, higher amounts were found 1n the plasma of the adult
ammals These amounts were sigmificantly greater than those mentioned
above 1n the 26, 32 and 42 days old ammals

The ratio between amounts of morphuse 1n the plasma as agamnst the
bramn increased steadily from the youngest age group to the adult ammals
In the adult ammals 1t was thus approximately twice as great as m the
20 days old aumals

Discussion

Sensitvity to morphine analgesia was very great m the youngest age
group (20 days old) Sensitivity then waned rapidly duneg a six day penod
Two- 1o fourfold greater doses were thus needed n order to produce a
stmilar degree of analgesta 1 26 days old rats as m the younger ammals
(figs 1A and 2A) Dunng the next six day penod (26 to 32 days), sensivity
appeared to decline relfatively less than dunng the previous period (fig 2B)
Thus the degree of analgesia measured at 30 and 60 mun after 4 mg/hg
of morphine 1n 32 days old rats did not differ sigmficantly from that ob-
taned 1n 26 days old rats when the same dose was given However, a dose
of 3 mg/kg of morphme was without any analgesic effect 1 the 32 days old
rats {cf Results} The sensitivity then declmed by a factor of two, at least,
and was mn the 42 days old anumals practically at the adult levels (figs 1B
and C) In conclusion, the results of analgesimetric expermments indicate that

y to b \! declines by a factor of seven to ten from
20 days old as compared to adult anumals, the level of sensifivity 1 the
32 days old ammals 15 probably mudway (figs 1 and 2 and Results)

The sharp decline 1n analgesic sensitsvity from 20 to 26 days old ammals
Was 1 our experiments hed by a n the
of morphine determmed 1n bramn and plasma of the ammals (table 1) More-
oOver, the ratio between the amounts of morphme 1n the plasma as aganst
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the bran increased from 18 1n the 20 days old animals to 2 6 at 26 days,
thus nd g a lower permeat of the brain to morphime In other
words, a rapid development of the so-called bram blood barner to morplune,
which 1s vartually absent at birth (JOHANNISSON ef al 1972), must have oc-
curred dunng this penod of ttme A decreased permeability of the bramn in the
26 days old ammals, as compared to the 20 days old anumals, must therefore
have some bearing on the decreased sensitsvity to morphine in these ammals
This 15 10 agreement wath the results of KUPrIRBIRG & WaY (1963) from
expenments on morphine lethality 1n young rats It thus seems likely that the
decrease 1n sensitvity to morphine analgesia and lethality which occurs 1m
rats from about two weeks to about four weeks of age, 1s to a large extent
deternuned by the development of a brain blood barnier to morphme Mose

over we believe that the developmental stage of this barner can vary with
the body weight of the ammals withmn tlus terval Tius s bome out by the
fact that 1n a previous study (JoHANNESSON et af 1972) we found after sub

cutaneous morphine no statistically sigmiicant difference between the amounts
1n the bran and blood of 20 days old young taken from unstandardized
hitters (body weight about 30 g) which 1s 1n sharp contrast to the results of
expenments on 20 days old young 1n the present study with an average body
weight of about 40 g. Such difference 1 the developmental stage of the
brain blood barrier would furthermore explain why sensiivity to morphine
analgesia 10 20 days old rats may vary with the body weight of the ammals
(cf JoHANNCSSON & BECKER 1972)

It 15 mentioned above that the amounts of morphmne in the plasma were
sigmficantly Jower 1n 26 days old than m 20 days old rats (table 1} A
possible ) for this p could be a slower rate of con-
jugation of morphine 1 the younger age group during the mual penod after
imjection (cf KUPFERBERG & WAy 1963) Another possible explanation 15
the so called self dep m the sut absorption of morphine
due to the release of histamune and serotonm (for revtew, see Scaou 1961)
which 1s much Iess efftcient or absent 1n young rats than mn adult ammals
(MiLTHERS 1959) However the validity of this hypothesis has subsequently
been questioned by KUPFERBERG & WAY (1963) Whatever the explanation
1t 15 obvious that the avalabihity of morphne 1 plasma was greater m
20 days old than in 26 days old rats This fact must therefore, in the
P of a ly defs bram blood barner to morphine at this
and younger age levels, be of importance with regard to the high concen
tration of morphue m the bramn of the 20 days old rats A high degree of
avarlability of morphmne 1 the plasma could also be a contnbutory cause
of the exceptonally great y to ph \f m 12-13 days
old rats an age level at which lhc bramn blood barmer to morphine 1§

(cf T ON & BECKIR 1972, JOHANNESSON et al

|3
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1972) In these studies it was shown that 045 mglkg subcutaneously of
morphime gave a high degree of analgesia 1n rats of thus age or comparable
to that which was obtained after 2 mg/kg of morphune n 20 days old rats
mn the present i estigation (fig. 1A) However, the results of our expenments
show clearly that an mncrease in availability of morphine in the plasma does
not necessanily result i greater amounts n the bran Thus, even though
the levels of morphine were sigmficantly higher 1n the plasma of adult
anumals than 1a the 26 days old amumals, morphine was actually present in
sigmficantly lower amounts 1n the bram of the adult than m the bran of
the younger ammals Thus m our experiments there 1s no ready explanation
for the relatively ligh amounts of morphine mn the plasma of the adult
ammals
Although morphine was present in somewhat lower amounts 1n the brain
of 32 days old than i 26 days old rats, the difference was not statistically
sigmficant Morphine, on the other hand, was found 1n significantly Iower
amounts in the bran of 42 days old and adult ammals than mn the bram of
the 26 days old apimals (table 1 and Results) The lower sensitivity to mor-
phune analgesia m 42 days old and adult ammals 1s thus matched, to some
extent at any rate, by decreased amounts of morphine 1 the bram Morphine
was, however, found in the same amounts mn the bram of 32, 42 days
old and adult ammals (table 1) It should be recalled here that results of
the analgesimetnc expeniments indrcate that y to morphine anal;
1s appreciably greater 1 32 days old rats than 1n 42 days old or the adult
ammals (figs. 1B and C and fig 2B) It 1s thus possible that young ammals
have to some extent a greater sensitivity per se to morphine analgesia than
adult ammals In summary therefore, the greater sensitivity to morphine
analgesia 1 young rats seems to be determined by 1) defictency 1n the bramn
blood barner to morphine, 2) y of ph mn the
plasma mn the presence of a deficient bram blood bamcr (this apphes especi-
ally to the youngest amimals), and 3) a possibly greater intnsic sensitivity to
morphine analgesia
As menttoped above there 1s a quicker nise and dechine of analgesia 1
the two youngest age groups (and m part 1n the 32 days old rats) than 1n
the adult or 42 days old aawmals (fgs 1 and 2 and Results) A possidie
1 for this ph could be that the bran and blood levels
of mosphine equilibrate faster 1 young ammals, where the bramn blood
barrier 15 relatively Lttle developed, than i older ammals with a more
developed barner If this 1s so, then the amounts of morphime m the brain
of the young should nse and recede relatively quickly with nising and falling
levels m the plasma In the adult animals, on the other hand, a longer lag
penod would be observed for movements m ether direction Results of
expenments with two barbitunc acid denvatives, where equilibrsum ¥ -

-
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amounts 1n brain and plasma occur at a different rate, support this assump-
tion (GOLDSTEIN & ARONOW 1960) However, KUPFERBIRG & WAY (1963)
have found that brain levels of morphine fall at a slower rate in 16 days
than n 32 days old rats If this holds true, a different relatronship must
exist between the amounts of morphme n the bram and the degree of
analgesia 1n young and 1n adult rats
If morphme 15 adnunistered to maternal rats late 11 pregnancy, tolerance
to morphine analgesta results This was demonstrated in the young at the
age of 12-13 days and m the mothers at four weeks after dehvery (JGHANNES-
soN & BECKER 1972) In the present imvestigation, young of morphine
treated mothers i all age groups showed statistically the same degree of
1 at 1ts as their Is (young of mothers not treated
with morphine) However, the degree of analgesia dechned significantly faster
in the young of morphine treated mothers at the age of 20 and 26 days
than in thewr controls The same pattern was seen m expenments with
maternal rats at 42 days after delivery The same trend, although not reach-
g the Jevel of sigmificance, was seen 1 32 days old young of morphine
treated mothers, while at the age of 42 days, 1t had almost disappeared (cf
figs 1 and 2 and Results) In this connection the results of JOHANNESSON &
Woops (1964) should be recalled They performed experments on highly
tolerant rats, (pre treated with hugh doses of morphine or codemne) and showed
that tolerance to morphine or codeme analgesia results 1n a lesser degree or
ntensity of analgesia as well as n shorter duration of action We therefore
believe that the shortened duration of analges:a m the above mentioned
groups of ammals denotes a kind of tolerance which would also be evident
at an earlier stage as a lower of ], The results
ndicate that to morphine 1 that devel wn utero 1s of
a shorter duration than that which develops 1n the maternal rats
Although offspnng of morphine treated mothers may have the same or
sumilar weight at birth as the young of untreated mothers, they gam weight
at a slower rate than the control young (foHANNESSON & BECKER 1972)
This difference seems to disappear at about 4 weeks of age (cf Results) In
this connection 1t 1§ remarkable that the vestigial signs of tolerance developed
an utero, and which are mentioned above, disappear at about the same age
The stignificance of these findings remains to be elucidated
The lethal effect of morphine 1n maternal rats was greater m these ex-
penments than 1 a previous study (JOHANNESSON & BLCAIR 1972) The
effect on the young was moreover on occasions greater i the present 1
g than 1n the p! one In the case of high lethality m ltters
of morphine treated mothers, the surviving young were, however as a rule
not used (cf Results) Results of expenments with the young of morphine
treated mothers should thercfore be comparable i the two studies
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amounts 1 brain and plasma occur at a different rate, support this assump-
tion (GOLDSTEIN & Aronow 1960) However, KUPFERBIRG & WAY (1963)
have found that bran levels of morphine fall at a slower rate 1n 16 days
than 1 32 days old rats If this holds true, a different relationship must
exist between the amounts of morphine in the bramn and the degree of
analgesta 1n young and i adult rats

