Eac number of AcrA PHARMACOLOGICA ET TOXICOLOGICA
consists of about 5 printed sheets, 6 numbers forming a vol-
ume. The numbers will be issued as soon as the articles sub-
mitted can be printed.

In order to avoid unnecessary delay and trouble authors are
urgently requested only to send in manuscripts prepared ac-
cording to the rules given on the second page of the cover.

The subscription should be forwarded to the publishers:
MUNKSGAARD, 6, Ndrregade, DK-1165 Copenhagen K, Den-
mark, or to any international bookseller. The price of each
volume is 120 Danish Kroner plus 16.00 Kroner for postage
(519.05) payable in advance.

Three copies of the manuscripts should be sent to Acta Phar-
macologica et Toxicologica, 20, Juliane Mariesvej, DK-2100
Copenhagen @, Denmark, either directly or through one of the
editors named on page 1 of the cover.



ACTA PHARMACOLOGICA
ET TOXICOLOGICA

VOL. 29 FASC. 23

INDEX

Nrvogr, S. K. & F. Riepers: Interfering Peaks in Gas Chromatographic Bx-
clusion Screening of Direct Chloroform Extracts of Bloed ........
Emer-JeNseN, N.: Acute In Virro Effect of Progesterone Dissolved in Dimmhyl
ide on Isotonic Ci ions and Electrical Potentials of Isolated
Uteri from Early Pregnant or Hormone Pre-Treated Rats ..... . 127-134
RUBENSON, A.: The Action of Dopamine on Arterial Blood Pressure in the Rat 135-144

.1 13—126

HENNING, MATTS & ALLAN Effects of 5 yptophan on .
Arterial Blood Pressure, Body T and Tissue i in -
the Rat 145—154

HARTHON, LENNART & MARGIT 4 of Sali icylic Acid in -

Human Blood and Plasma: A Comparison with Acetylsalicylic Acid ......
Hernay, Geora: Effect of Adrenalectomy. Corticosteroids and some other Anti-

155-163

y Agents, , Thyroxine and Vitamin A on the

Exchangeable Sulphate Pool and on Sulphate Incorporation jn Vivo into
Costal Cartilage of the Mouse 164-176
HERnAl, GEeora: Effect of P Castration, Tt hi: <

Oestradiol Benzoate and Stilboestrol on the Exchangeable Sulphate Pool and *
on Sulphate Incorporation in Vivo into Costal Cartilage of the Mouse .......,, 177-193
SorensEN, PER NELLEMANN: The Penetration of Quinine, Salieylic Acid, PAS,
Salicyluric Acid, Barbital and Lithium Across the Vitreous Barrier of the
Rabbit Eye 194-208
LEWANDER, Tommy: Effects of Acute and Chronic Amphetamine Intoxication
on Brain Catecholamines in the Guinea Pig ..
Bovp, ELDON M. & Eva Carsky: The 100-Day LD
ERIKSSON, M. : The Effect of Sali on the Glycogen Content of
the Foetal Lw:r and Hzan in Two Strains of Mice .,
Aate-Induced Foetal Damage
nancy in Mice: A Comparison between Sodium Salicylate, Acetylsahcyhc
Acid and i licylic Acid
ERIRSSON, MARGARETA & K. SUNE LARSSON: Salicylate-Induced Foetal Damage
in Two Mouse Strains: Studies on the Distribution of 24C-Labelled Salicylic
Acid 256-264
BriSEW, KIELL, FivN CaTo Amvizen & Otav Ksere Dyrup: Inhibition of
Cnmxgenm Induced Rat Paw Ocdema by, Substances. Consing, o. Bedvatinn
of Kind and Prekatiikrein in Plasma 265-274
: A Comparison of the Inhibition by Cardiac
Glycosides of the Isolated Intestine from the Rat and the Guinea Pig wurerr. 275283
PELXONEN, O., M, VorxE, P. Jourpa & N, T. KAgkt: Metabolism of Chl

promazine and p-Nitrobenzoic Acid in the Liver, Intestine and Kidney cf
the Human Foetus

250-255

Issued?

<mutgts



EacH number of ACTA PHARMACOLOGICA ET TOXICOLOGICA
_consists of about 5 printed sheets, 6 numbers forming a vol-
" ume. The numbers will be issued as soon as the articles sub-

mitted can be printed.

In order to avoid vonecessary delay and trouble authors are
urgently requested only to send in manuscripts prepared ac-
cording to the rules given on the second page of the cover.

The subscription should be forwarded to the publishers:
MUNKSGAARD, 6, Ni de, DK-1165 Copent K, Den-
mark, or (o any international bookseller. The price of each
volume is 120 Danish Kroner plus 16.00 Kroner for postage
($19.05) payable in advance.

Three copies of the manuscripts shoufd be sent to Acta Phar-
macologica et Toxicologica, 20, Juliane Mariesvej, DK-2100
Copenhagen @, Deamark, either directly or through one of the
editors named on page 1 of the cover.



ACTA PHARMACOLOGICA
ET TOXICOLOGICA

YOL. 29 FASC. 4

INDEX

Mibreoat, T, &. L. OueranD: Determivation of Thioxauthenes in Plasma at
Th .

295-302
LINDgVIST, Mucrr Quantitative Estimation of 5-] Hydroxy -3-Indole Acetic Acid

and 5- yptop! in the Brain Foll g Isolation by Means of a

Strong Cation Exch Column 303-313
Nlﬂ_‘iEN\M LYRKEGAARD, H. umsENJ GAUcUlN&P Rosm Doxycyo-
! and B: Seeserees 314326
: The Adrenergic Receptors in Isolated Rabbit Slomach Muscle 327-338
JorGENSEN, A., K. FREDRICSON OVER® & V. HANSEN: Metabohsm. Dlsmbuhon

and Excretion of Flupenthixol Décanoate in Dogs and Rats .. v 339-358
qu Banr, Cmusmk & Oror BorcA: Uptake, Metabolism and Excretion of

and its ites in the Isolated Perfused Rat Liver 359-374 .
Noxsv:m. Tor: Bmuansformatmn of Me(hyl Mercuric Salts in the Mouse
Studied by Specific D i of Mercury 375-384

Issued May 1971,

rodazun



Eacu number of AcTA PHARMACOLOGICA BT TOXICOLOGICA
consists of about 5 printed sheets, 6 numbers forming a vol-
ume. The numbers will be issued as soon as the articles sub-
mitted can be printed.

In order to avoid unnecessary delay and trouble authors are
urgently requested only to send in manuscripts prepared ac-
cording to the rules given on the second page of the cover.

The subscription should be forwarded to the publishers:
MuNKsGAARD, 6, Ngrregade, DK-1165 Copenhagen X, Den-
mark, or to any intemnational bookseller. The price of each
volume js 120 Danish Kroper plus 16.00 Kroner for ppstage
(S 19.05) payable in advance.

Three copies of the manuscripts should be sent to Acta Phar-
macologica et Toxicologica, 20, Juliane Mariesvej, DK-2100
Copenhagen @, Denmark, either directly or through one of the
editors named on page 1 of the cover.

ATTENTION

‘The Fifth International Congress on Pharmacology will be
held in San Francisco, California, July 23-28, 1972. Its pur-
pose is to p phar logical knowledge and the

application of this knowledge to the health and well-being of
man throughout the world.

For Further Information, Write to:

SECRETARIAT

FIFTII INTERNATIONAL CONGRESS ON PHARMACOLOGY
9650 Rockville Pike

Bethesda, Maryland 20014, US.A.



ACTA PHARMACOLOGICA
ET TOXICOLOGICA

YOL. 23 FASC. 56

INDEX

SuNowaLL, A, K. Utve & J. bolic Disposition of
in the Dog with a Note on the Relationship bezween Plasma Concentration
and Effect 385-401
VORNE, MARTTT & MARTTI ALAVAIKKO: Effect of Carbon Tetrachloride Induced
‘Progressive Liver Damage on the Metabolism of Hexobarbital and Bilirubin

in Vive A2-46
VORNE, MARTTI & PENTTt ARVELA: Effect cf Carbon Tetrachloride Induced
Progressive Liver Damage on Drug-M lizing Enzymes and Cy
P-450 in Rat Liver 417-427
CHRISTENSEN, STEN: Renal excretion of ri in in the rat A28-440
MiAnnstd, P., PNkt & A.RissaNen: The Temny of Two MAOInhibitors
Combined with 5-HTP or L-DOPA in d Mice 441448
Maup & Jonas Effects of Long-Acting Oestrogens and
a Long-Acting Corticosterofd on the Weight and Acid Phosphatase Activity
of the Spleen in Male Rats 449455

WORDEERO, GUNRAR F., MAGNUS PISCATOR & BirGErR LwiD: Distribution of
Cadmium Among Protein Fractions of Mouse Liver ... 456-470
YLINER, SVEN: ism of 1,1,1,2-Te jn the Mouse 471480
YLLNER, SVEN: Metabolism of in the Mouse 481489
FRoSLIE, ARNE: Methaemoglobin Formation in Vitro by 6-Amino Metabolites
of DNOC and DNBP

490-498

YIUNER, SVEN: ism of 1, 1,2,. MC ia the Mouse ...... 493-512
JaxopsoN, INOA & SVEN YLINER: bolism of 4C-F in the

Mouse 513-524

PERSSON, TORGNY & BERTIL WALDECK: Changes in the Formation of 3H-Cate-
cholamtines from 3H-DOPA and 8H-Tyrosine Induced by Unlabelled DOPA 525-532
LANGSLET, ASRITRN & MORTEN Rvo: Effecta of Chlorpromazine and Proprano-
1ol on Left Ventricular Systolic Pressure, ECG, and K* Efflux a the Isolated
Perfused Rat Heart
Letters to the editor
Lars: Effect of Chl ine, D
on Dopamine Uptake in the Rat Pancreas ..

533-541

snd Lithium

Issued July 1971,



Eact number of ACTA PHARMACOLOGICA ET TOXICOLOGICA
consists of about 5 printed sheets, 6 numbers forming a vol-
ume. The numbers will be issued as soon as the articles sub-
mitted can be printed.

In order to avoid unnecessary delay and trouble authors are
urgently requested only to send in manuscripts prepared ac-
cording to the rules given on the second page of the cover.

. The subscription should be forwarded to the publishers:

MuNKsGaARD, 6, Ngrregade, DK-1165 Copenhagen K, Den-
mark, or to any international bookseller. The price of each
volume is 120 Danish Kroner plus 16.00 Kroner for postage
{$ 19.05) payable in advance.

Three copies of the manuscripts should be sent to Acta Phar-
macologica et Toxicologica, 20, Juliane Mariesvej, DK-2100
Copenhagen @, Denmark, either ditectly or through one of the
editors named on page 1 of the cover.

ATTENTION

The Fifth International Congress on Pharmacology will be
held in San Francisco, California, July 23-28, 1972, Its pur-
pose is to p phar fogical knowledge and the
application of this knowledge to the health and well-being of
man throughout the world.

For Further Information, Write 10:

SECRETARIAT

FIFTH INTERSATIONAL CONGRESS ON PHARMACOLOGY
9650 Rockville Pike

Bethesda, Maryland 20014, U.S.A.



Acta pharmacol. et toxicol. 1971, 29, 1-8.

From the Institute of Phasmacology, University of Oslo, Norway

The Action of Thioridazine and Pr ine on Biological
‘Membranes: Relationship between ATPase Inhibition
and Membrane Stabilization

By

Knud Eandmark* and Ivar Oye
(Received May 25, 1970)

Abstract: The effects of ine and thioridazine on is of
human erythrocytes are compared with their effect on Na*-K*-ATPase of washed
human erythrocyte ghosts, Promazine {5 X 1075 - 5 X 1073 M) and thioridazine
€10-5 — 1074 M) stabilize ery agatnst ts, but have lytic
effects at higher concentrations. Both drugs inhibit Na*-K*-ATPase of erythrocyte
membranes. This inhibition is slight at drug concentrations which have a mem-
‘brape-stabilizing action, but is complete and irreversible at Iytic concentrations
of the drugs. Promazine and thioridazine also inhibit Na*-K*-ATPase in a
membrane fraction prepared from rat hearts, The relative order of potency of
the two drugs in this respect does not reflect their relative potency as general
cardiac depressants. It is concluded that Na*-K*-ATPase is not a primary target
for the action of promazine and thioridazine in the rat heart. It is suggested that
inhibition of Na*-K*-ATPase by these agents is secondary to more general
ions of the physical of the cell b

Key-words- Promazine ~ thiori - iazines — ATPase —
heart — membrane stabilization,

P

inhibit the Na*-K*-activated adeno-
sine

(ATP p hot lase, E.C. 3.6.1.3, called Na*-K*-
ATPase in mc following Xext) of pamculate fracnous of tissue homngenates,
and this inhibition has been ial for their phar

action (DAviES & Bropy 1966; Kravs & SIMANE 1967; RoBmNsON et al.
1968). The Na*-K*ATPase is involved in the active transport of Na* and K+
across cell membrane (see review by Skou 1965), and a decrease in the

¢ Research Feltow, The Norwegian Council on Cardiovascular Diseases, Present Ad-
dress: Institute of Pharmacolegy, University of Osto. *

1 Acta Pharmacologics, vol. 29, fase. t



2 KNUD LANDM-ARK AND IVAR OYE

cellular K* content would therefore be expected when the Na*-K*~ATPase
- activity is inhibited. In the rat heart, however, phenothiazines in low concen-
trations increase rather than decrease the cellular K* content. Furthermore
they reduce the K* loss from hearts perfused at low K* concentrations both
in the working as well as in the asystolic state (LANDMARK 1971; LANGSLET
1970). The effect of these drugs on the performance of the working heart
resembles that of quinidine, local anaesthetics and other “membrane stabiliz-
ing agents™ as defined by SHaNES (1958).

The pk hi also act as b stabilizers in non-excitable cells
and subcellular particles. They protect erythrocytes against hypotonic and
mechanical hacmolysis (SEEMAN & WEINSTEIN 1966) as well as haemolysis
caused by isotonic urea, glycerol (FREEMAN & SPIRTES 1963), ysolecithin
(GrEiG & GisBoNs 1955) and storage (HALPERN er al, 1958).

The phenothiazines thus apparently alter the physical properties of cell
membranes. As a working hyp is it may be d that the inkibiti
of Na*-K*-ATPase by phenothiazines is unspecific and secondary to these
general alterations of the cell membrane. In order to test this hypothesis we
have obtained dose-response curves for Na*-K*~ATPase inhibition by thiori-
dazine and promazine in erythrocyte- and cardiac membrane fractions, and
have related these curves to the dose-response curves for their effect on
hypotonic haemolysis of erythrocytes as the well as on the effect as membrane
stabilizers in the petfused heart.

Methods

Assay of ATPase activity. ATPase aclivity was measured basically according to
POST et al. (1960) in an incubation system consisting of 0.25 ml of the membrane or par-
ticle suspension, 1 ml 100 mM TRIS-histidine buffer {pH 7.1), 0.5 m! 10 mM TRIS-ATP
(pH 7.1), 0.5 ml 10 mM-MgCla and 0.25 m! of either water or salt solution (0 33 M-KC1
and 0.80 M-NaCl). The drugs were dissolved in aliguots of the same salt sofution (or 1n
water) and diluted with this solution to the desired concentrations. The tubes were
incubated at 40° for 60 min., the reaction stopped by adding 1.5 ml ice-cold 8 per cent
perchioric acid, and the precipitate removed by filtration, Samles of the filtrate wese

to tubes ining 5 mi cold i b (1:1), 0.5 ml acetone and
0.5 m! acid molybdate (FiSKE & SusraROw 1925), mixed for 15 sec on a Vortex miter
and centrifuged. Two ml of the isobutanol phase was then mixed with 2 ml ethanol/
sulphuric acid (32 ml conc. sulphuric acid in 968 ml absolute cthanol) and the blue
colour of phosphomolybdate developed by adding 50 ¢l SnCle (10 g freshly dissolved
in 20 m! 18 N-Ha50y). The ab ion was recorded i at 625 nm
“The enzyme activity was calculated as pmole inorganic phosphate produced per mg
dried “membrane material”, .

Preparation of erythrocyte membranes. Preparation of erythrocyte membranes way
Jdone essentially according to Post et al. (1960). Three parts of hnmanl venous lvlo(:d

were mixed with one part of snticoagulant citrate solution {45 mM sodium cutrate, 20
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mM citric acid, 72 mM glucose) and centrifuged at 1500 X g for 10 min. The blood
cells were washed by resuspension in 6 volumes cold 0,345 M-NaCl and centrifoged
as mentioned above. This washing was repeated several times. The cells were haemo-
lyzed by quickly adding deionized water o the pached cells during vigorous mixing
and centrifuged at 20000 X g for 20 min. The sediment was suspended in histidine-
imidazole buffer (53X 10-4 M, pH 7.1) and centrifuged at 10000 X g for 10 min. This
step was repeated five times. The *ghosts™ were removed from the final pellet by
decantation and the remaining dark “button” was discarded. The ghosts were stored on
ice overnight and on the next day mixed with 0.1 M glycyl-glycine buffered with TRIS
to pH 8.1. Ten volumes of water were added, and the suspension centrifuged at
16000 X g for 10 min. The ipitate was in TRIS- ine (5 X 1074 M,
pH 7.0) and centrifuged again as above, This step was repeated 4-5 times. The white
precipitate thus obtained was used for the assay of ATPase. The dry weight of the firal
suspension was about 6 mg/ml.

Preparanon of a prembrane fraction from heart muscle. Hearts were minced and
h ized with a P Elvehjem type of h izer in 9 volumes of 0.32 M
sucrose containing 0.5 mM EDTA, The homogenate was diluted with an equal amount
of the Nal solution as destribed by NAXAO et al. (1963) giving final congentrations of
2.6 M-Nal, 2.5 mM cysteine, 5 mM-MgClz, and 4 mM-ATP. The mixture was briefly
vehomogenized, incubated for 10 mun. in jce-water and centrifuged for 20 min.
20000 X g. The supernatant was diluted with ice-cold water to 0.6 M-Nal, briefly re-
homogenized and centrifuged again at 20000 X g for 20 min. The supernatant was
discarded and the precipitate washed twice by resuspension and re-homogenisation in
water followed by centrifugation. Finally the precipitate was suspended in cold water
10 the volyme of the first sucrose homogenate, and stored at — 30° until used. The
dry weight af the final suspension was about 2 mg/mi,

R of er to osmotic h is. The ic activity of the two
drugs was studied in suspansions of human erythrocytes (5 per cent by packed celi
volume in 0.45-050 % NaCl. The cells were incubated in the dark for 1 hour at 37°,
2nd the amount of in the was i1
ally at 410 nm. One hundred per cent haemolysis (for reference) was achieved by
fseezing and thawing the cell suspension. The pH was 7.15 and was not infivenced by
the addition of the drugs at concentrations below 2 X 10-8 M.

Results

Effect of thioridazine and promazine on erythrocytes and erythrocyte
membranes.

Both thioridazine and promazine protect erythrocytes against hypotonic
haemolysis, and the dose-response curves have the biphasic shape charac-
teristic of membrane-stabilizing agents. When the concentration exceeds a
certain level, the drugs act as potent lysins (fig. 1). The upper curve of fig. 1
shows the effect of thioridazine and promazine on the Na*-K¢-ATPase
activity of erythrocyte membrane fractions, prepared as described N
“Methods”. A slight but dose-dependent inhibition ocnut;.""

brane-stabilizing of the drugs. Aty "~

ar
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however, the inhibition of Na*-K*~ATPase is plete. The results p g
in fig. 1 show that the inhibitory action of thioridazine and promazine on
Na*-K*-ATPase is associated with general changes in the physical properties
of the cell membrane,

In another series of experiments, membrane fractions were pre-incubated
with 2.5 X 104 and 5 X 10 M promazine in 0.1 M histidine-imidazole
buffer (pH 7.1) for 10 min. at 40°, The incubate was divided in two aliquots
and one of these centrifuged at 16000 X g for 15 min. and the membrane
material 1 ded buffer. This washing procedure

Je in histidine-imidazol
was repeated. Spectrophotometric absorption curves obtained from the super-
natants as well as from the final enzyme suspension showed that the drugs
were effectively removed by this washing procedure. The ATPase activities,
however, were the same in the washed and hed b Ppref i
indicating that the inhibition of ATPase at these drug concentrations was
irreversible.

Effect of thioridazine and promazine on the heart and heart muscle mem-
brane fractions.

The effects of thioridazine and promazine on the performance of the
perfused rat heart have been described in detail in a previous paper (Lanc-
MARK et al. 1969). Changes in ECG pattern simifar to those observed in
patients receiving large therapeutic doses of phenothiazines occurred a”

e

50

3

10°% 10é 1073 "
CRUG CONCENTRATION

HEMOLYSIS AND ATR.ASE ACTIVITY IN PER CENT

Fig. 1. Dose-response curves for the effects of promazine (open symbols) and Ihmmhd

zine {filled symbols) on hypotonic haemolysis of hur:nan erythrocytes “.’"l"’ an

Na*-K+-ATPasc activity of washed erythrocyte ghosts (triangles). Each porat is the me:g

of 4-6 experiments expressed in per cent of matched controls {14-18 pmote hberate
norganic phosphate per 100 mg dry weight/hr).
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perfusate concentrations above 10-3 M of both drugs, and these ECG changes
were associated with a decreased loss of K* from the heart (LanDmark 19713
LANGSLET 1970).

In order to obtain Na*-K*-ATPase activity in fractions of cardiac muscle
homogenates, it was necessary to prepare a “membrane fraction” as de-
scribed under “methods™. Crude particle fractions obtained by fractionation
of sucrose or saline homogenates had an ATPase activity which was inhibited
by Na* and K*. In some preparations ouabain stimulated the ATPase
activity of these crude fractions. The main ATP-hydrolyzing enzymes of
crude cardiac muscle homogenates thus had some of the characteristics of
the ATPase activity of actomyosin b. A Na*-K*-ATPase similar to that of
erythrocyte membranes, however, could be obtained by treating the homo-
genate with d salt sol which pr dissolve the con-
tractile proteins. Fig. 2 shows dose-response curves for the inhibitory action
of thioridazine and promazine on the Na*-K*-ATPase activities of cardiac
membrane fractions, prepared as described under “methods™. The Na*-K>*-
ATPase constitutes about 60 per cent of the total ATPase activity of these
fractions, The iohibitory action of the two drugs was not specific for the
Na*-K*-ATPase, although this ATPase was more sensitive to inhibition than
the “basic® or “Mg"™-dependent” ATPase. Thioridazine was also a more
potent inhibitor than promazine for cardiac ATPase. No inhibitory action was
found at 105 M p: ine, i.e. a ation at which the drug has a
matked cardio-depressive action on isolated rtat atrial tissue (LANDMARK
unpublished).

100

50

ATP-ASE ACTIVITY IN PER CENT

1078 104 103
DRUG CONCENTRATION

M

Fig 2. Dose-response curves for the effects of promazine (open triangles) and thiorida-

2ine (filled triangles) on Na*-K*-ATPase of a cardiac membrane fraction obtained -

rat hearts. Each point is the mean of 4-6 experiments expressed ia per cent of ,
controls. (61-242 pmole liberated inorganic phosphate per 100 mg dry wei,.”
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Discussion

An adenosine triphosphatase which is stimulated by Na* and K* was first
described by Skou (1957). Later investigations by PosT ez al, (1960), WhrT-
TAM (1962), Skou (1965) and others, provide evidence for a function of this
enzyme in the active transport of Na* and K* across cell membranes. The
Na*-K*-ATPase is inhibited by cardioactive digitalis glycosides which depress
active ion fransport in intact cells. The enzyme is also sensitive to a number
of pharmacological agents classified as anaesthetics, hypnotics and tran-
quilizers (ISRAEL & SALAZAR 1967; UEDA & MIETANT 1967; TREVOR & Cum-
MINS 1969), and inhibition of brain Na*-K*-ATPase has been considered
to be of importance for the pharmacological action of phenothiazines (Davis
& Bropy 1966; Kraus & S1MAnE 1967; ROBINSON et al. 1968).

The pharmacological action of thioridazine and promazine in human
erythrocytes and in the isolated rat heart, cannot be due to an inhibition of
the Na*-K*-transport mechanism. Inhibition of Na*-K*-ATPase would be
expected to cause a loss of K* from the cells. Both drugs, however, decreased
K* Joss from erythrocytes as well as from the heart (SEEMAN & WEINSTEIN
1966; LanDMark 1971). The d ponse curves p d above, show
that Na*-K*-ATPase inhibition is moderate at drug concentrations which
stabilize cell membranes. On increasing the drug concentrations to levels
which Iyse cell membranes, the ATPase activity rapidly declines. In erythro-
cytes the dose-response curves for ATPase activity reflect the relative order
of potency of the two drugs as h Iytic agents. The d ponse curve
for cardiac ATPase inhibition, however, does not correlate with the relative
order of potency of the two drugs as general cardiac depressants, In this

) respect promazine is more potent than thioridazine (LANDMARK unpublished).
We therefc Jude that the inhibition of Na*-K*-ATPase does not play
an ial role in the ph. logical action of thioridazine and promazine
on the heart. The partial inhibition of Na*-K*-ATPase at drug concentrations
which stabilize the cell membrane and reduce K* loss, might reflect a
stabilization of \i lecules against conformational changes
necessarily involved in [ like excitation, impulse propagation and
activation of membrane enzyme complexes. The molecular basis for this
stabilization is unknown, but might involve widely different mechanisms
such as alteration of the membrane lipid phase (ClOWDHURY ef al. 1969).
charge transfer reactions or clatrate formation (PAULING 1961).

The complete inhibition of Na*-K*~-ATPase at hxghcr drug concentrations

is associated with lysis of the t Any b function
like ion transport or oxidative phosphcrylauon will lhcrel’orc be inhibited at
these drug i At these ce Y pic drugs may

also have direct actions on enzyme protein in the abscncc of lipid membrane
material (CHOWDIURY et al. 1969).
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Hepatotoxicity of Halothane Metabolites in Vivo and
Inhibition of Fibroblast Growth in Vitro
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Per H., Rosenberg and Torsten Wahlstram
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Abstract: ing singte i i doses the hal ites, trifluoro-
ethanol (TFE) and trifluoroacetaldehyde hydrate (TFAIH), produced a marked
dose-dependent accumulation of fat in mouse liver, the maximal effect occuring
at about 24 hours after administration, Slight fatty changes already orcurred with
non-lethal doses, but repeated administration did not, however, ¢ause necrosis
of the hiver cells. Electron microscopy suggested that part of the fat was com-
posed of phospholipids, which are known to accumulate during energy loss. The
glycogen gmmﬂcs almost :omplv.(ely dxsapptared in the liver, this being also

d by chemical Tril ic acid (TFAA) not only
caused shght fat accumulation, but also an increase in liver glycogen. In human
fibroblast cell cultures TFAIH, even in small concentrations, and TFAA in high
congentrations, inhibited cell growth, TFE did not affect the growth of the fibro-
blasts, probably because no enzymatic system is available in these cells to metad-
ofize TFE to the toxic aldehyde. Two mechanisms may be responsible for the
hepatotoxicity of TFE and TFAIH: a) formation of phospholipids due 1o energy
requirement and b) accumulation of liver triglycerides due to bloching of e, g.
transport enzymes.

Key-words: - icity —

Halothane is believed to have produced severe hepatic necrosis in some
patients (NATIONAL ACADEMY OF SCIENCES 1966). Whether this has been
caused by a hypersensitivity reaction or by a direct hepatotoxic effect, has
been widely discussed (e. g. KLaTskiv 1968).

About 17 %, of the haloth bsorbed is bolized in man (REHDER
ef al. 1967). The main vrinary metabolite is trifluoroacetic acid (TFAA),
which is excreted for about twa weeks after a halothane anaesthesia. TFAA
is formed from halott bably via trifl ! (TFE) and trifluoto-
acetaldehyde (Van Dyke & CuENOWETH 1965). TFE, which is also 2 me-
tabolite of another anaesthetic, fluroxene (BLAKE et al. 1967), is the most
toxic of the metabolites (ATRAKSINEN & TammisTO 1968) and it is possible
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that the toxic aldehyde formed from TFE, is responsible for the toxic actions
(AIRAKSININ et al. 1970).

In mouse liver TFE and trifluoroacetaldehyde hydrate (TFAIH) have been
found to inhibit anacrobic glycolysis in vivo and in vitro and TFE to de-
crease the ATP/ADP ratio in vivo probably resulting in defective energy
production (ROSINBIRG ¢ al, 1970).

During anaesthesia, halothane accumulates slowly in the Jiver (Duncay &
RavINTSs 1959), although more slowly than e, g. in the fat, and the amount
of the metabolites formed may therefore rise to a toxic level.

Material and Methods

The cffect of trifluorocthanol (TFE, Fiuka AG, Buchs S$G), triflucroacetaldehyde
hydrate (TFAIH, Pierce Chem, Co,, Rockford, Illinois), trifluoroacetic acid sodium
(TFAA, Sct i and (Hoechst AG, Frankfurt M) was in-
vestigated in vivo and in vitro.

Table 1.

Hmop;(hologncal chnngcs m mouse liver caused by halothane and its metabolites after
The ification of the degree of injury {+ 10 +++)
is explained in the text.

Time after Degree of

Drug and dosage administration  liver injury

TFE 160 mgikg

24 hrs ++
TFE 250 mglkg . 8 hrs +
TFE 250 mg/kg . 16 hrs ++
TFE 250 mgihg . 24 hrs ++
TFE 250 megfke . 48 hrs +
TFE 600 mgfhg . 8 hrs ++
TFE 600 mz/kg .. 16 hrs +++
TFE 100 mg/kg every 2nd day 14 days ++
TFAIH 300 mglkg 24 brs +
TFAIH 700 mg/kg . 12 hrs +
TFAIH 700 mgrkg 24 hrs ++
TFAIH 1000 mgfig 8 hrs ++
TFAIH 1000 mg/kg ... 16 hrs +++
TFAIH 300 mg/ke every an day 14 days ++
‘TFAA 1000 mg/kg . 24 hrs +
TEAA 2000 mg/kg .. 12 hrs ++
TFAA 2000 mgfke .. 24 brs ++
TFAA 2000 mgfkg ewry an day 14 days ++

24 hrs ++

Halothane 1870 ma/kg .
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For the histological studics Swiss male mice weighing 17-20 grams were used. The
drugs were injected intraperitoneally in different doses, and the animals, five in each
series, were sacrificed at different intervals as shown in table 1. The livers were weighed
and together with the heart and the kidneys fixed in formaline. Histological sections
stained with haematoxylin-cosin (HE) were prepared for examination by light micro-
scope. In some of the animals total and differential Jeukocyte counts were made.

Samples of the livers were also faken for clectron microscopy. The fixation was
performed with 2.5 % glutaraldehyde and post fixation with 1% osmium tetroxide.
The specimens were dried in a rising series of ethyl alcohol and embedded in Epon 812.
‘Thin sections were stained with vranyl acetate and lead citrate,

The glycogen content of (he livers was determined according to VAN DER ViEs {1954).

“The cells used in the in vitre experiment were normal human skin fibroblasts in
their second passage in vitro. Approximately § X 109 cells were plated in 50 mm Petri
dishes with 5 ml of F-10 nutrient mixture (Gibco, Grand Island, New York) supple-
mented with 15 % heat-inactivated newborn calf serum and antibiotics (50 pfmi aureo-
mycin, Lederle). These were allowed to hecome attached overnight before the drugs to
be tested in the amounts given in fig. 3 were added. The cultivation was interrupted
three days later, and the cultures fixed with methano! for ten minutes and stamed by
the method of May-Griinwald-Giemsa. Four dishes were used for cach drug and each
concentration, and the cells were counted along two diameters, 2 mm across, and
crossing each other at right angles.

Results
Histopathological changes in vivo.

No changes were observed in the histology of the heart or the kidneys of
the animals treated with TFE, TFAIH, TFAA and halothane, as compared
to the same organs of control mice. Marked bistological changes were, how-
ever, seen in the livers of the test animals (fig. 1). In table 1, the severity
of the liver changes has been graded from + to ++ . One + represents
a cloudy swelling of the hepatocytes, together with a slight fat accumulation,

not yet seen as lization of the cytopl but rather p ing a coarse
appearance of the cytoplasm. At the next stage of sevedity, waed 28 twa 4,

ization of the hep. and Iymph ic depletion of Glisson’s
triads were seen. Although the lymph p disapp there
was no significant variation in the peripheral leukocyte counts. In the most
severely d livers, compression of the st i jon of the

portal vein branches as well as of the central veins, together with the features
desgribed above, were observed and scored as three +. No signs of biliary
stasis were seen in any of the livers, and small haemorrhages found in some
cases were considered to be artefacts. The weights of the livers did not
change significantly.

The electron microscopic study of the livers graded in light microscopy,
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Fig. la. Control liver showing clearly visible sinusoids with conspicuous feuhocytes.
The portal vein branch is moderately fiffed with blood and the vicinity of the bife

capillary is infiltrated by Jymphocyies. Staining HE. Original magnification X 250,
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Fig. 1b. Liver from a mouse myected with TFE 250 mg/hg 8 hrs before sacnifice. The
sinusowds are p and the cytopl of the fiep has a coarse
{+ in table 1) Staining HE Onginal magnification X 250.
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Fig. 1c. Liver from a mouse injected with TFAIH 700 mgikg 24 hrs before sacrifice.

Vacuoles of varying sizes ate seen in the cytoplasm of the hepatocytes, the sinusoids

are the ic infi normaily scen next to the bile

capillary has disappeared, and the portal vein branch is congested. (++ in table 1).
Staining HE. Original magmfication X 250.
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F'Ag. 1d. Liver from a mouse injected with TFE 600 mefhe 16 hrs befare sacrifice, The

liver cells contain large fat vacuoles and their cytoplasm is compressed (o a thin rim

at the periphery of the cells, (+++ in table 1). Staining HE. O;
X250,

riginal magnification
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Fig. 2a An electron micrograph of a normal mouse liver. The glycogen pranules are
prominent. Magnification X 20000,

with + -+ and + + + suggested that the glycogen granules had almost com-
pletely disappeared (fig. 2). This was confirmed by chemical determination
of glycogen in the same livers (table 2). Although TFAA (2000 mg/kg)
slightly injured the livers 24 hours after the administration, the content of
glycogen rather tended to increase, in contrast to the effect of halothane and
of the other metabolites.

Fat accumulation was the other prominent feature in the electron micro-
graphs, and some of the vacuoles contained myelin figures (fig. 2b). The
mitachondria showed no definite signs of injury.
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Fig. 2b. An electron micrograph of tl

kg 24 hrs before sacnfice. The glycogen granules seem to have almost completely dis-

appeared and fat vacuoles dominate the picture. Inside some of the vacuoles myelin
figures can be seen. Magnification X 20000.

As seen in table 1, the extent of liver injury was dose-dependent, and the
masximal effect with TFE and TFAIH occurred at about 24 hours after ad-
ministration, There were already faity changes with non-fethal doses of
TFE (160 mgjkg) and TFAIH (300 mg/kg), which were reversible, Necrosis
of the liver cells could not be detected even after multiple doses of TFE, "
TFAIH and TFAA (administered every second day during two weeks), ,'
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Table 2.
Effect of TFE, TFAIH, TFAA and halothanc on the liver glycogen in mice 24 hrs
after i 1 inistration, Six d inations for each value,

Degree of Glysogen

fiver injury mg/100 g (£ S.E.M.)
Controt - 2059 %288
TFE 250 mgfks ++ 163+79
TFE 600 mgfkg +++ 1610
TFAIH 700 mglkg ++ 32%11
TFAIH 1009 mglkg +++ 19108
TFAA 2000 mg/hg .. = ++ 30L6£255
Haloth 1870 mglkg ++ 134207

Inthibition of fibroblast growtl in vitro,

TFE in concentrations up to 50 mM did not have any inhibitory effect on
the growth of the fibroblasts as compared to the controls (fig. 3). Neither did
it cause any morphological changes in the test cells. On the other hand,
TFAIH, even in low concentrations, and TFAA, in high concentrations,
markedly inhibited the multiplication of the cells, as judged by their de-
creasing number in the dishes with increasing concentrations of the drugs.
Many of the cells in these dishes showed a pycnotic nucleus and a pale
cytoplasm, suggesting an inhibition of the metabolism of the cells,

g2 TFE

ag
£
=]
3

107 TFAA

\ TFAIH
3x10

0 0.5 S 50 mM

Fig. 3. Effect of TFE, TFAIH and TFAA on human fibroblast growth in virre. The
cultures were interrupted three days after adnumstration of the drugs, The cells were
then counted as described in the text, Four dishes for each concentration.
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Discussion

TFAA has been shown to cause enlargement of the mouse nver and slight
functional disturbances, but no fat lation when i in the
drinking water for 4-5 days (SCHIMASSIK ef al. 1966). Contrary to the reports
of BLAKE et al. (1969) TFE and TFAIH markedly injured the livers of mice
in our studies. Fat accumulated even after single non-lethal doses and the
vacuolization and destruction of the lobar structure by lethal doses might be
sufficient to explain the cause of death. The myelin figures of the fat vacuoles
indicate that some of the fat was composed of phosphohpxds (Scuou.ck
1966). The same has been observed after prol d halothane h
(ScHOLLER 1966), This means that fatty acxds from the fat depots combine
with glycerophosphates for the formation of phospholipids (BroDE &
Marcken 1963). The inhibition of energy production by TFE and TFAIH
(RosENpERG ef al. 1970) therefore leads to an emergy requirement and an
accumulation of external fatty acids in the liver,

On the other hand, we have found a significant decrease of reduced
glutathione in the liver and erythrocytes (ROSENBERG unpublished), suggest-
ing an inhibition of enzymes with active thiol groups (AIRAKSINEN ef al.
1970). This would thus lead to a defective utilization and transport of
triglycerides in the liver and to an accumulation of fat, i. e, the hepatotoxic
sign of injury (REES & SHOTLANDER 1963). Chloroform and carbon tetra-
chloride are believed to act by this mechapism in the production of fatty liver
(Scrorrer 1966). Tt is probable that both mechanisms are effective
in causing the liver injury due to halothane metabolites,

Glycogen, which decreases 1 the liver when general hepatotoxins are
administered (Basst 1960), almost totally disappeared from the liver cells
after treatment with TFE, TFAIH and halothane. In this case glycogenolysis
was probably stimulated by energy loss, but it might also have been stimu-
lated by anaesthesia, as has been shown by VIRTUE et al. (1958)

It has been Tuded that haloth is mot g in
animals (Norwis et al. 1963; BLoxam 1967) as are e. g chloroform and
catban tetrachloride., and the stight hepatic damage sometimes. seen. is. prae
bably due to hepatic hypoxia (GALINDO ef al. 1966). Administration of the
anaesthetic directly into the stomach of mice caused only fatty changes and
so did multiple exposures (JONES et al. 1958). The present study suggests that
neither of the halothane metabolites canse necrosis of the liver cells.

In our studies TFAIH inhibited the growth of human fibroblasts in vitro in
concentrations which did not greatly exceed the amount of the drug which
would be expected to accumulate in the liver and the kidneys after admini-
stration of LD50 doses (ATRAKSINEN & TAMMISTO 1968). The fact that TFE
had no effect on the fibroblasts seems to indicate that there is no enzymatic

2

Acta Pharmacologica, val 29, fasc 1
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Table 2.
Effect of TFE, TFAIH, TFAA and halothane on the liver glycogen in mice 24 hrs
after i i { inistration. Six inations far each value.

Degree of Glycogen

liver injury  mpl/100 g (X S.E.M)
Control - 2059 +£288
TFE 250 mglkg ++ 163178
TFE 600 mgl/kg +++ 16410
TFAIH 700 mglhg ++ 32411
TFAIH 1000 mg/ke 4+ 19308
TFAA 2000 mg/hg .. ++ 3016255
b3 h 1870 mgfkg ++ 13207

Inhibition of fibroblast growth in vitro.

TFE in concentrations up to 50 mM did not have any inhibitory effect on
the growth of the fibroblasts as compared to the controls (fig. 3). Neither did
it cause any morphological changes in the test cells. On the other hand,
TFAIH, even in low concentrations, and TFAA, in high concentrations,
markedly inhibited the multiplication of the cells, as judged by their de-
creasing number in the dishes with increasing concentrations of the drugs.
Many of the cells in these dishes showed a pycnotic nucleus and a pale
cytopl ing an inhibition of the bolism of the cells.

o T
EE FE
2%
3
107 TFAA
E
. TFAIH
3x10

0 05 5 S0 mM

Fig. 3. Effect of TFE, TFAIH and TFAA on humsn fibroblast growth in vitro, The
cultures were interrupted three days after administration of the drugs. The_ cells were
then courted as described 1n the text. Four dishes for each concentration.
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Displacement of Brain and Heart Noradrenaline by
p-Hydroxynorcphedrine after Administration of
p-Hydroxyamphetamine
By

Tommy Lewander
(Reccived May 19, 1970)

Abstract: After the inistration of p-hy ine 20 mglkg intra-
peritoneally, there was a 50 per cent decrease in the brain noradrenaline (NA)
fevel and a 70 per cent decrease in the heart NA level at 4-8 hours after the
injection. Control levels of brain and heart NA were xeached at 96-14 hnurs
after a single dose of the drug. Repeated i i of p-h

20 mglkg wice daily for 3 days, caused a depletion of brain and heart NA to
about 20 per cent of the conirol levels. The brain dopamine (DA) level was
reduced to 85 per cent of the control level at 1 hour after 20 mg/kg of the drug
and to 76 per cent after 40 mg/kg. After the repeated injections of p-OH-A, the
brain DA was reduced to 70 per cent of the control level. Radioactively labelled
p~hydrmynoreph=dnne was isolated from both hrum zmd hean tissue extracts
after the of p: )5

drineSH remained in the br:sm nnd the heart as long as the NA Tevels were
decreased, The NA deficit in the brain and heart corresponded approtimately to
the amounts of p-hydroxynorephedrine-2H present in the tissues. In reserpine
pretreated rats the amounts of p-hydroxynorephedrine-3H formed in the brain

and heart tissues were reduced, icating that p-hy hedrine is bound
by a reserpine smsmv: storage is Adminis ion of p
amine or the di of labelled p-hyd

norephedrine from the brain and the heart.

Key-words Rat — brain — catecholamines — sympathomimetics,

In rats, parahydroxyamphetamine is the major metabolite of amphetamine
(AXELROD 1954; ALLEVA 1963; DRING et al. 1966; ELLISON et al. 1966). It
has been demonstrated that the intraperitoneal administration of p-hydroxy-

h ine causes a d in brain and heart NA! (MATTRE & BRUNNER

0 A iations used: NA = fine, DA = ine, CA =
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1967; LEWANDER 1968) and it was concluded (LewanDrr 1968) that p-hy-
droxyamphetamrine might contribute to the changes in tissue CA levels
caused by amphetammc. This conclusion was supported by the previous

finding of p-hy hedrine (or hyloctop as a boli
of amphetamine in penpheral NA neurons (GowerJN & ANAGNOSTE 1965;
THOENEN et al. 1966). In addition, p hedrine has been isolated

from peripheral adrenergically mnervated organs after the administration of
p-hydroxyamphetamine (KoriN 1965). These facts prompted us to study the
effects of p-| hydroxyamphetamme on brain and heart CA in relation to the
of p-hydr and p-hy P ine in these
tissues, :
Recently, it was independently reported by GrorrETTI & Costa {1969),
CosTa & GROPPETTI (1970), BRODIE & GEssa (1970) and LEWANDER (1970),
that p-hydroxynorephedrine is also found in the CNS after the administra-
fion of amphetamioe.

Material and Methods

Male Sprague-Dawtey 118, 200 g body weight, were used. The animats were kept
in individual cages for at Jeast 24 hours before and during the experiments. Food and
wader was given ad libitum,

Afier treatment with racemic p-hydroxyamphetamine-HBr {Smith, Khne and French)
dissolved in saline and in doses given under results, the rats were decapitated under
light chloroform anaesthesia and the brains and hearts were rapidly dissected out and
homogenized in 0.4 N perchlonic acid. CA in the tissue extracts were adsorbed on
alumina (0.6 g in glass columns) NA in the acetic acid eluate was determined according
1o Cuanag (1964) and DA according to CARLSSON & WALBECK (1958) as modified by
Carrsson & Levoqvist (1962).

3H-dl-p-hydrovyamphetarune, generally labelled, way obtained by acid catalytical
exchange {(AB Atomenergl, Studsvik, Sweden). Before use, a radiochemical purity of
> 99 % was ascertained by isolation of the labelled p-hydroxyamphetamine on an ion-
exchange column (Dowex 50 W X-4, Na*-form, 0.4 X 5 cm, tunt as described below
for Amberlite columns) and subsequent checking by paper and thin-layer chromato-
graphy (see below). The 3H-p-hydrovyamphetamine was added to the unlabelled com-
pound to give a specific activity of 0.57 mci/mmole, Each rat recewed appmmmatdy
100 pe1= 4 mg of the drug. Labelled p-hyd. and p
ning in the perchloric acid extracts (set to pH 4.5 by addition of 2 M-KOH) of brain
and heart tissues were separated on Amberlite CG 120, type I, Na*-form, jon-exchange
columas (0.4 X S cm). The two substances appeared in the 1 M-HCl-eluate as shown
m fig. 3. For quantitative determinations the eluate was divided into 3 portions which
were collected separately: 1. The first 2 ml werc discarded, 2. 15 ml containing p-hy-
droxynorephedrine and 3. 30 ml containing p-hydrovyamphetamine, The second and
third portions were reduced to dryness, redissolved in methanol and transferred to
counting vials. After the addition of 14 ml of a scintillation mixture (0.1 g POPOP
and 40 g of PPO per litre of mluene) the vials were counted in a Packard Tri-Cath=

Q was i by the external standard  ~
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Recoveries were 92:£39 % (mean+5.D.) for p-hydroxynorephedrine and 78-80 %
for p-hy ine as di i at 285/335 nm in 1 M-HCI (uncorrected) in
an Aminco-B

Parahydroxynorephedrine in the second portion and p-hydroxyamphetamine in the
third portion of the fon exchange column eluate were identified by paper chromato-
graphy according to ELLISON ef al, (1966) and by thinlayer chromatography on
ChromAR® (Malinckrodt) silica gel sheets d ped in b pyridi ic acid
(30/1/10). Authentic amines were visualized by staining with ninhydrine. Radioactivity in
1 cm segments of the strips of the paper or silica gel sheet was counted as described
above. Details of the above procedures are described ¢lsewhere (LEwaNDER 1971).

Tissue levels of CA, p-hy hedrine and p-t ine refer to the
respective bases,

Comparison of the data was made by use of Student's t-test.

Resnlts

Changes in tissue levels of CA after p-hydroxyamphetamine.

1t is shown in fig. 1 that brain and heart NA are maximally depressed at
4 and 8 hours respectively after the administration of 20 mg/kg intraperitone~
ally of p-hy yamph ine and that replenist af the NA stores was
not reached until 6 days fater. Brain DA was unchanged except for a de-
crease of 25 % (P<C0.001) at 1 hour (data not shown) and of 14 %
{P < 0.05) at 8 hours after the drug was administered.

p-OH-amphetamnine 20 mgrkg 1p

*h o
controls
100-

»—a Bran NA

50
«--o Bron DA
o Heart NA
o
4 t H 3 4 5 &
days
Fig. 1, Time-response curves of changes in brain drenaline (NA), braia dop

(DA) and heart NA in the rat induced by a single dose of p-hydroxyamphetamine

(20 mgfkg intraperitoneally) injected at zeto time. Each point r-cp.rcsem !‘he.r.nesn

(£5.E.M) of 4-6 determinations. Open symbols indicate statistically s:.gmlxcan—!

(P < 001 or less) differences from the control level. Absolute values for: brain NA =
0.39 £ 0.01 pgfg, brain DA = 0,84 % 0.03 pgfg, heart NA = 0.77 +0.02 pele.
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P-OH-amphetamine

s of controls Bran DA
100

Bran NA
Heart NA
50 | |
¢

wow 20 0 20 it o 20 @

Dose my/kg ip
Fig. 2. Dose response ionship between in p-hy i
and the levels of brain drenaline (NA), brain ine (DA) and heart NA in

the rat, measured 4 hours after the injection of the drug. Columns and vertical bars

represent means +S.E. M. of 5-6 observations. The absolute catecholamine levels

were; Brain NA =039+ 001 pgfg, brain DA = 084002 pg/g and heart NA =
0.77 £ 002 pgle.

Brain and heart NA and brain DA levels were determined at 4 hours
after 3 different doses of p-hy injected intraperi 1ly.
It is seen (fig. 2) that there is a dose-response relationship with regard to
the decrease in brain NA. The heart NA was equally depressed after all 3
doses. The brain DA was decreased by 24 % (P << 0.001) after the ad-
ministration of the highest dose of the drug.

Table 1.
The effect of 2 mingle injection (20 mgfkg i if ) and repeated injectis
(20 mefkg twice daily for three days) of p-hydroxyamphetamine (p-QH-A} on the levels
of brain dopamine {(DA), brain noradrenaline (NA} and heart NA in the rat expressed
as percentages of control levels (means + 8. E. M. of 5-6 observations). The animals
were sacrificed 4 hours after the Iast injection, The absolute control Jevels are the same
as given in fig. 2,

Brain H
Treatment eart
DA NA NA
saline .. ... 00+24 100%33 00432
p-OH-A, single . |E5S 46301000 56 k2400
p-OH-A, cepeated Loovvennne 0+ 1844 2Lk 770w 184 100

¢** Difference versus control P < 0.001.
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RAT BRAN
P-OH-amph-*H, &n

FU cpm
3001150 p_op-nEDh
20071000
p-OH-A
101500
1 v 20 N 4 s
M HCL Fracton nr

Fig. 3. Jon-exchange chromatography of a brain extract from a single rat injected with

ine-3H 4 hours i Solid ling: Native fluorescence (285/

335 nm) in flnorescence wnits (F. U.). Broken line (= shaded area): Radioactivity in cpm.

Abbreviations:  p-OH-NEpb = p-bydroxynorephedrine, p-OH-A = p-hydroxyamphet-
amine,

In a third experiment the effect of a single injection of p-hydroxyamphet-
amine, 20 mg/kg intraperitoneally was compared with the effect of repeated
injections, 20 mg/kg twice daily for 3 days, on brain and heart CA levels
at 4 hours after the last injection (table 1). Both the brain and heart NA
were decreased by 50 %, after one injection and by 80 % after repeated
injections. The brain DA was significantly decreased (P << 0.001) only after
repeated injections of p-hydroxyamphetamine.

Hdentification and itative d ination of p-hydrox. phedrine in
brain and heart tissues.

At 4 hours after the intraperitoneal administration of p-hydr h
amine-3H, 0.02 % of the injected dose was found in the brain and the heart
tissue extracts. After the addition of authentic p. sne and

p-hydroxynorephedrine to the tissue extract the 2 compounds were separated
by ion-exchange chromatography. It was found that radioactivity in the brain
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extract foll i both the p-hyd phedrine and the p-hydroxyamph
amine peak (fig. 3). The fractions ining p-hy hedrine (no.
5.15) were pooled, d and further ch phed on paper or
thin-layer as described in “Methods.” The dioactive material coch
graphed with authentic p-hyd hedrine in both systers.

The same results were nbtamed with heart tissue extracts from rats given
p-hydroxyamphetamine#H,

About 50 %, of the total radioactivity in the brain extract and 60 %/, in
the heart extract was found in the effluent and washings from the jon-ex-
change columns. No attempts were made to identify this radioactive material,

The of p-hydroxyamp ine and p-hyd phedrine in
the brain and heart were determined at different intervals after administra-
tion of p-hydroxyamphetamine-H (fig. 4). At 4 hours after the injection,
peak levels of p- hydmxynoxephednne were found in the brain and in the
heart at 8 hours. M of p-hyd, phedrine were found
both in the brain and heart tissue for 6 days. Parahydroxyamphetamine was
present in the tissues during the first 24 hours after admigistration of the
drug but disapp d during the following day.

Relationship between depletion of NA and occurrence of p-hydroxynor-
ephedrine in brain and heart after p-hydroxyamphetamine.

According to fig. 5 the NA deficit cansed by p-hydroxyamphetamine is
almost stoichiometrically covered by its metabolite p-hydroxynorephedrine
in both the brain and heart, at least during the first 48 hours after the

»olg p-OH-NEph  p-OH-A
Bran —e— e
oo Heart —— -

6
days
Fig. 4. Time course of the presence of p-hydro: ine (p-OH-A) and p y
norephedrine (p-OH-NEph) in rat brain and heart tissue extracts rcspechvely a!z:r a
single injection of p-OH-A-3H (20 ma/kg intraperitoneally).
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oo
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LS te¢ pours

Fig. 5. Remaining stores of noradrenaline (NA, black cnlumns) in rat bramn (above) and

heart (below) tissues at different times after the ini of p Y

amine (20 mg/kg intraperitoneally). White columns, on top of the black columns,

represent the amounts of p-hydroxynorephedrine (p-OH-NEph) present in the tissues

at the respective times. Brohen lines: Control fevels of NA. Cofumns and vertical bars
represent means + S, E. M. of 4-6 observations,

p-hydroxyamphetamine injection. The NA and p-hydroxynorephedrine values,
corrected for recoveries, were obtained from 2 separate groups of rats (cf.
fig. 1 and fig. 4).

Effect of reserpine p 1 on p-i ynorephedrine levels in brain
and heart.

Four rats were given reserpine, 5 mg/kg intraperitoneally, and 4 other
rats saline 8 hours before sacrifice. All the rats received p-hydroxyamphet-
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amine-*H, 20 mgfkg intraperitoneally, 4 hours before sacrifice. The determi-
nation of p-hydroxynorephedrine formed from p-hydroxyamphetamine
showed (table 2) that the brains and hearts of the reserpine treated rats con-
tained only 11 % (P << 0.001) and 4 %, (P < 0.001) respectively of the con-
trol p-hydroxynorephedrine levels.

Effects of p-hyd: f ine and fi
drine levels in brain and heart,

Parahydxoxyncrephedrine»‘*ﬂ was incosporated into the brain and heart
by the administration of p-hydroxy h ine-*H, 20 mg/kg intraperifone-
ally, 20-21 hours before the start wﬁ the experiment. The animals were
divided into 4 gwups of 4—5 rats, In the first experiment 2 groups received

tabelted p-h 20 mgjkg intraperitoneally {= 0.086
nmole of the base) and sahne respectively and were sacrificed 4 hours later.
In a second experiment the 2 other groups were given dl-amphetamine-5Oy,
20 mg/ky intraperitoneally (= 0.110 nmole of the base) or saline and were
sacrificed 3 hours after the last injection,

As shown in table 3 p-hyd; ine caused a d in both
the brain and heart p-hydtoxynorephednne-"ﬂ levels to 70 % (P << 0.001)
and 14 %, (P << 0.001) of the conteol values.

inistration of h was also followed by a d in the
brain and heart p-hydroxynorephedrineH levels to 99 %, (P << 0.05) and
26 % (P < 0.001) respectively as compared with the controls.

on p-hydroxynorephe-

Table 2.

Content of p-| hydrnxynor:phednne (p~OH-NEph) in rat brain and heart tissues 4 hours

after the ad af int Yo control rats {set to 100 %Y and

rats pretreated with reserpine, 5 mg/kg intraperitoneally 4 hours before the p-hydroxy-
amphetamine injection Bigures represent meany + 8. E. M, of 4 observations.

P-OHNEph
———
Pretreattnent Brain Heart

e

nglg % ngfg %

Salise e 160 £ 20 100 350 & 60 100

Reserpine, 5 mglkg ip 17 £ 100+ 11 15 £ Bvs 4

st

**v Difference versys saline P < 0001,
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Table 3.
Effect of p-hy ine and ine on brain and heart tissue levels of
I)-nyum' hedri T ineSH was hesi in vive by ad-
of SH, 20 mefkg i i 24 hours before
sacrifice. Cold p-l hydmtyampheu\mme, 20 mg]kg intraperitoneally, or dl-amphetamine-
S0y, 20 meglkg was 4 or 3 hours respectively before
sacrifice. Figures represent means + . E. M. of 4-5 observations.
p-OH-NEph
Treatment Brain Heart
nglg % nplg %
Expt.1:
saline 8141 100 283116 100
p-hydroxyamph, ....... 574 1eev 70 9k geer 14
Expt. I
saline .. 9714 100 319+24 100
dl-amph. 871 90 B2 L6 26

* Difference versus saline P < 0.05.
+4+ Difference versus saline P <C 0.001.

Discussion

Like tyramine (CARLSSON & WALDECK 1963; FiscHER et al. 1964), p-hy-
droxyamphetamine has been shown to be f-hydroxylated in peripheral
adrenergic neurons (KopIN et al. 1965). The present results confirm these
observations, which are extended to include the quantitative relationships

between the p of p-hydrox; phedrine and the depletion of NA in
the rat heart. Furthermore, both p- hydmxyamphe!amine and its B-hydroxy-
lated boli hedrine were identified in the brain tissue.

The depletion of bram NA caused by p-hydroxyamphetamine (MAITRE &
BRUNNER 1967; LEWANDER 1968) was found to be dose-dependent and to
persist as long as p-hydroxynorephedrine was present in the brain tissue
(about 96-144 hours).

Parahydroxyamphetamine was found both in the brain and heart tissues,
but in smaller amounts and for a shorter time than its §-hydroxylated metab-
olite (cf. fig. 4). Parahydroxynorephedrine was present much Tonger with an
apparant half-life of 22-24 hours in both brain and heart. This figure is in
agreement with the Ty of p-hydroxynorephedrine obtained by KopPIN et nl
1965 in the rat heart. The same ionship between p-hy yamp
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and p-hydroxynorephedrine in fat brain and heart after administeation of
amphetamine was reported by GroppeTT1 & CosTa {1969).

Since the enzyme g-hydroxylase is present in NA neurons only and since
the major patt of the p-hydroxynorephedrine seems to be stored by a re-
serpme sensitive mechanism (table 2), there is reason to believe that p-hy-

hedrine, like ine after inistration of ine (ANAG-

ROSTE & GOLDSTEMN 1967; CartssoN & WaLpick 1963), and like other

phenylethylamine derivatives {cf. Kopme 1968) is bound to the NA storage

granules as a false adrenergic transmitter. This is further supported by the

present finding, that there is an almost stoichiometrical relationship between

the amount of NA depleted from the brain and heart and the tissue levels

of p-hydroxynmephednne for at 1easl the first 48 haurs after the p-hydroxy-

A ic 2t of NA in the

mt brain and heart caused by i a(ter the admini ion of
a-methylmetatyrosine has been reported previously {ANDEN 1964).

From these observations it follows that p-hydroxyamphetamine actually
passes the blood-brain barrier, which is generally considered as impermeable
to this compound as well as to tyramine. The inability of tyramine to pass
the blood brain barrier {cf. ANAGNOSTE & GOLDSTEIN 1967) may be due to
its lability against MAO when penetrating the endothelium of brain capil-
laties (cf. BERTLER et al. 1966). According to the present results at mast
0.012 %, of the injected radmaciwny was found per g brain tissue at 4 hours

after the p-hy dministration as opposed to 0.027 %/g
heart tissue, mdlcatmg 1hat there is a hind 1 not for
the p of p into the brain. In comparison a
pcak level of about 0‘7 % of the dose (20 mg/kg mu'apemonea]ly) is found
per g brain at 30 minutes after an )i (L 1971),

The decrease in brain NA, but not in heart NA was dependent on the
dose of p-hyd ine (fig. 2). Explanations for this discrepancy

may be mat the depletion of heart NA, is not maximal at the time interval
(fig. 1) chosen in this experiment or that the NA released from other
adrenergjcally innervated organs is taken up by the heart NA neurons in

with p-hy ine (cf. IVERSEN 1966). A release of

pcnphera! NA by p-hydroxy h ine is indj d by an increase in the
urinary excretion of NA (LEWANDER 1968).

After a single injection of p there was as much as a

50, reducmn in brain NA and a 70, xcducnon in heart NA while after
six ions of p-hyd only an additi 30%
in the brain and heart NA levels was depleted (table 1). This might indicate
that part of the NA stores are refractory to the NA depleting action of

¥ ine. Another lanation, which is d by the
rcsuns shown in table 3, is that a second dose of p-hydmxyamphctamme in
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addition to NA causes a displacement of p-hydroxynorephedrine, formed
after the first injection.

So far there are no reports on the bolism of p hedrine
in the brain. Ths a-methyl group protects both pAhydmxynorephednne and
p-hydroxyamg ine from deamination by MAO. The small amount of
p-hydroxynorephedrine-SH  rel, by p-hydroxyamph ine from the
brain in comparison to the heart (table 3) might possibly be due to the
blood-brain barrier g the of p-hydroxyamp ine into
the brain or delaying the disapp of extr lar p-hy or-

ephedrine-*H from the brain tissue.

The decrease in brain and heart levels of p-hydroxynorephedrine-SH after
amphetamine (table 3, expt. II) was smaller than that after p-hydroxyamphet-
amine, It cannot be concluded from this experiment whether amphetamine
itself releases p-hydroxynorephedrine-3H or not. A part at least of the missing
p-hydroxynorephedrine-*H in the brain and heart might have been displaced
by p-hydroxyamphetamine formed from amphetamine in this experiment.
Octopamine-4C in the mouse heart was not released by amphetamine, while
p-hydroxylated phenylethylamine derivatives were potent in this test (CARLS-
soN & WaLDEcKk 1966). In the present experiment, heart p-hydroxynor-
ephedrine-*H might also have been released by an increased nerve impulse
flow in the peripheral sympathetic nerves (THOENEN et al. 1966) caused by

amphetamine,
The brain DA levels were only shghtly and transiently decreased by the
istration of p-hydroxyamp However, the changes observed

(fig. 1, 2 & 3) indicate that p-hydroxyamphetamine has an action on brain
DA. In support of this conclusion it has been reported that p-hydroxyamphet-
amine (50-200 pg) injected bilaterally into the caudate nuclei of the rat,
induces an amphetamine-fike stereotyped behavior (FoG cited by RANDRUP
& MunkvaD 1970). 3 hours after the intracisternal injection of 40 g of
p-hydroxyamphetamine, however, the brain DA was not affected (BREESE
et al. 1970). Differences in dose, route of administration and interval between
injection and sacrifice may explain this inconsistency.
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Abstract: The brain and heart NA in Tals was maximally decreascd by 28-52 %
at 3-12 hours after 20 mgfkg i of d} h $0;. Control
levels of NA were not reached until 96 hours afier a single injection of amphet-
amine, while the drug disappeated from the brain and plasma within 12 hours.
Amph:lamme was qund m dmappzar twm rat tissues in 3 poly-phasic pattern
after i The ratio was 9.0 % 0.3 (mean +
$.D.). Parahydroxynorephedrine was xdcnuﬂed in the brain and heart as a
metabolite of the d-isomer of hy ing, the
apparent Tys of which was estimated 1o be aboul 22 hours, seems to be respon-
sible for the prolonged depletion in the brain and heart NA levels caused by
amphetamine, However, there was not an exact stoichiometric relation between
the NA deficit and the amount of p-hydroxynorephedrine present. After pretreat-
meat with desmethylimipramine, whick inbibits the parabydroxylation of amphet-
amine, the NA in the brain and heart was decreased by amphetamine but
already returned to control levels in about 12 hours. It is concluded that the
pcrs:slem depletion of brain and heart NA induced by amphetamine is caused

by the ion of p-h ine as a false itter into NA
neurons.

Key.words Rat - brain ~ catecholamines — amphetamine

In 2 previous study (Luwanper 19682} long-term adminictration of i
amphetamine sulphate (16-48 mg/kg intraperitoneally) to rats was found to
cause a progressive decrease in the tissue levels of NA* and DA, After an
initial increase in urinary ion of ad and di ine there
was a gradual decrease in the excretion during chronic amphetamine treat-
ment indicating tolerance to the drug. It was suggested as a tentative explana-

+ Abbreviations: NA = ine, DA = d

1 Acta Pharmacologica, vol 29, fasc, 1

el o
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tion of these findings that amphetamine or one of its metabolites could
displace the tissue stores of catecholamines and possibly serve as a false
transmittor.

This suggestion was based on the finding of radioactively labelled p-
hydroxynorephedrine in the heart but not in the brain of rats injected with
d-amphetamine-*H (GOLDSTEIN & ANAGNOSTE 1965). Furthermore, THOENEN
et al. (1966) had shown that p-hydroxynorephedrine-*H and norephedrine-*H
is formed from ampheamine-=*H in the cat spleen and that p-hydroxynorephe-
drine can be released by nerve stimulation.

In a preliminary study (LEWANDER 1970) p-hydroxynorephedrine was
found in the rat brain after the administration of amph i

The present paper deals with the eli rate of in the
rat, the conversion of amphetamine to p-hydroxynorephedrine in vive and
the relationship between the presence of p-hydroxynorephedrine and the
amphetamine-induced depletion of NA in the brain and heart tissues.

Material and Methods

Male Sprague-Dawley rats, 200 g body weight, were kept in individual cages and were
provided with food and water ad libitum. The sulphate salts of di-, d- or l-amphet=mine,
dissolved 1n sterile saline, were injected intraperitoneally in the doses given in tl= fext.
The dl-, d- and lforms of amphetamine-7-44C sulphate were obtained from CEA,
Saclay, Gif-sur-Yvette, France.

Determination of amphetamine by gas liquid chromatography (GLC)

The brain, liver and lung tissues were homogenized in 0.4 M perchloric acid, 6 ml/g
tissue, and centrifuged at 10,000 X g for 10 minutes. An aliquot of the supernatant was
extracted with an equal volume of distilled toluene at pH 12 (5 M sodium hydroxide)
for 1S minutes. The amphetamine recovered (93 %6 %, mean*S.D.) in the tolueac
phase was reacted with trichloroacety! chloride and the amphetamine derivative was
analyzed by GLC with electron capture detection (ANGGARD ef af. 1970). The sensitivity
of the method allowed the determination of amphetamine levels of 10-20 ng/g tissue.

Deternunation of NA and DA.

Single brains or hearts were homogenized in 10 mi of 6.4 M perchlorid acid. After
centrifugation, 10,000 X g for 10 min,, the supernatant was adjusted to pH 4 with 2 M
potassium hydroxide and recentrifuged. After a second adjustment of the pH to 85
with 1 M Tris-buffer, NA and DA were adsorbed on alumina (600 mg) columns and
eluted with 0.2 M acetic acid. NA in the eluate was assayed fluorimetrically accoring
to CHANG (1964) and DA according to CARLSSON & WALDECK (1958) as modified by
CARLSSON & LINDQVIsT (1962).

Determinationt of p-tydroxynorephedrine

Rats were injected i i 1ly with 20 mg/kg di ine-7-15C .sulphale.
the specific activity of which was 4.5 nci per ug of the b?se (in total 15 pci per x?al)
after dilution with stable ine. To the ic acid of the brains




p-HYDROXYNOREPHEDRINE IN BRAIN AFTER AMPHETAMINE 35

and hearts 2040 pg each of d! It h and dl-norephe-
drine and p-hydroxynorephedrine were added. Aﬁer centrifugation at 10,000 X g for
10 min, at +4°, the supernatants were adjusted to pH 4.5 with 2 M potassium by-
droxide and recentrifuged. The samples were put on strong cation evchange resin
columns (Amberlite CG 120, type 11, Na*-form, 0.4 X 5 cm). After washing the column
with 5 ml redestilted water, 5 ml of 1 M sodium acetate buffer pH 6.0 containing 0.1 %
EDTA and then again with 10 mi of redestilled water, the amines were eluted with 1M
hydrochloric acid in 1.3 ml fractions. The fractions containing p-hydroxynorephedrine
and p hydroxyamphetamine were localized by reading each fraction at 285/335 nm
(uncorrected) in an Ami against standard solu-
tions {1-5 pefmi M-HCY) of the two amines. Pertions of each eluate were taken for the
measurement of radioactivity as described below,

During the JoJ of the i ic method, it was found
that ine appeared in app Ihc same fractions as 2 -hydroxynorephe-
drine {fraction 4-15, fiz. 3a) and that UC appeared i i after-
wards and partly ing the p ine peak.

For delermma(lons the portions of the eluate cvntammg p»hydroxynorcphednn=~

il 15) and p-hy 15-
60) i were pooled, and redi in methanol. The compouads
in the first portions of the eluate were then separated by thin-layer chrnmamgraphy on
ChromAR® 500 sheets (5 X 16 cm, h ), Tun in by tic acid
(30/1/10) or by paperchromatography according to ELLISON et al. (1966) ‘The amines
were visualized by spraying the with a 0.2 % nif ine solution in

acetone containing 1 % (viv) pyridine. Radiochromatograms of the thin-layer and paper
strips were prepared by cutting them into 0.5-1 cm segments which were put into
counting vials Recovery of p-hydrotynorephedrine was 92232 % (inean £ 5. D),

The residue of the second portion of the eluate was fransferred directly into counting
vials and was regarded as amphetamine-14C.

Radiogctivity was measured in a Packard Tri-Carb liquid scintillation spectrometer as
described previousty (LEwWANDER 1968a). Quenching was monitored by the external
standard technique.

The ia] analysis of p-hy with ion exchange chromatography
followed by TLC was necessary, since dl-amphetamine.7-14C was found to contain
varying amounts (0.5-7 %) of i ities that follawed ine in the ch
graphic system used. In some expeniments (see “Results”) the 14C-labelled amphetamine
was purified to >%9.8 % by means of the ion-exchange chromatographic method
deseribed above,

Tissue levels of CA, ine and 15
tive bases.

Comparisons of data were made by use of Student’s t-test,

were calcul. as the respec-

Resalts
Time-course of changes in CA levels after amphetamine.

The brain and heart NA and the brain DA were determined at intervals
after the i. p. injection of 20 mgfkg dl h S0 (fig. 1). It was found
that both the brain and heart NA levels were decreased by a maximum of
28 %, at 3 hours in the brain, and by 52 % at 12 hours in heart tissue? 7
3
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dl-umphetuminbso‘,‘ 20 mglkg ip

}A

.
controls { ot
50
e—o Brain DA
»—a Heart NA
0
0 1 2 3 4 5 6
days

Fig. 1. The time-response relationships of the changes in brain NA, brain DA and heart

NA levels after dl-amphetamine. Controls set to 100 %. Each point represents the mean

(£S5.E.M) of 4-6 determinations, Open symbols indicate statistically signiricant

(P << 0.05 or less) differences from the control level. Absolute values for control avels

of catecholamines were: Brain NA = 0.39 + 0.01 pg/g, brain DA = 0.79 + 004 ug/g and
beart NA =0.77 £ 004 pglg.

shorter time intervals the decrease was submaximal in both tissues. Control
levels of NA were not reached until 96 hours after the administration of
amphetamine for both the brain and heart.

‘There was an increase of 16-20 %, in the brain DA at 3 and 12 hours, but
otherwise no statistically significant changes in brain DA were observed,

Table 1.
Amphetamine concentrations {mean + S. E. M.} in rat tissues at 0.5 hour after an intra-
peritoneal injection of 20 mg/kg dl-amphetamine-SO4 and Ty for the initial and late
phases of disappearance of the drug from the tissues.

Tysz in minutes
N Amph. conc. 0.5
Tissue hr after injection | Initial phase 0.5-2 hrs| Late phase 4-12 hrs
after inj.

Brain 193 *21 36 120
Plasma 2234032 33 135
Liver 146 +12 36 175

416 £13 42 120

Lung
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pp ce rates of in rat tissues.

¢ levels of amphetamine in the brain, plasma, liver and lung tissue were
determined by GLC at different intervals after the administration of amphe-
tamine (20 mg/kg intraperitoneally). As shown in fig. 2, the disappearance of
amphetamine from both brain and plasma was multiexponential, Simitar
curves were obtained for liver and Iung tissues. The initial and late Tye-values,
determined graphically from ilogarithmic plots, are given in table 1
together with the initial absolute amphetamine levels.

In contrast to the prolonged changes in the brain and heart NA Jevels *
caused by the amphetamine injection (see above), neither unlabelled (GLC)
nor radioactive labelled amph ine could be d d in the brain later
than 12 hours after the injection. The brain/plasma ratio: 9.0 % 0.3 (mean +

S.D.) was fairly constant during the 12 hours after the injection of amphe-
tamine.

of p-hydroxynorephedrine as a bolite of amph ine in
the brain and heart.

Amphetamine-“C (20 mgfkg, with a Tadiochemical purity of > 99.8 %,
see “Methods”) was injected 3 hours before sacrifice of the animals and the

gty AVENE tAMINE
21000
0000
5000
oo
500
0 BRAN
5
- Flasha
B
s
T T TR T TR e

wours
Fig. 2. Disappearance of di-amphetamine from brain and plasma after one intraperi-
toneal injection of dl-amphetamine-50;, 20 mefhg, at zero time,

Each point_represent
the mean (£S.E. M) of 3 determinations. T
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perchloric acid extracts of the brain and heart tissues were submitted to the
quential apalysis of bolites of ampl ine as described in Method
The ion-cxchange chromatography of the brain extract is shown in fig. 3a.

RAT BRAIN

dl-ampntic, 3 b
FU com A
p-OH-NEph
500

50
M Hel Fracton rr
Fig. 3a. Jon-exchange chromatography of a brain extract from 2 pooled rats injected
with di ine-14C, 3 hours previously Solid line: Native fluorescence (285/33%

nm) in fluorescence units (¥, U.)/ml of the eluate. Broken line (= shaded area): Radio-
activity in cpm/fraction. Abbreviations: p-OH-NEph = p-hydroxynorephedrine, p-OH-A

=r A= amph

RAT BRAIN
dl-amph-Yg, 3 8
corm e

200

100

[ 05 10 of
£

P-OM-NEph NEph

Fig. 3b. Thin-layer chromatography of fractions 6-15 from ll::c 1on-exchange chfog!a(:;

gram (fig. 3a). Abbreviations: See fig. 32, NEph = norephedsine. Hatched areas in :czd

ninhydrin-stained spots of authentic p-OH-NEph and NEph added to the bram extra
before the analysis.
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The first radioactive peak, coinciding with authentic p-i
and norephedrine, was further analyzed by TLC (fig. 3h)

Approximately 90 %, of the radioactivity in this peak co-chromatographed
with authentic p-hydroxynorephedrine and 10 %, with authentic norephe-

ephedrine

RAT BRAIN
s-ampnte, 3 n

2 0 0 50 66

Fracton ne
Fig. 4a Ion-exchange chromatography of a brain extract from 2 pooled rats injected
3 hours previously with d-amphetamine-1C. For symbols and abbreviations see fig. 3a.

GTM He

RAT BRAIN
t-ampn-, 3 6
FU cpm

3000

50| POR-NERh

[ ? 20 0 W @
M HC Fraction nr
Fig. 4b. ]on»exchang: chmmalogxaphy ©of a brain extract from 2 pooled rats jnjected
HC 3 ho

with 1 For symbols and abhnvmmns see fig. 3a,
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drine. 24 hours after the injection all the radioactivity in this peak followed
that of authentic p-hydroxynorephedrine.

TLC and paper chr graphy of the fractions 25-6D of the jon-exchange
chromatogram, con!ammg the second radioactive peak showed that practic-
ally all the radioactivity coincided with authenti ine. Only negli-
gible of p-hydroxyamph ine were d d. The results obtained
on processing the heart extract were similar to those shown for the brain
tissue extract.

In similar experiments, rats were injected with d- or l-amphetamine-7-4C
and sacrificed 3 hours later, It is shown in fig. 42 and 4b that p-hydroxy-
norephedrine-¥C was present in the brain of rats given d-amphetamine-4C,
while no radioactivity was detectable in the p-hydroxynorephedrine fractions
after l-amphetamine-2*C. The same was true for the hearts examined.

Relationship between changes in CA levels and occurrence of p-hydroxy-
norephedrine in rat brain and heart.

Four groups of five rats each were injected intraperitoneally with 20 mgfkg
dl-, d- or [-amphetamine-SO, and saline (control). The brains were analyzed

for amg ine, NA and DA. Inf ion on the occurrence of p-hydroxy-
Table 2.
Brain content of i of p-hy ine (p-OH-NEph) and
changes in brain cal:cholamme levels after administration of dl-, d- and J. h
respectively,
Brain
Time
‘Treatment before P-OH-
} sacrifice]  A™PR | Wgpn NA DA
wele | oo % %
Saline (n = 5) 3hrs - - 100 £ 2.52 100 £3 68
dl-amph.-504 ,
20mglkgip.(n=5)| 3hrs { 117£015 + T LS 123 +36°
d-amph.-SO; "
20mg/kgip.(n="5)| 3hrs | 1404042 + 67£510%%| 118460
J-amph.-SOy .
W mgkgip. n=35 LBJJ!S 1274028 - 8725¢ 11248

* Difference versus controls: P < 0.05
** Difference versus controls: P < 0.01.
*+* Difference versus control
a Control levels: brain NA = 0.39 pg/g, brain DA = 0.84 paip.
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norephedrine were taken from the previous experiment. The results are
summarized in table 2.

Three hours after the administration of amphetamine there were no dif-
ferences in the brain concentrations of amphetamine between the groups. The
decrease in the brain NA was most marked after d-amphetamine and less
marked after dl-amp ine, Even l-ampk ine caused a signifi
decrease in brain NA. though p-hydroxynorephedrine was not found in these
brains. It was noted that both d-, 1- and racemic amphetamine caused a small
but significant increase in brain DA in agreement with fig, 1.

BRAN

LR O peon MEph
n molesfy -

200
100 i
o
01 12 2 @

14 hours

MEART

14 howrs

Fig. 5. Remaining stores (mean % 5. E. M.} of NA-black colemns in rat brain (abave)

and heart (below) tissues at different tme points after administration of dl-amphetamine

{20 mglkg intraperitoneally). White columns, en top of the black columns, represent the

smounts of p-bydrosynorephedtine (p-OH-NEpN) present in the tisucs, cach value

representing the mean £ 5 E. M. of 3-4 deterrinations. Broken horisontal lines indicale.
control levels of NA. ’
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Table 3.