¥ morphune 1s admuustered to maternal rats late wr pregaancy, tolerance
to morphme analgesta results This was demonstrated w1 the young at the
age of 12-13 days and 1n the mothers at four weeks after delivery (JoHANNES-
soN & BEeckErR 1972) In the present mvestigation, young of morphe
treated mothers 1n all age groups showed statistically the same degree of
analgesia at )ts maximum as their controls (young of mothers not treated
with morphine) However, the degree of analgesia dechined sigmficantly faster
n the young of morphie treated mothers at the age of 20 and 26 days
than m their controls The same pattern was seen in expermments with
maternal rats at 42 days after delivery The same trend, although not reach-
g the level of sigmficance, was seen 1 32 days old young of morphine
treated mothers, while at the age of 42 days, 1t had almost disappeared (cf
figs 1 and 2 and Results) In this connection the results of JoHANNESSON &
Woops (1964) should be recalled They performed expenments on highly
tolerant rats, (pre-treated with hugh doses of morphine or codeine) and showed
that tolerance to morphine or codeine analgesia results mn a lesser degree or
mtensity of analgesia as well as in shorter duration of action We therefore
beheve that the shortened duration of analgessa 1 the above mentioned
groups of ammals denotes a hind of tolerance which would also be evident
at an earlier stage as a lower mtensity of analgesia The results moreover
mdicate that tol to morphine ! that develops i ufero 1s of
a shorter duration than that which develops m the maternal rats

Although offspring of morphine treated mothers may have the same or
similar weight at birth as the young of untreated mothers, they gamn weight
at a slower rate than the control young (JOHANNESSON & BEckER 1972)
Thus difference seems to disappear at about 4 weeks of age (cf Results) In
this connection 1t 1s remarkable that the vestigial signs of tolerance developed
n utero, and whiuch are mentioned above, disappear at about the same age
The sigmficance of these findings remains to be elucidated

The lethal effect of morphine 1n maternal rats was greater 1o these €x-
penments than m a previous study (JOHANNESSON & BECKER 1972) The
effect on the young was moreover on occasions greater mn the present in-

g than 1 the p one In the casc of high lethality m hitters

of morphme treated mothers, the surviving young were, however, as a rule
not used (cf Results) Results of expenments with the young of morphune
treated mothers should therefore be comparable i the two studies
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Matenal and Methods

Animals

Four groups of male Sprague Dawley rats, weighing 180-200 g were used The
anmals were hept on a standard diet Group I (= contrel group) receved tap water,
group 1T 15 % (v/v) ethanol, group T 005 % (w/v) phenobatbital and group TV both
15 % (v/v) ethanol and 005 % (w/v) phenobarbutal s dnnling water ad libitum

Preparation of hvers
The antmals were killed by decapitaion at the same time of day, between 700 and
800 a.m, and the livers were smmediately excised and nnsed \mh |cc-culd orM

phosphate buffer at pH 74 All tissue at
0-4" The hivers were homogenized 10 4 volumes of cold 01 M phosphale buffer at
PH 74 1a a Potter el The were at
12000 X g at 4° for 20 munutes 10 a d MSE 50

The 12,000 X g supernatant was used as the enzyme preparation when assaying methyl
amiline N-demethylase and p mitrobenzoic acid reductase activities Some of the 12000
Xg fraction was at 105000 X g at 4° for one hour and the
pellet formed was suspended i the phosphate buffer 10 such a way that 1 ml suspension
corresponded to 800 mg liver This suspension of 105000 X g pellet was used 10 assay-
ing the cytochrome P 450 and mucrosomal protein contents

Enzyme assays

For the of methylamltne N- lase actvity the incubation mix
tare 2 ml enzyme 120 pmol 10 pmol MgCla,
200 pmo! KCl, 6 pmol glucose-6 phosphate, 025 umol NADP, and sufficicat phosphate
buffer (01 M, pH 74) to make a final volume of 4 ml 5 pmol methylansine was
used as substrate and the incubation for 30 munutes took place at 37° 10 a metabolic
shaker under the atmosphere of awr In the assay of p nitrobenzoic acid reductase
acuwity the conditions were sumlar except that nicotinaoude was omitted because it
has been found to mhibit the reaction {VORNE & ARVELA 1971), so that an atmosphere
of mtrogen was used nstead of air, and 3 pmol p-nitrobenzoic acid was used as the
substrate and the incubation time was 60 minutes

The rate of methylauhne N demethylation was assayed by measunng the ambine
formed dunng incubation (BRODIE & AXEIROD 1948) p Nitrobenzorc acid reductton
was assayed by measunng the p amunobenzoic acid formed (Fours & BrODIE 1957)
The c¢ytochrome P-450 content was measured according to the method described by
OMURA & SaTo (1964), by ustng a Umcam 800 spectrophotometer with an external
recorder Microsomal protemn was measured by a biuret procedure (LAUNE 1957)

Results

Effect of ethanol andjor phenobarbital on the rate of metabolism of methyl-
amline and p nutrobenzoic acid

Values for methylanthine demethylation are given mn table 1 and those for
p mtrobenzoic acid reduction m table 2 An mcrease m the N demethy’
actvaty was observed 1n the ethanol group The maxunum increase {
was measured after treatment for 3 days In the phenobarbital 13

\\
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Table 1

Changes with time 1o the N during with
ethanol (15 %, v/v) and/or ph:nobarbl(al (005 %, w/v) n dnking water

Daration of Aniline formed pmol/g liver/60 min Mean+S E M
treatment Control Ethanol Phenobarbital Ethanol +
(days) phenobarbital
1 13202(4) 16201(4) 16£03(4) 14403 (4)
3 16%02(5) 30£05(5)° 39+10(5)* 48+12(6)*
7 1420205 25+02(s5)** 39E04(D** 48X07(5)
14 13408 (3) 18402(4)° 47£10(4)***  SSH13(a)**

The numerals 1n brackets indscate the numbers of antmals.
Sigmficance of differences from control *=P < 005, **=P <001, ***=P <0001

mcrease of the N demethylase acuvity d throughout the
and after 14 days treatment, N demethylzmon was 262 % greater than n the
controls Combed ethanol and p the

N demethylation activity by 323 %

‘The rate of reduction of p nitrobenzoic acid was decreased m the ethanol
group (table 2) A maximum nhbition (47 %) was observed after ethanol
mngestion for 3 days In the phenobarbital treated group the mitroreductase
activity ncreased and this mncrease contmued throughout the expenment,
after 14 days the enzyme actiity was 277 % higher When the ammals
received ethanol and phenobarbital togethes, the miroreductase activity was
wcreased by 64 %, after 7 days, and by 137 9, after 14 days Thus ethanol
wnhibited the stmulating effect of phenobarbital on the mtroreductase, after
3 days treatment the inlybstion was 83 %, and after 14 days 49 %

Table 2

Changes with time 1n the reduchion of p mitrobenzoic acid dunng treatment with
ethanol (15 % v/v) and/or phenobarbital (005 % w/v) 1n drinking water

Durationof  p Anunobenzosc acid formed umol/g liver/60 muy Mean*S E M

treatment Control Ethanol Phenobarbital Ethanol +
(days) phenobarbital
1 291014 29+01(4) 28+01(8 27301 (4)
3 32103(5) 17£01(5)* 67£05(5)* 38F07(5)
1 39101 (5) 21£02(5) ¢ 95L0T(5)**°  64E05(N"
14 35039 22202(4)" 132216(d) % 83109(H)

The numerals in brackets indicate the number of amimals
Sigmificance of hfferences from control *=P <005 ss_P 00 ***=P <0001
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Fig.1 Increase in protein dunag with ethanel (15 %, v/v) and/or

phenabarbutat (005 %, w/v) 1 drintang water Each pownt represents the mean value
of 46 ammals

Changes 1 the concentration of microsomal protein and
Sytochrome P-450

An merease 1n the microsomal protewn content by about 30 %, was noted
 the ethanol group, which was approximately equal to the wncrease mea-
sured after the ingestion of phenobarbital alone (fig 1) The combined
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Fg.2 Tncrease 1n cytochrome P-450 content duning treatment with ethanol (15 %, v}
andlor phenobarbital (005 %, w/v) 1 dnnking water The cylochrome content Was
cCaleulated a5 pmol/g hiver Each pownt represents the mean vatue of
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treatment with ethanol and phenobarbital brought about an crease 1 the
microsomal protemn content which was sigmificantly greater than that noted
after the ingestion of ethanol alone Treatment with ethanol, like that with
phenobarbutal, mcreased the cytochrome P-450 concentration (fig 2) The
mcrease was highest in the ethanol phenobarbital group and least 1n the
ethanol group

Discussion

‘The 1ncrease 1n the rate of N d hyl of methylaniline caused by
ethanol and phenobarbital together was approximately equal to the sum
of the respective increases by each agent The changes mn the cytochrome
P 450 and mucrosomal protein content caused by ethanol and phenobarbital
alone and together were sumlar 1n tendency to the changes in N demethylase
actvity The effects of ethanol on the N-demethylase acuvny, cytochrome
P-450 and 1 protemn are pr bl d with the increase
1n the smooth endoplasmic retlculum {(Iserx et al 1966) as also occurs with
phenobarbital and other inducers (CONNEY 1967) Phenobarbital increased
the N demethylase actity throughout the expeniment, whereas the effect
of ethanol on this was most pronounced on the thurd day and thereafter
decreased Thus suggests a different mechanism of action of these agents, and
could also explam their additive effects The changes mn the enzyme activities
studied caused by ethanol could result from a changed calonc mtake, as
a substantial part of the calonc intake was denved from ethanol It 1s known
that changes 1n diet can affect the microsomal enzyme activity (Kato 1967,
KuANNA et al 1972)

Nitroreductase activity 18 present m the soluble fraction as well as m
mucrosomes (Kato ef al 1969) In our work mitroreductase was assayed 1
the 12000 X g supernatant fraction, and thus both mucrosomal enzyme
actwity and the enzyme actvity of the soluble fraction were measured
Karo et al (1969) noted a marked increase 11 microsomal mitroreductase
actvity but no sigmficant change mn that of the soluble fraction 1n connection
with phenobarbital induction In our work ethanol wnhibited mitroreduc-
tase and also its mduction by phenobarbital mduction Its miubitory
effect was most pronounced when given together with phenobarbutal,
which also suggests that ethanol particularly inhuibts the microsomal reduc
ton of p mitrot acd Several mitror ses have been shown to be

ble for 1 mit di (SasaMe & GLLETrC 1969)
Et.hann\ did not completely nibrt the induction of mtroreduction by pheno-
parbital, which may be due to the fact that ethanol mhibuts only some of the
mutroreductases
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Arlas et al. (1969) have noted that the rawes of syathesss of sndmdual
protesns with the eadopt fum can vary mdependently,
enther increasing of decrvasing, and this may explam the diiferent actions of
ethanol and phenobarbtal on the enzyme actvities studied
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Abstract Manganese chionde (10 mg/hg) was adnumstered orally to gunea pigs
for a peniod of 30 days The 1 and 1 gastric
mucosa consisted of loss of mucin and pepsinogen granules adenosine triphos
phatase and glucose-6 phosphatase activities and paichy necrosis of the epr
thelium The mtestnal willi also showed patchy necrosis, the activites of
adenosine tnphosphatase and glucose-6 phospbatase were dummished while there
was an ncrease 10 the activity of acid phosphatase n the mucosa. Excess of

m the 1 tract produces 1 and alter
ations 1n the mucosal cells The exact mechanism of action needs further study

Key words 1oxicty = tract

Manganese 15 known to produce neurological disorders when whaled by
mners and the lung has long been thought as the main route of entry of thus
metal (Courer 1837 RoDIER 1955, TANARA & LICBEN 1969) Recently it
has been shown that the iphaled manganese finds its way mto the gastro-
wtestinal tract from which 1t 15 exther absorbed or elmnated (MeNa et af
1969) Imespecuive of the mode of entry the mportance of the gastro-
ntestimal tract 1o manganese toxicity assumes great sigmficance

Admustration of large doses of manganese salt into the stomach of
ammals produces corrosion of the gastnc walls and the itestines (VoN
OETTINGEN 1935) In view of the paucity of the literature and the importance
of the tract m toxicity, histol, 1 and histo-
chemical studies of the gastromtestinal mucosa were undertaken m gutnea
pigs after oral adnunistration of manganese chionde

29 Acta pharmacolog ca vol 33 fasc. 5-6
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Matersals and methods

Seventy male guinea pigs of average weght 350 g from I T R C colony were
divided mto three groups Group I consisting of 20 amimals were hept as normal con
trols Group II consisting of 20 ammals were given orally with a cannula 1 ml physi
ologreal saline daily for a period of 30 days and group IIT comsisting of 30 ammals
were given orally manganese chlonde (10 mg/kg) 10 a sisular manner daly for the
same period

Two ammals from group II and six ammals from group 11T died during the cousse
of the expenment The dead animals were autopsied but the cause of death could not
be ascertained The remauung ammals were sacnficed at the end of the expertment
by ether anaesthesia The ammals were chilled on crushed ice and the stomach and
mtestinal segments were taken out and nnsed with ice cold solution of 5§ % sucrose
The stomach was cut open along the greater curvature and small pieces from different
parts were cut out Approximately ! cm long segments were cut from the jejupum
deum and colon These tissues were treated in three different ways (a) Small pieces
were fixed in chulled 1 % calewsm formol solution for 24 hrs at 4°, nmsed with 5 %
sucrose blotted gently and put 1n gum sucrose for 24 hrs at 4°, after which free
floating sections 10-15 g thick were cut in a freezing microtome (b) Unfixed segments
were frozen i higud nitrogen and directly mounted on to microtome chuchs and hept
at —20° uatl sections 5-6 p thick were cut 1n cryostat the sections were then mounted
on cover slips for enzymuc studies (c) Small pieces of stomach were fixed in Regaud s
frxative (McManus & Mowry 1965)

The remaining stomach specimens were placed on suff paper and together with the
remaiung segments of intestines were fixed mn neutral buffered formahn The tssues
were dehydrated in graded alcobo!, cleared i toluene and embedded mn paraffin
Sections were then cut and stained with haematoxyln and eostn PAS alcian blue
(MeManus & Mowry 1965) and for pepsinogen granules by Bensley s neutral gentian
stan (Cowdry 1948) Other histochemucal methods included the demonstration of
allaline and acxd phosphatases (Gomorr 1939 & 1941) adenosine triphosphatase
{ATPas¢) by the method of Pabykura & HERMAN (1955) and glocose 6 phosphatase
by the method of WACHSTEIN & MEISEL (1956) For comparison sections of the same
region of the gastromntestinal tract of control ammals were studied for enzymic activity
Controls were also studied for each enzyme by m the
media without specfic substrate and at the same time one cryostat section from each
block was stained with haematoxylin and eostn

Resuits

Macroscopic No gross abmormality was observed on the serosal surface
of the stomach in all the groups After cutting open along the greater
curvature, the mucosa was found to be greyish pink 1 colour with numerous
folds n groups T and I A few small pm pownt haemorrhages and abrasions
were noticed along the greater curvature of the stomach 1 group III The
intestmes did not show any gross abnormality

Microscopic ‘The gastnc and intestmal architecture 1 groups I and II
was pormal and almost d the logy of the g I tract
deserbed by BLooy & FawceT (1966)
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Fig 1 Gastric mucosa of guinea mig after oral adminstration of manganese for thurty
days showing necrosis of mucosal glands oedema and
Iin ard eosin X300

The chief cells which were present in the lower half of the gastnc mucosa
were filled with pepsmogen granules and the mucous cells were distended
with mucin

Stomach In group III patchy morphological changes were observed
throughout the mucosa The surface epithebal cells were ragged with a
vanable 1ntensity of nuclear stainung and irregular positioning of the nucleus
withmn the cells, in some places the superfictal epithelium was totally absent
The glands were atrophic and distorted with reduced number of cells Some
of the cells were lying free and the nests of glandular cells were no longer

attached together m an orderly arrangement In some places, degenerated
mucosal cells with pyknotic nucles and | phulic cytopl
were scen There was oedema of the Jand tssue with d

blood vessels and fine conmective tissue Red blood cells were seen lymg
free m the interglandular spaces The lamina propna showed dilated and
congested blood vessels, with infiltration of round cells (fig. 1) The pepsino-
gen pranules were absent from most of the cluef cells (figs 2 and 3) and
mucous cells also showed marked depletion of mucin granules as was
evident from theiwr histochemical reactions

Adenosne tnphosphatase In the ammals of groups I and 1I marked
actmity of ATPase was observed in the supranuclear and along the lateral
cell membrane of the superficial epithelial cells Mild activity was scen
m the glandular cells 1 both the fundus and pyloric regions. In group I
9 -,

o,
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Fig 2. Gastnc mucosa of control guinea pig showing pepsinogen gracules 1n the chuef
cells Bensteys neutral gentan stamn Magnification X680

very faint activity of ATPase was observed m the supranuclear and along
the lateral cell membrane of the glandular cells In some places the activity
was totally absent

Glucose 6 phosphatase In groups I and 1I marked actmty of glucose 6
phosphatase was observed m the gastnc mucosal cells The reacuon was
diffuse tt hout the cell cytopl In 5 fed ammals the actity
of this enzyme was very fant 1n the cytoplasm of the mucosal cclls, and 1
some places actwity was totally abseat

Acid phosphatase activity was not demonstrated in the cells of the gastné
mucosa There was no change in the actvity of alkaline phosphatase mn the
manganese treated ammals

Small intestines In the animals of group III the mucosa of the jejunum
and tleum showed flattening of villi In some places villi were absent, the
surface epithelium was denuded, the nucler were pyknotic and there was 3
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Fig.3 Gastric mucosa of guinea pig after oral admimstrat on of manganese for thirty
days peps nogen grabules are absent in the chief cells Bensley s neutral gent an stun
Magn f cat oa X680