Effect of reserpine on the mean (+ S.E.M.) levels of p-hydroxynorephedrine (p-OH-
NEph) and amphetamine (Amph.) in rat brain and heart tissues, R:scxpme, 5 mglkg
intraperitoneally, was given 4 hours before h UC, 20 mglkg i

and the animals were sacrificed at 2 hours after the amphetamine injection,

Tissue Treatment 7-OH-NEph Ameh.
nglg uelg
Brain Saline -+ di-amph. (4) 56£1 2833021
Reserpine -+ dl-amph. (3} 13£0.1% 2284023
Heart Saline -+ dl-amph. (3} 77+10 107 £0.23
Reserpine + dl-amph. (3) .ooooeeun e 2444 1.11 £ 0.06

* Difference: P < 0.001.
In brackets: number of abservations.

Time-response relationships between NA-depletion and amounts of p-
hydroxynorephedrine in the brain and heart after di-amphetamine.

The amounts of p-hydroxynorephedrine were determined in the brains and
hearts of rats after the ad: ration of dl-amph ine-"C, 20 mg/kg
intraperitoneally, and compared with the magnitude and duration of the
NA-depletion caused by the drug in another group of rats of the same age
and body weight {cf. fig. 1). It is shown in fig. 5 that p-hydroxynorephedrine

Table 4.

Effects of DMI on the mean (+ S. E. M.) levels of p-hydroxynorephedrine (p-OH-NEph)

and amphetamine (Amph ) in rat brain and heart tissues, DMI, 10 mgILg intraperitone-

ally, was given 1 hour before h ine-1C, 20 mglkg i and the
animals were sacrificed 3 hours after \he amphetamine injection.

p-OH-NEph Amph.
Tissue Treatment ngle velg
Brain Saline + dl-amph {4) oo e 59+5 0.51 £0.07
DMI + dl-amph. (4) ... 8x0.1* 10.63 £ 0.53***
Heart Saline + dl-amph (3) ... s 180 £ 30 028+002
DMI + dl-amph. (4} . . coeve e 8tol* 6.08 1 0.09%**

+ Difference; P <0001 .
In brackets: number of determinations.
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was present in both the brain and heart tissues as Jong as the NA levels were
depressed. However, the NA-deficit was not completely covered by the
quantities of p-hydroxynorephedrine present.

dri: 1

J ine in the brain and

Cone fons of p-hydroxynorepl and
heart of reserpine treated rats.

The experiment is described in the legend to table 3. In the brains and
hearts of the reserpine treated animals the amounts of p-hydroxynorephe-
drine were only 23 %, and 31 % respectively of the control values. The
concentrations of amphetamine in the brain and heart did not differ between
the reserpine treated and control rats.

BRAIN NA

48
Fours

Fig. 6. The effect of DMI on (ke il P i of the NA

depletion in rat brain and heart tissues caused by dl-amphetamine. The NA levels are

expressed as percentages (mean+ 5.E. M, n=4-6) of control levels (brain NA =

033 %001 pglg, brain DA = 0.85 + 0.03 puglg and heart NA = 0.86 % 0.013 ug/p). Open

circles indicate statistically sigmficant (2 2> 001 or less) differences from the control
values,
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Concentrations of p-hydroxynorephedrine and amphetamine in the brain and
heart of DMI treated rats.

The experimental design and the results are given in table 4. It is evident
that after DMI pretreatment there is only a negligible amount of p-hydroxy-
norephedrine present in the brain and the heart. In contrast, the concentra-
tions of amphetamine in the 2 tissues were increased by a factor of 20-22.

Time-course of the decrease in the brain and heart NA caused by amphet-
amine after DMI pretreatinent.

In fig. 6 the changes in the NA levels in the brain and heart are plotted
against time after administration of DMI or DMI + amphetamine. Data on
the changes in tissue NA levels induced by amphetamine alone (from fig. 1)
are inserted for comparison. After DMI + amphetamine, the brain NA is
decreased to the same level as after amphetamine alone but returns to con-
trol values within 24 hours, while the duration of the NA depletion after
amphetamine still persists. For heart NA the results were similar, DMI alone
did not produce any change in the brain or heart NA levels.

Discussion

The original observation by McLean & McCARTNEY (1961) that brain
and heart NA is decreased by amphetamine in the rat has been confirmed
by several investigators (Moore & LARIVIERE 1963; Bap & Lewis 1964;
GuUNNE & LEWANDER 1967; LEWANDER 19682 and b).

A close examination of the temporal relationships between the changes
in CA levels and the ations of am ine in the tissues was one
of the primary objects of the present investigations. The results showed that
amphetamine disappeared from the brain and plasma within 12 hours while
the brain and heart NA was decreased for about 72 hours,

The disappearence of amphetamine from the plasma and tissves was found
to be polyphasic. The same observation was reported by MAICKEL et al.
(1969) using various doses of d-ampt ine. No Tanation for these
results can be given at present. The present data on lhe distribution of
amphetamine in the rat and the brain/plasma ratio are in good agreement
with earlier reports (MAICKEL et al. 1966; MAICKEL ef al. 1969).

The preliminary finding of p-hyd phedrine as a
amphetamine in the brain (LEwANDER 1970) has been confirmed. Recently,
Costa & GrOPPETTI (1970), GroPPETTI & COSTA (1969a and b) and Bnor_ms
et al. (1970) independently reported the p of p-hy P
in the rat brain after inistration of -z ph ine-*H. Parahy
ephedrine in the brain most probably originates from p-hydroxyamphet-

lite of
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amine, which is formed from amphetamine in the rat liver (Axriron 1954).
In a previous communication (LEWANDER 1971) it was rcponed that periph-
erally ini d p-hy ine-H is d in the rat brain
together with p-hydroxynoreyhedrme-ﬁﬂ The failure to detect p-hydroxynor-
ephedrine in the brain in the study of GOLDSTEIN & ANAGNOSTE (1965) may
be due to the low dose of amphetamine used in their experiments.

GOLDSTEIN & ANAGNOSTE (1965) have shown that p-hydroxynorephedrine
is formed in the rat heart after the inistration of d-amp ine but not
after l-amphetamine. According to the present experiments this is also true
for the rat brain.

‘THOENEN et al. (1966) reported the presence of norephedrine, as well as of
p-hydroxynorephedrine, in the cat spleen after administration of amphbet-
amine. With the use of highly purified h ine-4C (see “Methods™)
only negligible amounts (<< 10 ng/g brain) of norephedrine-14C was found
in the rat brain. This amount however, is at the limit of detection with the
present methods. The failure to detect significant amounts of norephedrine
in rat tissues is in agreement with previous reports (GOLDSTEIN & ANAGNOSTE
1965; BraDiE ¢t al. 1970).

The prolonged depletion of brain and heart NA after amphetamine was
related to the of p-hy drine in these tissues {fig. 5).
However, there was not an exact stoichiometrical relationship between the
missing NA and the tissue levels of p-hydroxynorephedrine. Most of the
p-hydroxynorephedrine, like NA, however, is bound by a reserpine sensitive
mechanism (BroODIE et al. 1970; present study). This is in contrast to the
observation that the NA- deflcxt in rat brain and heart after the administra-
tion of p-nyur 1 is equil with the of p-hydroxy-

hedrine present (L 1971) The finding that l-amphetamine
causes a release of brain NA without being converted to p-hydroxynor-

ephedrine (fig. 4b, table 2) partly exp]sms the lack in stoichiometry in the
present experiment with dl h After d hy i

P SH (Groe-
PETTI & CosTa 1969b) a perfect stoichiometry was present in the brain but
not in the heart of rats, which indicate that displ of NA by p-hydroxy

hedrine is only one mech by which % tissue
NA tevels,

This point is further elaborated in the experiments with DMI. Pretreat-
ment of rats with DMI causes an almest complete inhibition of the p-hy-
droxylation of amphetamine (CONSOLO et al. 1967; LEWANDER 1968b and
1969) and is accompanied by increased tissue levels of amphetamine (SuLsEr
et al. 1966; VALZELLI et al. 1967). Tn addition, DMI inhibits the uptake of
p-hydroxyamphetamine into heart and brain neurons (IvirsEN 1966; Le-
WANDER 1968b). These effects of DMI explain the low levels of p-hydroxy-
norephedrine and the 20-fold increase in amphetamine in the brains and
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hearts of rats given DMI + amphetamine (table 4), which is in accordance
with the findings of GroPPETTI & CosTa (1969b).

The results presented in fig. 5 show that even if the formation of p-hy-
droxynorephedrine from amphetamine is blocked by DMI, there is a decrease
in both heart and brain NA. The duration of the amph ine-induced NA
depletion in both brain and heart was, however, shortened, These findings
lend support to the conclusion (LEWANDER 1968b) that amphetamine itself
is capable of depleting tissue NA levels and the importance of its metabolite
p-hyd phedrine for the persi NA depletion is hasized. It is
known that ampt ine, in addition to its releasing effect on extr 1
NA (Cartsson er al. 1965; CARLSSON ef al. 1966) accelerates the release of
granular bound NA (CarLsson et al. 1965; EurLer & LisHako 1968). Am-
phetamine has, however, a poor affinity for NA binding sites in the mouse
heart (OBANWU et al. 1968).

DMI does not seem to block the depletion of brain and heart NA caused
by amphetamine (LEwANDER 1968b and the present study). The opposite
observations were made for rat hearts by BRODIE ef al. (1968) and GRoPPETTI
& Costa (1969b). Differences in dosage and time interval after amphet-
amine (BRODIE ef af. 1968: 20-40 minutes and GroppETTI & CosTa 1968b:
9 hours) may explain these apparently contradictory results. The uptake
of amphetamine into brain or heart slices in vitro is not inhibited by DMI
{Ross & RENY1 1966; Ross et al. 1968).

In agreement with eatlier studies (cf. GLowINSKI & BALDESSARINI 1967;
LEWANDER 19682 and b) there was an increase in the brain DA, which in
the present study was found to be of approximately the same duration as
the presence of amphetamine in the brain. Racemic as well as the 2 stereo-
isomers of amphetamine in equal doses induced a significant increase in
brain DA (table 2). In contrast very high doses of d-amphetamine (30 mg/kg
intraperi 1ly), dl-ampt ine given to DMI pretreated rats (see below)
or chronic amphetamine administration is followed by a decrease in the
brain DA (MoORE & LARIVERE 1963; LEWANDER 1968a and b). Possible
explanations for these different effects of amphetamine on brain DA have
been discussed previously (LEWANDER 1968a and b).

In summary it appears from the present results that the displacement of
brain and heart NA caused by p-hydroxynorephedrine, formed from am-
phetamine, may contribute to the marked reduction in tissze NA levels and
the decreased urinary CA excretion seen after chronic amphetamine reat-
ment (LEWANDER 19682).
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From the Institate of Physiology, University of Oslo, Oslo, Norway

The Effect of Thioridazine and Pri ine in Red
the Potassium Loss from Isolated Perfused Rat Hearts

By

Knud Landmark
(Received Tune 10, 1970)

Abstract: Electrically stimulated isolated rat hearts were perfused with a Ringer
solution containing a low concentration of K*. At the end of a control period of
20 min.the cumulative K¢ loss from the hearts was approximately 30 meqJkg dry
weight. This value was used 1n cach experiment as reference (100 per cent) for
the total loss found after a subsequent additional test period of 30 min. The
addition of promazine and thioridazine to the perfusate at the end of the control
period reduced the further K+ loss. The values found in the different groups at
the end of the test period were: Control group (10 hearts): 154 + 11.6 per cent;
with promazing 103 M added (8 hearts): 103 + 5.6 per cent; with promazine
2.5 X 10-5 M added (10 hearts): 74 X 10.5 per cent and with thioridazire 10-§ M
added {8 heartsy: 110458 per cent. In another type of experiments, ovabain
1.5 X 10-0 M was added at the end of the control period. This drug caused an
increased K* loss (181 % 14.2 per cent) and ventricular fibrillation in 6 out of 8
hearts. Promazine 25 X 10-5 M added before ouabain, prevented the develop-
'r'ncm of fibrillation in another group of 7 hearts, and atso markedly reduced the
K* Ioss. It is concluded that phenothiazines reduce the K* permeability of the
heart muscle membranes.

Key-words; Potassium lfoss —
fibriltation.

~ ouabain ~ ventricular

Chaages in the electrocardiogrant (ECG) have often been observed i
patients during treatment with drugs of the phenothiazine group. A review of
these alterations has previously been given (LANDMARK ef al. 1969; LANGSLET
1969).

ECG changes similar to those reported above have also been found in
isolated, perfused rat hearts after the addition of phenothiazines to the

* Research Fellow, The Norwegian Council on Cardiovascular Diseases. Present Ad-
dress Institute of Pharmacology, University of Osle.

4 Acta Pharmacologica. vol. 29, fase 1
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perfusate (LANDMARK et al. 1969; LaNGSLET 1969). The cardiac effect of
these drugs thus appears to be independent of intact nervous and hormonal
influences. It has been suggested by these authors that the drugs may have 2
direct action on the heart and that they exert their cardiac action by reducing
the fonic permeability of the cell membrane. The aim of the present work has
been to investigate the effect of phenothiazines on the net loss of K+ from
cardiac cells in retrogradely perfused rat hearts. The results indicate that
these drugs reduce the K* permeability of the cardiac cell membrane.

Methods

Female albine Wistar rats (about 300 g} were used. The hearts were excised under
ether anaesthesia and the aorta was cannulated as described by Oye (1965). The hearts
were perfused for 5 minutes with a cold perfusate in order to wash out blood, and then
transferred to a perfusion unit (fig. 1). The perfusion medium contained the following
ions (meq.fl): sodium 144.4; potassium 0.8, calcium 1.7; magnesium 2.3; chloride 119.5;
phosphate (HzPO;7) 2.4; bicarbonate 25,0, and sulphate 2.3, The perfusate also con-
tained 90 mgf100 mi of glucose, and it was gassed with 95 % O and 5 % %, The
temperature was kept at 32°, and the pressure above the aortic valves was mantained
at 75 ¢m of water. The K* content was kept low as this made it easier to detect minor
differences in the concentrations of this ion in the perfusion flnid. As a conseguence of
the lowered K* concentration, it was also necessary to reduce the Ca** content in order
to prevent fibrillations of the hearts (GRUMBACH et al. 1954; ARMITAGE et al. 195T;
BurN 1958).

The hearts were electrically stimulated with square wave pulses delivered from 3
laboratory stil [¢ i lab. ics, model no. 194 A). One platmum
electrode was attached to the left atrium, the other was placed directly on the wall of
the ventricle. Square wave pulses of 10-15 v, 0.5 m/sec. duration and a stimulation
frequency of 180/min. were used. When the hearts had been perfused for 3 minutes, the
cannula from reservoir R; (fig. 1) was clamped, and the hearts were perfused from
breservoir Re (the pressure was above the aortic valves, the temperature aod the compo-
sition of the perfusate were as before). At the same time the cannula draining the
perfusion chamber was clamped, and continuous recirculation of the perfusate was
started, The recirculating perfusate volume was 58 ml. Samples for potassium assay
were withdrawn 10, 20, 30, 40 and SO min. respectively after the start of the re-
circulauon.

Before the addition of the drugs there was a comrol period of 20 min, These drugs
were added at the top of the oxygenator in amounts giving final concentrations of
10-5 M, 25X 10-5 M and 5 X 103 M of promazine and 10-3 M and 2.5 X 105 M of
thioridazine. These concentrations were chosen because they had been found to produce
ECG-changes in isolated rat hearts (LANDMARR ef al. 1969). The pH of the perfusate
was 7.4; the addition of the phenothiazine derivatives did not change this value.

When the perfusion was finished, the hearts were blotted on filter paper and weighet'i.
They were then cut into pieces and dried at 60° for 24 hrs in order to estimate their
dry weight,

The potassium content of the perfusate was determined with an Eppcndoff flame
photometer, and the K* loss from the hearts was calculated in meq.fkg dry weight.
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Results

1. Effects of phenothiazines on net K* loss from isolated perfused electrically
driven hearts.

“The excised hearts resumed spontaneous contractions during the first 1-2
min. in the perfusator. Electrical stimulation was started after 2 min,, and
the hearts were then driven at a rate of 180 beats/min. The addition of
5% 10 M promazine caused atrioventricular dissociation (1 experiment),

Fig. 1. Perfusion arrangement, The jsolated rat heart, mounted in the perfusion chamber
H, is supplied for the first 3 minutes with & Ringer solution delivered from the
otygenator 1 and the reservoir Ry. The perfusion fiuid is drained through the aorta and
ihe vascular bed, and then out ai the botiom of the thamber. When the recirculation
of the Ringer solution is started, both the cannula from reservoir Ry and the cannula
draining the pezfusum charaber are clamped.
The Ringer solution in the 2is d by means of a pump
{P) through a Millipore filter (F) and the tube T into the reservoir Rs, from which
excess fluid flows back along the inner surface of the otygenator 2. The gas is led in
at the bottom of the oxygenator from the moistening chamber G. The perfusion fluid
15 drained throught the heaet and bach to the oxygenator 2 from reservoir R,

The perfusion circuit is surrounded by a water jachet lhmugh which wa(er from a
thermostatically-controlied water bath (32°) is i

elecirodes E are attached 10 the left atrivm and the ventricle wall
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while 2.5 X 10-% M thioridazine reduced the coronary flow, and ventricufar
fibrillation ensued (3 experiments). No further experiments with these con-
centrations of the two phenothiazines were therefore performed. The addition
of 10 M and 2.5 X 10-3 M of promazine and 105 M of thioridazine did not
interfere with the electrically induced rhythm or change the coronary flow,
and the effects of such additions on K* loss from the hearts were therefore
studied.

With the low concentration of K* in the perfusate, the hearts showed 2
continuous loss of this ion. The K* loss was highest during the first 10 min. of
the perfusion. The loss then gradually decreased after which it increased a
little towards the end of the experiments (fig. 2). Thioridazine markedly
reduced the K* loss. When promazine was added, the K* concentration of the
perfusate was reduced, thus indicating a net gain of K~ into the hearts. This
was most marked with the highest concentration of promazine used.
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Fig. 2. The effect of promazine and thioridazine on the K* loss or gain from retro~
gradely perfused rat hearts.

Samples for K+ assay were taken at 10 min, intervals (. e. 10, 20, 30, 40 and 50 min.

respectively after the start of the recirculation). The values given afong the ordinate

show the mean rate of K* loss or gain in meqJkg dry weight/min. in each 10 min.

perfusion period. The drugs were added when the hearts had been perfused with recir~

culating Ringer solution for 20 min (control period). (In brachets number of experi~

‘ments)
Symbols:
[} control hearts;
¢ @ 10 5M thioridazine in perfusate,

O—- 105M promazing and
O—-0 25X 105 M promazine in perfusate.
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Table 1.
K¢ loss during control period (0-20 min).

Control group 337238 (10)
Promazine group (10-5 M)
Promazine group (2.5 X 105 M) .........

225£ 16 (10)
Thioridazine group (10-5 M) 302:£23(8)

The total (cumulative) loss of myocardial K* (mean value + 8. E. M.} in meq./kg dry
weight at the end of the control period. (In brackets number of experiments.)

The total (cumulative) K* loss at the end of the first 20 min. perfusion
period (control period) varied from 33.7-27.7 meq./kg dry weight in the four
experimental groups (table 1).

With the value for cumulative K* loss at the end of the control period set
at 100 per cent (in each experiment) the effect of the phenothiazines on any

further K* loss in the subsequent test perfusion period can be demonstrated
as seen in fig. 3.

2, P ion against ouabain-induced fibrill .

In another series of experiments ouabain (g-strophantihum NFN), giving a
final concentration of 1.5 X 108 M, was added 2034 min. aiter recirculation
of the perfusate had been started. The drug caused an increased K* loss, and
fibrillation developed for short or long periods in six out of eight hearts.
Promazine 2.5 X 10 M added before ouabain, prevented the development
of fibrillation in a group of seven hearts. Such a pre-addition also markedly
reduced the K* loss.

Table 2 gives the total (curnulative) K* Joss at the end of the control period
in the two groups of hearts in this series of experiments.

Fig. 4 illustrates the K* loss found in the test perfusion periods in the
presence of either ouabain alone or of ouabain and promazine together. The
cumulative K* loss in each experiment at the end of a preceding 20 min,
control period has been called 100 per cent and used as reference.

Discossion

The results presented show that 10 M and 2.5 X 105 M of promazine
and 10°5 M of thioridazine were capable of reducing the K* loss from isolated
rat hearts p under ardized conditions and at low perfusate levels
of K+. Several workers have discussed the possibility that chlorpromazine and
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other phenothiazines produce some of their effects by acting on cell mem-
branes (review: GUTH & SPIRTES 1964), and thereby influencing ionic per-
meability. FREEMAN & SPIRTES (1963) and SeEMAN & WEINSTEIN (1966) have
studied the effects of phenothiazines on erythrocytes. They found that in low
concentrations these drugs reduced the efflux of K* and the influx of Na',
thus protecting against hypotonic haemolysis. The drugs seemed to have a
general stabilizing effect on the erythrocyte membrane.

The total (cumulative) X* loss from isolated perfused rat hearts is the
difference between the total K* efflux and the total active K* uptake, It has
been shown that K* efflux at low [K*], is decreased in spite of an increased
concentration gradient of outward K* flow (CARMELIET 1961; LANGER &

000
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Fig. 3. The effect of promazine and thioridazine on the K* loss from xclrograd.ely
perfused rat hearts, The total (cumulative) loss at the end of the first 20 min. perfusion
period (control period) in each experiment has been set at 100 per cent and used a8
reference. The values for total (cumulative) loss found in the subsequent perfusion
periad {mean value + §. E. M.) have been related to this reference, so that values below
100 per cent indicate a net gain of K+ into the hearts. (In brackets number of experi-

ments).
Symbols:
» W control hearts;
. @ 10-5 M thioridazine in perfusate;
) ] 10-5 M promazine and

(O 2.5 1075 M promazine in perfusate.

T
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Table 2.

K* loss during control period (0-20 min).

Hearts to which ouabain had been added
Hearts to which cuabain and promazine had been added

456+22 (®)
43727 (M

The total {cumulative) loss of myocardial K* (mean value * §. E. M.) in meq.fkg dry
weight at the end of the control pefiod, (In brackets number of experiments.)

Bravy 1966). This has been interpreted as a true reduction in Px at low {K*],
(LANGER 1968). In our experiments low concentrations of both [K*), and
{Ca*+], were perfused. If K* efflux was reduced under these conditions, the
results indicated that K+ influx was reduced fo a greater extent since a cumu-
lative loss of K* was found. This assumption is in agreement with the findings
of KLem er al. (1960) who demonstrated a large reduction of X* influx in
isolated rabbit atria at Jow {K*], while the decrease in K* efffux was less
pronounced,

The question arises whether the effects of the pheaothiazines on the tatal
K* loss may be due to a decreased K* efflux or to an increase in the active
ion transport mechanism. FREEMAN & SPIRTES (1963) have concluded that

although the effect of chlorp ine on jonic in erythrocytes
appears to be a passive pt ivation or p ion of the existing
active transport hanism in the erythrocy would also explain

their results. However, the effect of promazine and thioridazine on Na*/K*-
ivated adenosinetrip (ATPase) prepared from rat hearts, does
0ot support this last possibility {LANDMARK & PvE 1971). Concentrations of
either dreg comparable to those used in the present studies, caused a slight or
moderate inhibition of the enzyme, while higher concentrations had a pro-
nounced inkibitory effect. No activation or sti ion of Na*/K* d
ATPase could be observed in these {n vitro experiments. CHRISTENSEN ef al,
(1958) have found that chlorpromazine inhibited the entrance of both radio-
active Na* and K* into brain tissue. Their results thus indicate that no activa-
tion of the active transport mechanism occurs when chiorpromazine is added,
Several authors (Davis & Bropy 1966; Huston & BELL 1966; LEESTMA &
Koenic 1968) have d that the phenothiazine d produce
some of their cardiac effects and complications by inhibiting the active
cationic transport system. If this were the mode of action of these drugs, then
an increased K* loss would be expected. In the present experiments, however,
it was found that the K* loss from the rat hearts was reduced after the
addition of the phenothiazines, and that if the promazine concentrations of
the perfusate were increased, there could even be a net cellutar gain of K+,
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1t has been shown that several phenothiazine derivatives exert a negative
inotropic influence on isolated heart preparations (MELVILLE & DRAPEAU
1958; BAMACHER & HILDEBRANDT 1964; LANDMARK ef al. 1969). It seems
possible that a reduction in the strength of the contractions may be the cause
of the reduced K* loss as has been discussed by Pax ef al. (1966). However,
LANGSLET (1970) has also described 2 reduced K* loss in the presence of low
concentrations of chlorpromazine (1.3 X 10°3-1.9 X 10~ M) from muscle
fibres of asystolic rat hearts perfused at 16°. Grupp et al. (1967) have
found that alterations related to the excitation cycle rather than consequences
of the contraction are the major determinants of the K* flux in the ventricie
fibers. This conclusion is supported by the results of CORABOUEF et al. (1969).
They believe that not all of the observed K efflux in right ventricles from
the rat could be explained as a result of the contraction alone.
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Fig. 4. The ive action of ine on ouabain-induced K* loss from det

perfused rat hearts. The total {cumulative) loss at the end of the fiest 20 min. perfusion
period (control period) m each experiment has been set at 100 per cent and used as
reference. The values found in the subsequent perfusion periods (mean value % S. E. M}
have been related to ths reference. Promazine was added at the end of he control
period, ouabain was added 30 scc. later.

Symbols:

A
IS

A 1.5 X 1076 M ouaban 1n perfusate and
A 1.5 X 10-5 M ovabain and 2.5 X 10-5 M promazine.
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High doses of ouabain produce ventricular arthythmias and fibrilla-
tion in vivo (SEKIYA & VAUGHAN WILLIAMS 1963; DONADWALLA ef al. 1969).
MELVILLE (1958) found that repeated doses (0.5-1.0 mg/kg) of chlorproma-
zine did not protect dogs against the cardiac arrhythmias which occur after
prolonged infusions of ouabain. SIARMA & ARORA (1961) on the other hand,
have observed that several phenothiazine derivatives (12.0-27.0 mgjkg)
reverse the onabain-induced ventricular arrhythmias in unanaesthetized dogs.
The antiarrhythmic activity of phenothiazines in experimental cardiac arrh-
ythmias has also been demonstrated by others (COURVOISIER ef al. 1953, Ma-
DAN & PENDSE 1963; SivGH & SuArMA 1969). High concentrations of cardiac
glycosides, including ouabain, depress the Na*/K* activated ATPase at the
cell membrane. As a result they inhibit active transmembrane cationic trans-
port, delay the reflux of sodium and lower the intracellular potassium con-
centration (SCHATZMANN 1953; GLYNN 1964; WEATHERALL 1966). According
to Kuein & Hotrano (1958) the occurrence of cardiac irregularities and
fibrillation may be related to an increased K* efflux,

The increased K* loss induced by ouabain in our experiments was probably
due to an inhibition o( the acuve cationic transport. The addition of
25X 103 M of p d agatust cuabain-induced arrhy
and also had a pmnounced mh‘bn.ory effect on the K* loss from the rat
myacardivm. It appears therefore that the reduction in passive K* efflux
induced by the phenothiazines counteracts to a certain extent the effect of
ouabain on the active uptake mechanism.

The mode of action of phenathiazine detivatives as well as of other anti-
fibrillatary agents (Hotrann 1957; KueiN et al, 1960; Conn & Lucm 1964;
VAN ZWIETEN 1969) is probably related to their effect on the permeability of
cardiac muscle membranes. The results presented above lend support to the
hypothesis that phenothiazines act mainly by reducing the passive movements
of K* through the rat heart muscle membranes, even through an effect on the
active transport and on the contractile force (“squeezing effect™) cannot be
campletely excluded.
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On the Relation between Motor Activity
and the Degree of Enzyme Inhibition Following Inhibition
of Tyrosine Hydroxylase
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Abstract: The inhibitor of tyrosine hydroxylase, a-methyltyrosine methylester
{H44/68), was given intraperitoneally to mice. Following this the motor activity
was measured at varying intervals of time and as an index of the amvnty of
tyrosine hydroxylase, the net amounts of 3H. line and SH-
formed in the brain from %H-tyrosine during one hour were assayed. The
hydroxylation of tyrosine was markedly inhibited soon after the administration
of the inhibitor while the motor activity declined more slowly, Sixteen hours
after the administration of the nhibitor, the motor activity and the amine
synthesis were normal and restored to 60 per cent of the normal respectively.
The results are discussed ip relation fo previous data obtained in mice on
brain ine levels after a ¢ ding injection of H44/68.
It is suggested that after inhibition of the synthesis, motor activity depends on
the store of catecholamines. However, motor activity appears to be maintained
at a low amine level provided that the synthesis is not inhibited.

Key-wards: Tyrasine hydrovylase — catechalamines ~ motor activity.

Inhibition of tyrosine hydroxylase by
of a-methyl tyrosine («-MT) in rats causes behavioural depression and cate-
cholamine depletion with similar time courses (REcH et al. 1966). The sar.ne
tendency was also found by these authors after a single intraperitoneal in-
jection, although the toxicity of the drug made the interpretation of the data
difficult. A similar result was found in guinea pigs by Moogre (1966), but in
this casc after a single intraperitoneal injection, the behavioural effects ap-
peared somewhat before the depletion of catecholamines in the brain, The
time course of the inhibitory effect on holamine synthesis after a single
intraperitoneal injection to guinea pigs has also been investigated (UDEN-
FRIEND ¢! al. 1966).
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We have now studied the relationships between the time courses of motor
activity depression and enzyme inhibition after a single injection of a-MT
methylester (H44/68) in mice. The data are discussed in relation to the data
on brain catecholamine levels in mice, previously obtained in this laboratory,
after a corresponding injection of «-MT methylester.

Methods

All the experiments were performed on female mice (strain N.M.R.1) weighing
about 20 g The ambient temperature was 25°.

The animals were injected with H44/68, 250 mg/kg intraperitoneally, After various time
{ntervals the motor activity was measured during 10 min. immediately after placing the
ammals in the test cage. These measurements were made with a new instrument,
ANIMEX, which has been tested previously (SVENSSON & THIEME 1969). There were
three mice in each experimental group

As an indicator of the tyrosine hydroxylase activity the amount of SH-dopamine
{"H-DA) and ¥H-noradrenatine (3H-NA) found in the brain was measured one hour
after the intravenous administration of S pgikg of SH-tyrosine. Mice, grouped six by six,
received SH-Ayrosine at various time intervals after the intraperitoneal administration of
H44/68, 250 mafhe. The control animals received 3Hi-tyrosine only, One hour after
the imjection of 3H-yrosine the animals were fotled and thear brains removed and
extracted in losic acid. The were solated from the extracts by
adsorptoe to alumina and i hang on DOWEX 50
{PERSSON & WALDECK 1968; c. f. also SVENSSON & WALDECK 1969).

Results and Discussion

The results, presested as per cent of the respective control values, are
shown in fig. 1. After the injection of H44/68 the motor activity decreased
and reached 2 minimum after abour 8 hrs, After another 8 hrs the motor
activity had returned to normal, When H-tyrosine was given 30 min. after
Ha4/68, the amount of *H-NA found in the brain was approximately 10 per
cent of the control value, The yield of SH-NA was still low 2 hrs after the
administration of H44/68. but then started tn increase and at. 18 brs was 2ot
60 per cent of the control value. SH-DA showed changes similar to those of
JH-NA.

Qur finding that the maximum reduction in motor activity occurred about
8 hrs after the administzation of the tyrosine hydroxylase inhibitor is consis-
tent with the observations on rats, made by Recu et al. (1966). The same time
lag also exists for a conditioned avoidance response in rats {CorroDI & HaN-
SON 1966). After the inhibition of DA-p-hydroxylase, however, the maximum
reduction of motor activity was obtained in half this time (SVENSSON & WAL~
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DECK 1969; MOORE 1966). Similarly the brain NA disappeared twice as
rapidly after DA--hydroxylase inhibition as after tyrosine hydroxylase in-
hibition (PERsSON & WALDECK 1970).

The synthesis of NA app d to be inhibited by about 90 per cent within
30 min. after the administration of either of the respective inhibitors (compare
the present data with those of SvVENSSON & WALDECK (1969)). Sixteen hours
after the injection of H44/68, when the synthesis of catecholamines was about
60 per cent of the normal, the motility had recovered completely, Corrobi &
HansoN (1966) who studied the catecholamine levels in the mouse (strain
N.M.R.1) brain at various time intervals after H44/68, 250 mgfkg given
intraperitoneally, A maximum depletion of amines was obtained between 8
and 24 hrs after the injection.
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’Fig. 1. Effect of the inhibitor of tyrosine hydroxylase, H44/68 on the motor activity of
mice and on the ion of 3H- ine (BH-NA) and SH: ine (SH-DA)
from SH-tyrosie in the monse hrain. H44/68 250 mg/hg was given inteaperitoneally
and thereafter the motor activity was measured during 10 min. at different intervals of
time, Other animals given the same dose of H44/68 received 5 pg/ke SH-lym:ifxe at
various time intervals. One hour after the administration of 3H-tyrosine, the animals
were killed and the SH-NA and the SH-DA in the brain determined. The untreated
animals and those animals receiving only SH-tyrosine, respectively, served as controls.
The means + § E. M. expressed as per cent of the respective control values are shown
For the motor activity these were 501 * 33 counts, for 3H-NA 25.8 % 3.2 and for 3H-DA
48.0 % 4.4 fmoles per g. The means are based on 4-10 determinations. 1 fmole = 1015

motor activity
SH-NA
SH-DA
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Thus there appears to be no simple correlation between motor activity and
catecholamine levels in the brain. It would be reasonable to assume, however,
that there is an associalion between motor activity and the availability of
catecholamines in the brain. When the synthesis is blocked, hol,
are mobilized from the storage granules of the neurons. On the other hand,
an adequate transmitter function can be maintained at a low amine level
provided that synthesis remains intact. It is interesting to note that Kopin
et al, (1968) found that newly synthesized NA was more easily released by
nerve stimulation than NA that had been stored for some time.

A tendency for an earlier recovery of the motor activity than of the amine
levels in the brain can also be observed in the experiments of RecH ef al.
(1966), using oral administration of u-methyl tyrosine.

It has been proposed that the sedation seen after a single dose of o-MT
given parenterally to rats may partly be due to its toxic effects (Recn et al.
1966). In our experiments with H44/68 in mice, however, no toxic manifesta-
tions were observed and 16 hrs after the injection all the animals had re-
covered, MOORE et al, (1967) found that after a single injection of o-MT given
parenterally to rats, the animals which showed toxic symptoms did not recover
from their behavioural depression and all the animals died. This discrepancy
may be due to differences between the solution of «-MT and its methylester
with regard to toxicity (c. f. Corront & HaNsON 1966), A species difference
however, appears equally Tikely.

In a previous study using a DA--hydroxylase inhibitor (SVENSSON & WaL-
DECK 1969) a role of brain NA in the control of motor activity was suggested.
The results in the present study using a tyrosine hydroxylase inhibitor are
compatible with this view, even though it seems likely that an effect on DA
neusons plays a contributary role in the present experiments.
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The Distribation of “C-4-Mestranol in Mice
By

Lars-Erik Appelgren and Roger Karlsson
{Received May 25, 1970)

Abnmrl Whole body autoradiography of mice 2, 20, 60 and 240 min. after

injection of 14C- showed a rapid and high accumulation of
mestranol and/or its metabolites in the adrenal cortex, brown fat and the nervous
system. A rather high uptake was also registered in the walls of the follicles and
in the corpora lutea, Thin-layer chromatography of methylene chloride extracts
indicated demethylation of NC mes!ranol in the body since labelled substance(s)
with the same as iol wasfwere found

in the liver, brown and body fat and in the combined extract from ovaries and
uterus.

Key-words: HC- ~ di

The cyclopentyl ether derivative of ethynyloestradiol, quinestrol, which has
very long lasting oestrogenic effects is known to be concentrated in the body
fat and brain (MELI et al. 1963). The mother substance, ethynyloestradial,
on the other hand has not been shown to accumulate in these sites (STenveTZ
et al. 1967). In addition m ethynyloestradiol its methoxy derivative, mestra-
nol, is widely used as an i dient in ptive pills of the bi;
type (cf. DiczeaLusy 1968). The antifertility effects of exogenous oestrogens
have also been used clinically after accidental matings in dogs and mestranol
in a single oral dose has been shown ta produce abartion (KesNerLy 1969).

Considering the relatively great use of mestranal it was of interest to
investigate whether this detivative of ethynyl diol was also localized in
the brain and the body fat. Whele body autoradiography as well as impulse
counting was made using mice injected i y with #4C-4- 1.
In order to find out to what extent the radi ity rep 1
andjor its metabolites in the bady, some chromatographic studies were made.
A preliminary report of the autoradiographic part of this work has been
presented (APPELGREN & KaRrLssON 1969).

5 Acta Pharmacalogha, vol. 29, fesc. 1
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Materials and Methods

HC-4-Mestranol with a specific activity of 45.2 mci/mM was obtained from New
England Nuclear Corp., Boston, Mass, USA. Thirteen female albino mice (NMRD,
one of them prepnant in a late stage of gestation, were used. The average weight of
the non-pregnant mice was 22 g. Each animal received a single dose of 1.25 nei corre-
sponding to 0.009 mg mestranol. This dose was dissolved in 25 ul ethanol and injected
intravenously into a tail vein (cf, APPELGREN 1967},

Whole body autoradiography.

Five of the animals were used for whole body i and were
after 2 min. (2 animals), 20 min. (1 pregnant aed 1 non-pregnant female mouse) and
60 min. respectively. After freezing the animals were sectioned and autoradiographed
according to the Ullberg method (UtLBerG 1954 and 1958). In order to avoid the
arfefacts observed in the autoradiograms of fat sofuble substances due to the melting
of far at room temperature, all dark room worh, evcept developing, was carried out
at ~10° (¢f. APPELGREN 1967). The exposure time varied from 3 to 5 months.

DIinpulse counting.

Four female mice sacrificed after 2, 20 and 60 min. and 4 hrs were used for impulse
counting, The following samples were taken: blood, uterus, liver, body fat, brown fat,
brain, adrenal and ovary. The tissues were immediately weighed and wet ashed with
perchloric acid and counted in a liquid scintillation spectrometer (Tricarb 3003, Packard)
according to MAHIN & LOFRERG (1966).

Chromasography.

Four female mice sacrificed after 2, 20 and 60 min, and 4 hrs were used for the
chromatographic experiments. The following samples were taken: blood, uterus and
ovary, liver, body fat, brown fat and brain. The tissues were immediately weighed and
after freezing extracted twice with methylene chloride. The methylene chloride extracts
were evaporated to dryness with Na. The residue was dissolved in 1 mi metaylene
chioride and 25 pl of this material were counted in a liquid scintillation spectroneter
after the addition of 10 ml toluol-PPQ (5 g PPO/1). Chromatography of the methylene
chloride extracts was made on thin-layer silica gel G plates according to STAHL (1967).
After iminary i the i ing system was used: ethyl ether-
cyclohexane (80:20) which separated the reference substances used. These reference

were diol and iol. Since variations in the

Ret-values were seen, the reference substances were run on the same plates as the

radioactive tissue extracts, in order to facilitate comparison of the radioactive and

The of the joacti were made

visible by spraying the plates with sulphuric acid-methanal (1:1) and heating them
for 20 mir. at + 100°.

The radioactivity of the was detected with the aid of a radiochrom-
atogram scanner (Packard) and/or i The relative ion of each
spot was determined by impulse counting in 2 liquid scintillation spectrometer (Packard}
(cf. APPELGREN 1967) In some cases no radioactivity could be detected in the chrom-
atograms despite an autoradiographic exposire of 4 months.
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Results

Whole body autoradiography (fig. 1,2, 3, and 4).

The most remarkable finding was the rapid and high accumulation of #C
in the adrenal cortex followed by the brown fat and the central nervous
system. A rather high uptake was also noticed in different parts of the
ovaries and in the liver. The distribution in the various organs will be de-
scribed in detail below.

The circulatory system. The blood concentration was lower than that of
the liver and lung aé early as 2 min. after the injection and remained low
throughout the experiment. The heart muscle and the large vessels showed
a concentration somewhat higher than that of the blood during the first 20
min., but then decreased to the same level as the blood.

The Iymphatic organs. No specific uptake could be noticed in the spleen,
thymus or in the lymphatic glands,

The adrenal glands. Two minutes after the injection there was a very high
concentration of HC in the adrenal cortex., The radioactivity seemed to be
more concentrated in the glomerular and fascicular layers of the adrenal
cortex. After 20 min. the concentration had decreased but was still high. One
hour after the injection the concentration in the adrenal cortex was low, The
adrenal medulla showed very small amounts of radioactivity during the
eXxperiment,

The reproductive system. In the ovaries the highest concentrations of #C
were seen in the walls of the follicles and in the corpora lutea 2 and 20 min.
after injection, The interstitial parts showed a moderate blackening. The
uterus and vagina showed a slight accumulation 2 and 20 min. after injection.

Brain  Sallvary gland Liver Adrena! cortex

Eye Blood vessels Myocardium Heart biood

Fig 1. Autoradiogram of a female mouse 2 mun. after injection of HC4-mestranal. The
adrenal cortex, hidney, liver and brain show high uptake of HC {light areas).
s
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Follicles

Uterus

Fig. 2. Detail from a whole body autoradiogram of a female mause 2 min. after injection
of HC-4-mestranol showing the uptake of 14C in the interstitial parts and follicular
walls of the ovary.

The radioactivity seemed 1o be mainly localized to the endometrium in the
utervs, In the pregnant mouse very litile radioactivity could be shown in the
foetuses or in the placenta.

The nervous system. Two min. after injection there was a high concentra-
tion of #C in the central nervous system, mainly confined to the gray matter.

The spinal ganglia and the peripheral nerves also had rather high concen-
trations at that time. The central nervous system showed a relatively high
concentration of MC throughout the whole investigation, but there was &
change in the distribution from the gray matter towards a higher concentra-
tion in the white matter. There was a marked decrease of the radioactivity
with time in the spinal ganglia and nerves. The C-concentration in the
pituitary was slightly lower than that of the brain. A slight accumulation
could be noticed in the lens and choroid of the eye 2 min. after injection, but
this disappeared in the later stages.
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Brain Brown fat Bronchi  Adrenal cortex  Kidney Ureter

Liver Intestine

Fig. 3. Autoradiogram of a female mouse 20 mun, after injection of 14C-4-mestranol.
Note the high uptake of 11C in the brain, brown fat and bronchi.

The digestive system. The teeth showed an intermediate fevel of radioac-
tivity 2 min. after injection. The highest concentrations were seen in the pulp
and the dentine.

The glandular part of the stomach showed distinct localization of HC 2
min, after injection which had disappeared after 20 min.

The liver as a whole had a high concentration of C throughout the ex-
periment, but 2 min. after the injection there was a very high concentration
in a narrow zone surrounding the hepatic vessels. This specific pattern could
not be found in the later stages,

Corpus luteum

Oviduct uterus

Ftg. 4. Detal from a whole body autoradiogram u( a female mouse 20 min, after
mjectron of HC-4. Note the high

the ovary.

of HC in the corpora lutea of
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After 20 min. there was a very marked accumulation of HC in the bile
ducts and in the gall bladder. The i i showed no radioactivity
until after 20 min.; this was probably due to biliary excretion.

The pancreas showed a moderate accumulation of 4C 2 min. after injec-
tion but had low amounts of radioactivity in the later stages,

The respiratory system. The nasal mucosa had a moderate and rather
constant concentration of 4C during the experiment.

The parenchiyma of the fung showed a concentration slightly exceeding that
of the blood 2 min. after the injection, but later the concentration was the
same as in the blood.

The bronchi showed high concentration of ¥C 20 min. after injection,
which also remained rather high after 60 min.

The urinary organs. Two min, after the injection there was a high uptake
in the kidney and small amounts of radjoactivity in the urinary bladder. After
20 min, the concentration of #C was low in the kidney, but fairly high in the
ureters and the urinary bladder. After 1 hr, there was a low level of radio-
activity in the urinary organs.

The skin. The concentration of 1C in the skin and subcutis never exceeded
that of the blood.

The hard tissues. In the bone no ¥C was registered, In the bone marrow
the 4C concentration was rather high after 2 min. but showed a rapid
decrease.

Muscles. The skeletal muscles showed a moderate uptake 2 min. after
injection but decreased with time.

Brown fat. The brown fat showed a high concentration of HC 2 minntes
after injection. A rather high ion was mai d throughout the
experiment in contrast to the body fat which showed an initially low but
somewhat increasing 1C-concentration,

Impulse counting.

The radioactivity in the different organs was calculated as %, g dose per ¢
tissue and is presented in fig. 6. The results from the quantitation of the
methylene chloride extracts used for chromatography agreed fairly well with
the values obtained when the whole tissue was wet ashed and scintillated,
except in the liver. The liver probably contained rather large amounts of uC
which were not extracted with methylene chloride.

There was good agreement between the autoradiographic study and the
quantitative measurements except in a few cases. When the radioactivity \Yas
localized in certain areas within an organ, as was shown with numrad§0-
graphy . g. in the cortex of the adrenal and in the white maucr_of the bram;
the quantitative measurements were not up to the concentration per g ©

these specific tissues.
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Chromatography (fig. 5).

Ch graphy of the ylene chloride extracts from the blood and the
brain 2-60 min. after the injection revealed only one major spot with an
Ri-value corresponding to mestranol,

The brown fat showed one major metabolite corresponding to ethynyl-
oestradiol 2 and 60 min. after injection. In the body fat only one metabolite
with an Rf-value corresponding to that of 1 fiol was regi d 20
and 60 min. after injection,

Tn the liver several metabolites were registered, two of them with Rf-values
corresponding to mestranol and ethynyloestradiol respectively, The major
portion of the metabolites in the liver extracts were however more polar than
mestranol and ethynyloestradiol.

In the combined extract from uterus and ovaries most of the radioactivity
had an Rf-value corresponding to mestranol and a very small amount cor-
responding to ethynyloestradiol 2 and 20 min. after injection.

mastranel

‘ WL

BROWN FAT

R S

Fig. 5. Diagrams of radioactive thin-layer chromatograms scanned ia a radiochromata-
gram scanner. Tissue extracts from brown fat and braie from an animal 2 min. after
injection of HC-4. were ch d in eth Toh {80:20). In the
brown fat the main part of the to ethynyl dio] and in

the brain to mestranol.
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Fig. 6. Radioactivity in brown fat, adrenals, livers, ovaries, brains, body fat, uteri and

blood at different intervals after intravenous injection of 14C-4-mestranol expressed
as % gram dose per gram tissue.

Discussion

The whole body autoradiographic distribution of *C-mestranol agrees

well with the distribution pattern for naturai oestrogens as described by
ULLBERG & BENGTSSON (1963) except in a few cases. Mestranol accumulated
1o a higher extent in the brown and body fat and in the brain than did the
_hatural oestrogens. This accumulation of #C-mestranol in the brain and fat
was however observed only shortly after the injection contrary to what has
been shown previously for quinestrol (MEeLI ef al. 1963; 1965; 1968).

The ct hic studies indi that thost of the radioactivity in
the blood and brain corresponded to mestranol a 'finding that agrees with the
experiments of JENSEN ef al. (1966) who found thet the blood contained
about 70 %, labelled mestranol 15 min. after subcutaneous injection of SH-
mestranol to young rats. JENSEN ef al. (1966) suggested that in order to act as
an oestrogen, mestranol must first be demethylated to furnish ethynyloestra-
diol, which is taken up and retained by receptors in target tissues, such as the
uterus. In the combined extracts from uterus and ovaries in the present in-
vestigation, there were small amounts of radioactivity that might be con-
nected with ethynyloestradiol at short time intervals after the injection. It
was suggested that the main site of demethylation was the liver {JensEN et al.
1966) but this investigation also indicated a similar function for brown fat
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in the mouse, since most of the high amount of radioactivity present in this
tissue behaved chromatographically as ethynyloestradiol.

In the body fat the radioactivity was only d with ethy adiol
and since (he rad\oacuvny increased wuh tlme it might be suggested that the
of d e.

Tn xhe ovary the radioactivity was mainly distributed to the follicle walls
“and the corpora lutea. Whether the radicactivity was confined only to the
granulosa cell layers counld not be determined from the present whole body
autoradiograms. The granulosa cell layers have been shown to be target
organs for $H-oestradiol by Uriserc & Bengrsson (1963) and later by
Stumpr (1969).
The ion of #4C. 1 andjor bolites in the corpora lutea
can be correlated to the finding of radioactivity in these structures after the
injection of HC-diethylstilboestrol {BENGTSSON & ULLBERG 1963).
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Cellular Changes Induced by Manganese
in the Rat Testis ~ Preliminary Results
By
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Abstract: Testicutar darage was produced in rats by the intraperitoneal adminis-
tration of manganese chloride (8 mg/ke) daily for a period of 180 days. Histo-
pathological examination performed at 120 days showed oedema and congestion,
at 150 days, degeneration of spermatids in about one third of the seminiferous
tubules and subsequently at 180 days, about 50 per cent of seminiferous tubules
were degenerated in all the animals. It is suggested that manganese possibly has
a specific direct action on the spermatogenic epithelium.

Key-words: Manganese ~ toxicity — rat testis.

The-toxic effects of manganese on the central nervous system and other
vital organs such as the liver and kidney have been studied (Hurst & HUrsT
1928; OETTINGEN 1935; PENTSCHEW et al. 1963) but jts action on the testi-
cular tissue has not been investigated. A few reports are, however, available
nf the effect on the testis of other metals like zinc and cadmium which are

lly similar to Chronic nutritional deficiency of zinc
and experimentally inj d cadmi has been reg to produce
testicular damage {ELCOATE et al. 1955; PARIZEK 1957) 1t was, therefore, of
interest to study the effects of lly adi chloride

on the testicular tissue of the rat.

Materials and Methods

Male albino rats of average weight of 120 g from I T.R.C. Colony were used.
‘They were fed a standard diet* and allowed water ad Kibiom.

1

* The contents of calcium and phosphorus in this dict for one rat per day were 34.15
mg and 80.67 mg i ‘The calcium ph ratio was 1:2.36, while only
traces of manganese were present.
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Ninety rats were divided into two groups. Group I consisted of 60 animals which
were given manganese chloride (8 mg/kg) intraperitoneally daily. This dose was calcu-
lated on the basis of the experiments performed by Hurst & HursT (1928) and of
previous work reported from this laboratory (CHANDRA & SRIVASTAVA 1970). Group 1l
consisted of 30 rats which were used as controls and received no treatment. -

Ten animals from group 1 and five from group I were sacrificed at intervals of 30
days up to a period of 180 days. However the numbers of animals sacrificed from group
I at 150 and 180 days were six and seven respectively, due to the death of seven experi-
mental rats. The dead and sacrificed animals were autopsied. The testes were removed,
bisected, weighed and immediately placed in buffered neutral formalin. The tissue was
dehydrated in graded alcohols and after complete dehydration embedded in paraffin.
Sections were cut at § p and stained with haematoxylin and eosin.

Results

Gross appearance.

The testes from the manganese treated and control group were light pink
in colour at all the periods of the sacrifice.

Livers from manganese treated animals showed mild congestion. The
remainder of the viscera did not reveal any gross pathological change in
either of the groups.

semini-

Fig. 1. Testis of normal rat showing orderly arrangement of‘gum “].l,s in the s
ferous tubules and # ital ussue. in and eosin. X 285
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Fig. 2. Testis of rat injected with manganese chloride (8 mg/kg) daily for 150 days.
init tubules show ive changes and cells. yli

and ¢osin, Magnification X 350.

Mieroscopic examination of testes,

The histological pattern of the control group (normal) testis showed an
orderly arrangement of the germ cells in the seminiferous tubules and sparsely
cellular strands of interstitial cells of Leydig throughout the experiment
(fig. 1).

Testes of the treated group examined up to 90 days had a histological
appearance comparable to the normal structure.

The earliest changes appeared at 120 days with the development of cedema
of the interstitial tissue and vascular engorgement.

At 150 days obvious degeneration was present in an appreciable number
of spermatids, pyknosis being prominent in the nuclei. About one third of the
seminiferous tubules were affected. Dissociation of altered seminiferous

cells with ! was noted in a few degenerated
tubules, and eosinophilic material was present in the lymen of degenerated
tubules which appeared in groups among relatively normal tubules. The
number of sp tes was i y reduced in the nbules, and
depletion was also noted in the number of spermatids in few of the specimens.
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Fig. 3. Testis of rat injected with manganese chloride (8 mg/kg) daily for 180 days.
Seminiferous tubules show marked depletion of germinal epithelium, only Sertol: cells

and few ia are seen. H ylin and eosin. M; fcation X 350,

There were a few multinucleate cells in the [umen of the seminiferous tubules
(fig. 2).

At 180 days about 50 per cent of the tubules showed a marked loss in the
number of spermatocytes. The spermatids were also markedly depleted in the
d d tubules. Ni ;! i to-

cells, p
cytes and spermatids were found entangled in the cytoplasm of Sertoli cells.
In the testes of two rats, groups of seminiferous tubules were depleted and
were lined by a single layer of cells consisting of Sertoli cells and a few
spermatogonia (fig. 3). The basement membrane of the tubules did not show
any thickening. In the testes of three rats, groups of degenerated tubules were
partially collapsed and their lumen contained eosinophilic material. Leydig
and other cells of the i itial tissue were except in few rats
where there was a slight increase in the interstitial tissue with an abundance
of Leydig cefls. Blood vessels appeared normat at 150 and 180 days. The
tunica albuginea did not show any change.

The microscopic changes in the brain in similar type of experiment have
been reported by CHANDRA & SRIVASTAVA (1970). The remaining viscera were
not examined for microscopic changes.
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Discussion

Testes have a high cell turnover during the reproductive period and are
specially vulnerable to a wide variety of stimuli (ADAMSTONE & SPECTOR
1950; KAUFMAN ¢ al. 1956; STEINBERGER & Drxon 1959; Droseck & Cout-
STON 1962; PARIZEK 1957; ELOOATE et al. 1955). The present experiments
demonstrate that the testes are also highly sensitive to the action of manga-
nese. Daily intraperitoneal administration of manganese chloride to rats
resulted in an appreciable damage to the seminiferous tubules at 150 days
and subsequently at 180 days and in all the animals about 50 per cent of the
tubules were degenerated.

In our experiments the damaging effect of manganese on the spermato-
genic epithelium was slow and gradual. This may be due to the small doses of
mangznese used and possibly larger concentrations or more prolonged ex-
posurc may lead to a more extensive damage to the testes. Cadmium which
is p ically similar to d extensive damage to the
testicular tissue in much smaller doses and within 48 hours (MEEK 1959).
With cadmium it is not yet certain whether the damage to the seminiferous

ithelium is direct or dary to the changes in the vascular endothelium
(GunN et al. 1961). The present experiments demonstrate that manganese
does not cause any vascular lesions. There is no evidence of interstitial hae-
morrhage or any thrombosis. It is possible that manganese has some specific
direct action on the spermatogenic epithelium in rats. The mechanism of
action of these two metals require further investigation,

Parizex (1957) in his experiment administered zinc together with cadmium
and noted prevention of testicular lesions. He suggested that cadmium
disturbed the normal zinc bolism and that its repl. helped in the
prevention of the testicular lesjons. The same mechanism may also be true for
manganese and this needs further investigation.

A large number of chemical (phytic acid, glycerides,
naphthalene, trans-aconitic acid etc.) are also known to damage the testis in
experimental animals (RiBELIN 1963). The changes due to most of these

are mainly i to the sper 8 itheli It is not
known what d H links these p ds, or whether there
is 2 common linkage. How far these unknown factors are operative in man-
ganese toxicity need further work. Our results, however, show that the testes
are highly sensitive to the deleterious effect of
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Abstract: The effect of 24-dichlorophenoxyacetic acid (2,4-D) on L 929 cells in
monolayer cultures has been studied. It was found that 2,4-D in the range of 50
to 500 yg/ml had a dose dependent inhibitory effect on cell growth. With 350
and 500 gg/ml complete inhibition of growth occurred after about 24 hrs of in-
cubation. On removal of 2,4-D a rapid resumption of cell multiplication took
place. This occurred even after exposure to 500 pg 2,4-D/ml for 12 days. In the
presence of 250 to 500 pg/ml, vacuoles, whxch stained with lipid soluble dyes,

appeared in the plasm. On ion with the herbicide, these
vacuoles disappeared.

Key-words: Herbicide - L cells.

2,4-dichlorophenoxyacetic acid (2,4-D) belongs to the phenoxy group of
herbicides which at low concentrations induces growth responses sumlar to
the plant hormone auxin. At higher ions of these herbicides an
excessive, uncontrolled growth leading to the death of the plant is observed.
This is believed to be based on an abnormal metabolism of RNA (Hanson &
SuFe 1969).

2,4-D is probably used to a greater extent than any other herbicide, and
descriptions of its toxicity and hazards to man, domestic animals and wildlife
have been summarized by Way {1969). The acute toxicity following oral
administration appears to be moderate. The LDS0 values found for a number
of experimental animals range between 300 and 800 mg 2,4-Djkg body
weight, In a recent, yet unpublished, study i d by the Nati
Cancer Institute (U. S. A.) this herbicide was Iabelled as being a potentially

teratogenic compound needing further study (Science 1969, 166, 977 news
and comment).

Since 2,4-D might be a teratogenic agent, studies to elucidate the mecha-
nism of action on mammalian cells is of importance. For this purpose, cell
cultures provide a suitable tool, The only study in this field has recently been

6 Acts Pharmacologica, vol 29, fase, {
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made by L1 & JORDAN (1969} who found a transient growth inhibition in
suspension cultures of L cells exposed to 5 and 10 ug/ml of an ester of 2,4-D.

The present paper describes the effect of different concentrations of 2,4-D
Na-K salt on the growth and morphology of L 929 cells in monolayer cul-
tures.

'

Materials and Methods

Cell culure technigues.

M of mouse fibrobl strain L 929 (Sax et al. 1948) were used. The
cultures were grown in Eagle’s Minimum Essential Medium supplemented with 10 %
calf serum, streptomycin and penicillin, Plastic petri dishes, 66 X 15 mm (Faicon
Plastic Inc.) were seeded with 0.4 XX 106 cells suspended in S ml medivm and incubated
at 37° in a humidified atmosphere of COz in air. After incubation for 24 hrs, the
medium was replaced by test media containing 2,4-D. The media were renewed every
third day.

In reversal experiments the 2,4-D containing medium was removed and, before ad-
ding the control medium, the cell layers were washed twice with 2 ml of the latter
medium,

For growth measurements, the cultures were trypsinized and counted in a Birher
haemocytometer. Each point on the growth curves represents the mean of the counts
from 2 cultures.

Cytochemical analysis of lipids were carried out with Oil Red 0 in 100 % isopropanol
or Sudan Black B in 70 % ethanol and counterstaining with Harris haematoxylin and
neutral red respectively. The cells were not fixed before staining.

Cultures cultivated in Sykes and Moore chambers, volume 0.7 mi (SYKeS & MOORE
1960) were photographed at 2 frames/min. by means of a Reichert inverted phase-con-
trast microscope with a 16 mm Beaulieu camera loaded with Kodachrome 1L A fim.
To reverse the effect of 2,4-D, the chambers were perfused with 2.5 m] control medwm,

Herbicide.

A stock solution containing 25 mg 2,4-D/ml was prepared by dissolving the acid
(Eastman Organic Chemicals) in aqueous N2aOH-KOH (0.1 N:0.1 N) and adjusting
‘the pH to 7.3 with HCL The solution was sterilized by filtration through a 022
. Millipore membrane filter.

Results

On exposute of L 929 cells in monolayer cultures to 2,4-D in concentra-
tions from 50 ta 500 ugjm, a dose dependent inhibition of grosth was found
(fig. 1). Complete inhibition was found after 24 hrs in the presence of 350
and 500 pg 2,4-D/ml. Cytopathogenic changes such as rounding up and
detachment of the cells were not seen, however, in the treated cuh'ures.‘

When 2,4-D was removed from the cultures after incubation ir
presence of 500 pg/ml for 3 or 12 days, inhibition of growth c?ns.cd (fig. 2.).
On removal of 2,4-D after exposure for 3 days there was a rapid increase in
the number of cells itant with a disapp of the vacuo]esl,
whereas after 12 days there was a lag period of about 24 hrs before cel

n the
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Fig 3.L 929 cells p hed under pha

a. control cells.
b. cells treated with 500 pg
Magnification X 600.

2,4-D/ml for 30 hrs.
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mulnphcauon started, This experiment also shows that the cultures on
bation in the p of 500 ug 2,4-D/ml exhibited an adap-
(xon to this compound and some growth occurred.

In the presence af 350 and 500 pg/ml, vacuoles of uniform size (fig. 3),
which stained with Oil Red O and Sudan Black B, appeared in the cytoplasm
after about 3 hrs of incubation, and their number increased during the next
21 hrs. On funther incubation, the les disapy d, and after
for 4-5 days the cells were free from llpxd-contamlng particles, At 250 pgfml,
vacucles were observed after 24 hrs, but they dxsappeared within 2-3 days of

No lation of les was found in the cultures treated
with 50 and 150 pg/ml.

The observations made in the previous experiments were confirmed by
time-lapse cinemicragraphy. During 33 hrs in the presence of 500 ug
24-Dfml no cell division was seen, and vacucles were formed. When 2,4-D
was removed 3 rapid resumption of cell growth took place, and the vacucles
disappeared within 22 hrs without being extruded intact into the medium.
The cultures were followed for 32 hrs after removal of 2,4-D and there was
no indication of a synchronizing effect from the treatment with this com-
pound. No obvious effects of 2,4-D on pinocytosis and the undulating activity
of the cell membranes were found,

Discussion

A ion d dent inhibition of growth was found, when mono-
layers of L cells were exposed to 2,4-D. The inhibition was evident after 24
hrs, and with 350 and 500 pg 2,4-D/ml no net increase in the numbers of
cells was found during the next 5 days of incubation. Some growth occurred,
however, during the first 24 hrs in the presence of these two high concentra-
tions which might indicate that 2,4-D was selectively toxic to a particular
stage in the cell cycle. As this inhibitory effect of 2,4-D was readily reversxble,
a synchropizing effect would be expected if such a hanism was op
When cultures treated with 500 pg 2,4-Dfm! for 33 hrs were transferred to
control medium and examined with time-lapse cinemicrography, no burst of
synchronized cell division was seen. This makes the above explanation un-
likely.

The rapid resumption of cell growth on remaval of 2,4-D after treatment
for 3 and 12 days seems to exclude 2 state of \mbalanced growth, This condi-
tion wsually results in cell death on prolongs P to the inhibi
(MuELLER 1969).

During a period of 21 days, the L cells exhibited an adaption to growth in
the presence of 500 pg/ml. This may be due to a selection of resistent cells
and/or a prolongation of the generation time.
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1t has previously been shown that changes in the extracellular environment

cause 1 of lipid ining particles in cultured mammalian cells.
These changes include a d in the extracell pH, the addition to the
medivm of phenol or aliphatic polyalcohols, the repl of harse serum

by rabbit or human serum (MACKENZIE ef al. 1967), and the addition of an
unsaturated fatty acid such as oleate, linoleate and linolenate (Moskowrz
1967). These vacuoles, like those induced by 2,4-D, stained with lipid soluble
dyes and exhibited little or no tendency to fuse. However, these investigators
found no growth inhibition with lipogenic factors in the medium, except for
some growth retardation caused by the polyalcohols (MACKINZIE ef al. 1968).

On continued incubation with 2,4-D, the vacuoles disappeared. Mosko-
witz (1967) observed a similar phenomenon in oleate-treated L cells. He
suggested that the particles might have been extruded intact into the medium
by a secretory mechanism or, alternatively, that an intracytoplasmic hydro-
lysis might account for the breakd and 1 of the lipid particles. In
favour of the hydrolytic ism, he o d an i d lipase
activity in steatotic cells. Whether a similar mechanism operates in our cells
has not been investigated.

We found a transient lipid accumulation in 2,4-D treated cells and a
release of growth after changing to the control medium. These findings sug-
gest that the occurrence of lipid vacuoles in cell cultures is not necessarily
indicative of degeneration.
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Abstract- In order to classify the receptors involved in the hyperglycaemic re-
sponse to catecholamines in the mouse, the relative potency of noradrenaline,
adrenaline and isoprenaline in the induction of hypesglycaemia has been tested
by gwmg mcr:asmg doses from 10 pg/kg to 1 mg/kg of one of the amines in-

ion the maximal concentra-
tion of glucese in the blooﬂ occurred between 10 and 30 min. and amounted to
about 300 mg %. The relative potency was: adrenaline >> noradrenaline while
isoprenaline was inactive. ‘The antagonistic effect on adrenaline induced hyper-

of the d blocking phenox! ine HC1

} and i @ piti " and the B ic blocking com-

pounds: 1-G ino)-3 2-propancl (Ph QA 33) and
propranolel were. \cs(ed by gwmg 1 and 10 meg/kg intraperitoneally 30 mia,
before the tine. Only ine at the highest dose

level was capable of \:r:vemmg the hyperglycaemic response to adrenaline.
Phenoxybenzamine, Pk QA 33 and propranolol proved to be inactive. It is con-
cluded that the mechanism of adrenaline induced hyperglycaemia in mice cannot
be explained simply by an a- and/or P-receptor activation.

Key-words: Cz ines — ia — mice — 3}

The hyperglycaemic activity of different catecholamines and the antago-

nistic action of o~ and P-ad gic blocki p on this hyper-

gly has been i igated extensively in several species including man
(for survey see HiMms-HAGEN 1967). However, so far no investigations have
been concerned with the type of receptors involved in the mechanism by
which catecholamines induce metabolic changes in the mouse.

The present study was therefore undertaken in order to investigate whether
hyperglycaemia induced by catecholamines in mice can be classified accord-
ing to AnLouisT (1948) as an «- or B-reccptor mediated effect. This was

elucidated in two ways: (1) by d: ing the hypergh ic potency
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of noradrenaline, adrenaline and isoprenaline respectively, (2) and by testing
the antagonistic action of «- and f-adrenergic blocking compounds on ad-
renaline induced hyperglycaemia.

Material and Methods

Test compounds.

The i were used: ini bitariras NFN; DL-N-Isopro-

1 i ide (Fluka) = jsop. ini i NFN and rotadren-
alini bitartras NFN; u-: ic blocking ph yb: ine HCl WHO

i ine®) = benzylyti i NFN and ph i NFN  (regitin®);
p gic blocking 1-(i tamino)-3-(o-pt ¥l y)-2-propanol,
HCI (Ph QA 33) and it )= i chlori NFN. The doses
of adrenaline, isoprenaline and noradrenaline are expressed as the base, phentolamine
as the the other ds are n the form i

above. All the compounds were dissolved in saline in such a way that the volume
given was 10 ml/kg body weight.

Effect of 4, ine, ad e and isop: hine on the blood sugar level.

Male unfasted NMRI mice weighing from 18~25 g were used. The mice were fed
on Altromin® pellets and had free access to water. In order to minimize the influence
of circadian variations in the blood sugar level all experiments were performed be-
tween 10 and 12 in the morning.

‘The hyper ic potency of i line and line was esti-
mated in groups of five mice which were treated with increasing doses from 10 pg/kg
to 1 mglhg of one of the amines given intraperitoneally. 30 min. later the mice were
sacrificed by decapitation. The blood from five mice in the same group was pooled
in a heparinized centrifuge tube. The blood was then deproteinized by the addition
of perchloric acid and the glucose concentration determined by means of a glucose
oxidase-perotidase method (HUGGETT & Nixon 1957). .

. In addition to the drug treated mice, each experiment included two groups of mice:

which was Jeft untreated and another which was treated with saline and served as
wontrol. All the doses were repeated four times on separate days so that the figures
‘fa table 1 represent the mean * S.E. M. of four identical experiments except for the
contro) groups, the figures of which represent the mean * S, E, M. of eight experiments.

Antagonistic effect of a- and f-adrenergic blocking compounds.

The antagonistic action of a- and B-ad ic blocking on
induced hyperglycaemia was determined by givng 1 and 10 mg/kg of the compounds
intraperitoneally into groups of five mice 30 min, before the admnistration of 01 n!z/
kg adrenaline by the same route. In these experiments too the mite were kifted 30 min.
after the administration of the amine e

A possible effect of the antagonists per se on the bload stgar level as well as o :J((r
adrenolytic effect was determined by running the following groups together: “‘"‘: .
saline, saline + adrenali ist + saline and ist line, Each 3::
of antagonist was repeated four times together with the other groups, so that
columns i fig. 1 and 2 represent the mean of four determinations * S.EM
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Results

Effect of noradrenaline, adrenaline and isoprenaline on the blood sugar level.
Table 1 shows the hyperglycaemxc response 10 increasing doses of nor-

1i drenaline and i d 30 min. after the admini-
stration of an amine. ‘The figures demonstrate that treatment with saline only
caused an insignificant increase in the blood sugar as compared to the un-
treated controls. line caused a dose-depend increase. The
lowest dose which raised the blood sugar level significantly as compared to
the saline treated control was 100 pg/kg intraperitoneally. Adrenaline also
increased the blood sugar in a dose-dependent fashion. 30 pgfkg intra-
peritoneally already had a significant effect. When the doses of adrenaline
were raised above 0.3 mg/kg there was no further increase, When the hyper-

Iy

action of drenaline and adrenaline are compared it is evident
that adrenaline is more potent than noradrenalme at all dose levels. As seen
from column 4 isoprenaline had na signi hypergl! ic action,

Antagonistic action of - and B-ad) gic blocki;
induced hyperglycaemia,

It was shown above that adrenaline is by far the most potent amine in
inducing hyperglycaemia in mice. 0.1 mg/kg adrenaline given intraperitone-
ally was therefore found suitable as a challengmg dose for the experiments

on adrenaline

on the antagonistic action of «- and g-ad gic bl
Fig. 1 shows the blood sugar leveI after mrrapentancal admmxstranon of
1 and 10 mg/kg ph L ine and phentol resp ly {light
Table 1.
Effect of i ine and i

on the blood glucose level in mice.

Blood glucose mg %*

Dose mg/kgi. p
Ne treatment 170% 7 (8) 170+ 7 8) 170+ 7 (8)
i 184+ 9 (8) 184+ 9 @& ®Bit 9@
1704 4 4) 210135 (4) 179+ 4 (3
190% 7 (4 233 130 (4) 190% 4 (4)
N2E S (8 WS 1 (B 1% 6 (8
212418 4) 3284131 (&) 166+ 6 ¢4)
25+ 34 ML @) 160+ 14 (4

. Mczn+ S.B. M. (n).
ifferent from ine (P < 0.05).
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1 ). After the administration of 1 and 10 mgfkg of phenoxybenzamine,
the blood sugar level increased from 155 + 12 mg 9, in the saline treated
control group to 178 = 14 mg %, and 178 + 13 mg%, (X & S.E. M) re-
spectively. 1 mg/kg of phentolamine had no effect on the blood sugar, while
10 mgfkg pt lamine caused a d to 126 £ 9 mg %. None of the
observed blood levels were, however, significantly different from the control
level (P > 0.05).

Furthermore fig. 1 illustrates that administration of 0.1 mg/kg adrenaline
caused an increase in blood sugar up to 262 % 8 mg % in the saline pre-
treated group (hatched col ). Phenoxyt ine had no st
action on the hyperglycaemic action of adrenaline. Nor had 1 mg/kg phentol-
amine any blocking effect. On the contrary 10 mgjkg phentolamine com-
pletely abolished the hyperglycaemic response to adrenaline, As seen from
fig. 1 the blood sugar level after intraperitoneal administration of 10 mgfkg
phentolamine + adrenaline was 141 # 15 mg %, as compared to the ad-
renaline and phentolamine contral values of 262 £ 8 mg %, and 126 + 9
mg %, respectively.

Fig. 2 shows that neither 1 and 10 mg/kg of the B-adrenergic blocking
compound Ph QA 33 nor the low dose of propranolol had any effect on the

“

Blood sugar (mg oo
8
s

150
et T o ¥ ]
Saline Phenaxyb. Fheniclaming Antagonist
Fig. 1. Effect of pl ine and ine on adrenaline induced hyner-

glycaemia. The light columnns depict the blood sugar Jevel after inlrapc!’iwneal adm’[r:‘l:'

stration of antagonist -+ saline, and the hatched columns after antagonist + adrenal rxﬂ

(0.1 mg/kg intraperitoneally). The vertical lines indicate the S. E. M. (n = 4), the astef
(hat the resuit differs significantly from the coatrel value (P < 0.05).
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blood sugar level as compared with the saline treated control group. 10 mg/
kg propranolol caused an increase to 207 £ 18 mg % (light columns}. This
fevel was however not significantly different from that of the saline treated
control group (179 + 13 mg %).

Fig. 2 also demonstrates that none of the tested doses of Ph QA 33 and
propranolol had any istic action on adrenaline induced hypergly
aemia (hatched columns).

Discussion

The hyperglycaemic action of catecholamines appears to be a resultant
of several independent effects. As such an activation of the adenyleyclase
system leading to an increase in the intracellular concentration of 3',5-AMP
may be mentioned. This in tum accelerates the phosphorylase activity of
the liver and thereby the breakdown of glycogen which is probably the major
source of blood glucose.

Studies on the relative potency of noradrenaline, adrenaline and isopre-
naline in i ing a certain phar logical effect has been used in many

300

Sood sugarimgons
8 3

g

100
10 Pgrky
Saline PROATY Froprancil Antagonist
Fig. 2. Effect of Ph QA 33 and on ads ine induced ia. The
light columns depict the blood sugar level after intraperitoneal administration of an-
tagonist + saline, and the hatched columns after antagonist + adrenakine (01 mg/kg
1ntraperitoneally). The vertical lines indicate the S.E. M. {n=4).
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h Aintod

investigations in order to via a- ar
f-adrenergic receptors.

In preliminary experiments the time course of the blood sugar changes
induced by adrenaline and noradrenaline showed a similar pattern reaching
a maximum between 20 and 30 min. after drug administration. Isopre-
naline proved to be inactive. It therefore seemed justifiable to choose the
blood sugar determination 30 min. after administration for comparing the
hyperglycaemic potency of the three catecholamines (table 1).

In the present investigation the rank order as to hyperglycaemic potency
was found to be adrenaline > noradrenaline, while isoprenaline was inactive.
This indicates that hyperglycaemia in mice is mediated via e-receptors as has
also been suggested in man (HUNNINGHAKE ef al. 1966; PorTE 1967). In
fasted rats and dogs the order of potency is adrenaline > isoprenaline >
noradrenaline, typical of a f-receptor stimulation (FLEMING & KENNY 1964;
KvaM et al. 1965). The experiments with u- and B-blocking compounds
support the view that adrenaline induced hyperglycaemia in mice is un-
related to B-receptor activation, Thus neither Ph QA 33 nor propranolol in
doses considerably above those causing a significant blockade of cardiac
f-receptorsin the same species, had any antagonistic action on the adrenaline-
induced hyperglycaemia (HERMANSEN 1968 & 1970). Propanolol by itself
in a dose of 10 mg/kg intraperitoneally revealed a slight though not signifi-
cant increase in the blood glucose level. This is in accordance with previous
findings by ESTLLR & AMMON (1966) who suggest that the hyperglycaemic
effect of propranolol in mice may be due to a reduction of the energy re-
quirements and carbohydrate asa ) of the blockad:
of cardiac §-receptors.

The w-adrenergic blocking compounds phenoxybenzamine and phenfol-
amine were used in doses of 1 and 10 mg/kg intraperitoneally into the mice.
These doses cause a significant increase in the skin temperature \vhin?h is
probably an indication of e-adrenergic blocking potency (own observations:
RiIcHTER 1964).

Phentolamine was the only compound which significantly antagonized the
hyperglycaemic action of adrenaline. This agent by itself caused a small
though insignificant lowering of the blood sugar level when 10 mgl_kg was

i ed intraperi ily. A hypogly effect of phentol has
also been observed in rats, dogs and human subjects (BOSHART et al. 1965;
SuEeriF et al. 1957). The fact that phentolamine completely abolished the
adrenaline hyperglycaemia indi that gic P may be
involved in the development of the hyperglycacmic response. Against this
view, however, is the observation that another u-adrenergic blocking com-
. had no inhibiting effect on the action of adren-

2 as

pound phenoxy
aline.
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The observed differences in the antagonistic action on the adrenaline
induced hyperglycaemia might be due to ditferences in the onset and dura-
tion of the o~ or P-blocking effect induced by the compounds. However,
adrenaline was administered 30 min. after the drugs in all experiments. At
this time their blocking action is evident on other parameters. It therefore
seems unlikely that the differences in phan kinetics should be responsibl
for the observed differences.

From these expenments it may thus be concluded that catecholamine
induced hyperg| ia in mice is mediated via t ptibl
tc phentolamine but not to phenoxyt ine or f-adrenergic block
compounds. This action of catecholammes in mice can therefore not be
classified according to AnLQUIST {1948) as a classical u- or f-receptor
mediated effect.
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Thyroid State and Voluntary Alcohol Consumption
of Albino Rats
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M. E. Hillbom
{Received June 22, 1970)

Abstract: Male Wistar rats were made hypo- and hyperthyroid in a period of
three weeks by the daily administration of propylthiouracil or 3,3',5-trilodo-
L—lhymmne‘ and lhe voluntary alcohol consumption of the ammals was
. The increased, and
lrealm:ut decreased the total caloric intake of the animals. However, the portion
of ethanol in the total caloric intske of the rats was sigaificantly increased by
N - and signifi vt .

treatment while the total caloric intake did not correlate positively with the
volumtary alcohol consumption of these animals. The absorption of etbanol from
the intravascular space, the peritoneal cavity and the gastrointestinal tract as
well as the rate of elimination of uhaml were increased by triiodothyronine
treatment and d e con-
centration during oxidation of ethanol was found to be higher (166 £ 22 nmol/mi
of blpod) in the hepatic venous blood of enthyroid animals, as compared with
hypo- and ones, A jon was not found to be a
factor regulating voluntary alcohol intake in these animals.