7

collection of mflammatory cells The lamina propna contamed mflammatory
cells namely lymphocytes plasma cells and histiocytes (fig. 4) The glandular
epithellum was very much narrowed and there was focal involvement of
glandular epithelial cells showing degeneration and pecrosis

Actd phosphatase Acid phosphatase activity 1n the group I and II ammals
was located 1n the cytoplasm of the superfictal emthelial cells and i the
histiocytes 1 the lanuoa proprnia m the mucosa of jejunum and ileum In
the ammals of group III the acid phosphatase activity was scen 11 the
cytoplasm of surface eputhehial cells The histiocytes in the Jamina propna
showed a very miense reaction for this enzyme (igs 5 and 6) No sigmificant
alteration m the acuvity of alkalne phosphatase was observed m the ept
thehal cells of villt 1 all the groups

Adenosine triphosphatase In the ammals of groups I and II the brush
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Fig 4 Jeunal epitheliom of gumnea pig showing flattened and necrosed willi with
Yy reaction and eosin X300

border and deeper glands showed intense activity of ATPase In the mucosa
of the group III ammals, patchy loss of activity of ATPase was observed 1
the brush border and deeper glandular cells, while 1n some places there was
no actiity

Fig 5 Jeyunal vilh of control gumea pig showing acid phosphatase acuvity the supra
nuclear region of the cells and n the histiocytes 1 the lamima propna Magmification
X600

)
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Fig 6 Acid phosphatase activity 1 jejunal villt of gunea pig after oral admunsstration
of manganese for thurty days the locahsation of enzyme activity 1s simular 1n the sur

face epithelial cells but the number of acid phosphatase contarming histiocytes i the
Yamina propria 1s very much increased. Magmfication X600

Glucose 6 phosphatase In the ammals of groups I and II, superfictal
mucosal cells, cells covenng the sides of villy, crypts and deep glandular cells
reacted mtensely for plucose 6 phosphatase actwvity There was umform

Ay
R RN S E— -
Fg 7 Glucose-6-phosphatase activity n the mucosa of control guinea pig ileum
showing wtense Teaction 1 the mucosal cells Magnification X 375
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Fig 8 Glucose6 phosphatase activity 1n the mucosa of gumea pig eum, aner oral
admunstration of manganese for thirty days, showing very faint reaction Magnification
%375

reaction m the cytoplasm In the mucosa of the group I ammals a very
faint reaction of glucose 6 phosphatase was seen 1n the superficial cells,
cells covering the sides of willi, crypts and deep glandular cells In some
places no activity was observed (ﬁgs 7 & 8)

Large Nop phologi were observed 1 the
targe intestines

Discusston

Histological changes the gastrowntestinal tract are known to occur with
); Is like salicyl and salts of copper and cobalt
(PLANTLYDT & WlLLIGHAGEN 1960, Zaor & MUKERT 1962, BROWNING 1969,
CuANDRA & SINGH 1967) In our expenments oral admumstration of man
ganese chlonde 1n guinea pigs for thirty days has resulted 1n patchy necrosis
of the mucosa of the h and small of the broncal
mucosa after mtratracheal admimstration of manganese chloride mn rats was
observed by Davies & HARDING (1949) The histochemical alterations
showed a marked decrease in mucin and pepsmogen granules 1n the gastrc
mucosa and 1 the of tr P and glucose-6 phos-
phatase 1n the mucosa of the stomach and small intestines




MANG ANESE TOXICITY IN GASTROINTESTINAL TRACT 457

The disturbed cellular functions as evident from histochemical changes
are not 1n proportion 1o the histologieal evidence of cellular damage 1n the
mucosa Sumilar disproportion 1 the fy [ statc and histologscal changes
1o gastrus have been observed by Ronnir & WreLsH (1967) Manganese may
produce structural changes not appreciable by light microscopy, thus n-
tubiteng the cellular functions or i the first instance 1t may alter the cellular
functions rather than produce actual destruction

The sigificance of the 1l mucosal enzymes in gastr
physiology 1s poorly understood The presence of ATPase m the gastuc and
mtestinal mucosa 3s probably concemncd 1n the relcase of energy required for
the absorption, transport and synthetic actvity of the cell Glucose 6

h helps mn the of carbohydrate and finally m the
absorption of glucose 1n the blood stream Thus the loss of ATPase and
glucose 6-phosphatase activity n the gastrowntesunal mucosa i our ex
penuments ndicates impmrment of metabolic activity of the cell under the
toxic nfluence of manganese A decreased actvity of ATPase wm bran due
to manganese toxicity has been reported previously (CHaNDRA 1972) In-
hibwon of ATPase activty also occurs 1 the nephrons of experimental
amumals after the mntravenous administration of manganese chlonde (JONER
et al 1965)

The activity of acid phosph was not dem ble w the
The absence of actd phosphatase actity 1 the mucosa of the stomach
of dogs, rats and cats was also reported by Gosort 1n 1941 (loc at) The
ncrease 1n the actvity of acid phosphatase 1 the histiocytes of the lamma
Propria in manganese treated animals may be due to an increased histiocytic
Teaction resulting from an excess of manganese An increase 1 acid phos-
Phatase activity has been observed wn the kidneys and cerebellum of rabbits
toxicated with manganese (JONER et al 1965, loc cit, JONEN et al 1966)
The actiity of alkaline phosphatase was not affected by manganese as has
been observed mn our previous studies on the brain (CHANDRA 1972 loc aiz)
The present nvestigations have shown that the excess of manganese in the

tract prod f 1 and structural alterations in the
mucosal cells The exact mechamsm of action remains to be elucidated
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Effects of Insulin on Glucose Metabolism in Vascular
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Absiract The cffect of wnsulin (01 U/ml) on glucose metabolism was studied m
bovine mesentenc artenies and rabbit colon smooth muscle In both tissues the
glucose uptake was enhanced by wsulin after an incubation period of 180 mum
and at a glucose concentration of 56 mM Insulin also augmented the in
corporation of glucose 14C 1nto glycogen as well as the glycogen content and
the lactate elumination Glycogen synthetase I actmty was ncreased by 1nsuhin
The total glycogen synthetase phosphorylase a or total phosphorylase activities
were not affected The effects of wnsulin on the glucose metabolism tn bovine
mesentenc artenes and rabbit colon smocth muscle were qualitatively stmilar to
:hosr. 1n rat sheletal muscle but the effects were less pronounced and appeared
ater

Key words Vascular smooth muscle — intestnal smooth muscle — insultn ~
glucose metabolism

There are few reports on the effect of msulin on the glucose metabolism
!0 artenal tissue In the rabbit aorta a small but consistent mcrease mn the
glycogen content and mn the mcorporation of glucose carbon nto glycogen
and hipids was reported by MuLcaHY & WINEGRAD (1962) They found no
effect of 1msulin on the glucose uptahe, lactate metabolism or the oxidation
of glucose to CO; In bovine mesentenc artenes wnsulin mcreased the glyco-
Ben content (LunbuoLm & Mosme Luspiors 1963) In the rat aorta WERT
HEMER & BEN-TOR (1962) observed a stumulation of the glucose uptake by
wsulin, URRUTIA of af (1962), however, found no effect of msulin on the
glucose oxidation or the 1ncorporation of glucose carbon mto glycogen and
Iipids 1n a rat aorta preparation which had been carefully freed from pen
Vascular adipose tissue

It was found earkier (ARNQvIST 1971, 1972) that the tissue accumulation
of glucose carbon from HC-labelled glucose was moderately increased by
tnsulin i the rat aorta, bovine mesentenc arteries and rabbit colon smooth



S

460 HANS J ARNQVIST

muscle The membrane transport of hande (3-O-methylgl )
bovine mesentenic artenes and rabbit colon smooth muscle had the character-
wstics of facilitated diffusion and was stmulated by msulin (Arnqist 1972)

The aim of the present study was to further mvestigate the effect of
msulin on the glucose metabolism in vascular smooth muscle Bovine
mesentenc artenes, which have a high content of smooth muscle (DUCREY
1930), were used Parallel expeniments were done on an almost pure smooth
muscle preparation ~ the muscle layer of the rabbit colon The effect of
msubin on glucose uptake, glycogen content, mcorporauon of glucose-4¥C
nto glycogen and lactate elumination was measured The influence of 1nsulin
on the key 1n glycogen bol glycogen synthetase and phos-
phorylase, was also determined

Material and Methods

Expernimental procedure Bovine mesentenc arieries were removed from full grown
cattle about 30 nun after slaughter and transported to the laboratory 1a Krebs Henseleit
bicarbonate buffer at 37° Pieces of ntima media weighing 50-100 mg were dissected
from the artenies as previously described (ARNQuIST 1972) Rabbut colon smooth muscle
was obtained from rabbits weighing 2-3 kg which were starved for 20-24 hrs before
the experiments The rabbits were hilled by a blow on the neck and pieces of rabbit
colon smooth muscle weighing 30-60 mg were prepared according to ARNQVIST (1971)
Fed male rats (60-70 g) of the Spraguc Dawley strain were hlled by cervical fracture
and the intact rat were used as bed by Kono & CoLowick
(1961)

Incubations were performed 1n Krebs Henselert bicarbonate buffer with the following
composition (mM) 120 NaCl, 47 KCI 13 CaClz 1 2MgSOy, 1 2RHPOy 25NaHCO3
The buffer was equihbrated with a mixture of 95 % Oz and 5 % COg at 37° which
gave pH 74 1 mg glucose/m! was added to the preincubation medium Tissue samples
were ncubated 1n 4 ml medium, except for the ntact rat herdiaphragms which were
incubated m 8 ml medum For glucose uptake determinations tissue samples were
ncubated m 18 or 23 ml medium