Key-words- Ethano) intake - thyroid state - acetaldetryde,

1o 1953, Zarrow & reported that propylthi il mixed into
Tat y food i d the voluntary alcohol intake of the rat,

They came to the conclusion that the action of the gmtrogen was independent
of the thyroid and could not be p d by or simulated by

ving thy
thyroidectomy. However, RICHTER (1956) was later able to demonstrate that
thyroid powder mixed in food decreased the voluntary alcohol intake of
albino rats, Subsequently, however, PRIETO et al. (1958) were unable to con-
firm his finding and thyroidectomy was claimed either to increase (LEMAGNEN
1960; Ricirer 1957) or decrease (ASCHKENASY-LELU 1962) alcohol intake.
Iodine deficiency has been reported to decrease alcohol consumption in mice
(Mimone 1957) but to increase it in rats {(MAENPAR & FORSANDER 1966).
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Recently, Murbock (1969) reported that tritodothyronine (fiothyroni
NFN) injections (75-100 pg/day) sharply reduced the ethanol consumption of
rats during the period in which they were in the hyperthyroid state. These
partially conflicting data inspired 2 study of some basic effects of ethanol in
rats f d with propylthi il or trilodothyronine in relation to volun-
tary alcohol intake.

As stressed by FORSANDER (1967), ethanol has two fundamentally different
effects in the organism. On the one hand it has a pharmacological effect,
reflected in intoxication, and on the other hand, a metabolic effect, due to its
caloric value. The pharmacological effect of ethanal in regulating voluntary
ethanol intake was approached by determining the absorption of ethanol
administered intraperitoneally and via the gastrointestinal tract and also by
determining the concentration of acetaldehyde formed in the liver during

tad

limination of various of ethanol. Acetaldehyde has been
as directly responsible for a large number of the features of the acute and
chronic intoxication synd! produced by ethanol (TRUITT & DurrTz

1967). The in vivo rate of elimination of ethanol and the contritution of
ethanol to the total intake of exogenous calories were determined in hypo-,
hyper- and enthyroid animals in order 1o obtain some information about the
metabolic actions of ethanol,

Material and Methods

Male Wistar rats, four months old, which had previously been kept for one month
on a free choice between tap water and 10 % ethanol (v/v) and given ordinaty labora-
ory food ad libitum, were used for the experiments. During the procedure alt the rats
vere kept in individual cages and again given a choice of water and 10 % ethanol (V/\f)-
[he position of the drinking bottles was changed every three days in order t0 av?ld
tabituation. Ordinary laboratory food was given ad fibitum and the daily consumption
of food and ethanol was recorded. The details of the method have been given 'b)’
IRIRSSON (1969). In this study, alcohol consumption was not measured as the relative
\cohol preference but as the consumption of absofute alcohol, since the latter has be{ﬂ
hown to be more significant for the interpretation of the results in a study of this
ind (ERIKSSON 1967) After two weeks, some of the animals were given daily doses of
wwopylthiouracil (PTU, obtained from Eli Lilly and Co., Indianapols, USA) A5 mg per
100 g body wesght of a 0.5 % sofution administered by stomach tube, wh:lf 0111575
received 3,3°5-triiodo-L-thyranine (T3, Sigma Chemical Co., Missouri, USA) in daily
doses of 20 pg per 100 g body weight intraperitoneally in saline. The special treatments
were continued for five weeks. Control animals were given saline. The otygen W";
sumption of the experimental animals in basal conditions was recorded at the end :d
the third week by means of a Bechman Oxygen Anslyser, Mode) E 2; the method ust
was that described by DEPOCAS & HART (1957). . A for
A similarly treated group of rats which had not been given ethano! was usc e
other experiments. The elimination rate of ethanol was drlcrn.)lnedlby giving n:zg’\ :
intraperitoneal injection of ethanol, 1.6 ml per 100 g body weight, in saline as
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solution. Blood samples were taken from the tip of the tail in order to determine the
elimination time of the ethanol, which was obtained by extrapolating the linear
descending Timb of the blood alcohol curve to the abscissa. The amount of ethanol
injected was then divided by the elimination ime in order to arrive at the ¢limination
rate. The same amount of ethanol was injected when stadying the absarption of ethanol
from the peritoneal cavity.

The absorption of ethanol from the gastrojntestinal tract was determined by follow-
ing the blood ethanol concentration after a single oral dose of 2 M ethanol of 1.0 ml
per 100 g body weight. Ethanol, 0.5 mt per 100 g body weight, was also injected
intravenously into the femoral vein as a 2 M solution dissolved in saline, and the blood
alcohol concentration was determined after frive minutes.

Finolly the influence of vasious amounts of ethanol on the Yiberation of acetaldehyde
in the liver duting ethanol metabolism was investigated in hypo-, hyper- and euthyroid
rats. The animals were anaesthetised with 40 mg of pentobarbital (mebumalum NFN)
per kg of body weight and 15 minutes later 0.2 mt of 2 M ethanol per 100 g body
weight in saline was injected into the femoral vein. The abdomen was then opened and
5 minutes after the injection 0.5 ml of blood was withdrawn from the bepatic vein,
Tmmediately afterwards, 0.6 mi of 2 M ethanol per 100 & body weight was injected in
saline 1nto the femoral vein. Three other samples of bfoad, each of 0.9 ml were then
drawn from the hepatic vein.

Fthanol and acetaldehyde were measured in the acid sample by gas chromatography.
The head-space technique was applied with a Perkin-El F 40 gas
The temperature of the wates bath used for the production of the gas space was 65%.
Tert-butanol was used as the imernal standard, No corrections were made for acetalde-
hyde formation from pyruvate or from ethanal during the preparation of samples, singe
control experiments showed that only minor amounts were formed in an acid solutiorn.

Resnits

The experimental animals attained marked hypo- and hyperthyroid states
within three weeks of treatment (table 1), as shown by significant (P << 0.001)
differences in basal oxygen consumption between the PTU-treated, controf

Table ].

Basal oxygen consumption and rate of elimination of ethanol of the
experimental animals.

Basal oxygen Rate of elimination
Group N‘;:";:‘:f consumption of ethanol
(mlfhef100 g) {mUkx/100 g)
PTU-treated 9 042%0.04 3B3+118
Control 9 0.6140.08 400t 68
‘Ty-treated k4 0.84 3009 443% B84

The figures represeat means+ 8 D.

1 Acta Phasmacologtes. vol 29, fase. 1
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Table 2.

Changes with time in valuntary alcoho) consumption and
total caloric intake,

Time Voluntary aleochol consumption Total caloric intake
(days) (g of abs. alef100 g body wt./day) {cal./100 g body wtJ/day)
PTU-treated Controls PTU-treated Controls
12+ 0.17 £0.09 0.183+0.12 17207 173+£13
24 026+0.11 0.21+0.11 171415
36 0.39 £ 0.144% 0171015 177121
48 0.34 2 0.16% 017+011 136 1.0 175310
Ty-treated Controls ‘Ta-treated Controls
12+ 0391018 0341032 184%12 188406
24 038£0.13%¢ 0.53 £ 0.07 23.0 £ 12** 182410
36 0431019 0.53+6.08 3294224 183+11
48 0382021 047 £0.12 316 £ 14 179+11

* Control period withont treatment for twelve days.
** P < 001 for difference between treated and corresponding control rats. The figures
represent the mean value of 9 animals S D.

T3 TREATMENT PTY TREATMENT
e
z wf
=
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gEBr
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=«
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22 5|
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I’:‘ - 1 A 1
2 2 36 48
TIME (days) TIME (days]

Fig. 1. Influence of T3 and PTU treatment on the rtio of ethanol calories lofu:;‘ael
exogenous calories during a 48-day evperiment. The caloric contribution cr -
voluntarily d ethanol was by Tg [( )3 nnd‘ m: qz{ .
by PTU treagment (X ). The dotted ltnes (@~—~~8) represent the val n::+ D
control groups. Each point in the figure represents the mean value of 9 ammals £ 5.
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and Tygtreated groups. Within the same time the effects of the drugs on
voluntary alcohol consumption and on total caloric intake also proved to be
maximal (table 2). PTU d the ion of abselute alcohol during
the first twelve days of (table 2). As pared with the control
animals, this effect became statistically significant (P <C0.01) within three
weeks and could better be seen when the caloric portion of the voluntarily
consumed ethanol was compared with the total amount of exogenous calories
ingested by the rat {fig. 1). Ts treatment did not produce any marked change
in the amount of absclute alcehol consumed, but since the total caloric intake
of these rats was nearly doubled during the treatment, the caloric contribution
of the ethanol was significantly (P << 0.05) reduced (fig. 1).

In contrast to the effects of the drugs on voluntary alcohol consumption,
PTU treatment decreased and Ts treatment increased the in vivo rate of
elimination of ethanol {table 1). However, these effects were not statistically
significant (P > 0.05). In these animals the in vivo rate of elimination of
ethanol did not correspond to the ethanol-oxidizing capacity of liver tissue,
since the latter parameter was found to be decreased in both hypo- and
hyperthyroid rats (HiLLBoM & PIKKARAINEN 1970). The increased in vivo
ate of elimination of ethanol in hypesthyroid rats can be explained by the
increased liver-to-body weight ratio of these animals (HitLeom 1970).

The blood alcohol curves (fig. 2) after intraperitoneal administration
revealed that the absorption of ethano] from the peritoneal cavity was
markedly depressed in hypothyroid and increased in hyperthyroid animals.
Ten minutes after the injection the biood alcohol concentration was signifi-

wiv}

BLOOD ALCOHOL CONCENTRATION
s

85 1S 25 3§

TIME (hours}
Fig. 2. Blood alcohol cutves of Tg- (O~—-(Q), PTU-treated (X~——X) and control
tats (@~ —-—@). Ethanol in saline was injected intraperitoneally 1.6 ml per 100 g body

weight as a 2 M solution. Each point in the figure represents the mean + 8. D. of
9 animals,
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Table 3.

Blood alcohol concentrations after a single oral or
intravenous dose of 2 M ethanol,

Number of oo o
Group animals Blood ethanol concentration (%)
Ethanol i.v. 5 min, after injection
(0.5 ml/100 g)
PTU-treated 8 0.082 £ 0.010
Control 8 0.073 £0.010
Ts-treated 8 0.058 + 0.005
Ethanol per og 30 min. after injection
(1.0 ml/100 g)
PTU-treated 9 0.014 + 0.006 0.044 0016
Control g 0.024 £ 0.014 0.078 % 0010
Ta-treated 9 0.041 +0.013 0075 £ 0.024
The figures represent means £S. D,
Injections Injections
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Fig. 3. Concentration of acetaldehyde and ethanol in hepatic venous blood of :on:r::'
(8-—--@), PTU- (X X} and Tg-treated (O——0) rals. A s'mall amoun o
2 M ethanol (0.2 ml/100 g body weight) in saline was first injected into the lemm;‘ J
vein (injection A). Five mun. later a sample was taken from b:p:’mc venous bl:ado;i"
a second injection of ethanol (injection B; 0.6 mi/100 g b?dy welg?l of 2 M el :lr; e
saline) was given into the femoral vein. Each point in the figure represel

mean + S. D. of 8 animals.
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cantly (P << 0.05) higher in the hyperthyroid than in the control rats. The
elimination curve of ethanol in hypothyroid rats did not become rectilinear
during the elimipation time and the maximal blood alcohol concentration
reached only about half the values found in hyper- and euthyroid animals.

Five minutes after a single intravencus injection of ethanol the blood
alcohol concentration was significantly (P << 0.05) higher in PTU-treated and
lower (P <C0.005) in Tatreated rats than in the controls (table 3). When
ethanol was given orally, the blood alcobol concentration five minutes after
administration was significantly (P << 0.05) higher in Ty-treated rats than in
the other two groups and 30 minutes after ethanol administration it was
significaatly (P << 0.001) lower in the PTU-treated rats. These results proved
that absorption of ethanol from the intravascular space and the gastrointes-
tinal tract was increased in hyperthyroid and decreased in hypothyroid
animals.

No marked differences in the acetaldehyde concentration of the blood were
found between the experimental groups when small amounts of ethanol
(<< 0.02 %) were metabolized (fig. 3, initial points). An increase in blood
ethanol concentration was followed by an increase in blood acetaldehyde
concentration in all the rats. However, in hypothyroid rats the blood acet-
aldehyde level did not exceed 100 nmoles per ml of blood, despite the fact
that the highest ethanol concentration was found in the blood of these ani-
mals. In the euthyroid group the d level was found to be signifi-
cantly (P <C 0.001) higher than in the other two groups.

Discussion

RICHTER (1941) has sugg that alcohol p in rats is based on
their ability to utilize alcohol as a source of calories. The validity of this idea
has subsequently been widely investigated and some of the results have been
criticized by Lester (1966) in his review on the aetiology of alcoholism.
Quite recently, in free choice experiments with rats, a marked negative
correlation has been demonstrated between the calories obtained from food
and those obtained from alcohol (Ermksson 1969). On the basis of experi-
ments with mice, it bas also been reported that the proportion of ethanol-
derived calories, rather than the absolute concentration of ethanol in liquid
diets, appears ta limit the animal's capacity to consume alcohol (Frrunp
1970).

In the present study, the fotal caloric intake of rats was modified by PTU
or Ty A ing that ethanol-derived calories regulate the voluntary
alcohol consumption of the albino rat, it was to be anticipated that hyper-
thyroid anim’a\ls, _ vith their increased total caleric intake, would increase their

R . o
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alcohol consumption and that the hypothyroid animals would behave in the
opposite way. However, this was not found to be the case and the results
showed convincingly that voluntary alcohol consumption is not positively
correlated with total caloric intake. Since the capacity of liver tissue to
oxidize ethanol is almost the same in hypo- and hyperthyroid rats and some-
what decreased in both as compared 1o euthyroid animals (HiLLponm & Pix-
KARAINEN 1970), it seems very unlikely that the proportion of ethanol-derived
calories is the sole factor concerned in regulating the voluntary alcohol
consumption of these animals. Other possibilities must be taken into account.

Since the discovery of the effect of disulfiram (HaLp & Jacossen 1948) on
alcohol ption, ethanol hyp itivity caused by various chemically
different drugs has been studied in relation to acetaldehyde accumulation
(WacNEr 1957). It has been claimed that the potent metabolic action of
acetaldehyde occurs at concentrations sufficient to explain many of the toxic
depressant effects of heavy and prolonged drinking on the brain and other
tissues (TRuTTT & DurITZ 1967). In the brain for instance, a 50 % inactiva-
tion of coenzyme A is brought about by a concentration of 200 nmoles of
acetaldehyde per ml of blood (AMMON et al. 1969). The sulphonylurea-
induced “antabuse” syndrome has been thought to be due either to an in-
crease in acetaldehyde levels or to an alteration in the metabolism of 5-
hydroxytryptamine (PoDGAINY & Bressier 1968). However, conflicting
results were found conceming an ethanol-induced shift in the metabolism of
S-hydroxytryptamine in the brain (DAvIS etal. 1967; TYCE etal. 1968) and no
cotrelation was found between the bload levels of acetaldehyde and the
“antabvse” syndrome in diabetic patients on sulphonylureas after ethanol
ingestion (FITZGERALD et al. 1962). On the other hand, it must be remembere.d
that acetaldehyde levels are much lower in peripheral blood than in hepatic
venous blood (FORSANDIR et al. 1969). The levels in the arterial blood of the
brain however, have not been measured.

In the present study it was found that there was no correlation between
acetaldehyde levels in hepatic venous blood and the voluntary aleohol con-
sumption of the experimental groups, since no accumulation of aceta]dchy'de
occurred in the hyperthyroid rats. Many compounds, in combination with
alcohol, are known to produce unpleasant effects without influencing acet-
aldehyde metabolism (BUmver 1960). Butyraldoxime, for instance, does not

bring about an ) of dehyde in the rat (Fo 1970);
Moreover, some nutritional states which produce sobriety in m_ts are I?O
d with lation during ethanol metabolism. It was

previously reported that rats given a low-protein, high-fat diet, deﬁcien]r_ in
choline chloride avoid drinking ethyl alcohol (Hrit.nos 1967), and prelim

inary experitnents in this ] y (HiLLpom, unpublished nbsewaliongha;
revealed that in these rats too there is 1o accumulation of acetaldchyde.
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other factors must account for the ethanol hypersensitivity in these animals.

Since the absorption of ethanol given per os was increased after Ty treat-
ment and decreased after PTU treatment, it can be argued that the deleterious
effects of ethanol which produce the intoxication syndrome are more rapidly
developed in hyperthyroid rats and delayed in hypothyroid ones. On the
other hand, it has been reported that enormous doses of triiodothyronine
given before alcohol intake lead to a small but significant diminution in the
degree of drunkenness in dogs (NEwMaN & Smrrr 1959) and that the rate of
climination of ethanol is not altered in triiodothyroninetreated dogs (NEw-
MAN & SMiTH 1959; SMITH et al. 1963).

RIcHTER (1956) reported that forced feeding of hyperthyroid rats with
aleohol produced demonstrable Jesions in the adrenals and kidneys. The
pathogenesis of these lesions has not been resotved. Some metabolic features
have been found, however, which may contribute to the ethanol hypersen-
sitivity of hyperthyroid rats. Ethanol produce significant hypoglycaemia
in hyperthyroid patients (more sevese than in controls), in whom hepatic
glycogen stores are known to be depleted (Arky & FREWNKEL 1966).
In hyperthyroid rats ethanol has been found to produce severe hypoglycaemia
(YLikARR1 1969) and moderate ketosis (Linpros 1970). Hypothyroid rats,
on the other hand, do not develop ketosis after ethano! administration (Ibid).
The course of the development of ketosis in connexjon with voluntary alcohol
consumption in the albino rat was reported by FORSANDER & SALASPURO
(1962). They found a marked negative correlation between ethanol preference
and the degree of ketone body excretion in the urine after butyrate administra-
tion. On the basis of the evidence presented here, it cannot be ruled out that
the ethanol-induced devel of ketosis or hypogly ia or both to-
gether are responsible for the differences in the capacity to consume ethanol
observed in hypo-, hyper- and euthyroid rats.
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From the Department of Pharmacology, University of Bergen.
Bergen, Norway

Minor Urinary Metabolites of L-Dopa in the Rat

By
Olav M, Bakke
(Received September 3, 1970)

Key-words: L-Dopa — rats ~ metabolism.,

Biotransformation of L-dopa by intestinal microorganisms was suggested
by SaNDLER er al, (1969) who found that the quantity of meta-hydroxy-
phenylacetic acid in the urine of patients with parkinsonism treated with large
doses of L-dopa decreased significantly when neomycin was given orally. The
present report describes some simple phenolic L-dopa metabolites which are
dependent on a normally functioning intestinal microflora.

Male albino rats aged 5-6 months and weighing 303-335 g were used. The
animals were fed a commercial pellet diet {Felleskjppet, Oslo) before the
experiments. Then, 1 % w/jw L-dopa (eldopar®, Weiders Farmasgytiske AfS,
Oslo) was added to a purified diet described previously (Baxxe 1969a) and
fed ad libitum. The mean 24 hour intake of L-dopa during the 4 day experi-
mental period ranged from 120 to 180 mg. A second experimental group
received the L-dopa diet with 1 %, wjw neomycin sulphate while the control
rats received only the purified diet.

. Urines were collected at —20° from individual metabolic cages for 48
hours starting 2 days after changing to the experimental diets. They were
thawed, filtered and diluted to 20 m} with distilled water, Aliquots (10 ml)
of the diluted urines were hydrolyzed with f-gl idase and sulpt

and analyzed by gas ch hy (GLC) on 3 columns and by thin-layer

chromatography (TLC) in 2 solvent systems as described previously (BAKKE
1969a).

The urines from 4 of 5 rats given L-dopa without neomycin sulphate con-
tained 4-methylcatechol in amounts ranging from trace (TLC) to 1.2 mg/Zj
hours (GLC). The animals which d this compound also prod
4-methylgnaiacol which was detected in the urine by gas chramnlogr?phy
only (trace-0.04 mg/24 hours). The chromatograms from a 2 % wiw lncr}:
sylphosphate column of extracts from all 5 urines in this group showed peal
with the ion characteristics of met 1 (¢ imately 0.4 mg/

24 hours) and positive spiking tests. Further identification and exact quantita

P
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tion of this metabolite were niot possible because meta-cresol coincides with
the naturally occurring para-cresol on the other 2 columns used. The present
study with unlabelled L-dopa does not exclude para-cresol as an additional
minor metabolite. The control animals given purified diet alone or the diet to
which L-dopa plus neomycin had been added did not excrete 4-methyl-
catechol, 4-methylguaiacol or meta-cresol.

The phenolic acid metabolites of L-dopa in rat urine were not investigated
in detail. However, the thin-layer cf am: d spots corre-

ding to 3,4-dihydroxyphenylacetic acid, meta-hydroxyphenylacetic acid,
homovanillic acid and homoisovanillic acid. These compounds are also
known to be metabolites of L-dopa in man {O'GorRMAN et al. 1970).

The intestinal microflora carries out numerous metabolic reactions in-
cluding the formation of phenolic acids from L-tyrosine (BAXkE 196%b), de-
carboxylation of phenolic acids with free hydroxy! groups in the para position
and removal of such hydroxyl groups (ScrELNE 1968). The failure to detect
4-methylcatechol in the urine of rats given neomycin sulphate in addition to
L-dopa suggests that this metabolne ur 1ts precursors arises through the
action of i inal microorgani 1 is d
from 4-methylcatechol by O-mcthylatmn in the rat (BAKKE 1970)

Intestinal mlcmorgamsms are also involved in the formation of the meta-
bolite with the i of met. 1. However, decarboxyla-
tion of phenolic acids with free hydioxyl groups in the meta position only
has not been shown to be carried out by the intestinal microflora (ScHELNE
1968). The immediate precursor of mefa-cresol is therefore not known and
the possibility that tissue enzymes may also play a part in the pathways
leading to this compound from L-dopa remains to be investigated,

Studies on the degradation of L-dopa by mixed cultures of intestinal micro-
organisms and the possible precursors of the simple phenolic metabolites are
in progress in this laboratory.

d in vive
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From the Institute of Pharmacology (Head: Professor Ib Holm-Jensen),
University of Aarhus, Aarhus, Denmark

A Simple Transducer Operating Outflow Recorder
By

F. Nielsen Kudsk
(Received August 5, 1970)

Key-wards: Recorder ~ outflow — method.

The outflow recorder described below was constructed for use in con-
junction with the Harvard Apparatus® electronic modular recording system
for experiments with perfused, isolated rabbit hearts. Like the well-known
recorders described by Gapbum (1929) and ANprews (1952) it records the
volume of perfusion liquid that flows out in a known intervaf of time.

The recorder is shown diagrammatically in the figure. The dimensions
are not critical and may be estimated from the diagram. The perfusion liquid
tlows continuously into the recorder through the inlet tube (b). For definite
periods of time the outflow from the recorder through the outlet twbe (c) is
prevented by means of an electro-magnetic valve (Skinner®, type B2 DA9052,
not shown in the figure), which may be cantrolled by an electronic make-
and break timing device or a rotary key. The volume of fluid collected while
the outflow from the recorder is stopped causes a proportional elevation
of a spherical hollow plastic float (¢). By means of an attached silver rod (f)
the float activates one end of a lever (j) which is fixed to the input shaft of
a “Harvard™ el lic disp transd 1. Tre DC signal from e
transducer is amplified by a “Harvard” electronic recording module, model
350, and the pen response of this module is continuously recorded wifh
regard to time by means of a chart mover. An ordinary potentiometric strip
chart recorder can also be used to process the output signal from the trans-
ducer, At the end of the fluid collecting period, the el ic valve
is opened and the apparatus is emptied to a constant zero level ﬂ_nrough .lhE
outlet tube (c) by means of a water suction pump. The emptying period
Jasts 1 sec. after which the cycle is repeated. .

The apparatus is most easily calibrated by measuring the height of !'he

records at each of a series of different known constant rates of flow. With
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the dimensions given in the figure and a liquid collecting period of 10 sec.
a linear calibration curve can be obtained within a range of rates of flow
from 1 to 55 ml per min. The accuracy within this range is better than
+ 0.5 ml/min.

The maximum rate of flow, which can be measured, may be increased by
shortening the period of fluid collection. At low rates of flow the sensitivity
and accuracy of the apparatus can easily be increased by increasing the
electronic amplification of the transducer output voltage. In these cases
appropriate calibration curves have to be made.

The apparatus is not sensitive to changes in temperature, fluid viscosity
and surface tension and it is not influenced by changes in barometric pressure
2s opposed to the often used flow meters which depends on a capillary
discharge tube and i pling to the ding device (STEPHENSON
1948; 1949),

The author is indebted to the chicf technician of the institute, Mr. Bgrge
Poulsen, for the practical production of the apparatus.

Fiz 1. Diagram of the outflow recorder construction: (a) standard borosilicate i

s v : ate jount
B 24, Quickfit®, (b} ialet tube, (c) outlet tube, (d} air vent, (e} spherical plastic ijlom
20 mm diameter, (f) silver rod, 1 mm diameter, (g) float centering tube, (h) rubber cap’
(i) coupling piece, () lever, () 1) electronic di . §

Harvard Apparatus®, model 352 and {m) mounting plate,
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From the Department of Pharmacology and the Section «of Tovicalogy,
University of Copenhagen, Denmark
A Specific Method for the Demenstration of Cannabis
Intake by TLC of Urine
By
3. Merkholdt Andersen, E. Nielsen, J. Schou, A, Steentoft and K. Worm
(Received December 2, 1970)

Key-words: Cannabis — metabolites — urinary exeretion.

demonstration of 0 or ibolites in the urine has shown
that false positive reactions occur frequently in control urines.

Hence there is urgent need for developing a specific and dependable
method for the qualitative d ation of bis intake by means of
urine analysis. As we have recently succeeded in developing such a method
we feel it relevant to publish our preliminary findings with regard to its use
in forensic problems.

Twenty ml of urine were washed three times \vnh light pelmleum (b p-

Our experience with previously published ct hic methods for the

40-60°). By this procedure the parent Ip of
THC) and unknown compounds are removed from the sample in order to
avoid false positive i The main bolite 7-hydroxy-Al-tetra-

hydrocannabinol (7-OH-ATHC) (see NILSsON et al. 1970) is retained in
the urine, until it is extracted into freshly distilled ether (three extractions)
at pH 3.8 (see AGURELL et al. 1970), The combined ether extracts are dried
with Na:SO,, filtered and evaporated to dryness at 37° under nitrogen. To
dehydrate the bolite to inol, 10 mg p-tol il acid and
50 ml benzene are added and this is followed by boiling for two hours under
reflux according to BURSTEIN ef al. (1970). The benzene solution is then
washed with an equal voleme of 2 %, Na,COs and dried with anhydrous
NasSOy, After adding methanol to 39.5 %, (azeatropic mixture) the sofution
is filtered and evaporated to dryness in a rotating evaporator at 50°.

The residue is applied to a TLC plate and sprayed according to Korte &
Siepzr (1964). A positive reaction is indicated by the occusrence of fwo
spots, one with the colour and Rf value like cannabinol, the othes like THC
(fig. 1). In all the tests the ether extract previous to the addition of p-toluene-
sulfonic acid gave no reaction at ing. It is th 1 that the
positive reaction is caused only by the hydration prods of the b
from the active components.
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Fig. 1. Thin-layer chromatogram showing 1) blank control urine, 2) urine showing a

positive reaction after cannabis intake and 3) extract of cannabis. The Ppositive reaction

is based on the occurrence of two spots situated and coloured like cannabinol and THC
in the cannabis extract,

Com- | Calowr with
pound | fast blue salt B
THC = | brownish vioket o
THC T | scarfet o o
CBN | vioiet fasiien]
CBD | orange Q
Symbals: CBDS = cannabidiol acid Fowr
CBD = cannabidiol orange (=3
CBN = cannabinol CBOS | crange stert. €2 @ ©
THC = binol 1.2 3

In a blind experiment it was easy to select 7 positive urines from 6 blank
control urines (fig. 1). One of the positive urines was a sample from 2
cannabis smoker, which had been stored at — 20° for more than one yeat.
The other 6 urines were obtained from human volunteers at various times
(30 min. to 6 hours) after the oral intake of 750 to 1000 mg of a cannabis
resin (approximately 1 % THC).

To get some idea of the time course of the reaction after cannabis intake,
300 mg resin (14 mg THC) was taken orally by a human volunteer. Samp}es
jof urine were obtained for 24 hours and fractioned. A significant positive
reaction was found during the first 6-7 hours after intake, whilst the test
subject reported subjective symptoms for only the first three hours after the
cannabis intake.
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From the Depastment of Pharmacology, Thomas Tefferson University,
Philadelphia, Pa. :md Office of the Medical Examiner, Department of Public Health,
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Interfering Peaks in Gas Chromatographic Exclusion Screening
of Direct Chloreform Extracts of Blood*
By
S. K. Niyogi and F. Rieders
(Regeived April 20, 1970)

Abstract: The abilities of 24 endogenous biochemicals fo interfere with gas
chromatographic exclusion screening analyses for drugs of direct chloroferm
extracts obtained from forensic blood specimens were studied. The relative
retention on OV-17 of the 24 endogenous compounds and the direct extract-
abilities of B of these were compared with those of 30 directly extractable acidic,
phenolic, neutral and basic drugs. On direct ex\xacts o( ‘blood, gas chromato-
graphic peaks were obtained with
p-hydrox. ic acid, p-hy acid and
stearjc acid. Palmitic and and p-hydmxyphenylpmplomc acid were not di-
rectly extractable, while no gas chromatographic peaks were obtained with
three neutral lipids, four )! esters, y ic acid,
phosphatidy}-L-serine, heparin and L-glutamine. Tyramine, tryptamine, tristearin

and ithi ic peaks but their direct extractabilities

EAVE gas
were not ined. Post mortem cases are described in which

apparent i imi

2nd ine gas
chromatographic peaks were pmbnbly mimiched by stearic acid, p-hydroxyben-

and/or i were effected by selective washing
of tbe chioroform extracts with weak and strong bases, acid, ammoniacal
AZNO; and aqueons NaHSO;.

Key-words: Toxi analysis ~
mortemn changes.

-~ gas —~ post

In 2 general search for “poisons™ in humm tissues and body {luids, endo-
genous. i and their break cither obscure
Qr even mumc s\gm(xcant exogenous agems. Such interferences, with regard
to loidal color and crystal tests, spectra, solid-
liquid ch hy and pol have been revi {TrRunsUT &
Moan 1958, Nwom 1970) and ate summarized in table 1.

¢ Presented in part 2t the Twentieth Annual Meeting of the American * .
Forensic Sciences, Chicago, linots, February 24, 1968, »
¥ Acta pharmacologlca, val. 29, fase, 2

o~
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Table 1.
Biogenic interferants in toxicological analysis.
Interfering compounds Interferes with .Nature of Reference
interference
B-p-hydroxyphenyl-  Barbiturate Color reactions and
propionic acid precipitation test  NICKOLLS (1951)
Bp-h Non-phenoli 1 ifi
-p-hy (2 P!
propionic acid substances LyNCH (1951)
Natural origin Mimics barbiturates Ultra-violet
{phenol-like) absorption ‘CURRY (1958
Pseudo-barbiturate Mirmics barbiturates Ultra-violet JACKSON &
absorption FINKLE (1963}
Biogenic putrefactive  Alkaloids Coflor reactions, TRUHAUT &
amines precipitation tests  MoaN (1958)
and paper
chromatography
Phenyleth Ultra-violet absorp- GOLDBAUM
tion and chemical et al. (1963)
test
Atropine, pethidine, Ultra-violet GOLDBAUM
dextropropoxy- absorption etal, (1963}
phene, methamphe-
tamine, norephe-
drine aad
phenmetrazine
Basic compound Nicotine or its Ultra-violet GOLDBAUM
i b rpti eral. (1963
+ Tyramine Morphine Polarography and
) paper
chromatography ~ K&MPC (1964b)
Trypt: C 1y occur- Ul iolet
ring alkalowds absorption K&MPE (1965b)
Nicotinaride, uracil, Alkaloids Ultra-violet
thymine absarption K/AEMPE (1967b)
I-hydroxymethyl-f- Harman Ultra-violet-
carboline absarptioa and
paper
chromatography ~ K&MPE (1967
B-pbenyleth i A Color reaction,
Amphetamine and  ultra-violet
pethidine absorption Kewre (19652
Jehvd Ultra-violet DENTON
oy etal. (1963)

absorption
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) Nature of
Interfering compounds  Interferes with interference Reference
A F 1 ified GoLopaum
et al. {1963)
Phenol (a preservative Barbiturate Ultra-violet GoLbpAus
in heparin absorption et al. (1963)
preparations}
p-hydroxy- 5,5-substituted Ultra-violet
t i i Kastee (19642}
p-hydroxyphenyl-
acetic acid
e-hy 1 E d Ultra-violet
barbiturates absorption Kamer {1965a)
p-hydrovybenzoic acid
5-hydroxymethyl- Salicylic acid and  Ultra-violet
furfurol barbituric acids absorption KaMpe {1965d)

Most of these extractable substances might also be expected to appear in
gas-liquid ch with the non-selective columns generatly
used in forensic toxicology (ANDERS & MANNERING 1967). In this laboratory,

Tusk ing gas cl are inely obtained on direct

organic solvent-extracts of blood and urine samples in about
2,000 cases involving suspected as well as many presumably natural deaths
each year.

By these methods (N1vocr et al, 1965; RiEDERS 1968), using SE-30, QF-1,
XE-60, DC-200, OV-101, OV-17 or OV-22, about 10 % of the cases gave
“false positive” results. False positives show up as sharp peaks with retention
times, some of which correspond fo those of foreign compounds. Broad
bands are also seen, covering retention intervals in which important drugs
are being sought. In these cases, when further analyses show that the ap-
parent or possible foreign compounds are in fact not present, the peaks are

most bably due to bi andfor their breakdown
products.

The retention times of these interfering peaks are quite stable, in relation
to each other and recut quite i . They are promi in decom-
posed cases, in about 30 %, of crib deaths, in most cases with “mitky” serum,
and in about 20 %, of those traumatic deaths in which there probably was an
agonal period of at least several minutes.




116 S. K. NIYOGI AND F, RIEDERS

The present investigation deals with gas chromatographic characteristics
on the moderately polar phenylsilicone OV-17 of 24 common biogenic com-
pounds which appeared to us to be potential interferants in the gas chroma-
tographic exclusion screening procedure briefly described below.

Materials and Methods

Gas hi tons were d ined using the following three per cent
solutions of biogenic compounds: Triolein, tripalmitin, trilaurin, tristearin, cholestero),
oleate, stearate, i hol linoleate, pal-

mitic acid, stearic acid, lysolecithin (all from Sigma Chemical Co., St. Louis, Mo),
S-hydroxymethylfurfural (Aldrich Chemical Co., Inc,, Milwaukee, Wis.) and 2-phenyl-
ethylamine (Eastman Organic Chemicals, Rochester, N.Y.) were dissolved in chioro-
form. Deoxycholic acid, tyramine b ide, tryptamine h; hloride, p-hydroxy-
phenylacetic acid (Aldrich Chemical Co., Inc., Milwankee, Wis)) and p-hydrocybenzal
dehyde (Bastman Organic Chemicals, Rochester, N, Y.} were dissolved in methanol;
p-hydroxyphenylpropionic acid (Aldrich Chemical Co., Inc, Milwaukee, Wis) and
p-hydcoxybenzoic acid (Eastman Organic Chemicals, Rochester, N, Y.} were dissotved
in acetone. Phosphatidyl-L-serime (Sigma Chemical Co., St. Louis, Mo,) was dissolved
in a mixture of methanol and chloroform (1: 1).

Since heparin (Nutritional Biochemicals Corp., Cleveland, Ohio) and L-glutamine
(Sigma Chemical Co,, St. Louis, Mo.) are insoluble in these organic solvents, they were
injected as solids.

A Research Specialties Co. Model 60-10 and 2 Model 1600 gas chromatograph, each
with flame ionization detector and 5 ft. X %4 inch stainless steel columns packed with

Table 2.

Relative retentions of components of standard test mixtures in methanol
(see text for gas chromatographic conditions),

Test mixture “A” Test mixture “B”
Component Relative retention Component Relative retention
Meprobamate 047 Butabarbital 091

{secumafum NFN)
Amobarbital 1.00 (= 1.1 micutes) Pentobatbital 115
{pentymalum NFN) (mebumalum NFN)
Secobarbital 135 Glutethimide 218

(meballymalum NFN)

Phenobarbital 365
{phenemalum NFN)
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3% QV-17 on 60/80 mesh C| 'b G HP (Supeleo) were used, T were
adjusted so that relative yetentions of the components of two test mixtures (table 2)
were similar on both instruments.

"The gas chromatographic conditions were as follows:

Sample inlet (injection) temperature:  360°

Column oven temperature reading:  218° — RS Co 60~10
200° — RS Co 1600
Carrier gas — nitrogen: 60 ml/min, 26 psi inlet pressure

H; and air flows were mot measured, but were adjusted daily for a maximum
response {o the test mixture components.

Sample injection: 10 pl Hamilton® liquid syringe and Hamilton® solid injector.

Retentions of the biogenic tompounds Telative to amobarbital (pentymatum NFN)
were determined at au attenuation of 3K with 1 yl liquid samples of the 3 % solutions
(i. €. with 30 pg of each agent). In the cases of the insoluble heparin and L-glutamine,
as much of the powder as would adhere to the needle tip of the solid injector
(approximately 0.5 to 1 mg), which had first been moistened with methanol, was
injected. ‘These large sample sizes were used to overcome adsorptive effects and to
facilitate operation at an attenuation (3K) which was high enough to give a short and
parrow solvent peak so that any short-retention solute peaks would be visible. If no
response due to the compound tested was obtained at 3K, the injections were repeated
at Jower attenuation.

In the present study, extractions from blood were determined as follows: An aliquot
of solution coataining the compound to be tested was evaporated to dryness in & 4 ml
test tube. One ml blank blood and 0.2 ml CHCly were added; the tube was inverted
40 times over a period of 1 minute and centrifuged at 3400 rpm for 4 minutes. About
0.1 ml of the chloroform was withdrawn by means of a capsllary pipette, transferred
10 a micro-test tube and 1 ) injecied into the gas chromatograph.

“The direct extractions by chioroform from blood were not determined for tyramine,
tryptamine, tristearin and lysolecithin. These compounds however, did give peaks on
direct injection.

The routine procedures for exclusion screening by gas chromatography of direct extracts
are as follows:

1. One ml blood, cerebrospinal fluid or homogenates of 1 part tissue and 3 parts
waler are placed into a 75X 10 mm test tube, followed by 0.2 ml CHCl3, this was
followed by 40 complete inversions in the course of one minute and cenfrifugation for
four minutes at 3400 rpm in a Clay-Adams Sero-Fuge®. As much of the infra-natant

as possible is by means of a Pasteur pipette and transferred.
Three yl, in one yl increments, are transterred to the tip of 2 Hamilton® solid injector,
wal ncreneth teing Whuwed W vvupunie ‘'vetore Yne next increment is added, and the
solid residue is then injected into the gas chromatograph. For urine, one ml is acidified
with approximately 003 m) concentrated HCl and is then treated in the same manner
as descnibed for blood. Using columas of 5 ft 3% DC-200 on Chromosorb W AW/
DCMS at 180°, 5 ft 3 % OV-17 on Chromosorb G HP at 200°, ot 5 ft 3% OV-22 on
Chromosorb G HP at 230°, and flame joni

ization detection, approximately 10 ng
amounts of i dilantin® (ph i NFN), and related
2 : methyprylon, carb: hi meperi-
dine NEN) and methadane are by this with retention
times of less than 10 minutes.

. . Lt
2. Similar extraction on one ml samples are performed after adding approv?
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0.5 ml concentrated NH;OH reveals, on the same columns, 10 ng or more of anti-
hi i nicotine, h idine, imj ine, ine, as well as the
neutrals and bases named above, also with retention times of less than 10 minutes. In
addition, on a 5 ft column of OV-101 on Chromosorb G HP at 230°, codeine and
phenothiazines in urine are also di their ions in and ions by
the present method from other tissues are usually inadequate for detection.

3. For the detection of amphetamine, a one mi sample is mixed as described above
with 0.5 ml concentrated NHyOH, 0.1 m! half saturated agueous Jead acetate and 0.2
ml CS>. This converts the h ine to the isothi which dissolves in the
excess CSy. ion (at room of three pl of the CSg extract as
described above and injection (onto the DC-200, OV-17 or OV-22 columns af the
temperatures named) allows the detection of 10 ng amphetamine with a retention time
of less than two minutes.

Results
No peaks were obtained from triofein, trilaurin, tripalmitin, cholesterol,
hol ! palmi hol ! oleate, chol ol stearate, chol 1
lino! deoxycholic acid, phosphatidyl-L-serine, heparin and L-glutamine

under the conditions described.

Table 3 shows retentions in ascending order, relative to amobarbital (pen-
tymalum NFN), of the ining biochemicals. These and rep i
drugs with similar sufficient retentions to be of value, are further subdivided
into strong acids, weak acids, neutrals and bases, Brackets around the name
of the chemical indicate that the substance showed more than ene peak and
that the one shown in brackets was of minor importance (usually less than
10 %, of the major peak).

Fig. 1 shows the and separation at an ion of X-300 ob-
ained when injecting 1 ! of a mixture in organic solvent containing 13.5 18
:ach of palmitic acid, stearic acid and 5-hydroxymethylfurfural, 26.1 yg of
»>-hydroxybenzaldehyde and of amobarbital, as well as 52.2 pg effch of
1-phenylethylamine, p-hydroxybenzoic acid, p-hydroxyphenylacetic acid and
-hydroxyphenylpropionic acid. The peak of S-hydmxymethylfuﬁura}I and
the major peak of 2-phenyl-ethylamine are within the solvent peak, while the
secondary phenylethylamine peak is barely visible as a distortion of the
solvent peak’s tail. An unidentified peak (9) also appears which may bebﬂ
Schiff base formed with the acetone or an ester formed with the methanol in
the solvent at the high temperature of the injection port.

Fig. 2 shows the result obtained at X-300 when 1 gl of the chlol
extract from the spiked blood sample was injected. The phenylethylamin
and 5-hydroxymethylfurfural are again covered by the solvent pea!f. Pallm‘i(,':
acid and p-hydroxyphenylpropionic acid are not seen; they are evident! ):hcr
sufficiently extracted by the present procedure. The recovery of”ﬂ; Dcak
agents was substantial, but by no means complete. The unidentified p

roform
Tamine
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Fig. 1. Gas chromatogram of mixtare in mixed solvents.

| SENRE T S S M SR
I m ¥ ¥ W b

Retention time (min }

Injector temperature: 365°

Column oven temperature: 220°

Ng inlet pressure: 26 psi

Sample: 1 p!, liquid

1. Phenylethylamine 6. Amobarbital

2 Para-hydroxybenzaldehyde 7. Palmitic acid

3, Para-hydroxybenzoic acid 8. Stearic acid

4. Para-hydroxyphenylacetic acid 9. An unidentified peak

5. Para-hydroxyphenylpropionic acid

which was seen in fig. 1 (peak No. 9) is not in evidence. This tends to
strengthen the methyl ester or acetone-Schiff base formation theory since in
the present injection chloroform alone was the solvent.

The following are five illustrative cases to which the exclusion screening
procedures were applied.

Case No. 1: A 39-year-0ld, Caucasian male, with 2 history of chronic and heavy beer
consumption, comptained of chest pain while eating and collapsed and died within
minutes. Autopsy, performed 18 hours Iater, with intervening refrigeration of the body
at §°, reveated markedly narrowed coronaries, consistent with coronary insufficiency as

the cause of death. A specimen of bloacd, taken for toucological exclusion scyeening,
was markedly lipaemic,
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Fig. 2. Gas of mixture d from blood with chloroform.

3

1 b1 I i
. Retention time (min.)
0 \Injecﬁon temperature: 358"
/Column oven temperature: 215°

Nj inlet pressure: 26 psi

Sample: 1 ul, liquid

-

1. Para»hydmxybenzaldchydc 4. Amobarbital
2. Para-hydroxybenzoic acid 5. Stearic acid
3. Para-hydroxyphenylacetic acid

Case No. 2: An 82-year-old, Caucasian male was found dead at the foot of 2 flight
of cellar stairs in a position and under circumstances indicating that he had (umbled
down the steps 4 to 5 hours previously. The cause of death was found to be 2 proken
neck with cord injury including vital reaction. A specimen of aortic blood was taken for
ovicological exclusion screening. R

! ‘Cn:eoila. 3: A 70-year-old wiilc male was found dead in bed in a “Skid Ro¥ h°‘;|
room. On the basis of age, history, circumstances and results of external examination
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his death was certified as being due to arteriosclerotic cardiovascular disease. Blood
was obtained for tovicological exclusion screeming by heart puncture through the
chest wall.

Case No. 4: A 38-year-old Negro male with a history of alcoholism was found dead
in his blood-spattered bathroom. He had last been seen alive four hours previously, An
autopsy revealed ruptured cesophageal varices as the cause of death,

Case No. 5: A €0-year-old Caucasian male was found dead in his partly-filled bath
tub, He was nude, partly i and slightly d. On the basis of cir-
cumstances, history and results of an external examination his death was certified as
due to natural causes. 5

In the precedmg cases, oxi ical exclusion screening d of the
i ons of the blood sp
. Mmo»dxﬁusxon for carbon moncxxde, cyanides, fluoride, phenol, phospho-

-

Tus, sulphide, volatile red and volatile oxid

2. Head space gas chromatography for volatile organic agents.

3. Ultraviolet sp ry, thin-lay hy, gas ct aphy,
2 fluorescence test for quinine and a mi ical color test for ethehl

vynol and bromides on a direct-chloroform-extract.

Trinder’s test for salicylates.

A Reinsch test for heavy metals.

The results of the gas chromatographic analyses performed on the direct
chloroform extracts and the conclusions drawn are summarized in table 4.

e

Discussion

The endogenous compounds which were extractable and showed up on the
gas chromatograms gave peaks sufficiently large and sharp to be mistaken
for significant concentrations of the drugs with similar retentions. Differen-
tiations between the biochemicals and their gas chromatographic “drug-
mates” can often be effected by selectively washing out from the chloroform
one or the other. By washing the chloroforn extract briefly with an equal
volume of 2%, fresh NaHCO; and then injecting a fresh aliquot of this
washed chloroform, the peak will have disappeared or at least very markedly
diminished, providing it was due o one of the strong acids, but will appear
essentially unaltered if it was due to one of the other groups of compounds.
Thus salicylic acid can be dif iated from S-hyd ylfurfural; p-
hydroxybenzoic acid from nikethamide and mebutamate. Similarly, brief
washing with 0.3 N-NH,0H removes both weak and strong acids, while more
prolonged shaking with 1 N-NaOH also accomplishes this and in addition,
hydrulyzes or degrades esters as well as some other drugs such as ampheta-
mine, b ine, cocaine, by ide and glutethi thus either altering
their retention ot removing them, A wash \vnh 0.1 N-H:S0; removes most of
the bases, while a wash with dilute, nearly neutral ammoniacal silver nitrate
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removes some of the biogenic amines but not most other bases. Dilute
(1103%) NaHSOJ washes out 5 hydroxymelhyl{urfum\

‘These ques are analytically valid for fati hemical ex-
clusion and ch ization, using gas cl phy as an efficient separa-
tion p dure and as an ly sensitive d jon method. The illustra~

tive cases present emphasxze agam that the test gas chmmalograp}uc retention
values per se, altt one istic of a pound, do not
of course, constitute identification in most instances. At the same time, they
show the value of simple chemical manipulation of extracts to make gas
chromatographic results more meaningful.
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Acute in Vitro Effect of Progesterone Dissolved in

Dimethyl Sulphoxide on Isotonic Contractions and

Electrical Potentials of Isolated Uteri from Early
Pregnant or Hormone Pre-Treated Rats -

By
N. Elner-Jensen

(Received June 9, 1970)

Abstract; Spontaneous isotonic contractions and electrical activity were obtained
from 3 cm sections of rat uteri placed in a2 6 ml organ bath. The electrical
activity was recorded by means of 2 pairs of platinum wire electrodes, each pair
measaring the activity over a 2 to 4 mm vterns section. Uteri were used from
21 pregnant rats (Jength of pregnancy was 1 to & days) and from 4 non-pregnant
rats pre-treated for 6 or 8 days with 10 megfkg progesterone sybcutaneously.
When 0.17 vol 7 dimethyl sulphoxide (DMSO} was added to the organ bath
no or only small changes in the electrical zchvn(y and |he spontageous contrac-
tions of the ium were observed. Admil 83 pg
per ml organ bath) dissolved in DMSO (50 mg/ml) mhlbllcd the contractions
after 10 10 60 seconds, but no or only minor changes were regisiered in the
electrical actwvity. After DMSO-progesterane solution had been washed out, the
contractions reappeared after 7 to 20 minutes.

Key-words: Progesterone - DMSQ solvent — uterus contractions — in vitro — rats,

Dimethyl sulphoxide (DMSQ) is a colourless, nearly odourless fluid miscible
with water. Owing to its ability to penetrate into tissues, to transport steroids
through the skin and because of its postulated anti-inflammatory effect,
DMSO was extensively investigated and used in the years 1965 to 1967
(WEYER 1967). Because of its low toxicity and capacity to dissolve steroids,
it was used in the in vivo screening of steroids and non-steroidal substances
for possible anti-cancer effects (ROSENKRANTZ et al. 1963).

‘The aim of the present investigation was to evaluate the possibility of using
DMSO in experiments on the isolated uterus in vitro undcr ccndmons when
DMSO produced no effect on and ; the
possibility of inducing an acute effect of progesterone on the uteri when dis-
solved in DMSO was also investigated.
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Method

Three fo six month old Wistar female rats were used for the experiment. Before
the experiment the animals had free access to a commercial rat pellet diet and tap
water in an animal house at a temperature of 23° and a relative humiduy of S0 fo
70 %. In order to get pregnant animals, 5 females were caged together with one male
and vaginal smears were taken every morning. The day on which sperms were ob-
served in the vagina was termed day 0, and at this stage the animals were considered
1o be pregnant and the length of the pregnancy was calculated from this day, 21 animals
with durations of pregnancies of one to eight days were used for one part of the
investigation. Another four intact non-pregnant rats were injected subcutaneously daily
with 10 mglkg progesterone dissolved in olive oil for 6 or 8 days before sacrifice
(table 1).

After decapitation of the rat a 3 cm section of one of the uterine horns was placed
in a dish with Ringer solution at 37° (THoRe 1962). 2 pairs of platinum wire electrodes
were drawn through the myometritm at a distance of 2 to 4 mm between them. The
organ wag then placed in a 6 ml organ bath, one end being connected with a transducer
for isotonic registration (fig. 1). The utertis was loaded with 2.0 to 2.5 g, zad the
electric potentials were registered by means of a DISA differential amplifier to an
oscilloscope and a Mingograph 34, where the contractions were also registered. The
organ bath was kept at 37° by means of a thermostat and a gas mixture (95 % O
5 % COy) was bubled through the Ringer solution.

The uterus was allowed 1o recover for 20 min. before the start of the registration.
First a control period of 5 to 10 min, was registered before 0.01 ml DMSO was added
(~0.17 vol % in the bath). After 2 minutes the mixtyre was changed to pure Ringer
solution. Two minutes later 2 new change to pure Ringer solution was made. Thes
0,01 ml of a solution of 50 mg progesterone per 1 mi DMSO (~ 83 pg/ml bath) was
added. After 2 minutes the solution was again changed twice after which the experi-
ment was terminated, Stx of the experi were conti with registration of
short periods during the next half hour. ’

In 5 cases 0.01 mi pure DMSO was added and separated 4 times by double washings
to control the effect of repeated DMSO treatments 3

No quantitative analysis of electnc frequency was used to assess the potentials.
Hatulton syringes with 100 gl volume were used for the administration of DMSO and
iDMSO-progesterone solutions.

Results
The registered electric activity consisted of single spikes or trains of “5
to 10 sec. duration (fig. 2). these vigy isct & backgroun
the contrac-

activity or electrical silence was abserved. In each experiment
tions of the uteri were observed at intervals of 20 to 70 scc.
being almost constant.

the intervals

In some of the experiments the electrical impulses were synchronous t:sl
both 15, in others but a mixture of the 2 patterns W ly
h istrati rare
i d. The synch and
joos . X Tuctions were fiot,

changed during an experiment. The potentials and the cont



DMSO AND PROGESTERONE RESPONSE OF ISOLATED UTER! 127

Table 1.
“The effect of DMSO and DMSO-progesterone on the isofated uterus. In the it grs of
the table DMSO treatment was repeated four times.

Pretreatment | Control period DMSO DMSO-progeservne
or day of Contrac- N Contrac- N Contrae. .
pregnancy tions Spikes tions Spikes tions Lt

(Four periods)
- 4 4 4 {+ +
+
- + +t + +
- ++ ++ {++ ++
+
- 44 ++ 4+t +4
- 4 ++ ++ ++
e
10 mglke
progesterone
per day
X5 ++ +4 ++ e -
X6 +4 +4 ++ 0w -
X8 ++ ++ +4 ++ 1 .
X8 ++ ++ ++ ++ 1 o
Day of B At e
pregnancy
1 + ++ + ++ .
1 + ++ + g ‘o
1 ++ + I\ " M ~
2 ++ ++ +4 +4 . .-
2 ++ ++ ++ ++ ¢ o
2 ++ + ++ + . .
2 + ++ + b4 “ -
3 ++ ++ ++ +4 . el
3 ++ +4 ++ s . -
3 * e+ + 5L o
4 ++ ++ +4 oy B <
4 + ++ + +4 Y -
4 ++ ++ ++ EX
s +4 ++ ++ F7 O -
5 ++ +4 ++ P -
6 + + + G : ——
6 ++ + + M -
6 + + +4 5 - -
8 ++ + + 4 & S
8 ++ + ++ - K
8 ++ ++ ++ DU
5
The effects are graduated from 0 (no electrical aqgur """ -
represents an intermedrate stage. The electrical activiy v, 7 rg

3 cases, the contractions -+ except in the DMsg,,
7

contractions appeared. Y e =
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as a rule, synchronous, but a train of potentials was often seen at the be-
ginning of or during the contraction phase. When this occurred it remained
constant during the whole experment.

The repeated administration of DMSO 4 times did not change the con-
tractions of the uterus or the electrical potentials except in 2 cases where 2
decrease in the numbers of potentials and the degrec of contractions,
respectively, was observed during 25 changes in the 5 control uteri (table 1).

Four uteri from intact rats injected with progesterone showed, after the
recovery period, vigorous contractions and electrical activity. When DMSO-
progesterone was added, the potentials were unchanged, while the contrac-
tions ceased.

Out of 21 rats considered to be pregnant day 1, 2, 3, 4, 5, 6 or 8, strong
contractions were registered from 14, while 7 (equally distributed in the
material) showed weaker contractions. In 15 rats the electrical activity was
comparable to that of the non-pregnant animals, and in 6 animals of various
Iengths of pregnancy the freq of impulses was hat diminished. In
18 cases the contractions of the uteri disappeared when DMSQ-progesterone
was added (fig. 2). The electrical activity was unchanged in 19 cases after the

e -
__Bmm tube
B Piston
Object
J Silicone oil
Top wiew of L
piston and fube;

Pressure
Tronsducer
0-30mm Hg

Fig. 1. Isotonic transducer. During contraction of the uterus the piston moves up‘:“:“:

and the oil surface is lowered in the tube. The hydraulic pressure dl“"‘nofdtr

transduced by the pressure trapsducer, the output of which is. fed m; m)
(constructed by chief engincer Ole Johansen, Institute of Physiology, Odense):
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t

i

|

Fig. 2. The in vitro effect of DMSO angd DMSO-proges(crone on the isolated uterus of
® four day pregnant rat. The upper and lower traces (s,

©) are from the electrodes, the
middle trace (b) from the isotonic force transducer,
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addition of DMSO-f one, while it i d in two, diminished in one,
and disappeared in one case.

‘When DMSO-progesterone was added, no or only one contraction was ob-
served, a full effect being obtained after 10 to 60 sec. (fig. 2).

In 6 cases we investigated whether the effect of DMSQ-progesterone was
reversible, In 5 of these cases the contractions of the uterus started 7 to 20
min, after the second washing.

Discussion

The experiments indicated that DMSO concentrations of 0,17 vol %, are
tolerated by uteri in this type of in vitro experiment as indicated by FARRANT
(1965), even when the treatment is repeated. They also showed an almost
instantaneous (less than one min.) and reversible effect of progesterone.

CsApo (1954) showed that the contractions in an isolated efectrically
stimufated rabbit uterus diminished if progesterone was added fo the organ
bath. Knirron (1966) showed that the fension in an isolated pig uterus

ished both during sp contractions and during electrically in-
duced contractions, if progesterone was added to the organ bath. He used 2
b ble™ (It Primulut). By & ELIASSON
(1964) showed that in an ag vehicle ining propyk
glycol and urethane inhibited sp o jons in the human myo-
metrivm. In a bath ining 20 pg [ /ml the fons were
diminished to about half and in some of the strips up to 100 %. In a bath

ining 60 pg one per ml the sp ions were

inhibited by 100%,. PHARRISS & RUSSELL (1968) showed that 20 yg pﬂ.?gcfff‘
rone per ml dissolved in 3 %, ethanol or 0.06 %, albumin carrier could inhibit
| spontaneous contractions in an organ bath. Pinto et al. (1967) showefl that
500 to 2500 g progesterone per ml in an organ bath blocked the action of
oxytocin on the internal and medial layer of the myometrium, while in the
external layer it reduced the intensity but increased the frequency of the
contractions. In contrast to our results they stated that the progesteroac block
was pot reversible, PR
Our dose (83 pg progesterone per mi organ bath) for the inhibition ©
is in good with those of Kntero (1966) and Pmm;z
& Russti (1968). The doses of ByaDeman & Eruasson (1963) cantot b
compared with our doses, since continuous infusion with progesieronc ‘;o(
used. With the technique used by BYGDEMAN & ELiasson (1964) it msdocs
possible 1o estimate how rapidly the effect occurred and KyirroN (1966)

7]
not mention how quickly he could register the effect. PINTO ef f’" ({9:‘1:
d that the sp fon disappeated “very quickly
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did not state the time in minutes. Our experiment therefore seems to be the
first which describes an effect of progesterone on an isolated uterus within
Tess than one minute. KurtyAMa{1961) observed a termination of contractions
in post partum mouse uteri 8 min. after treatment with 20 ug/ml progesterone.
The rapid effect in our experiment compared to these, may be attributed to
the DMSO used as solvent.

Csapo et al. (1963) have shown hronization between p ials registe-
red from 3 different uterine segments and pressures in the uterine lumen in
a rabbit in labour stimulated by the administration of 100 p units of oxytocin.
A similar synchronisation between contractions and electrical activity was
seldom seen in our experiments with isolated uteri from non-pregnant pro-

treated or carly pregnant animals. Because of differences in the
duration of pregnancy, in the intrauteripe pressure, in different species and

in vivo as pared 1o in vitro experi it is not yet possible to explain
the difference.

The electrical activity of the uterus was only estimated by means of a
Mi ) istration, The p tals were ded by plati; wires as

the potential difference over a 2 to 4 mm uterus segment. Here the total
electrical activity was almost unchanged after progesterone treatment al-
though the contractions stopped. This might indicate that there is a failure
of co-ordination between neurones and that the single neurone is responsible
for its own rhythm. The solution of the problem, however, needs further
investigation,
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The Action of Dopamine on Arterial Blood
Pressure in the Rat
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Abstract: The mean arterial blood pressure in conscious nocmotensive Sprague-
Dawley rats was recorded by means of in-dwelling arterial catheters, Doparnine
hydrochloride (DA) was infused intravenously from 0.04 pg/min. up o 022
pgfmin. The infusions always resulted in 2 hypertensive reaction. Intravenous
injections of DA (1-50 pefke) or ine bitartrate M™A)
{0.02-0.5 ygfkg) were given before and after phenoxybenzamine (PBZ) (5 mg/kg);
protriptyline (PTP) (10 mg/kg) and nialamide (100 mg/kg). The DA injections
alone resulted in a pressor action. PBZ blocked or considerably diminished the
pressor action of DA. PTP did not resalt in a clear-cut augmentation of the
blood pressure response to DA like that seen after the various equipotent NA
doses tested. Furthermore, there was no prolongation of the duration of the
pressor action of DA after PTP, though this was found 2fter NA. Nialamide
did not alter the magnitude of the pressor action of DA and NA. However, the
hypertensive response of L-DOPA (25 mgfkg) was markedly augmented by
pretreatment with nialamide (10 mgfkg).

Key-words: Blood pressure — dopamine.

In a previous publication u was shown that the injection of L-DOPA into the
at p dat which could be blocked by pretreat-
ment with a penphcml DOPA-decarboxylase inhibitor (HONNING & RUBEN~
SON 19702 & b). This finding strongly indicated that the hypertensive reaction
was of peripheral origin and mediated via the DOPA metabolites dopamine
(DA) or noradrenaline (NA) or both, Large amounts of DA were found in
the peripheral tissues after the injection of L-DOPA; this accumulation was
prevented by the decarboxylase inhibitor (HENNING & RUBENSON 1970a),
The acuou of DA on the blood pressure could occur e, g. through direct

of ad it or ly via the formation of NA or
by disp of end NA from the ic nerve endings.
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There is evidence from previous studies for both direct and indirect effects
of DA on various organs (FLECKENSTEIN & BURN 1953; Tsal ef al. 1967;
SpiERS & CALNE 1969). Furthermore, the influence of DA on the blood
pressure is complicated and dependent on the species. Both pressor and
depressor actions have been reported (HOLTZ & CREDNTR 1942; HORNYKIE-
WiICZ 1958; HORNYKIEWICZ & OBENAUS 1958; GOLDBERG & SIOERDSMA 1959;
MaxaveLL et al. 1960),

In an attempt to elucidate the mechanism of the blood pressure response
to L-DOPA in rats we have now investigated the blood pressure response to
DA in this species. Experiments were set up in which small doses of DA were
infused intr ly under conti blood p ding. Further-
more the influence of intravenous injections of DA on the blood pressure was
studied in some basic experments and under three different conditions: (1)
blockade of adrenergic a-receptors; (2) inhibition of the active amine con-
centrating hanism in the symp ic nerves; (3) inhibition of mono-
amine oxidase.

Methods

Male Sprague Dawley rats weighing 250~300 g were used. Under pentobarbitone
sodinm (mebumalum NFN) anaesthesia (30-40 mgfhg intraperitoneally) polyethylene
catheters were inserted into the left carotid artery (HENNING 1969), and into the right
external jugufar vein. The free end of the venous catheter was passed subcutaneously
between the eye and the ear on the right side of the neck and exteriorized together with
the arterial catheter. The mean arterial blood pressure was recorded in can:ci?us
unrestrained rats placed in separate cages, Statham P23 Dc pressure transducers writing
on a Grass Model 7 Polygraph were used. As a rvle, recordings were not performed
until 2 days after the operation.
< All drugs were given via the venous catheter. In some of the experiments the
% theters were to syringes deliveri ine hy d
dissolved in isotonic saline at constant rates for ten-minute periods separated by ten-
minute intervals (for details see Results). During the intervals, the blood pressure of the
animals always returned to their basal level. The blood pressure response after the
varions DA doses infused was measured as the difference hetween the mavimal peak-
change during the ten-minute period of intravenous infusion and the average of the
mean arterial blood pressure 2~3 minute before the beginning of the infusion. A dose-
response curve for the increase in blood pressure was obtained. In other experiments
the arterial pressure was recorded continuously and increasing doses anDA or l-nar-
adrenaline bitartrate monohydrate were given by imtravenous injection into the snm;
rat. Each dose was given twice to eliminate the dead space of the venous Fn!heler. an
the second response was used for calculation. All the doses of dqpamme and no:
adrenaline were given in a volume of 1 ml/kg. This volume of.snlme alone h:dnr:r
effect on the blood pressure, The dose-response curves were obtained before nn_d ‘l'nc

with p ine (bensylytum NFN) (PB2) (5 mefhe), prouiptyiin
hydrochloride (PTP) (10 mg/kg) and nialomide (100 mefke). The vnno:s :i:;"';d s
were given at least five minutes apart and never before the animals ha

tor-dri
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steady mean arterial blood pressure. The blood pressure responses were measured as
the difference berween the maximal peak change and the averages of the recordings for
the one minute period i before the inistration of the drug. The basal
blood pressure prior to testing of DA and NA was calcutated as the average of 10
minute-periods immediately before the injection of the first dose of DA in the different
experimental series.

The duration of the mean arterial blood pressure response after the various dopamine
and noradrenaline doses was measured as the time interval between the beginning of
the alteration and the time of fon of the blood pressure to a basal steady level,

1n one group of experiments the mean arterial blood pressure was recorded after
intraperitoneal injection of L-DOPA and nialamide (for details see Results). The
alterations in blood pressure in these i were as the di
between the averages of ings for {i i iods it iately before the ad-

ministration of the drugs and at vanous subsequcnt time {ntervals (for details see
Results).

‘The doses ot all the compounds used in the evperiments were based on the weight
of the salt. Tests of significance were carried out by Student’s t-test and analysis of
variance with two independent criteria of classification. P values less than 0.05 were
regarded as significant.

Results
Dopamine infusion.

Four animals were given increasing doses of dopamine by intravenous
infusion ss described in Methods at a constant rate: 0.04 pgfmin. (0.02 mif
min.), 0.22 pg/min. (0.11 mljmin.), 1.32 pg/min, (0.062 mifmin.), 4 pg/mis.
(0.20 ml{min.), 7 pg/min. (0.1 mlfmin.), 12.4 pgfmin. (0.02 mljmin.), 22ug/
min, (0.11 ml/min.}. The average changes jn mean arterial blood pressure are
shown in fig. 1 and as can be seen, all the doses tested resulted in a hyper-
tensive response. Infusion of isotonic saline in the same volumes and at the
same rates was given to two animals and no changes in blood pressure were
observed.
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Fxg. 1 Avfmge changes in taean anmal blood pressure seen afier intravenons infusion
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Fig. 2. Average changes in mean arterial blood pressure after intravenously injected

dopamine hydrochloride before (open symbols, n = 3) and 1 hour after administration

of phenoxybenzamine (PBZ) (5 mog/kg) (shaded symbols, n = 3). The values represent
lished or signifi

the means. PBZ p T (P < 0.001) prevented the
pressor action of DA. P values were obtained by analysis of variance, Frror vari-
ance = 17.8.

Phenoxybenzamine (PBZ} series.

The PBZ administration (S mg/kg intraperitoneally) did not influence the
mean arterial blood pressure (basal BP 107 mm Hg, S.E.M. 3.8, BP 1 Ir
after PBZ 104 mm Hg, S. E. M. 2.33).

Three animals were injected intravenously with DA 1, 5, 10, 20, 50 g/ke
before and after PBZ. This pretreatment abolished the hypertensive response
to 1 and 5 pg/kg and significantly reduced the magnitude of the pressof

* response to DA 10, 20, 50 ng/kg (P < 0.001) {see fig. 2).

Protriptyline (PTP) series.

The PTP administration (10 mg/kg intraperitoneally) did not influence the
mean arterial blood pressure. (First series: Basal BP 133 mm Hg, S.E. M.
3.2; BP 1 hr after PTP 136 mm Hg, S.E.M. 6.0; Second series: Basal
BP 136 mm Hg, S. E. M. 4.2; 2 hr after PTP 134 mm Hg, S. E. M. 8.1).

Dopamine: Five animals were given intravenous injections of DA in increas-
ing doses 1, S, 10, 20, 50 pgjkg. The changes in blood pressure and the
duration for the doses 20 and 50 pg/kg are shown in fig. 3 and table 3,
respectively. o

Pretreatment with PTP 10 mg/kg had no significant effect on the mag
or the duration of the blood pressure response to DA, except alter Iq rgand
50 pg/ke. These doses of DA produced a significantly Targer increase in tlood
pressure (P < 0.025; P < 0.05 respectively) (sec fig. 3).
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(shaded symbols). The values given are the means. P values were obtained by analysis

of variance. First seties of expesiment: DA 1, S, 10, 20 and 50 gg/kg followed by NA

02 and 05 pefhe (1= 5). Essor variances: DA = 36.5; NA =26 0. Second series of
experiment: NA 0.02, 0.05 and 0.2 pgike (n = 3). Ertor variance: 45 6.

Fig. 3. Average changes in mean atterial blood pressure after the
varjous dases of i ide and I i

Noradrenaline: Five animals were given intravenous injections of NA 0.2 pg
and 0.5 pg/kg before and after PTP 10 mg/fkg intraperitoneally (see fig. 3).
The PTP pretreatment caused a significant augmentation of the hypertensive
response as compared to that after NA alone both with respect to magaitude

and duration (amplitude: P <<0.01; P <C0.001, respectively; duration:
P < 0.001).

Table 1.
DA 20 DA SO NA02 NAQS
Controls 463 77C 62E 86G
1-2 hrs after 5 o
PTP 10 mfke 70 1200 3¢ 28521
A-B: P>01
C-D:P>01
E-F: P<0.00
G-H: P <0001

Average durations of the hypertensive response to vatious doses of dopamine hydro-
chloride and I drenaline bitartrate before and 1-2 hours after ad-
ministrations of protriptyline 10 mgfkg (PTP). The values are mcans given in seconds,
P values were obtained by analysis of variance, Error variance: in the dopamine series
144 8 and in the noradrenaline series 365.8.

-

2
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Since the effects of lower doses of DA were not sigaificantly augmented by
the PTP pretreatment it became of interest to test doses of NA, which produ-
ced hypertensive responses equivalent to DA 1 and 5 pg/kg. Therefore NA
0.02, 0.05 and 0.1 pgfkg was tested in 3 animals before and after PTP 10
mg/kg. The pressor response seen after these doses was significantly aug-
mented by the PTP pretreatment (P < 0.05, P < 0.025, P < 0.025).

Nialamide series.

The pialamide administration alone did not influence the mean arteria)
blood pressure (Basal BP 113 mm Hg, S. E. M. 7.9; BP 1 hr after nialamide
101 mm Hg, S. E. M. 11.0).

Dopamine.

Three animals were injected intravenously with DA in increasing doses
1, 5, 10, 20 and 50 pgfkg before and after nialamide 100 mefkg. All dopa-
mine doses given produced a hypertensive response (see fig. 4). The niala-
mide pretreatment did not significantly influence the blood pressure response
to the different doses of DA tested.

Noradrenaline.

Three animals were given a single dose of NA 0.2 pgfkg before and after
nialamide 100 mg/kg. This pretreatment did not significantly influence the
hypertensive reaction (see fig. 4).

@
O

D no pretreatment

=~ M o b
o o O O

Q

' 5 0 20 50 o2 X
Doparmine, pg/kg 1v Norodrenaline, pg/kg iv

Changes m mean arteriol 8P mm Hy

Fig. 4, Average changes i mean arterial blood pressure after |hbe‘ m:::r:nnus mm."v‘"
various doses hydrochloride and 1 drenal itar !
gi{arc (open symbols, n = 3) and 30 minutes after admimstration of ninlarr_m!i:ml;‘f;g
mpfkg (shaded symbols, n=3) The valves given are the means. The rmr:spomc
pretreatment did not significantly change the magaitude of the blood Pllfisfml) e
to dopamine (P> 0.1 analysis of variance) or norad‘rrnnhnc (P> 0.1; ttest).
variance' in the dopamine series 3.6.
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borA.

Intraperitoneal injection of L-DOPA, 25 mgjkg, atone had no effect on
the blood pressure. The mean values recorded before and 20 minutes after
administration were 106 mm Hg (S. E. M. 4.3, n = 4) and 110 mm Hg,
respectively (S. E.M. 43,0 =4), P> 0.1

Two hours later the same animals were given an intraperitoneal injection
of nialamide (10 mg/kg). Nialamide only did not seem to influence the blood
pressure. The mean blood pressure values recorded before and one hour
after the nialamide injection were 95 mm Hg (8. E. M. 4.3, n = 4) and 96
mm Hg (S.E.M, 4.3, n = 4) (P> 0.1). However, after this pretreatment
injection of the same dose of L-DOPA (25 mg/kg) caused a rapid increase
in the mean arterial bloed pressure. Following a maximal effect 15-20 min.
after administration, the pressure increased significantly (P << 0.001) from
96 mm Hg (S. E. M. 4.3, n = 4) to 133 mm Hg (5. E. M. 4.3, n = 4). The
duration of the increase was at least 60 minutes.

Discussion

Previous reports on the blood pressure effects of DA in the rat are scanty.
However, a single dose of DA produced a pressor response in the ana-
esthetized rat (HorNvKiEwIcZ & OBrNaus 1958). Hypertensive effects of
equivalent amounts of injected DA were likewise found in the anaesthetized
cat (Hor1z & CREDNIR 1942) or after intravenous infusion in conscious man
(HorwrtZ et al. 1962). However, other species may react with a decrease in
blood pressure, Thus small doses (less than 3 ug/kg) elicit purely depressor
responses in the anaesthetized dog (MACDONALD & GOLDRERG 1962; EpLE
1964) while larger doses result in a pressor Tesponse. Similar reactions are

in ized rabbits or guinea-pigs (HoLTz & CREDNER 1942;
HornyKIEWICZ 1958; HORNYKIEWICZ & OBINAUS 1958).
Several expl ions have been

for these variable effects of DA
on the cardiovascular system (MACDONALD & GOLDBIRG 1962; HORNYKIEWICZ
1958; Houtz & Parm 1966). In view of the varying species and tissues
studied, it is probably difficult to arrive at a definite conclusion regarding the
et *vy Wridn D Yins ‘dood pressore, Fowever, considerning fhe
poor p ion of this cathech through the blood brain barrier
(Bnm.m et al. 1966), its actions must be preferentially of peripheral origin.

Tu the present study a! leasl two major principles may be considered, namely
direct activation of

ptors or indirect effects via the sympathetic
nerve endings. The presem finding that PBZ blocked or considerably di-
minished the pressor response to DA clearly indicates an a-adrenergic effect.
1t is shown that infusion of DA in the rat, over a wide dose range, resu]u
in & pressor response. With regard to the shape of the infusidn curve it."
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notable that the infusion of DA up to 4 pg/min, results in a relatively
moderate hypertensive response but that higher doses produce a marked
hypertensive ion. Various explanations could be offered for this dose-
effect relationship, ¢.g. an eliminati hanism for DA might sbecome
saturated in a dose range around 4 yg/min. This relationship needs further
elucidation by the determination of plasma dopamine.

When DA was injected before and after blockade of the membrane pump
mechanism by PTP, there was only an ion of the itude of
pressor response to DA in two of the five doses tested. The duration of the
hypertensive response seen after DA was not found to be enhanced after
impairment of the membrane pump. Since blockade of this amine concentrat-
ing mechanism did not diminish the hypertensive reaction seen after DA, it
seems less likely that the administered DA would have exerted its major
action through an indirect effect via the sympathetic nerve endings. On the
other hand, there was no clear-cut augmentation of magnitude and duration
of the hypertensive response to DA like that seen after NA. Assuming that
in these experiments NA acted through direct stimulation of adrenergic re-
ceptors only, this finding indicates that the effect seen after DA was not due
to pure receptor stimulation. Further, the mixed picture with enhancement
of hypertensive response to the higher doses of DA but not to the lower doses
after membrane pomp blockade, might support the view of a mixed effec
with regard to direct and indirect mechanisms.

A combination of direct and indirect effects of DA has also been suggested
for the cat nictitating membrane (¥sal et al. 1967), while in the fuman eye,
mainly indirect actions were found (Spiers & Carng 1969). Here, too, species
and organ differences may explain the variable results.

In view of the findings of SMITH (1966), TsAt et al. (1967) and OBIANWU
“(1969) indirectly acting amines should be potentiated after inhibition of the
major intr 1 mc ine inactivation In the present in-

" ig; no such ion of the hypertensive response seen after DA
was found after pretreatment with a potent inhibitor of monoamine oxidase.
These data indicate a major directly acting mechanism of DA,

The mixed action of DA probably also applies to experiments in which
its precursor L-DOPA produces a hypertensive effect in conscious rats
(HennixG & Runensox 1970b). However, since the DA formed from exo-
genously ini d L-DOPA if largely i Iy, c.Ios'c
to the NA storage sites (MALMFORS 1965; Musaccino et al. 1966), it is
possible that indirect actions of DA are mainly seen in such expcrimcnls.’ 1t
this is so the pressor response should be augmented by an inhibitor of in-
traneuronal monoamine oxidase. The present data are in accordance with this

After p with a potent inhibitor of intraneuronal
of L-DOPA results in a rapid hyper

oxidase, the
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tensive response, whereas the same dose of L-DOPA alone has no effect on
the blood pressure. This has previously been shown for the action of L-DOPA
on the blood pressure in anaesthetized cats (BaLzer & Hourz 1956).
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Abstract: The mean arterial blood pressure in conscious rats was recorded by
means of in-dwelling arterial catheters. DL-S-hydroxytryptophan (5-HTP) 200
mg/kg m(rapcnloneally lowered the blocd pressure significantly after 20 min.

Nowing the ion of the per inhibitor L~
‘hydrazi hyl-B-(3,4-di tonic acid (MK 486) 100 msgfkg
intraperitoneally, SHTP 200 mgfhg intraperitoneally caused only a slight lower-
ing of the blood pressure after 1-2 hys, S-HTP 50 mglkg given intraperitaneally
after a combined pretreatment with a MAO inhibitor (nialamide) 100 megfke
intraperitoneally and MK 486 100 mg/kg produced characteristic effects on gross
behaviour after 20 min, No significant effects of 5-HTP on the blood pressure
were observed in these experiments. S-HTP 200 mg/kg intraperitoneally caused
a hypothermia which was prevented by MK 486 100 mg/hg. After pretreatment
with nialamide and MK 486 as in the blood pressure experiments, 5S-HTP 50
mgfkg produced an initial hypothermia followed by & pronounced rise in body
temperature, S-HTP 200 ma/kg intrapentoneally resulted in 2 marhed accumula-
tion of S-hydroxytryptamine (S-HT) in the heart and brain. Pretreatment with
MK 486 100 mglkg prevented the increase in heart S-HT but did not change
that in the brain Brain dopamine (DA) but not brain and heart noradrenaline
(NA) decreased significantly. 5-HTP 50 mgfke after the administration of nial-
amide and MK 486 increased the brain 5-HT but caused no change in heart
5-HT Nialamide and MK 486 per se increased brain DA and NA significantly;
S-HTP largely prevented the increase in brain DA but not in brain NA. 1t is con-
cluded that S-HTP has a hypothermic and a hypotensive action due 1o the effect
of 5-HT on the while the ic effect may bave

a central nervous origin. S-HT formed from §-HTP lowers brain DA by dis-
placement,

Key-words- Conscious rats ~ blood pressure ~ temperature ~ 5-hydrotytrypto-
phan — dopa decarboxylase inhibition.

In recent years evid: has

d that 5-1 ytryptamine {5-HT)

may serve as a transmitier in the central nervous systl:m. 5-] HT-contammg cell

bodies have been d

10

v 3 Py in the Io“cr brain
Acta pharmacologica, vol 29, fasc 2
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stem in the rat. Further, 5-HT terminals have been demonstrated in this
region as well as in other regions in the brain. In the spinal cord they are
particularly abundaat in the sympathetic lateral column (FUxE et al. 1965).

The function of these 5-HT neurons is incompletely understood. Admini-
stration of 5-hydroxytryptophan (S-HTP) which in contrast to 5-HT readily
penetrates the blood brain barrier prod, h istic behavioural
changes, particularly after inhibition of monoamine oxidase (MAO). The
typical 5-HTP syndrome includes sedation, tremors in the head and front

as well as ion and abduction of the hind legs (GARATTIN &
VALZELLI 1965; MANTEGAZZINI 1966). An interesting effect of S-HTP is the
inhibition of insulin-induced depletion of adrenaline from mouse adrenals
{ANDEN et al. 1964), possibly indicating that 5-HT acts as an inhibitory trans-
mitter to the sympatho-adrenal preganglionic neurons in the spinal cord.

The present study was initiated in order to examine the possible role of
central 5-HT mechanisms in the regulation of blood pressure, by studying the
effects of 5-HTP. Previous investigations in this field are scanty and difficult
to interpret since the peripheral effects of 5-HT formed from S-HTP may
obscure the picture; 5-HT may have qualitatively different effects on the
blood pressure even in the same species (GARATTINI & VALZELLY 1965).

In recent investigations we have shown that it is possible to differentiate
between central and peripheral components with regard to the actions of
L-DOPA and DL-metatyrosine by the selective inhibition of the peripheral
DOPA decarboxylase (HENNING & RUBENSON 1970a & b; RuensoN 19:70
unpublished results). Experiments were therefore set up to examine the in-
fluence of S-HTP on the mean arterial blood pressure in conscious rats after
pretreatment with the peripheral decarboxylase inhibitor L-o-hydrazino-a-
methyl-B-(3,4-dihydroxyphenyl) propionic acid. In some experiments the ani-
mals were also given the MAQ inhibitor, nialamide. In correlative biochemical
.experiments tissue levels of 5-HT, noradrenaline (NA), and dopamine (DA

Mvere examined.

Methods

Male Sprague Dawley rats weighing 200-250 g were used in all experiments. 'm;
mean arterial pressure was recorded by means of in-dwelling artetial catheters % '
nected to Statham P23Dc pressure transducers connected with 2 Grass polygraph. ol
technical details have been described previously (HENNING .1969)‘ The blood ;;rc:!:!m
values represent averages of recordings for ten minute periods, bcfor.c and af ?-HTP
administration of drugs as given in “Results™. The values taken 20 min. alter St
are the average of the period 17,5-22,5 min. after S-HTP. For doses of d.rugsr lvl; Canee
intervals, see “Resulis™. Tests of significance were performed by nnalysx’s‘om e
with two §) dent criteria of ification followed by t-test. For rectal tempe!

’ i jo, USA)
measurements a “Tele-thermometer™ (Yellow Springs Instrument Co. Inc., Ohio,
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was used. The room temperature was 24°, Basal temperature valves were obtained by -
3 measurements during a 15 min, period. Drug effects were expressed as deviations
{rom the mean of these values.

In biochemical studies organs from two animals were pooled. S-HT was determined
according to ANDEN & MAGNUSSON (1967). DA and NA were measured as described
by CARLSSSON & LiNDQvisT (1962), and BERTLER ef al. (1958), respectively, The values
were treated statistically by analysis of variance and t-test.

DL. yptophan and ni ide were dissolved in saline with 2 f:w drops
of NHCL (pH adjusted to 6). L & thyl-R-(3,4-di phenyl) pro-
pionic acid (MK 486) was dissolved in saline. In both blood pressure and biochemical
experiments care was taken to prevent hypothermia.

Results

Blood pressure experiments.

5-HTP series. S-HTP was given intraperitoneally in various doses from
200 mg/kg up to 800 mg/kg. Clear cut behavioural changes were only observed
nﬂcr 800 mg/kg. These animals rapidly developed tremors of the head and

limbs and and abduction of the hind legs and often died within

0.5-2 hrs.

Fig. 1 shows the changes in the mean arterial blood pressure after S-HTP
{200 mgfkg). There was a significant fall in pressure after 20 min. with a
return to control values after 1 and 2 hrs (P << 0.005).

MK 486 and 5-HTP series. After pretreatment with MK 486 (100 mg/kg)
the injection of 5-HTP 200 mg/kg had only small effects on the mean arterial
blood pressure. Apart from a slight apparent sedation no definite gross
behavioural changes were observed. During the first hour after administration
no significant changes occurred, but 1 hr and 2 hrs after 5-HTP there was a
slight lowering of the blood pressure (P < 0.05 as compared to the value
before S-HTP; P>> 0.1 when compared to the value before MK 486). The
blood pressure values taken 3 and 6 hrs aiter the S-HTP injection were not
significantly different from the control values (P > 0.1).

Nialamide + MK 486 + 5-HTP series. The injection of 5-HTP 50 mg/kg
60 min. after nialamide 100 mgjkg and 30 min. after MK 486 100 mg/kg
resulted in a pronounced 5-HTP syndrome starting 20 min. after the injection
of S-HTP and reaching 2 maximum after 50-60 min. Thirty min. after
nialamide there was a significant falt in blood pressure (P < 0.005). However,
no further significant changes were observed in the blood pressure vatues
taken after MK 486 or up to 1 hr after S-HTP (P> 0.1). As a rule these
animals deterforated and died 2-3 hrs after 5-HTP.

Control experiments were performed with nialamide 100 mgfkg and MK
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1. Changes in mean arterial blood pressure of conscious rats after intraperitoncal

injections of drugs as indicated. Error variance was calculated by analysis of variance
with two i criteria of ificati vs. individuals)

a. S-hydrovytryptophan (5-HTP) 200 mg/kg alone (broken line; error variance 1023,
n=7) and 30 min. after MK 486 100 mg/kg (solid line; error variance 508, n=6)
b. S-hydroxytryptophan (5-HTP) S0 mg/kg 30 min. after MK 486 100 mg/kg and 60 min
after nialamide 100 mg/kg (solid line; error variance 44.3, n = 6). Broken linc indicates
controls given 0.9 % NaCl 5 mi/hg 30 min. after MK 486 100 mg/kg and 60 min. after

) niafamide 100 mgfhg (etror variance 67.6, n == 6).

486 100 mg/kg 60 and 30 min. before saline, respectively. A significant
decrease in blood pressure was again observed 30 min. after nialamide 100
mg/kg. The blood pressure remained significantly decreased up to 1 hr after
the administration of MK 486,

Temperasure measurement, o
In a separate series of i the rectal p was recor 5
The results are shown in fig, 2. 5-HTP 200 mgfkg alone caused 2 rapid an¢

fong-lasting lowering of rectal temperature. The same dose of 5-HTP 30 min.
after MK 486 (100 mgfkg) also lowered the body temperatuse. However, this

fall in temperature was less pronounced than after 5-HTP only. Alter pre-
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Fig. 2. Changes in rectal temperature of rats treated intraperitoneally as follows:
S-hydroxytryptophan (5-HTP) 200 mgfhg (open circles); error vamance 0.159; 5-HTP
200 mgfkg 30 min. after MK 436 100 mgihg {filled triangles); error variance 0.144;
5-HTP 50 me/ks 30 min, after MK 486 100 mgfig and 60 min. after nialamide 100
mgfkg (solid circles); error variance 1.54; 09 % NaCl 5 mlfkg 3¢ min. after MK 486
100 mglky (open triangles), error variance 0.050; 0.9 % NaCl 5 mlfkg 30 min. after
MK 486 100 mg/kg and 60 min. after nialamide 100 mg/kg (open squares); error varjance
0.140.

Each drug combination was given to 3 animals. The values are means of the deviation
from the basal temperature, Error variance was calculated by analysis of variance.
Difference between temperature deviations {analysis of variance and t-test):

5-HTP «— MK 486 + S-HTP after 2 brs: P < 0.01.

Nialamide + MK 486 + saline «—s nialamide + MK 486 + 5-HTP after 30 min. and
2 hrs: P <005 (values after 60 and 70° excluded In analysis of variance due to variable
tme of onset of hyperthermia. Error variance = 0094), and P<{0.001, respectively.

treatment with nialamide 100 mp/kg aud MK 486 100 mg/kg (60 and 30 min.
previously), S-HTP 50 mgfkg produced a biphasic with
an initial hypothermia lasting about 1 hr followed by a rise in temperature
which persisted until the animals deteriorated and died after 3-6 hrs. In
control experiments MK 486 (100 mg/kg) alone and in combination with
nialamide 100 mgjkg had a slight hypothermic effect.

Biochemical experiments.

All the drugs were given in doses and at time intervals similar to those in

the blood pressure experiments. The animals were sacrificed 1 hr after S-HTP
or saline.
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Table 1.

Tissue levels of noradrenaline (NA), dopamine (DA) and 5-hydroxytryptamine (5-HT)

after injection of S-hydroxytryptophan (5-HTP) or saline following different pretreat-

ments. The animals were killed 1 hr after 5-HTP or saline injection. All drugs were

given intraperitoneally. Values are means in pg/g tissue and the number of experiments
is given in brackets. n. 5. = not significant,

Brain Heart
S-HT NA DA 5-HT NA

0.30 0.41 074 034 093
[¢3] (&) @ )] &)
141 036 0.67 281 0.85
@ 3) [&)] & &)
C. 0.9 % NaCl 5 ml/kg 30 min. after 040 0.37 072 0.35 0.92

MK 486 100 mg/kg ... )] @) “® @ “
D. 5-HTP 200 mg/kg 30 min. after 149 035 0.57 0.54 088
MK 486 100 mg/kg ....... PR ] (63 ) (&) ®)
0.9 % saline 5 mi/kg 30 min. afte:
MK 486 100 mg/kg and 60 min. 0.59 0.58 126 025 133
after nialamide 100 mg/kg ......... (3 3) 3 [©)] )]
F. 5-HTP 50 mg/kg 30 min. after

MK 486 100 mgfkg and 60 mun. 163 052 0.82 041 100

after nialamide 100 mg/ke ......... (6] [€)) & a3) [&)]

A. Untreated ...

B. 5-HTP 200 mglkg ...

w

06149 00016 0.0060 00126 008
ns. <0001 ms
ns. ns. n.s.
ns <0001 ns

<0025 <0025 ns

<0001 ns s

<0001 ns. n.s.

Variance within group .. .

5-HTP series. Injection of 5-HTP (200 mgjkg) alone resulted in 2 marked
accumulation of 5-HT in the heart and brain. No significant changes occurred
in the heart NA and brain DA and NA as compared to the untreated controls
(P> 0.1, table 1).

MK 486 + S5-HTP series. After pretreatment with MK 486 (100 ".’E/ks)
only small amounts of S-HT were found in the heart. The accumulation ©
51T in the brain did not differ from that seen after 5-HTP alone (P> 0.1}
No significant changes oceurred in the heart and brain NA. However, lh(":
was a significant decrease in brain DA as compared to the controls (untreate:
or treated with MK 486; P < 0.025).



5.HTP ON BLOOD PRESSURE AND MONOAMINES 151 .

Nialamide + MK 486 + 5-HTP series. The injection of S-HTP (50 mg/kg)
after pretreatment with nislamide (100 mefkg) and MK 486 (100 me/fkg)
produced 1o significant change in heart 5-HT (P > 0.1) as compared to the
untreated or contrals treated with nialamide and MK 486, However, in the
brain there was a highly significant increase in $-HT as compared to the same
type of contrals.

No significant changes occurred in the heart NA level. There was no
change in brain NA levels as compared to the controls treated with nialamide
+ MK 486, (However, the latter pretreatment alone increased the brain NA
content significantly (P << 0.001).

Pretreatment with nialamide + MK 486 resulted a pronounced increase in
brain DA (P << 0.001). However, the injection of 5-HTP (50 mafkg) foltow-
ing the same pretreatment gave a significant decrease in brain DA content
(P < 0.001).

Discassion

Administration of 5-HTP alone resulted in a significant lowering of the
mean arterial blood pressure. Pretreatment with the peripheral decarboxylase
inhibitor MK 486 largely prevented this effect. These findings suggest that the
hypotensive effect of 5-HTP alone is preferentially of peripheral origin and is
mediated via its decarboxylation product, 5-HT. The small decrease in blood
pressure seen 1 and 2 hrs after MK 486 + 5-HTP may have been caused
by the peripheral actions of 5-HT formed from S-HTP because of insufficient
decarboxylase inhibition by MK 486; the biochemical experiments showed
a small but significant increase in heart 5-HT levels as compared to MK 486
only. A possible central nervous source of the slight hypotensive effect of
5-HTP after peripheral decarboxylase inhibition cannot be excluded, but
appears less likely in view of the results obtained with MK 486 + 5-HTP
after MAO inhibition. Thus, the administration of 5-HTP in a dose produc-
ing clear cut behavioural changes in animals pretreated with nialamide and
MK 486, failed 1o affert the blood pressure significantly. In these experiments
brain S-HT levels were at least 25 high as after MK 486 4 5-HTP.

Few previous studies on the effects of 5-HTP on blood pressure are
available; the results are contradictory. Moderate doses of 5-HTP have been
reported to lower blood pressure in hetized dogs (Cr &
Gourzis 1960) or cats (ERSPAMTR et al. 1960). On the other hand Sancuvr
& Gersnon (1970) found a hypertensive effect of 5-HTP in the conscious
dog. However, in these investigations it has not been possible to differentiate
central and peripheral effects of 5-HT formed in the tissues,

The temperature recordings revealed that 5-HTP produces hypothermia
in rats. This is in contrast to other species in which mainty hyperthermic
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reactions have been found (GARATTINT & VArzerri 1965). Inhibition of
peripheral dopa decarboxylase weakened the hypothermic effect of 5-HTP,
possibly indicating an extracerebral component involved in the lowering of
body temperature caused by 5-HTP. In animals pretreated with a MAG
inhibitor in combination with MK 486, the administration of 5-HTP resulted
in a biphasic temperature response; initially there was hypothermia followed
by a pronounced hyperthermic reaction. A potentiation of the pyretogenic
effect of 5-HTP by MAO inhibition in rabbits has previously been shown by
HoRrrTa & GoGERTY (1958). Furthermore it can be shown that the hyperther-
mic effect of 5-HTP in rabbits is potenti after inhibition of peripheral
dopa decarboxylase (Horrra & HamiLton 1970). Taken together these find-
ings may indicate a central nervous origin of the hyperthermic effect of
5-HTP.

It is well established that S-HTP rapidly is decarbokylated to 5-HT in most
tissues (UDENFRIEND et al. 1957a & b; BoGDaNskr er af. 1958). 5-HTP is
probably decarboxylated by the same decarboxylase as dihydroxyphenylala~
nine (DOPA) (ROSENGREN 1960; SOURKES 1966; GARATTINI & VALZILU
1965). The present experiments confirm that the administration of S-HTP
causes a marked accumulation of 5-HT in the heart and brain as previously
shown by several investigatots (GARATTINI & VALZELL 1965). The peripheral
DOPA decarboxylase inhibitor MK 486 (PorTER et al. 1962) largely pre-
vented the formation of 5-HT in the heart. This might be expected to result
in an increased availability of S-HTP to the brain; however, there was no
change in the accumulation of 5-HT in the brain after pretreatment with
MK 486. Possibly, an increased 5-HT formation in the brain parenchyma
was balanced by a decreased intra-capillary 5-HT formation due fo the
inhibition of extra-neuronal decarboxylase (CONSTANTINIDIS ef al. 1969).
Similar observations were made with regard to metatyramine after the injet:
tion of DL-metatyrosine (RUBENSON 1970 unpublished results). Thus, h.ﬂ\
‘486 appears to inhibit the peripheral decarboxylation of these amino aqu
but does not result in a net increase of the central formation of the amino
dtid metabolites (PoRTER et al. 1962). In the present experiments no changes
in brain and heart NA content were found after the administration of 5-HTP-
However, there was a fall in braia DA after MK 486 plus 5-HTP. Furlf!ﬂ"
more, this effect was more pronounced after MAO inhibition. This might
indicate a displacement of DA by 5-HT.

Thus the administration of 5-HTP, results in a hypoteasive action, prob-
ably mediated via 5-HT acting on the extracerebral structures. \V'ht.n the
decarboxylation of S-HTP is largely prevented in peripheral ugsuc.s, itis n‘:
possible to demonstrate any blood pressure effects of S-HTI_’ whxc.h C;n "
attributed to central nervous actions. At the same ﬁm?, there is no signi lc;:is
change in brain levels of NA but a decrease in brain DA content. In
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connection it Is interesting to note that L-DOPA and m-tyrosine lower the
mean arterial blood pressure in the conscious rat after peripheral decar-
boxylase inhibition and that this action may be of central noradrenergic
nature (HENNING & RuBENSON 19702 & b; RupEnsoN 1970 unpublished
results). Furthermore, o-methyldopa may lower the blood pressure in doses
which do not alter brain 5-HT levels (HENNING & MARILD, unpublished ob-
servation), However, it shold be emphasized that these results do not exclude
the possibility that 5-HT mechanisms play a significant role in the regutation
of blood pressure mechanisms,
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Hydrolysis of Salicylsalicylic Acid in Human Blood and Plasmaz
A Comparison with Acetylsalicylic Acid
By
Lennart Harthon and Margit Hedstrdm
(Received July 22, 1970)

Abstracs: The b is in vitro of sali licylic acid and icylic acid
was investigated in human plasma and whole blood. The rate of hydrolysxs m
plasma as well as in whole blood was greater for

acid than for sali ic acid. A ic acid was much more

rapidly in whole blood than in plasma while salicylsalicylic acid tended to
hydrolyze more slowly 1n whole blood than in plasma, These differences may
m part explain the differences in biological half-life between the two drugs.

K ds: icylic acid — i acid - is — blood.

‘The spontaneous hydrolysis of acetylsalicylic acid (ASA} in aqueous solu-
tions js well known. This reaction in blood and plasma is catalyzed by ester
cleaving enzymes (LESTER et al. 1946). At a low concentration of substrate
and a constant concentration of the enzyme the reaction though of the
second order can be treated mathematically as being of the first order,

The enzyme hydrolyzing acetylsalicylic acid is often called acetylsalicylic
acid esterase (ASA-esterase) but is probably not a single enzyme but
consists of a group of arylesterases. In human whole blood the hydrolysis of
ASA is about twice as fast as in human plasma. The reaction in whole blood
can also be treated as being of first order (HARRIS & RIEGELMAN 1967). The
enzymes in human serum which hydrolyze acetylsalicylic acid are parily in-
hibited by physostigmine (MORGAN & TrurtT 1965) and are inactivated by
hea\ {Snirrs 1960). The ¥ tysis of the ch y related phenyl

1 d to about 50 pu cent by 10% M
physostigmine (VINCENT 1967) The optimum pH for the hydrolysis of acetyl-
salicylic acid with an enzyme preparation from dog liver is between 6.0 and
6.5 (SmrTH 1960).

As far as we know the hydrolysis of salicylsalicylic acid (SSA) in blood
or plasma has not been investigated, The effects of pancreatine anﬂw

humanm,L is inhibi
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SSA in vitro were, however, studied by HANzLIK & Presiio (1926). In
humans they found that after ingestion of salicylsalicylic acid, 10 per cent of
the total amount of salicylates | isted of unchanged salicylsalicylic
acid. On the basis of their experiments they therefore concluded that in
tissues the substance is largely split into two molecules of salicylic acid. In
patients treated with the drug Norbqvist (1964) has demonstrated that un-
hydrolyzed salicylsalieylic acid amounted to 30-40 per cent of the total con-
centration of salicylates present in the plasma,

The purpose of this study was to compare the hydrolysis in vitro of salicyl-
salicylic acid in human plasma with that of acetylsalicylic acid. We also in-
vestigated whether in the case of salicylsalicylic acid, whole blood has 2
greater hydrolyzing activity than plasma.

Material and Methods

Blood with heparin added (5 i. u./mi) was obtained under sterile conditions from five
healthy blood-donors. The plasma was prepared by centrifugation, carefully avoiding
haemolysis. In all the experiments in which the activity of whole blood was compared
with that of plasma the same blood was used. Preliminary experimeuts showed that the
blood could be stored for about a weeh in a refrigator at 5-6° without any obviout
toss of hydrolyzing activity. Due to the low solubility of salicylsalicylic acid (less lh:fn
50 megfl in water and 0.1 M hydrochloric acid) the substances were added dissolved in
ethanol, The concentration of ethanol was 5 per cent during all incubations Al the
experiments were performed at 37° in a water bath in an atmosphere of :arl\o!f"
(94 % 03-6 % CO2) to maintain a pH of 7.4 Hydrolysis in buffer was carried out it
Krebs-Ringer bicarbonate buffer at pH 7.4 under othenwise identical cond:tions.

A ph ic active ion of the drugs was chosen It was ap-
proximately 10 mg per 100 ml (ASA 5.6 X 10-4 mol/l; SSA 3.9 X 10-1 mol/l} in all the
experiments. Calenlations were, however, carried out oa the basis of equivalent amounts
of salicylic acid.

Salicylic acid (iberated by is was to the me(hf)d of
BRODIE ef al. (1944) and it was verified that this method was also apphcable in the
presence of salicylsalicylic acid The total amount of salicylic acid was dele{mm"l
rafter previous alhaline hydrotysis. The zero values of free salicylic aced were estimated
immediately after the substrate was added and adequate mixing had been performed
When ever possible the hydrolysis was then followed for 4-6 hours and samples drawn
every half hour for two hours and thereafter every hour.

“The expeniments in plasma were performed simultaneously on plasma from the same
donor In buffer the experiments were also performed i1n parallel.

YWhen comparing hydrolysis 1n plasma and in whole blood one of the substances
was investigated in the two media at the same time

Results
Influence of ethanol. It could be assumed that the c(hanql prcscnl.(;ur;l;ﬁ
incubation would reduce the velocity of hydrolys_is. Experiments Wit o
ferent concentrations of ethanol and extrapolation of the rates 1o X
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concentration, showed that 5 per cent of ethanol reduced the velocity of
hydrolysis by 11:3 per cent, a figure which is applicable for ASA as well
as for SSA. In the calculation of the results no corrections have been made
for this inhibition by alcohol.

Spontaneous hydrolysis in buffer. Two experiments with each substance
were performed to estimate the hydrolysis due to buffer. In each experiment
the amount of salicylic acid formed was determined at 7--8 different times for
at Jeast four hours. Correlation for linear regression of the logarithms of
remaining substrate against time, according to the method of least square
was made on a computer to obtain constants of first order kinetics. The
means of the slopes of these Jines were for ASA 0.0181 and for SSA 0.0102.
The correlation coefficients ranged from 0.987 to 0.996 showing a high
degree of correlation and the standard deviation of y abaut the regression
line varied between 0.0024 and 0.0040. A paired comparison of the regres-
sion coefficients (BrownLEE 1960) for lines representing the two substances
shows that they differ significantly (P <C0.001) in both experiments. This
means that the hydrolysis in buffer at pH 7.4 of salicylsalicylic acid is signi-
ficantly slower than the hydrolysis of acetylsalicylic acid (fig. 1). Taking the
means of the slopes (b) of the regression lines for the two experiments on
each substance the velocity constants Ky = b - 2.303 for a first order reaction
could be calculated to 0.0405 and 0.0235 hr! for acetylsalicylic acid and

tog (a~x}
11

- ~o.

~a.
~o.
040 T
W0le. . “to.
O~~o. Ton
"0~ -om)

08l

2 4 6 hours
Fig 1. Hydrolysis in butfer at pH 74 of salicylsalicylic acid, ¢ -~ ¢
s 1. d 3 A h Q~=CO, and acetyl-
salicylic acndAO——O. Logarithm of remaining substrate against time, Circles re-
present experimental points and the lines represent the calculated regression lines.
Figures 1n brachets refer to the different experiments. ’
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salicylsalicylic acid respectively. An earlier estimation of K, for 1
acid was made in citrate buffer by EpwaRrDs (1952). His value for Ky =
0.0383 hrtis in good agreement with our own results.

Hydrolysis in human plasma. Three experiments were performed to in-
vestigate the rate of hydrolysis. Graphically the results are presented in fig. 2.
The best equations satisfying the experimental data obtained in the three
plasma were: for ASA y = — 0.0859 x + 1.062 (A); y = — 0.133 x+
0977 (B); y = — 0.187 x + 0.957 (C) and for SSA y = — 0.0272 x+
0.996 (A); y = — 0.0263 x + 1.050 (B); y = - 0.0325 x + 1.016 (C).

The correlation coefficients were estimated to 0.994-0.998 in the different

- experiments.

The velocity constant K; for the hydrolysis of acetylsalicylic acid in plasma

was calculated to be 0.198; 0.306 and 0.431 hr-t and for salicylsaticylic acid

! 4 B 1
) and acetylsaticstic 2cid
nts are not shown in the
hose in the (€1t

Fig. 2. Plasma hydrolysis of salicylsalieylic acid (O__|O‘
it 1) ten experimental poi

(O~——0) in human bleod plasma A

figures. The letters refer to the plasma samples and correspond 1o L
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0.0626; 0.0606 and 0.0748 hrt. The corresponding time for SO per cent
hydrolysis was 3.5; and 1.6 hr for ASA and 11.1; 11.4 and 9.3 hrs for
SSA. In these figures no corrections have been made for the spontancous
butfer hydrolysis. The figures are also included in tabie 2.

The statistical comparison of the regression coefficients made it clear that
the hydrolysis of salicylsalicylic acid in each plasma sample was significantly
slower than that of acetylsalicylic acid. It was also evident that the different
plasma samples possessed different capacities for hydrolyzing acetylsalicylic
acid.

If the figures obtained from plasma hydrolysis are corsected for the
spontancous buffer hydrolysis it is still evident that with a high degree of
statistical significance (P <<0.001) ylsalicylic acid js hydrolyzed more
apidly than salicylsalicylic acid.

Comparison of hydrolysis in whole blood and plasma. In our experiments
we pared the t tysis of both sut in the blood and plasma
from the same donor. Hydrolysis in the blood and plasma was investigated
on the same occasion but there could be a delay of one of two days between
the experiments with the two substances. Because of this delay 2 noticable
loss in enzymatic activity of the blood or plasma conld not be detected. With
a highly significant correlation to a straight line {r = 0,981 - 0.998), the data
obtained indicate that the hydrolysis in whole blood can also be treated as a
reaction of the first order. In table 1 the coetficients for the straight lines
computed from the experimental data are given in the same way as pre-
viously described.

Table 1.
Coefficients of regression fines y =b x + 1 for the hydrelysis of acetylsalicylic acid
and salicylsalicylic acid in human plasma and blood. gy = standard deviation of y
about the regression line, o = number of observations in the experiment.

Y;::‘:“d Plasma Blood

doner ~b 1 oy P -b 1 ay n
Acetylsalicylic acid

C 0.204 0992 00390 6 0378 0945 0.0427 7

D 0.185 0920 00114 5 0.393 0881 QU025 5

. 0.159 0880 00420 5 0342 0901 0.0288 8
Salicylsaticytic acid

C 00313 1025 00107 s 00268 1035 00061 7

D 00263 1072 0.0045 5 00197 1058  0.0049 9

E 00275 1012 00084 6 0.0186 0966  0.0025 10
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Table 2.
Rate (Ky) and half-lives (ty3) for hydrolysis of icylic acid and salicyl.
salicylic acid in human plasma and whole blood.
lealioaTie oo " "
Blood Acetylsalicylic acid Saticylsalicylic acid
from Plasma Whotle Blood Plasma Whole Blood
donor
Kythr) yeho) Kithed) G2 () Ky thed) ye o) Kibe) bz
A 0.198 3.50 - ~ 0.0626 111 - -
B 0.306 227 - ~ 00606 114 - -
c 0.431 1.61 - ~ 0.0748 927 - -
c 0.469 148 0871 0380 0.0721 961 00617 12
D 0.426 163 0.905 077 0.0606 114 00454 153
E 0.366 1.89 0.788 088 00633 110 0.0428 162

The hydrolysis curves obtained from the coefficients in table 1 are shown
in fig. 3 so that the differences in the rate of hydrolysis of acetylsalicylc
acid and salicylsalicylic acid in whole blood and in plasma ean be seen.
No experimental points have been plotted in order to get a clearer picture.

It is evident from the figure that salicylsalicylic acid is hydrolyzed much
more slowly than acetylsalicylic acid both in whole blood and in plasma.

Contrary to acetylsalicylic acid which is hydrolyzed much more rapidly
in whole blood than in plasma (P << 0.001) the figure gives an indication lh?t
salicylsalicylic acid may be hydrolyzed more slowly in whole blood than i
plasma. Statistical comparison of the regression coefficients from table 1
reveals that for salicylsalicylic acid there was no difference between the
velocity of hydrolysis in whole blood or in plasma in blood C. In blood D
and E, however, the hydrolysis proceeded more slowly in whole blood than
in plasma (P < 0.01 and P << 0.001 respectively).

Similar discrepancies have also been observed in the hydrolysis of f‘S‘“’
of picotinic acid with human as well as with animal blood (unpubhsfm{
results). An explanation of these divergences cannot be given but genetica
differences may be involved.

From the coefficients for the hydrolysis curves the velocity consta
the half-lives (time for 50 per cent hydrolysis) were calculated. These re-
sults are given in table 2.

In a few experiments we compared the hydrolysis in a suspension o
washed erythrocytes in buffer with the hydrolysis under the same cnnd“;:sc
with haemolyzed cells without removal of the cell mcmbrafrcs‘ In x::c b
of salicylsalicylic acid no difference in the rate of hydrolysis was o

nts and

sian of
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but Isalicylic acid was lyzed slightly more rapidly in haemolyzed
than in intact cells, the rate constanis estimated being 12 and 16 per cent
higher in two experiments. These differences were significant but of low
order of probability (P < 0.05).

‘The whole blood used may have been partly haemolyzed due to the addi-
tion of heparin, It is not likely, however, that this influenced the results to
any appreciable extent,

Discussion
From the experiments with hydralysis in butfer at pH 7.4 it is evident
that the ester binding of salicylsalicylic acid is more resistant than that of
acetylsalicylic acid under the conditions used.

N

azs \\ \ Acetyisateybe ocid
N
\\ W\
N
L NS
v \L
bk
1 2 3 4N
Fig. 3. Curves of is of sali ic acid and icyhe acid constructed
from the constants in table 1. —— hydrolysis in human whole blood and — hydrolysis..
in human plasma. The letters for each line refer to the corresponding « _ *
table 1.

13 Acia pharmacologica, vol. 29, fase. 2
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There is also a greater stability against ester cleaving enzymes in human
plasma of the link between two esterified molecules of salicylic acid than if
an acetyl group is linked to the phenolic group of salicylic acid.

The difference in the capacity of whole blood and plasma or serum to
hydrolyze acetylsalicylic acid is well firmed by the i i of
Harris & RIEGELMAN (1967) and also by previous authors (sec MORGAN &
TRUITT 1965 for references). This higher activity of whole blood may be
explained by the fmdmgs of VINCENT (1967) who demonstrated that the cell
stroma a itive to physostigmine and which is
very active in hydrolyzing phenylacetate.

In one experiment salicylsalicylic acid was not significant but in two ex-
periments it was significantly slower hydrolyzed in whole blood than in the
corresponding plasma. Acetylsalicylic acid in all the experiments was hy-
drolyzed much more rapidly in whole blood. Experiments with isolated cells
demonstrated an activity mainly located to the cell stroma. This cell bound
enzyme also has a considerably higher capacity to hydrolyze acetylsalicylic
acid,

In one experiment salicylsalicylic acid was not significant but in two
experiments it was significantly slower hydrolyzed in whole bload than in the
the salicylate blood levels in humans after an oral dose of these drugs and
the kinetic constants of absarption and elimi calculated to
WIEGAND & SANDERS (1964). The biological halt-life of acetylsalicylic acid
was calculated to be 4.7 and for salicylsalicylic acid to be 7.8 hrs. The
differences in the rate of hydrolysis found in vitro may at Jeast partly con-
tribute to an explanation of the differences found in biological half-lives.
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Effect of Adrenalectomy, Corticosteroids and some other
Anti-Inflammatory Agents, Salazopyrin®, Thyroxine and Vitamin
A on the Exchangeable Sulphate Pool and on Sulphate Incorpora-

tion in Vivo into Costal Cartilage of the Mouse
By
Georg Herbal
(Received November 12, 1970)

Abstract: Drug effects on the size of the exchangeable sulphate pool and the
incorporation rate into costal cartilage in vivo were studied by a new double
isotope method in growing mice of the N, M, R. 1. strain. Adrenalectomy caused
a significant decrease both in the size of the sulphate pool and the rate of sul
phation in canilage. Hydrocortisone (a water soloble form), acetylsalicylic acid,

and dimethyl ide given in rather high doses had no
effect on the sulphate pools or the sulphate incorporation rates. Hydrocortisone-
acetate (in oil or i i tate and all elicited

a dose-dependent retardation of body growth and a considerable increase in the
size both of the total sulphate pool and the poal per g body weight. The sulpha-
tion rate of the cartilage samples even at high doses was only moderately deé-
pressed by the steroids studied. Quly prednisolone elicited a marked inhibition
with a dose above 40 pg. Salazopyrin® (4 mg/day X 6) considerably decreased
sulphate incorporation without affecting the size of the sulphate pool. Vitamin A
caused a marked and dose-dependent increase in the sulphate pool and 2 mt?d-
erate and dose-independent decrease in the sulphation of cartilage. J-Thyroine
up to & dose of 1 pg/day depressed sulphate incorporation, but a 10 times higljer
dose stimulated it. The sulphate pools displayed a graded elevation after in-
creasing doses of I-thyroxine.

Key-wards: Corti — anti-i y agents — in® ~ -hyro-
xne - vitamin A — costal cartilage ~ sulphate pool - sulphate in-
corporation,

The incorporation of #S-sulphate into different kinds of connective nssu;
has been frequently used for the clarification of pharmacological aspecis °}
haride synthesis. The imhibitory cffect of anti-inflammatoly

agcmsr 0:1 chondroitin sulphate syathesis in viwro has l?cen dcm?nsl:flgs ;"
several previous communications (LAYTON 1951; BosTREM & Minsson '
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Wirmrenouse & BostrOM 1961; WHITEHOUSE & BosTrOM 1962). Further-
more, a similar inhibition of sulphate uptake iato cartifage and skin muco-
polysaccharides has also been presented in vivo after the administration of
different anti-inflammatory drugs (BastrGM & Qoesrap 1953; ScimLLir &
DoreMAN 1957; BoSTROM et al. 1964; WHITEHOUSE & BOSTROM 1965).
When 3§ sulphate is used for incorporation studies in vivo, there are a
number of various biological sources of error, which must be taken into con-
sideration during the evaluation of the results (LORENZEN 1963). One im-
portant factor in this connection is that different pharmacological agents may
alter the size of the end: h ble sulpl pool of the animal
and thus inadvertently change the specific activity of the ¥S-labelled matedal,
which reaches the tissues after injection in vive, Since micra-methods for
sulphate deter fon in small biological samples were previously not avail-
able, a double isotope method has been developed for the simultaneous
determination of the sulphate pool in vivo and the incorporation rate of
sulphate into the costal cartilage of small laboratory animals. This allows
correction for possible drug-induced al ions of the sulphate pool (HERBAT
1970a). In the present study the influence of some hormones and other drugs
all of which have previously been reported as having actions on chondroitin
sulphate synthesis, was re-evaluated by the methad mentioned above,

Material and Methods
Animals.

Male and female mice of the N.M.R.L strain were used throughout the study. They
were either purchased from Anticimex AB, Sweden, or they were selected from the
coleny of our institute, which originated from animals obtained from Anticimex AB,
In the drug dose-response experiments 4 weehs old animals were used with an average
body weight of 16-19 g. All the animals were housed in plastic cages covered with
wood shavings (5-7 mice/cage) and kept in a temperature controlled room at 25° and
12- 12 dayfnight thythm,

Diet.

The food consisied of ia} mouse pellets {. No. 213} ad Ibitum
and free access to tap water. Vitamin supplement was given twice weekly (protovit®,
Hoffmann-La Roche, Basel). Adrenalectomized mice were also supplied with fresh milk
and a drinking soletion confaining 5 % glucose and 1 % NaCl.

Adrenalectomy was performed by the pacavertebral approach under esher anaesthesia
and the animals were hept 1 week before use. Controls were not sham-operated.

{sotopes.

Carrier-free $S-sulphate and 2H-labelled phenol (specific activity 250 meifmmol) were
obtained from the Radiochemical Centre, Amersham, England, SH-phenol was dis-
solved in water and the stock solution was stored in the {rozen state to minimize radio-

Iysis. Its chemical integrity was repeatedly checked by thin-layer chromatogsaphy (TLC)
and decomposition was never observed.
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Drugs and hormones.

The ing h were donated by Organon Co., Qss, Holland,
and supplied by Pharmacia AB, Uppsala, Swedén: Hydrocortisone acetate, dexametha-
sone (fluormethylprednisolonum NFN) (both dissolved in olive oil), Hydrocortisone
acetate was also supplied as a suspension (hydrocortal®; vehicle: benzyl alcotof,
sodium carb orbi) oleate), further diluted with 0.9 % NaCl.
Preduisolone acetate was also used as a suspension (precortalon®; vehicle and ditution
as for hydrocortal). Actocortin® (water soluble hyd, i (21)-sodium phosp!
complex} was a gift of Cortec AB, Malmd, Sweden, and was difuted with distifled
water. Vitamin A was obtained from Hoffmann-La Rache AG, Basel {arovit®: axeroph-
thyl palmitate resp. 300,000 i.u. vitamin A). It was dissolved in olive oil, Nyegaard &
Co. AS (Oslo, Norway) kindly supplied Ithyrovine sodium which was diluted with
0.9 % NaCl. A icylic acid was from ACO, kholm, and dimethyl-
sulpboxide (Grade 1) from Kemila AB, Ovyph (tandesit®
was a gift from Geigy AG, Basel, and was dissolved in 0.01 N-NaQH. Salazopyrin®
(salicyl-azo-sulphapyridine, in the form of N-methyl-D-glucamine salt) was donated by
Pharmacia AR, Uppsala, Sweden.

Measurement of the inorganic sulphate pool of the mouse and the incorporation rate of
sulphate into costal cartilage.

The method has been d and Isewh (Hzreat 19703) but the
principle of the technique and a short description of the standard procedure is given
below. It is based on the formation of phenyl sulphate from injected pheno! and its
excretion in the urine. If 3H-phenol and 338-sulphate with known specific activities acc
it injected i into a mouse, a fraction of the phenol i
sulphated and rapidly excreted in the urine, It can then be separated in the urine by
TLC. The specific activity of the sulphate recovered as phenyl sulphate in the TLC-
spot is different from that of the injected mixture because of the incorporation of
sulphate from the endogenous inorganic sulphate pool. The size of the sulphate p?of
can be caleulated from the SH/¥S ratio of the urinary pheny! sulphate and the specific
activities of the injected compounds. After the urine sample for pool determination had
been obtained, further incorporation of circulation 35S.sulphate into cartilage ¥3s
interrupted by a “quenching” injection of a large amount of unlabelled sodium sulphafe.
After the mouse had been killed a standardized amount of costal cartilage togetber with
the osteochondral junctions was dissected and its content of 358 measured. The _amm"“
of sulphate which had been incorporated into the sample during the expmmenlfl
period was calculated from the size of the sulphate pool and the amount of !
incorporated into the cartilage specimen.

The standard procedure.

For the pharmacological evaluation of the drug cffects, all compounds were ad-
ministered in one daily dose intraperitoneatly or subcutaneously for six days. The b;;dy
weights of the mice were determined at the start of the injections apd also be \;rf
killing. Twenty-four hrs after the last drug dose the mice received an mmvenous‘:"
jection of 0.1 ml 09 % NaCl contalsing 20 pci 35 with 96 pg pmol) _5‘7::“_0“
20 pei $H-pheaol with 376 pg (4 ymol) phenol. During the preparation of the lp]td .
mixture its exact 3H and 3%S activity was determined by means of s(znd?rdll e
ference solutions, Thirty minutes after the injection of the labelled material ;D‘;lwo
sample (a few drops) was taken and the animals giycn 1 ml of 80 mg/mt Nagi()c.rmd .m
intraperitoneatly, The urine sample was drawn into a glass tube and cvspol
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dryness in a vacuum desiccator, The dry residue of the urine was then mixed with 30 yl
methanol containing 50 pg carrier phenyl sulphate/10 pl. A 10 pI sample was now
transferred to the starting point of silica TLC-plates (DC-Fertigplatten, Kieselgel Fpsy,
Merck A. G., Germany). The plates were by the di i over a
distance of 10 cm in a pre-equilibrated tank, using the following solvent system:
2-propanc}, chioroform, methanol, water, 1:10:3:2 (v/v). The phenyl sulphate spot
(Rr = 0.49) was then scraped directly into scintillation vials and the 3H/3S content
measured in a2 Packard 3324 liquid scintillation spectrometer, after adding 5 mi of a
scintillator solution of the dioxan type (HERBAI 1870b) to the vials. The costal cartilage
sample from each mouse consisted of the caudal five pairs of attached ribs (No, JII-VIT)
dissected free and cleaned from adherent tissue. Five osteochondral junctions were also
included together with a small piece of the bony rib. After hot digestion in an oxidation

mixture the 335 content of the samples was determined as previously described (HersA?
1970b).

Calculations.

‘The sulphate pools and the incorporation rates of sulphate into the cartilage samples
were calcylated by a computer program. Significance of differences between groups of
data was tested by Student's t-test. In the case of body weight changes and sulphate pool

values per g body weight, the statistics were calculated from data for the individual
animals.

Results
Effect of adrenalectomy.
Six days after bilateral adrenalectomy a sulphate incorporation experiment
was performed in operated and control mice. The results are presented in

table 1. The adrenal ized animals exhibited growth inhibition, a signif-
icant decrease in the sulphate pool and a inhibition of sulph
Table 1.

Effect of adrenalectomy on the inorganic sulphate pool and rate of sulphate incorpora-

tion into costal cartilage of growing male mice. Figuves are mean values + 8. E. M,

R = rate of sulphate incorparation per costal eartilage sample. Figures in brackets are
vatues in % of controls.

Body weight g Sulphate pool g

Before R
the operation| Atdeath | Change Total ng

Perg
body weight

Controls 8] 182202 1217504) 35503 | 519431 ) 240+15 | 257411

Adrenal- 256%13) 149+
: 6| 170+03 [174207] 04 07] 62 9211 J136£12
ectomized 2071 ey [ (s3)
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uptake into the costal cartilage samples (53 %, of controls). It is obvious that
a ¥S-sulphate incorporation experiment with tracer amounts of carrier SO
and without correction for the size of the endogenous sulphate pool would
have missed the diminished incorporation rate of the adrenalectomized ani-
mals, The specific activity would have been erroneously high in the adrenal-
ectomized mice and hence the incorporation rate would have been over-
estimated.

Effect of corticosteroids.

The results of treatment for 6 days with various corticosteroids are sum-
marized in table 2. The experiments with any single substance were always
done at the same time but the different substances were studied at long
intervals. This explains the marked differences between the controls. Different
doses of hydrocortisone (in the form of 3 different preparations), prednisolone
and dexamethasone were studied. A moderate increase in body weight gain
was seen after low doses of all the preparations except prednisclone, while
a marked growth inhibition was elicited by the steroids in higher doses. One
exception was the water-soluble and short-acting acid ester of hydrocortisone
(actocortin®) which failed to affect any of the aspects investigated, possibly
because of its rapid elimination. The low dose-induced slight elevation of
body weights might be due to electrolyte and water retention. The sizes of
the total sulphate pools of the mice were also significantly elevated by the
steroids, the highest values being found after doses which yiclded a weight
gain stimulation,

The steroids also increased the size of the sulphate pool per g body weight.
In this case the most marked differences were often found after the highest
doses. The dissociation between effects on body weight, on sulphate poo! per
animal and on sulphate pool per g indicates that the causes of the sulphate
\pool alterations may be different at different dose levels.

' As seen in table 2, the sulphate incorporation rates of cartilage, calculated
after correction for the different specific activities due to pool alterations,
were surprisingly little affected by the steroid treatment, There was a m:n_kcd
stimulation in one group with 8 pg hydrocortisone acetate in oil. This is 8
puzzling finding and needs to be repeated. It could be due to an erronclol.lsl)'
high sulphate pool value. The only highly significant inhibition was ehm'cd
by predaisolone acetate in doses of 40 and 200 pg. This finding together with
the sometimes marked changes in sulphate pool indicates that if the Inbel_lcd
material had been injected on a per animal or per g body weight basis, \\'lllj'
out information about the exchangeable sulphate pools of the animals, spun-

B N y due
Iphate incorporation values would have been found, mcrcl)_
o tocion 1 o n rate of cattilage-

(0 a dilution effect and not to a really decreased sulphatiol
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uptake into the costal cartilage samples (53 %, of controls). It is obvious that
a %S-sulphate incorporation experiment with tracer amounts of catrier SO,
and without correction for the size of the endogenous sulphate pool would
have missed the diminished incorporation rate of the adrenalectomized ani-
mals. The specific activity would have been erroneously high in the adrenal-
ectomized mice and hence the incorporation rate would have been over-
estimated.

Effect of corticosteroids.

The results of treatment for 6 days with various corticosteroids are sur-
marized in table 2. The experiments with any single substance were always
done at the same time but the different substances were studied at long
interyals, This explains the marked differences between the controls. Different
doses of hydrocortisone (in the form of 3 different preparations), preduisolone
and dexamethasone were studied. A moderate increase in body weight gain
was seen after low doses of all the preparations except prednisolone, while
a marked growth inhibition was elicited by the steroids in higher doses. One
exception was the water-soluble and short-acting acid ester of hydrocortisone
(actocortin®) which failed to affect any of the aspects investigated, possibly
because of its rapid elimination. The low dose-induced slight elevation of
body weights might be due to electrolyte and water retention. The sizes of
the total sulphate pools of the mice were also significantly elevated by the
steroids, the highest values being found after doses which yielded a weight
gain stimulation,

The steroids also increased the size of the sulphate pool per g body weight-
In this case the most marked differences were often found after the highest
doses. The dissociation between effects on body weight, on sulphate pool per
animal and on sulphate pool per g indicates that the causes of the sufphat¢
})ocl alterations may be different at different dose levels.

" As seen in table 2, the sulphate incorporation rates of cartilage, calcul'au'd
after correction for the different specific activities due to pool alterations,
were surprisingly little affected by the steroid treatment. There was 3 mtﬂ}&d
stimulation in one group with 8 pg hydrocortisone acetate in oil. This i8 ﬂ,
puzzling finding and needs to be repeated. It could be duc to an erranc_oI'Iﬂ)
high sulphate pool value. The only highly significant inhibition was elml.td
by predaisolone acetate in doses of 40 and 200 pg. This ﬁnding}o&ﬂh" ‘“‘:
the sometimes marked changes in sulphate pool indicates that if the ‘labd.’f
material had been injected on a per animal or per g body weight basis, with-
out information about the exchangeable sulphate pools of the apimals, spun-

i B y ; found, merely dve
ously low sulphate incorporation values would have becfx fage
(o a dilution effect and not to a really decreased sulphation rate of cartilage-
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incorporation observed in this study is mainly due to 5-ASA liberated after
the injection of salazopyrin.

Previous studies on the effects of vitamin A on sulphate incorporation into
connective tissue yielded conflicting results. In large doses, it was suggested,
that vitamin A caused a splitting of the chondroitin sulphate chains from the
protein core (THOMAS ef al. 1960). An inhibition of chondrocyte activity in
vitrp has also been shown (McErnicott 1962). In rats vitamin A treatment
caused a depression of S incorporation in all tissues except the liver but
the uronic acid content was only reduced in cartilage (Muxnern & Bacu-
HAWAT 1966). In contrast, PERUMAL et al. (1966) found an increase of ¥5
uptake into polysaccharides of the i ine and colon. No torrection
for sulphate poal alterations were made in the studies quoted above, but the
present results which showed a diminished chondroitin sulp} hesis in
cartilage after vitamin A treatment, confirmed the conclusions of McELLI-
GorT (1962) and those of MukiERN & BacHHAWAT (1966).

Thyroxine in a very large dose (200 pg per rat/day) was shown to decrease
%S-sulphate incorporation in knee joint cartilage (DZIEWIATKOWSKT 1951).
In contrast, LORENZEN (1961) obtained an increase of 3§ uptake into the
mucopolysaccharides of the rabbit aorta after a dose of 50 pg/kg. In neither
study was the sulphate pool checked. The dose-dependent biphasic effect
reported here is difficult to explain but clearly shows how necessary it is to
stody a dose range and to correct for the size of the sulphate pool.
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Oestradiol Benzoate and Stilboestrol on the Exchangeable
Sulphate Pool and on Sulphate Incorporation in Vivo
into Costal Cartilage of the Mouse
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Abstracr: 'The influence of different endocrine conditions and the effects of sex
hormones on the suiphate incorporation rate n vive inlo costal cartilage were
studied in mice by a methed which allows a correction of the sulphation rates
for alterations in the exchangeable sulphate pools of the animals Oestrous cycle
variations had no measurable effect, but castration of both male and female
mice decreased 1he size of the sulphate pool and sulphation rate of cantilage,
while pregnancy had the opposite effect. Testosterone propionate {(dose range:
1 pg-1 mg/day X 6) and ethisterone (dose range: 40 yg-5 mg/day X 6) stimulated
weight gain but had a rather weak effect on the sulphate pools and incorporation
rates. Oestradiol benzoate and diethylistitboesirol given to prowing mice in doses
of 1 pg~1 mglday X 6 caused a dose-dependent growth retardation and a de-
crease 1n the size of the total sulphate pool and that per g body weight. The
drugs also elwcited a graded inhibition of sulphation rate of cartilage in both
seves. Sulboestrol (20 pg/day X 6) also inkhibited growth and decteased suipha-
tion rate in 12-days old suckling mice. Adult male and female animals treated
with oestradiol benzoate in the doses described above, displayed only smalt
weight changes but a marked and dose-dependent decrease in the salphation rate.
Inhibition of sulphate incorporation rate always went together with growth re-

tardation in growing mice but the former effect was produced by lower doses
of cestradiol benzoate.

Key-words. Sex hormores ~ sulphate incorporation ~ costal cartilage ~ exchange-
able sulphate panl — bady grawth rate.

The influence of gonadal hormones on growth and skeletal development
has been previously studied by many i It is well blished that
ocestrogens cause retardation of body growth in many different species (for
an extensive review see SILBERBERG & SILBERBIRG 1956), Growth raté was
also shown to be alfected by testosterone (SWANSON & VAN DER VEREF 1963)\
12 Avta pharmacologica, vol 29, fasc. 2




178 GEORG HERBAI

and by progesterone (HERVEY & HERVEY 1965). Since sulphation of muco-
polysaccharides is an important reaction during the growth process, several
investigators had previously studied the influence of sex hormones on %§-
sulphate uptake into different kinds of connective tissue in vivo (DZIEWIA-
KOWSKI et al. 1957; PRIEST et al. 1960; SALMON et al. 1963; NAKAMURA &
Masupa 1966; BERNTSEN 1968). However, it has been emphasized and re-
viewed in a previous communication (LorRENZEN 1963) that incorporation
experiments with ¥8 in vive are associated with a number of biological sout-
ces of error which may influence the correctness of the results. In the studies
on sex hormones and sulphate incorporation quoted above, the specific ac-
tivity of the circulating #3S was not controfled, since micro-methods for
Ipt determination in small biological samples were not available. This
lack of information might have been a sovrce of error in the interpretation of
the results, since recent investigations have shown that treatment with dif-
ferent hormones can markedly influence the size of the exchangeable sulphate
pool of the animals (HerBal 1971a & b). The purpose of the present study
was to evaluate the influence of some endoctine conditions and measure the
effect of sex hormones on sulphate incorporation in vivo into cartilage, after
correction for the variations in the sulphate pool of the individual animals.

Material and methods

Anmals.

Mate and fesnale mice of the N. AL R. L strain were used throughout the study, They
were either purchased from Anticimex AB, Sweden, or selected from the colony of
the Department of F which origi from Anticis AB. In most ex-
periments rapidly growing 4 weeks old animals were used but in some evperiments
12-days 0}d suckling mice or in others, slowly growing adult mice were studied- In
one etperiment pregnant mice in the second part of pregnancy were used. The stage

Fof pregnancy was checked at autopsy by the foetus weights, and only those pregnant
mice which had foetuses weighing above 05 g were included. All the animals wef€
housed in plastic cages covered with wood shavings (5-8 mice/cage) and kept ina ro?m
with a constant temperature of 25° and 12: 12 day/night thythm. They were supplied

with commercial mouse pellets (Anticimex no. 213) ad #ib. and had free access 0 1p
water. Vitamin supplement was given twice weekly (protovit®, Hoffman-La Rocbe,

Basel). Orariectomy and orchidectomy were performed in immature mice (2 weeks Ofd?

and the animals were ept for 2 months before use The controls were not sham
operated. The stage of the oestrous cycle was checked by vaginal smears.

Isotopes. . P
i 5 i ty: 250 mci'mmol
Carrier-free $$-sulphate and 3H fabetled phenol (specific activi );L e shenol w3s

were obtained from the Radiochemical Centre, Amersham, Englan I ehemical
dissolved in water and a stock solution was stored in the Fruchn sli'ﬂt-' !n“" e
purity was checked by thin-layer chromatography (TLC) and radiolysis was

served.
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Harmones.
T

and diol benzoate were donated by Organon Co., Oss,
Holland, and supplied by Pharmacia AB, Uppsala, Sweden. They were dissolved in
and further diluted with olive oil. Ethisterone and oestradial-17 § (free alcohol) were
purchased from Sigma Chem. Co., St. Louis, Mo, US.A, Ethisterone was dlssolved in
a 10 % propylene glycol-water solution and iol in olive oil. Di;

was obtained from ACO, Stockholm, Sweden, and dissolved in olive oil. The animals
in the control groups received only olive oil and in the ethisterone experiment, 10 %
propylene glycol-water mixture.

Measurement of the exchangeable sulphate pool of the mouse and incorporation rate
of sulphare into costal carslage.

The details and evaluation of the method have been described elsewhere (HERSAI
19702) but a short presentation of the principle and the course of the routing procedure
is given in a previous communication in this journat (HERBAT 1971b).

Results

Influence of the oestrous cycle, pregnancy and castration.

Before making a closer study of the effects of injected sex hormones, the
influence on the size of sulphate pool and incorporation rate of some basic
endocrine conditions which are related to sex hormones was investigated. The
results are summarized in table 1. Thirty-three sexually mature female mice
were selected with regard to their actual oestrous stage and three groups of
animals, in oestrous, pro-oestrous and di-oestraus stage respectively, were
subjected to a sulphate incorporation experiment. As can be seen from table
1, the cycle did not influence the size of sulphate pool or the incorporation
rate of sulphate into costal cartilage.

The middie part of table 1 shows that pregnant mice showed hlghly
significant increase in the size of the suiphate pool. Apart from the body
weight dependent elevation of the total sulphate pool, the pool per g body
weight was also significantly increased. Furthermore, a probably significant
increase in the sulphate incorporation rate of cartilage was recorded m
pregnant mice,

The long-term effects of castration in male and female mice are presented
m the lowest pant of table 1. The growth rate was nearly normal in ovariecto-
mized female mice but was markedly decreased in castrated males. Both the
total sulphate pool and that per g body weight of the mice were diminished
after castration in both sexes. Likewise the sulphation rate of costal cartilage
was significantly decreased in both male and female mice.

Ejffect of propi and et 3
Androgenic effects were studied vsing testosterone Ppropionate and ethiste-

tone, the latter being a potent gestagen with some androgenic action, As can |
ne
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be seen from table 2 both compounds stimulated the growth rate of the
animals, The size of the total sulphate pool and that per g body weight was
only stightly influenced by these hormones and no clear dose-response rela-
tion was seen. Increasing doses of testosterone did not stimulate the rate of
sulphate incorporation; on the contrary 1 mg per day significantly diminished
this. Ethisterone in a dose of 40 pg {the lowest studied dose) cavsed »
significant elevation of the sulphate incorporation rate, but after higher doses
the stimulation was decreased.

Table 1.

Effect of oestrous cycle, and ion on the il ic suiphate poot 2ad
incorporation rate of sulphate into costal cartilage of sexually mature mice. Figufes
show mean values + S, E. M. Time between castration and experiment 2 months. All
pregnant mice contained foetuses of at least 95 g, as conllrmed at 2ulopsy, indicating
that they were selected in a ively late part of test against
controls: *) =P < D05, **) =P < D002, ***) = P < D.ODL. The experiments 4, B snd
C were run on different occasions and the figures are not immediatels comparable.

Sulphate pool ug Rate of
Body weight suiphate wof
Hormonl [, at incorporated ol
conditions deathg Total Pergbody | por capiitage | ©
weight sample ng
Di-oestrous | 8 281105 373132 134%11 1496 100

A | Pro-oestrous| 8 {27.2+£0.9 385120 143£10 152410 | 102

Oestrous 9 (271404 [363%27 133+09 1417 946

31302216 281422 94112 76821 ( 100

H Controls
.

® | pregnant 514255440 {636 233000 | 15451200 | g55232 | H2P

mice

Nommal  {gis3406 (315:34 | 97411 1042346 (100

females

Ovariectom-} o 207208 |242218 | 762050 | 768149 | T
c ized

Normal | 5lsp3106 |essz1s | 113to4 | 990235 [10

males

o e
Orctides | {336 s09es|azeares | 98206 | 664242 | &

tomized
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be seen from table 2 both compounds stimulated the growth rats of the
animals. The size of the total sulphate pool and that per g body weight was
only slightly influenced by these hormones and no clear dose-response rela-
tion was seen. I ing doses of did not stimulate the rate of
sulphate incorporation; on the contrary 1 mg per day significantly diminished
this. Ethisterone in a dose of 40 pg (the lowest studied dose) caused a
significant elevation of the sulphate incorporation rate, but after higher doses
the stimulation was decreased.

Table 1.

Effect of oestrous cycle, and ion on the i ic sulphate poot and
incorporation rate of sulphate into costal cartilage of sexually mature wice. Figures
show mean values £S.E. M. Time between castration and experiment 2 months, All
pregnant mice contained foetuses of at least 05 g, as conﬁrmcd at autopsy, indicating
that they were selected in a relatively late part of {t test against
controls: *) = P < 005, **) = P < 0.002, #**) = P < 0.001. The experiments A, B snd
C were run on different occasions and the figures are not immediately comparable.

Sulphate pool pg Rateof
Body weight sulphate %ot
Horr{x?nal n at 4 incorporated control
conditions deathg Total P:rg. bhu Y | per cartilage
weight sample ng

Di-oestrous | 8 (28.1 0.5 378+32 134t 49%6 100

143110 15210 | 102

A | Pro-oestrous} 8 1272409 385 £ 20

—
Oestrous 9 |27.1 %04 363 £27 13.3£09 14127 946
|
Controls | 3 {302+16 [w1%22 94%1z | 76821 | 100
R
B U Pregnant | g luyssaae |ea6£30me| 15421000 | 855232 | m25°
mice
Normal 70323406 (315438 97411 104246 | 100
females
Ovariectom-| 5 1317408 (212418 | 762050 | 768249 | M
ized -
c
Normal 71393+06 |445£18 (113404
males
Orchidec- | 7 1336 +00% 03322 27% | 98206°

tomized




183

SEX HORMONES AND SULPHATION OF CARTILAGE

sestl S¥s8s hs— SLFES TEF €01 +62 §0F¥60+ | yoFs9r 14 0001
a1l SFTs #2419~ EIF6Y f9— 2T 68 +£2 LOFLO+ | TOFrLI 14 oot
a5 $768 L= 61F 500 S1—- ¥ oIT L OIFET+ | €0FSLT 3 or sojeUR]
+8 ETLF 1 9+ LoFeet 11+ LIF9LE Se1 YOFZr+ | 20Tt 14 1
oot STF L 0 B0F9U 0 L F YT 001 IOFVEH | cOF99I ¥ | sionuoa
evedP v F58 T~ FOFSTL [erebE— SF 0T [ensbT LO0F91+ | zoFo9r 14 0001
weeSP PF 25T— LOFETT fesebE— 9F6IT  [saabt S0F6T+ [ coFo09I 4 001
6L v F T 2lz— LOFTEL 9T— LI F992 5L TOFTH+ | yO0F 091 4 or eIy
801 6L F 961 TI-- TTF 91 £+ TTFILE L4 TOFBY+ | vOFEOL 14 T
001 1 Fest o OTF 9l ] wF6se 001 YOFSE+ | TOFEO 8 | sonuos
8u sjdwes | sjonuoa EL s[o4uod 3 s{oquod 3 3 -
sjonuos | odepes jsupede weq sutede % wLmEd 25
Jo% [sdowgdms| zw |Fidiood [ guw 3”“_ Ewﬁ o1 Joud ¥ M_HM
paresodiosn] | oBueyy | asweydng | edueyy | IS MOl a3ueyd yTom Waem Apog g

*2[qesedwod A[ajzIpawiu] 10U 9JE 5a131) SYI PUE SUCISEIZ0 JURIZJJP UO GNL I9M SITLWAJ PUY SLWL

U0 SPUIWHAAXS 4L, ‘1000 2> d = (ees ‘I00 > d = (as ‘SO0 > d = (» iS[04UOI 35utede 5153) duvdyudss *dnosd 1ad sfewmue jo J3qunu = &
WH ‘m%.o.___; UBIW MOyS $3ind1] ‘shep 9 Joj 2sop A[lEp U0 Uf UIAIF sem JuOWOY SYL "I I[TWI} PuE Ofew Jutmosd Jo aSvyues
1502 ot apeydins jo 9jex uoneiodoou; pue food Jyeyd[ns Jo azis ‘e YIN0IF APoq UO DILOZUIG [OIPBNSIO JO SISOP SuISEALINL JO 13355

‘€ 9L



GEORG HERBAT

097 TFLT EE~- 9LF6S £e~ v F 91 off —~ LOFrOo—| €OR9LT t o001
*esGE EF oY v+ 1% 26 ] STFET 9 0¥ 80 SOF09R s 001
seefl £TFSE L+ €0FE0L o2t ¥ 62 #0852 S030¢ 90 Y5T 9 ot LR Y
o1l PFEL vet+ 0LFT6 I+ Wrae ae BOEFIT 0T 99T ¥ 1
001 01 Fvo1 o EAS ] ] YEF VL aot ST 60F §9T 1 s{oliuoy
£Fes 6T~ iy Le «SE~— OF FS6T  |swsl6T~ TOFEI-] 90T 65 < oot
oot SFSS 9f— TIFEL Oy~ 6E€F 9LT (5] LOF 80 80T €HE s 001
»a6Ll TFI8 - 0IFV6 w~ TETFLSE  leeslIE U 4 €T ¥ 08¢ 1) o1 =y
001 TF w0l re— 80 F 0T Lo+ e ¥ 09 «0§T SOFST 0T F009¢g s 1
001 ¥ ¥eol @ yiEea 0 0§ F LS¥ )3 £0F01 60T £9¢ s s[onuo
3u oidwes | sjoxuod ad S{onuo3 a sjo1u03 3 2 5
s{onuoy agejned supede “#q Jsurpge tood % RUETRENY u 350 xg
0% Jad appydins %oy 8 3ad jood % ut eydins e o1 joud £ _nu
paterodioou] § adueyn aeyding adueyn oL afueya yySpa WSem Apog] trea

"alqesediios AieIpatsy jou st 591nJly Sl PUE SUOISEIIO USSP UO WAL 1A SI[BWI] pue
SAHRUT GO SJEIUNIIEND UL, 1000 > d = {res ‘100 > d = {se ‘SO0 > d = (s SIONUOS LsuseTe 153) ssuraldis -dnosd 1ad 931w jo QWL = v

WS F S0IUA R MGYS S2IN3LY "SACP § Jof 9sop AL[EP aUo U DIAIS Sea oo DYL ‘931 S[EWIJ PUT ST HupE JO oIEpMEd
121502 oot 23eydins o s1es uonelodiosny pue jood 2N=ydns JO 3245 ‘9188 Y1ail 4poq U0 21eoZudg [OIPTO JO SITP Bujsealdul Jo PINA

v a19vL,



183

SEX HORMONES AND SULPHATION OF CARTILAGE

aaelE LFWL |ewell+ 0T8T 0 — LIF LY [esetl £0F80 TOFLHT L 000t
Yy 14 BFFEL 9+ COF T | weBl— ZLFALEE  [enalT S0FCT TOF8Yl 9 001 B
sasbt ST+ 891 L+ 6OF YT z - QUFILY | eall YOFEY 10FLFL 9 01 fpwWy
€6 LF8IC 9+ SEF YL v+ sTFTIS 0oL €0F09 TOF6¥1 9 T
Q0T 61 ¥ 2vE 0 YOFTIET 0 stFeer oot €0F09 ToFsrl 9 slonuos
sl 6F 88 [}:20d LOTETL [nasBP— EUTRLL  faasdl FOF V0 €0F9Sst 9 0001
vaefE LF LET 8~ TIFEFL | wabb— ELFOET  feasd] §O0F0T TOFTSL s oof
pread S1¥ 681 0T~ TiFszn i DITELT | wafS 9O0FEE E0FSSL S o sapuLy
06 TCLFELE €~ STFTSE v - SEF6LE 06 90F 9§ TOF 4GS 9 T
001 ZEF Y 0 1T 95t 0 SEFTVE 00t gOFLY COF LS 9 slonuod
3u p)dwes | sjonuod al sjonuo> al §]oS1uod N 8 a
s[oua2 afejiurea 1supeae KN Isurese 1ood % JusunEan u ss0p s
oy |33d eyeydios % ul 3 sad jo0d 4 o1 aeydjps |—————| @ Joud s
paresodiosu] | ofueyd 2wyding 25ueyd jeioL aTueys 1yBAL 1ydram Apog ea

+ajqeredwoa Ajajripawwl 10U 3B saindiy 9y pue
Safew U6 SANIRAIR UL TO00 > & = (aaa OS> & = (av ‘Sop>d=
I H S T SON[EA ULIUW MOYS §aInTT
{1500 o1Of djEqdjns JO el vopezodiodul pue 00d yEYd]

‘skep § 30} asep AyE

SUOISE300 JUIFFIP UO UNI DIam sa[EwW3) put
(» '5]03U0D I5uyESE 153) BT
p suo Ul wdald sem Foup UL
ns Jo 9z1s ‘9jel Yu01d Apoq uO JOIIS

‘S 2L

ay1udis “dnoad 1ad 2olw JO JqUINY = U
‘a1 BT PUE djewr Supmosd Jo 9dupured
OQIUSIAIAIP JO SasOp Suiseasdut JO 1203



186 GEORG HERBAI

basis were decreased, but in the female mice the sulphate pool per g vafue
«as practically unch d after § ing doses of stilboestrol. An exception
was the decreased pool found after 1 mg of stilboestrol. A comparison between
stilboestrol and oestradiol benzoate (tables 5 & 3) is of doubtful value, since
the two substances were tested at long intervals and the control values differ
markedly between the groups.

Effect of stilboestrol in immature suckling mice.

It has been reported that in immature rats with body weights of less than
100 g, stilboestrol administration failed to inhibit the rate of body growth
in contrast to its effect in rats above 100 g, (NosLr 1938; Noste 1939). In
order to test the sensitivity of immature mice, 12-days old suckling mice of
unspecified sex were injected with 20 pg stilboestrol for 6 days, after which
an incorporation experiment was performed using a reduced amount of the
injection mixture, Table 6 shows the results. The stilboestrol treated mice
exhibited complete arrest of growth, the final body weight in fact being lower
than that before the hormone administration. The control group grew about 2
g during the same time. The total sulphate pools were somewhat Jower and
those per g body weight somewhat higher in the stilboestrol treated group.
These results were, however, not statistically significant. The sulphate in-
corporation Tate was profoundly decreased after stilboestrol treatment. In
contrast to the findings of NOBLE in the rat (1938 & 1939) stilboestrol is ef-
fective even in very young mice.

Table 6.
*. ... of stitboestrol ireatment for 6 days on weight-gain, size of the inorganic sulpr{are
.Tool and rate of sulphate incorporation into costal cartilage in 12-days old suckh'ng
9 mice of unspecified sex. The figures show mean values £ S, E. M. n = number of mice
W

per group.
Body weight g Sulphate pool pg | gurphate
o
- incorporated
" pri T2 | per contilage
Prior 1o At pes
Change Total body sample ng
treatment| death weight
+38
83302) +20202 )430£47) 52406} 1602
Controls | 9 63
20 .
smborsfmh o 63 [s58201] —05£0100e[388 226/ 60204 65 E4T
per day

0t = P 0000
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Influence of the duration of oestrogen treatment.

Eight groups of growing male mice were selected. Six groups received a
daily dose of 100 pg oestradiol benzoate for 2-7 days, the last dose being
given 24 hrs before the experiment. Thus, the six groups were under the in-
fluence of oestradiol for 48, 72, and so on, hours, respectively before the
experiment. One separate group received the same dose of free oesteadiol-17¢
for two consecutive days. The control group received oil only, 7 times. The
incorporation experiment was done simultaneously in all the groups, so that a
common control group could be used. The results are summarized in table 7.
The free alcohol form of oestradiol, which is probably more quickly absorbed
and more short-acting, influenced the weight gain of the mice only slightly but
significantly decreased the size of the total sulphate pool and also that per g
body weight. It also caused a significant inhibition of sulphate incorporation
into the cartilage samples. In a separate experiment (not shown in the table).
a single dose of 100 g free oestradiol given 24 hours before the experiment
also cansed an insignificant decrease to 78 %,.

With oestradiol benzoate the effect appeared somewhat Jater since as can
be seen from the third row in table 7, two injections of the hormene did not
cause a significant fall in the incorporation rate of sulphate. The sulphate pool
values were only slightly and irregularly affected in this experiment. The
sulphate incorporation rate of cartilage exhibited a graded and progressive
decrease after increasing length of treatment. Whether this is due to an
accumulation of the hormone itself is not clear. At any rate the experimen!
shows that, at least for 7 days, no escape from the inhibition occurs.

Discussion

If the results presented in different tables are compared with each other it
becomes evident that major or minor differences exist between the control
groups with regard to weight gain, size of sulphate pool and rate of sulphate
incorporation into cartilage. Furthermore, the hormone induced changl‘s
sometimes differed despite similar treatment. When 6 X 100 g oestradiol
benzoate was given to male growing mice in the experiments of table 3,2

igni ! in the sul pool values occurred, while in those of

table 7 only a moderate and non-significant decrease was observed. These
discrepancies between some control values and also the inconsistency of some
drug-induced changes are p The following is an attcmpt at an ex‘;
planation. The different experiments presented in this study were pt‘r'lt}ﬂﬂi 3
over the course of several years, but each scparate study in\'olvm_g diff Cf"'ﬂ
doses of a drug and its control was run at the same time. The nnm;:\ls \::rt
all of the same strain obtained from the same colony. Tl.]c food pcl.tls :‘.m
of the same make and ~ as far as is known - composition. The mice
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selected for each experiment using the body weight as guide. It is possible
that an uncontrotied factor (see below) can have affected the growth rate and
thus that animals with similar body weights were in fact of different ages in
the different experiments. The differences in the incorporation rate observed
between different controls could thus be due to variations in age, since, as
has been shown previously, the incorporation rate of sulphate is rather age
sensitive (Herpar 1971a).

The main factor which could be responsible for all the variations quoted
above could be associated with the wood shavings in the cages. All mice were
kept on wood shavings, sometimes for a Jong time as during the breeding of
the colony of the institute, and the shavings were obtained from different
sources and of different quality. It has recently become clear that such wood
shavings as a rule contain fungistatic agents such as pentachlorophenol. There
is well documented evidence in the literature that halogenated cyclic hydro-
carbons such as chlordane, DDT and aldrin, profoundly stimulate the syn-
thesis of liver microsomal enzyme systems and, as has been shown, signi-
ficantly alter many different effects of progesterone, testosterone and oestro~
gens (CONNEY et al. 1965; CONNEY et al. 1966; LEVIN et al. 1968). Further-
more, in an extensive reveiew of this subject it is concluded that comparisons
between drug effects might be influenced by the content of liver microsomal
enzyme inducers contained in different bedding chips in animal cages (Con-
NEY 1967). It is therefore quite possible that such a factor can be responsible
for the discrepancies mentioned above. Thus, no conclusions can be drawn
from comparisons between different experiments,

‘When the results obtained from animal groups which were handled on the
same occasion are evaluated, it can be seen that pregnancy, testosterone and
ethisterone administration caused an increase, while in both sexes castration,
and, as a rule, oestrogen treatment elicited a decrease of the sulphate pool.

The weight gain increase and the slight increase in sulphate pool after low
doses of oestradiol benzoate seen particularly in adult mice (table 4) is
puzzling, but might be due to yte and water ion, since di
in similar doses caused markedly increased plasma-sodium levels in rats
(WoOLLEY & Tiviras 1964).

It has previously been established that both natural sex hormones and

yntheti gens during the detoxication process become conjugated to
ester sulphates, to a varying extent (WnLtasts 1959; Bostrom 1965), Since
the marked decreases in sulphate pool and sulphate incorporation rate in the
present study were found particularly after large doses of oestrogens, the
possibility must be considered that these hormones when detoxicated, may

have consumed a part of the available sulphate poot of the animals. Naturally
the largest doses would be most Jikely to have depleting effects. For the most
extreme case, 1 mg oestradiol benzoate per day, it can be calculated that if
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the hormone had been entirely converted to a disulphate ester, about 4 gmol
of sulphate would have been required. This corresponds fo about one sulphate
pool of a mouse (384 ug SO,). Therefore, an important question is how fast
a depleted pool can be restored in 2 mouse under normal circumstances. It
has been shown previously that after an injection of tracer amounts of -
sulphate practically all the tracer disappears from the blood in less than
24 hours (HERBa1 1970a). This means a total renewal of the sulphate pool
during one day. Since oestradiol benzoate is gradually absorbed and since it
is unlikely that it is totally converted to disulphate, it is unlikely that — barring
enterohepatic circulation — even a dose of 1 mg per day would consume such
a large part of the available sulphate store, that a real deficit remains during
the experiment, which is done 24 hours after the last dose.

It has been reported that Cye steroids may undergo enterohepatic circula-
tion (ADLERCREUTZ & LUUKKAINEN 1967; Sibvarr 1970) and it is theoret-
ically possible that after jon into the intestines and desulphation, the
steroids may be reabsorbed and sulphated again. This might possibly increase
the sulphate consumption caused by the steroids. However, as can be seen
in table 3 and 4 the sulphate pool per g body weight in the male animals is
decreased fo about the same extent after 10, 100 and 1000 yg oestradiol
benzoate per day, which means that at Jeast after the 2 previous doses, the
amount of sulphate needed for sulphation of the hormone must be negligible
as compared to the available store.

Another factor, which must be discussed is a possible competition for
“active sulphate” during the sulphation reaction between oestradiol bcnzcll'c
and the chondroitin sulphate chain of the cartilage. In order to study (his
possibility the following experiment was done in a previous work (Hmfl‘u
1970a): Increasing amounts of phenol (up to 32 pmol) were injectcd. in-
travenously into different groups of mice. The sulphate pools were dclcrm‘mtd

. 30 min. using a sample of urine and the sulphation rates of cartilage
“~ro measured 4 hours after the phenol injection. The results indicated that
Jeven after very high doses of phenol (32 gmol per mouse), an amount which
in other experiments would be expected to require about 16 ymof of sulphate
jons from the miscible sulphate pool, the size of the sulphate poef and the
rate of sulphate incorporation into the costal cartilage were completely ua-
affected. This means that even after the removal of 1500 pg sulphate from
the sulphate pool (an amount which is 4-5 times the poo} sizc) this is ‘“2
ficiently rapid to allow unchanged sulphate uliliza(iqn and an ummp(f::';
chondroitin sulphate synthesis \5;ilh;n a few hours. This zroce}s sf:cn:s

ible only, if a rapid renewal of d sulphate i
?c)‘sisve proc!;s, the c‘;istcnce of which, as far as we know, has not been

: P ¢ ia
previously described. In this connexion a very yecent report is of interes .
which it is claime

by 20

d that the parathyroids and the cells secreting calcitol
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may exert a regulatory influence on sulphate b is in rats (SALLIS et al.
1970). All these arguments make it unlikely that oestrogens even with the
highest doses as given in the present experiments could have exerted any
competitive influence on the size of the sulphate pool and the rate of in-
corporation.

In previous studies on gens and sulpk incorporation into con-
nective tissue in vivo the undetected lowered sulphate pools may have elicited
a spurious increase in the specific activity of the injected 3S-sulphate. This
could have resulted in a failure to detect the sulphation inhibiting effects; it
has been reported that oestrogen administration caused either unchanged or
increased incorporation rates of ®S-sulphate in vivo into different kinds of
connective tissue (KOWALEWSKI 1961; WaGNeR et al. 1968). Inhibition of
sutphate incorparation after cestrogen, as demonstrated in the present study,
has previously been reported by PRIEST ef al. (1960} and NAxAMURA & Ma-
supA (1966) in rats which received oestradiol benzoate in doses of 333-1000
ng/day for 2-3 weeks. The sulphate pools of the animals were not checked
and the Jack of dose-response curves and shorter periods of hormone admini-
stration make it impossible to decide whether the effects could have been
obtained with lower doses or after shorter period of treatment, Small changes
in sulphation rates, as found in pregnancy and after castration in the present
study (table 1) were not detected without correction for the altered sulphate
pool.