Analyical methods The methods used for the determination of glucose uptake,
glycogen content and lactate have been deseribed 1n detail i a previous report
(ARNQMST 1973) In bref glucose was by hexoh glucose 6 phosph:
dehydrogenase (SLEIN 1962), glycogen with an amylo-glucosidase method (KEPPLER &
Deciier 1970) and lactate with lactate dehydrogenase (LUNDHOLM et o 1963)

For the determunation of the incorporation of glucose MC 1nto glycogen, 50-100 mg
of tissue was digested m 1 ml 1 M KOH, 10 mg of unlabelled glycogen was added and
the glycogen was precipitated overnight at 4° 1n 70 % ethanol and 60 mM Na_SOy
The precipitate was washed twice m 1 ml of 66 % ethanol, dned and dissolved 1
05 mi of water After addition of scintillation flwd (Instagel) the samples were counted
for radioactivity

For measurement of the glycogen synthetase aclivily the tissuc was homogemized 1
Tris acetate S0 mM (pH 78) EDTA 2 mM and NaF 20 mM (120 w/v) Glycogen
synthetase was assayed m a 160 didution of the muscic evtract by measunng the
incotporation of UDPG 14C 1ato glycogen (VILLAR PAL 12 he presence
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of glucose-6 phosphate (total glycogen synthetase activity) and 1 the absence of
tlucose-6-phosphate (ndependent form of glycogen synthetase or glycogen synthetase I)
Tissue samples for phosphorylase assay were homogemized m airate buffer 20 mM

18 1he absence of AMP {phosphorylase a acuvity)

All chemucals were of analyucal grade UDPG 14C and D glucose HC (U) were ob
taned from the Radiochemical Centre, Amershan, England Instagel was purchased
from Packard Instr Co Inc Monocomponent porh insulia (lot No Me S970-AC) was
a gift from Novo, Copenhagen

Staustical analysis Mean values are given £ S.E M Adjacent tissue samples from
the same ammal were used as est and control preparations The sigmificance of the
effect was calculated by Student's ttest from the difference between these paired
samples

Results

Effect of msulin on glucose uptahe In rat sheletal muscle the glucose
uptake was mereased by msulu (01 Ujml) after an 1ncubation penod of
60 mun (CuaupRy & GouLD 1969) In bovine mesenteric artenies and rabbit
colon smooth muscle no effect of msulm (01 Ujml) could be demonstrated
after ncubation for 60 mn 1n 5 6 mM glucose However, when determined
after an incubation penod of 180 mun, the glucose uptake was moderately
mereased n both tssucs as 15 shown 10 table 1 At a glucose concentration
of 444 mM the basal glucose uptake 1 bovine mesenteric artenes was
increased but msulin had no significant effect (table 1)

Table 1

Effect of ynsulm (01 U/mi) on glucose uptake 10 bovine mesenteric arteries and
fabbt colon smooth muscle determuned after an sncubation period of 180 mun Glucose
uptake 13 calculated as ymol glucose/s tissue wet weight X 180 min The results are
given as mean values = $ E M The numbers of obscrvations are given an brachels

Glucose uptake
Glucose

Preparaon concentration  Coatrol Insuln Effect

Bovine 56 103£10 130+10 271209 (13) P< OO

mesenteric

arteries 444 204251 205246 11£42(10) N S
-

Rabbut colon 112 .

smooth muscle 56 MSEIZ ISR daxi1 @) P
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Bovine mesenteric artenes
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Glycogen content {mg/100g)

0 30 60 120 180
Incubation time (min}

Fig 1a Effect of msulm (01 U/ml) on the glycogen content 1 bovine mesentenc

arteries after mncubation for 30 to 180 mmn 1 a medium contaimng 56 mM glucose

A sigmficant (P <002) merease 1 glycogen content by wsulta was found alter
180 min MeanS E M {n=11)

Effect of insulin on ghycogen content The effect of msulm on the glyco-
gen content in bovine mesentenc arteries and rabbit colon smooth muscle
was determined after an 1mcubation period of 180 miz 1n 56 mM glucose
In both ussues msulin was found to increase the glycogen content In bovine
mesentenc artenes the glycogen content rose by 26 9+5 4 mgf100 g (n=11,
P <0 001) from a control value of 118 516 2 mgf100 g and i rabbit colon

700] OContrat

Rat diaph
soo| Einsulin a phragm

500
400
300
200

100,

Glycogen content {mg/100g)

30 60 120 180

ncubation time {min)

Fig 1b Effect of 1nsulin (01 U/ml) on the glycogen content n rat hemidiapbragm after
incubation umes of 30 to 180 min The concentration of glucose 1 the medwm was
$6 mM The effect of msulid was sigmificant (P < 005 or less) at all sncubation nmes.
MeantS E M (o=6}
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Bovine mesentenc arter ss.

O contrat

Winsuln

~
2

Incorporaton of gluc:
g yeogen tumole/g t ssue)
S

e
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Fig 2a. Effect of msulin (01 Ufml) on the wcorporation of glucose-HC imto glycogen

m bovise arteries d after pentods of 15 to 180 min

The concentration of glucose 1a the medmm was 56 mM The asterishs denote the

s gificance of the effect =P <005, **=P<00], ***=P <0001 MeantS E M
(n=10)

smooth muscle it rose by 203+44mg/100g (n=10, P<001) from a
control value of 47 0+5 2 mg/100 ¢

The time course for the effect of msulin on the glycogen content was
studied 1 bovine mesentenc artenes and for companson also m the 1atact
rat hemidiaphragm preparation The effect of wsulin on the artenal nssue
became sigmificant after 180 mun (fig 1a) whie n rat diaphragm, where
the action of msulin was more pronounced, the effect was significant after
30 min (fig 1b)

Effect of insulin on the incorporation of glucose-*C mto glycogen Insulin

sumulated the incorporation of glucose-1*C 1nto glycogen 1n bovine mesen-

Rabbt colon smooth muscle

{7 Cont ot

3

s
|
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£
5

s

Incorpo aton of glucose nto
glycogen (pmolefg 1 ssuet

0 15 30

180

50 120
Incubat on t me (m n)
Fig 25 Incorporation of glucose-1C into glycogen m rabbit colon smooth muscle

experimental conditions were the same as in fig 2a. Statistical sigmficance 1s 1
asmfig 23 MeantS E M (a=10)
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Table 2

Effect of varations 1n the liular Na* and R* ¢ on the

of glucose HC 1nto glycogen in bovine mesentertc artenies The tissue samples were
wncubated for 180 min 1n 56 mM glucose 1¥C Except for Na*, R* the 1ome composition
of the medium was (hat of Rrebs Henseleat bicarbonate buffer MeantS E M (n=8)

Incorporation of glucose HC into glycogen

Na 1N {umol/g tissue)
{mM) (mM)
Control Insulin Effect
150 [ 1631032 2452034 082£014 P <0001
45 5 1611023 2524039 0911021 P <001
135 15 160£030 2371041 0774018 P <002
100 50 163£031 203£037 040£012 P <002

tenc artenes and rabbit colon smooth muscle (fig 2a and b) A significant
effect was noted after an icubation penod of 30 min 1n the artenal tissue
and after 60 min 1 the rabbit colon smooth muscle The effect mcreased
with time and after 180 mm 1t was 38 59 5 %, in bovine mesenteric artenes
and 60 018 8 % in rabbit colon smooth muscle as compared to the control
values

Effect of extracellular Na* and K* on the incorporation of glucose-1C nto
ghcogen When tissue metabolism 15 studied under in viro condttions the
Na* and K* content of the medium may il the glycogen metabol
(CLaysEN 1972) From table 2 1t 1s seen that 1n bovine mesentenc arterncs,
the vanations m the K* of the medium within the range 050 mM with 3
corresponding change in the Na* had no effect on the incorporation of
glucose *C to glycogen 1n the control preparations Insulin stumulated the
ncorporation of glucose at all Na*, K* concentrations At a K* concentration
of 50 mM the effect of insulin was reduced but the decrease was Dot
sigmficant

Effect of insuln on glycogen synthetase and phosphonylase From table 3
1t 15 seen that nsulin tended to the gly I I actity 18
bovine mesentence artenes (P << 0 05) and m rabbit colon smooth muscle
(P <01) The total glycogen synthetase activity was not affected by msuhn
mn enther tissue The ratio of glycogen synthetase I to total glycogen H1°
thetase activity was increased by msulin 1n rabbit colon smooth muscle
(P << 0 02) while no significant change was found m the mesentenc arntencs
The values for glycogen synthetase I and total glycogen synthetase actvity
were stmular 1n the two types of ussue
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Table 3

Influence of msulin (0 U/ml) on glycogen syathetase activity in bovine mesenteric

arteries and rabbit colon smooth muscle The enzyme actvity was assayed after

sncubation for 180 mun, 1n a mediim contaimng 56 mM glucose. Glycogen synthetase

activity 15 expressed as pmol UDPG/g wet tissue per hour Mean+S.E M Numbers of
obscrvations are given 1n brachets

Glycogen synthetase activity

P Expenmental
feparation conditions o

No Gle-6-P Gle-6-P added s 1 form
Bovine control 043£006 5662093 9713
tmesentenc msulin 070011 6471095 108308
artenes effect 0231009 081+085 12411
(a=11) P <005 NS NS
Rabbitcolon  control 0523008 4621052 13120
smooth wsulin 065+007 475+048 1412159
muscle effect 0§2+007 013+024 28%10
=12 P<0l NS P <002