The slightly elevated sulphation 1ate of cartilage in p mice may be
due to the pl 1 “growth hor lactin™ described by GrumBacu &
Kapran (1964) who stated that this hormone elicited a weak stimulation of
sulphate uptake into the cartilage of hypophysectomized rats,

Following with the anaboli d ic agents the growth stim-
ulating and suiphate incorporation increasing effects were not parallel (table
2). Testosterone propionate caused a significant increase in weight gain but
failed to elevate the incorporation of sulphate. In contrast, ethisterone only
slightly increased the weight gain, but significantly increased sulphate in-
corporation, at least in low doses. The weak effects of these steroids on the
sulphation reaction are in apreement with the previous findings of SaLmoN

et al. (1963) who found oaly a slight stimutation of the sulphate incorporation
in vitro in normal rats after testosterone administration.

The dose-response curves of the present investigation show that both
oestradiol benzoate and stilboestrol were able to elicit a similar and dose-
dependent inhibition of growth and a decrease of sulphate incorporation in
cartilage. However, all effective doses used in this study (the minimum dose
which elicited a significant change was 10 ug) and those of previous reports
(SILBLRBIRG & SILBERBERG 1941; PRIEST ef al. 1960; NAKAMURA & Masupa
1966) arc much higher than the physiological dose range of the hormones,
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being for example at least 1000 times above the minimum oestrus producing
doses (0.01 pg). These massive pharmacological doses very probably influence
the function of several different endocrine organs and might exert their,
growth-retarding actions indirectly through other endocrine glands e. g. the

pituitary or thyroid. It is therefore an g question whether the growth
inhibiting properties can be dissociated from the oestrogenic effects. For this
purpose a series of sub with weak icity have been studied

under similar conditions and the results will be presented in subsequent
communications.
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Abstract: By intravenous infusion into rabbits anaesthetized with wrethane or
barbital the plasma level of a number of drugs was kept constant. The dnyg
concentrations were determined in the vitreous body, aqueous humour, lens, and
plasma. The steady state distribution ratios across the blood-vitreous barrier was
found to be: for quinine 1.35, salicylic acid: 0.42 and 1.0 (at plasma concentra-
tions 150 and 900 pmol/l respectively), PAS (p-ami icylic acid): 0.65, salic i
acid: 0.05, barbital: 0.75. The distribution rate across the blood-agueous barrier was
found to be for quinine: 0.25, salicylic acid: 0.8 and 1.0 (at plasma concentrations
150 and 900 umol/1), salicyluric acid: 0.1, barbital: 0.95. The permeabildty constaots
for the penetration of the drugs into the vitrcous body were calculated, quinine:
2.2 X 107, salicylic acid: 1.4 X 1072, barbital: 1.2 X 102, PAS: 85 X 103, Iit-
hium: 6.9 X 104, saticyluric acid: 5.3 X 10-5, and into the aqueous humour, qui-
nine, salicylic acid, barbital, and PAS: 1.1~ 1.5 X 10-2, lithium: 6.2 X10°3, saficy-
furic acid: 2.9 X 104, all per minute. The partly ionized drugs penctrated the
vitreous barrier according ta the lipid solubility of the unionized form, thus pene-
tration across the aqueous barrier was dependent on both the Tipid sofubility of
the unionized form and the dissociation constant, Li* penetrated into the vitreous
body predominantly from the anterior region of the eye and the partly ionized
drugs through the whole exchange area. The injection of 25 pl 0.9 % NaClor
liquefaction of the vitreous body with hyaturonidase gave litdde change in the
rate of Li* pererrunon, widl ol of FAS wis darersed dy el Tone motios b
tween the salicyluric acid cancentration in the water phase of the lens n.nd the
aqueous humour averaged 36 (1.1-5.6), suggesting that salicyluric acid »as
transported into the lens against a conceniration gradient.

Key-words: Vitreous body ~ aqueous humour - permeability.

Quantitative studics have demonstrated an existence of a blood-vitreous 33:
a blood-aqueous barricr (Divson 1956, 1962, 1969; Kixsty & RrDlhe
1964). The penctration across the barriers was found to be dependent 0n



PENETRATION OF VITREOUS BARRIER 195

fipid solubility of the drug (DAvsoN 1955; BLEEKER et al. 1968). Furthermore
DavsoN & Matcuery (1950) have demonstrated the dependence on the
dissaciation constant of some partially ionized compounds.

However, certain points still seem uncertain; thus BEcker (1960) has
demonstrated an active transport across the barriers. The investigations on
the passage through the barriers, however, have been limited to rather a few
substances and a further extension with compounds of other types is desirable
before any generalized statement about the passage through the eye barriers
can be made. It is possible that not only the passage through the membrane,
but also the diffusion through the relatively large vitreous body may be in-
fluenced by its physical state, particularly its content of hyaluronic acid
which may inhibit the spread of drugs as is seen e. g. in the subcutaneous
tissue.

In the present invesfigation 4 weak acids, 1 weak base, and 1 electrolyte
were used in order to decide to what extent all transpori from plasma into
the vitreous body could be explained by passive mechanisms or as seems
mare likely by specific active mechaniswms.

For the experiment we chose salicylic acid derivatives: salicylic acid,
p-aminosalicylic acid (PAS), and salicyluric acid (glycine conjugated salicylic
acid), i. e. substances with a closely related structure, but a different rate of
penctration.

Barbital (diemalum NFN) and quinine were chosen because these sub-
stances are not secreted in the kidney tubules in contrast 1o the salicylic acid
derivatives, Finally Jithium was chosen in order to compare this with sodium,
the penetration of which has been extensively investigated.

Materials and Methods

Male albino rabbits weighing 2.5-4.5 kg from Havdrup arimal breeding were used and
were maintained on a standard laboratory diet.

The chemicals and solvents nsed were of analytical grade, Merck.

Experimental procedure.

The rabbits were anaesthetized with urethane (1500 mg/hg body weight) or barbital
sodium (diemalum NFN) (200 mgfkg body weight). Blood clotting was preveated by
hepafin LED (2.500 in. g. 2 hrs). The animals were then tracheotomized. The blood
pressure was measured from the right femoral artery, from which blood samples were
also taken,

A priming dose of the drug in solution made isotonic with NaCl was administered
through a marginal eas vein in less than 15 sec., and the plasma level of the drug was
mantained by continnons infusion into the ear vein from a Braun infusion pump. The
scheme shown in table 1 was used. In some experiments two compounds were admini-
stezed together, viz. quinine and salicylic acid. The plasma concentration was képt gt »
constant level of the drug within the limits of £10 %. In 4 e¥peri
was within the limits of £15 %.
ne

-
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At various times after the initial dose the eye was enucfented.

About 200 1 anterior aqueous humour was withdeawn in less than one minute by
inserting a fine cannula paralie} to the iris at the limbus corneae and reaching to the
edge of the pupil. Immediately after this, the eye was enucleated and frozen in Yiquid
nitrogen. The vitreous body and the lens was dissected in the frozen stale withont any
blood contamination, and the vitreous body was divided into an anterior, a medium
and a posterior part. Before the analysis the thawed vitreous gel was centrifugated in
a M.S.E. ultracentrifuge at 200,000 x g for 30 min., and the clear watery supernatant
was used for analysis. After weighing, the lens was homogenized in a Braun glass homo-
geniser with 0.1 N sulphuric acid, and centrifuged for 15 min,, 7°, at 1,100 x g. In
some experiments 25 pl i LEO ¥ NFN) contain-
ing 12.5 i.u) was injected under visual control into the center of the vitreons body by
means of 2 Hamilton 25 ] syringe 45 min. before administration of the priming dose.
The vitreous bodies injected with hyaluronidase were liquid so that centrifugation of the
content was not nescessary.

Analytical methods.
Samples of 0,1 ml were used from the plasma, aqueous humour, vitreous body, and lens
supernatant.

Barbital was determined by the method of Lous (1954) on a Beckman (DU) spectfo-

S was i as il by R (1968} 0.0 an Aminco~
Bowman-spectro-fluorometer, activated at 355 nm (uncorrected).

The sample containing salicyluric acid was mixed with 04 ml 6 N sulphuric acid, 7
ml benzene and shaken vigorously mechanically for 15 min. After centrifugation 6 ml
was transferred to a centrifuge tube with 2.5 ml 0.25 M borate buffer pH : 10., shaken
15 min, and if nescessary centrifuged for separation of the phases. The fluorescense ol
the aqucous phase was measured at 405 pm, aclivated at 330 nm (both uncomcltil
Concentrations as low as 0.03 pg/mi were detectable with a recovery of 98-100 K.
Quinine and salicylic acid were determined in the same sample, Quinine was first deter-
mined by the method of BRoDIE et al. (1947), and salicylic acid was determined on the
benzene phase by the method of CHIRIGOS & UDENFREND (1959) who, hawever, used
ether as the extraction medium nstead of benzene. |

The recovery after benzene extraction was the same ay that after ether extraction.

Since potassium and especially sodivm when present in the samples greatly influences
the lthium ination, the lithium ion was by using Hi?nl\s ?nd
standards with the same sodium and potassium content as the respective biological
fluids. Lithium 1n the plasma was determined in this way as described by AMDISEN

(1967).
Lithium 1n the vitreous body, aqueous humour, and fens was determinted i»’ :’1’ ;“::‘:
i for plasmz 3,
procedure, but the sodm and 4 oms in the

by AMOISEN (1967), were replaced by the sodium]nnih pomssmml c:::::::i:;
vitreous body, aqeous humour, or Jens respectively. The concentra
;;):exaixrrnus ;,sod;z Na: 125 meq./l; K: 11.7 meq.fl {(Rzopy & RiNscy 1960); for nq“r:,:j
humour Na: 137.5 meq /1; K: 49 meq /I (REDDY & Kinsey 1960); and for the lens B
25 meg.1; K: 120 meq /1 (van HEYNINGEN 1962). .

Binding to plasma proteins way determined as described by N T

The etherlsuline parution c icient was for drugs in lhcdrm o
centrations obtained by shaking the drug equal valumes of ether pn

phosphate buffer, pH 2 7.4 for onc hour.

J were for

AvLs & Sekanerr (1959
3 cont
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pH - and dard-bicarh ion were ined at intervals of about
30 min. on arterial blood, and occasionally on aqueous samples as described by
GAMEIND et ol. {1966) on a pH-meter, microelectrode G 297 (Radiometer).

The rate of entry into the vitreous body from the blood is expressed as a “permeabil-
ity constant”, kig. When the plasma concentration is constant i, is caleulated from the
equation derived from the Fick law of diffusion as described by Davson (1962, 1969).

Results

The results of the experiments are shown in fig. 1-4 and tables 1-4. As
shown in fig. 1 and table 3, the drugs enter the vitreous body at widely
different rates. From fig. 2 and table 3 it is seen that the drugs enter the
aqueous humour more rapidly and to a less different rate than into the
vitreous body. During the period of the experiments, quinine, PAS, barbital,
salicyluric acid, and lithium appear to enter the vitreous body and aqueous
humour at rates proportional to the concentration gradient. This was not the
case for the penetration of salicylic acid into the vitreous body. A steady state
distribution ratio Ry = 1.0 was obtained at a total plasma concentration of
900 umol/l, whereas R, seemed to be about 0.4 at total plasma concentration
of 150 pmol/l. From fig. 2 it is seen that the salicylic acid penetration into

Cv
1St Eof
N Cpl
I
- Quinne
v %
4
10 x 2 Sabieyhe acid
* Barbitat
.
. Y - A
PAS
05 [l .
{ .
.
Lithium
- Seliggluric acid
% o 3380 ORI M

Fig. 1. Penetration of certain drugs into the vitreous body from the blood plasma.
Every point represent the value for one single eye. - v - Tepresent quinine, ~ x —
salicylic acid at a total plasma concentration of 900 wmol/l, — + — salicy] .
total plasma concentration of 150 pmolfl, ~ A ~ barbital, — » ~ fithium, o

salicyluric acid. ' "
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Table 2.

Equilibration of vitreons body, aqueous humour and Jens with blood plasma. Cv, Can,
and C; denote the concentrations in the vitreous body, agucous humour nnd lens,
respectively, at stated intervals, after a constant concentration, Cyt of the drug bu
been obtained in the blood plasma. Cy is the mean of C.,, Cym, and Cyp. which are
the concentrations in the anterior, medium, and posterior part of the vitreous body. pH
and standard bicarbonate are given as the values at half the stated intervals, In the
experiments marked x or y, lithium and PAS were given simultaneously, In < experi-
ments 25 I hyaluronidase was injected into the vitreous body before infusion and iny
experiments, 25 ¢} 0.8 % NaCl was injected.

A
Plasma
Rab- andard
bit 'ﬁ{nc Cv” Can G n Cot PH sbfic:ulm-
no, | (@in} [Gmolfb (umolll) {Gmal (umollt} | plastaa pate
(wmolft)
Salicylic 1] 35 &6 105 33 900 | 732 | 2183
acid 1| 40 8 124 45 s00 | 732 | 218
2 {105 {134 161 191 772 { 732 | 1520
2 | 130 183 191 13t 772 | 732 | 1520
3 | 220 |77 192 18 24 | 735 | u3
4 | 330 |23 209 4 828 | 736 { 1586
4 | 335 |176 164 4 828 | 736 | 158
5 | 2m0 73 14.5 | trace 294 | 748 | 230
s | 300 695 248 | 195 204 | 748 | 230
6 | 215 106 152 | 66 151 | 740 | 2263
6 | 325 72 141 | 130 151 | 740 | 263
p-amino- 7] 30 |22 495 153 1408 | 735 15.:3
saticylic 7] 60 |21 864 17 50 | 735 | 1522
acid 8 | 105 {461 952 trace 1706 738 | a8,
8 | 10 |a77 1040 trace | 1706 | 738 | A8
9 |15 |s0 951 203 1620 { 729 14,43
9 | 145|530 954 0 1620 | 729 | MR
0 | 230 |} 566 024 | 204 1513 | 730 | 1901
10 | 235 | 559 924 135 1513 730 | 10!
SN S
1| x| 77 17 4 914
11§ 30y | 59 174 )] 914
12 | 60% | 234 314 trce | 1760
12 6y | 201 287 trace 1760
13 | 90x (12t 268 2t 2060
13 | 90y 135 307 7 2060
14 | 180x | 178 451 160 n:s
14 { 180y {178 410 trace | 1138 -
7 2
Salicyluric | 15 60 63 856 839 4970 _‘;jg pryd
acid 15| 75 8.1 99 | 517 4310 ) Ee
16 | 100 119 650 | 162 2350 el ey
16 | 100 140 701 | 391 2380 7. __—;’
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B
Plasma
- standard
R;’i‘,’ Time | Ce¢ Ceq Ct Cn PH ) picarbo-
o, | (mind |Gmot/D} Gumol/D) | (umol/)| (umol) | plasma { = (e
(umolfl)
Quinine 3 5 | 033 048 | 018 | 128 724 | 2133
2| 18 | 12 077 { 0 31z 735 | 1616
2 15 | 303 105 | 19 312 735 | 1616
4 2 | sm 426 | 549 | 997 739 | 2085
6 1 275 | 019 0% 160 | 740 | 2185
6t 323 | o0 077 100 | 740 | 2185
5 ss | 234 044 | trace 659 | 731 | 1520
5| 8o | 200 0.44 628 | 731 | 1520
Barbital 17| e 999 1661 | s60 | 2203 | 740 | 2390
17 | e | 1221 2212 | s98 | 2203 | 740 | 2390
18 | 120 | 1125 1592 | 360 | 1681 | 7.42 | 2339
18 | mo |16 | 1ss0 | w0 | iz § 742 | 2339
19 140 | 678 799 823 | 741 | 2234
19 {1380 | s90 789 823 | 741 | 2234
Lithium 20 | 60 431 | 2320 11,750
20 | 6o | 219 | 2100 11,750
21 | 6 535 | 2,830 | trace | 8260
21} o | 502 | 2970 | wace | 8260
2 | 105 137 | 1,100 1610
2 | me 9% 380 1,610 -
ul und e a12 1830
n 30y| 98 s01 1830
12 | 60x| 253 | 1,190 | trace | 4710
12| 60y | 259 | 109 | trace | 4710
13 90x| 390 | 1280 5130
13| goy| 283 | 1310 5130
14| 180 | 564 | 2850 3,830
14 | 8oy | ses { 2690 3,830

the aqueous humour did not show any great difference between the steady
state ratios at plasma concentration 150 junol/i and at 900 umolfl.
The non-ipid soluble substances lithivm and salicyluric acid do not pass
readily into the ocular fluids (fig. 1-2, table 2 & 3).
Of the drugs panly ionized at pH 7.4, the lipid soluble quinine readily

enters into both the vitreous body and the aqueous humour. Salic

enters the vitreous body more rapidly than barbital,

ylio - 7
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Vitreous body equilibrium with adjacent tissues.

‘Table 4 shows the relative concentrations of the drugs in the three scttions
of the vitreous body. It is seen that salicylic acid has the lowest concentration
in the middle of the vitreous body, while a Iess pronounced trend is seen with
quinine, barbital, and PAS.

Furthermore the concentration of these drugs in the posterior part is
equal to the concentration in the anterior part. Lithium shows decreasing
concentration in the anterio-posterior direction, The salicyluric acid concen-
tration gradient appears to rise in the anterio-posterior direction. From table
2 it is seen that the ratio between the salicyluric acid concentration in the
waterphase of the lens and the anterior aqueous humour averaged 3.6
(11-56)

Table 3.

The rates of entry of certain drugs from the plasma into the vitreous body and into the
anterior aqueous humour of the rabbit.

The ility are calculated from the data in table 2A and B.
Per cent bound Deter- |,y Permeability
1 Cat- mined ) ter constant
plasma proteins. culated | ether/ partition ki (mint)
percent | water s
Concen- unionized| partition of the
tation | % 2t fhictent] | oionized| Vitreous | Agucous
pmol/l pH7.39 at drug
pH74
Quinine 4 83 | 90 58 | -~ fzx10?
10 70
215 60
] 1.1-135
Salisylic = g Lavanalusy wn-elia e inilis x o R 1
acid 900 6 it
Barbital 1500 <2 557 (800108 1 X 10312 X 107%
PAS 1500 40 2% 10-2[38%X 109 --- 35X 107
Lithium 4meql | <4 -—- - -
» -4
Salicyturic | 3000 7 |zxtoslsxiod --~ [s3x10329%10
acid

* Accarding to Hogben ef al. (1959),



PENETRATION QF VITREQUS BARRIER 203

Table 4.

The relative concentrations of the drugs in the three sections of the vitreous body

after constant Jevels of the drug have been maintained, and when C,; = 1.00 = the

drug contentration in the anterior pant. C,n, and Cyp denote the drug concentrations in
the medium and the posterior part respectively.

CinplCra Number of eyes Cyp/Cun ‘Number of eyes

Quinine 0926 7 1.097 6
Salicylic acid 0925 11 1.082 1
Rarbital [+ 4 0962 6
PAS 0913 8 1.074 &
PAS* 0956 7 0918 7
Salicyluric acid 1418 4 1553 4
Lithium 2.560 5 0413 &
Lithium®* 0727 8 0626 7

* PAS and lithium were 2dministered simultaneously after which the infection of 25 ¢l
hyaluronidase or of 0.9 % NaCl into the vitreous body was performed.

Rate of penetration after hyaluronidase treatment of the vitrepus body.

Fig. 3 shows little difference in the lithium penetration into the vitreous
body between the eyes injected with 25 ! hyaluronidase and the correspond-
ing eyes into which 25 pl 0.9 % NaCl was injected. However, for further
control PAS was injected intravenously simultaneously with lithium, and as
Is seen in fig, 4, the PAS penctration into the injected eyes is only at half the
rate of the PAS p jon into the uni pective of the
administration of hyaluronidase.

eyes irr

Discassion

pH gradients are found across the blood-vitreous and the blood-aqueous
barriers. The pH in the vitreous body, pH, is acid (7.30), and the pH in the
aqueous humour, pH,,, is alkaline (7.55) in relation to the PH of the plasma
(CoNSTANT 1961; Davson 1962, 1969).

If the ocular barriers are selectively p
molecules, the steady state distribution ratio can be
partition hypothesis (SCHANKER 1964)

to the di iated
expressed by the pH

_ 1+ 10 ¥ (pH,~pKa)

Ry=-T202" T 77
1 + 10 % GHu-pKa)
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where (+) is used for acids, (~) for bases and pKa is the dissociation
constant. pHy, is pH in plasma.

The theoretical distribution ratios across the ocular barriers were calculated
from pH measurements. At the start of the experiment, PHy was found to
be 7.39 (7.387 + 0.012, S. E. M. for n = 15).

None of the acids were in excess in the aqueous humour. This observation
can not be explained by a decreasing plasma level of the drug or by an
increasing plasma pH during the experiment.

The acids barbital, PAS, and salicyluric acid did not reach the steady
state ratios 0.94, 0.79 and 0.79, respectively, as predicted from the pH-
partition hypothesis, and entered the vitreous body rather slowly. On the
other hand salicylic acid showed a R, = 1.0 (at 900 umol/l) which js higher
than the calculated Ry = 0.79. This may be explained by the steadily de-
creasing pH (0.03 pH unit per hour) during the experiment due to a metabolic
acidosis as seen from the decreasing standard bicarbonate concentration.

The permeability of weak acids and bases across the blood-vitreous barrier

Jepends on their molecu), fi ion. The lipid solubility of the vn-
jonized part of the drug appears to overshadow the effect of the dissociation
constant, This appears from the difference in penetration rate of barbital and
salicylic acid. The two drugs have about the same lipid solubility at pH 74,
but the weaker acid, barbital, which has 10~ times as great a fraction of the
drug unicnized at pH 7.39 as has salicylic acid, penetrated the blood-vitreous
barrier more slowly because of the lower lipid sofubility of the unionized drug
(table 3).

1f the untonized compounds have the same lipid solubility, the dissociation
constant will determine the rate of penetration into the ocular fluids, 25
dk d with sulph ides by DavsoN & MatcrerT (1960).

The penetration rate into the aqueous humour is dependent on the lipid
§olubility at pH 7.4, and accordingly both the dissociation constant and the
“lipid solubility of the unionized drug are important. .

Only the most rapidly penetrating substance, quinine, with 2 penetration
rate of kn = 2.2 X 102 (min.""} for the permeability across the blood-
vitreous barrier, produces a steady state ratio in accordance with the P%’
partition hypothesis. The fact that the weak acids deviate from the hypothesis
may be explained in two ways. i

One possibility is that the drug penetrates the barrier too slowly into (h.C
ocular fluids, so that a true equilibrium is never reached. This holds especi
ally for the vitreous body in which no significant circutation is found, as seen
from the low drug concentration in the middle of the vitreous (own observa-
tion) and MAURICE (1957).

Anather possibility is that an active mec
acids out of the ocular fluids may be pres:

hanism transporting certain weak
ent; such a mechanism has been



PENETRATION OF VITREOUS BARRIER 205

demonstrated in vivo for iodopyracet (diodonum NFN) (FORBES & BECKER
1960; Brcker & FOrBES 1961). ConsTANT (1968) showed that the penetra-
tion rate of DMO (5.5-dimethyl-2.4- lidinedione) across the vitreous
barrier increased with increasing plasma concentration. Thus the steady state
ratio Ry for salicylic acid was only about half the value (0.42) at 0.15 mM
than at 0.9 mM (1.0).

This effect on the aqueous humour concentration was slight and was not
seen in CONSTANT’s (1968) experiments.

The drugs found to be transported actively out of the vitreous body are
also secreted into the proximal kidney tubules (Brcker & Forses 1961)
and are actively transported out of the cerebrospinal fluid (DAvson 1967).

One of these drugs, jodopyracet, is accumulated in vitro against a concen~
tration gradient in a ciliary body-iris preparation (BECKER 1960; FORBES &
BECKER 1961); and it has therefore been suggested that the ciliary body is an
anatomical site for the transport out of the eye of weak acids,

The results presented here indicate that the Jens is partly responsible for
the low vitreous body concentration of saticyluric acid. As shown in table 2,
the rabbit lens was able to accumulate salicyluric acid against a concentration
gradient in vivo, The salicyluric acid accumulation was found to be at Jeast
0.9 X 10-* pmol/min. per lens, which is in agreement with the maximum
turn-over of 1.0 X 102 umol/min. found by Forses & BecKEr (1960), when
iodopyracet was injected into the vitreous body.

PAS also belongs to this group of drugs and gave a low R, value despite a
high plasma concentration. However its poor penetration rate can be ex-
plained by its low lipid solubility.

Lithium.

‘The lipid soluble drugs penetrated the blood-vitreous barrier through the
whole exchange area (table 4), but lithium was found to penetrate the blood-
vitreous barrier predominantly from the anterior part of the eye. This is also
true for sodium, potassium, and phosphate (DavsoN 1962). The rate of
penetration from the blood into the middle of the vitreous body was
Kia = 6.9 X 10+ (min. !}, and from the blood into the anterior aguecus
humour kix = 6.2 X 10 (min."t). Both penetration rates are calculated on
the assumption that lithium does not decrease the secretion of agucous
humour, as suggested by BFRGGREN (1967); and that R, and R, attain the
Gibbs-Donnan equalibration ratio 0.96 (Davson 1955, 1962). R., appeared
10 reach this value despite the fact that the aqueous humour is about 10 mV
positive to the blood (Davson 1962), and thus tends to lower the
R. reaches the value of 0.96 for as long as 24 hrs, provided \hnt H
penctration does not decrease with time.

Lithium has chemical properties §° - \:y sodium, The rate \”
B -
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of Na* into the vitreous body has been found by FRICDENWALD & BECKIR
(1955) and Mavrice (1957) to be k, = 1.55 X 102 (min.%} and &, =
1.56 X 108 (min,?)  0.06 (S. E. M.), respectively, The ratic between the
penetration rates into the vitreous body for lithium and sodium is 0.44.

The rate of sodium penetration across the blood-aqueous barsier was
found by FRIEDENWALD & BLCKER (1955) to be ki, = 1.4 X 102 (min")
for the permeability by filtration into the anterior aqueous humour, If lithium
penetrates into the aqueaus humour by filtration, the ratio between the
lithium and sodium penetration rates into the anterior aqueous humour will
be 0.44,

The difference in penetration between sodium and lithium may partly be
due to a greater hydration of the lithium ion; the jon radii measured by ion
motility are for lithium 2.31 A, and for sodium 1,78 A (Ussme 1960). Since
the ratio between the radii is 0.77, a difference in jon motility cannot there-
fore be the only explanation for the decreased ocular penetration of lithium
in relation to sodium.

Other factors may be a lithium induced decrease of aqueous humonr
secretion as suggested by BERGGREN (1967), or that the medium radins size
of the water bridges in the blood-ocular barrier is about equal to the radius of
the lithium ion, and thus offers a higher resistance to the permeability for
lithium than for sodium.

The latter hypothesis is the more probable since salicyluric acid with 2
molecular weight of 181 hardly enters the ocular fluids,

The results found with Li* penetration agree with smaller permeability of
Li* as compared with Na* through biological membranes as found by Soto-
MON (1952), MarzrLs (1951), and ARMETT & RrtcHe (1963).

Other studies show about the same permeability for sodium as for lithium
(UssmvG 1960; MOORE et al. 1966; MEEVES 1966).

;-Hyalumnitlme treatment of the vitreous body.
" “The lithium permeability across the blood-vitreous barrier, when 25‘pl
hyaluronidase was injected into the vitreous body did not show any majot
difference as compared to the lithium penetration into the vitreous body of
the other eye, in which 25 pl 0.9 %, NaCl was injected. However, it was pof
possible to decide whether the hyaluronic acid present in the vitr?ous body
offers a resistance to diffusion because of the large hydrodynapiic volume
of hyaluronic acid (BALazs 1961). .
For sodium, MAURICE (1957) found, that the penetration of this ion
the aqueous humour from the vitreous body could be explained on the b

into
asis

of free diffusion. o 5
The disturbing errors in this experiment were the ill-defined “hyaluront

dase-like™ effect of 0.9 % NaCl injected in the connective tissue (SECHER-
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HaNSEN et al. 1968), and a possible rise in intraccular pressure after injection
of 25 pl fluid into the vitreous body, resulting in a decreased choriodal and
retipal blood flow and a d d ag humour ion (MAURICE
1957; BERGGREN 1967).

Thus the simultaneous administration of PAS showed that PAS pene-
trated into the aqueous and vitreous humours at a rate, which was only half
of that observed, when no fluid was injected into the vitreous. However, the
decreased PAS penetration may also have been due to a lithium induced
decrease of the ocwlar blood flow. The plasma concentration of lithium
resulted in 2 fall in blood pressure of about 30-40 mmHg, and a reduced
aqueous humour secretion may well be secondary to the decrease in blood
pressure.
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Abstrace: The effects of amphetamine on cenlrat and peripherai catecholamines
have been studied in gumea pigs, suu:: in this species, unlike several others,
ing is not by p jon. Twenty mgfkg of dl-amphe-
Iphate given i i caused a 40 % decrease in brain and heart
noradrenaling, @ 13 % decrease in brain dopamine and a 60 % decrease in homo-
vanillic acid in the caudate nucleus, four hours after its administration. The
changes in tissue catecholamine levels and the mcreas: in motor activity fol-
lTowed the t of the both in the brain and
plasma, After chronic administration of amphetamine at 12 hourly intervals for 7
or 18 days, there was a further decrease in brain and heart catecholamine and
tomovaniific acid levels. A 4-fold increase in the 3-O-methylated metabolites of
noradrenaline and dopamine in brain after the administration of amphetamine
10 guinea pigs pretreated with nialamide and an increase in the urinary excretion
of NA {13-fold) and adrenaline {3-fold) pmv:dcd evidence for 2n amphetamine
induced release of central and ines as has y been
reported in rats and cats. Amphetamine disappeared from brain and p]asma with
an apparent half-dife of 2.5-3.3 hours Only amphetamine and hippuric acid were
recovered in the urine after the administration of radioactively Jabelled amphet-
amine. No p- or B-hy of amp were present
in the brain or heart lissues m the guinea pig The results show that acute and
chronic amphetamine administration <auses chamges in endogenous catechol-
amines in guinea pigs similar to those found previously in rats in spite of differ-
ences in the metabolism of amphetamine between the two species.

Key-words* ine~

- brain- g pig.
The central stimulant effects of amph ine is d dent on an un-
ired of brain d ine (NA) and d ine (DA) in rats

(Quwmu & HALLIWELL 1963; WEIssMaN & KoE 1965; RANDRUP & Munk-

*) Part of the present results have been given as a preliminary communication at the

XXVI Scandinavian Pharmacological Meeting, Oslo 1970, Published in Acta pharmacol.
et toxicol. 1970, 28, Suppl. 1, 62,

14 Act2 pharmacologica. vol. 29, fase 2
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vAD 1966; DINGELL et al, 1967) and cats (Hansson 1966}. An increase in the
levels of the 3-O-methylated metabolites of NA and DA, normetanephrine
(NM) and methoxytyramine (MTA) respectively, in the rat brain after amphe-
tamine (GLOWINSKI & AXFLROD 1965; CARLSSON ef al. 1965 & 1966; Gro-
WINSKI ef al. 1966; GUNNE & LEWANDER 1967 & 1968; ScHEEL-KRiGER &
RanprUP 1967) has supported the hypothesis that amphetamine acts through
release of brain catecholamines (CA). .

In rats p-hydroxynorephedrine is formed from amphetamine and is in-
corporated into CA storage granules as a false transmitter, a fact which seems
to explain the long-lasting depletion of tissue NA levels after acute and
chronic amphetamine administration (GOLDSTEIN & ANAGNOSTE 1965; Lt-
WANDER 19683, 1970 & 1971a; GropperTi & Costa 196%a; Costa & Grop-
PETTI 1970; BrODIE ef al. 1970).

Most animal studies on amphetamine have been performed on the rat as
the experimental animal. Unlike rats, guinea pigs do not metabolize amphet-
amine through p-hydroxylation (DRING et al. 1970). It was, therefore, thought
of interest 1o study the relation between the elimination rate and metabolism
of amphetamine and its effects in this species on CA. In addition changes it
the DA metabolite, homovaniilic acid (HVA), were folfowed in the guinea
pig brain after amphetamine administration.

Material &nd Methods

About 150 male, mottled guinea pigs with a body-weight of 250-300 g were used
Unless otherwise stated, the animals were housed in individual cages during the &
periments. Pellets, hay and water were provided ad Lbitum. Racemic amphetamint
sulphate was admunistered intraperitoneally as described in Results. Doses refer to the
sulphate, D,L-amphetamine-7-14C sulphate, obtained from CEA, Saclay, Gif-sur-Yvell&,
France, with a radiochemical purity of >>99 % after ion-exchange chroma(cngf\Y
\ (LEWANDER 1971a) was diluted with suitable amounts of unlabelled drug and admin-
Fistered intraperitoncally. )

Urine from individual metabolism cages was collected for 16 hours after the injectio?
of the labelled or unlabelled drug and immediately frozen in beakers placed on &
ice in a thermos flask "

The motor activity was measured with an ANIMEX Activity Meter (AB Fars
Electronics, Hagersten, Sweden), which records both Iocomotion and movements on the
spot. Behavioural observations were made through a one way screen. ecia. Blood

The animals were kitled by itation under light 3 and
from the neck wound was colfected in heparinized tubes. The brams were remove l“s
dissected into the following parts: a) brain stem (0.8-11 g} including medulla, ?‘{"'

halont and b} (1.8-2.1 p) including the rgmscéyf
parts of the brain except the cerebellum, the hypophysis and the epiphysis, \;hl:: ot
discarded; ¢} in some experiments the cavdate anclej (0.14-0.20 g.) were free )aD et
for detecmination of HVA The brain (except the ‘caud‘a(c nuclel, see b:;o:;r o i
tissues were homogenized in 15 m) 04 M perchloric acid and eentrifuge:
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at 10,000 X g. The supernatants were adjusted to pH 40 with 2 M potassium hydroxide
and recentrifuged for removal of (he potassium perchlorate precipitate. This second
supernatant was used for the foltowing determinations,

Awmphetamine in 4 mt of plasma and 2 ml of brain extract was analyzed by gas-
liquid chromatography nccordmg to ANGGARD et al (1970). L\belled amphetamine and
possibly labelled basic of
drine, p-hydroxyamphetamine} in the brain and heart were separaled by ion-exchange
chromatography and subsequent TLC as descnbed previously (LEWANDER 19713)
The radioactivity in the urine after the i ion of Jabelled was
analyzed by paper chromatography (ELLISON et al. 1966) NA and DA in tissue extracts
were adsorbed on alumina and spec-
trophotofluotimeter), (CHANG 1964; CARLSSON & WALDECK 1958); In some experiments
NM and MTA in the efffucat and washings from the alumina columns were separated
on Amberlite CG 120, type 1I, ion-exchange columns (0.4 X 5 ¢m, Na*-form). Elution
was performed with 1 M hydrochloric acid after washing the columns twice with 10 ml
of water and 2 ml 0( 1 M hydmchlunc tu:v.d NM in the fust 14 ml portion of the
eluate was di to HA {1962). MTA was eluted
in a 12 ml portion of 4 M hydrachtaric acid, which was evaporated to dryness. The

AMPHETAMINE
s GUINEA PIG

[e——
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Fig 1. Amphetamine levels in pgfg (mean + $.E. M) in the brajn st
- em, the telencepha-
fon and the plasma of guinea pngs at different time imervals after the injection ol; ;o
mefke i of Qi by S04,
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Tesidue was dissolved in 5 mt of M potassium chloride and MTA was determined ac-
cording to CARLSSON & WALDECK 1964, Recoveries were: NA: 88 %, DA: 90 %, NaL
75 % and MTA: 80 % respectively.

Utirary adrenaline (A} and NA was determined acconding fo Fuier & Lisiano
1961).

The cavdate nuclei from one guinca pig were homogenized in 1.0 ml of 04 M
perchloric acid and diluted to 10 ml with redistilled water. HVA in the extract, adjusted
to pH 6.5 with KOH, was isolated by jon-exchange chromatography (Dowex 1-X2) and
assayed fluocimetricalf i ding to Korr et al. (1970). Omission of
Zn¥*-fon in the preparation of the fluorophor was fiecessary in order to get linearity
between the amounts of HVA and the fluorescence readings. After preparation of the
flucrophor and during fluorimetry the samples were kept at a constant temperature of
++16° (or less) in a water bath. At higher temperatures the fluorescence intensity of the
fluorophor became variable, Recovery of HVA was 88 %.

All values of amphetamine and CA are given as pg¥ S.E. M. of their respective
bases per g tissue or for 16 hrs (urinaty excretion).

Student’s 1-1est was used for s1atistica) comparisons.

Results

Disapp e rate of h ine in the brain and plasma.

The levels of amphetamine, determined by GLC, in the telencephalon, braix
stem and plasma at different intervals after 20 mgfkg of amphetamine intrz-
peritoneaily are shown in fig. 1. Peak levels were found at 2 hours after {ht
amphetamine injection. In a few samples analysed at 24 hrs, amphe:tamfﬂC
was still present, Between 2 and 16 hrs the elimination of amphetario®
appeared to be exponential with a half-life of 2.8 hrs for telencephz]ou,. 25
hrs for brain stem and 3.1 hrs for plasma. The te-times were determined
atter calculation of the regression-lin ding to the method of least
squares. The mean ratio between telencephalic and brain stem concentration’

Fable 1.
Urinary excretion of i Tabelied and hippuric acfd i:nthm
guinea pigs during 16 hours after ini ion of 5 uci of dl-amp
mg/kg intraperitoneally.
-
: . Radioactivity Amphetamine Hippuric

Guinea big in urine/16 firs e s
i % of inj. dose |

1 41 ¥ g;

2 43 77 @

8 52

3 4
a5
Mean 46 ‘ 55
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was 1.06, but the amphetamine levels did not differ significantly between the
two parts of the brain. ‘A constant ratio between brain and plasma of 15-16
was found during the first 8 hours after amphetamine administration. At later
times the ratio was about 8.

Absence of basic metabolites of amphetamine in the urine and tissues.
The urinary excretion of radioactivity and the pattern of amphetamine meta-
bolites was studied in 3 guinea pigs (table 1). About 46 % of the injected dose
was recovered in the urine during the first 16 hours. Of the excreted radio-
activity about 55 % coincided with authenti p ine and 45 % with
hippuric acid on paper chromatography. There were -wide individual varia-
tions in the distsibution between the two metabolites of amphetamine. No
radioactivity was found with the Ri-values of p-hydroxyamphetamine, p-hyd-
phedrine oc phedrine. The pH of the urine was 7.5-8.5.
HC-labelled amphetamine (20 mg/kg intraperitoneally) with a specific
activity of 8000 cpm/yg was administered to three guinea pigs, which were
killed after 2~12 hours. The brain and heart extracts were analyzed for basic

b of amph ine (see Methods). Only labelled amphetamine was
found in these les; no radioactivity L d with authenti
p-hyd L ine, p-hyd phedrine or hedrine.

Time-course of the amphetamine induced increase in motor activity and
stereotype behaviour.

The motor activity measured as counts per hour in 3 guinea pigs housed
together was plotted against time in a semilogarithmic system after the amphet-

MOTOR ACTIVITY
coh
10000:

5000-

100 canrats

amph

3 'y o Fours

Fig 2. Changes in motor activity after 20 mgfkg intraperitoneally of dl-amphetamine-

504 (amph.)_ Each point represents the accumulated counts per hour {cph} after the
imjection of amphetamine or satine into three guinea rigs housed together.
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Uninary catecholamines
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Fig. 3. Effect of 20 mg/kg dI- ine-S0; intraperil ly on the urinary ex-

cretion of noradrenafine (NA) and adrenaline (A). Columns represent excretion values
as percentages (mean £ S.E.M.) of the coutrol levels. The urine was collected during
16 hours after the administration of amphetamine or saline.

amine injection (fig. 2). It is shown that the changes in motor activity have
about the same time course as that of the tissue amphetamine conceatrations.
The half-time of amphetamine action based on the decreasing activity counts
between 2-12 hours was about 3.5 hrs,

Stereotype behavior consisting in intense sniffing, licking and gnawing was
regularly observegd for about 10-12 hours after 20 mg/kg of amphetamin®
given intraperitoneally. It was found necessary to make the behavioral obser-
vations in a quiet room through a one-way screen, since even the slightest
"disturbance abolished all signs of ampt ine induced 1 changes-

Urinary excretion of adrenaline (A} and NA.

The urinary excretion of A and NA was meassred dunng 16 hrs after 20
mgfkg amphetamine given intraperitoneally. As shown in fig 3, there was 2
3-fold increase in A excretion while the urinary NA was increased by 2 factor
of 13. The excretion values after saline were 0.11 ug per 16 hrs for A and 0.09
g per 16 hrs for NA.

Time-course of changes in tissue CA levels after amphetamine. 4DA
In fig. 4 the changes in the levels of NA in the bmi'n si:.m, and .NA ar‘l' ol
in telencephalon after 20 mg/kg of amph jne given p

shown.
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There was 2 decrease in both telencephalic and brain stem NA to about
60 % of the control level at 4-8 hours after the amphetamine injection, with
a slow return towards initial values at 24 hours. The changes in heart NA
levels were similar to those found in the brain (data niot shown).

The DA in telencephalon was decreased to 87 % of the control level at
four hours after h i inistration, but was not changed at any
other time,

Brain levels of NM and MT A after amphetamine.

The concentrations of NM in the brain stem and telencephalon and MTA
in the telencephalon were measured at different times (1-8 hrs) after amphe-
tamine administration. In all instances as well as in the control animals the
levels were below the sensitivity of the methods used. Therefore, NM and
MTA levels were determined after the inhibition of monoamine oxidase with
nialamide given 20 hours previously. As shown in table 2, increased CA
levels and measurable amounts of NM and MTA were obtained in the brain
sections studied in nialamide pretreated animals. The administration of am-
phetamine after nialamide was followed by a 4-fold increase in the brain stem
and tel ic NM and halic MTA.

P

Brain catecholamines

%of controts

100

50

012 4 & 12 16 24 haurs
Fig. 4. Changes in the noradrenaline content of the brain stem (NARsy) &nd the
telencephalon (NA7TaY and in telencephalic dopamine (DAT) at intervals after 20
mg/kg wtraperitoneally of dl-amphetamine-SOy. Values are expressed as percentages

(mean £ 5. E. M, n=13-6) of contro} levels, which were: NApyu = 045 # 0,

e ! 3 3 =045+ 0.02 pg/s
(0= 12), NATe =015 £ 0.004 pglg (n == 12), DATet = 0.74 £ 0.02 pglg (n = 6), O’pe:
symbols or + indicate statistically significant ditferences (P < 0.05-0 001} from control

values.
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Changes in HV A levels of the caudate nucleus,

HVA in the caudate nucleus was 1.53+0.10 yugfg in the control animals.
Amphetamine, 20 mgjkg given intraperitoneally, caused a decrease in the
HVA levels to about 45 % of the control value at 2-4 hours after the injec-
tion (fig. 5). At 24 hours after amphetamine administration there was 5o
statistically significant difference in the HVA levels between amphetamine
treated and control guinea pigs.

Tissue levels of amphetamine, CA and HV A after chronic amphetamine
reatment.
In table 3 the results of three different experiments are summarized. The
first experiment shows the amphetamine concentrations and the changes in
CA and HVA levels at 4 hours after 1 injection of amphetamine. Ia the
second and third experiments amphetamine (20 mg/kg given intraperitoneally)
or saline was given twice daily for 7 days and 18 days respectively and the
animals were sacrificed 4 hours after the last amphetamine injection.

It was found that the decrease in brain and heart NA to 63-65 55 after
one injection was pronaunced {23-48 94} after chronic amphetamine treat-
ment for 7 days. Simultaneously the brain concentration of amphetamine

HVA

% ot caudate nucleus
controls

} 4’ Br 1'6 24 hours

f
20 mefhg intraperitanealty, on the level :’
Values are expressed a3 pzrcent'ag_
tes indicate statistic
Figures in bracke!s

Fig. 5. Effect of dl-amphetamine-SOy,

homovallinic acid (HVA) in the caudate nucleus. T

(mean % 5.E. M.) of the contro) Jevel (1.53 £ 0.10 pg/g). Open circl

ally significant differences (P < 0.05-0.001) from lhe.conuol values.
= number of observations
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was doubled. There was no further decrease in brain NA after 18 days of
chronic amphetamine treatment. Brain DA, which was only slightly reduced
after 1 injection decreased to 50 %6 of the control level after 18 days of
chronic amphetamine treatment. Moreover, the HVA Jevel of the caudate
nucleus decreased to 22 %% of the control value after ome week of chronic

p as pared with 42 %% after a single injection of the
drug.

Discussion

Elimination and bolism of ampht
The concentrations of amphetamine in the brain and plasma in guinea pigs
have a time-course different from that in the rat. According to the present
results in guinea pigs, amphetamine is successively absorbed from the peri-
toneal cavxty duriag the fus! two hours reaching peak levels at 2 hours after
the admi ion. The d e of h ine seems to be exp -
tial for the following 14 hours with an apparml half-life of 2.5-3.1 hrs. A
similar figure was preliminarily reported by GrorpETTI & CosTa (1969b). In
rats maximal valucs are already found at 15 minutes after the intraperitoneal
injection of various doses of it ine, and the disap curve of
the drug has a multi-exponential course with an initial half-life of approxim-
ately 40 minutes (MAICKEL et al., SEGAL & RuSSEL 1969; LEWANDER 1971a).
The difference in the disappearance rates between the species indicates that
the metabolism of amphetamine is more rapid in the rat than in the guinea
pig. The main ic pathway of } ine in rats is parahydroxyla-
tion (Axerron 1954) and in guinea pigs, deamination (DriNG et al. 1970;
present study). Although about equal amounts of an injected dose of 20
mg/kg of amphetamine is excreted (54 95/24 hrs in rats and 43 95{16 hrs in
guinea pigs), 75 % of the excreted radicactivity in the ratis bolites (L~
WANDER 1969) while the corresponding figure for the guinea pig is 45
(table 1). This observation shows that besides differences in the metabolic
pathways of amphetamine there is also a difference in the rate of metabolism
between the species. Differences in urinary pH between the species (7.8-8.5
in the guinea pig; 5.8-6.8 in rats (LEwANDER 1969)) may also contribute to
variations in the renal elimination rate of amph ine (ASATOOR et al,
1965; BeckrTT & ROWLAND 1965: BECKETT 1969; ROWLAND 1969).

The brain/plasma concentration ratio was 16 in the guinea pig as compared
with 8-9 in the rat (MAICKLL ef al. 1969, LEwANDER 1971a). The central

i effects of amph ine as d by motor activity counts and
observed stereotype behaviour closely followed the brain and plasma Jevels of

the drug. With the disappearance of the behavioral signs of central excltahon
(approximately 10 hrs after injection) the brain of
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was 1-2 pg/g, which therefore seems to be the minimum level needed to elicit
these effects of amphetamine in the guinea pig.

After one week of chronic amphetamine administration (12 hour intervals)
the brain concentration of amphetamine was increased as compared with the
acute experiment (table 3). The accumulation of amphetamine in the tissues is
probably due to the rather long 1, of the drug in this species.

Relationship between amph ine and stores.
Amphetamine cavsed an increase in the urinary excretion of NA and A in
agreement with previous findings in rats (BISCARDI e al. 1964; BEAUVALLET
et al, 1966; LTWANDER 19682 & b). Both brain and heatt levels of NA were
reduced to the same extent by amph ine. The reduction appeared to per-
sist as long as amphetamine was present in the tissues. The finding that thebrain
stem NA and heart NA values had not reached control levels at 24 hrs may
be due to the presence of amphetamine in the brain and plasma at that time.
In rats the depletion of brain and heart NA is partly due to the incorpo-
ration into the NA storage granules of a metabolite of amphetamine, p-hyd-
roxynorephedrine, as a false transmitter (GOLDSTEIN & ANAGNOSTE 1965;
THOENEN et al. 1966, GROPPETTI & CosTa 1969a; LEwANDER 1970 & 19713;
BroDIE 1970; CosTA & GROPPETTI 1970). However, amphetamine caused NA
depletion even in rats pretreated with desmethylimipramine (LEWANDER
1968b & 1971a; GROPPETTI & CoSTA 1969a), 2 drug which inhibits p-byd-
roxylation of amphetamine in rats (ConsoLo et al. 1967; LEWANDER 1968b).
In guinea pigs amp is not p-hydroxylated (DRING et al. 1970; present
study) and p-hyd phedrine (or phedrine) could not be detected
in the guinea pig brain and heart tissues in agreement with GROPPETT.“S"
Costa (1969b). Therefore, the ampt ine-induced NA depletion in guinea
pigs, as well as in rats pretreated with desmethylimipramine, has to be ex-
plained by other mechanismg, e. g. release of granular bound NA (CAR‘ISSUN
.¢t al. 1965; EuLer & Lisnalko 1968) in combination with inhibition of
Tar uptake or p jal release of newly synthezised NA (EuLEr &
L1sHAIKO 1968; BESSON ¢t al. 1969; GLowmski 1970). .
Brain DA was only slightly decreased in the guinea pig afier a single injec
tion of amphetamine. In rats the DA level in the brain is largely unaffecte d
or even increased (McLEaN & McCaRTNEY 1961; Bamp & Lews 1964;
MoORE & LARIVIERE 1963; GUNNE & LEWANDER 1967 & 1968; LEWANDER
68a & b, 1971a). L
19An extraneuronal release of brain NA and DA caused by amphe(amm:r cl:
indicated by the finding of an increase in brain NM and Mr/& Ie:v:rs;rms
shetamine in ni ide-p d guinea pigs. This observation con "ne
sim‘glar results obtained previously in rats (see Introduction). A‘“ ampl':la‘;:';ﬁ .
induced release of brain NA and DA has also been recorded in rats Dy
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more direct methods (McKonzic & Szern 1968; STEm & WisE 1969; BESSON
et al. 1969; BEssoN et al. 1969; WisE & STEWN 1970) and cats (CARR &
MoORE 1969).

Chronic amphetamine treatment for 1 or 2.5 weeks was followed by a
more pronounced depletion of both brain and heart NA as well as brain DA.
The enhanced depletion of brain CA after one weck of chronic amphetamine
might be explained by the high concentrations of amphetamine in the brains
of these animals. Afier 18 days of chronic treatment there was no further
depletion of brain or heart CA, which might indicate that the brain amphe-
tamine concentration had reached a steady state level within the first week of
repeated amphetamine injections. The results of the experiments on the
effect of chronic amphetamine treatment on the brain and heart CA in the
guinea pig are in good agreement with previous findings in the rat (McLEAN
& MCcCARTNEY 1961; GUNNE & LEWANDIR 1967; LEWANDER 19682).

Effect of amphetamine on the level of HV A in the caudate nucleus.
Since it has been repeatedly demenstrated that amphetamine causes a release
of brain DA (cf. above) it was thought of interest to measure the level of brain
HVA in similar experiments. Accord\ng to the present results in guinea pigs
t induced a p d in HVA in the caudate nucleus.
The time-response curve appeared to follow the time course of the amphet-
amine concentrations in the brain., After chronic amphetamine treatment for
one week there was also a decrease in HVA in the caudate nucleus. Inhibi-
tion of MAO caused by amphetamine (BLaschko et al. 1937; GLOWINSKY
er a) 1966) might be the most probable explanation for this finding. Other
e.g. an amph induced increase in the brain to blaod
transpon of HVA, cannot be ruled out at present.

At variance with the present decrease in striatal HVA in the guinea pig is
the previously reported increase obtained in cats (LAVERTY & SuARMAN 1965)
and rats (Jort & BERNARDI 1969) after a single injection of amphetamine.
However, after repeated injections of amphetamine (Jorr & BERNARDI 1969)
the striatal HVA is also d d in rats. One explanation for the discrep-
ancy between rats and guinea pigs with regard to the acute effect of amphet-
amine on brain HVA would be the rapid and rapid disapy
ance of amphetamine in the rat brain as compared with the ccndmons in lhe
guinea pig. Studies on the d& :md ti p
between the effects of amph i d

on and
of brain DA might solve this problem.

1 rel:ase

Main conclusions.

The present experiments in guirea pigs were undertaken in order to study the
effects of amphetamine on tissue CA Jevels in a species which, unlike the rat,



220 TOMMY LEWANDER

was 1-2 pg/g, which therefore seems to be the minimum Jevel needed to elicit
these effects of amphetamine in the guinea pig.

After one week of chronic amphetamine administration (12 hour intervals)
the brain concentration of h ine was i d as comp with the
acute experiment (table 3). The accumulation of amphetamine in the tissues is

probably due to the rather long ty; of the drug in this species.

Relationship between J ine and ¢ stores.
Amphetamine caused an increase in the urinary excretion of NA and A in
agreement with previous findings in rats (BiSCarDI et al. 1964; BEAUVALLET
et al. 1966; LEwANDER 19682 & b). Both brain and heart Jevels of NA were
reduced to the same extent by amph ine. The reductjon appeared to per-
sist as long as amphetamine was present in the tissues. The finding that thebrain
stem NA and heart NA values had not reached control levels at 24 hrs may
be due to the presence of amphetamine in the brain and plasma at that ime.
In rats the depletion of brain and heart NA is partly due to the incorpo-
ration into the NA storage gl of a bolite of amy ine, p-hyd-
roxynorephedrine, as a false transmitter (GOLDSTEIN & ANAGNOSTE 1965
THOENEN ¢t al. 1966; GROPPEFTI & CosTa 1969a; LEWANDER 1970 & 19712
BRODIE 1970; CosTA & GROPPETTI 1970). However, amphetamine caused NA
depletion even in rats pretreated with desmethylimipramine (LEWANDIR
1968b & 1971a; GroPPETTI & CosTA 1969a), a drug which inhibits phyd:
roxylation of amphetamine in rats (ConsoLo et al. 1967; LEWANDER 1968b)-
In guinea pigs amphetamine is not p-hydroxylated (DriNG et al. 1970; present

study) and p-hydroxynorephedrine (or norephedsine) could not be detected
in the guinea pig brain and heart tissues in agreement with GROPPET{’ &
Costa (1969b). Therefore, the amphetamine-induced NA depletion in guine?

- pigs, as well as in rats pretreated with desmethylimipramine, has to be ex-
“ plained by other mechanisms, e. g. release of granular bound NA (CQR.ISSON
et al. 1965; BuLer & LisHako 1968) in combination with inhibition of
lar uptake or pr ial release of newly synthezised NA (BULER &
L1SHATKO 1968; BESSON et al, 1969; GrLowmski 1970). o
Brain DA was only slightly decreased in the guinea pig after 2 single lﬂlfcd'
tion of amphetamine. Tn rats the DA level in the brain is Jargely unaffccg; ’
or even increased (McLEAN & MCCARTNEY 1961; Barp & LEWIS 1964
MooRe & LARIVIERE 1963; GUNNE & LEWANDER 1967 & 1968; LEWANDER

1968a & b, 1971a).

An extranenronal release of brain NA and DA caused by ampheta;m:;:
indicated by the finding of an increase in brain NM and MTA Ievcu :1 P
amphetamine in nialamide-pretreated guinea pigs. Th:s_ observation ;mmm
similar results obtained previously in rats (see Intraduct )- An amp|J o
induced release of brain NA and DA has also been recorded in 7ats bY




AMPHETAMINE ON BRAIN CATECHOLAMINES 223

Piscards, A. M., A. Carpi & Q, A, Orsingher: Urinary c(CI’ElIL‘m of calccho]ammes in

the rat after their liberation by reserpine or Brir. 1. I
1964, 23, 529-539.
B\aschke, H,, D. Richter & H. The oxidation of ad line and other

amines. Biochent. J. 1937, 31, 2187-2196,

Brodie, B. B., A. K. Cho & G. G. Gessa: Possible role of p-hydroxynorephedrine in the
depletion af nurepm:phnne mduc:d by damph:lzmme and in tolerance to this
drug. In: o ine and related compounds. Ed.x
E. Costa & S. Garattini. Raven Press, New York, 1970, pp. 217-230.

Carlsson, A, & B. Waldeck: A fluorimetric method for the determination of dopamine
(3-hydroxytyraminc). Acta physiol. scand. 1958, 44, 193—298

Carlsson, A. & B. Waldeck: A method for the i ination of 3-meth:
tyramine in tissues and the occurrence of this amine in brain. Scand. J. Clin. Lalz
Invest. 1964, 16, 133-138.

Carlsson, A, M. Lindgvist, A Dahlstrém, K. Fute & D, Masuoka: Effects of the

ine group on i brain amines in vive and in vitro. J. Pharm.
Pharmacol. 1965, 17, 521-523.

Carlsson, A, K. Fuxe, B. Hamberger & M. Lindgvist: Biochemical and histochemical
studies on the effects of imipramine-like drugs and (+)-amphetamine on central
and peripheral catecholamine neurons. Acta physiol. scand, 1966, 67, 481497,

Carr, L. A. & K. E. Moore: Morepinephrine retease from brain by d-amphetamine
in vivo. Science 1969, 164, 322-323.

Chang, C. C.: A sensitive method for
lat. I, Neuropharmacol. 1964, 3, 643-649.

Consolo, S, E. Dolfini, S. Garattini & L. Valzelli: Desipramine and amphetamine
metabolism. J. Pharm. lemmcnl 1967, 19, 253-256.
Costa, E. & A. Groppetti: and swragc of h
m)cc(ed with vartous doses of d-

ines and related Ed: E. Cnslz &S, Garal\mn, Raven Pxess,
New York, 1970, pp 231-256.

Dingell, I, V,, M. L. Owens, M. R. Norvich & F. Sulser: On the role of norepinephtine
bicsynthesis in the central action of amphetamine. Life Sci. 1967, 6, 1155-1162.
Dring, L. G,, R. L. Smith & R. T. Williams: The metabolic fate of amphetamine in

man and other species. Biochem. J. 1970, 116, 425-435,

Ellison, T, L. Gutzait & E. 1. van Looa: The of damph
mine-14C in the rat, dog and moakey. J. Pharmacol. exp. Ther. 1966, 152, 383-387,

Euler, U, 8. v. & F. Lishajko: Improved technique for the fluorimetric estimation of
catecholamines. Acta physiol, scand. 1961, 51, 348-355.

Endan, U, €. v & F. Lishaiken Bran of dnaady wd adicealy wiing sympatnomimeric

amines on adrenergic transmitter granules. Acta physiol. scand. 1968, 73, 78-92.
Glowinski, J. & J. Axelrod: Effects of drugs on the uptake, release and metabolism of

H3norepinephrine in the rat brain. J. Pharmacol. exp. Ther. 1965, 149, 4349,
Glowinski, 3., §. Axelrod & L. L. Ivetsen: Regmm\ s\\ldtc) of catecholamings in the

rat brain IV. Effects of drugs on the i of Ha

phrine and Ha-dopamine. J. Pharmacol. exp. Ther. 1966 153, 30-41.

inski, J.: Effects of hy ine on various aspects of catecholamine metabolism

m lh: central nervous system of the rat, In: International symposium on ampheta-

mines and related compounds. E4: E. Costa & . Garattini, Raven Press, New
Yeork, 1970, pp. 301-316,

ic assay of

in tissues c( rats

pi
Gl




224 TOMMY LEWANDER

Goldstein, M. & B. A The ion in vive of D h ine to (+)-p-
hydroxynorephedrine, Biockhem, Hiophys. Arm 1965 101. 166-168.

Groppetti, A, & E. Costa: Tissue of p-hyd: ine in rats in-
jected with d. h i Efyecl of with if ine. Life Sci.

1969a, 8, 653-665.

Groppetti, A, & E. Costa: d-Amphetamine (A): Metabolites and depletion of brain and
heart norepinephrine (NE) in guinea pig and rat, Fed. Proc. 1969b, 28, 795.

Guane, L-M. & T. Lewander: Long-term effects of some dependence-producing drugs
on the brain monoamines: In: Molecular basis of some aspects of mental activity.
Academic Press, London and New York, 1967, 2, 75-8t,

Gunne, L-M. & T. Lewander: Brain catecholamines during chronic amph:laminé in-
toxication. In: The addictive states. ARN.M.D. The Williams & Wilkins Company,
Baltimore, 1968, vol. XLV, pp. 106-112,

Ransson, L. C. F.. vadencc that the centml action of (+}-amphetamine is medated siz

Psychoph i (Berl) 1966, 10, 289-297.
dal, J.: Fluori i ination of 3-O- d derivatives of adrenaline
and noradrenaline in tissues and body ﬂulds Acta physiol. scand. 1962, 56, 258-266.

Jori, A. & D. B : Effect of and Jike drugs on homo-
vanillic acid concentralion in the brain. J. Pharm. Pharmacol. 1969, 21, 694-697.
Korf, J., B.-E. Roos & B. Werdinius: An improved fluorimetric method for determis-
tion of homovanillic acid in tissues using column chromatographic separation
Scand, J. Clin. Lab. Invest. 1970, In press.
Laverty, R. & D. F. Sharman' Mndlhcahon by drugs of the metabolism of 3,4-diby-
and 5: yptamine in the brain. Brit.

J. Pharmacol. 1965, 24, 759-772,
Lcwander. T U(mary cxmlmn and tissue levels of catecholamines during chronic

L ia 1968, 13, 394-407.
Lewander, Effects of amphetamine on urinaty and tissue catecho[ammes in rats
after 1 of ity bolism with ine., Enrop. J. Ph

1968b, 5, 1-9,

Lewander, T.: Influence of varions psychoactive drugs on the in vivo metabolism of d-
amphetamine in the rat. Europ. J. Pharmacol. 1969, 6, 33-44.

Lewander, T.: Carecholammc turn-over studies in chranic smphetamine intovication-

oI i on ines and related compaunds. Ed: B
Costa & S. Garattini, Raven Press, New York, 1970, pp. 317-330.

Lewander, T.: On the presence of phydrocynorephedrine in the rat brain and he
relation to changes in catecholamine levels after administration of amphelnmmt

art it

Acta pharmacol. et toxicol. 1971a, 29, 33-48. T
Lewander, T.: Displacement of brain and heart ine by 0 1h,
after inisteation of p-hyd: ine. Acta p ! et toxicol 19715

29, 20-32,
Maickel, R. P, R. H, Cox Jr,, F. F. Miller, D. S. Segal & R. W. Russel: Correlation ‘;’
1. ecp. Ther. 1969, 165,

brain levels of drugs with behavioural effects. J. Pharmacoi
216-224. N
McKenzie, G. M. & J. C. Szerb: The effect of dihydroxyphenylalanine, phtﬂl:!:;:':g
and dextroamphetamune on the in vivo release of dopamine from the c8
pucleus. . Pharmacol. exp. Ther. 1968, 162, 302-308.
McLean, 1. R. and M. McCartney: Effect of d-amphetami
and serotonin. Froc. Soc. exp. Biol. (N.Y.). 1961, 107, 77-79.

ine on rat brain noradrenafin®



AMPHETAMINE ON BRAIN CATECHOLAMINES 225

Moore, K. E., & E. W. Lariviére: Effects of d-amphetamine and restraint on the content
of norepinephrine and dopamine in rat brain. Biockem. Pharmacol, 1963, 12, 1283~
1288.

Quinton, R. M. & G. Halliwell: Effects of f-methylDOPA and DOPA on the ampheta-
mine excitatory response in reserpinized rats. Nature (Lond.) 1363, 200, 178-179.

Randrup, A & 1. Muakvad: Role of ines io the ine excitatory
response. Nature (Lond.) 1966, 211, 5048.

Rowland, M. Amphetamine blood and wrine levels in man. J. Pharm. Sci, 1969, 58,
508-509.

Scheel-Kriiger, J. & A. Randrup: Stereotype hyperactive behaviour produced by dopa-
mine in the absence of noradrenaline. Life Sei. 1967, 6, 1389-1398.

Stein, L. & C. D. Wise* Release of i ine from and
by rewarding medial forebrain bundle stimulation and amphetarmmune. J. comp.
physiol. Psychol. 1969, 67, 189-198.

Thoenen, H,, A. Hiirliman, K. F. Gey & W. Haefely, Liberation of p-hydroxynorephe-

drine from cat spleen by h Ve ion after with
amphetamine. Life Sci., 1966, 5 17151 1722
Weissman, A. & B. K, Koe: effects of 1 hyltyrosine, and inhibitor of
tyrosine hydcoxylse. Life Sci. 1965, 4, 10371048,
Wise, C. D. & L. Stein: A of behavi by release
nf norepmephriae from the medial forebrain bundle. In: International symposium
h i and related Ed.: E. Costa & 5. Garattini, Raven

Prcss New York, 1970, pp 4634386,

13 Acta pharmacologica, vol 29, fasc., 2



Acta pharmacol. et toxicol, 1971, 29, 226-240.

From the Departinent of Pharmacology. Queen’s University,
Kingston, Ontario, Canada

The 100-Day LD50 Index of Captan
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Abstract: Captan was given by gavage in a range of doses once daily for 100 days
to young mafe albino rats, The oral LDS0 (100 days) £ S. E. M. or daily dose
which illed 50 % of rats over this period was found to be 0.92 + 0.23 g/kg/day.
The ora) 100-day LD50 index, or oral LDSD (100 days) expressed as a percentage
of the acute oral LD5D {1 dose} was 7.3 % 1.9 which indicated that on chronic
administration captan was the most totic of 12 drugs for which published values
of the 100-day LD50 index are available, Signs of toxicity were most evident
during the first 3 weeks of daily administration and were due to a severe gastso-
enteritis, an inflammatery reaction in many organs, and degenerative changes in
other organs.

Key-words: Captan, chronic oral toxicity ~ fungicides, captan — pesticides, captan
~ toxocity, chronic, 100-day LD50 index.

The research to be described in this communication is the second in 2
series of studies on the multiposal (“subacute,” “chronic™) toxicity on pesti-
cides. The first study was on the multiposal toxicity of dicophane (c}ﬂ'or-
phenotanum NEN) or DDT by Boyp & Lin (1970). In both of these studies,

~the animals used (albino rats) were fed a standard laboratory chow. In sub-
sequent studies, the multiposal toxicity of dicophane and captan will be de-
termined in rats fed from weaning on protein-deficient diets. The programme
was undertaken at the request of the World Health Organization in order 10
obtain data relative to the safety of pesticides for use in underdeveloped
countries of the wosld where the diet is usually low in protein, parﬁ.ﬂ'ﬂaﬂ?
aniral protein. In preliminary studies, the uniposal or acute oral. toxml}i 2
a series of pesticides was determined in albino rats fed from weaning on diets
deficient in protein. It was found that the animals became incn.aasmgly m(D;'n‘
susceptible to the acute oral toxic effects of pesticides as the dxctar%’ 'I:m\:as
was progressively lowered (Boyp 1969). The increase in acute togm })}m“
minor for dicophane and marked for captan (Bovo et al. 197 ).
dicophane and captan were selected for studies of multiposal toxicity.
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Captan is an N-trichloromethylthio derivative of partially saturated phtha-
lidimide used mainly as a protectant fungicide (SPERCER 1968) which appears
to act by combination with cysteine and glutathione groups in proteins
(MrnzIE 1969). Boyp & Kxunen (1968) reported the acute oral LD50 of
captan in young, male albino rats fed laboratory chow to be 12.5+3.5 g per
kg body weight. In the acute studies, death mostly occurred during the third
and fourth days, with the animals in hypothermic coma, and was associated
with congestion and dehydration of many organs, infiltrative ulcers in the
cardiac part of the stomach, a stress reaction and degenerative changes in the
kidneys and other organs,

Methods

The experiments were performed on 116 young, male albino rats of a Wistar strain,
free of endemic pneumonia, purchased from Woodlyn Farms, Limited, of Guelph, On-
tario with an initial body weight of 220 + 18 g (mean % S. D.). They were fed Rockland
Rat Diet Complete obtained from Teklad, Incorporated, of Winficld, Jowa. The com-
position of the diet has been deseribed by Bavp & Lix (1970).

Captan was provided by the Chevron Chemical Company of San Francisco, Cali-
fornia, as a technical grade which assayed 92 % pure. Being insoluble in water, it was
digsolved in cottonseed oil and the solution admnistered intragastrically through =
cannula attached to a syringe in a constant volume of 20 ml/kg body weight. This
volume of cottonseed oil had been reported by Bovp & BOULANGER (1969) to be non-
toxic to albino rats and the volume was hept constant for reasons given by Bovp
(1968).

Doses of captan for daily oral administration were selected from the oral LDS50
{1 dose) according 1o the methods reviewed by Bovp (1971). Bach dose was given
to 20 animals for 100 days or until all the animals were dead The controls received
20 ml of cottonseed oil per kg body weight per day. Except as noted below, the
total weekly dose was divided mnto 5 equal parts, cach of which was given daily for
5 days, i. e. Monday through Friday, with no treatment on Saturday and Sunday. When
the duration of treatment exceeded one week, the daily dose given 5 days a week was
multiplied by 5/7 to obtain the average daily dose.

In a sepasate experiment, a weekly dose of 15 g/kg/week was divided into § equal
parts and given as 3 gfkg/day for 5§ days a week and the results compared with those
of the yame total weehly dose given as 2.14 gikgiday each day for 7 days a week.
Treatment was given once each day except in another separate experiment in which
a daily dow of 6 gihglday was given 25 3 gfkg in the moming and 3 glkg in the late
afternoon and the Tesults compared with those obtained when the total daily dose of
6 glkg was given once (in the morning) a day.

The ammals were housed in boarding cages, 6 to 8 rats per cage, with food and
water ad hbiturn, during daily dosing with captan. The experiments were performed
during the autumn and winter months of the year.

At weekly intervals, each animal was placed in a metabolism cage, one rat per cage,
for recording clinical measurements over a period of 24 hours. Clinical measurements
included body weight gain (or loss) per week in g, food consumption in g food per kg
bo_dy weight per 24 hours, water iatake in ml/kg/24 hours, colonic temperature in *F,
urinary volume in mifkef24 hours, urinary blood in unitsfkg!24 hours, urinary glucose

u
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and protein output in mgfke/24 hours and urinary pH on 24-hour samples. Climical
signs of intoxication were recorded in clinical units of 1+ to 4*.

An autopsy was performed on all the rats which died and the gross pathology re-
corded. Histopathology was recorded on any organs which appeared abnormal aa gross
examination and the organs listed in table 2 below of representative animals from each
dose group. Microscopic examination was done on sections stained with haematoxylin-
phioxine-safiron from the blocks of tissue fived in Lillie's buffered formalin. The fresh
wet weight and water content of organs listed in table 3 below were recorded in all the
animals which survived to 100 days and in the controls at 100 days.

Weight was recorded in g. The contents of the lumen of the gastrointestinal tract
were removed by a stapdardized process of waterwashing, milking, and filter paper
drying before, recording weight. The sample of skeletal muscle was the right half of
the muscular layer of the ventral abdominal wall. The sample designated ‘skin® in-
cluded the tail which did not homogenize well with the residual carcass. The weight
was d on a Mettler imi ic balance to 0.1 mg on all organs except
the shin and residual carcass which were weighed to 0.01 g.

‘The water content was determined on weighed aliguots of the organs dried to con-
stant weight in a Fisher forced-draft, temperature-controlled oven at 90°. The sample
of skin for water analysis was taken from the dorsolumbar region after clipping off
the hair. The resideal carcass, after removing the organs listed in table 3 below, was
cut info small pieces, homogenized in &8 Waring blendor, and an afiquot weighed for
water analysis. The results were calculated as g water per 100 g dry weight of tissue.

The results were analyzed statistically by the application of t-tests to dif&m?cﬂ
between means and to regression analysis on dose, effect or interval of adminstration
‘The LSO (100 days) & S. E. M. was calculated as described by Bovp (1971) and Bowm &
Lin (1970). Details of technique have been reviewed by Boyp (1968).

Results

The LD50 (100 days)+S.E.M., or daily dose which killed 509 of
animals when given over a period of 100 days, was found to be 09160233
g/kejday. It was calculated from the equation Y = (3.526-1.305 log X)*
0.233 where Y is the LD50 calculated at days indicated on X at 100 days,
“for example, log X is 2. In a similar manner, the maximal LDO (100_43)’5)'
which is eguivalent to about the LD1 (100 days) in this study, was esumatcg
at 0.461+0.162 g/kg/day and the minimal LD100 (100 days), or LD?
{100 days) to be 2.208 +0.567 g/kg/day.

The clinical signs of toxicity are summarized in table 1 as
over intervals of 3 weeks. The toxicity syndrome was most mai ® e
fiest 3 weeks of captan administration. During the initial 3 weeks, 2l e
changes shown in table 1 as being statistically significant were gr:ag:ﬁng
greater the daily dose of captan with the exception of v?later intake. ot
the first week, for example, loss of body weight in rats ngen.(hc larges1 st
of captan was 7 times the gain in weight of the controls while ntdﬂ;em :alsc
dose of captan the loss was twice the gain in the controls, Most de:

oceurred during the first 3 weeks.

average changes
rked during the
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The toxicity syndrome subsided at 22 to 42 days in survivors which, at this
time, exhibited only a mild hypothermia and aciduria.

From day 43 to 100, captan-treated survivors actually ate more food than
the controls. Pair-fed controls were not introduced, however, because the
averzge food intake of captan-treated rats over the whole period of 100 days
was not significantly different from that in the controls given cottonseed oil
only. In spite of the augmented food intake, the growth of captan-treated
rats was not greater at 43 to 100 days than the growth of controls, and at
100 days captan-treated survivers weighed some 30 % less than the controls.
In this final period of 57 days, as noted in table 1, the captan-treated sur-
vivors suffered from diuresis, polydipsia, and a slight fever with a return of
urinary pH toward, but not to, normal. At no time were there any significant
changes in urinary blood, glucose or protein.

Table 1.
Clinical observations in albino rats given capfan daily by gavage,
Days Days Days Days Days
Observation 1to2l 2042 431063 Gito®d 8510100
Gain in body weight:
W —285%e +11 +24 ~ 14 —10

g/kef24 hourss . .. —29¢ o +2 + 43 + 22
Water intake:

mifkgf24 hourss...  + 47¢ +29 + 179* +agdtt o 403e*
Colonictemperature”

Fa . - — 20 — 10 =01 4 +1.9¢
Urinary volume:

ml/kgl24 hourss...  +39 +21 + 130** *158** + 124>
Urinary pH:

24 hour samplesa  — 15%¢ — 194+ -~ 19** — 130 — 10%*
Soited sknd . LoF 12w 00 o0 o0 0o
Prosirationt .. + L1s* 00 00 0g 090
Loose stoolst . +05e 0.0 00 0.0 00
Haemorhinorshead .. +03 0.0 00 0.0 00

%) The results are expressed as the mean percent change from control: ifi
as ((Rg-R)NR) X 100 where Xy it the mean in deug (caplan)«ue:‘t:dpcg:;c:]rz
X, in controls given only cottonseed oit.
» Measured in clinical units of 1 + to 4 + and expressed as mean difference from
controls, the sign usually being absent in controls,
* Stgmficanyly different from results in controls at P = 0.05 to 0 02,
** Significantly diferent from results in controls at P = 0.01 or less.
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Table 2.

Histopathological observations at death due 1o daily oral administration of captan to
albino rats and ia survivors at 100 days,

Organ At death during first 21 days

In survivars at 100 days

Lipoid droplets prominent in
cortex

Adrenal glands

Areas of capillary-venous
congestipn of cerebrum,
cerebellum and meninges

Brain

Gastrointestinal tract:

Lipoid droplets prominent

Muld hyperaemia

Cardiac stomach Congestion of the lamina Hypertrophy of the
propria with infiltrative stratified squamous
ulcers epithefium

Pyloric stomach C: ion with Normal app
necrotic ulcers

Small bowe! Congestion of the villi and Hypertrophy and
submucosa hyperaemia

Capillary-venous congestion of

Hypertrophy and

Mild elovdy swelling of

Areas of capillary-venous

Caecum
the lamina propria and hyperaercia
submucosa
Colon Mild congestion Norma) appearante
Heart Normal appearance Normal appearance
Kidneys Capullary-venous congestion
in the region of the loop the tubutes
of Henle, occastonal tubular
cloudy swelling and infection
Liver Diffuse cloudy swelling Normal appearance
Lungs Oedema, congestion, venous
M thrombosis and i
pneumonitis
Muscle Normal appearance Normal appearasce

(ventral abdominal wall)

Salivary Deficiency of serous
¢ illary) glands ic granules

Skin Normal appearance

Spleen Red pulp atroghied, trabeculae
prominent

Testes Marked inbibition of
spermatogenesis, interstitial
congestion

Thymus gland Marked loss of thymocytes,

atrophy

Minor deficiency of
2ymogenic granules

Normal appearance
Normal appearance

Deficiency of normal spert

Marked foss of thymocytes
atrophy
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Pathological observations observed at autopsy in animals which died dor-
ing the first 3 weeks are summarized in table 2. Captan produced a marked
local irritant inflammatory reaction in the gastrointestinal tract. The stratified
squamous epithelium of the cardiac stomach was pierced by uleers infiltrated
heavily by granulocytes as illustrated in fig. 1. Ulcers in the glandular or
pyloric stomach took the form of bleeding, necrotic areas in the gastric
glands as illustrated in fig. 2. There was capillary-venous congestion in the
lamina propria and submucosa of the caecum and colon. The colon is
normally resistant to a local inflammatory reaction to drugs given chronically
by gavage and the changes observed in this study are shown in fig. 3.

The d of large of captan in the blood following
absorption, produced an inflammatory reaction in the form of capillary-
venous congestion in many organs such as the cerebrum, cerebelium, menin-
ges, kidneys, lungs and testes, In the lungs, congestion was accompanied by
venous is, peri lar oedema and ionall tis

Fig. 1. A photomicrograph of the cardiac stomach of an albino rat which died on the
8th day of daily oral administration of captan showing 2n early i i

. Y infiltrative ul -
trating the stratified ithelivm snd is e
mucws. On the inal side there is

mucosae. (Stain: ylin-phl

the thick layer of covering
and necrosis of the muscularis
t i x 100).
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Along with the general inflammatory reaction there were degenerative
changes in certain organs such as the kidneys, liver, salivary glands and testes.
Inhibition of spermatogenesis was particularly marked as illustrated in fig. 4.
There was a stress reaction in the adrenal and thymus glands and spleen. The
spleen consisted mostly of lymphocytic white pulp with prominent trabeculze,
the red pulp being markedly deficient, The skeletal muscle fibres were small
with an excess of connective tissue separating the myofibrils as iltustrated in
fig. 5.

rat which died o the 7th 'd:ly
cer in the Jumica!

Fig. 2. A photomicrograph of the pylonc stomach of a
matoxylit

of daily oral administration of captan showing a sm:l(.necmuc ;:am' e
half of the gastric glands with some haemanhagg at its base {
phlovine-saffron; magnification > 10D).
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Fig 3. A photomicrograph of the colon of a rat which died on the 13th day of daily
oral administration of captan showing vascular congestion of the submucosa between
the muscularis mucosae and is externa (Stan:

magnification X 100).

The pathological reaction was less marked in rats which survived for 100
days as indicated in table 2. The mucosa of the gastrointestinal tract had
reacted to the presence of irritant amounts of captan by an adaptive hyper-
trophy. End organs of toxicity such as the brain, kidneys, lungs and testes
had adapted to the presence of large amounts of captan in the blood and
there was much less inflammation. The degenerative changes seen in animals
which died during the first three weeks were Jess evident in the survivors at
100 days. The stress eaction wazs less matked except in (e thymes gland
which remained atrophied.

Changes in the wet weight and water content of body organs in survivors
at 100 days are summarized in table 3. Hypertrophy of parts of the gastro-
intestinal tract was reflected in 2n increase in wet weight with variable
changes in water levels, Loss of body weight was seen to be due mainly to
{oss of wet weight in muscle and skin. There was a significant increase in the
water content of the skin, indicating a still greater loss of dry weight, Loss of
weight was relatively greatest in the thymus gland. Many organs such as the



234 ELDON M. BOYD AND EVA CARSKY

adrenal glands, cardiac stomach, liver, lungs, salivary glands and residual
carcass, had increased water levels.

Data on treatment for 7 days a week as against § days a week are sum-
marized in table 4. It should be noted that at 14 days the various parameters
in rats given a weekly dose of 15 g/kg in equal portions each day for 7 dagsa
week were of the same nature as those seen in rats given the same weekly
dose in equal portions for 5 days a week. A rather large weekly dose was

)

f

. f daily

Fig. 4. A photomicrograph of the testes of a rat which died on the stbkt‘!‘zifof he

oral administration of captan shawing a deficiency of spermatogonia, VY) o sperma-

ic cells, ghost (o or poorly developed nucleus), toxgln-
and some ion of the il ial tissue (Stain: haema

phioxine-saffron; magnification X 450),

tids, no
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Fig. 5. A pholomicrograph of sheletal muscle from the ventral abdominal wall of a
rat which died on the 9th day of daily administration of captan showing exeess con-
A o

nective tissue between the ibrils (Stain:
tion X 450.)

P! i

selected for this comparison since it was considered that differences due w
treatment for 7 as against 5 days a week would be more likely to appear from
a high dose with a high mortality rate than from a low dose with a low
mortality rate. This reasoning could be wrong, however, and it might be
desirable to repeat the comparison at lower weekly doses. When the results
of this comparison became available, daily doses given 5 days a week were
multiplied by 5/7 to obtain average daily doses in studies that exiended
beyond one week.

In the second separate experiment, it was anticipated that the toxiaity of
captan would be less given daily as 3 g/kg in the moming and 3 gfkg in the
afternoon than when given as 6 g/kg in a single dose in the momning. The
results, summarized in table 5, indicated that this was not so. When ad-
ministered daily as 3 g/kg in the early morning and 3 g/kg in the late after-
noon, captan was, if anything, slightly more toxic than when given as 6 glkg
ouce a day in the morning, This may have been associated with the eating
habits of the rats, the animals consuming most of their food at night. The dose
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Table 3.

Changes in weight and water content of body organs in albino rats which survived
100 days of oral administration of captan.s

Organ Wet weight ‘Water content

Adrenal glands 0.0 +6.2¢
Brain ..... ¥4 +62
Gastrointestina) trag

Cardiac stomach .. + 4520 + 56°

Pyloric stomach . +32 +02

Small bowel . + 253 —69

Caecum . + 32.3%* - 123

Colon .. +37 +12
Heart ~78 +16
Kidneys +06
Liver + 123%*
Lungs + 72
Muscle (ventral abdominal walt) —06
Salivary (submaxillary) glands .. -+ 7.8¢
Skin .. + 2274
Spleen . +22
Testes .. - 58
Thymus gland -2t

+12°

Residual carcass
Autopsy body weight ..

1) Weight was measured in grams and water content in grams water per 100 grams dry
weight of tissue. The results are expressed as mean percent change from controls
given cottonseed oil but no captan, specifically as ((Ka- X, J/X,) X 106 whett
Ry is the mear in drug (captan)-treated animals as X, in contsols.

Significantly different from controls at P = 0.05 to 0.02.
Significantly different from controls at P == 0 01 or less.

given late in the afternoon may have been less diluted by the food in the
stomach and therefore was probably absorbed more quickly and ll3us was
relatively more toxic. The other signs of toxicity were identical in both
groups.

Discussion )

The 100-day LD50 index has been proposed by BoyD (71 as 2 s:ﬂi‘:

figure estimate of chronic lethal toxicity. The 100-day LDS0 mgexc )l The
LD50 (100 days) expressed as a percentage of the acute LD50 (1 dose)-
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Table 4.

Observations at 14 days in albino rats given the same total weekly dose of captan

(15 glkglweek) in equal parts, (a) 7 days 2 week or (b} 5 days a weeh. There were

20 animals in each of groups {a} sud (b). The results are expressed as mean 8, D.
except that mortality is expressed as a percentage incidence.

. (@) ® Controls
Observation 7 day a week 5 days a week (no captan)
Percent mortality S0 90 o
Body weight: g 194410 215+ 11 260+ 14
Food intake:

g/kgf24 hours 1918 12+7 4448
Water intake:

mlfkg/24 hours 142 423 92%1§ 6511
Colonic temperature: °F 95.8+03 95.0+01 97002
Urinary volume:

ml/kg/24 hours 0£7 18+6 224+7
Urinary protein cutput:

wefkp/24 hours 47%28 34%19 33114
Utinary pH:

24 hour sample 6007 64:£08 78%07

Table 5.

Death rates 1n albino rats given captan by gavage in a daily dose of 6 g/kg as (a) one
administration per day and as (b) 3 gfkg in the early moming and 3 g/kg in the late

afternoon,
(@) (L)
As one dose As two doses
per day per day
Percent mortalisy at 2 days 10 25%
Percent mortality at 4 days 70 75
Percent mortahity at 6 days 90 95
Hours to death of atl animals
mean £ 8. D. L7 77 £28%

® Significantly different from results ia group (a) at P = 095,
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acute oral LDS0 (1 dose) of captan in rats fed a diet similar to those em-
ployed in the present study was reported to be 12.543.5 gikg by Borp &
KruNEN (1968) and the oral LD50 (100 days) was found to be 0.916+0.233
glkg/day in the studies described here. The oral 100-day LD50 index ot
captan may therefore be calculated to be 7.3+1.9 (£S. E. M.). Boyp & Ly
(1970) have assembled from the literature values for the 100-day LDS0
index on eleven studies performed with ten drugs. The first entry in their
table 5, a value of 12.3+4.3 for phenacetin given orally to guinea pigs, was
based on a preliminary estimate of Boyp & CArro-Cramer (1970) who later
reported the correct value to be 8.6 3.1. This is the lowest of all the indices
in table 5 of Boyp & Lin (1970) and the value of 7.3 1.9 found here for
captan is even lower. The lower the value of the 100-day LD50 index the
smaller the fraction of the acute LDSO (1 dose) which can be given daily for
100 days without producing deaths and therefore the relatively more toxic is
the drug or the chemical agent used for chronic daily administration. By this
criterion, captan is the most toxic agent for chronic use of all the substances
on which a 100 day 1.D50 index has been calculated to date.

Bovp (1971) has noted that if the chronic LD50 is appreciably decreased

at 160 days, continued administration will yield a lower chronic LD50. From
the equation used to calculate the oral LD50 (100 days) for captan, it may
be estimated that the LDS0 (200 days) would be 0.523 g/kg/day and the
LD50 (365 days) 0.183 g/kg/day. This would yield a 365-day LD30 index of
a little over one, indicating an even more marked toxicity. There are, bow-
ever, no published values of the 365-day LD50 index for comparison and in
any event it js an estimate calculated by extrapolation and therefore may not
be correct. In evidence reviewed by Fao/wHO (1965) there was some indica-
tion of an increased toxicity of captan with long continued use which took
the form of a reduction in body weight of albino rats during the final 4
months of a two year feeding study at S0 mg/kg/day,
" These various considerations indicate that while captan has a high acut
oral LDS0, suggesting safety, under conditions of chronic use, the safety
factor markedly decreases. One use of captan is as a soil fungicide and 2
point in its favour, safety-wise, is that its half-life free in the soil is o'nly 1 l'D
2 days (GRIFFTTH & MATHEWS 1969). However, it resists degmd?non if it
becomes incorporated into seeds implanted in the soil. Captan 1s related
structurally to thalidomide and VERRETT et al. (1969) have shown }hat con;
centrations of 3 to 20 p.p.m. in chicken egg yolk produce 2 high incidence O
abnormal embryos.

The key to the understanding of the marked chronic t
fie in its ability to combine with proteins in the dend o

urs, MENZIE (1969) has reviewed evidence indicatin
;c:thylthio grou; of captan is readily hydrolyzed off the molecule an

oxicity of captan m2¥
rgans where toxicity
g that the trichloro-
d con-
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verted into highly reactive groups such as thiophosgene (CS Cl) which com-
bines with and alters amino acids such as cysteine and glutathione. This in
turn suggests the hypothesis that toxicity could result when a certain amount
or percentage of protein in an organ was so altered. If so, one would anti-
cipate that organs with a rapid turnover of proteins would be very susceptible
to captan toxicity and this was found to be true to the extent that there was
inhibition of spermatogenesis in the testes. If the hypothesis is correct,
removal of protein from the diet would be expected to markedly augment
the susceptibility to captan toxicity and KRUNEN & Boyp (1970) have shown
that rats fed no dietary protein from weaning, become an astounding two
thousand fold more susceptible to the acute toxic effects of captan.

These various considerations suggest that the present accepted tolerance
limits for captan in foodstuffs may be too high. In Canada, CuapMan (1967)
places the tolerance at 40 p.p.m. From the acute data of KRUNEN & BoyD
(1970) it may be calculated that the tolerance limit should be about 0.1 p.p.m.
or 0.01 mgfkg/day. The World Health Organization esti the ptabl
daily intake for man at up to 0.1 mg/kg/day (Faojwro 1965). If the results
of the present study apply to rats fed from weaning on protein-deficient diets,
it can be calculated that the tolerance limit should be lowered to about 0.01

P.p-m. particularly in underdeveloped countries where the diet is usually low
in protein.
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The Effect of Salicylate on the Glycogen Content of the Foetal
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Abstract: Sodium salicylate was injected into AfJax and CBA mice on the 17th
day of gestation in order to study its effect on liver and heart glycogen and its
possible correlation with salicylate-induced foetal damage. Glycogen concen-
tration was determined 4, 8 and 24 hours after injection and compared with the
values for control animals of the same age. Foetal liver glycogen was reduced for
up to 8 hours in AfJax and CBA mice following an injection of 10 mg/20 g
sodium salicylate. This reduction was greater in foetuses with superficial or liver
haemorrhages than in foetnses with no haemorrhages. The heart glycogen was
also reduced in the injured foetuses. A decrease in foetat plycogen was observed
4 hours after treatment of Affax mice with 3 mpf20 g of sodium salicylate.
However, at 8 hours the glycogen content had returned to normal levels. The
maternal lives glycogen was decreased 4 hours after treatment and then
returned to values comparable to the controls. The sigmificance of this reduction
in glycogen concentration and its possible relationship to salicylate-induced
foetal damage are discussed.

Key-words: Salicylates — prenatal influence — liver glycogen — abnormalities,
drug-induced.

The disappearence of glycogen is one sign of liver ischaemia (BERNEPLLI-
Zazzrra & Gaa 1964). Liver glycogen is reduced by environmental factors
€. g. starvation, anoxia and various drugs (GOETZE & MULLER 1963; Sa-
MORAISKY ef af. 1965; MAENPAR & RAmA 1968). Morcover, post partum
resistance to anoxia is related to heart glycogen content of newborns (DawEs
et al. 1959; SHELLEY 1969). Glucose given to rabbits during Iabour has been
shown to prolong foetal heart activity under anoxic conditions (GeLLI et al
1968).

Many studies have shown that salicylates decrease the content of glycogen
in the adult liver (LuTwak-ManN 1952; Seroutt 1954; SMrm & SMlTn
1966). A high incidence of foetal death was found in earlier st ©
16 Acta pharmacologica, vol 29, fas. 2
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when salicylate was given to the mother late in pregnancy (LARSSON &
ERIKSSON 1966). Liver haemorrhage and necrosis have been induced in
foetuses within 4 to 8 hours after a single salicylate injection during the late
foetal period (ERIKSSON 1969),

The present study was undertaken to i igate whether the salicyl
induced foetal liver damage was correlated with a decrease in liver glyeogen.
Moreover, it was of special interest to study the salicylate-effect on the
concentration of glycogen in the heart. A comparison was made between two
strains of mice with different susceptibility to drug-induced foetal damage
(LARSSON 1962b; Larsson & ERIKSSON 1966).

Material and Methods

Pregnant primiparous mice of the AfJax and CBA strains were used and maintained
as described elsewhere (LARSSON 1962a). Females were mated overnight and the day
on which a vaginal plug was observed was denoted as day zero of pregnancy.

The investigation was carried out as two separate studies. In the first, pevformed
during the spring to the automn of 1968, the effect of sodium salicylate on maternal
and foetal Jiver glycogen was studied in A/Jax mice {table 1), From the autumn of 1968
to the autemn of 1969 the same experiment was carried out on the CBA strain {table 1),
In the second experimtent, during 1969, the effect of different doses of salicylate was
studied in A/fax mice (table 2). Heart glycogen determinations were done in the same
mice {table 3). .

On day 17 of gestation at 10 a.m. the animals were injected intramuscularly with
sodium salicylate 10 mg or 3 mg/20 g body weight in 0.1 ml distilled water (tables 1-3).
At 4, B or 24 hours after injection the animals were sacrificed. The foetuses Wer¢
removed and the number of dead was recorded as well as superficial and Liver bae-

Early foetal i which had i oceurred before treatmeet
were not recorded. Uninjected mice of the same gestational age served as controls.

Two small picces of maternal liver were taken from the centre of the right Jobe-
{As far as possible the whole fiver was removed from all the foetuses. The fivers were
immediately frozen in acetone cooled by dry ice. The samples were stored in test lub:;
kept on dry ice until analyzed. The foetal hearts were then collected, frozen, and store
in the same way. §

Glycogen isolation and determination was performed by a slightly modified mﬂh"‘?
of SEIFTER et al. (1950). Liver samples of about 50 mg, and the foetal he?r\ s:\mplﬂb‘;
5 mg, were put intp a test tube containing 1 ml of 30 % potassivm ‘hydroxldf- The ﬂ; o
were placed in a boiling water bath for 20 minutes. After immediate cooling, 4 "9‘65)
95 % ethaool were added together with 0.5 ml of 5 % sodium sulphate (HANDEL l(en(;
This solution was then gently brought to boiling point. Followiag cooling the CD“d e
were centrifuged at 3,000 r.p.m. for 15 minutes. The supernatant was decam];d ;nmdl'
tubes dried upside down on filter paper. Anthrone reagent (E. A'lerck AG.D ﬂm” B
Germany) (02 % in sulphuric acid) was then added for reading :n :zn :iisuc. s
spectrophotometer at 620 ym. The glycogen ccnl:n}, given in ug’lmz ;0 e fommed by
calculated from a glucose standard curve. Statistical analysis was P!

“Student's” t-test.
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. - Results

Glycogen was present in fairly high amounts in the foetal mouse liver on
day 17 of gestation. 24 hours later the glycogen content had increased three-
fold (tables 1 & 2). Early on day 17 the maternal liver contained more
glycogen than the foetal liver but on day 18 the relationship was reversed.
The foetal heart glycogen increased slightly during day 17 of gestation
(P << 0.01, table 3). The glycogen content was much higher in the foetal
heart than in the maternal heart, which had a glycogen content of 1--2 ug/mg
of frozen tissue (unpublished data).

The maternal liver glycogen was significantly (A/Jax: P <0.01; CBA:
P << 0.05) reduced 4 hours after the injection of 10 mg/20 g sodjum salicylate
{table 1), After 8 and 24 hours the glycogen content no longer showed any
evidence on the effects of salicylate treatment.

The liver glycogen in unaffected foetuses was also decreased following
salicylate treatment (tables 1 & 2). This was most p
(P < 0.001) in both strains 4 hours after the injection. This marked reduction
was still present at 8 hours in the AJax strain.

In the CBA strain, however, the reduction was less pronounced at 8 hours,
but still significant (P << 0.05). With the 3 mg dose of salicylate the liver
glycogen content returned to normal levels after 8 hours. After 24 hours,
values comparable to the controls were observed in all the treated groups.

Foetuses with haemorrhages, both superficial and in the liver, had a lower
liver glycogen content than the unaffected foetuses of the same group after
8 hours (P << 0.05). This reduction was still significant (P << 0,001) in these
foctuses 24 hours after treatment.

Foetal heart glycogen was decreased in foetuses with superficial andfor
liver haemorrhages taken as one group (4 hours: P<C0.05; 8 hours:

P <C0.001; 24 hours: P <2 0.01) but was not decreased in unaffected foetuses
(table 3).

Discussion

In this study it has been shown that sodium salicylate decreases foetal liver
glycogen in the mouse and, to a lesser degrec, foetal heart chogen in the
mouse with haemorrhage. Lme in i is lated in the
foetal liver as shown by biochemical and hi i hods in many
species (Surirey 1961; PETERs ef al. 1963; SwELLEY 1964; Turcuma &
MALer 1964). In the mouse traces of liver glycogen are shown by histoche-
mical mcthuds on day 16 of gesta\mn (PETERS ef al. 1963). Thereaiter the
tiver gly rapidly so that on day 18 it exceeds

6
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the liver glycogen concentration of the mother (PETIRS et al. 1963). The
heart glycogen content has been shown to be high in the foetus in many
other species but decreases shortly before birth (SHELLEY 1961). It has been
suggested that anaerobic glycogenolysis of these stores especially in the
heart increases the ability of newborns to survive during anoxia (HiMwICH
et al. 1942; Mort 1961). Mareover, a direct relation has been found between
the heart glycogen content and the survival time in different species (DAWES
et al, 1959). Newborn tissue is also said to be mare resistent to injury than
adult cells (DA\\’KI‘NS 1960 & 1964) possibly partly because of its higher
ing the glycogen stores, especially in the
foetal heart, it has been possible to a greater resi to
anaerobic conditions (GELL1 1968). On the other hand, certain drugs such as
insulin and chlorpromazine (COREY 1935; SAMORAJSKI et al. 1965) have been
shown to reduce the foetal liver glycogen content. The present study demon-
strates that sodium salicylate is capable of reducing foetal liver glycogen,
How this treatment of the mother affects the foetus during the hypoxia of
birth process can only be the object of speculation.
Salicylates have long been known to decrease liver glycogen in adults
(SPrOULL 1954) but no data were available for the foctus. Many different
mechamsms for sahcylatc action in adults have been dlscussed such as an

gly i jated by adrenal 1 and a
d d rate of gly y is (SMrra & SwrTH 1966) On the one hand,
the sy is of gly and the ion of the foetal rat liver have been

shown to depend on the presence of corticosteroids (FAVARD & JosT 1966).
On the other hand, sodium salicylate given to rats late in pregnancy has
been shown to result in increased activity of the foetal adrenal cortex (LE-
MARE & GRrOSIEAN 1966). This study however, gives no further lead to the
underlying mechanism of gl duction in the foetus,

It is interesting to recall lhat the decrease in liver glycogen is most pro-
nounced in fostuses with haemorrhage. It has previously been suggested that
the haemorrhage, and observed hypoprothrombinaemia, are the result of
more general liver damage (ErikssoN 1970).

With the lower dose of salicylate the reduction in gly content could
only be demonstrated 4 hours after administration. A more moderate
decrease in glycogen content was observed with the higher dose in the less
susceptible CBA strain (ErrkssoN 1969). These observations would raise the
assumption that a relahonsh\p exists be\v.een the long lasting reduction in

foetal liver and heart glycog and

foetal damage. K can be speculated that a d in gly

is probably a more itive indication of the foetal toxxcny of a drug than
the ob: ion of logical
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Salicylate-Induced Foetal Damage During Late Pregnancy
in Mice: A Comparison between Sodinm Salicylate,
Acetylsalicylic Acid and Salicylsalicylic Acid
By
Margarets Eriksson
(Received September 25, 1970)

Abstract: Three salicylate derivatives I e. sodium salicylate, acetylsalicylic acid
and salicylsalicylic acid were tested and compared in A/Jax mice with regard to
their effect on foetal damage on day 17 of gestation. The substances were ad-
ministered by stomach tube in a dose constituting 2 of the LD356 dose in adult
mice. T hours after inistration of each of the three derivatives an
increased incidence of foetal death and haemorrhages were found. The highest
incidence was found in the acetylsalicylic acid treated group, Four hours after

istration all the sali ivatives caused a reduction in foetal liver
glycogen. The control ion however, also signifi reduced the glycogen
coutent. The results are discussed in refation to the recommendations for drug
testing, The advantage of comparing different drug derivatives for the study of
the underlying hani il for their i actions is
emphasized.

Key-words: Salicylates ~ prenatal influence — foetal death — liver glycogen.

Various derivatives of salicylates have been shown to induce malformations
{n several species when administered during the organogenetic period (LARS*
soN 1970). Most reviews on the foetal hazards of drugs given during Jate
pregnancy caution against the defeterious effect of salicylates {APGAR 1964
Yarre 1968). However, only a few case reports are available in support of
this opinion (JACKSON 1948; EARLE 1961). Recent studies from this {aboratory
have shown that sodium salicylate, given to mice late in pregnancy, fﬂ“SfS
an increased incidence of foetal death and haemorrhage and a reduction it
foetal prothrombin and glycogen (Erixsson 19702, b &.197 1). o

Comparisons between the influence of diﬂere}x:t saltx]cylate (d:,:mmi:sthc

i tabolic and physiological processes have been o :
various me e o physiologic: ac[t’ion of ate (KARLER e! al. 1968;

ABERG & LARSSON 1970), Studies on the mechanism involved in the terato-
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genic effect of salicylate have correlated the degree of inhibition of sulpho-
mucopolysaccharide synthesis with the rate of induced malformations in mice
(LarssoN & BosTréM 1965).

Recommendations for the testing of drugs for teratogenicity nowadays
include guidelines for a separate study late in pregnancy (FDa 1966; wiO
REPORT 1967). In order to evaluate the foctal effect of a drug late in preg-
nancy other parameters than those used following treatment in the organo-
genetic period must be considered. Some possible parameters have been

studied and di d in our investig: following sodium salicylate treat-
ment late in pregnancy (ER1kssoN 1970b). The present study was undertaken
to p with guid: from dati for drug tests, three

commonly used salicylate derivatives i. e. acetylsalicylic acid (ASA), salicyl-
salicylic acid (SSA) and sodium salicylate (NaSA) with regard to their
morphological and biochemical effect during late pregnancy.

Material and Methods

Pregnant primiparous mice of the AfJax strain were used and kept as described
elsewhere (LARSSON 1962). They were mated overnight and the day of vaginal plug was
denoted as zero day of pregnancy. On day 17 of gestation 2 single administration of
the test substance suspesded in 1% sodium carboxymethylcellutose (CMC) in a
volume of 0.2 mlf20 g bodyweight was given by stomach tube. The concentration of
the substances administered was for sodium salicylate 66.6 mgfml, acetylsalicylic acid
80 mg/mi, and salicylsalicylic acid 66.6 mg or 50 mg/ml. (The substances were kindly
prepared by AB Bofors Nobel-Phiarma and delivered as fresh solutions once a weebh).
The doses were chosen as 33 of the LDSD dose, except for the higher SSA dose
(determined at AP Bofors Nobel-Pharma, personal communication, G. Astra 1970).
Control animals were given only CMC.

The animals were sacrificed 4 or 24 hours after treatment (tables 1 & 2). Observations
were made of premature delivery. The living foctuses were examined for superficial,
tiver or gastdc haemorrhage Early foetal resorption, which had evideatly occusred
before treatment of the mother, is not included in the tables.

Tn the groups of animals killed 4 hours after treatment at least 5 foetuses from each
Huer were taken for Yiver glycogen determination (able 2). Untreated animals of the
same age were used as controls, Glycogen was determined as described in previous
papet [ERmsson 1970).

Statistical analysts was performed by “Student’s™ t-test,

Results
All the salicylate derivatives studied caused an increased incidence
in foetal death (table 1), ASA showed a significantly higher incidence
{P <C0.001) than NaSA and $SA. NaSA in turn had a higher frequency than



LATE PREGNANCY FOETAL DAMAGE BY SALICYLATES

252

80FTT z 90F oY Iz 0TFOL 8L W 9 2 2/3w 91 P dNAdEsiAay

T = g Y = g b oy s
01¥6T € TIEE9 S FOFE6 € € s 3.0z/3u £'ET Piow SHASKTS|AGRS
$O0F8E 24 h.c * 8L FA 60F L8 (4 14 S 3 0z/3w 91 piov SljAaljusAIN
TIFTS 34 60T 96 ST o€ g 7 07f0w g'ET awdoges wngpog

TIFEEL 14 1€ S % 1 sso[nyeaiiyawkxoqe))
TIFE0T k14 13 g lenuoy

WRSFUBN] ON [WHST =nu2_ ON  FWH'SFUBK| ON
sfeyuowaey faiIowaey 5ISMI30] SIay
e \eionodng pawagprun o .WZU » M.zw oduRIsgng
onsshy uazoy 3uy3d uaJook)3 J94 [eIROS

woneIsed Jo L1 AP UG SIANEALap Bjeholjes JUALIFIP YKA JUIUIIRAL) 19)J8 SMOY § S0TW B[/ Ul BaB0dK[3 JoA)[ EIs0

‘Z21qvL
€ 34 81 [ 4] SET 4 3 07/3w 91 PIE SAMESAS[ES
9 s 6 14 k14 15 114 3 oz/3ur g'gT proe syAstesAotfes
[} 1 6 8L 01 1419 [ir4 3 (z/Sw 9T pioe SASHES[AIIY
(4 1 9 24 L 314 V4 8 07/3w £'g1 s1elAon[es mnipog
[ Q 0 [} 0 §81 0T % 1 SSOIn|PITAYIIWAXCqIe)
ageguiowaey [s8eyrowaty (adeyrrowaey
9 1 21511194 % “ON S28M20] s
opse Al I=pyIdns sasnio03 pest 10 ‘0N Jo oN souEisqng
M $950130F FOIAL JO "ON

*uonieIsad Jo L1 AP DO JUSUAEL] JANJE SINOY $T SSANTALAP NEIASN{ES JUAIHIP JO IDIW Xe[/y Ur 1293} [edidotoydiow SYL

‘I2190L



MARGARETA ERIKSSON 253

the Jower dose of SSA (P << 0.001). In the living foetuses superficial, liver
and gastric haemorrhages, as described previously, were found in varying
numbers (table 1) (ErikssoN 1969 & 1970b). One female from each of the
groups treated with NaSA, ASA and SSA 16 mg/20 g delivered before
dissection on day 18 of gestation {not included in table 1).

Treatment with the control suspension of CMC produced a signifi
reduction in foetal liver glycogen (P <C0.001) {table 2). Treatment with
NaSA, ASA and $SA further reduced the foetal liver glycogen (P << 0.01),
SSA 16 mg/20 g (P << 0.001). No difference in the degree of glycogen re-
duction produced could be found between the derivatives. Foetuses with
haemorrhages had a lower liver glycogen content than unaffected foetuses of
the same group after treatment with SSA 16 mg/20 g (P < 0.05).

Discussion

In this study a comparison was made between the teratogenic effects of
sodium  sali icylic acid and salicylsalicylic acid. They all
caused an increased rate of foetal death, foetal haemorrhage and a reduction
in foetal liver glycogen.

This study was made in with dations for drug testing
late in pregnancy (FDA 1966). Thus, administration by stomach tube was
used. It is interesting to mote that by this route of administration, results
similar to those after intramuscular injection of NaSA were obtained (ER1ks-
son 1969 & 1970b). Furthermore the dose was a subtoxic one, correspond-
ing to 24 of LDS50 (ErixssoN 1970b). The evaluation of foetal damage was
based on the experience gained from earlier studies.

It is interesting to observe in this study that the administration of the
con!rol suspension of CMC alone caused a sxgmﬁcant reduction in foetal
liver glycop no hological injury could be found.
ththcr this was due to the stress-sltuanon of feeding through a gastric tube
(mediated to the foetus) or to a specific action of CMC can only be specula-
tion. Following treatment with the different salicylate derivatives no correla-
tion could be found between the reduction in foetal liver glycogen at 4 hours
and the morphological damage found at 24 hours. A possible explanation
could be that the glycogen content had already reached a minimum with the
lower dose of SSA.

ASA has previously been shown to be less teratogenic than NaSA in the
same mouse strain as used in this study (LARSSON & BOSTRSM 1965) How-

ever, these substances were given in the same dose and not in 2 dose in
relation to their LD50. Tt was suggested that the dxfference was due to dif-
ferent degrees of inhibition of p (LarssoN &
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BosTrEM 1965). In vitro studies have shown that SSA inhibits the synthesis
of mucopolysaccharides to a greater extent than ASA (ABERG & Larsson
1970). In the present study, hawever, SSA has been shown to cause less
foetal damage.

‘Pharmacokinetic studies in man have shown that ingestion of NaSA
results in a high initial plasma concentration of salicylate while SSA in-
gestion and, to a lesser degree, ASA ingestion gives a low but long-fasting
plasma concentration of salicylate (NORDQVIST et al. 1965). This difference
has also been shown in mice for NaSA and ASA (LIUNGBERG et al. 1968).
ASA is rapidly hydrolyzed to salicylic acid in vivo (LiunGpERG er al. 1968;
Rowranp & RIEGELMAN 1968). Jt has been shown recently that SSA is
hydrolyzed significantly more slowly than ASA in human whole blood and
plasma ént vitro (Personal communication, L. HArTron & M. HepsTréM 1970).
Whether a foetal toxic effect is exerted by the given substance or its hydro-
lysate salicylic acid is not known. Receat studies in our laboratory have
shown a high radioactivity in the foetus after the administration of 1C-
labelled salicylic acid to the mother (Eriksson & Larsson 1971). More
pharmacological work is needed to answer this and related questions.
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Salicylate-Indnced Foetal Damage in Two Mouse Strains:
Studies on the Distribution of 14C-Labelled Salicylic Acid
By
Margaceta Eriksson and K. Sune Larsson
(Received October 3, 1970)

Abstract: The distribution of salicylate was studied in pregnant and non-
pregnant mice of the AfJax and CBA strains. These strains were selected because
of their different susceptibility to salicylate-induced foetal damage. Labelled
salicylic-1-14C-acid (1 pei) was injected intramuscularly together witk 10 mg
sodium salicylate as cold carrier in a volume of 0.1 ml distilled water/20 §
bodyweight. The animals were sacrificed at different intervals from half an hour
to 8 hours after the injection and the radioactivity in the maternal blood and
liver and in the foctuses was determined by liquid scintiflation counting. The
non-pregnant mice showed initially a higher radioactivity in the bloed than in
the females on day 14 or 17 of gestation. The amount of liver radioattivity was
similar in pregnant and non-pregnant animals and remained practically un-
changed during the period of study. The foetal radioactivity was relatively high
compared to that in the maternal liver. No strain difference were observed either
on gestation day 14 or on day 17. The foetal radioactivity did not decrease
during the first 4 hours after salicylate treatment on day 17 of gestation at
which time foetal damage had already been produced.

Jities drug-

Key-words 14C-salicylic acid — drug distri - foetns —
induced.

Tt is now well-known that foetal susceptibility to damage caused by e
genous agents differs, even between strains of the same species (FRASER &f al.
1957; LarssoN & ERTKsson 1966). This is true not only for disturbances
during the organogenetic period but zlso during the late stages of pregnﬂﬂ?’
(Eriksson 1969). The reason for these strain differences is not completely
understood, although genetic studies have provided valuable qlfoﬂn'ﬂﬂm"
The induced foetal damage, . can be Dified b e exg;
genous factors (GIBSON & BECKER 1968). Pretreatment with 2 smaufd(:s:nly
salicylate or with narcotic doses of pentobarbital (mebumalum NFN) :’m o
two days, di the incid of salicylate-induced foetal damag

70)-
pregnancy, as shown in a recent study from our laboratory (ERIKSSON 1970)
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Labelled compounds have been used in teratological experiments for in-
vestigating the metabolism of different embryonic tissues (LARSSON 1962a)
and in studies on the distribution of teratogenic substances in the fostus as
well as in the mother (WiLSON et al. 1963; HANNGREN & ULLBERG 1963;
KORANSKY & ULLBERG 1964; WADDELL & MARLOWE 1969). Tracer techniques
have also been used in studies designed to el the mect underly-
ing strain differences in teratogenic susceptibility, Thus, with 1C-cortisone
LEVINE et al. (1968) demonstrated a slower elimination of isotope from
foetuses of the ATax strain, with a high frequency of cortisone-induced cleft
palate, than from foetuses of the resistant CBA strain (FRASER et al. 1957;
LARSSON 1962a).

The AfJax mice have been shown to be more susceptible than the CBA
mice to salicylate-induced foetal damage (LArssoN & ErixssoN 1966;
ERIKSSON 1969). It was therefore of interest to use these two strains in the
present study with 24C-labelled salicylic acid in order to determine whether
there were strain differences in the maternal and foetal handling of salicylate.
This technique was also used to disclose changes in the maternal-foetal distri-
bution of sali late in p after pre with small doses of
salicylate or of narcotic doses of pentobarbital, which the f;
of salicylate-induced foetal damage.

q

Material and Methods

Adult non-pregnant female mice of the AfJax strain and pregnant primiparous mice of
the A/Jax and CBA strains were used and kept as described in previous studies from
our laboratory (LARSSON 1962b). The day when a vaginal plug was observed was
denoted as day zero of The labelled salicylic-1-14C-acid (8.1 mg) (New
England Nuclear Co., Bosten, Mass, U.8.A) was dissolved in 25 ml of sodium
salicylate solution (100 mg/ml distilled water), The labelled salicylate was injected
intramuscularly in a volume of 0.1 ml/20 g body weight corresponding to 1 pei
Iabelled salicylic acid and 10 mg cold carrier, The animals were divided into the
following experimental groups Non-pregnant Affax mice were sacrificed 30, 120 or
240 minutes after the injection of labelled salicylate (table 1). In a second experiment,
both Allax and CBA mice received labelled saticvlate on day 14 of gestation sad were
sacrificed after 30 or 240 minutes (table 2). When the isotope was given to females of
the two strains on day 17 of gestation they were sacrificed after 30, 60, 120, 240 or
480 minutes respectively (table 3). In the last experiment AfTax mice were
with unlabelled sodium salicylate (3 mgf20 g i or with
nembutal®, (15 me/20 g intraperitoneally) on day 15 and 16 of gestavon, They were
then injected with the labelted salicylate on day 17 of gestation and sacrificed after 30,
60, 120 or 240 minutes (table 4). AUl the injections were given at 10 2. . and the
animals were sacrificed by dislocation of the atlas after the above mentioned intervals,
Before sacrifice, duplicate blood samples of 25 pl were taken by retro-orbital punc-
ture from the females and placed in Packard counting vials. A plece of livef of about
et B

preireated

17 Acta pharmacofogica, vol. 29, fasc. 2 "
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300 mg wet weight was taken from the adolt animals. The number of implanted and
living foetuses was recorded. After 4 and 8 hours on day 17 of gestation special ob-
servation for superficial haemorrhage was made as described elsewhere (ERIKSSON
1969). Not more than five foetuses were taken for the isotope measurements and they
were weighed individually,

The liver sample and the foetuses were separately homogenized in 100 per cent
ethano] in a Potter-Elvehjem h: i The b was d quanti-
tatively to Erlenmeyer flasks and evaporated in an oven at 60°. The dry powder was
digested in 2.5 ml of 70 per cent perchloric acid and 5 ml of a 30 per cent solution of
hydrogen peroxide at 60° for 1 hour in the capped flasks (MAHIN & LoFBERG 1966).
After cooling to room temperature three aliquots of 0.3 ml of the digested solution
were transferred to Packard counting vials and 10 ml of scintillation counting fluid
{1,000 m] toluene, 1,000 ml 2-methox and 4 g i (New England
Nuclear Co., Boston, Mass., U.S. A) was added. The blood samples were digested in
0.1 m! of 70 per cent perchloric acid and .2 ml of a 30 per cent solution of hydrogen
peroxide under the conditions described above and 16 m! of scintilfation counting fiuid
was added, The samples were counted in a Packard Tri-Carb liquid scimtllation
specirometer.

Results

With the technique used a high rep ibility in the results was obtainfd
for the duplicate blood samples (¢ = 1339). There was also minimal varia-
tion in the radioactivity between the different aliquots from the same Tiver
or foetal homogenates,

In the non-pregnant mice little variability occurred among the values for
blood or liver radioactivity (table 1). The non-pregnant mice showed 2
higher radioactivity in the blood than the females at two different fta.ges_ of
pregnancy (tables 2 & 3), Between 30 minutes and 4 hours after the injection
of the isotope there was a linear fall in blood radioactivity in non-pregoant

. Table 1.

. . jnjection of
Radioactivity in non-pregnant adult AfJax mice following satramuscular inject
UC-salicylic acid.

N Liver
Time of Blood cpmimg
No. of sacnr‘icf cpm/25 pl wet weight
S B —
5 P 20199% 499 B
T +
5 120 17206 £ 1494 6653

240 12652+ 328
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mice to about 60 per cent of the initial value. The mean liver radioactivity
was in the same range as the individual values in the pregnant animals, There
was practically no change in liver radioactivity during the period studied
(table 1) which was also true for all the other groups, irrespective of treat-
ment (tables 2, 3 & 4).

In day 14 pregnant mice — in spite of great variability in blood radio-
activity —a tendency was observed for a decrease in the radioactivity befween
30 minutes and 4 hours after injection (table 2). The CBA strain generally
showed higher values than the A/Jax strain, Foetal radioactivity was initially
slightly higher in the CBA strain but was equal to the radicactivity in the
Aflax strain after 4 hours.

In day 17 pregnant mice the blood radioactivity was also very variable,
Nevertheless the blood radioactivity decreased slowly during the first 4 hours
in both strains {table 3). The reduction was greater during the following 4
hours and after 8 hours only 20-30 per cent of the initial activity remained.
No strain difference was observed. The radioactivity in the foetuses was

Table 2.

Radioactivity in Affax and CBA mice on gestation day 14 following intramuscular
injection of HC-salicylic acid.

Time of N Foetus
stain sacrifice | Maternal blood M“L;‘;j:n‘:" cpfimg
after inj. cpm/25 gl wet weight wet weight
minutes Mean® £ 8. E. M.
15199 53 41+3
7291 49 3142
30 7167 61 41%2
AlJax
8564 57 33%1
7431 73 46472
240 4787 61 413
4532 75 2+2
19132 70 55344
30 6687 55 A8+17
17358 60 5943
CBA
971 61 a8+5
240 1713 50 4732
10043 47 3541

1 Representing 5 foctuses in each litter,
b
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Table 3.

Radioactivity in A/Jax and CBA mice on gestation day 17 following intramuscutar
injection of 1C-salicylic acid.

Time of Maternal Materna! Foetus cpm/mg wet weight
. sacrifice | 7 21F0A Tiver With
Strain affer inj. blood cpmime Unaffected haemorrhage Dead
minutes | PT2SHL | ot woight| Mean?% | Mean?s | Mean?s
SEM [ SEM | SEM
T6113 [ EE3)
" 17247 8 743
12858 - 35+
14497 w“ 242
15783 3 EER
o 14688 6 3543
12888 - 4343
18113 6 44tq
12433 6 @3
Allax 120 | 1028 56 Rt1
10032 60 39,36,41
= 3 39,37,40 | 37,53
210 10671 67 38,37,32
%72 74 4543 49
3355 ] 28,35 5,2
4480 49 21,21,20
80 4569 56 25 26+1
4428 56 2531
a8 |8 EEX]
’ 18155t 70 64t
0 1 1aem 7% 03
14571 6 4aka [
12566 G IS
60 14647 7 312
13403 65 S04 I
13264 7 FEET
12 - T4 50%2
cBA 0 12110 67 38%2
13310 ] ax1 |
= 7 EEE
10584 63 47,39,47 | 35,35
20 11433 7 01 55
12913 60 2tz
5597 [ . EEE
3770 52 26%3
480 3653 3 19 2 7
3062 2 15,17 16,18 2
1 Si bservation. s
Siugle obs in each litter; if less individual values are given.

2 yepresenting 4 or 5 foetuses §
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unchanged during the first few hours in the AfJax strain. In the CBA strain
the foetal radioactivity was initially higher but decreased to that of the A/Jax
level after 4 hours. After 8 hours the radioactivity was reduced to about half
the jnitial value in both strains. No difference with regard to foetal radio-
activity between the unaffected foetuses, foetuses with haemorrhage and
dead foetuses were observed at 4 or 8 hours,

Table 4.
Radioactivity in AlJax mice on gestation day 17 pretreated with sodium salicylate or
ital following i injection of 14C-salicylic acid.
Foetus -
Timeof | o o ey | Matermal cpmjmg wet weight
e aternal . .
Pretreatment sacrifice Blood liver Unaffected With
after inj. mi2s cpm/mg haemorrhage
migutes | P! B | wetweight | Meanl2 | Meanlz
S.E.M. S.E.M.
14125 7 3BE2
30 17006 63 45%1
8740 55 LS
" 13244 60 392
Z?:‘;:«e 6 12047 61 01
+
3mgl0 g, 16079 58 42%2
gestation 10085 58 L]
days 15, 16 120 10476 58 3943
’ 12087 68 50+2
7910 52 26,27,28 24,25
240 12699 61 30,35,42
8769 54 362 30
5053 37 37%2
30 8804 80 4843
19676 49 34%3
12675 3 S84
P I R
15 mgi20g, 2tz
gestation 6263 69 443
days 15, 16 120 14080 73 k2
13107 53 30,36
15165 62 36 3812
240 14430 53 30,43 23,30,32
11266 4 5+
7853 43 29,37

* Representing 4 or § foetuses in each Yitter; if less individual values are given,
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Pretrcatment with a low dose of sodium salicylate or pentobarbital (mebu-
malum NFN) increased the variability in blood radioactivity between animals
in the same group (table 4). The radioactivity in the blood as well 2s in the
foetuses did not change during the first 4 hours studied. These values did
not differ markedly from the values in the control group without pretreat-
ment (table 3).

Discussion

With the technique used it has been possible to demonstrate a great indi-
vidual variation in the handling of HC-abelled salicylic acid in pregnant
mice,

The results obtained in the present study do not support the assumption
that differences in the matemal-foetal distribution of salicylate might be
responsible for the earlier reported strain differences in foetal damage, as
demonstrated for cortisone by LEVINE ef al. (1968). Moreover, changes in
salicylate distribution can hardly explain the protective effect against the
salicylate-induced foetal damage late in pregnancy by pretreatment with
small doses of salicylate or narcotic doses of pentobarbital (Eriksson 1970)-

It has been shown that high concentrations of *C-labelled salicylate or
Iabelled metabolites are retained in the liver for a long period after intra-
peritoneal injection into adult male mice (STURMAN er ol 1968). In the
present study the liver radioactivity was almost constant and was not cor-
related with the blood values or influenced by drug pretreatment.

It is interesting that the radioactivity in the foetuses is relatively high 2

p to the ioactivity in the maternal liver. The present study
confirms the results of earlier studies showing that foetal damage is praducﬂj
Swithin 4 hours after salicylate treatment on day 17 of gestation (ERIKSSOY
1969). It is important to observe that the radioactivity was the same at 8
“hours in the two strains of mice with different susceptibilities to salicylate-
induced foetal damage. Using the same strains Lrving et al. (1968) demon~
strated that the uptake of MC-cortisone was similar but that the Aflax
foetuses (cleft palat itive) retained a amount of the drug
during the first 2 hours after administration. They suggested that gcnfuc
differences in the metabolism and tissue binding of cortisone were xes‘ponmbfe
for the described differences in retention of the teratogenic drug. It is, l!}ﬂc‘
fore, interesting in this study to observe a tendency toward the rev_crse situa-
tion with 2 somewhat initially lower foetal activity in the susceptible A/ , ’)x,
strain. This was observed during the organogenetic period (day 14) as ¢!
as during the fate foetal period (day 17).
Treatment with barbituric acid derivative:

s has been shown to give 8 more
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rapid elimination of drugs or other potentially toxic substances in both adult
and foetal animals (CoNNEY 1967; CATZz & YAFFE 1968). No evidence has
been obtained that this is the case following pretreatment with a low dose of
salicylate or narcotic doses of pentobarbital, which protect against salicylate-
induced foetal damage (ERIKssoN 1970). In this study neither faster elimina-
tion nor a reduced blood or foetal tissue radioactivities were observed. One
must, however, be aware that the technique, as used by us and other in-
vestigators mentioned here, is a measure of the total activity and does not
distinguish between the active substance and that which is conjugated and
detoxified.

Most kinetic studies of salicylates have been done in man (SMrri & SMITH
1966; Levy 1965). The metabolism differs between man and dog (ALPEN
et al. 1951) and there is reason to believe that the same is true for other
species even though few data are available. This study has shown moreover
that there is great variability in the same strain, Jn man low doses of salicylate
give a first order kinetic elimination curve but a first and a zero order
kinetics are obtained with higher doses due to the saturation of salicyluric
acid formation (LEvy 1965). In the mouse, salicyluric acid is formed but
most of the salicylate is glucuronated (STURMAN ef al. 1968). Another im-
portant factor in evaluating the effect of salicylate is the extent of its binding
to plasma protein. Mice exhibit a low protein binding capacity for salicylate
(Sturman & Swrrit 1967) which could result not only in higher toxicity but
also faster elimination. Even for the i ively studied salicylates there is an
apparent need for additional kinetic and metabolic studies to be made before
the final evaluation of their foetal damaging effect.
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Inhibition of Carrageenin-Induced Rat Paw Ocd by
Substances Causing a Reduction of Kininogen and Prekallikrein
in Plasma
By

Kiell Briseid, Finn Cato Arntzen and Olav Kjell Dyrud
(Received Tuly 7, 1970)

Abstraet: The acute, anti-i y effect of inin, eilagic acid, hista-
mine, padutin ®, serotonin, trasylol® and trypsin was tested against carrageenin-
induced rat paw oedema, and the in vivo effects of the same substances on
parameters of the plasma kinin system was also examined The substances were
injected intraperitoneally and oedema was induced half an hour later. Groups of
5 test- and 5 control rats were used, and measurements of initial paw volumes
and of volumes after 1, 2 and 3 hours were used for calculating the inhibition
values, All the substances tested, except padutin, inhibited the development of
oedema and except for padutin and trasylol, caused a fall in total hininogen. Apart
from bradylinin and padutin, the substances also reduced the amount of pre-
kaflikreie, The kininogen fractions activated by rat plasma kallikrein and by rat
urine kallikrein were determined 1n order to calculate the 3 kimmogen fractions
S1, ST and S2 (Brisuio et of. 1970a), All the substances tested caused a fall
in the amount of S1II and only trypsin in the amount of S1I, while none of the
substances altered the amount of S2. A significant correlation between the
effects on factors involved 1 the plasma kinin system and the anti-oedema
effects provides evidence for the presence of a tausal relationship,

Key-words. Kinins — kinmogen - Lalliksewn — carrageenin - vat paw oedema,

In some reports in the li t are capable of in~
ducing rat paw oedemas on local application, and also capable of inhibiting
the d; of such oed when ically in ad-
vance, FRANCHIMONT et al. (1961} found that serotonin oedema was inhibited

by in injected intrapert iy, and Horaxova & MURATOVA (1965)
showed that in, hi ine and vkinin given

the oedemas caused by the same substances GARCL\ LrME et al. (1966) ob-
tained similar results using the and

cellulose sulphate, Most interesting was the observation of Horixovi &
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MuraTovi (1965) and also of GARCIA LEME et al. (1966) that each of the
different irritants they used also protected against oedemas induced by the
other irritants, This cross-resistance suggests a general mechanism which
underlies the anti-inflammatory effects, and we therefore decided to examine
i the inhibitory effects of serotonin, histamine and bradykinin on rat paw
oedema were correlated with alterations in the plasma kinin system, The
effect of trypsin, ellagic acid, padutin® (hog pancreas kallikrein) and tra-
sylol® was also examined. Carrageenin, which had been found to caust 3
release of bradykinin when added to rat plasma (RoTHSCHILD & GASCON
1966), was chosen as the oedema-inducing agent, and the previously
published methods for the determination of rat plasma prekaliikrein and
kininogen fractions were used (BRISEID et al. 1970b).

Technique

A, Materials and Assays.

Source of rats. Male Wistar albino rats (body weight 170-225 g) were obtained from
the National Institute of Public Health, Oslo.

Rat plasma, rat plasma kininogen, rat plasma kallikrein and rat urine hathkrein were
prepared as described previously (BRISEID et 4l 1970b).

Reagents. Bradykinin. Bradykinin, Sandoz A. G., Basel, Switzerland, was used as l!lt
standard substance in the assays. Bradyhinin triacetate, Sigma Chem. Co., St. Louis,
Missouri, U.8. A. was used for the in vivo experiments. Carrageenin, Marine mlloufk
Inc., Springfield, N, )., U.S. A. Ellagic acid. Ellagic acid, Sigma Chem. Co. St. Loui%,
Missouri, U. S. A. Histamine. Histamine di-HC}, Light & Co., Ltd., Colnbrook, Ensmfi
Padutin® (hog pancreas kallikrein), Bayer, A.G., Leverkusen, Germany. Serotonin
S-hydroxytryptamine creatinine sulphate, Hoffmann-la Roche & Co., Ltd. Basel, Sv'.ll-
zerland. Trasylol® (protease inhibitor), Bayer, A.G., Leverkusen, Gcnnar{m Trypsin.
Trypsin, twice cryst, washed free of salt, TRSF, Worthington Biochemical Corp.
Freehold, New Jersey, U, S. A.

"\ Assayr. The Linin determinations were carried out on the isolated rat uteris &
“bracketing assays”, with @ standard dase ratio 3: 2. Bradykinin was used as stacdord
7

B. Methods. . 3

Determination of factors of the kun system. Determination of the kfmnoge{: !m;ﬂ:ﬂ
activated by incubation with plasma Kallikrein, the kininogen lmcu?n activated { nz
urine hallikrein, total hininogen by incubation with (1) plasma k:llikren? and (Z)_U"d
kallikrein and determination of rat plasma prekallikrein were as described previousty

RISEID ef al. 1970b). . o
(BRnI paw oedema test. 0.1 ml of a 1% (wlv) suspension of cmagecn;rl: ""nl%g(?:;
sodium chloride solution was injected through a 0.35 mm X 15 gauge nee ;u"urz e
plantar tissue of the right hind paw of an unanaesthetized rat. ln'ma:dmely e
injection, the volume of the paw was measured, using a dnffcr_enual Vo!;x:rel 3
instrument (U. Basile, Milan, ltaly). Measuring was lhen‘ :arn«! fsv:ul :olum; Y e
hours respectively, and the average value was Cc.m'{p.nred wnh. the mm:;mm"er g
fo estimate the per cent increase. For each inhibition cxymmcm,':“ o, To e §
were used divided at random into one control group and one
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Table 1.

Inhibition of carrageenin-induced rat paw oedema by serotonin infected intraperitone-
ally. Precision of the method,

Intrapenitoneal injection: Serotonin in saline, 1 mif100 g (0.1 % wiv).
Paw injection: Carrageenin suspension in saltne, 0.1 mifrat (1 % wiv).
30 minutes between intraperitoneal and paw injection.

Series I: § -+ 5 rats in each experiment.

Series I1: Series ] rats and 3 + 3 rats in each experiment.

For further details seg text,

Per cent increase in rat paw .
Series | EXPeri- | Intraperitoneal volume after time in hours Inhibition
ment injection per cent
1 2 3 Average
Serotonin 31 2 5 35
1 No injection 34 a4 59 46 2
Serotonin 25 30 a1 32
2 No injection 2 2 54 39 18
Serotonin 2 3% 54 P
1 3 Noinjection | 31 56 6 54 2
Serotonin 2 2 a5 3
4 No injection 2 a1 6 4 21
Serotonin 30 34 52 39
5 No injection 31 50 6 48 19
Serotonin B ) 51 a
1 No injection 37 8 63 49 16
Serotonia 2 ) 2 2
2 No injection 21 m 57 4t 2
Serotonin 38 2 59 "
n 3 Noinjection | 35 58 80 58 2
Serotonmn 30 27 3 3
4 No injection 20 40 60 40 18
s Serotonin 3 2 50 a7 »
Noinjection | 29 50 67 r
—_
I MeanS.D, 212£28
Ul Mesn28.D. 202432

control rats a volume of saline corresponding to the volume of drug solution given to
the test rats was administered intraperitoncally,
Comments on the technigne.

Rar. Paw ocdema rest. Swelling of the carrageenin-injected right hind paw reached a
92k in 3 0 4 hours, and then retained the same degree of oedema for at least 2 hours.
L o
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Table 2,

Effects on carrageenin-induced rat paw cedema of various substances injected ntre-
peritoneally,

Number of rats in control and test groups: 5.
Intraperitoneal injections: 1 mI/100 g rat. (Eltagic acid 2 mIf100 g rat).
Paw injections: 0.1 mifrat of & 1 % (w/v) suspeasion of carrageenin in saline,

Por further details see text.

Per cent increase in rat paw]

. Time in "
Er:l::‘: Intraperitoneal mioutes | volume after time in hours h:.h‘b"
injection before lon
number carrageenin | 1 2 3 Aver per cent
age
Trypsin, 25 mg/kg 30 7 11 1 113
1| saline - 7 % @ u1| ¥
N Trypsin, 25 mgfkg 120 13 19 28 200 ®
Saline - 15 39§51 350
Padutin®, 100 KUfkg!) 30 2 34 s 3|,
3| Saline - 25 36 55 387
o | Serotonin, 10 mgng 30 78 0 nr| oo
Saline - 13 2 3 2490
Trasylol®, 100000 KIU/ke?)| 45 510 24 1o ,
5| satine - o2 B B
Bradykinin, 2.5 me/kg 30 0 2 3% BT L,
6 | saline - 13 38 43 313
Bradykinin, 5.0 ma/kg 30 16 18 3 23] g
7| Satine - 31 m 4 D
Bradyinin, 2.5 mg/ke 60aper | 12 23 35 B3| 4
81 saline - 16 25 3% 257
Histamine, 25 mefkg 7 B 1l 28 187] 4
9 ) suline - 5 15 36 187
Histamine, 25 mg/kg 30 6 13 35 180
10| sqline - 1 19 46 IS0
N Ellagic acid, 0 6 mg/kg 30 7 % % AT g
" saline - 15 3 52 343
Ellagic acid, 06 meg/kg 120 12027 39 260) 4
12 ) satine - 2 % 52 367
Ellagic acsd, 0 6 mg/kg 60 afier | 20 46 55 397 |4 g
1B | satine - 1@ 26 40 267 [gas

3) KU = Kallikrein units,
%) KIU = Kallikrein inactivator units

The average volume of measurements at I, 2, an
the calculations. The vofume of the saline-ini:ct

d 3 hours was 3ccoi

ed left hind paw was also me:
could, howevet, be

after 1, 2, and 3 houry

observed during this period, and hence 1l

he caleulations of the carra

rdingly chosen for

asured

gecnin-induced
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Table 3.

Effects on total kininogen and prekatlikrein in rat plasma of various substances injected
intraperitoneally.

Intraperitoneal injections: 1 m)/100 g rat. (Ellagic acid 2 m1/100 g rat).

Total kininogen activated by rat plasma hallikrein followed by rat urine kallikrein.
The batches of kallikrein preparations were tested for their kinin releasing activity in
comparison with a standard batch.

For fusther details see text.

Kininogen Timein |Kinin released| ]
and s Intraperitoneal minutes be-| per ml plasma| k‘:‘?‘“‘““' y
prekaltikrein| o infection fore blood | as bradykinin | KFei tes
‘batch number| collection T | standard
e | %
-1 20 - - 20 100 1.0
8 7 Trypsin, 25 mgfkg 10 13 65 0.7
9 8 Trypsin, 25 mgfkg 30 11 55 04
10 11 | Trypsio, 25 mg/kg 120 181 %0 | o9
1 7 Padutin®, 100 KU/kg 30 2.0 | 100 08
12 8 Serotonin, 10 mg/hg 30 17 B3 0.6
13 7 Trasylol®, 105 KIU/kg 45 1.8 90 0.4
14 5 Bradykinin, 1.5 mglkg 30 15 s i3]
15 6 | Bradykinin, 1.5 mefkg 120 7] 8| 10
16 7 Histamune, 25 mg/kg 30 15 75 0.7
17 7 Histamine, 25 mg/hg 120 17 85 0.8
18 7 Ellagic acid, 0.6 mg/hg 30 15 75 0.9
19420 | 7+8 | Ellagic acid, 0.6 mg/kg 120 18] %0| o6

volume increases were based on the iniial measurement of the same paw.

X The day to day vaniations 10 carrageeme-induced Increases in paw volume were some-
times quite constderable, and 1t was considered 1mportant to test a group of control rats
1n parallel

The precision of the method was tested with serotonin, a substance which only
€Xets & moderate inhibiting effect under the conditions used. Table 1 shows the results
of .ﬂpcximents carried gut both with groupe af 5 and with groups of 8§ vats over 2
peried af 2 meonths. The A s ¥ ¥. In ¥te precision
e‘p:pmznts the intraperitoneal injection of saline to the control rats, which was
routinely carried out in all the other experiments, was omitted. The results can ac-

cordingly not be compared with the results shown in table 2.

Results
Table 2 shows the effects of various sub on car in-induced rat
Paw oedema, All the substances tested inhibited, to a varying extent, thes
development of oedema except for hog pancreas kallikrein (padutin®),
-
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ellagic acid was given during the development of oedema instead of before
the carrageenin injection, an increase in oedema was observed. When
bradykinin was given at the same point of time no significant effect on the
oedema was seen.

Table 3 shows the results of d inations of the total kininogen and the
prekallikrein in plasma obtained from rats treated with the same substances
as had been tested for their rat paw oedema inhibiting effects. All the sub-
stances tested caused a fall in total kininogen except for the protease in-
hibitor trasylol® and hog pancreas kallikrein (padutin®), but the effect of
serotonin was not clearly significant (BRISEID et al. 1970b). However, the
effect of in on the kini fraction activated by plasma kallikrein
(table 4) was very marked.

In addition it should be mentioned that even if padutin did not alter the
total kininogen, the enzyme markedly reduced the kininogen fraction activa-
ted by rat urine kallikrein {table 4).

Taking into consideration the precision of the method and the variation
between groups of rats (BRISEID et al. 1970b) all the substances tested except
padutint and bradykinin caused a reduction in the level of prekallikrein in
plasma.

In addition to the total kininogen, table 4 shows the amounts of kininogen
activated by rat plasma kallikrein and by rat urine kalhkrem These data were
then used to calculate the of the hypothetical Kini: fractions
S1%, S1T and 52 (BRISEID et al. 1970a). Acccrdmg to this paper plasma
kallikrein releases kinin from 2 kininogen fractions, SI! and S17, while urine
kallikrein releases kinin from the 2 kininogen fractions $1!' and S2. Table 4
shows that trypsin reduced the amount of both fraction $17 and S11, while
the other substances tested seemed to alter only the amount of fraction
S1M. $2 was not significantly influenced by any of the substances tested. (One
of the substances, padutin®, significantly increased the S1Y fraction, while
S1U was correspondingly reduced) It should be emphasized, however, that
the error of the data, ob y as di values, are so con-
siderable that only pronounced differences from the control material should
be considered.

Discussion

The kinin system in the rat paw cedema test. Several research workers
have produced evidence for the participation of the kinin system in inflam-
matory reactions, and the rat paw oedema test has frequently been used as a
model. Kinins or kinin-like sub were d d in fluid collected
from rat paw ocdema induced by thermal influence (Roctia E Siva & An-
ToNe 1960; STARR & WEST 1967), serotonin (Bonta & De Vos 1965 &




K. BRISEID, F. C. ARNTZEN AND O. K. DYRUD

270

90 o 80 8T ot L £49 3w g g 'prov adeyd 8+ 0T+ 61

90 (14 Lo s1 80 60 vE Sy/3w 9 0 ‘prye el L 81

0 o 20 L 60 (23 [ 3R [3wr G *SUIITISIH] L L

¥0 50 90 st 60 L og 2y/Bus 57 ‘SULmBSIHL L 91

g0 +'0 g0 Ly 60 1 ozt 33/3w gy ‘umpiApeag 9 st

14\l Lo Yo <1 133 1 o¢ /3w '] ‘upunAprig S L3

90 90 90 81 71 Tt 114 SHODA <01 ‘@lolAstIL L €1

Lo 50 <0 I (A o1 o B/ 01 ‘Bwol0Ng 8 u

90 o o1 0T o1 ' 0e 33/0131 008 ‘guinPEd L u

90 90 90 T (41 (41 (748 93w g7 ‘wisdAry, 1 (13

o so o T 60 Lo 0ot Iy/Buw 67 ‘uisdday, 8 6

€0 90 o €1 T 80 at /B g7 ‘wisdAIL L 8

50 60 90 0T 1 ST - - 06 L1

s uis 11§ i 1 1 |uonasyon pooiq wonalm e | g yaeg

330529 feauortadenuf o uadoutury

upupiApeiq 31 se ewseld [w 13d PIsLI[AI UMY £JNGIWL W SWILY, pqUION

*Jx37 938 S|IEIAP SIYUNJ 204

*(eOLGY 0 12 Q1ISTEE) 118 SNy Sem uon

-ouy 1uy Suju ayy, “A(aanaadsax T PUE TI U PUR I PUE TII SUWIN{0D ut TILP

3} USGMIS] SIIUAIAFIP A} §€ POIE[NIIED 1M TS PUE IS SUOIEY eanoyiodAy oYL

“uanyi[[ey Sunm jel pue Uaryley ewseld ju1 4q paseanor usFouwi 1E10L Ul
uoneredasd

upsaNy[eY SUNR 1Bl JO JUNOWE $S3IXD UT AQ PATANOE BOHSEH} uafoumry 4L ‘11
. -uoperedard

Eo‘i_:nxmEmEn.EuoEsoE«mﬂuxucu Aq pajeAndT uonaely uajouury 24yl I

“yjwauoy
-tadpapuy pardalup saoupisqns snouva fo vuisoid vty suOUIVL uaSouupy vo s139ffd

: b 2190l



INHIBITION OF RAT PAW QEDEMA 273

observed. Of particular interest was the observation that an intraperitoneal
injection of ellagic acid during the development of oedema significantly
added to the oedema volume, This effect might well have been caused by an
immediate release of Kinin in the blood.

The species unspecific kallikrein preparation padutin, which does not
deplete rat plasma kininogen, had no anti-oedema effect. The polyvalent
protease inhibitor trasylol did not influence the kininogen, but caused a low
prekallikrein value, and a significant inhibition of the paw oedema.

Effecis of the various substances tested on kininogen fractions. The species
unspecific hog pancreas kallikrein (padutin®) did not alter the total kini-
nogen, but reduced the S17-fraction and correspondingly increased the S1%-
fraction {table 4). This observation suggest an interrelationship between the
two kininogen fractions, a finding which makes further investigations neces-
sary. The fact that all the other substances tested which had an effect on the
kininogen, apart from trypsin, only reduced the amount of the S1%-fraction,
leaving the S1l-fraction apparently unchanged, does not necessarily mean
that the first-mentioned fraction was directly influenced. A reduction in the
amount of 81t followed by a conversion of 311 to $1! would lead to the same
Tesult, As mentioned previously it should be stressed that the data given in
table 4 for the 3 hypothetical kininogen fractions are not very precise, since
they were obtained indirectly. Only marked deviations from the control
figures should be taken into consideration.

A comparison of the effects of in, hi: ing and bradykinin, and
also some other substances tested for their inhibition of can in-induced
rat paw oedema and for their effects on parameters of the kinin system,
d L

a

between the two sets of examinations.
This result provid i for the ption that the anti-oed: effect
of the above mentioned substances is due to an effect on the plasma kinin
systen.
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A Comparison of the Inhibition by Cardiac
Glycosides of the Isolated Intestine from the Rat and
the Guinea Pig
By
Gudrun Briseld and Kjell Briscid
(Received Tuly 7, 1970)

Abstract: A method dcscnbed by BELTVEDT & Briseib (1966) and BreLTvEDT
(1967) for the of the inhibition by cardiac i of the
isolated, histamine-stimulated guinea pig ileum was modified to estimate the
inhibition of the acetylcholine-stimulated rat jejunum. The glycoside concen-
trations cavsing 50 % ibition of tt isotonic i were
determiped, and the procedure was based ou 20-minute contact perfods between
the muscle i and the i and then 22-minut

equilibration periods with chemical stimulation. The degree of inhibition was
found to deperd on the potassium content of the Tyrede solutions used. In a low
potassium Tyrode solution (1.8 mM) the inhibition of the rat intestine by ¢ardiac
glycosides was found to be of the same order of magnitude as the inhibition of
the guinea pig intestine. When the potassium chloride concentration was in-
creased to 2.7 mM, the well Lnown species difference was observed, the con-
centration of cardiac glycoside required for inhibition of the rat intestine being
about 30 tmes higher than that required for inhibition of the guinea pig intestine,
The range of potency of the different cardiac glycosides and aglycones which
wege tested in the low potassum Tyrode solation, was the same for the two
specics. Presupposing an inhibition of Na*, K*-activated transport ATPases as the
basic mechamsm for the inhibition by czrdlac glycosides of the isolated in-
testine i a theory of i between the transport
enzymes in the two species is advanced In the rat infestine the presence is
suggested of one ATPase which is rather resistant to inhibition by cardiac
glycasides, but semsitive 10 & reduction in patassium concentration, in addition
10 a glycoside-susceptible ATPase also present in the guinea plg intestine.

Key-words Digtalis glycosides — smooth muscle inhibition — species dfference,

Recent studies indicate that there is no correlation between the considerable
oe in species ptibility to cardiac gly and the boli:
rate of the glycosides (HCRRMaNN & RrPKE 1964a & b; HERRMANN et al., 1964).

A clear patallelism was, however, pointed out for several specles bemeen the~
ne
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inhibition by cardiac glycosides of the Na*, K*-activated membrane ATPases
from heart muscle on the one hand, and the effect on isolated hearts or intact
animals on the other (REPKE et al. 1965).

The low susceptibility to digitalis glycosides of the rat as compared with
the guinea pig is well known. This species difference was also observed i
experiments on isolated hearts (GERSMEYER & HOLLAND 1962; LULLMANN &
Hotiano 1962). In a previous investigation (BIELTVEDT 1967) the inhibition
by a number of cardiac glycosides and agfycones of the isolated guinea pig
ileum was determined. Similar experiments have now been carried out on the
isolated rat intestine to examine if the marked species difference observed in
isolated hearts was also detectable in the isolated intestine.

Technique

1. Procedure, The procedure described by BieLTVEDT & Bristrp (1966} for guinea pig
fleum was used with the following modifications: Pieces of jejunum from fasted ad
freshly Ailled albino rats weighing 140-205 g were used, The load an the muscle way
gsually 1.4 g (range 08-1.6 g). Acetylcholine at concentrations of 40 to 320 ng/mi
{modified ‘Tyrode solution, see table 2) was wsed as agoninn. Only one antagonist
(cardiac glycoside or aglycone) was used for each piece of jejunpm, out in increasing

Table 1.

Concentration ranges used of different cardiac glyco-
sides and aglycones for the esumation of the inhibit-
ing effects on the acetylcholine-stimulated, isofated
rat jejunum. Modified Tyrode sofution: See table 2.

Substance Concegtration range

ag/ml
Verodoxin 70- 100
Gitalotin 70~ 240
Digitocin 60- 200
Strophanthin-G 200~ 340
Digoxia 300- 600
Digitoxigenmn 500-1400
Lanatoside C 580-1570
Gitovin 1000-1680
Digovigenin 12004900
Digitalinum verum 21003500
Gitovigemn 50009800
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doses as described previously (BIELTVEDT & BRISEID 1966). This means that an experi-
ment was considered to be finished when the concentration of antagonist causing a
50 % reduction of the imal ine-induced ions could be calen-
lated. Each result was caleulated on the basis of the average effect obtained with
digitoxin, which was used as standard substance and frequently assayed over the
etperimental period. The average concentration of digitovin causing a 50 % reduction
of the agonist effect was 133 ng/ml (range 79~191 ng/ml).

2. Glycoside and aglycone concentration. Table 1 shows the concentration ranges
required of the different cardioactive substances in a modified (see table 2) Tyrode
solution. Each range is based on several experiments, For most of the substances stock
solutions were made vp in 96 % ethanol. The final alcohol concentration in the organ
‘ath never exceeded 0.8 %. Gitaloxin, gitoxin and verodotin were dissolved in a mixtuse
of chloroform and methanol (L+ 1 v/{v). The ion of thanol
mixture in the final solutions never exceeded 0.2%, for gitaloxin and verodoxin, and
02 % for gitoxin.

3. Materials and Tyrode solutions. Gitaloxin, verodoxin: Bochringer & Soehne, GmbH ,

im, Germany, Digitoxigenin, digitoxin, digoxigenin, digoxin, gitoxigenin, gitoxin:
Fluka AG,, Buchs, i d. Di verum: H La Roche & Co. Ltd,
Co., Basle, hin-G (g i cryst., Ouabain): Merck
A. G, Darmstadt, Germany. Lanatoside C. Sandoz, Ltd., Basle, Switzerland. Table 2
shows the Tyrode solutions used.

Comments on the technigue

1. Use of rat jejunum instead of rat ilenm. In order to make a comparison with
previous experiments on the isolated guinea pig ileum (BIELTVEDT & BRISEID 19663
BIELTVEOT 1967) rat ileum should be used as the test organ in the present work.
Preliminary experiments, however, showed that rat jejunum regularly gave more stable
responses to agonist stimulation, and that the tendency to curvature of the dose effect
curves was less proncunced than for the rat ileam preparations As the concentrations
of agonist tequired to cause submaximal comtractions were the same, and as the
concentrations of cardiac glycosides required for agonist inhibition were also roughly
the same for the two parts of the rat intestine, the jejunum was chosen as the test
preparation in the present work

2. Use of acetyicholine o5 agonist. In the previous work on cardiac glycoside inhibition
of the 1solated gumea pig ilesm (BIELTVEDT & BRISEID 1966; BIELTVEDT 1967) histamine
was used as agonist. Because of the well known lach of response 1o histamine of the
isolated rat intestine, acetylcholine was used as agonist in the present experiments. The
use of acetylcholine should however, not compromise the :omp;\nson between the two
species, P that the of

required for suhma“m;\l contractions were roughly the same for intestine preparations
from the guinea pig and from the rat, and also that the inhibitng cancentrations of
digitoxin were of the same order of magnitude.

3. Use of one antaganist only Jor each jejunum preparation. In previous cxper
with the isolated guinea pig ileum, a technique was adopted in which the
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Table 2.

Tyrode solutions used,

£ substance per 100 ml

Tyrode NaCl CaCly KC MgCly NaHsPO, NaHCO; Glueose
Normal .80 062 0.02 0.01 0.005 Q.10 0.10
Modified 0.81 0.01 0.013 - “ . .

washed free from the cardiac glycoside or aglycont by means of a Tyrode solution
with increased potassium content {BIELTVEDT & BRISEID 1966). The muscle was then
ready for contact with a new antagonist. Such a procedure allowed the testing of the
standard glycoside, digitoxin, and another cardicactive substance in porallel op he
same piece of intestine. In the present work a strongly reduced contraction to acetyl-
choline was regularly observed after inhibition of the rat intestine by a cardiac glyco-
side followed by the above mentioned washing procedure. A further assay of another
antagonist could thus not be carried out, With regard to the low potassium contentof the
modified Tyrode sofution (table 2J as the main basis for the depression of the ruf
intestine, see “Results™ and “Discussion”,

Results

Estimations of the rat jejunum inhibiting effects of 7 cardiac glycosides and
3 aglycones were carried out with digitoxin as standard substance, The results
are shown in table 3 which also gives results taken from similar experiments
carried out previously on the isolated guinea pig ilewm (BreLrvepT 1967)
It can be seen that there was a close correlation between the range of poten-
cies of the cardioactive substances for the two species. The amounts of
“flycosides and aglycones required for SO %, inhibition were of the same order
of magnitude, soughly twice as large concentrations being required for the
inhibition of the rat jejunum than for inhibition of the guinea pig ?lsum, The
only substance which markedly differed in potency in the two species )vas the
glycoside gitoxin, a concentration of about 6 times higher being r_cq'ulm‘.for
the inhibition of the rat i ine than for inhibition of the guinea pig intestine
1t should be mentioned, however, that the gitoxin preparation previously used
in the experiments on the guinea pig ileum was found by paper ?l"‘;mﬁ:::
graphy to contain as much as 15-20 % of the highly ‘acuye dngltoxm'( ifm;
veptT 1967). The inhibitory effect of the present gitoxin prcp_afa!wn
found to be almost the same on the guinca pig ileum and the faf ]eiUZf;‘”c’a ©

All the experiments were carried out in 2 Tyrode sot.uuoq m01‘ 8’ T
contain 66 % of the usual amount of potassium chloride, &e 1-
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against 2.7 mM (BIELTVEDT & Briszip 1966). Moreover the calcium chioride
concentration was lower in the modified Tyrode, 50 % of the normal, and
corresponded to 0.9 mAL

Experiments carried out with digitoxin as test substance in normal Tyrode
solution showed that the decrease jn inhibition caused by an increase in
potassium content deviated markedly for the two species. While the amount
of cardiac glycoside required for 50 % inhibition of the guinea pig intestine
increased about 4 times (from about 70 to about 260 ng/ml), the amount
required for the rat intestine increased about 60 times (from about 140 ng/ml
to sbowt 8 pg/ml). Fig. 1 shows 2 typical experiment with rat jejunum in
notmal Tyrode as well as in Tyrode solution 1.8 mM as against potassium
chioride, It can be seen that a considerable digitoxin concentration was re-
quired for 50 % inhibition in the normal Tyrode, more than 5 pg/ml was
necessary, while about 126 ngjml sufficed in the modified Tyrode solution.

Table 3.

Inhibition by cardiac glycosides and aglycones of the isolated acetylcholine-snmulated
rat jejunum and the histamine-stimulated guinea pig ileun.

Estimation of the jnhibitory effects of 10 different substances, digitoxin being used as

standard sabstance The average value of digitotin cousing 50 % inhibition was 133

ng/ml (12 experiments, range 79-191 ng/ml) for rat jejunum and 70 ng/ml (12 experi-

ments, range 56-90 ng/mi) for guinea pig {leum,

The guinea pig ileum results were taken from a previous paper (BICLTVEDT 1967),

The Tyrode solution was modified o contain €6 % of the normal potassium and 50 %

of the normal calcium

For further details see text and BILLTveDT & Braseip (1966).

ngfml cavsing Relative activity
50 % inhibifion test/standard
Cardiac glycosides mean values per cent, molar
and
Ratjejnom  GUR€aPIE | poyioiunym  Guinea pig
ileum iteum

Gitalovin 106 43 134 159
Verodoun 96 32 13 148
Strophanthin-G 285 160 46 50
Digouin 629 230 21 33
Lanatoside C 983 495 18 15
Gitoxin 1613 245 9 20
Digitoxigenin 994 545 7 5
Digitalinum verum 3010 1950 5 4
Digovigenin 2723 1585 3 2
Gitosigenin 7404 3125 1 ey




280 GUDRUN BRISEID AND KJELL BRISEID

I

1 1l e

ccha c
1 b4 I v

Fig. 1. Inhibitory effect of digitoxin on the isolated acetylcholinc-slimu!a(:d rat jejunum.
Experiment 1: T, IL Modified Tyrode solution, 1.8 mM potassium chloride.
Experiment 2: 111, 1V. Normal Tyrode solution, 2.7 mM potassium chlaride.
1, . Acetylcholine effect before digitoxin inhibition.
10, IV. Acetylcholine effect after 20 minutes’ contact between
the muscle and digitoxin, IT: 126 ng/ml, 1V. 5 pg/ml.

Acetylcholine concentration.

a: 40 ng/ml £ 40 ng/ml
b: 80 - g 60 -
c: 160~ h: 80 -~
d: 320 - i 120 -
e 640 = j 160 -

The letters refer to the marked and the subsequent cycles.