The phosphorylase @ and total phosphorylase activities were not nflu-
eaced by wsulin in esther of the examuned tissues when the enzyme activity
Was determined after mcubation of the tissues 1 56 mM glucose for
180 min Expressed as ymol glucose-1-phosphatefg wet tissue per hr, the
phosphorylase a activity was 2 00 3 (n=11) 1n bovine mesenteric artenes,
87+11 {n=12) 1n rabbit colon smooth muscle, and the total phosphorylase
activity was 82+09 and 196 3126 1, respectively The total actvity was
thus about 25 times higher i rabbit colon smooth muscle than 1a bovine
mesentenc artenes and the phosphorylase a activity was 4-5 times higher
i the former

Comparison between the effect of wsulin and glucose concentration on
glucose uptake and glycogen content in bovine mesenteric arteries The effect
of nsulin and of glucose concentration on the glucose uptake and glycogen
content was determmed on the same mesentenc artenes From fig 3 st 1s seen
that insulin increased the glycogen content at a medim coucentration of
28 mM glucose while having no significant effect on the glucose uptake
Raismg the medwm concentration of glucose to 111 mM doubled the
glucose uptake but the glycogen content was not proportionally affected
These results indicate that the effect of mnsuln on the glycogen content 1n
bovine mesentenc artenes cannot be explamed by its effect on glucose
uptake only

The effect of nsulin on the glycogen breakdown was also studied P

30 Acta pt armacolog ca vol 33 fasc. 5-6
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0 28mM
2 8mM + 1nsulin
| 11mM

Glucose uptake {pmole/gx180min}

3
=]
Glycogen content {mg/100g)

Fig 3 Comparison between the effect of glucose concentration and msulin (01 U/mi}

on the glucose uptake and glycogen content m bovine mesentenc arteries The glucose

uptake and glycogen content were determined on the same samples after an incubation
pertod of 180 mun Mean £ S E M (n=7)

mesentenc artenes were mcubated for 180 min with and without wsubut
n a medum contamng no glucose The imtial glycogen content was
117 7£13 0 mg/100 g (n=9) After the incubation peniod the glycogen con-
tent was 73 6:+8 4 mg/100 g without msuln and 76 29 4 mg/100g wih
added msulin The glycogenolysis was therefore unaffected by wsuln and
this result 15 m agreement with the absence of an nsulin effect on phos-
phorylase activity

Effect of nsulin on lactate metabolism To nvestigate if the mcrease by
subn of the glucose uptake of bovine mesentenc artenies and rabbit colon
smooth muscle sumulated glycolysis, the lactate ehmunation was deter-
minated after incubation for 180 mn 1 5 6 mM glucose In both tissues the
lactate ehmination was mcreased by wnsulin In bovine mesentenc artenes
the lactate elumnation, expressed as ymol/g tissue X 180 nun, increased by
18403 (a=7, P <001) from a control value of §4%07 and 1 rabbit
colon smooth muscle, 1t mcreased by 97+29 (n=12, P<001) from 2
control value of 405 + 34 The lactate content of the tissues was mot i
fluenced by 1nsulin

Discussion

The glucose uptake 10 bovine mesentenc artenes and rabbit colon smooﬂ;
muscle was mcreased by wsulin (01 Ujmi) after an mcubation penod ol
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180 min and at a glucose concentration of 56 mM i the medium The
membrane transport of glucose was previously found to be a rate Iimiting
step i the glucose utilization 1n these tissues and in both of them the
b transport of hande was lated by wmsulin (ARNQVIST
1971, 1972) It therefore seems probable that the increase in the glucose
uptake produced by insulin 15 caused by a stumulation of glucose transport
The wncrease 1 the glucose uptahe by msulin was 262 + 87 % in bovine
mesentenc artenies and 140 £ 35 % 1n rabbit colon smooth muscle After
a0 incubation peniod of 60 mun the glucose uptahe m rat soleus muscle
was increased about 100 % by wnsulia (0 1 Ujml) (CHavorY & Gourd 1969),
while 1n bovine mesentenc arterics and rabbit colon smooth muscle no effect
was found after this tume
Lunorory & Moume LunproLss (1963) found that wsulin increased the
glycogen content 1 bovine mesentenc artenes and rabbit stomach muscle
The present results on bovine mesentenc artenies and rabbit colon smooth
muscle confirm thewr obsenation In p with rat daph the
effect of msulin on the glycogen content 1 bovine mesentenc artenes was
weaker and appeared later
Insulim ncreased the ncorporation of glucose-%4C nto glycogen 10 bovine
mesentenic artenes and rabbit colon smooth muscle This effect appeared
after 30 min 1 bovine mesentenc arteries and after 60 mun, 1 rabbit colon
smooth muscle At the end of the incubation penod, when the action of
insulin was most pronounced, the increase was 385 + 95 %, mn the former
fissue and 60 ¢ & 18 8 %, n the latter tissue After 15 mun the wmcorporation

of glucose nto glycogen was d about threefold by msulin mn rat
diaphragm (CARLIN & HECHTIR 1965) and sevenfold 1n rat levator ant muscle
(Aporrsson 1973)

Rasing the K* of the medium from 0 to 50 mM, with a comespondmg
reduction of the Na*, had no effect on the wcorporauon of glucose into
Slycngen 1 bovine mesentenc artertes, while the effect of insulin tended
to decrease These results on bovime miesentenc arteres are symlar to those
of STADIE & Zapp (1947) on the nfluence of K+ and Na* on glycogen syn
thesis 1n the rat diaphragm

“In skeletal muscle fhe effect of insulin on glycogen synfhesis 15 greater
thant could be expected from the stunulation of glucose transport only (L4R
NER et al 1959, NORMAN et al 1959) This 15 due to an icrease in the
Slycngen synthetase I actvity (VILLAR PALAST & LARNER 1961) The ratio

I to total glycog h activity was
by msulm 1w rabbat colen smooth muscle Insukn incrcased the glycogen
Synthetase I actvity 1n bovine mesentenc arteries and tended to have the —
same action 1n rabbit colon smooth muscle When lhe effccts of msulin
of glucose concentration Or *he ohiracs antala o

30%
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compared 1n bovine mesentenc arteres, sulin was found to mcrease the
glycogen content at a glucose concentration of 2 8 mM, while having no
significant effect on the glucose uptahe The increase in the glycogen
content without an mncrease 1n the glucose uptake indicates a direct action
of 1msulin on the glycog bolism Since the pt ylase activity o
glycogenolysis was not mfluenced by insulin, the mncrease m glycogen con
tent was probably due to the mcreased glycogen synthetase I actvaty

As m rat skeletal muscle (CLAUSEN 1968) the effect of msulin on the
glucose uptake 1 bovine mesentenc arteries and rabbit colon smooth muscle
was accompanted by an increase 1 glycolysis

In conclusion, the results of the present study show that the effects of
msulin on glucose bolism mn bovine 1c artenes and rabbit colon
smooth muscle are qualitatively sumlar to those 1n rat skeletal muscle, ab-
though they are less pronounced and appear later
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Abstract The binding of 24 dichloro and 24,5 trchlorophenoxyacetic acd
(2,4D and 2,4,5 T) to bovine serum albunun has been studied by a gel filtratio
technique (HUMMEL & DREvER 1952) Both compounds were extensively bound
to albumin 2,4,5 T to a higher extent than 2,4-D The binding of both herbicides
was reduced when the protem contamed palmitic acid,

Key words Herbicides — binding to serum albumun

Previous studies have shown that 2,4-dichlorophenoxyacetic acid (24D)
mhibits the growth of L 929 cells m monolayer cultures and mduces a tran-
stent accumulation of cytoplasmic tnglycende particles (KOLBERG &f al 1971,
KoLBIRG ef al 1972) The fatty acids of the accumulated tnglycendes er;
largely of ongin An d uptake of fatty acids 10 culture
cells has also been found on exposure to the structurally related p chloro;
phenoxyisobutyrate (SPECTOR & SOBOROFF 1971), used 1 the treatment 0
hyperlipaemia It was suggested that this was due to a displacement of fa;ty
acids from strong to weaker binding sites on human plasma albumin, theredy
making fatty acids more available to the cells

The gel filtration cxpeniments by ERNE (1966) \ndicated that 2,4-D “f;i
bound to plasma protewns A competition between 2,4-D and fatty aclrd; ,
binding sites on serum albumin could thus snfluence the utihzation O iam):
acids 1 cell cultures and, at least partly, explam the accumulation od o
glycenides The binding of 2,4 D to bovine serum albumin (BSA) an een

1 hip b this and fatty acids has therefore e
exammed by the gel filtration method descnbed by HUMMEL &mD:nson
(1962), for the determunation of reversible complex formation A ?(7134 i
petween the binding of 2,4 D and 2,4,5 trchlorophenoxyacetic a€1C =%
+m T A hae aleo been made
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Materials and Methods

24-dichlorophenoxy 2-HC-acctic acid (41 mev'mmol), 24,5 trichlorophenoxy { H4C
acete acd (30 memol), 9,10H palmutic acid (500 mcy/mmol), 1,29H n hexadecane
and 1 4C-q hexadecane were supphied by The Radiochemscal Centre, Amersham

Reference preparations of 2,4-D and 2,4,5 T (punities > 99 4 and > 99 % respecuvely,
§38 chy by the f: ) were gifts from hoge Chenucal Warks, Ltd,
Koge, Denmark  Crystallized and lyophilized bovine serum albumin was purchased
from Sigma Chemical Company (Lot No 80C 8030) The molccular weight was as-
sumed to be 69,000 Palmitic acd (punty > 99 %) was obtamed from the Hormel
Tastitute, Austin, Mann

Na & salt of the herbieides

A stock solution contamng 25 mg 2,4-D/ml was prepared as descnbed previously
(KOLBERG ef al 1971) A stock solution of the less sotuble 2,4,5 T contamed 72 mg/m}
Care was taken to ensure that the 1onic composition was the same at different dilutions
of the herbicides

‘The commercial benzene solution containing HC-2,4-D or 14C-2,4 5 T was evaporated
to dryness under a stream of mitrogen at 50° The residucs were dissolved 12 aqueous
NaOH ROH (001N 001 N) and added to the elution buffer The actily mn the
€luant was 1n the range of 1 X 1672 to § X 1072 we/ml

Addition of palmutic aeid 10 defatred BSA

Celite® was coated with palmitic acid of specific actvity 100 pewmmol and m
cubated with a soluuon of BSA (SercTor & Hoak 1969) The atbumm had been
treated with charcoal to remove inherent faity acids (CuEN 1967) The amount of fatty
acid taken up by the BSA solution was by

The concentration of protein was measured by the method of Lowry ef al (1951}

Gel filtrations

A09 X 18 cm column of Sephadex G 0, fine, was equlibrated with 75 mM Tris
HCL, pH 74, contaming 14C-labelled 24D or 2,4,5 T at the same concentration and
specific radioactivity as in the subsequent sample The protemn herbicde samples
(300 pl) were equilibrated at Toom temperature for at least 30 mun before application
to the column Elution was carmed out with the equilibration buffer at a flow rate of
about 03 mi/mun Fractions of 06 ml were collected

Radioacyvity measurements

5031 from each column fraction was treated with 05 ml Hyamine 10-X® for 2 hours
at 37° 1n a rotating polyethylene wial, then counted 1 15 ml scintillation hiqud (4 g
PPO, 0005 g dmPOPOP, 1000 m toluene and 2 ml acetic acid)

Counting was performed m a Packard T Carb spectrometer, model 3365, operated
2t 3°, using SH and 14C-n hexadecane as reference matenals

Calculanons

Bound herbicide determned from the peak area was related to the amount of protein
applied to the column The bindmg data were plotted as v agamst v/c (SCATCHARD
1949) where v 1s the average number of moles bound herticide and ¢ 1s the concentra
tion of free herbicide. The binding sites and the association constants were obtamed
from the imtercepts accordig to the graphuc parameter fittng method of BERsON &
Yarow (1959)
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Fig 1 Elution pattern for measurement of the binding of 24-5 T to BSA on a column
of Sephadex G S0 fine The concentration of 245 T m both sample and eluant was

}1mM and the amouat protein used was 69 mg

s 10 s

v
Fig 2 Scatchard plots for the binding of 24-D and 245 T by BSA v rcpl“c""‘“‘:
number of mol berbicide bound per mol of protein and ¢ the concentration of r:f
herbicide The amount of protein used was 26 35 or 69 mg The concentrauon &
24D vaned between 34 uM and 27 mM The concentration of 2,45 T was
the range of 59 uM to 23 mM
u-m 24D ©0-0245T
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Table 1.
Binding of 2,4+D and 2,4,5-T to native BSA*
Ligand ny KiMt ne Ko Mt
24D 3 4x 10t 40 1% 102
24,5-T 5 3 x 104 70 1xJ02

* The association constants obtaned are apparent constants not corrected for electro-
static interactions and other factors

Results

The elutton pattern (fig 1) shows the mcreased concentration of 2,4,5-T
associated with BSA and the subsequent fall below the base line representing
the part of the herberde abstracted by the albumin The through area should
have equalled the peak area but was found to be about 90 %, of the latter
for both herbicides

As shown 1n fig 2, the SCATCHARD plots demonstrated that BSA con-
tained at least two classes of binding sites for both 2,4-D and 2,4,5-T The
sharply ascending imb at the lower v values mdicates a hugh-affinity class,
the nearly honzontal imb at the higher v values a low-affimty class The
data were fitted to a model with two classes of binding sites (table 1)
The binding parameters show that the lugh affimty group (n;) contans a
small number of bindmg sutes, whereas the low-affimty group (ns) contains
2 large number of Winding sues for the herbreides The data show that
2,4,5-T 15 bound to BSA to a lugher extent than 2,4-D

The amount of bound herbicide was reduced by 40 and 29 %, for 2,4-D
and 2,4,5-T respectively when 7 mol of palmiti¢ acid was added per mol
of defatted BSA (table 2)

Table 2
Effect of palmittc acid on the binding of 2,4-D or 2,45 T to bovine serum alburmun®

Mol bound hgand per mol BSA

Ligand
@3mM) Defatted BSA Fatty acid BSA 71
24D 71 I8 3 44 48
2451 13 4 92 1"

* The amount of BSA tn cach sample (300 w1} was 69 mo
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Discussion

The herbicides are extensively bound by native BSA The imteractions
are probably reversible as the gel filtration expersments by ERnz (1966),
who used buffer without 2,4-D as eluant, suggests only a weak binding of
2,4-D by plasma protemns

2,4,5-T 15 bound to BSA to a lugher extent than 2,4-D The rate of dis-
appearance of 2,4,5-T (free acid) from the body of nuce 1s much slower
than for 2,4-D (free acid and esters) (Zietnski & Fisusewy 1967) Thi
may partly depend on the observed difference mn protemn binding for these
herbicides

The amounts of 2,4-D and 2,4,5-T bound to albummn are reduced when
7 mol of palmtic acid 1s added per mol BSA Thus 1s sumilar to the hughest
molar ratios observed m ammals or 1 man (Dt GiroLaMo et ol 1961,
GALLIN er al 1969) This reduced binding could be due to competition
between the herbicides and fatty acids for the same sites on albumn and{or
that the binding of fatty acids may have mduced structural changes 1 the
albumin molecule which alter the affinty for 2,4-D and 2,4,5-T These
Tesults thus suggest that the free fatty acid concentraton m blood may
affect the capacity of albummn for transport of the phenoxy herbt
cides 1n the orgamsm Inhibitory effects of free fatty acids (molar ratios
35 and 7) on the binding properties of BSA, for eight dilferent drugs have
been published by Runman et al (1971)

The mteraction between the herbiades and albumin may also alter the
binding properties of albumin for fatty acids and, hence, influence the utiliza-
tion of fatty acads m cell cultures

In vivo, a binding of 2,4-D and 2,4,5-T to albunun could act as a mech-
anism for preventing acute toxiaity These mnteractions could, however, tend
to prolong the toxic effect These problems, as well as the observed mtes-
ference by fatty acids and 1ts possible impact on the treatment of herbicide
posomng can only be solved by anumal experiments

REFERENCES

Berson S A & R S Yalow Quanttative sspects of the reaction between mnsulin and
ipsultn binding antibody J Chn Invest 1959, 38, 1996-2016

Chen R T Removal of faity acids from serum albumin by chareoal treatment
J Biol Chem 1967 242 173-181

I Girolamo,M D Rudman M B Reid & F Seidman Effect of pitwitary hormonts

wpon serum free fatty acid concenteation of the rabbit Endocrinology 1961, 6,
457465 i .
Erne,h  Stodies on the ammal of P jes Acta ¥

scand 1966, 7, 264271



PHENOXY HERBICIDES AND ALBUMIN 475

Gallm J I, D Kaye & W M OLeary Serum lipids 1n infection New Eng J Med.
1969, 281, 1081-1086

Hummel,J P & W I Dreyerr Measurement of proten binding phenomena by gel
filtration Biochim Biophys Acta 1962, 63, 530-532

holberg, §, b Helgeland, ¥ Jonsen & O Tieliven The herbinnde 2,4-dichtorophenoxy
acetic acid 1 Effects on L cells, Acta pharmacol et toxicol 1971, 29, 81-86

Kolberg J, K Helgeland & I Jonsen The herbicide 2,4 dichlorophenoxyacetic acid
Il Tnglycende accumulation n L cells Acta pharmacol et toxicol 1972, 31
481487

Lowry, 0 H., N J Roscbrough, A L.Farr & R J Randall Prolemn measurement with
the Fohin phenol reagent J Biol Chem 1351 193, 265-275

Rudman, D, T J Buxler 11 & A E Del Rio Effect of free fatty acids on binding of
drugs by bovine serum albumin, by human serum albumun aad by rabbu serum
1 pharmacol exp Therap 1971, 176, 261-272

Scatchard, G The attractions of proteins for small molecules and 1008 Ann N Y
dcad Ser 1949, 51 660-672,

Spector, A A & J C Hoak An smproved method for the additton of long-chain free
fatty acid to protein solutions Anal Biochem 1969, 32 297-302.