Discussion

According t0 GODFRAIND (1964) the inhibitory action exerted by f:{lrdi“
glycosides on chemically stimulated smooth muscle is due t@ the in}xi.ia\l{ol_\ of
active transport. Na*, K*-activated membrane ATPases, specifically inhibited
by cardiac glycosides, have been detected in the intestinal epithelium of lh:-
guinea pig as well as of the rat (TAYLOR 1962; BIRG & CHAPMAN 1965,39‘ g
& SzrxerczEs 1966), and it seems reasonable to suggest that the inhibition
described in the present work on jsolated intestine prepnm.tim:xs. ffcm the ral:
and the guinea pig by cardiac glycosides, is due to the inhibition og s.;!;e
enzymes. In this case 2 pronounced species dilf.crence would be expccc;; 'arcd
strong resistance to digitalis glycosides of the isolated rat heart, as comp
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with the isolated heart from the guinea pig (GERSMEYER & HOLLAND 1962;
LULLMANN & HOLTAND 1962), was also observed for preparations of Na*, K*-
activated ATPase of heart muscle from the same species (REPKE et al, 1965),
while the in vivo difference in toxicity of cardiac glycosides in the two species
is well known, It might accordingly seem surprising that no significant differ-
ence in inhibition by cardiac glycosides was observed in the main series of
experiments presented in this work, between intestinal preparations from the
rat and the guinea pig. These experiments were, however, carried out in a
Tyrode solution modified to contain a lower concentration than usual of
potassium chloride (1.8 mM against 2.7 mM) and also of calcium chloride
(0.9 mM against 1.7 mM). On the other hand, experiments carried out to
examine the inhibition by digitoxin of the holi imulated rat in-
testine and guinea pig intestine in normal Tyrode solution (2.7 mM KCl and
1.7 mM CaCls) clearly demonstrated a marked species difference, 30 times
higher concentrations of the cardiac glycoside being required for the inhibi-
tion of the rat tissue than for inhibition of the guinea pig tissue. As will be
evident from the further discussion, the predominant reason for the elimina-
tion of the species difference in the modified Tyrode solution was the lowering

of the p jum jon ation, the d in calcium ion concentration
contributing only insignificantly.
The reduction in the ium ion ion was originally carried out

to increase to some extent the susceptibility of the guinea pig ileum to in-
hibition by cardiac glycosides, and to steepen the log glycoside-inhibition
curves (BIELTVEDT & BRISEID 1966). The use of a Tyrode solution with Jow
calcium ion concentration was, however, not introduced especially for the
experiments mentioned above, but had been used routinely in our laboratory
to elimi D of the guinea pig ileum which were
otherwise i bl In the above ioned work (BIELTVEDT
& BRISEID 1966) it was demonstrated that the increase in sensitivity of the
guinea pig ileum to digitoxin in the modified Tyrode solution was pre-
dominantl, d by the d in p ium fon ion, the
low calcium jon concentration being of less importance for the effect. Ex-
periments cartied out in the present work with isolated rat intestine in a
Tyrode solution with 1) normal calcium chioride concentration (1.7 mM) and
low potassium chloride concentration (1.8 mM) and 2) low calcium chloride
concentration (0.9 mM) and low um chloride (1.8 mM)
gave results similar to those obtained on the isolated puigea pig ileum: The
degree of inhibition by a cardiac glycoside was oaly slightly influenced by the
change in calcium jon concentration,

The importance of the concentrations of sedium and potassium for the
inhibition by cardiac glycosides of the Na*, K*-activated membrane ATPase
is well known (Dunitam & GLYNN 1961; BIRG & SzEKERCZES 1966). In
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comparative experiments on intestinal epithelium and red celfs from rats the
last mentioned authors pointed out that ouabain was a stronger inhibitor in
assays of intestinal enzymes than in assays of red cell enzyme only because
different potassivm and sodium concentrations were used. With an increase
in the potassium/sodium ratio the apparent difference between the two tissues
disappeared. It seems probable that an inhibition of Na¢, K*-activated mem-
brane ATPases by the cardiac glycosides is the basic mechanism for the i
hibition of the isolated intestinal preparations observed in the preseat work,
and also that the ion in ium/sodium ratio eliminated the inherent
diffe e in species ptibility to the glycosides. In the Tyrode solutions
commonly used the sodium chloride concentration is 137 mM and the potas-
sium chloride concentration 2.7 mM, which means that the amount of
sodium ion roughly corresponds to that of the extracellular flnid, while the
amount of potassium jon is lower., The species difference was, however, first
eliminated in the modified Tyrode solution in which the potassium ion con-
centration was further reduced to 1.8 mM. Thus in vivo, the Na*, K*-activated
ATPases of the rat intestine will be only insignificantly jnhibited by concen-
trations of cardiac glycosides which will markedly inhibit the intestinal en-
zymes of the guinea pig. REPKE et al. (1965) concluded from their experi-
ments on the inhibition by ouabain of the transport ATPases from 4 species
that the p i ism was probably not the basis of the species
differences. The potassium jon concentration was, however, only altered in
the concentration range over 2.5 mM.

Different interpretations of the present results are possible, but the fflﬂ
that a reduction in potassium concentration practically eliminated the species
difference might indicate the presence in the rat intestine of one ATlTN
rather resistant to cardiac ghycosides, but itive to a reduction in p
concentration, — in addition fo a glycoside susceptible ATPase which is also

' present in the guinea pig. Some evidence in support of such a theory was also
/.- provided by experiments in which intestinal preparations from the sat and
from the guinea pig were conti ly stimulated by imal acetylcho-
line concentrations in normal (2.7 mM) and in fow potassium Tyrode (18
mM). While the contractions of the isolated guinea pig intestine were rela-
tively unchanged for periods of at least 6 hours in both normal and in .!GW
potassium Tyrode, the contraction height of the rat inlesline’prepamtwﬂ:
remained stable in normal Tyrode, but declined relatively quu':kly (fto2
hours) when the low potassium Tyrode was used. In addition it should b¢

mentioned that there are reports in the litcrature pointing 10 A‘l““‘““““
hanisms in the 13l

differences between the sodium/potassium pump med !
intestie as compared with the intestine in other specics (RONINSON 1967;
it d in the low px Tyrode for cardio-

The range of inhibiti 7]
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active glycosides and aglycones, and which was found to be the same for
both species, might reflect their relative affinities to the tissues (GODFRAIND
& Lesne 1968).
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Abstract: The ability of the lver, intestine and kidney to metabofize chlor-

ine (CPR} and p-nil ic acid (NBA) was studied in the human
foetus. Low levels of CPR metabolizing activity were present in all the tissues
studred, but only the liver and intestine were capable of metabolizing NBA. We
were nat able to detect any cytochrome P-450 in the liver microsomal fraction.
The enzymes metabalizing CPR and NBA are located in the liver microsomes,
they require NADP and the 100,000 X g supernatant fraction or NADPHy for
full activity, are intubited by carbon monoxide, and have Michaelis constants of
the same order of magnitude as found in the enzymes from experimental animals.
‘The above mentioned tharacteristics of the foetal enzymes strongly suggest that
they belong to the same class of NADPH;-dependent mixed function ovidases
which are detected in the hivers of adult humans and animals and which are
thought to be responsible for the greater part of ovidatve and reductive drug
metabolism.

Key-words: F -dr

) In general, foetal and newbom animals have a limited capacity to meb’.lb'
olize drugs (PARKE 1968). The microsomal enzymes of the liver which

idatively bolize drugs, including cytoch P-450, are more or Jess
absent in the foetus, but increase rapidly after birth in the rat, reaching adult
Tevels at about 30 days (KaTo et al. 1964). The reduction of nitro and azo
compounds is also impaited in newborn animals (Fouts 1962). Similarly,’lhc
ability of foetal tissues to synthesize conjugates of drugs and their metabolites
is minimal or altogether absent in most instances, though on the other hau_d,
Iphate fi ion have been reported to be present I

lation and sulp
non:ml adult levels (VesT & Rossiir 1963).
In a previous investigation we have determin
tissues to oxidize chlorpromazine (CPR), hexoba,
and meperidine (pethidinum NFN), to reduce p-

ed the ability of human foctal
rbitone (enhexymalur NFN)
nitrobenzoic acid (NBA),
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and to conjugate p-nitrophenol (PELKONEN et al, 1969). In the present paper
we report more exact data on the metabolism of CPR and NBA by human
foetal liver, intestine and kidney and some of the characteristics of the re-
spective liver enzymes.

Material and Methods
Mothers ond foetuses,

Foetuses were obtained from the Department of Gynaecology where legal abortions
were performed. We have no exact data of the medication of mothers before the
abortion. The method of abortion used was the so called minor section. The age of
the mothers varied from 21 to 40 years. Most of them were in good health or the
abortion was made because of psychiatric disease. The weight of the foetuses varied

from 19 to 500 grams and their age ranged from 8 10 26 weeks as determined from the
last menses of the mother.

Tissue preparations.

The whole hver, kidneys and the small intestine were excised and homogenized in
four volumes of 0.1 M potassium phosphate buffer, pH 7.4 with a Potter-Elvehjem
homogenizer 1n the cold room (+2-+4°). Homogenates were centrifuged at 12,000 X g
for 20 minutes and the supernatants wete preserved and used for the experiments. In
order to obtain microsomes and the “soluble” fraction, the 12,000 X g supernatant was
centrifuged at 100,000 (g for 60 minutes with an MSE-S0 ultracentrifuge. All the
fractions were stored in the cold room at 0° unless the measurements were carried out
immediately. Only those tissues which were excised within half an hour of the abortion
werg used for the experiments

Enzyme assays.

The incubation mitture contaned 0.2 ramol of KCl, 01 mmol of MgCla, 0.006
mmol of glucose-6-phosphate, and 0.25 pmol of NADP. Under standard conditions
the substrates used was as follows: CPR 0.078 and NBA 3.0 ymol. The enzyme prepa-
ration and 0.1 M potassivm phosphate buffer, pH 74, were added so that the final
volume was 4 ml. The incubation time was usually one hour, but this varied from 15 to
120 munutes in some i The i ion was done in a shaker at
37° in atmospheric air for CPR and in a mitrogen atmosphere for NBA. In the latter
case Na was used, because the formation of p-amino benzoic acid declines to about
80 % in the presence of air (Fouts & Brobiz 1957). The substrate left {chlorpromazine)
or the metabolic product (p-amino benzoic acid) was assayed according to the follow-
ing methods; CPR by the method of Satzstan & Broore {1956) and NBA according to
Fouts & Brobie (1957). We made sure that under these incubation conditions there
was sufficient NADP-reducing activity to prevent it from becoming the limiting factor
for the reaction

Cytochrome P-450 was assayed by the method of SCHENKMAN et al. (1967).

Protein was assayed by the Biuret reaction,

Results

We were able to detect the disappearance of CPR in (hcdli" o ':}and
kidney 12,000 X g supernatants of human foetus, The v PR
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Fig. 1. Metabolism of chlorpromazine by foetal tisstes as a function of faetal weight.
Cofactor mixture is described in Material and Methods, The amount of substrate was
0078 pmol, and the 12,000 X g supernatant was used as an enzyme source. Incubation
time was one hour.

as a function of foetal weight is shown in fig. 1. The CPR-metabolizing
activity in the liver of the foetuses weighing 50 grams or less varied from
zero to 0.1 pmol per gram of tissue wet weight per hour, Foetuses of 100
grams or more, had CPR-metabolizing activity in all tests and the activity
varied from 0.10 to 0.17 pmol per gram of tissue wet weight per hour. Iz
the intestine and kidney a trace of activity was found which did not increase
with the increasing foetal weight.

NBA bolizing activity was d d in the liver and intestine, but not
in the kidney. Fig, 2 presents the results for NBA metabolism.
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Table 1,

Effect of storage on the metabolism of chiorpromazine. Tissues were homogenized in

0.1 M potassium phosphate buffer pH 7.4, and centrifuged at 12,000 X g for 20 minutes,

‘Whole tissues and 12,000 X g supernatants were stored in a cold room (+2° -+ 4°)

in ice before the experiments. Activities are d in mi of i

ehlorpromazine per gram of tissue wet weight per hour and also in percents of the
activity at the beginning of the experiment.

Time of Time of determination of enzyme activity after
homogenisation homogenization {days)
Tissue | 304 fte:
after
. . a 1 3 4
tissu reparation o
© (‘gzy"s) WO mel % pmol % |pmet % |pmol %
Liver L] 014 100 015 107 0.12 86
1 0.14 100 0.12 86
4 004 29
Intestine 0 005 100 000 o
1 0.04 80 000 0
4 001 20
Kidney ] 005 100 0.03 €0 0.00 [}

Effect of storage on metabolism.

The results of the storage experiment are presented in table 1. The activity
in the excised liver was preserved for at least one day, when it was stored in
a cold room in ice. The 12,000 X g supernatant kept its activity for several
days in a cold roam in ice. The intestine and kidney preparations were much
more labile as d to the liver pi ions kept in storage.

Metabolism of CPR as a function of time.

A typical experi for CPR ism in vitro as a function of time
is seen in fig. 3. The rate of metabolism of the liver was constant for up to
one hour. The rate of metabolism in the intestine and kidney preparations
slowed down in thirty minutes. The storage experiment also seems to indicate
that metabolic activities in the intestine and kidney are more labile than the

activity in the Jiver and that they become inactivated sooner under the experi-
mental conditions.

Cofactor requirements of enzyme systems.

Table 2 presents the cofactor requirements of the CPR and NBA metab-
olizing enzymes. NADP and the 100,000 X g supernatant were necessary for
full activity, The absence of MgCls reduced the activity to ¥4-14 of the stan-
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Fig. 1. Metabolism of chlorpromazine by foetal tissues as a function of foetal weight.
Cofactor mixture is described in Material and Methods, The amount of substrate wss
0,078 pmol, and the 12,000 X g supernatant was used as an enzyme source. Incubation
time was one hour.

as a function of foetal weight is shown in fig. 1. The CPR-metabolizing
activity in the liver of the foetuses weighing 50 grams or less varied from
zero to 0.1 pmol per gram of tissue wet weight per hour. Foetuses of 100
grams or more, had CPR-metabolizing activity in all tests and the activity
varied from 0.10 to 0.17 umol per gram of tissue wet weight per hour. In
the intestine and kidney a trace of activity was found which did nof increas
with the increasing foetal weight.

NBA bolizing activity was d 4 in the liver and intestine, but not
in the kidney. Fig. 2 presents the results for NBA metabolism.
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Table 3.

Cellular focalization of enzyme activity., Various cell fractions were prepared from

foetal liver by di ial i fon and incubated with 0.078 ymo! of chlor-

promazine and 3.0 pmol of NBA. Cofactor mixtures is described in Material and

Methods. Activities are d in mi les of bolized substrate per

of microsomal protein per hour except in B where the activity is expressed in micro-
moles per milligram of total protein per hour.

Metabolized substrate jumol X 108
CPR | NBA
A Whole homogenate 95 35
B 12,000 X g pellet fraction 02 0.0
C 12,000 X g supernatant fraction. 125 4.5
D 100,000 X g pellet fraction ... . 153 00
E 100,000 X g supernatant fraction ... 02 02
FD+E 106 44

h

and in the ined mi 1 and 100,000 X g supernatant
fractions. Separate fractions were incapable of metabolizing CPR and NBA
to any significant extent. It scems that the enzymes are Jocated in the micro-
somal fraction of the liver.

Kinetics of liver enzyme activity.
In fig. 4 and 5 the Lineweaver-Busk plot for CPR and NBA is shown,

The Michaelis constant was 0.77 X 10~ M for CPR and 0.67 X 10-3 M for

NBA. The maximal velocitics were 0.29 and 0.08 ymol per gram tissue wet

weight per hour, respectively. The itudes of the Michaeli

seem 1o indicate that both CPR and NBA are “real” substrates for foetal

enzymes.,

Temperature and pH optimi for enzyme activities.

Optimal temperatures for both enzymes were in the region of 40 to 45°.

Both enzymes have a rather broad pH optimum, the maximal point of which
is about 7.6-7.8.

Cytochrome P-450.

We tried to determine cytochrome P-450 in two large foetuses (280 and
500 grams), in the tissues of which CPR and NBA metabolizing activity was
detected. With the method and equipment used we could not identify the
presence of cytochrome P-450 in liver microsomes. However, the bubbling
?i tissue preparation with carbon ide before the experiment abalished
its drug-metabolizing activity.

19 Ada phacmacologica, vol. 29, fasc. 2
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Fig. 4. Effect of substrate ion on the ism of ch Cofactor

mixture is described in Material and Methods. The amount of substrate varied from
0.016 to 0.156 ymel, and the 12,000 X g supernatant was used as an eazyme source.
Incubation time was one hour.

Discussion

In our study with human foetal tissues we were able to detect low, but
significant CPR metabolizing activity in the liver, intestine and kidney 20d
also NBA metabolizing activity in the liver and intestine, As we reported
earlier (PELKONEN et al. 1969), hexobarbitone and meperidine were metab-
olized in some trials, but their activities were not consistent, Experiments

Kno = 07 167
Wmaxz 0077 pmoteniy tissarihe

4 el
g 1 7 g s
id.
. th " [ ack
Fig. 5. Effect of substrate on the “ubs“mnmd

Cofactor misture is described in Material and Methods. The amount O
from 025 to 5.0 pmol, and the 12,000 X g supernatant was used in determinations.

Incubation time was one hour.
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with p-nitrophenol were unsuccesful, contrary to some previous results (DuT-
ToN 1963).

We were also unable to detect cytochrome P-450 in the foetal Tiver micro-
somal fraction, although it has been found in the adult human liver (ALVARES
et al. 1969) and in the buman full-term placenta (MeiGs & Ryan 1968).
However, the observed metabolism of CPR and NBA presupposes such a low
coneentration of cytochrome P-450 that it would be difficult to reveal this
with the method and equipment used.

The data on drug metabolism in foetal and newborn life have been col-
lected by DONE in his review articles (DoNE 1964, 1966 & 1967). From the
studies which have been made with newborn and foetal animals some con-
clusions can be drawn: 1) oxidative and reductive detoxification processes
have been found uniformly to be deficient, and 2) there is less uniformity
among studies of conjugative processes, the findings of which vary somewhat
depending on the species, substrate or the type of tissue preparation wsed.
Most are, however, d

According to the above mentioned data there are few studies on the drug-
metabolizing activity of the human foetus and newborn and these are mostly
in vivo studies. Most of them have been planned to reveal the conjugative
ability of the human foetus and newborn and up to the present only the
acetylation of p-aminobenzoate has been found to be active (VesT & Rossitr
1963). There is only scanty information about the oxidative and reductive
ability of the human foetus and newbom and the results are negative. Arom-
atic hydroxylation of acetanilide in vivo (VEST & STREIFF 1959) and keto-
reduction of cortisol i vivo (MiGEON 1959) are both deficient in the newborn
human,

Recently many studies on drug metabolism in the human placenta have
been published (Juchau et al. 1968a & b; Juctav 1969). Investigators were
unable to detect various oxidative pathways, but they found that the placenta
reduced the azo and nitro groups. WELCH et al. (1969) found that women
who smoke cigarettes have high levels of 3,4-benzpyrene hydroxylase and
aminoazo dye N-demethylase activity in the placenta, while non-smokers
have little or no enzyme activity.

Looking at our results from a critical standpoint one must take into con-
sideration the limits of assay methods and equipment in determining low
activities and small concentrations. Our assays for CPR and NBA are more
accurate than the assays for hexobarbitone, meperidine and p-nitrophenol.
1t is quite possible, that if more accurate methods were available, the metab-
olic activity for other drugs would also be found.

It has been shown in adult animals that CPR and NBA are metabolized
in liver microsomes through the NADPHy-dependent enzyme system in which
cytochrome P-450 is the terminal oxidase (WitLiams 1961; GILLerme 1963;
9
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PARke 1968; GILLETTE et al. 1968). For example, KuNtzyan et al. (1966)
anAd ACKERMANN & HEWRICH (1970) have shown that human liver also con-
tains enzyme systems which catalyze different oxidative and reductive bio-
transformations. In many instances these enzyme systems were found to be
qualitatively similar to those found in the rat. Since cytochrome P-450 has
also been found in human liver microsomes (ALVARES et al. 1969) it s prob-
able that oxidative drug metabolism in human liver is mediated through a
similar enzyme system as in experimental animals, It seems probable that
differences are qualitative in some cases but mostly quantitative in nature.

Our results show that the enzymes metabolizing CPR and NBA in the
human foetus, are located in the Jiver microsomal fraction, require NADPH:
or NADP and 100,000 X g supernatant fraction for full activity and are
inhibited by carbon ide. The Michaeli were 0.77 X 10-'M
for CPR and 0.67 X 10-°M for NBA. The kinetic constants for human foetus
are of the same order of magnitude as for adult animals, for example the
Michaelis constants were 1.8 X 10M for CPR in the rat liver enzyme
(RuBIN er al, 1964) and 0.68 X 10~2M for NBA in the mouse liver enzyme
(SASAME & GILLETTE 1969). The above mentioned characteristics of the foetal
enzymes strongly suggest that they belong to the same class of enzymes 2§
those detected in animal and human adults.

The maximal velocities for CPR and NBA metabolizing enzymes were
0.29 and 0.08 pmol per gram of tissue per hour. The values for rat fiver
enzymes were 6.7 (RUBIN ef al. 1964) and 1.4 (Kato ef al. 1969) respectively.
Thus the activity of foetal enzymes is only about 5 %, of the activity of adult
rat liver enzymes. However, in many of the cases studied the activity of drog
metabolizing enzymes in adult human liver is much smaller than in rat Jiver
(KUNTZMAN ef al. 1966).

According to Fouts & HART (1965) there are two reasons for the d_eﬁ-
-ciency in drug-metabolizing enzyme activity in the livers of foetal rabbits:
+1) a lack of stimulus to the enzyme forming system since provision of 2

timulator such as p} bital (pk lum NFN) could cause increased
drug metabolism ~ a state existing in late foetal life and early neonatal
period and 2) some defect in the enzyme forming system wiich rmakes &

P to a stimul impossible — i. €. a condition existing throughout
foetal life until the last two-three days before birth. In our studies a lo.w.bﬂﬂ;
activity was present in the first half of foetal life, and the characteristics 0
fiver enzyme activity were comparable with those of adult enzymes. We also
tried to induce these enzymes with phenobarbital given to mothers me;;
period of one-two weeks before the abortion but the experiments have S(;m'
been uasuceesful (unpublished experiments). Tt seems that the second 2 e
native of Fours & HART (1965) is also more probable with rcgfud :; e
human foetus, and that the defect possibly involves the regulation
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enzyme forming system. KLINGER {1970) is of the opinion that the rapid rise
in drug-metabolizing enzyme activity just after birth is due to the de-repres-
sion phenomenon, but we do not know the regulating signal. Moreover the
question of some factor which inhibits induction during the foetal period still
remains unanswered,
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Determination of Thioxanthenes in Plasma at Therapeutic
Concentrations
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T. Mjémdal and L. Oreland
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Abstract: A method for i i at fevels in plasma,
based on the measurement of the fluorestence of the ovidized drugs, has been
developed. The method permuts estimation of about 3 ng of the drug. The
disappearance of the drug from the plasma was followed after intravenous
adminustration to rabbits and orzl administration of a therapeutic dose to human
volunteers, N-demethylthiothixene is jdentified as a metabolite of thiothixene
in man.

e ds: Thi L iothicene . N, i .

of thioxanthenes,

Due 10 Jack of methods for the of small of thi
thenes there is no information on the blood plasma values of human subjects
Teceiving the usual therapeutic doses of these drugs. The most sensitive
method hitherto described for the determination of phenothiazines and refated
compounds is the fluorescence method of MrLEmNGER & KEELER (1964). A
simplified version of this method has been published by Pacua (1969). In
this icati we descnbe a modification of the method which increases
the sensitivity for ficiently to allow of the estimation of
plasma conccutrauuns after therapeutic doses of these drugs. The method has
been used in the study of the blood p]asma values of a new potent thioxan-

thene, thiothi after 1 i ion 10 rabbits and oral ad-

in the usual therapeutic doses to man.

Materials and Methods
Thiothixene (navanea) was nbmned from Chas Pﬁzer & Co. Inc., New York. Two

possible of and thiothi sulfoxide
were obtained from Dr. H. Lahon, Brussels ! it HCL, cl ixol-2-HCI,

and Oupenthixol-2-HCE were supplied by H. Lundbeek & Co. AS, Copenhagen. n-Hep-
19

Arta pharmacologica, vol. 29, fase. 4



296 THIOXANTHENES IN PLASMA

tane, “Spectranalyzed” and isoamyl alcohol, reagent grade, were obtained from Fischer
Scientific Comp., Fair Lawn, New Jersey. Hydrogen peroxide was a product of Merck
A. G, Darmstadt. All the other reagents used wers of the bighest grade commercially
available.

0.28 mg/kg of thiothi was i i to 3 adult rabbits. Blood
samples from the rabbits were drawn from the central ear vein at regular fatervals as
described by RopRiQUEz-ERDMANN (1959). The blood samples were collected into hepa-
rinized tubes, protected from unnecessary exposure to light, and kept in the refrigerator
until analysis.

20 mg of thiothixene was given per os as a single dose to § healthy male students.
Venous blood samples were taken at 0, 1.5, 3, 6, 9, 12, 18 and 26 hours after the
administration of the drug. The blood was drawn into 10 ml vacuum tubes containing
anticoagulant {vacutainer®) and kept in the refrigerator unti] analysis.

Determination of thiothixene in plasma.

2 m) heparin-treated plasma was alkalinized with 0.5 m} 10 N-NaOH ang extracted
with 10 ml of n-heptane in a 25 m! gk tube by shaking on 2n automatic
shaker for 15 min. After centrifugation for 5 min. at 5000 X g, 9 ml of the h:ph\.ﬂe
phase was d into azother gk P tube using a pipette rinsed Wb
isoamyl alcohol just before use. The drug was then extracted into 1.5 ml of 01
M-H;$Oy by shaking and centrifugation as described above.

To 1.0 ml of the aqueous phase was added 0.5 ml of & 2 M acetate buffer pH 55
The pH dependence of the fluorescence is shown in fig. 1, Oxidation was then per-
formed by addition of 0.1 ml of a 0.1 per cent Solution of potassium permanganste.
After 5 min. the excess of potassium permanganate was Teduced by adding 0.1 m! of
a 0.1 per cent solution of hydrogen perovide. The fluorescence of the oxidized drug. W:’

at 310 nm activating and 440 nm (all lengl
given are uncorrected instrumental values) with an Aminco-Bowman spectrofluorometer
coupled to a Hewlett-Packard Moseley X-Y recorder. The fluorescent readings were
then plotted against those obtained from known amounts of the drug added to human

2 M acetate bulfers
Methods.

plasma,

RELAFIVE FLUORESCENGE

' ence of thiothixene.
Fig. 1. The effect of various pH's on the fluoresc e ns deseribed under

with various pH's were used, and the drug was oxit
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Thin-layer chromatography.

“Thig-layer chromatography of alkaline heptane extracts from buman plasma was
performed on glass plates (20 X 20 ¢m) coated with a 250 p layer of Silica Gel Fasy
(Merck). The plates were developed in the following solvent systems: 1) diethyl ether:
diethylamine, 9 ; 1, 2) acetone : n-heptane : diethylamine, 6:4:1 and 3) benzene: dime-
thytformamide ; diethylamine, 8:1: 1. These solvent systems gave good separations of

jotht and the two thiothi ivatives (table 2). The spots were visualized
under UV-light and by spraying with concentrated HzSO; (LAUFFER ef ol. 1969).

Results
Recovery,

Ia order to determine the recovery of thiothixene in the extraction proce-
dure, known amonnts of thiothixene were added to human plasma or water
and carried through the entire dure, The values obtained were then
compared with those for the same amounts of the drug determined directly.
The recoveries varied from about 70 to 100 per cent (table 1), The lower values

Table 1.
Recovery of thiothixene added to plasma.
Drug added Recovery of thiothixene  Recovery of Nedemethyl-
ng/mi plasma per cent thiothixene
per cent

1s 65 3
15 k3 -
15 7

5 74 30

s %0 1

5 82

125 7 0
125 75 bt
125 75

b 8 a3
z bed 47
25 9
125 o1 5
125 97 a
125 97
250 100 a
250 99 “
250 99

* not measurable,
tye
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Fig. 2. The of various p 1 1 agents measured under

optimal conditions for thiothixene®
o—0—Os thiothixene; A——A—D, clorprothixene; K—X—X, c]openthi‘c!.
o—o—0 flupenthixol; A—A—A, thioridazine (Sandoz); @ o—o, dest
pramine (Geigy); u—u—n, dityrazin (UCB 3412), levomepromazin,
mazinum INN) (Leo), ido! (Lec) and chlorp ine (Leo). For experiments!
details, see Results.

(levomepTo-

were obtained when small amounts of the drug were estimated, prcsumnbl)‘

because a proportionally larger amount of the drug was adsorbed 10 the
glass-ware. No differences in the recoveries Were observed when thiothixen®
was extracted from water instead of plasma.

Sensitivity-

The sensitivity of the method allowed the estimation of Jess than 1 P
when thiothizene was estimated without extraction. When (hio(!?ixcnc was
ed from plasma or water about 3 ng could be estimated (fig: 2)- The

extract ¢
fincarly related to the concentration of drug ¥

intensity of fluorescence was
to 500 ng/ml plasma.
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Specificity.

Since combinations of drugs are often used in psychiatric treatment the
fluorescence of a number of psychopharmacological agents carried through
the procedure was studied. In fig. 2 it is shown that the fluorescence of these
is slight with the exception of thioridazine, The method is not restricted to the
determination of thiothixene. By changing the pH to about 6 and the activat~
ing and Puorescent wavelengths to 390 and 450 nm, respectively, about the
same sensitivity as for thiothixene was thus obtained for the other thioxan-
theres tested, namely chlorproti 1 ixol and fl hixol.

Of particular interest was the mﬂuence of potential metabohtes Only the
N-demethylated compound has hitherto been identified as a metabolite of
thiothixene although several spots appear in chromatograms of organic
solvent extracts of livers from rats treated with thiothixene (Hopss 1968).
N-demethylthiothixene showed the same fluorescence characteristics as the
parent drug and a significant amount of the compound (table 1), was ex-
tracted into the heptane phase. The sulphoxide, a metabolite found in man
after the administration of some other thioxanthenes (ALLGEN et al. 1960;
Kyian 1969) does not significantly interfere with the method.

Plasma levels after single doses of thiothixene.

‘When 0.28 mg/kg of thiothixene was administered intravenously to 3 adult
rabbits the plasma levels of the drug decreased rapidly during the first hour
and then decreased slowly. Most likely the rapid decrease during the first
hour reflects a rapid redistribution of the drug while the subsequent slow
decrease reflects its elimination (fig. 3).

THIOTHIXENE IN PLASMA (NG /ML)

)
TOE S HOURS
Fig. 3. Thiothixene in plasma after the intravenous administration of 0.28

1abbits.
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Fig. 4. Thiothixene in plasma after the oral administration of 20 mg to $ male students.

In another experiment 20 mg of thiothixene was given per 05 © 5 healthy
male students. This dose is often used in clinical practice (Biswoe ef dl.
1966; SIMEON et al. 1967). In fig. 4 the plasma levels of the drug are plotted
against time.

As N-demethylthiothixene at least can interfere in the method (see above)
chromatographic analyses of the heptane extracts of plasma after 2 and 4}

Table 2.

Rf-values in various solvent systems of thiothixene, thiothixene sulphovide, N-demcﬂ’?"
thiothixene and plasma extract 2 (ty) and 414 (t2) hours after administration of thio-
3 thixene.

Thiothixene ~ N-demethyl- Plasma extract’

Sotven sysem Thiothixede i hovide thiothixens !
Ether : diethylamine 028 017 004 029 029
©@:n
Acetone ; n-heptane : 0.40 030 0.08 0.40 g ;g
diethylamine Y
6:4:1) .
Benzene : dimethyl- 066 0.60 027 0.66 321
formamide : diethyl-
amine (8 1)

« For each spot 20 ml plasma was extracted.
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hours were performed (table 2). In the chromatographic systems the heptane
extract from human plasma taken 2 hours after the administration of the
drug gave single spots with the same Rf-values as thiothixene. Chromato-
graphy of extracts from plasma after 414 hours gave a major spot correspond-
ing to thiothixene and in two of the systems one weak spot with the same
Rf-value as N-demethylthiothixene. As judged from the intensity of this spot
it constitutes less than 10 per cent of the material estimated.

Discussion
A good deal of effort has been directed towards developing methods for
measuring major tranquilizers at therapeutic concentrations. A method for
the determination of the pt hiazine thioridazine has recently been presen-
ted (PacBA 1969). This communication describes a modification of this

method which permits the estimation of therapeutic concentrations of thioxan-
thenes,

By adjusting the pH and by changing the activati the fluor-
escence readings were increased by about 50 per cent. More important, how-
ever, is the id higher itivi ined by a reduction of the
blank. Part of this reduction was achieved by ing the drug into sul-

phuric acid instead of the strong acetate buffer used by RAGLAND et al. (1965)
and PacHA (1969). Isoamyl alcohol, which is often used to reduce adsorption
to rough surfaces (BroDIE 1947), was not necessary to get a good extraction
of thiothixene and by excluding it, the blank values were further reduced.
We also found that the amount of hydrogen p ide could be iderably
reduced as compared to that used by Pacia with a corresponding lowering
of the blank,

After therapeutic doses of thiothixene had been given to 5 male students
there was little variation in the plasma concentrations of the drug during the
first few hours (fig. 4). Later on variations in the plasma levels were seen,
reflecting the different elimination rates. Interference by metabolites may
O?n!ribute to the deviations from the linear relationships between the loga-
tithmie plasma values and time in the later part of the curves. By thin-layer
chromatography of plasma drawn 4%4 hours after the oral administration of
20 mg thiothixene it was shown that N-d Ithiothi a boli
Ppreviously found in the rat {Hopns 1968) is also formed in man. Thus after a

§EW l:Lours at Jeast this metabolite may contribute to the fluorescent material
oun
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Quantitative Estimation of 5-Hydroxy-3-Indole Acetic
Acid and 5-Hydroxytryptophan in the Brain Following Isolation
by Means of a Strong Cation Exchange Column

By
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Abstract. Brain tissue 15 extracted with perchloric acid. The pH of the extract is
adjusted 10 2.5 and passed through a Dowex 50 W-X4 column. 5-Hydroxy-3-
indole acetic acid 15 eluted with 60 % aqueous methanol, and then 5-hydroxytryp-
tophan is eluted with 0.1 M phosphate buffer, pH 6.5. Fluorometric assays are
performed according to the method for 5-hydroxytryptamine described by ANDEN
& MacNussoN (1967). The results are y with rcgard to

recovery, and ity. If the above i with that
published by Atack & MaGNussoN (1970), then 7 dn’krcm compounds can be
estimated after a single column procedure.

Key-words: 5-Hydroxy-3-ndole acetic acid - S-hydroxytryptophan ~ Dowex 50
WX4.

Solvent extractions for the isolation of 5-hydroxy-3-indole acetic acid
(S-HIAA) have been used by Roos (1962) and Giacatont & VALZELLY
(1966). ConTracTOR (1966) developed 2 method for the determination of
5-HIAA in urine using a Sephadex G-10 column. This method has been
modified by Jonsson & LEwaNDER {1970) for the separation of 5-HIAA
and S-hydroxytryptamine (5-HT) in the brain and cerebrospinal fluid.

WrEGAND & ScurrrLivG (1962) have separated 5-hydroxytryptophan -
HTP) and 5-HT on a Dowex S0W-X4 column following solvent extraction
according to the method of SHORE & OLIN (1958).

In the present paper the isolation of S-HIAA and 5-HTP on a Dowex
S0W-X4 column and their determination are described. Arack &
Maarussox (1970) have shown that drenaline and ad: ine, d 3
5-HT, and histamine can be isolated from the same column. The .
procedures can be combined.
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Methods

One rat brain (1.5-17 g) is homogenized (Ultra-Turrax) in 10 ml ice<cold 0.4 N
perchloric acid (PCA) containing 0.1 ml 2 % ascorbic acid and 0.2 ml 10 % EDTA

isodi thylenediamine The is i at about
14000 X g for 10 min. at 0°. Any remaining particles on the surface of the supernatant
are removed by filtration. The pH is adjusted to 2.5 with 5 N potassium carbonate, the
sample is cooled to 0° and the precipitate is spun down.

For the ion h. d the described by BERTLER ef al. (1958)
is used.

Dowex 50 W-X4 columns, 200 to 400 mesh, 4.2 X 70 mm are pretreated as follows.
1. 20 ml 2 N-NaOH containing 1 % EDTA,

2. Water in sufficient amount to remove the NaOH.

3. 20 ml 2 N-HCl,

4. Water to remove the acid,

5. 20 ml 0.1 M phosphate buffer, pH 6.5 containing 0.1 % EDTA.
6. 5 ml water.

The length of the column is then 60 mm.

The sample is then passed through the column at a rate not higher than 0.4 mifmin.
S-HIAA is eluted by 10 ml 60 % aquecus methano), rate 0.4 ml/min. The apparatus it
carefully washed with water to remove any methanol present and then 2 X 5 ml water
are passed through the column. A second eluate of 10 ml 0.1 M phasphate buffer, pH
6.5 containing 0.1 % EDTA is collected and this contains 5-HTP.

Immediately after the elution, S-HIAA and 5-HTP are determined fluorometrically
according to the method for S-HT ibed by ANDEN & (1967). An
aliquot of 0.6 ml is put into a silica test tube together with 0.1 ml 1 % ascorbic scid sa
0.1 ml 0.025 % potassium ferricyanide. Then 0.8 ml 6 N-HCI is added and the sampf¢
Is irradiated for 10 min. under a UV lamp. A standard, a reagent blank and an internat
standard are run in parallel with the sample. A tissue blank is treated in the same way
except that the ascorbic acid is added after the UV irradiation. The fluorescence is read
against a standard set to 50 in an Aminco-B D! h at the
activating and fluorescence peaks 295/545 myu (uncorrected instrumental values): A
UV filter is placed in front of the photocell for elimination of the second order light
scatter peak at 590 mys.

In some experiments 5-HIAA-carbovyl-HC (644 mci/mmole) has been uchrL Tf’:
surity was checked by paper (20 % KCl, ding) and subseduen
icanning of the paper for radioactivity. In the i ioactivity was measure
sy liquid scintillation (Packard Tri Carb) using Insta-Gel as the emulsifying scintitlation
mixture.

Results and Comments

Extraction procedure. Recovery.
To checkplhe extraction of 5-HIAA from brain tissue 1‘C-Iabelled_ S-HI@:
was added to the homogenates. Single rat brains were extracted 3 umC_Z W::d
10 m! 0.4 N-PCA (6 ml/g brain) containing 0.1 ml 2% ns:‘orbxc :agd:l:d
0.2 ml 10% EDTA. In the first extraction oaly about 50 A.Df t ;'caﬁng
5-HIAA was recovered. The fotal amount extmclablc_ was 80 {n.b ;1: l[)
that 5-HTAA may be bound to the solid residue of brain tissue (ta 3
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Table 1.

Recovery of 14C-labelled 5-hydroxy-3-indole acetic acid (30 ng added to the homogenate)
after S successive extractions of a single rat brain, The amount of radicactivity is
expressed as per cent of the added amount.

Extraction no.: 1 hii m w v Total
47 22 6 2 o n
50 21 6 2 1 80

Note: Brain 1 weighed 1.59 g and would thus presumably contain 1,19 ml water {assum-
ing a water content of 75 ¥}. The total volume of water in the homogepate was
10+ 0.1 4 0.2 + 1.19 = 11.49 ml. The volume of the supernatant obtained after extrac-
tion I was 9.9 ml or 86 % of the total volume of water in the homogenate. The recovery

from a single extraction, corrected for this fluid loss, is 54 % for brain 1, and 58 % for
brain 2.

Following the addition of larger of unlabelled 5-HIAA t
Tigher recoveries were obtained (table 3).

Table 2 shows the recoveries of unlabelled S-HTP added to homogenates
of 3 pooled rat brains in 15 m! 0.4 N-PCA (3 ml/g brain), 0.15 ml 2%,
ascorbic acid and 0.30 ml 10 %, EDTA. Two extractions were made. In the
first extraction about 60 % and in the second 18 % of the added amount
was found.

Homogenates of 2 rat brains were each divided into two equal parts, To
one part a known amount (0.5 to 10 pg) of 5-HIAA andfor 5-HTP was
3dded. The two parts were run in parallel through the procedure. After sub-

Table 2.

The content of S-hydroxytryptophan in the supernatant after 2 successive extractions of
3 pooled rat brains. The figures ate given as per cent of the total ameunt of 5.HTP
{10 ug) added to the homogenate.

Extraction no.: 1 1 Total
Sample 1 61 18 79
Sample 2 61 18 9

Nore: The brain tissue weighed 5.43 ¢ and would thus presumably contain 4 Q7 ml water
(assuming a water content of 75 %). The total volume of water in the homogenate was
15 4 0.15 + 0.30 + 407 = 1952 ml. The volume of the supernatant obtained after
Xtraction I was 14 ml or 72 % of the total vohime of water in the homogenate. The
fecovery from a single extraction, corrected for this fluid foss, is 85 % for sample 1,
82% for sample 2.
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Table 3.

Recoveries in per cent of S-hydrovy-3-indole acetic acid added to homogenates of
rat brains. Figures in brackets indicate number of determinations.

Amount of 5-HIAA

added () 05 1 10
65 (3) 70

Two extractions £ 71(E.EM) £ 35SEM)

(3+ 2.5 ml PCA per g brain) £1236.D)  * 50(.D)

Single extraction 67.(5) 71 12 8 @

{6 m] PCA per g brain) % 56 (S.E.M) % 24 (SEM) * 42(.EM)
+124 (5.D) + 83 (5.D) +103 5.D}

* In these experiments only 7.5 ug 5-HIAA was added.

tracting the endogenous content, the recoveries were calculated as per cent
of the added amounts. The recoveries of S-HIAA after two extractions with
3 + 2.5 ml PCA per g brain or after a single extraction (corrected for 75 %
water content in the brain) with 6 ml PCA per g brain were 65 to 77 % and
67 to 83 %, respectively (table 3).

The recovery of 5-HTP was 86 to 93 % after two extractions and 95 to
97 %, after a single extraction (table 4).

The single extraction procedure was used in the following experiments
described in this paper.

Extracts were usually kept overnight at —20° before the fon exchang®
procedure. The stability was checked at pH 2.5 and also at pH 6 by meastr

Table 4.

! s i
Recoveries, in per cent, of S-hydrosyiryptopban added to homogenates of rat brait:
Fagures 1n brackets indicate number of determinations.

Amount of 5-HTP . . 10
added (ng)

Two extractions 93 () 88 (1 i6 (4; SEM)
(3+2 ml PCA +05 (5.E M) H :-D &m‘
per g brain) +07 (5.D) 706
Single extractton 97 (9)* ‘;5 S; SEM

+22 (S.E.M)

PCA per g brain)
6 m pere +6.7 (5.D)

+119 (5.D)

* In these experiments 7.5 ug S-HTP was added.



ESTIMATION OF 5-HYDROXYINDOLES 307

ing 5-HIAA and 5-HTP immediately, on the next day and after 3 and 7 days,
with portions of the same extract. A continuous loss occurred and on day 3 it
was 5 %, for both 5-HIAA and 5-HTP. On day 7 a loss of 8 to 15 %, was
found. No significant pH dependence was detectable.

Column procedure.

The separation of 5-HIAA and 5-HTP is shown in fig. 1. To a model
extract consisting of 1.5 ml 0.9 %, saline, 1 m1 4 N-PCA, 0.1 ml 2 %, ascorbic
acid, 0.2 ml 10 %, EDTA and 7.5 m] water 10 g 5-HIAA and 10 yg 5-HTP
were added. The sample was run through the procedure, and effluent, eluates
and water were collected in 1 ml fractions. One ml 6 N-HCI was added to
each fraction which was then read in the spectrophotofluorometer at 295/
545 my.

S-HIAA showed a low affinity to the cation exchange column. In view of
slight (or absent) cationic properties of this molecule under the present con-
ditions it was, in fact, surprising that it had any affinity at all to a cation
exchange column. The break-through capacity of the column is illustrated in
fig. 2. These findings suggested that the passage of more than 10 ml extract
through the column would result in significant loss of 5-HIAA.

For the 5-HTP determination 10 g brain tissue extracted in 60 ml PCA
could be passed through the column without any break-through.

250
2001
SHIAA
g
150
& S5-HTP
¥
§
S o}
N
sor
0 § T T T —
[ [ 20 30 40 m
Effcent  Aqueous  Water OIM Phose
methanol phofe buffer
©0%} PHES

Fig 1. Separation of S-hydroxy-3-indole acetic acid (10 pg) and S-hydroxytryptophan

(0 ug) on a strong cation exchange column (Dowex S0W-X4, 4.2 mm (1. D) X 60 mm,

Na‘-form) Effluent, water and cluates were collected in 1 ml fractions. After the

addition of 1 ml 6 N-HCl, the fractions were read in a spectrophotofluorometer at
2951545 my.
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ng Y%g-5-R1A4
~ w

o
] 3 & 12 24 ml
! 2 3 4 5 § 7 8 fraction no.

Fig. 2. The break-through capacity of 2 Dowex 50W-X4 column (4.2 mm (1.D}X &0

mm, Na*-form). Brain extract, containing 30 ng 14C-labelled 5-hydroxy-3-indole acetic

acid was passed through the column. The effluent was collected in 3 mi fractions.

Radioactivity was by liquid scil Vertical bars indicate range of o
detesminations.

The methanol elution of 5-HIAA was done immediately after the extract
had passed onto the column. Elution could also be perfo:med with water,
although 2 Jarger volume was then required. After the elution of 5-HIAA the
apparatus and column must be washed carefully with water before the elution
of 5-HTP. Methanol present in the buffer eluate increased the fluorescenc®
of 5-HTP.

After the elution of S-HTP the column can be washed with water and
elution of noradrenaline and adrenaline, dopamine, 5-HT, and histaming cad

be performed by a technique d ped in this lat y by ATACK &'MAG—
" Nusson (1970). Thus the combination of the two procedures results in the
S ion of 6 diff pounds after a single column procedure.

The present method has also been used for the determination of 3,4-dihy-
droxyphenylalanine (DOPA) in human plasma. Nine ml blood are .coUCC“‘d
in a plastic tube containing 1 ml saline with 1 % EDTA. After centrifugation
the plasma is Temoved by means of a pipette. 1/10 volume of 4 N-PCA IS
added and the proteins are spun down. Two ml of the extract ar¢ made up 10
10 m! with water and 0.1 m} 2 %, ascorbic acid and 0.2 m! 10% EDT:
are added. After adjustment of the pH to 2.5 and centrifugation the c!;lof‘-\l/
is passed through the column. After washing with 2]0 ml “.’:!Cf,rf i?mn:]d m'd:
aqueous methanol and another 20 ml water, the elution ld uT(: o ollected

hate butfer, pH 6.5 without EDTA. The 3
isnn:t(]);kM ph:i_sp ai;‘ N 1 " Immediate after the elution the sample i
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oxjdized according to the method for noradrenaline described by BERTLER
et al. (1958), except that the oxidation time is reduced to 3 min, The fluo-
rescence is read at 360{470 my in the spectrophotofluorometer.

Reproductbility,

An extract from 7 pooled rat brains was divided into 7 equal samples
which were run simultaneously, The amount of 5-HIAA per sample was
found to be 0.30 g + 0.06 (mean * 8. D.). The coefficient of variation was
thus 20 %. This seems to be a reasonable value considering the fact that the
reading of the sample was 2 to 3 times that of the tissue blank.

Seven pg 5-HTP were added to a homogenate from 7 pooled rat brains.
The extract was divided into 7 equal samples which were run simultaneously.
The amonnt of S-HTP per sample was 0.78 ug + 0.05 (mean + S. D.), result-
ing in a coefficient of variation of 6.4 %.

Table 5.

“The fluorescence and the behaviour on a strong cation exchange column of some 5-OH
and 5-OCHgz-indole compounds.

Relative P
fluorescence Appearing in
Intensity Eluate 1 Elnate 2

5. yptophan ........ 60 - +

a-Methyl-5-hydroxytryptophan ... ... 60 - +

S5-Hydroxytryptamine ...... cooveere correes 66 - -

o-Methyl-5-hydroxytryptamine 65 - -

N-Acetyl-5-hydroxytryptamine 20 + -
N, N-Dimethyl-5-hydroxytryptal

[s i 65 - -

S5-Methoxytryptamine . .. 55 - -
N-Acetyl-5-methoxytryptamine

i 17 + -

S-Hydroxy-3-indole acetic acid .. 50* + -

5 26 + -

* Setto 50,

The concentration of the indeles was 1 pgf2 mL The blanks were 05 to 1 unit, Ac
tivating and fluorescence peaks were 295/545 mye.

The compounds were put on columns (Dowex 50W, X4, Na*-form) and eluted with 10
ml 60 % aqueous methanol (Eluate 1) and then with 10 ml 0.1 M phosphate *

PH 65, containing 0.1 ¥ EDTA (Eluate 2).
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Specificity.

A complete separation of 5-HIAA from S-HYP on 2 Dowex 50W, X4
column is obtained (fig. 1). The behaviour on the column of some other
5-OH and 5-OCH;-indoles was also investigated. Of the compounds tested,
N-acetyl-5-hydroxytryptami N-acetyl-S-methoxytryp! { i
and 5-hydroxytryptophol were found in the methanol fraction together with
5-HIAA. a-Methyl-5-hydroxytryptophan together with 5-HTP were found in
the buffer fraction. The fluorescence spectra of all these 5-hydroxy and §-
methoxy indoles were identical (cf. ANDEN & MaGNussoN 1967) {table 5).

Melatonin and N-acetyl-5-hydroxytryptamine occur almost exclusively ia
the pineal gland and in relatively small amounts as compared to 5-HIAA in
the whole brain (Quar 1964; MAICKEL & MILLER 1968). However, under
conditions where 5-HIAA levels are much below normal these compounds
can be of importance. Under such conditicns it is advisable to remove the
pineal gland before the extraction.

5-Hydroxytryptophol does not seem to occur in appreciable amousts in
the brain (ToNssON & LEWANDER 1970).

Extracts, each from 2 rat brains, were divided into two equal parts, One
was run using the present method and the other using the method of JoxssoN
& LEWANDER (1970} an Sephadex G-10 columns. The results were in reason-
ably good agreement which lends further support to the specificity (table §).

As a-methyl-S-hydroxytryptophan does not normally occur in the bn}m
there are no known endogenous indole compounds which can interfere with
the 5-HTP determination.

Sensitivity. ] .
5-HIAA. Using standard conditions with pure reagents a reading of fwice
the reagent blank corresponds to 6 ng 5-HIAA in the sample (100 nglelualt)-

Table 6.

ith that
Assay of 5-hydrovy-3-indole acetic acid. Comparison of the present method with th3
of Jonsson & LEwanper (1970).

Dawet 50W-X4 Sephadex G-10
Brain 1 020 021
Brain 2 021 024
rain 3 013 015

Brain 3

fomat
il 12 % on the Dowex 0!

Jg brain, uncorrected for a mean recovery of s not
Npt tumns. The difference between the fecarencs i

and of 61 % on the Sephadex col
statistically significant.
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Table 7.
Assay of 5-hydroxytryptophan in brain. Actual readings are shown.

: Standard  Reagent g, Infernal  Tissue
Eluate derived from 02pe blank ample standard blank
2 g rat brain .. S0 0.5 690 505 59
2 g rat braia ., 50 05 4.0 300 45
5 g mouse brain ., 50 1.0 6.0 535 6.5
5 g mouse brain ., 50 1.0 55 550 55

Using brain extract a reading twice the tissue blank corresponds to 18 ng in
the sample (300 ng/feluate) and to 0.23 pg/g brain,

The sensitivity of the present method is lower than for the method with
Sephadex G-10 columns (JONSSON & LIWANDER 1970). However, the ad-
vantage is the isolation of 5-HIAA and 5-HTP, 5-HT and several other
amines, using a single column procedure.

S-HTP. Using pure reagents a reading twice the reagent blank corresponds
to the presence of 4 ng 5-HTP in the sample (67 ngfeluate). Using brain
extracts a reading twice the tissue blank, corresponds to 18 ng in the sample
(300 ngfeluate), or 0.22 pgfg brain,

Levels of 5-HIAA and 5-HTP in rat brain.

The normal level of S-HIAA in brains of male Sprague-Dawley rats (body
weight 180 to 220 g) was found to be 0.28 * 0.03 pgjg (mean * 5. E. M.;
S. D, = (.08) in 20 determinations on single brains. The values are corrected
for 68 %, recovery.

Using Sephadex G-10 columns JonssoN & LEwANDER (1970) have reported
a normal level of 5-HIAA of 0.28 : 0.01 pg/g brein (mean £ S.E. M.,
n = 31) in male Sprague-Dawley rats weighing 180 to 210 g. Their values
were uncorrected for a recovery of 91 %. Thus, our findings are in reason-
ably good agreement with those of JoNsSON & LEWANDER and also with those
of several other investigators (ASHICROFT et al. 1965; Juorio & VogT 1965 H
PLeTSCIER e al. 1964; GIACALONE & VALZELLY 1966; cf, also table 6).

Table 7 shows the readings for assays of 5-HTP in rat and mouse brains.
The veadings of the samples are very similar to the eadings of the tissue
blanks. All the readings are less than 2 units over the tissue blank. Hence,
the normal level of 5-HTP, caleulated from 2 g rat brain or 5 g mouse brain,
is probably less than 0.07 and 0.03 pg/g, respectively, WIEGAND & SCHERE-

116 {1962) reported the normal level of S-HTP 1o be less than 0.1 ig/g rat
brain. N

20 Acta pharmacologlea, vol, 29, fawe. &
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GEY & PrETSCHER (1960) have shown that S-HTP decarboxylation con-
tinues after the animals have been killed. Further investigations e, g. with
rapid freezing in Jiquid air are desirable, However, experiments with mouse
brains, di d out and t ized within 15 seconds, did not result in
any measurable amounts of 5-HTP. It is doubtful if the usual procedure with
liquid air will result in an appreciably more rapid interruption of the enzy-
matic processes,

If rats or mice are p d with an ic amino acid d
inhibitor, 5-HTP can be demonstrated in the brains (CARLSSON & LivbovisT
1970).
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Doxyeyclinum NEN: A Pharmacological and Bacteriological
Investigation
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M, Lykkegaard Nielsen, H. Laursen, J. Gauguin and P, Rosenkast
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Abstract: In normal human subjects multiple dose trial with an Iaitial dose of
400 mg doxycycline and subseguent doses of 200 mg every 24 hours gave average
minimum serum concentrations of between 1 and 2 ug doxycycline/ml serum.
The average urine concentrations varied between 100 and 200 pg doxycycline/m!
urine, and 42 per cent of the drug administered was excreted in the unne in a0
active form. The average reaal clearance of doxycycle determined over 96 hours
was 28 ml/min. In a single dose tmal with 200 mg doxycycline, an 8-hour renal
clearance of doxycycline was found to be 13 per cent of the creatinine cleararce,
and the serum half-hfe period was found to be 11.6 hours. Microbiological astay
was used for all determinations of doxycycling in the serum and urine. The
in witro sensitivity of 211 urinary tract pathogens to doxycycline and ovytelrs-
cycline was i i in order to ine the mini jnhibitory concentra-
tion (MIC). The strains, which originated from patients with chronic urinary tract
infections, were as a whole only shghtly sensitive to the two tetracyclines.
Compared with ovytetracycline, doxycycling, assessed at the MIC-fevel, .shOWC‘f
a higher b: it effect in vitro, ially against g positive steains.

K ds: Doxycy - -

The purpose of this investigation was to determine the serum conctmmlw]\;,
the urine cancentration, the half-life period, and the clearance faf dax)‘c):fd:
num (NFN). It was further attempted to determine the sensitivity of. a “nln;
range of commonly occurring urinary tract pathogens fo doxycycline e
oxytetracyclinum (NFN). Fipally an attempt was made to compare
in vitro b activity of with that of oxylcrrzfcyclm& -

Pharmacology. Doxycycline is alpha-6-dcsoxy-5~oxylclmcyf:lm_e. ﬂs:f“ T
synthetic tetracycline (fig. 1). Like other tetmcyclines,.doxyc);,ch.nc O:; ::nsiu've
to be bacteriostatic and to act by inhibili;1g the protein synthesis

i isms (WiNkLER & WENT 1967). i .
mmﬁ:ﬁ subj?cts a single dose of 200 mg results in the following serum
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concentrations (FABRE et al. 1966; DIMMLING 1967; WILL1aMSON 1967) after
3, 12, 24, 36, and 72 hours: 2.5-2.7, 1.5-2.2, 0.8-1.5, about 1.1, and about
0.1 g/ml, respectively. The maximum concentration is reached between 2.25
and 9 hours after administration and ranges from 2.6 to 3.3 yg/ml serum.

Based on the excretion in the faeces during the {irst 24 hours, the intestinal
absorption has been found to be more than 98 per cent (FABRE et al. 1966).
The same absorption result is reached when the tissue concentration is re-
garded as being equal to the maximum serum concentration. The absorption
is not affected by simultaneous intake of food, whereas it is inhibited by
AL(OH); (MiGLIARDI & SCHACH VON WITTENAU 1966; ROSENBLATT et al.
1966; WiLLIaMSON 1967). The almost complete absorption is probably due to
the fact that, ualike other tetracyclines, doxycycline does not form chelates
with Ca- and Mg-ions (MIGLIARDI & SCIIACH VON WITTENAU 1966).

The elimination, completed in about 72 hours after a single dose, is due to
urinary and faecal ion, and to decomposition to prod without anti-
bacterial effects (FABRE ef al. 1967).

‘The excretion in the urine amounts to about 20 per cent during the first
24 hours, 10 per cent during the next 24 hours, and 5 per cent during the
following 24 hours (FABRE et al. 1966; DIMMLING 1967). After the administra-
tion of 200 mg to normal subjects, the following concentrations have been
found: 1-6 hours about 60 yg/ml and 6-12 hours, about 50 pg/ml urine
(DvmuG 1967).

Owing to the slow elimination, accumulation is found to occur if treatment
is continued (MIGLIARDI & ScHACH voN WITTENAU 1966; DMMLING 1967).
The hali-life period is about 15 hours after a single dose of 200 mg (Fasre
et al. 1966). If treatment is repeated once every 24 hours, the half-life period
is raised to about 20 hours on the 4th day, after which the half-life period
Temains almost unchanged, at least until the 30th day (FABRE et al. 1966). No
changes can be demonstrated in the mechanism with which the kidneys deals
with doxycycline during protonged inistration

Determination of clearance of the dmg gives varying values, ranging from
15 to 31 ml/minute (FABRE et al. 1966; ROSENBLATT et al. 1966).

B iology. The antib ial effect of doxycycline, determined by inhibi-
tion of bacterial growth in vitro, has been fairly widely studied, both for fresh
isolates and for laboratory strains (FABRE et al. 1966; DnUING 1967; Mon-

CHy  od NTHy3y

N CONM,
OH o OH a
Fig. 1. D i 6-d s
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I;'SIJER)& Bourse 1967; REBER, personal communication 1967; WLLIAMSON
67).

In the case of gram-positive bacteria, doxycycline is often found to have
a greater bacteriostatic effect than other tetracyclines. This particularly
applies to staphylococcus aureus and to streptococcus faecalis.

As to gram-negative bacteria, doxycycline usually proves to be just as bac-
teriostatic as other tetracyclines, Mycobacterium tuberculosis has been found
to be more sensitive to doxycycline than to any other known tetracycline
(WrLLIAMSON 1967).

Material and Methods

The doxycycline concentration in the serum and urine was determined by the techaique
first described by VESTERDAL {1947), although in a slightly modified form, using § ¥
blood agar as the upper layer in the plates. In order to obtain a uniform inoculum, the
method of KIRSCHEAUM ef al. (1962) was used.

The test strain used was staphylococcus aureus ATTC 6538 P.

For the calculation of standard curves, standard solutions of pure doxycyeline sul-
phate were made: 30-15-7.5-3.78~1.89-0.95 and 048 pg/ml respectively. For the

ination of the serum ions the drug was dissolved in human serum,

while physiological saline was used for the ination of urine
Uniform experimental conditions were ensured by testing the standard solutions and
the serum and urine with the unknown content of doxycycline on the same plate. The
serum was examined partly undiluted and partly diluted 1:1. The urine was difuted
with physiological saline, using two dilutions and most often 1:10 and 1:20. %Uﬂe
diameters of the standard solutfons were plotted against logie of the concentrations,
and the standard curve was drawn. In all cases the average values of 6 readings were
used for the final determination of the doxycycline concentration in the blood and
urine, obtained by interpolation along the standard curves.

The serum and urine concentrations were determined in 2 groups of 4 and § healiby
young The ion used was vil in® in capsules of 100 mg.

Group 1. A single dose of 200 mg was given with subsequent determinations of 1he

concentrations during 30 hours. The excretion in the urine was determined over

+ 8-hour period and the determinations of the serum and urine creatinine concmln;
tions were performed at the same time. The was lated 23 & p o
X D, where Cl = clearance,

;r:atinine ¢learance by the standard formula Cl= )
Cu = concentration in urine, D = divresis jn ml/minute, and Cp=conceptnlxgnn ::
plasma. The excretion was regarded as an exponentially decreasing function { : &
£ al, 1966; ROSENBLATT ¢t al. 1966), and the plasma half-life period was calculate

o = the
the standard formula tye —]D'iz, where tye = half-ife in hours and m = slope of

ression curve. o .
regGm"p . At 8 a.m. and for 96 hours with intervals of 24 hours, m'x n‘:r:l;i :f;::‘:.
400 mg and subsequent doses of 200 mg were given. In :4 of the 5'»0 ::ins 2 hected
cretion in the urine was determined during the same period, (he_l;nnem e p e
for 4 days in 3 portions every 24 hours: at § a. m-2p.m,2p.m- hr;n";.l o
8 a.m. A 96-hour clearance was calculated by the standard formu
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In order to estimate the antil ial activity of doxycycline and ine, the
minimum inhibitory concentration {MIC) of the two agents was measured. Freshly
isolated pathogens from patients with urinary tract infections of chronic or recurrent
type were used. All the strains of bacteria used were isolated and identified to species in
accordance with the ordinary bacteriological methods, MIC-measurements were pcr—
formed by growing pure cultures in broth with i fons of the antibioti
in the following ditutions: 100-50-25-12.5-6.25-3.12-1.56 and 0.78 pg/ml. Inoculum:
one drop of an 18-hour broth culture in 5 ml broth containing the antibiotic, Our
criterion of difference in bacterjostatic activity of the two antibiotics was: a difference
of the growth of at least two tubes of the dilutions {corresponding to a difference in the
concentration of the anubiotics of at Jeast four times).

Results

Table 1 shows the concentrations of doxycycline in the serum in the 4
volunteers in group I. The maximum concentration in the serum occurs from
2 1o 4 hours after administration of the drug, and the values measured 24
hours after the intake were all more than 1 pg/ml.

Table 2 shows the excretion in the urine in the same test group. Within the
first 8 hours nearly 7 per cent of the intake of doxycycline is excreted in an
active form.

Table 3 and fig. 2 show the serum concentration of doxycycline in the 5
volunteers in group II. The values at 8 a, m. represent the minimum concen-
trations for each day. 214 hours after the intake of the drug, the serum con-
centrations in 10 ovt of 20 measurements showed a lower level than 414
hours after the intake, whereas in 5 cases the reverse was true. Taken as a
whole, the individual results within each period show considerable variations,

Table 4 and fig. 3 represent the excretion in the urine in group I An
average of 417 mg was excreted in an active form (42 %) out of the total

Table 1.

Group 1. Serum concentrations in 4 volunteers after intake of 200 mg doxycycline at
8 a.m. on the first day. pg doxycycline/m] serum.

1.day I day

Time 08 10 12 14 16 [ 08 10 12 14
MS (59 kg) . 0 30 30 27 20 |12 08 06 o2
BM (55 4g) . 0+ 44 44 40 |12 08 08 o5
IS (57 kp) . 0 28 38 27 38 (12 08 05 og
ML (66 kg) . 0 44 30 24 15 (13 o8 g6 g3
Average 0 34 36 31 28 [12 08 06 o4

Standard deviation

087 068 091 158 | 005 000 012 o018

* = 10 determination made.
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Table 2.

Group 1. Concentration and excretion in the urine in 4 volunteers during the fint §
hours after the intake of 200 mg daxycycline.

MS BM 15 ML Average
Microgram/m} 60 52 50 32 49
Excretion in mg 132 99 155 160 136
.E;:;mm per cent of the | g 50 78 50 63
cons of st tesunee | B9 | 17 | uz | owss | ow

amount of 1000 mg administered. Tt should be noted that the collection of
urine was completed 24 hours after the last dose of doxycycline and hence
only the excretions during the first 24 hours of the last dose, was colfected.

The 8-hour doxycycli determination in group I showed this 10
be 13 per cent of the creatinine clearance. The 96-hour clearance determin-
ation in group IT showed an average doxycycline clearance of 28 mi/minut
(table 5).

Determined within the first 24 hours after administration of the drug, 38
average half-life period of 11.6 hours was found in group 1.

The results of our i igations of the antib ial effect of el
and oxytetracycline as well as of the comparison between the in vitro activity
of the two drugs can be seen in table 6 and 7 and in fig. 4. .

Table 6 represents the MIC-values of doxycycline and oxytetracyeliné:

"

pg/mi

N W e

0800 1doy 0800 2doy 0800 3day 0800 &cay 800
ine i in 5 vol
Fig. 2. Group If. Average concentration of doxycycline in the “r:";l)‘(;‘r:g o,
after the intake of 400 mg doxycycline at 8 a.m. an the first day Ao
on the 2nd, the 3rd and on the 4th day.

unteery
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mg
excreted

08 | day 08 2.doy 0’; Iday 08 4.day 0‘8
Fig. 3. Group IL Average excretion and concentration of doxycycline in the urine in 4
volunteers afer {he intake of 400 mg doxyeycline a1l B a. m. on the first day and 200 mg
at8:a m. on the 2nd, the 3rd and the 4th day.

From the table it appears that on the whole doxycycline had a higher in vitro
activity against the 211 strains of bacteria ined than had oxy 1i

This activity is evident both against the relatively few, highly sensitive gram‘
negative rod-shaped bacteria, against the somewhat more frequently occurring
sensitive gram-positive cocci, and against the more resistant strains: 51 per
cent and 19 per cent of all the gram- negauvc strains were resistant to 100
ng/m! oxy yeline and doxycycli Among the gram-positive
isolates 21 per cent were found to be xesmant to 100 pgfml oxytetracycline,

Table 5.

96-hours doxycyeline clearance in 4 vol

ml/minute

221
263
R 340
286

Average

278

Standard deviation

33
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doxycycline }Jg//ml
>100

100
S0
25

125 e

32 625 125 25 50 W0 »100
oxitetracycline )Jg/ml

Fig. 4. In vitro activity against 211 freshly isolated bacterial strains. Comparison
between the MIC-values of doxycycline and oxytetracycline.

| = gram-negative rods

» = gram-positive cocer

The two dotted lines indicate a difference in the concentration of 4 umes.

whereas no strains were found to be resistant to doxycycline in this concentra-
tion,

A comparison between the bacteriostatic effects of the two tetracyclipes on
the strains, still assessed at the MIC-level, is shown in fig. 4. Doxyeycline was
more active than oxytetracycline in 38 per cent of the strains {80 out of the
211 strains tested). Only 2 isolates (1 escherichia coli and 1 proteus mirabilis)
were more sensitive to oxytetracycline than to doxycycline (<1 %). In 129
strains (61 %) there was no significant difference between the MIC of doxy-
cycline and that of oxytetracycline.

Tn table 7 the distribution of the strains more sensitive to doxycycline than
to oxytetracycline is shown, Tt appears that on the whole, gram-positive cocci
as compared with gram-negative rods showed greater sensitivity to doxy-
cycline than to oxytetracycline. Thus, out of a total of 45 gram-pasmve
strains, 31 (67 %) were morc sensitive to doxycycline, whereas i in  the-gram- .
negative strains, only 48 out of 166 showed such sensitivity. *
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Table 7.

The distribution of the strains in’ which doxycycline, assessed at the MIC-leve!, shows a
greater in vitro activity than oxytetracycline (a difference in the growth of at least two
tubes of the dilutions).

Doxyq!cline more Total number
active than of strains Per cent
otitetracycline
E. coli ... 25 87 2
Klebsiella 15 30 50
Proteus . 2 25 8
Other enterobact, 6 2 27
Ps. aeruginosa 1 2 50
Str. faccalis 21 32 66
Staph. aureus , 4 5 &
Other gram-pos. cocci 6 8 il
Total number 80 211 38
Discussion

The single dose test (table 1) as well as the multiple dose test (table J,Aﬁ{;
2) show that with the low dosage (200 mg) given once every 24 hours, it 1S
possible to keep an average minimum concentration in the serum :sbovc !
ng/ml. Our investigation is thus in dance with the findings obtained by
others (DIMMLING 1967; FARRE et al. 1967). From the literature it appears
that no previous determination of the serum and urine concentration h2s bc:
performed with the dose used in the present study group II Compfmd W
DmMMLING'S investigation (1967), the high initial dose in the present m'VCSﬁsﬂ‘
tion seems to be reflected in the minimum values, which in our ma}enal were
higher than those found in DIMMLINGS (1967) multiple dose test with 200 28
every 24 hours. )

In order to evaluate the sensitivity of the strains of bacteria to daxycyeline
Jine, MIC-determinations were used. As appears from fable
6, the materdal showed considerable variations. chenhelsfs, the 1:‘$
clearly show that, taken as a whole, pathogenic gram-negative mdso ;au(
bacteria are not very itive to the two yclines used ‘(37 and 1 el
of 166 strains were resistant to doxycycline and oxytetracycline, re?pcct‘li (}fc'
in concentrations less than 25 pg/ml). As to the gram-positive coccl, l:ﬂ Ync
group of streptococcus faecalis could be evaluated with any cclﬂfi:liv};-s -
other gram-positive strains occurred in such small numbers tha,| s
possible to assess the relative sensitivity for the two agem.s..'ﬂ.lc :fnfﬁs(ign!cdi
faecalis strains were also often rather resistant to the antibiotics i s
17 and 24 of the 32 isolates were not sensitive to doxycycline and oF
cycline, respectively, in concentrations less than 25 pg/ml.

and oxy y
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Thus, with regard to the non-differentiated material the present results
deviate from those of FABRE ef al. (1966), of REBER (personal communication
1967), and from MONNIER & BOURSE (1967). The results of the two latter
studies cannot, however, be compared directly with our own. REBER (personal
communication 1967) used the disc method for the test, and found a consider-
able number of sensitive strains, but no definite difference between doxy-
cycline and oxytetracycline with regard to their activity against most of the
groups of bacteria investigated.

Monnter & Bourst (1967) used laboratory strains and found most of
them sensitive (MIC 1.6 ug/ml or less against 17 out of 21 strains). The
investigations of FABrE et al. (1966) can be related to ours, as these workers
used newly isolated strains and MIC-determinations in about the same con-
centrations as our own. They found 114 and 109 out of 294 strains sensitive
to doxycycline and oxytetracycline, respectively, in concentrations of 1 pg/ml
or less. The high number of resistant strains of bacteria found in the present
study is probably due to the fact that the strains originated from patients who
had previously been treated with various antibiotics for periods ranging from

2 months to 2 years, due to urinary tract inf
The parison between doxycycline and oxytetracycline (table 6 and fig.
4) ively d that doxycycline on a weight basis has a greater

antibacterial activity in vifro than oxytetracycline, particularly against gram-
positive bacteria. Thus the present material confirms the previous reports on
the subject (FABRE et al. 1966; MONNIER & BOURSE 1967).

Based on the present material it can be concluded that in the treatment of

urinary tract infections of the chronic type, tetracyclines are seldom the drug
of choice,
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The Adrenergic Receptors in Isolated Rabbit S h Muscl
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Abstract: The effects of sti ion of the ad ic - and f- ptors in
musele from the anteum and fundus of the rabbit stomach have been studied.
The muscular activity was markedly different in preparations from the two parts.
In the muscle from the antrum thythmic contractions generally occurred, while
alterations in the tone were small and infrequent. In the muscle from the fundus,
rhythmic contractions were rarely seem, but considerable variations in tone
ocewrted in response to drugs. f- re,ceptor sumulauon mvarmbly gave inhibitory
effects, but the effect of p in and circular
anirum strips, and in jongitudinal fundus strips, depended on the existing musen-
lar activity when the drug was added, high activity favouring inkibitory effects
and low activity favouring excitatory effects. In a few antrum strips low con-
centrations of g-adrenergic agents increased the frequency of the rhythmic

whule higher i inhibited them. In circular strips from
the fundus a-receptor stimulation gave only excitatory responses. The effect of
the adrenergic agents were apparently due to a direct influence on the muscle,
as the quality of the responses was unaffected by pretreatment with atropine,
hexamethonium and tetrodotoxin, by the presence or absence of mucosa, or by
<old storage for 24 hours.

Key-words: Adrenergic receptors ~ gastric motility — gastric smooth muscle.

Adrenergic agents generally reduce tension and inhibit rhythmic contrac-
tions in gastro-intestinal smooth muscle. According to Amrquist (1948)
and LEvy & Amquist (1967) both a- and P-adrenergic receptors subserve
inhibition in the intesti But which mediate excitation in
Bastro-intestinal muscle have also been reported (see Lee 1970). Excitatory
responses to adrenergic stimulation are most easily elicited in the sphincter
Tegions, but can also be obtained in other parts of the intestines.

It is known (BROwN & McSWINEY 1926; FURCHGOTT 1967) that adrenaline
may produce both excitatory and inhibitory effects in the rabbit stomach, but
until recently excitatory effects had not been found in the stomach of any
2

Acta pharmasologics, vol. 29, fasc. 4
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other species. In 1968, however, BarLey reported the existence of excitatory
a-adrenergic receptors in the guinea-pig stomach, and this has later been
confirmed by GUIMARAES (1969). Stimulation of the a-receptors in isolated
human h muscle g My produce inhibitory effects (Bovxrtr &
WHITNEY 1966), but excitation can also be obtained (HATENER ef al. 1969).
In an attempt to gain more information about the factors which govern the
adrenergic response in the stomach, we have studied the effects of adrenergic
agents on isolated rabbit stomach muscle, which is known to give pre-
domi y excitatory resp to adrenaline (BROWN & McSWINEY 1926).
The effects of o- and P-receptor stimulation in circular and longitudinal
muscle strips from the antrum and fundus have been studied, and an attempt
has also been made to defermine the role of the nervous elements in the
strips, by comparing the adrenergic responses before and after treatment with
atropine, | jum and tetrodotoxin. The effects of removal of the

mucosa, and of cold storage for 24 hrs have also been studied.

Material and Methods

Rabbits of either sex weighing two to three kg were used. The animals were sltfmlfd
by a blow on the occiput and bled to death by cutting the carotid artery. Immediately
after death the stomach was removed and full thickness strips, 2-3 mm wide and 23
cm long, were cut circularly or longitudinally from the muscle coats of the antam oF
fundus. Some strips were removed with the overlying mucosa attached, but l’.mm mo!;
of the preparations the mucosa and submucosa were removed. Four o eight ff“h
strips were taken from the stomach of each animal, the remaining part of the stomac
being stored overnight in modified Krebs solution (see below) at 4°. Twenty-four hots
old strips were prepared in the same way on the next day. Twenty-four rab!:ll! “:“
used for this investigation, and a total of 159 strips were investigated, 79 being 1 <2
from the antrum (42 longitudinal and 37 circular) and 80 from the fundus (47 Jons®
tudinal and 33 circular). N

The strips were mounted in organ baths containing 50 ml modified Krebs iolugﬂ;
at 37°, aerated with 95 % Oz and 5 % COz The Krebs solution contained (m3 nllJ

+136.9, K* 5.9, Ca%* 2.5, Mg?* 1.2, HCOy~ 155, HaPO;~ 1.2, CI- 1336, and glucose w:
Muscle tension was recorded isometrically with Grass transduccrs (bodel FT03) ::lh
nected to a Grass Polygraph, The strips were allowed about one hour in the crs;nrf e
for equilibration before the i were started. The drugs tested wese lelt “:h o

bath for threc to six minutes util maximal responses were obtained. Th? bmh:;‘:um

completely emptied and refilfed with fresh sofution. When - or {i-blocking "Sms‘ .

used, they were added to the bath at least 15 min. before the adr'eners‘c .;ble g

interval between each new addition of drugs varied from 5 fo 30 min. as & sl

was required before each test. . hrine
'nz:q drugs tested were: adrenaline bitartrate, isopunfmne sl'x!ph(a!:;“ﬁlf:;}’:“fr‘{
drinum NEN) HCl, HCl, p e oA (el

i i i itin® Ciba), propranolol (proprasy
benyline), phentolamine (regitin® Ciba), p ; | N
%r)tn;’ctty}cholin: chloride, atropine sulphate, hexamethonium bromide a8

toxin (Sankyo).
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Resuits
The rabbit stomach comsists of two macroscopically different parts; the
fundus and the antrum, and an intermediate transitional zone — the corpus.
Preparations from the fundus and antrum differ both in the type of muscular
activity and in their responses to drugs, they are therefore treated as two
separate groups. The characteristics of preparations from the corpus appeared
to depend on the location from which they were taken — as would be expected

in @ transitional zone. Strips from the corpus are therefore excluded from this
study.

Muscular activity.

As in other types of gastrointestinal muscle, the activity in rabbit stomach
muscle can be described as phasic (== rhythmic contractions) and tonic
(= relatively slow reversible changes in tension, = “state of contracture™).

In the antrum preparations the phasic activity was most marked, and this
activity occurred in all preparations which ded to Icholine or

adrenergic agents. The effects of the various drugs were most easily seen 25

a b
{, ASu0 ™
s
$
) il 2
— 4
M + fa— min w
[ w imin,
c. d.
% [59 AsxT%M ﬁ
™
I 1
t 4 4
A5a10°0M  toun w w

L
Fig 1. The effect of adrenaline (A) on antrum strips:
a: laactive sirip; 2 transient increase in tension is followed by the onset of rhythmic
contractions.
bt Active strip; thythmic contractions sre inhibited, and there Is a slight loss in tension,
€ A biphasic effect; after the initial inhibition, the amplitude of the conlra:liomo'.
increased. h
d: A tetanically contracted strip relaxes and rhythmic contractions become appatent.
e
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Fig. 2. Adrenaline (A) induces 2 sustained increase in tension m a relaxed Jongit
and 2

fundus strip (a), a biphasic change in tension in a moderately contracted {b)
sustained Joss of tension in 2 strongly contracted preparation ©.

changes in the thythmic contractions. In strips from the fundus o8 the othef
hand, the activity was mainly tonic, contractions were seefl in some prepary”
“tions, but they were small and irregular. The effects of the drugs were s¢c?
as reversible changes in tension (= alterations in state of contracture).