Spector, A. A & J M Soboroff Effect of chlorophenoxyisobutyrate on free fatty acid
vulizatton by mammalian cells Proc Soc Exp Biol Med 1971, 137, 945-947

Ziehnski, W L., Jr & L Fishbein Gas of
tates of 2,4-D and 24,5 T acids and 2,4D esters 1n mice. J Agric Food Chem
1967, 15, 841-844




LETTERS TO THE EDITOR, Actg pharmacol et toxicol 1973, 33, 476

From the Department of Pharmacology, AB Bofors Nobel Pharma, Molndal
Sweden and the Department of Pharmacology, University of Goteborg Goteborg
Sweden

Studies on the Effects of some Local Anaesthetics on the
Uptake of *H-I-Noradrenaline into
Vascular and Cardiac Tissues wr Vitro
By
G Aberg, E Morck and B Waldeck
(Recewved Apnl 11, 1973, Accepted June 20 1973)

Aey words Blood vessel — heart - local h — uptake of

_

The local anaesthetic compound cocaine contracts vascular smooth muscle
probably by inhibiting the uptake of noradrenaline nto adrenerge nerves
thereby making more noradrenaline available at the effector sites {MusCHOLL
1961, FURCHGOTT e al 1963, KoPIN 1964) Thus mhibition has been shown

& MaLMroRs 1964, Carvsson & WALDECK 1965) Two other local anaes
thetres ~ mepracame and lidocame — have alsg been shown to contract
1solated blood vessels (AnerG & WAHLSTROM 1972, ABERG 1972) A possible
mechamsm for the contracting action of one of these local anaesthetic
compounds, mepivacame has heen suggested by JORFELDT ez al (1970) to be
an mhibitory effect of the p d on the neural uptake of noradrenaline
In other expeniments however, 1t has been shown that the contracting

(ABERG & WaHLSTROM 1972) or i vivo (ABrRG & DHUNER 1972) The
contractmg effect on isolated Tat portal vewns of both cocane and hidocane
was recently found not to be mlubited by the adrenergic a receptor blocking
drug dibenzyline (unpublished results) This was in agreement with l:;
finding of DANIEL & Worowya (1966) who showed that the cocamne mduc
contractures of 1solated rabbit uten were not mbited by dibenzyline ;
In the present report we describe some expenments on the effects ol
cocaine, mepivacaime and lidocaine on the uptake of 3H 1 noradrenalne mN;
1solated guinea p1g aorta and cardiac tissue The optically active isomers ol
mepivacame have been included in the , as L(-+) mep!
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IS more potent as @ vasoconstrictor than D(—) mepivacame (ABIRG &
Wantstrom 1972) Lu 3-010 (3,3-cimetyl-1-(3 metylaminopropyl) phenyl-
phtalan) has been used as thus compound 1s known to be an efficient and
specific inhubitor of the uptahe of noradrenaline (WALDICK 1968)

Material and Mcthods

SH | noradrenaline (*H NA) with a specific activity of 6 6 c/mmol was obtained from
‘The Radiochemical Center, Amersham, England ’l'he radiochemucal punity of the sub
stance was by rad m 1 2N b h
acd (65 35)

Guinea pigs weighing 300-500 g were rapidly hiled by stunmng and bleeding and
their hearts and aortas were placed 10 a modified hrebs solution contaimng (g/1)}
NaCl 713 KCl 0 35, CaClz 028, MgCl2X SHzO 024, NaHCO3 1 30, KH2POy 016 and
glucose 2.07 Ascorbic acid (50 pg/ml) was added to the solution which was acrated with
a mixture of 935 % 02+ 65 7% CO_ In order to iniubit the active uptake of nor
adrenaline some heart and aortic preparations were tested at 0° in parallel with the
other cxperiments which were all performed at 37°

The heart preparation consisted of the isolated auricles and connective tissues while
the 1solated aortas used in this 1avestigation consisted of strps of the thoracic aorta The
preparations were allowed to stabilize for 30 min before additton of the compounds
nvestigated After another 30 mun of sncubation of the tssye and wn the presence of
the test compound 40 pl of a solution contanmg 35 g 1 poradrenaline and 2 5 pct
3H NA 1o 2 ml of 001 M HCI was added Thus the concentration of 1 noradrenaline
1n the bath was 1X10~7 M After 30 min exposure to the tritated solution the prepara
tions were washed in Krebs solution, dred weighed and dissolved 1 2 ml soluene
Eighteen ml of a santillation flud contating 3 g diphenyl oxazole (PFO) and 03 g
2,2 p phenylene bis (5 phenyloxazole) (POPOP) pes 1 1 of toluene Was added and the
radioactivity was measured 1 a Pachard Tn Carb scistillation counter The counting
efficiency was 14-18 per cent for the heart preparations and 21-25 per cent for the
1solated aortas

Results and Discussion

In both the heart auncles (fig 1) and the aorta (fig 2) there was an active

uptake and of rad: g a larger fraction of the
total 1 the former (82 %) than the latter (48 %) ussue This active up
tahe appeared to be almost pletely blocked 1n the heart and also largely

wn the aorta by Lu 3-010 and by cocawe Nonc of the other corapounds
tested had a sigmficant effect on the uptake and retention of radioactivity 1
the heart and gorta on mcubatton with SH NA

At low concentrations of SH-NA (1077 M) 1 the incubation
(otal radioactivity taken up and retuned by adrenergically
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Fig 1 Uptake of $H 1noradrenshne by isolated guinea pig auncles, expressed 35
per cent of control values at 37° 0° denotes results from cootrol expenments per
formed at 0° Lu denotes Lu 3010 Cocaine, DL mepivacaine and D mepnacaine
were tested 1n the following concentrations (from left to nght 1n the figure) 1X1078M
1X102M aod 1X104M Lu 3-010, L mepivacame and Lidocaine were tested 1n the
concentration 1X1074M Each bar shows the mean £ S E M from the number of
expeniments shown within the bar The signsficance of the differences between the
control groups and the test groups are shown n the figure, where * means P <005,
** means P <001 and *** means P <0001
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Fig 2. Uptake of 3H 1 noradrenaline by isolated gmianea pig aortas i per cent of conl::
values at 37° All symbols are the same as m fig 1 The concentrations of ‘h:mc
Tubitors tested were (from Ieft to nght 1 the figure) Lu 3010 11074 Ml,, €K M,
DL-mepivacamne and D mepivacaine 11075 M, 1X1074 M and 1x1078 M, L mep
caine and lidocaine 1X1073M
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consists mainly of unchanged 3H-NA located in the adrenergic nerves
(ALMGREN & JoNASON 1971, FARNEBO 1971) With a lower density of adren-
ergic mnervation the contnbution of metabolites to the total radioactvity
increases and thus the specifity of the uptake decreases (ALMGREN & Jona-
SON 1971) This condition may explain why the sensitivity to Lu 3 010 and
cocaine was higher 1n the heart with its denser wnnervation than m the
aorta

However, the present data clearly indicate that nesther hdocamne nor
the phs of mep had any cffects on the amine-
uptake mechamsm of the adrenergic peuron This finding and the failure
of a blocking agents to inhibst the contracting effects of lidocaine and meps-
vacame supports the view that contractions brought about by these local

are mediated via non ad; t (ABIRG & WAHL-
STROM 1972) As an a blocking agent did not imbibit cocame mduced
it may be g d whether the effect of co-

caine 15 related to an hibition of the uptake of noradrenaline mto adren-
€IgIC nerves

REFERENCES

Aberg G Myogemc action of local anaesthetics on smooth muscle role of Ca** and
cychic AMP Acia pharmacol et toxcol 1972, 31, supp) T 46

Aberg G & B and el Y effects of some local
anaesthetic agents and their 1somers on the rat portal vemn Acta pharmacol et tox;
col 1972 31, 255-266

Aberg, G & K G Dhuner Effects of mepivacaune (carbocame®) on femoral blood flow
1n the dog Acta pharmacol et toxicol 1972, 31 267-272

Almgren O & J Jonason Relative unportance of peuronal and extraneuronal mecha
msms for the uptake and retention of noradrenaline 1n different ussues of the rat
Naunyn Schymedebergs Arch Pharmak 1971, 270 289-309

Carfsson A & B Waldeck Mechanism of amine transport 1 the cell membranes of
the adrenergic nerves Acta pharmacol et toxical 1965 22 293-300

Danicl E E & M Wolowyh The contractile response of the uterus to cocame Can J
Phys ol Pharmacol 1966, 44 721-730

Famnebo L O Effect of reserpioe on release of 3H noradrenabine 3H dopamune and
SH metaramunol from ficld stmulated rat wns. Biochem Pharmaco! 1971 20,
2715 2726

Furchgott R¥ § M hurpehar, M Rieher & A.Schwab Actions and interactions of
norepinephrine tyraming, and cocane and aortic strips of rabbit and left atna of
quinea pig and cat J Pharmacol Esp Therap 1963,142 39-58

Hillap N A & T Malmfors Reserpiie and cocame blocking of the uptake and
‘Storage mechamsms 1n adrenergic nerves Life Sci 1964 3 703-708

Jorfeldt L. B Lofstrom B Pernow & Y Wahren The effect of mepivacaine
hdocane on forearm resistance and capacitance vessels 10 man. Actd @
Scand 1970 14 183-201




LETTERS TO THE [DITOR, Acta pharmacol et toxicol 1973, 33, 480

Komn I J Storage and metabolism of catecholamines The role of monoamme
oudase Pharmacol Rev 1984, 16 179-191

Muscholl E  Effect of cocane and related drugs on the uptake of noradrenahine by
heart and spleen Bru J Pharmacol 1961, 16 352-359

Waldech, B Inhubition of armne uptahe in the mouse heart by some new “thymolepuc®
drugs J Pharm Pharmacol 1968, 20, 111-115