The effect of adrenaline.

The effect of adrenaline (10
activity in the preparations.

Angrum. In inactive strips, adrenaline cithe:
excitatory response. In most preparations rhythmic coatra
ated, often preceded by a transient tonic rcsponse (fig. 1a)
instances only the tonic response occurred. . ol

When adrenaline was added to strips which were contracting xhnhmxw:j (’o
an inhibition occurred (fig. 1b). Ina few preparations the effect appeare

2_10-5 M) varied according to the existing

r had no effect of inducc_d .an
ctions were jnitl-
and in a fo
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-0, L
t Is0.5x10-5M i

b 4

Mw

150.5x10-6M min

Fig 3. B i ion with I line (fso) leads to inhibition of rhythmic
contractions in a strip from the antrum (a), and to 2 sustained loss of tension 1 a
circular strip from the fundus (b) (the same response is obtained in longitudinal strips).

be biphasic (fig. 1c); after the initial inhibition the contractions were of a
higher frequency and amplitude than before. When the preparations were in
a state of tetanic contraction, adrenaline reduced the tension and the rhythmic
activity again became apparent (fig. 1d).

No difference was found between longitudinal
from the antrum,

Fundus. The effect of adrenergic stimulation differed in longjtudinal and
circular preparations. In longitudinal fundus strips which were completely
relaxed adrenaline gave  sustained increase in tension {fig. 2a), in prepara-
tions which were moderately contracted the effect was biphasic (fig. 2b), and

and circular p

w
6x10-8M Meth.

Fag. 4. Alph: T imutation with {Meth) initiates rbythmic contrac-
tions in a strip from the antrum.
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Fig. 5. In a moderately active antrum strip § X 10-7 M phenylephring (P) increases the
frequency of i while higher ions inhibit the il

in preparations which were already markedly contracted the effect was purely
inhibitory (fig. Zc). The effect on circular strips was nearly always excitatory,
but the magnitude of the response appeared to depend on the existing state
of contracture.

Alpha- and beta-receptors,

The response to adrenaline is composite since this drug stimulates both the
«- and B-receptors, hence it was necessary to study the effect of stimulation
of each receptor separately. Phenylephrine (10-%-10-5 M) and methoxamine
(10--10% M) were used to sti the a-recep and isoprenali
(10-8-10"5 M) to stimulate the p-receptors. In addition the effects of the o~
receptor blocking agents, phenoxybenzamine (10-6-10-3 M) and phentolamise
(10-9-10" M), and the p-receptor blocking agent propranolol (10--10 M)
were studied.

B-receptor stimulation, whether by isoprenaline or by adrenaline after a-
receptor blockade, always inhibited the phasic and tonic activity where such
activity was present {fig. 3), but had no effects on inactive preparations.

The effects of u-receptor stimulation were as variable as those of adren3~
line, and also appeared to depend on the existing activity in the preparations.

1In the inactive antrum strips p imulati quently initiated rh)?h-

“mic contractions (fig. 4), whereas such contractions were inhibjted in active
preparations. The same dose of a-receptor stimulant was capable of produc-
ing these different responses in the same strips, the effect depending on “3"
state of activity when the drug was added. In 6 strips in which the shythmic
activity could be described as moderate, low conceatrations (107-10°8 M) of
ph hrine or meth ing i d the freq of the contmcl_lf:ﬂf
while higher concentrations (5 X 10-%-5 X 105 M) inhibited the nch\?l)
(fig. 5). In the remainder of the preparations the quality of the response “;:
independent of the concentration of a-receptor stimulant, but the magnitt
of the responses was dose-dependent. The manner in which the ant{u{n Sf"l‘{“:
had been prepared seemed to be of no importance for the quality o

TeSPONSC. ]
"IP‘EC to T imulation in the fundus strips dfpcn:cdsf’gx
on the existing state of contracture and on he direction in which the
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Fig. 6. Phenylephrine (P) gives a purely contractile effect in a longitodinal fundus strip
which is completely related, but whea the strip is contracting in response to acetyl-

choline (Ach) a transient rel; ion precedes the i The i of the
two components depend on the existing tensian at the time at which phenylephrine is
added.

had been cut. In longitudinal strips a transient loss of tension was followed
by a more ined increase, The itude of the two p depen-
ded on the existing activity (fig. 6). In circular fundal strips on the other
hand, e-receptor stimulation nearly always gave 2 sustained increase in ten-
sion. Even when the tension was very high the response was either excitatory
or there was none.

Neither the excitatory nor the inhibitory effects of a-receptor stimulation
were blocked by B-receptor blockade (28 preparations) while e-receptor
blockade prevented both effects (19 preparations).

The effect of removal of the mucosa.
The mucosa was left attached to the muscle in 20 of the 79 antrum strips,
and in 25 of the 80 fundus strips investigated. The effects of the adrenergic
agents did not differ in preparations with and without mucosa; f-adrenergic
imul with i line or with adrenaline in the o

lol invariably gave inhibitory effects, while the effects of a-receptor stimula-

Ach. 2x10-5M Imin

Fig. 7 A typical tesponse to acetylcholine (Ach) in a previously inactive antrum strip; a
(ransient increase in tension precedes the onset of rhythmic contractions. {Commpare
fig. 1a),

59
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tion with phenylephrine or methoxamine, or with adrenaline in the preseece
of pheaovybenzamine or phentolamine, depended on the existing activity ia
alt the strips other than the circutar fundal, where the effect was always
cxcitatory,

The cifect of colid storage.

Thirty-five of the 79 antrum strips, and 40 of the 80 fundus strips were
investipated after 24 hours cold storage. The cffect of the adrenenyic agents
appeared to be the same in both the fresh preparations and in the prepan-
tions which had been stored,

The cifects of acerytcholine.

The character of the response 1o acetylcholine in the various siips was
determined ln order to compare it with the responce to the adeenergic sgeats
Acctylchotine (10 °-10* M) alsays induced excitatory cffects, but these
varied in character. In alf the antrum stips, a transient increase in tension
oceurred, tasting from 14-3 min. In addition rhythmic contractions were inf-
tiated or augmented in afl the strips which had exhibited this type of activity

carlier in the experiments, and also jn a few preparations which had been
totally vnresponsive 10 ad gic st ion. A typical resy is shosn
infig 7.

In the strips from the fundus, acetyicholine invaniably induced 2 sustained
increase in tension (see fig. 6), but no contractions.

Tn all the preparations acetylcholine was a far more potent and effective
cxcitatory agent than either adrenaline, phenylephrine or met? ine; the
threshold for acetylcholine was lower than for the other drugs when refated

% to molar concentrations, while the maximal contraction which could be pro-
“duced by acetylcholine was greater thaa that produced by the other drgs.

The cffects of atropine, icxamethionium and tet
In order to determine whether the effects of adrenergic stimufation wﬂf‘r
due 1o » direct influcnce on the smooth muscle, or whether they were totaly

or panly mediated through nervous tissue, the effects of atroping, hexametho-
nium and Jotoxin on the ad ic resy were studied, and com-

pared with the clfects on the response 1o acetylcholine. 1
Atrapine (3 X 10-23 X 1077 M) had a slight inhibitory chcL.f\ SKY;:‘l
depression of phasic and tonic activity occurred with the fiest add:.uon' n‘:-
1his did not occur later. Atropince blocked the effect of acetylcholine wﬂw
pletely (12 strips), but appeared to havchn‘;a effect on the response t@
energic agents, whether excitatory ot inhibitory. PP
nd;le.r:zfneﬂinium. Tt was thought that the duat e{l‘cct (cmlau?n,'m:‘.:;t::;:z
of a-receptor stimplation might be duc to stimutation of both the in




GASTRIC ADRENERGIC RECEPTORS 335

ganglia and smooth muscle. Fourteen preparations were therefore treated with
hexamethonium (L.5 X 10 M) in order to block the ganglia. This did not
alter the adrenergic responses. The effect of acetylcholine was also unal

Tetrodotoxin. In an attempt to exclude all nervous influence, the effect of
pretreatment with tetrodotoxin was studied. Twenty-five preparations were
exposed to tetrodotoxin in concentrations from 10°7 to 107 g/m! for up to 20
minutes. The drug had no effect on the thythmic activity or tension, nor did
it in any way affect the adrepergic response, whether excitatory (20 prepara-
tions), biphasic (3), or inhibitory (2). The response to acetyicholine was also
unaltered,

Discussion

In the present i igation the ad ic f ptors in the rabbit h
muscle were found to mediate only mhxbuory effects, whereas stimulation of
the p gave both f y and ighibitory responses. This cor-
responds to the effects produced by stimulation of the adrenergic receptors in
the guinea-pig (BAILEY 1968; GuIMARAES 1969) and human stomach muscle
(HAFENER ef al. 1969). The effect of stimulation of the a-receptors in guinea-~
pig stomach preparations depend on the existing activity at the time at which
the drug is added, a high activity favouring inhibitory responses, while inac-
tivity favours excitatory effects (GUIMARAES 1969). In the present study this
was also found to apply to rabbit stomach muscle preparations,

These results indicate that different degrees of activity may explain the
qualitatively different results obtained in other investigations (e. g. BENNETT &
WHITNEY 1966). Most i i have used p in which the
activity was high, i. e. cither spontaneously or as 2 result of application of
excitatory agents (. g. high K*, ac holine, carbachol, hi: in the
investigations on the effects of the catecholamines. This may be the reason
why these i ig; have ined only inhibitary effects.

In our study of the effects of the adrenergic response in the human stomach
muscle (HAFENER et al. 1969) we found that in some preparations low con-

ions of Dl induced exci y effects, while higher
concentrations of the same drug gave inkibitory responses, Similtar effects
were obtained in some of the antrum preparations used in the present in-
vestigation. This may indicate that the excitatory and the inhibitory s-adre-
nergic receptors ha\'e different thresholds, although no evidence for this was
found in the i i Smce tol had no effect on the
inhibiti by the high of imul it is
most Imhkcly that the ichibition wauld be due to &reccp(or stimulation,

‘The muscular activity was dllferem in xhe preparations from the different
parts of the stomach. Rh were in the smooth
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rfxmclc {rom the antrum, and the cffect of the drsgs wese best seen as altera-
tions In these contractions, while changes in basal tension were small or
transient. In preparations from the fundus, on the other hand, the actisity
was mainly “lonic®, the state of comtracture of the strips being changed
aceording to the drups eed. These differences reflect the functions of the
tnor parts of the stomach; the antrum acts as a popukive pump for the
astric contents, and helps in the mixing and mashing of the food, while the
fundus mainly functions as a receptacle which maintains constant pressure in
spite of vanying volumes,

In the fundus there atso seemed to be a iff between the |
and circular strips; in the longitudinal strips a-receptor stimulation induced
both excitatory and inhibitory cffeets, while the effect was almost exclusively
cxcitatory in the circular strips. The functional significance of this is not
Snown,

Burry (1968) found that removal of the mucosa from guinea pig stomach
stripe preatly enhanced the response to sympathomimetic amines. In the
present study remaval of the mucosa did not akier the adrenergic response
qualitatisely, which is in agreement with previous studies on intact and split
strips from the fundus of the rat stomach (Florx & Zwrwraci 1963). As the
spontancous activity varied in our preparations, it was difficult to study
quantitative clfects, and it cannot be excluded that removal of the mucesa
gave minor quantitative alterations.

1ant et al. (1967) have reported that cold storage for 24 hours or more
selectively reduces the responsiveness of the a-receptors in the rabbit intestine.
In the present study the qualitative effects of adrenergic stimulation were the
same in fresh preparations and preparations which had been stored for A
hours, but again quantitative variations cannot be excluded.

Inactivation of the nervous fissue in intestinal preparations with tetrodo-

,imin has presiously been shown to have no effect on the response 10 adre-
nergic agonists in 1olated smooth muscle preparations (GrrsoN 1967). In
the present study the a-ad were unaltered after the prepara-

BIC resy

tions had been treated with tetrodotovia, hesamethoniuat or atropine. Both
this and the fack of effect of removal of the mucosa indicated that the o=
adrencegic agents acted directly on the adrenergic receptors i the smooth
muscle cells,

‘The physiological implications of these findings are uncertain, The adr.‘cr;’t;
gic nerves seem to terminate in the enteric plexi (I\'onmn«f 196f), and it I-
been shown that there are a-receptors which regulate the liberation of af:c!‘)l'l‘
choline from intramural cholinergic ganglia (PATON &‘Vm 1969). As ‘sr::r’lm
lation of the adrencrgic nerves to the stomach hn_s fittle or no cﬁ'«f P
there is no cholinergic activity (JaNssON 1969), lhfs would scem (Zo’;‘m:rgic
that the main function of the adrenergic nerves is 1o regulate ¢l
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activity. What then is the function of the adrenergic receptors in the smooth
muscle cells? Two possibilities exist, they may either be activated by “over-
flow” of noradrenaline from adrenergic transmission sites in the submucous
and jntramuscular plexi, and thus act in conjunction with the adrenergic
receptors in the cholinergic ganglia in the local response to sympathetic
nervous stimulation, or they may be activated by ci i holami;
and act as mediators of a more general systemic adrenergic response.

In the present investigation we did not succeed in quantitating the effects
of the drugs. The threshold to the various drugs and the maximal responses
varied in the individual strips, as did the relative potencies of the drugs. This
may be due to the varying degrees of activity in the preparations, which was
necessary for the determination of the effects of adrenergic stimulation at
varying degrees of spontaneous muscular activity.

1t would be interesting to study the effects of adrenergic stimulation, espe-
cially the effects of the a-adrenergic agents, with controlled variations of
muscular activity, and such studies are now in progress in this laboratory.
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Metaholism, Distribution and Excretion of Flupenthixol
Decanoate in Dogs and Rats
By
A, Jorgensen, K. Fredricson Overs and V. Hansen
{Received October 13, 1970)

Abstract: The ism of hi ini in i e
by mtramuscular or subcutaneous injection has been studied by thin-layer
i after ion of urine, faeces and organs from

dogs and rats. Since only minute amounts of the compound itself were detected
1 the organs and a high hydrolytic activity of blood and organs was demon-
strated by in vitro i it was that the is
in the organism, The flupenthixol thus formed was found to be metabolized by
sulphovidation and by dealkylation in the side chain following the same pattern
as that it shown for flups ixol. The ic effect seen in the
b ical stedies is pi ly due to flupenthivol, since this is quanti-
tatively by far the most important substance found in brain extracts. In order
to study the depot effect of the preparation, blood levels and excretion were
followed after administration of the SH-labelled compound. These studies indi-
cated, that a sustained release of drug from a depot was obtained. The presence
of a relatively limited depot was demonstrated.

Key-words: Neuroleptic — sestained release preparation — kinetics — chromato-
graphy, thin-layer ~ radioisotopes.

The thioxanthene flupenthixol (fluanxol®) is well established in psychiatry
as a neuroleptic drug without any sedative properties. A depot preparation
(fluanzol® depot) suitable for intramuscular injection in oil has been obtained
by the esterification of flupenthixol with ic acid. A prolonged neuro-
leptic effect of this p ion as p to orally inistered flupen-
thixol has been shown in pharmacological studies by MotLFR NIELSIN et al.
(unpublished results) and Franck (1970) and in clinical trials by Rramvic
et al. (1968), GIESTLAND (1970), ENERIEDM ef al. (1970) and BILDE & MaD-
SEN (1970).

The present publication describes studies perf d in order to p
the phnmamlogcal studies with the biochernical data and to & i
the boli: and

pattern of the depot preparation.
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Materials and methods
A. Stisdier with unbidelled coripoard
1. Subsranee,

In flupenthivel tlor formuls see fig 1) the side chain is attacked to the ring structere
with & double bond. Sace the tirg structute iy avymmetrical the compound exists in
1o homeric forrys named « and (L Ia the et preparation the pure wiomer by
been wsed, since this form has been shawn o possent the highest biologicat actisity.

2. Anlmals and dosage,

Acult pure bred Reagte dogy of ether sex from our awn 1tock wete given 6 eglp
of « flupenthivol o In sheolea® (03 mi'\g) by injection in the posterior
smnsuliture of the thigh ence a weel for 6 monthe,

Raty, SP'F, [Wistar!Af Han'MS (Hann 67)} were given a subcutareces Injection of
10-14 mzlg e-flupenthivol decancate in viscoleo® (01 mi‘rat) in the nape of the seck
twice a week for 7 weekd

3. Sumpler.

Twenty four hour ramples of unne and of Lieces were collected separately from the
dops afier 10 days and alter adaumstration for 3 monthe Samples of the Iner, Jugy
Lidneys, brain, muscle (quadriceps femons), fat and Mile were oblained 9 days after the
administration of 1he Last dose. Unne and facces were collected from the ras during
the furvt 24 houns, afier 4 weeks and also at the end of the stuily. Samples of e

were obtained 2 days after the last done

&, Preparation of exeeaces

Samples aof facces and organs were homogenwzed 1+ 4 (weight/weight) in want
before extraction.

Simple evtracty were prepared by euracting three times with the double volume
of dichforoethane (DCL) at pf{ 10 Separation was achieved by centnfugation. The
eutracts were filtered through anhydrous sodium sufphate and evaporated fo dymest
under vacuum st $0° The residue was dissolied w 10 mi of chloroform and osed
far thindayer chromatopraphy (TLC) After evhaustwe cueraction, hydrolpls 924
undertaken with f-glucutonidase, bacteresl (Sigmad, after which the samples west
estracted as before B

More purified exiracts were obtamned by wroducing nnsing sieps as Pustrated it
fig. 2. Fallowing baus evraction with DCE. the organic extract nas evaporated “‘:
the residue dusolved i 4 ml of 003 M acetic acnd The aed phase way evracted ‘;‘J
petroleun benzene, which was subsequent!y divided 1nto two portions one was r}'ﬂ‘l \
for TLC directly {c) ~ the other was evaporated and the residue rcd.issbhtd in Sdm
of 5 M sodiwm hydrotide and placed in o boiling waterbath for 30 minutes for lg (f;;'
Iysis. The hydrolyzed sample was then extracted with DCE and rnr:m{ for Tt: Th:'
The remaining acctic acid phase was adjusted to pH 10 and extracted with ﬁDCh;m’
extracts were prepared for TLC sx above (a). All the exiractions 'wm made by s! m”-‘
three times with s double volume of organic solvent. 50 mi of urine and STSOﬂK);’ ot
organ or facces were used for extraction. The residues were dissotved in LS
chloroform of which 50-250 ! were spotted for TLC.

2 250 p thich Jayer of

5. Thin-layer chromatography (TLC}
activated ¢

TLC was carried out on glass plates (20 X 20 em) ¢
Sitica Gel G. necording 1o Stahl (Merch) After coating,
110* for 30 smin. and stored.

) coated with
the plates were
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CFy

S )CH-CHy=CH-N  N-CHp=CHp-0-CO-{CH,)g-CH3
Q Flupenthixol decanoate (FPT-dec.)

Fa

5 =CH-CH)-CHp-N N-CHz-CH, 0H
Hy-Chy H
O Flupenthixol {(FPT)
F3
(2 N

S )eCH-CHy-CH-N KM

A
O Lu 5-051 (HN-FPT}
CFy
0=g

=cH-cn2-CH2-r(_\~cnz-cnzon
e

Q

Flupenthixol -sulphoxide (FPT-S0)

Trifluormethylthioxanthone (TFT)’

Fig. 1. Reference substances,
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The following sodrent systems were mred

I Dwopentyl aleobol B oml
Acctic asid 0 ml
Water M mf

I Prom! alechol (m) &8 mi
Water 15 ml

UL Propyt alzohol fn) 95 mi
Water 5ml
IV Acetone €0 ml
Heptane 40 mt
Dicthylamire 10 m!
¥ Methanot AN
Beazene @0og

In some imtancer two-dimensional ghromatography was cartied out usirg fissing
systerns such as chioroform : ether (85 : 15) of benzene in the fint direction and oo of
the systems mentioned above in the second. The plate was thoroughly dried bemees
the ruas.

Concentrated sufphune asid was used as the spray reagent. The plates were odserned
in Uvdight.

The following subitances were wed a1 references (for formulas sce fig 1) o-fiopes-
thito} decanoate (a-FPT-dec, Nupenthivol (FPT) (pure @ and mistare of o aod fl
flupenthitol sulphovide (FPT-S0), 1u $-051 (HN-FPT) and trifluormethy thiotanthone
(TTT). Re-values for the eefcrence sut«tances are shown in table 1.

The sulphovides of FPT-lec. and HN.-FPT, which were rot asailatle as peference
abstanges, weee formed directly on the TLC-late by applying 2 drops of 10 % H0:
on (op of a sample of FPT-dec. and HN-I'PT, respectively

Faualftum
] benzike

Sample e DCE

Fig. 2. Extraction procedure.
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B. Studies on labelled compounds.
1. Labelled compounds.

2utriflucrmethylthioxanthone (TFT) was trstium () Jabelled by catalytic exchange by
New England Nuclear,

The specific activity of the raw product was 93.6 mci/mg. Thin-layer chromato-
graphy (TLC) revealed that not more than 625 % was TFT, At least 7 labelled
impurities were found to be present.

TFT was purified by several recrystallizations from acetic acid and difuted 5 times
with unlabelled substance. TLC showed that 91.5 % of the radioactivity followed TFT.

From TFT flupenthixol was synthesized in 3 steps and flupenthixol decanoate in a
further step as shown in fig. 3. The first step consisted of a reaction with dimethyla-
minopropylmaguesiumchloride (DMAPMgC)) to give N 7057, which was purified to
98 % {cadi ical purity) by recr ization from ! ether,

N 7057 was dehydrated in a mixture of acetic acid and hydrochloric acid to give
N 796, which {a turn was converted ta FPT by emine exchange with hydroxyethyl-
Ppiperazine (HEPPZ). FPT was purified by recrystallization as base from petrol ether.
By this procedure pure u-somer was obtained. The radiochernical purity of this com-
pound was > 90 %.

a-FPT-dec. was synthesized by reaction of «FPT with decanoylchloride {DECYH).

@-FPT-dec. was purified by recrystallization as an oxalate and controlled by TLC in
several systems,

Two lots were made,

Lot no. 1: $H-a-Flupenthixol decanoate:
Specific activity: 578 ycilmg
Radiochermeal purity: > 85 %
(About 8.5 % of TFT present).

Table 1.
Rf-values in TLC.
Sofvent Reference substances
system FPT-dec. FPT FPT-SO | HN-FPT TFT
1 06 031 19 036
g 927 o 033 093
n o 050 027 0.11
% 0.41 on 0.05 083
m 014 0.20 0.10 004 087
v 0 o 035
LH 60 050 016 087
v 094 X 058 T
3. 076 061 0.)27 093

Acta pharmacologice, val, 29, faxc. 4
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1 ¢y 1 CFq
DHAPUGCH s OH
0 CH Hae
Vod
CHy - CHy-CH N _—
KR “CHy  HO
! 1

TFT N 7057

rﬁ’a
CH
T
S; ;-cn-cn;.t:uz.u\cNJ
! N 796

1 QCF'A

-

HEPPZ
heat

CH-CHz-CHI-N N.cnz .CMZ_QH

S v
'{j FPT

lDECl

c
1 Q ’ ™\
S CH-CHy ~CH2-N ;J-CNTCHz-O-CD-lCHz)g-CHg

a-FPT-dec.

~dec.
Fig. 3. Synthesis of tritium labelled FFI‘ and FPT-d¢
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Lot no. 2: $H-a-Flupenthixol:

Specific activity: 560 ucilmg

Radiochemical purity: > 90%

3H-a-Flupenthixol decanoate:

Specific activity: 378 pci/mg

Radiochemical purity: > 95 %
Ho-FPT-dec. was prepared for i injection by dissolution in
20 mg/ml).

2. Animal studies,

2. Rat study on blood levels and excretion. Male Wistar/Af/Han/Md (Han 67) rats,
SPF, {115-130 g) were given an intramuscular injection of § mg SH-a-FPT-dec. {lot no.
1)/kg body weight into the left musculus extensor quadriceps femoris. At ¥, 2 and 8
hours, and 1, 3, 6, 10, 16, 21 and 28 days after injection, two rats from each of the
groups were killed under ether anaesthesia and blood samples were collected in tubes
containing EDTA 1o prevent clotting. From the four rats killed 21 and 28 days after
injection, 24 hour samples of urine and faeces were collected separately during the
entire experimental period.

b. Rat study on dis ion, Male Wistar/Af/ /M& (Han 67) rats, SPF, (205-250 g)
weee given an intramuscular injection of ¢ mg 8H-o-FPT-dec. {lot no. 2)kg body
weight in the left musculus extensor quadriceps femoris. At 6 hours, and 1, 4, 7 and 14
days after the injection, 2 animals were Lilled by exsanguination under ether ama-
esthesia. Blood samples were collected in tubes containing EDTA to prevent clotting
and the brain, lungs, liver, heart, kidneys, spleen, epididymal fat and the left leg were
removed. From the two rats killed on the 14th day after the injection blood samples
were drawn from the orbital vein plexus at %, 2, 6 hours, and 1, 2, 4, 7, 10 and 14 days
alter administration of the drug.

5 Dog study on blood levels and excretion. Six adult pure bred Beagle dogs of
¢ither sex (b.w. 9.4-11.5 kg) from our own stock, divided into three groups of one
male and one female each, were used in the study. Two groups were given 2 and 6 mg
3H-a-FPT-dec. (lot no. 2)/kg respectively by intramuscular injection in the posterior
musculature of the thigh, while the third group, for comparison, was given an oral dose
©f 1 mg $H-0-FPT/kg as pure substance in a capsule. Blood samples were drawn by
vein puncture at different times after administration of the drug. Urine and faeces
samples were collected in the periods 0-1, 1-2, 34, 6-7, 10-11, 15-16 and 24-25 days
fespectively after administration of the drug.

3. In vitro study on hydrolysis

Twa male Wistar/ At/Han/MB (Han 67) sats, SPF, were bled under ether anaesthesia.
The Woodt aus collected it depaniized fudes and dilved @itk < vomes of G 8
Phosphate buffer, pH 7.4. Brain, liver, lungs and kidneys were removed and homo-
genized in 4 volumes of the same buffer. To 12.5 m! of buffer, diluted blood and
organ homogenates were added 26.5 ug of SH-q-FPT-dec. and the samples then incu-

bated with shaking at 37°. Five m! samples were removed for analysis after 1 and 2
hours respectively,

4. Preparation of samples for liquid scintillation counting.

_The radioactive samples were measured in a Beckman Liquid Scintillation Counter
#ith automatic extemal standardization. The scintillators used were toluene: triton
X-100 (2 1) containing 6 gt PFO and 0.3 gft dimethyl.POPOP for who' °
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l,V‘J- for 8] other samples the dovare-methanclloliene-raphthalene mistare (Gowh
dewnbad by Jlexrrao (1940 and moddicd by replazing POPOP with dmetsh
POPOL, w3sined 10 1 portiors of the scintdlston were psad.

3 St To 01 m) of whole Blood were addat 1 ml of concentratad Missehton
and 03 1 of 302 H Oz solotion. After geatle shaking the sample was Lert af rocc
temperature for one hour and beated for arctber bowr in an men 3t (% Al
eovkieg the wintillator wac added 05 ml of seturm was counted dorectly fn ool 2
tiliater,

b. Zinuer Homogenates contniong { part by weight in 4 volurtes of water wew
made of the baain, furgy, Tiner and lidneys, A 05 il ahquot was adfed to the sin
Glfator, The hean, epld Jymal fan, Teft Teg and spleen were heated in 4 solures of
03 N NaOff solution fn scaled tubey on 4 water bath at 9.85° for 30 min w18

ccavonst shaling Alguets of 03 ml were taken for counriag The rerainder of te
ameat body, hamed carsaw, was seflued in 2 volumas of ctharolic 0.8 M-KOH sl
tion for ene Bour Alter coohing and centnfugation 02 mb of the scpermatact wis
counted.

c. Unne gad fuccer 02 or 0.5 ml of vrine was counted directly, The samples of rat
facees were ground in a mortar 10 give & bomogenous mature. Facces from the &%
wee hemoegenized 1 2 or 3 volumes of water 0.5 5 of rat facces ard 2 g of homogessie
of dog facces wete heatad for an hour §n sealed tubes 1n an oven at 70-80° with Yaal of
60! HCIOsolution and 2 mb of 30 % HOrsolutien After coaling the soloucn 835
neutralized with sohd NaOH and mited with 40 ml of cellosalve. 1 ml of this mtne
was then counted,

§. Exteaction and chromatogpruphy

Dog vrine (2~ mi), homogenates of dog facces (carresponding to 12 g of faeee)
and homogenates of Fat ofgans (3-5 mb were adjustad to pil 10 and exrasted thret
times with 20-30 ml of DCE. The pooled evtracts were conzertrated fo 3-5 miat v
pressure, Ozne abquot of the concentrate was counted and snother subjected 12 TLC
Fhe samples from the sn suteo study wess shaken woth 20 mi of DCE following 38uen
of 0.5 m) 2 N-NaOH solution Alquots of the DCL phoses wers chromategraphed. Th
TIC was run on 5 5 20 cm plass plates prepared 3s descnbed above. Salent spie™
1, N1 and IV were ped. After deselopment of the plates the aitica pel was ssraped ff
avtomatically for cach hall centimeles anto separate counnng wials and the tde
activity determined.

i

Results

A, Studies with unlabelled compound.
Comments on the procedures. { et
When studying blind samples to which reference substances he i
added, it was obsersed that partial decomposition of the substances ;Cr‘:m
during the ion and TLC-p d Thus minute amouats af ;" e
formed from FPT-dec. The formation of negligible amounts of stfrg 0"510 o
TFT and some unideatified products was also obseAr\‘t(L In af!d;u::d o
isomerisation of a-FPT oceurs relatively .casi)): du{u;gl ec‘lr:::;t; e same

during TLC, as d by t
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solvent system in both disections. These facts have been kept in mind when
assessing the dosed samples used.

By the simple extraction technique, nearly complete extraction of the
added standards was achieved as judged by TLC. By the more complicated

hnique smatl of the sut were lost, However, considerable
amounts of impurities were eliminated, thus providing an extract much more
suitable for TLC. In addition partial separation of FPT-dec. from the other
ds was ished by ing the acetic acid phase with petro-

leum benzene (see fig. 2). In this step FPT-dec. is completely extracted
together with minute amounts of FPT. The main part of FPT and all of the
other metatolites, however, remain in the acid phase and appear in extract a,
while FPT-dec. appears in extracts b (hydrolyzed to FPT) and c. The use of
other methods for obtaining more pure extracts, as e. g. gel filtration was
complicated by absorption of the compounds to the gel and also by the
instability of the compounds.

Dog studies.

TLC of simple extracts of urine revealed the presence of yellow fluorescent
spots corr ding, to the ref t FPT, and orange fluorescent

spots corresponding to FPT-SO. The two metabolites were present in ap-
proximately equal amounts (about 40 m pg/mt). No other substances could
be detected. Neither was there any further release of substances observed
after hydrolysis, The same results were obtained at TLC of purified extracts.

In extracts of faeces, distinct yellow spots corresponding to FPT and HN-
FPT were detected in approximately equal concentrations (about 0.5 pg/g).
No other substances were observed.

Useful results with TLC on organs were obtained only by using purified
€xtracts and two-dimensional TLC. In the a-extract of liver (see fig. 2) small
amounts of FPT and very small amounts of HN-FPT and FPT-SO were ob-
served. The c-extracts contained small amounts of FPT-dec. and extremely
small amounts of FPT. When the contents of the latter extract had been
submitted to hydrolysis only FPT was detected in the extract (b-extract).
Thus the presence in the liver of FPT-dec., FPT, NH-FPT and possibly FPT-
S0 was d The main pounds, FPT-dec. and FPT, were judged
to be of the same order of concentration (approtimately 25-100 m yg/g).

The same pattern of drug and metabolites was detected in the lungs, the
amounts being of the same order as in the liver. In the kidneys, however, the
amounts were very low. In the brain and muscle neither drug nor metabotites
could be detected.

The bile was found to contain some drug material, the identification of
which was impossible because of interference by the impurities,

The FPT detected by TLC in the samples mentioned above appeared as
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o spots corresponding to the two isomeric forms of FPT, o and § i
solvent systems T and 11 The two spots were of approximately equal sire,
thus indicating a larger degrec of isomerisation than that normally occuning
during the procedures. This scems to indicate that a certain degree of iso-
merisation takes place in the animal body.

Rat studies.

In extracts from rat urine FPT-SO was found to be the main compound.
The concentration was edtimated to be about 0.5 pg/ml. In 2ddition FFT
(approximately 0.3 yp/ml) and HN-FPT-SO were detected. By hydrolysis
with p-glucuronidase further amounts cspecially of FPT, but also of FPT-50,
were released. Extracts of facces were found to contain FPT and HN-FPT
as the main bolites, In addition the § of very small amounts of
FIT-SO was indicated.
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Fig. 4. 8. Blood level of radivactivity in rats killed at dil o deactivity expressed
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Studies on extracts from organs revealed only the presence of very small
amounts of FPT in the liver,

The contents of FPT detected by TLC in these samples were divided into
w0 spots of about the same size, as was also the case in the dog material,

B. Studies on labelled compounds.

Rat study on blood levels and excretion. The radioactivity in rat blood
expressed as mpg FPT-dec./ml blood foltowing intramuscular injection of
FPT-dec. is shown in fig, 4a. The curve shows a peak value 8 hours after in-
jection and a rather slow decrease after this time, In fig. 4b the total excretion
of radioactivity in the urine and faeces is shown. The exponential excretion
curve estimated by a regression analysis using the method of least squares on
the excretion data is also shown. The regressmn analysis gave an elimination
hali-ife of 8 days for the total ion of ivity. The total
within 28 days was 71.4 %, indicating that part of the radioactive substance
was still in the animal body at the end of the study, The faecal excretion was
highest being about seven times greater than the urmary excretion.

Rat study on distribution. The of ivity in rat blood
drawn from the orbital vein plexus is shown in fig. 5. The curve is very
similar to that obtained from the above mentioned study in the rat (fig. 4a),
with a peak value at 6 hours after injection. The tissue concentrations of
radioactivity expressed as pg FPT-dec./g tissue are given in table 2. Apart

mjrg/ml

70~

x
e
20 X

2 4 6 8 10 12 1idays
tration of radioactivity in rat blood drawn from the orbital vein plexus
1222). Dose: 4 mg FPT-dec.kg i Ordinate: R ivity expressed as |
g FPT-decfml. DI

(ﬁz S. Concen
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from the left leg in which the injection was performed, the highest concentra-
tions were seen in the liver, the Jungs, the kidoeys and the spleen, while the
concentrations in the brain and the blood were considerably Jower. A maxi-
mum concentration was obtained 6 hours after injection in all the tissues ex-
cept the lungs, in which a maximum concentration was found 24 hours after
injection, As the decrease of radioactivity in the tissues was not exponential
00 half-life for the radioactivity in the tissues could be estimated. However, it
should be stressed, that the concentration of radioactivity in the brain was still
measurable 14 days after injection, when it was one third of the concentration
found at 24 hours.

Relatively large variations were seen in the extractability of the radio-
activity from the organs. This ranged from 11-59 %, for the brain, 24-69 %,
for the liver, 67-92 %, for the kidneys and 38-77 %, for the lungs. The per-

*h

0. FPT

fo-
| TET
/ FPT-gec. / \
— /\.,—/“’“’\'J -
0 2 & 6 8 10 12 1 18 em
Fig. 6. Thindayer chromatograms of brain extract from a rat Ailled 7 days after
administration of 4 mg FPT-dec.fkg intramuscularly. Abscissa: Distance from the

starung point, Ordinate: Amounts of radioactivity in per cent of total radioactivity on
the plate. Upper: Solvent system I, Lower: Sotvent system 1.
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centage of extractable radioactivity for all organs decreased with time after
administration.

In the chromatograms of the extracts of the brain (see fig. 6) 2 large peak
corresponding to FPT was seen. This peak amounted to 52-83% of the
extractable radioactivity in the first week, decreasing to 32-63 4 at 2 wetks

after administration. The of small of FPT-dec. and some
metatolites was alo [ndicated. In addition the presence of TFT was indicated
This sub is probably not o bolite, as it is formed spontancously

during the handling of samples,

The chromatograms of extracts of the liver, lungs and kidneys had the
same general appeatance. The peak comresponding to FPT was the larpest,
but ft was fess marked than fn the brain, In addition to FPT the presence of
FPT-dec., FPT-dec.-SO and FPT-SO together with very small amouats of
other bolites was indicated. A peak corresponding to TFT was aleays
scen.

Dog study on blood levels and excretion. The concentration of ndjomi.\i!y
expressed ns mpg parent substance/m] serum in the scrum from dogs gea
FPT-dec. or FPT is shown in fig. 7. Following FPT-dec. peak concentrations
are seen at 7 days after administration, while in the two dogs given FPT the
peak concentrations are seen at 2 and 24 hours respectively.

1 mefke}

i lly (!
Fig. 7. Concentration of radioactivity in serum from dogs given l:’l':::";' of parest
or FPT-dec, by intramuscular injection (2 or 6 mgfkg) expressed &

substance per ml serum.
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Fig. 8 Dxcrenon of mdiactivity in urine {rom Jogs gnen TPT onlly @ dogsh o
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The cxcretion of radioactivity in the urine and facces is shown in table 3+
Since large variations were seen in the amount of urin¢ and fagees obtain
+ from diffcrent dogs as well av in the same dog at different periods,
can not be considered as 24 hours collections. Therefore the
m! urine and percentage dose/g facces respectively have been CORSIEE.
instead of the pereentage dose/time interval. The mean values for excretiof
in the urinc (expressed as o/ -dose/ml) after administration of FPT-deC ¢
dogs) and FPT (2 dogs) arc shown in a semilogarithmic plot in fig. §- The
curves show the same picture for excretion in the urine 38 that obtained fof
the concentration of radioactivity in the serum (fig- 7). The high value seet

in the interval 24-25 days after oral administration of flupen his
plained by 2 high concentration in one of the two urin® samples from .
y the same pattern 35 for the

interval, possibly due to contamination. Roughl, e 3 e the
wrinary excretion was seeft for faccal excretion (table 3), but in this ¢2
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maximum excretion in the interval 6-7 days was only seen in one of the dogs
given FPT-dec., while the other three dogs showed maximum excretion at
3-4 days after injection.

Seven-37 %, of the radioactivity could be extracted from the urine and
21-54 %, from the faeces at an alkaline pH. The TLC of extracts of urine
from dogs given FPT shows that FPT-SO was the major excretion product in
the urine. In addition, FPT, HN-FPT and HN-FPT-SO were seen, The TLC
extracts of faeces was 10 some extent interfered with by impurities, but there
was indication of the presence of FPT and the sulphoxide of this compound.

TLC of urine and faeces extracts from dogs given FPT-dec. indicated that
the sulphoxides of FPT and HN-FPT were the major excretion products fol-
lowed by HN-FPT. The presence of FPT-dec,, FPT-dec.-SO and FPT in
very small amounts was also indicated.

In vitro study on hydrolysis. As shown in table 4 the amount of radio-
activity extractable in the hydrolysis experiment ranged from about 100 per
cent for the pure buffer to 36 per cent for the one hour sample of kidney
homogenate, The relative amounts of FPT-dec. and FPT show that the
highest hydrolytic activity was found in the brain homogenate and diluted
blood, while the homogenates of liver, lungs and kidneys had less activity, A

Table 4.

Extraction and chromatographic analysis of in vitro samples.

% Radioactivity  Deted oF oot
m DCE-phase on FPT-dec. and FPT
%-FPT-dec. %-FPT
Buffer 1 hour 102 8 5
2 hours 93 77 6
Blood 1 hour 49 2 7
2 hours 67 9 7
Brain 1 hour 72 3 70
2 howrs %0 4 8s
Liver 1 hour 60 20 67
2 hours 80 12 8
Lungs 1 hour 50 25 61
2 hours 7 16 75
s, 5z &
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small spontaneous degradation was observed in the buffer samples. Infig 9
the chromatograms of the extracts of the 2 hour samples are shown, The
FPT-peak shows a tendency to scparate into two peaks, indicating the
formation of the p-jsomer of FPT. The degradation product, TFT, was seea
on all the chromatograms.
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Fig. 9. Thin-layer chromatograms of extracts of

: i - Dilutes
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Discussion

The presence of a relatively limited depot of flupenthixol decanoate at the
site of injection is indicated by the large amount of radioactivity maintained
in the leg, where the injection was given. The detection in the organs of
unchanged flupenthixol decanoate as well as the high hydrolytic activity of
the blood and the organs as demonstrated by in vitro experiments, suggests
the release of unhydrolyzed ester from the depot and subsequent hydrolysis.
Since flupenthixol is capable of passing through the blood brain barrier
(JoRGENSEN et al. 1969), it seems unlikely that the more Lpophilic flupen-
thixol decanoate should be unable to do so. Thus the flupenthixol found in

the brain might originate from fi ydrolyzed both in the
brain and elsewhere. This is not in agreement with the results on the flu-
h ester, flupt i hate, by Esert & Hess (1965), who sug-

gested, that the fluphenazine found in the brain, originated solely from the
ester hydrolyzed outside the brain,

The neuvroleptic effect seen in rats after the administration of flupenthixol
d in the pharmacological studies of MeLLER NILLSEN ef al. (un-
Published) and Franck (1970) is presumably due to the presence of flupen-
thixol in the brain as this is the main substance found in brain extracts.

The distribution of radioactivity following the administration of flupen-
thixol decanoate to rats is identical to that found after oral administration of
Bupenthixol (TorGENSEN ef al. 1969) and very similar to that seen after the
administration of other psychotropic drugs ¢.g. fluphenazine enanthate
(EERT & Hess 1965) and prothiadene (dosulepinum NFN) (HoruSovsks
:t al. 1967), The substances detected in organs from dogs given unlabelled

ixol d indicate 2 distrit pattern similar to that found in
Tats. However, when blood levels are considered, a difference is seen between
Tats and dogs, as rats show a maximum within the first 24 hours, while a
maximum blood level is obtained in the dog 7 days after administration. The
Te.ason for this species difference is obscure, but is probably to be sought in
differences in the rate of release of the drug from the depot.

A comparison between the amounts of radioactivity in blood and organs

obtained after admini ion of flug i d and f
@ EN et al. 1969) respectively, reveals that higher levels are maintained
for a longer period of time when flupenthixol is admini indi-

Cating that injection of the decanoic acid ester in oil causes a sustained release
°r. d{“z from the depot. This is further supported by the elimination data. The
climination half-life in rats was esti as 8 days fi ing flupenthixol
decanoate as compared to one day after flupenthixol (JORGENSEN et al. 1969).
Thus the biochemical findings correlate well with the prolonged effect seen in
the ph gical studies with flupenthixol d (Motzer Nisses
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ef al. unpublished; Franer 1970). Apast from possible traces of unchanged
fupenthivol & and its sulphovide. the metabolites found in the vrine
and facces are the same as those found ofter flupenthixol (JORGENSEN et ol.
1964), showing that flupenthixol decanoate is Targely converted to flupenthi-
xol and that the pathway for biotransformation of flupenthixot docs rot
change.

The presence of both isomers of flupenthixol after the administration of
a-flupenthivol decanoate has been demonstrated in these studics. Since, bos-
ever, the spontancous formation of the f-isomer during the procedures has
been shown, the degree of jsometisation within the organism can not be
estimated.
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Uptake, Metabolism and Excretion of Desmethylimipramine
and its Metabolites in the Isolated Perfused Rat Liver
By

Christer von Babr and Olof Borgh
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Abstract: 'The isolated perfused rat liver was used i in order to study the metabo-
tism of the tricyclic anti drug, i ine (DMI), which is
metabolized by oxidation and subs:qucm conjogation. DMl Tabelled with tnuum
in a position fn which it is not by was used,

procedures were developed which allowed a separation of DMI and its hydroxyl-
ated and conjugated metabolites. DMI and its metabolites were measured in
perfusate plasma, bile and liver. DMI disappeared quickly from the plasma and
reappeared in high concentrations in liver and bile. The drug was highly bound
1o proteins in perfusate plasma, while the conjugated metabolites were not bound
2t all. The red blood corpuscles contained approximately ten times higher con-
centrations of DMI than perfusate plasma but no conjugated metabolites. Only
small amounts of i were found in perfusate
plasma, liver and bile in conlrast to the conjugated metabolites which oceurred
1 considerable amounts in perfusate plasma and bile. DMI was bound to the
Microsomal fraction of the liver cell. The conjugated metabolites appeared
manly in the cytoplasm of the liver cell

Ki ds: D

— drug ism - perfused liver - intra-
cellular distribution - bile exeretion.

Many drugs (Bropie er al. 1958), aliphatic hydrocarbons (RoBBINS
1961) and steroid hormones (KUNTZMAN ef al. 1964) are metabolized oxida-
tively by enzyme components in the liver endoplasmic reticulum. The oxida-
tive step is often followed by conjugation, ¢. g. with gl ic acid. Thus,
Polar metabolites are formed which are easily excreted in the urine and bile,

Most drug metabolism studies have been performed in vivo or in vitro with
isolated liver microsomes. In the isolated perfused liver the metabolic steps
€an be studied simultaneously with factors closely related to metabohsm,;uch
as the uptake and transport of 2 drug and its metabolites in the ©
ko the distribution of these compounds between liver, pcxfus.a -

(KALSER et al. 1968; Nacasiws - al, 1968).

B Acta pharmacologica, vel 39, fasc
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‘The tricyclic antidepressant drug d hylimipramine (DMI) is an inter-
mediate in the main bolic pathway of imipramine, and its metabolism has
been studied in connection with pharmacohinetic insestigations of the faner
drug. Eatensive insestiations of the bi formation of imipramine and
DMI have been performed in rats and rat liser microsomes and also in man
{(Hirraasy & PULVIR 1960; HIRRMANN ot al, 1960; Brekr & Bioonunt
1966; Craovvir o7 @l 1965; Brexr . & WrDrR 1968; Cruonerr ot ol. 1969;
SHQVIST et al. 1969; Crasivrr & ScorT 1966; OnrrsITG & Bitnngr 1962
Herraasy 1963), DMI js metabolized in the Jiver by hydrosylation, N<e-
allylation and conjugation reactions. (The different metabolites are depicted
in fig. 1). In man, hydroxylation occurs predominantly in the 2-posiion
(aromatic) with a small portion reacting in the 10-position (benzylic) (Crast-
MTR & SarrT 1966). In the rat only the 2-hydroxylated metabolites have been
found (Brexr & Winra 1968).

The main purpe<e of this investigation was:

* to study the time course of the disappearance of DME in the perfused 72t

liver system and the o i pr ¢ of its mctaboli
R ¢n, ‘:5":
108 My CHy
CHy CH,
Ry N
chy W Wk
oMt oDM!
; 2-hydroxfae
. O N O O N O unconjugated o
M =318 CH, conjugated
2-0H-1DB §he ¢,
NH: {:Hz
s
oy H W
2-0H-DMI 2-0H-DDMI
N N rding
Fig. 1. Desmethylimipramine (DMD and its main metabolites touéug ;'l c’;‘: f\:'mu
1o extensive investigations by several authors (HerRRM N ¢f ‘;’}:\ju;;:lcd nainly Wit

1968; Herraann 1963). The 2-hydroxylated metabolites ar
glucuronic acid (HIRRMANN & PULVER 1960; BickrL
Abbreviations: DDMI = di imiprami
1DB = iminodivenzyly . X
2.0H-DMI = 2-hydrotydesmethylimipramine.

& Wrpes 1963)
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Y to obtain information on the distribution of DMI and its metabolites in the
plasma, liver and bile as well as their intracellular distribution,

Material and Methods
Animals,
Male non-starved Spraguc-Dawley rats weighing 200-300 g were used as liver donors
#ud rats weighing 500-600 g as blood donors,
In three experiments livers from male 1.5 year old homozygous GUNN rats were
perfused (kindly donated by Dr. O. Hinninen, Department of Physiology, University

of Turkw, Turkn, Fintand). The plasma from these animals was dark yellow in colour
(hyperbilirubinaemia),

Perfusion apparatus.

The perfusions were mainly ding to the princij of MuLLER ef al.
(1951). Our (fig. 2) was modified ing to SEGLEN & JERVELL
(1969). 1t consists of an overflow bypass container from which the perfusate flows
through a flow cuvette (Radiometer type DS 66014) containing electrodes for pH- and
83s tension measurements (Radiometer, pOs ES5046; pCO: ES036; Glass electrode
G 265 C, Calomel electrode KS 67053). The are dtoa i
Acid-Base Analyzer type PHM 71. From the flow cuvetie the blood enters the liver
by a piece of tubing. The liver is placed in a funnel with a cover. From this the
perfusate drops down wmto the otygenator, which consists of a glass tube containing a
finely meshed stainjess steel net for equilibration with the gas phase (94 % O; 6 % COy).
The gas washing bottle, the overflow bypass container, the flow cuvette and the
OXygenator are all surrounded by water jackets and thercby kept at constant tempera-
ture (37.5°). The bypass container is adjusted to give 8 perfusion pressure between
18-20 cm water, A thermostat is used to heat and circulate the water, All the tubing
is silastic® (Dow Corning, Michigan). A roller pump is used ta ciccutate the perfusion
fluid,

Perfusion fluid.

Blood (30-50 ml) from rats anaesthetized with ether was diluted with an equal
volume of Tyrode's solution and was used as the perfusion flufd. Eighty ml of the
perfusion fluid contained 0.2 g dextrose and 1000 i. u. hepatin. The pH of the perfutate
vatied between 7.4 and 7.6. The pO: ranged from 80~120 mmilg and pCOp from
10~12 mmHg on the “arterial” sitte of the oxygenator. The perfusale was recirculated
in the system and passed through & nylon mesh filter in order to eliminate any micro-
¢lots. The flow through the Jiver was 1.0-2.0 mi/g liver X min,

Preparation of the hver
The liver danor rats were anaesthetized with ether. The abdomen was ogened and the
bile duct located and d with a p tube. Theceafter 250.° -
heparin was injected into the inferior vena cava. The portal vein was ca,
the Tiver was cut out and placed in the funnel, The operation took 5
perfusion fluid feft the liver through the open ends of the cut "+ *
was perfused for 10 minutes * ooyt fus before the drug v
v
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Fig. 2. Perfusion apparatos.

Perfurion experimentt

The drug was adminsstered into the overflow contamner. To obtain a quick distride
tion of the drug in the system there was a rapid bypass circulation for 1o minutes
Aliquots of 7 mt of perfusate were collected at five to ux times.

In alt the expenments frachons of the ble were sampled and its flow rste recorded
The bile Qow was constant (0.28 + 0.06 mi/hour; mean £ §. D.) during the perfusion:
Only flivers with continuous blood flow and bile production were vsed. At the end of

some experiments the hivers were perfused with Tyrode's solution in order to remole
blood. Thereafter they were b ized in & Potter-Elvehjem b izer and difuted
fo5%.

Mlcrosomal studies,

In three experil the liver was b in 025 M sucrose and differeat Itet
fractions prepsred according to ERNSTIR of al. (1962). The amount of protein in the
fractions was assayed according ta LOWRY ef al, (1951). In five experiments the intra-
and i istril of gh iey of the 2-by Bolit °,‘ DMt
was studied. For these experi: a H fon system was used (RUPTER

& Onnreaius 1970).

ver cell fractions.

s described by BoRGH
rafiltrate and of e
tolites according ©

Rinding of DMI and its metabalites in pecfusate plasma and I

“The binding in these somples was studied by ultrafdtration &
o1 af. {1969). After ultrafiltration, aliquots were taken of the uit
content of the dialysis bag and analysed for DMI and 1ts metal
extraction proceduce B (see below).
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Content of DMI and its metabolites in the formed elements of the blood.

After centrifugation of fthe perfusate, the formed elements of the blood were washed
three times with Tyrode’s solution followed by lysis of 0.5 ml of the formed elements
in 45 ml of 0.2 % agueous NHz. DMI and its metabolites were analysed according to
separation procedure B.

Chemieals.

Desmethylimipramine hydrochloride (DMI-HC1) labelled with tritium in the 10 and
11 position, with a specific activity of 13 0 meifmmol was used (hindly supplied by AB
Leo, Helsingborg, Sweden). The radiochemical purity was >> 99 % as tested in three
thin-Jayer systems (see below), The following procedure was succesfully used to remove
2 small amount of radicactive impurity which had the same Rf-value as iminodibenzyl
(IDB). H-DMI-HCI in water solution was acidified with acetic acid to pH 32 and
shaken four times with hexane, which extracted the impurity but not DMI. After
adjustment to pH 10.5 the DMI was extracted into etber. From the ether solution DMI

Wwos re-extracted into HCL This acid phase was diluted to give a final solution of
23 mgfml of DML

Thin-layer chromatography.
Thin-layer chromatography was performed on Silica Gel (Kieselgel GFasq nach
Stahl) in the following systems:
L Chloroform : n-propanol : sat. ammonia, 50: 50 : 1. (Bicker & WEDER 1968);
1. Chloroform : acetone : dicthylamine, 5:4:1;
UL Diethyl ether : ethylene dichloride : diethylamine, 12:12: 1.

Analyses of DM and metabolites — General aspects.

. The separation schemes aimed at a separation of DMI and its metabolites into frac-
tions according to polarity and were constructed nsing partition coefficients as published
by WepER & Bicker {1968) and BickeL & WEDER (1969). These authors investigated the
Extractability of the majority of the imipramine metabolites in the rat over a wide pH
range, By using these data, the optimum pH of the water phase and the numbers of
liquid-liquid partitions for complete extraction could be calculated for each group of
Metabolites (bases, phenols etc.). Metabolites with a very weah basic group such as
I_DB and i 2 iminodi (2-OH-IDR) (fig. 1) appear together
in one fraction by extraction at pH 3 2, while stronger bases such 2s DMI and didesme-
thylimipramine (DDMI) are not extracted at this pH, The latter bases can be separated
from those containing phenolic groups, such as 2-hydrotydesmethylirupramine (2-QH-
DMD and 2.hydroxydidesmethylimipramine (2-OH-DDMD which can be selectively
Teextracted with 1 M-NaOH from a chloroform extract, leaving the non-phenofic
fmetabolites in the phase The conj lites are in-
“‘Jﬁfif‘%\tﬁ after B i and ar Tacn ot ibe separated
fractions contains more than one metabolite, It was not the purpose of this study to
separate and estimate the individual metabolites, nor to search for new metabolites of
DMI in rats, since this field has been thoroughly mapped out by other investigators.

Srpfratlon procedure A (fig. 3).

Five mi of the biological sample (plasma, § % liver homogenate or difuted bile) was
2djusted to pH 3.2 with acetic acid and extracted with 3 X 5 ml of hexane,

The hexane layer was separated off and washed once with 10 ml of dilute acetic
acid, pH 32, 10 remove any traces of DML The washings were discarded. The hevane
Phase (fraction &) contained the lipophilic weakly basic metabolites
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Fig. 2. Sep scheme i
gtop Al hesis is shown the aati
cipated (according to partition cnd('tmm and pk,-\nhm) distribution of the knowtt
metsbolites to the diffcrent fractions a-c.

To achieve separation of he and the conj do e
remaining water phase after the initial hevane extraction, was brought lo pH 10 by
dropwise additton of 10 M-NaOH. and the non.conjugated compourds extracted by
shaking with 3 X 10 ml of chlorofosm. The water phase containing the conjugdfel
metabolites was analysed separately (see below)

‘The phenolic bolites in the bined ch) layers were separated from
the non-phenolic metabolites by shaking the chloroform twice with 10 mi of 1 M- NaOH.
The chloroform layer (fraction b) mnmmng |he non- -phenolic bases DMI and poMI

was evap before the of
The alkaline water phase was adjusted m pH 10 with § M-HCL The phenolic bases
{2-0H-DMI and 2-OH-DDMY) corresp g to the i d fraction of thest

mcmbohm in the sample, were extracted \\llh 3 X 7 m! of choroform. The chloroform
" Jayers were combined, and the radioactivity of this fraction (c) svay meosured
The oqueous phase containing the es vas adusted (o ot 55
y whh 1 ACIICL 0.1 m! of “Glusulase Bochringer” : nd Ayl
sulphatase was then added and the lncubation was performed m 37’ for 16 hours.

The aqueous phase was adjusted to pH 10 with 10 M-NsOH and shaken with
3% 10 ml of chloroform. The chloroform layer (fraction d) containing 2-OH DML
3:O1DDMI and 2O1LIDB was then scparated from the aqueous phase (facit o
which still derable amounts of radioactivity (see table 2). Part of this
activity may have been due (o incomplcte splitting of the comugates, but attempts 10
achicve 3 more complete hydrolysis by repeated enzymatic treatment of acid hydeolysis
wers unsuccessful, The nature of the remaimng polar metabolites in the aqueous FAIS*
was not further investigated.

1t must be pointed out that we use the radioactivity in fraction b as an estimate of

DME fparent drog) skthodgh it is knows that the metabolite DDMI also appears i1
this fraction. However, the interference of DDMI may for practical purposes
neglected since DDMI s found only in small amounts in rat tissues and exeretd

(Wickes & Winek 1968)
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Separation pracedure B.

The sample (1-5 ml) was adjusted to pH > 12 and extracted with 3 X 5 ml of hexane,
The combined hexane layers contain DMI together with the minor metabolites DDMI
and IDB,

The aqueous phase was adjusted to pH 10 and extracted with 2 X 10 ml of chloro-
form. The chloroform phase contains the urnconjugated 2-hydroxylated metabolites. The
remaining water phase is then further analysed according to procedure A,

The zadioactivity in the hexane extract is used as an estimate of DMI concentration

and the minor metabohtes DDMI and IDB which are present in this extract, are
neglected.

Recoveries.

Since the partition coefficient for DM1 between chlorofortn and water is so high
(>99:1) (WEDER & BICKEL 1968), the recovery of DMI in procedure A is considered
to be quantitative, Although the extractability of DMI in hevane is somewhat less
(WEDER & BICKEL 1968), the recovery in procedure B js already 98.6 % 1.1 % (mean+
§.D)) after the first two of the three hexare extraction steps. Since IDB is more lipo-
philic than DMI, three extractions with hexane is considered to give a quantitative re-
covery of this metabolite (procedure A).

The recovery of the more polar phenoic bases (e. g 2-OH-DMI) was estimated by
repeated extractions of authentic plasma samples with chloroform (procedures A and
B). The recovery was better than 99 %.

Redioactive measurements.

Determinations of radioactivity present in the hexane phase (fraction 8) were per-
formed in a toluene scintillation misture (4 g of PPO and 0.5 g of dimethyl-POPOP
in 1 litre of toluene). Chloroform phases (fractions b, ¢ and d) were evaporated to
dryness in glass counting vials (plastic vials are not suitable since the plastic wall can
absorb tipophiltic during the i before the addition of
‘li;;:nmillalon Aqueous phases were counted 1n Maickels mixture (BEAVEN & MAICREL

). Counting efficiencies in each sample were determined by the internal standard
method,

Results
DMI and its metabolites in perfusate mediun.

The time course of the disappearance of DMI and appearance of its
metabolites in perfusate plasma is shown in fig. 4. DMI disappeared quickly
from the perfusate plasma (half-life 4-9 min.; n = 5) with a concomitant
2P| of j d i The total radioactivity showed an
initial decrease followed by an increase.

In the perfusate plasma taken at a later period from a perfusion experi-
ment, 83 %, of the DMI (at a concentration of 0.8 uM) was bound to plasma
Proteins whereas no binding of the conj d bolites ( i
60 1M} could be detected. Red blood corpuscles (RBC) contained higher
concentrations of DMI than the perfusion plasma, the ratio being approxi-

Mately constant with time (table 1). No conjugated metabolites were detected
in the RBC, h ~
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L N
S0 100 Minutes

Tig 4. Diappearance of DM and appearance of its polar metabolites in perfosate

plasma analysed acconting to procedure B, A————A total radioactivity before ex-

traction, Q———O DXMU (hevane extract), @ total polar metabolites {s3ter
phase after hevane eviraction), Dose of DMI: 1.5 mg/100 m} perfusate.

Distribution between perfusate, bile and liver,

Table 2 shows the concentration of DMI and jts metabolites in perfusate
plasma, bile and Jiser. DMI was found in high concentrations in the bile?n
liver, Only very smatl amounts of unconjugated hydroxylated metaboliles
were found in the plasma, bile and liser. The conjugated metabolites, h’o\v-
cver, were found in considerable concentrations in the plasma and especially

Jin the bile.

Table 1.

DM! concentration in perfusate plasma and red blood corpuscles at
perfusion experiment

different times in

i « (%] Cx
¢ T;:\:a) DMI n red blood | DM in perfusate Ratio —
m corpuscles (M) plasma (1M
s B a 27
15 140 1 27
45 42 0.56 .5
I e

e
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Table 2.

Concentration (uM) and relative abundance in per cent of totally recovered compounds,
The letters for the different metabolic fractions are given in fig. 3. Dose of DMI: 3.1
mg/100 m! perfusate. Data from one of two experiments with similar results.

Time- a b 1 ¢ a1 .d Unid °
point | Weak Strong. o N
(min) | bases bases phenotic phenolic polar meta-
) bases bases bolites
15 | 006 | 239 002 0.36
02% 915 % 01% 14%
13 028 82 002 12
24 % 05 % 02 % 101 %
Plasma| 20 031 53 0.04 16
22% 389 % 03 % 119%
44 026 3.6 005 27
15% 203% 03% 156 %
0 | 020 29 007 128 28
1% 156 % 04 % 68 % 149 %
s | 8 kS 2 350 6
16 % 142 % 04 % n1i 128%
28 21 250 7 13060 240
Bite 1% 04 % 137%
a | 270 12 2720 450
13% 77% 03 % 779 % 128%
0 |2 150 9 1670 360
— 11% 6.8% 04 % 756 % 161 %
Live | 70 | 29 160 03 91 73
_— 138 3% 182 % 0.1 % 44% 35%

. " " .
Concentrations 1n the liver are given in ymol/1000 g.

For DMI and IDB high concentration ratios were found between the bile
and perfusate plasma (table 3), whereas the ratios between the bile and liver
wete close to unity. In contrast the conjugated metabolites showed a high
€oncentration ratio between bile and liver and approximately a 1:1 ratio

tween plasma and liver.

Subeeliutar distriburion of DM and its polar metabolites.
Some livers were perfused with DMI and at the end of the perfusions dif-
ferent Jiver cell fractions were prepared. DMI was found in considerable
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Table 3.

Cnncenualjon (mim st the end of the perfusion (70 min.) for DMI and its metaboldes
between bile, liver and perfusate plasma. The values sre means of two experiments.

Type of conc. ratio DML Weak bases Conjugated phenolic
(IDB) bases
Bile/plasma 70 100 190
Bile/liver 0.75 070 130
Liverfplasma o ] 150 14

amounts in the whole homogenate, 12,500 g pellet, 105,000 g supernatant
and in the microsomal fraction. When 12,500 g supernatant fractions ob-
tained from homogenized pesfused livers were centrifuged at 105,000 ¢ (50
min.) the polar metabolites were found mainly in the superatant fraction.
The ratio between the amounts in the 105,000 g supernatant and microsomdl
fraction was more than ten times higher for conjugated metabolites than for
the parent drug.

The in vitro *binding” of DMI 10 the microsomes and the 105,000 g super
natant fraction was also measured by ultrafiltration. DMI was considerably
“bound” ta the micrasomes (table 4).

The subcellular distribution of glucuronides formed from DMI by hydro-
xylation and subsequent glucuronidation, was also studied with another

hnique. DMI was incubated in vitro with microsomes in the preseace &
UDPGA. After incubation the microsomes were centrifuged dovn 33110\57900
X g for 90 minutes. The app of the bolites wes

i d in the sup and in the correspondi i | fractiot-
Most of the metabolites were found in the supernatant (fig. 5)-

Table 4.

JBinding of DMI (o different cell fractions DMI was ! cniatin.
which were diluted with 0.5 M Tris buffer pH 7 5 to give the same protein conc e ame
The binding was measured by ultrafiltration through dialysis membranes with e
method as used for plasma protein binding (Boxch et al. 1969). The values

mean of two experiments,

dded in vitro to the fractions,

i DMl conc.
i % Bound Protein conc.

Cell fraction DMI Gt v

80
105,000 g supernatant 16 2

80
Microsomal pellet 61 2
[
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nmoles
03
02
01
s :
20 40 Minutes
F'.& 3. Distnbation of glucuronides (formed from hydroxylated metabolites) between
Microsomal pellet and the cor 105,000 g DMI was added to
&ive an initial concentration of 3 X 106 M and UDEGA to give 4.5 X 105 M. Amount
of glucurosides in the microsomal pellet (@——®) and i the 105,000 g super-
natant (O————Q).

F‘"‘_ of DMI in the perfused liver under different experimental conditions.

Since it is known that the plasma disappearance of some drugs is dose
dfmdent (DAYTON et al. 1967; LEvY 1968), some livers were perfused with
higher doses of DMI (30-74 mg/60 ml perfusate; n = 4). This should give
Concentrations of DMI in whole blood ranging from about 500-1200 pg/ml.
The plasma concentrations were however considerably lower as found in the
other experiments, due to the distribution of DMI to the red blood corpuscles.
AL these doses the drug disappeared from the perfusate plasma with similac
iitial half-lives (5-8 min.) as in the controls. However, the livers were
Macroscopically affected and the amount of metabolites in the perfusate was
feduced. Their concentration after 20 min. of perfusion was less than one per
Cent of the initial DMI concentration. The blood flow through the livers
decreased, the livers became swollen and the bile production diminished. In
one experiment (74 mg/60 ml perfusate) with marked haemolysis, the bile
%3 clear red in colour. All these livers showed good perfusion and showed
800d bile prod before the administration of the drug.
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20 40 MINUTES
FIB» 7. Formation of glucuconides (formed from hydroxylated metabolites) following
incubation of DMI (0.9 X 10-5 M) in isolated liver microsomes (GUNN rat).
= in the presence of UDPGA 2 X 104 M) @ @ without UDPGA,

. In all the experiments there was 2an initial decrease of total radioactivity
in the perfusate plasma, reflecting a net uptake in the liver. After a short lag
Period the radioactivity increased again, mainly due to appearance of polar
Metabolites which were less bound to the lver. DMI disappeared quickly
from the perfusate plasma. The results with the higher doses of DMI show
that plasma disappearance of a drug may not only reflect metabolism rate
butalso to 2 great extent, tissue uptake.

The disappearance of DMI with time from the red blood corpuscles fol-
lowed approximately that m perfusate plasma. This indicates a rapid equili-
bration between the two compartments

ADMI was bound about 80 ¢/, to proteins in perfusate plasma, but the
binding of the conj d lites was negli The polarity of these

Metabolites and the minute binding to plasma proteins are favourable factors
for renal elimination in vive.

T}'le metabolism of a compound is closely related to other functions such
2s liver uptake (SMrtH 1966), distribution and binding in the liver cell and
€xeretion into perfusate and bile of the parent drug and its metabolites. DMF
%23 found in high concentrations in the liver and bile. The concentration of
the deug in the bile was considerably higher than in the prt Cople
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but it was similar (at 2 late time point) to that in the liver (1able 3), which
indicate that DMI is concentrated in the Jiver. Such an vptake has beea
described by several imestigators (Swrrn 1966; Lovi ef al. 1968). In contrast
to DM the conjugated metabolites showed a high concentration ratio be-
tween bile and fiver, Active transport of glucuronides into the bile and a pos-
sible rel p between bolism (gl idation) and bile excretion
have been discussed (Surrit 1966; LeviNE ef al. 1970). The mechanism(s) by
which a drug and its metabolites reach the bile is however still unknown,
After the uptake in the liver DMI is distributed to and metabolized in the
endoplasmic reticutum, to which cell fraction the drug is markedly bound
(table 4) (DINGTLL et al. 1961). The conjugated metabolites appeared mainly
in the cytoplasm, which is in agrecment with the findings of Desuscur ef ol.
(1969), who studied the subcellular distribution of festosterone and its metab-
olites after liver perfusions. Our findings indicate that the metabolites lmmfd
may leave the liver cell through the cytoplasm and unlike e. g albumin

through the fumen of the ic reticufum. In the distrib experl-
ments with the liver mi (fig. 5) the unimpaired condition of the
microsomal vesicles during the incubation and subseq centrifugation, and

the permcability of the vesicles for the conjugated metabolites are cnuca‘l.
If such metabolites casily pass through the microsomal membmze, their
actual distribution may be difficult to determine with this techaique.

Tt was interesting to find that the homozygous GUNN rats formed SJU‘:‘”"
onides, since they show defective glucuronidation of bilirubin. Our findings
may indicate that different glucuronyltransferases are involved in the glucue-
onidation of various substrates, However, other explanations are also pos-
sible. The method of studying the reaction and the polarity of qm subsua(;:
may influence the results. In our case a lipophilic drug which must
hydroxylated before gl idation was used.

In liver mi preparations only oxidated jugated metabolites
of DMI occur, unless UDPGA is added to the system (voN BAR 197033;
This accumulation can cause product inhibition (von Basr 1970; vo¥ B“(S
& Owrenis 1970, unpublished results) In our perfusio!_l upenm;:;
the situation was different, Only very small amounts of unmn]ugat;(ll h();able
xylated metabolites were found in the liver, perfusate plasma a.nd ‘;dable
2), in contrast to the conjugated metabolites which were found in appﬁndinp
amounts in the perfusate plasma and bile (von BaIr 197(7!_1). 'ljhesanugmd
suggest that a large fraction of the hydmxylate'd metabolftes ;:[’ivjc Pl
quickly after the hydroxylation and possibly without le«’fl\";ng o of prodc
The conjugates are then rapidly excreted, Hence th'e p(.)smhe ll'!\’/cr " ancor
inhibition of the metabolism caused by accurfzu!a-!mn mbt cc 0;1 o ation a1d
jugated hydroxylated metabolites may be diminished by coMus

y

excretion.
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The overall studics of the pharmacokinetics and metabolism of DMI in
the perfused rat liver presented in this paper give a deeper understanding of
the problems involved in ex ing drug data
to the situation in vivo.

d in vitro
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Biotransformation of Methyl Mercuric Salts in the Mouse
Studied by Specific Determination of Inorganic Mercury
By

Tor Norseth
(Received September 25, 1970)

Abstract: Biotransformation of methyl mercuric chloride in the mouse was
followed by the specific determination of inorganic mercury after  single in-
jestion of the organomercurial. Inorganic mercury was detected in the blood,
brain, liver, kidney, spleen and in the intestinal cells. Inorganic mercury was
also found in the bile and faeces. The results indicate a role of biotransforma-
tion in the excretion of mercury after the injection of methyl mercuric salts.
Inorganic mercury was preferentially excreted in the facces. Differences in
pharmacokinetics of methyl mercuric salts between rats and mice have been
discussed with regard to differences in biliary excretion and enterchepatic
circulation. The fmportance of taking into account species differences in the
evaluation of tovc hazards of methyl mercuric salts has thus been demon-
strated.

Key-words: Methy! mercuric chioride —

— species

Biotransformation of methyl mercuric salts may lead to a cleavage of the
carbon-mercury bond releast mercury, called i mercury.
'.I'his reaction was recently studied in the rat by specific determination of
Inorganic mercury in various organs after intravenous injection of methyl
mercuric chloride (NORSETH & CLARKSON 1970a and b). Biotransformation
Was found to be of importance for both the elimination and distribution of
mercury. There are differences in the organ distribution and excretion of
methyl mercuric salts in rats and mice (BERGLUND & BrruIN 1969), and this
may be related to the biotransformation reaction, Species differences are of
extreme importance for the evaluation of hazards in man based on animal
eXperiments, This paper fore presents a study on the biotransformation
of methyl mercuric salts in the mouse by the methods previously used for rats.

Materials and Methods o
L Female mice weighing about 25 g were injected intravenously with 25
sbelled mercury as methyl mercuric chloride (1 mg Hglke). The * *
Was prepared by exchange between, mercuric chloride labelted with |
B A phamacotorie, vot. 19, T
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mercuric chloride (Cross & PINEAN 1951). The method was modified as described in 2
previous paper in order to obtain labelled methyl mercury with less than 05 % of
inorganic mercury (NORSETH & CLARKSON 1970a). Inorganic mercury was analysed by
a di ion of the isotope exch: method (CLARKSON ef al. 1965), The method is
based on the principle that aqueous solutions of mercuric mercury are capable of
undergoing exchange with mercury vapour in contact with the solution. Mercury bound
covalently to a carbon atom does not undergo exchange, or does so 1o a very limited
extent. Thus by using » microdiffusion chamber with unlabelled metallic mercury in
one compartment, and the sample 10 be analyzed containing the mixture of methyl
mercury and mercuric chloride both labelled with 28Hg in the other, the relative
amount of inorganic mercury can be determined. Since the mercury pellet contains
about 1.3 g of mercury (0.1 mi), and the total amount of mercury in the other compart
ment never exceeds 2 pg, at isotopic equilibrium practically all the Jabelled inorgasic
mercury from the solution is recovered in the pellet. The detailed use of the method
has been described previously (NOmSCTH & CLARXSON 19702). The same correction
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factors and methods of calculation were used. The correction factor for the scintitlation
counter was determined specifically as this factor is related to the spectrometer settings
of the counter, The self-absorption factor for the mercury pellet was found to be 2,30,
and this was used throughout this work,

Bile was collected from the gall bladder of 5-10 mice at the time intervals indicated.
Samples of organs and body fluids were otherwise treated as described previously
(NORSETH & CLARKSON 1970a). Procedures for thin-layer chmmalography and electro-
phoresis of bile ining mercury were as described (Nor-
SETH & CLARKSON 1970¢).

Results
The concentration of mercury in the blood one day after the injection of
25 g of mercury as methyl mercuric chloride was about 2 pg/ml (fig. 1).
After 22 days, the longest time interval tested, the concentration had fallen
t0 0.6 pg/ml. This is about half the concentration of mercury in the bile at all

50
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2. Methyl mercury and inorganic mercury in the liver, Each value upr:sems one
determination on three organs pooled.

Fig.
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Table 1,
Inorganic mercury in blood and bile.

Time (days)
4 8

1 2 15 2
Bloods 4.7 38 4.0 16 35 26
Bileb ... . 18 a8 32 44 71 52

Values are given as per cent of total per ml.
» Mean of 2 determinations on 2 pools of bloed from 3 mice each.
b Bile from 6 mice pooled.

time intervals, except afier 22 days. At this time, the amount of mercury ia
the bile and blood was approximately the same (fig. 1).

The concentration of mercury in the liver was higher than in the blood at
all time intervals, but Jower than in the bile (fig. 2). The liver content of
organic mercury decreased at approximately the same rate as mereury in the
Blood, but the amount of inorganic mercury in the liver did not change
significantly with time ofter injection (fig. 2). About 0.2 pg/e of inorganic
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3. Methyl mercury .y. Ench value represent 01
Fig. 3. Methy!



379

TRANSFORMATION OF METHYL MERCURIC SALTS

Table 2.
Total and inorganic mercury in organs.
Spleen Colon Small intestine Brain
Days Total Inorganic Total Inorganic Total Inorganic Total Inorganic

nsle % nelg % uele % usls %
1 149 35 0.67 110 148 45 041 19
134 41 0.82 72 137 39 052 20
2 112 4.7 0.51 100 1.01 18 045 19
139 4.0 0.54 102 076 23 0.54 37
4 123 114 0.54 214 104 40 0.63 20
079 55 046 211 077 31 043 60
8 0.86 6.8 047 220 0.74 21 0.61 35
0.76 7.6 052 276 088 45 064 46
15 0.69 107 034 220 0.1 38 0.6t uo
074 6.6 029 241 0.58 4.0 0.62 70
22 027 135 0.16 - 040 58 035 100
029 44 0.14 319 031 6.2 039 54
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Fig. 4. Inorganic mercury in facces and intestinal contents. Values are given as per cent
of total mercury in the sample. Circles represent faecal content, other values are from
excreted facces.

mercury was found in the liver throughout the time period tested. The
relative amount of inorganic mercury in this organ thus increased with time,
and both the relative and absolute amobnt of inorganic mercury was higher
in the liver than in both the blood and bile at afl time intervals (table 1)
Therefore, there may be a release of inorganic mercury from the liver to the
bile where it is excreted, and to the blood where it is redistributed to other

organs.,

The kidney ined the highest jon of mercury of all the
organs tested (fig. 3). The rapid fall in mercury content already seen o1 day
2 in the blood and in the liver was not found in the kidney. The initial aonﬁf"'
tration of about 6 pg/g did not change during the first week, while the relative
‘amount of inorganic mercury, increased. After about one week the content of
organic mercury fell rapidly, while the inorganic mercury stabilized at about
0.4 pgfg, the highest value being found after 15 days (fig 3). The rel2f%
amount of inorganic mercury was not higher than in the liver, but the .nmc
course of relative inorganic mercury lation was different. T the hyrr,
there was a rapid increase followed by almost constant values for the 01;1;
period tested compared to the kidney which had a slow increase over

days (figs. 2 and 3). !
e Tow as compared to the Ji

ver and

The mercury content in the brain was 9
Kidaey, i. e, 0.47 ngfg on day one, increasing to 0.62 pg/e o8 day 15 :‘;{
22 days (table 2). The time r:our;smz

falling to sbout half that value after b e
mercury uptake was thus different from both the liver and kidaey. The
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contained from 1.9 %, to 14.0 % of inorganic mercury. The increase with
time of the relative amount of inorganic mercury in the brain is too small for
final conclusions and needs further confirmation.

The spleen contained slightly less mercury than the blood, 1.41 pgjg on
day one, falling to 0.28 pg/g after 22 days. The relative amount of inorganic
mercury was from 3.5 % to 13.5 %, or about the same as in the blood,
d ing the close relationship between these two organs (table 2).

Cells from the small intestine contained twice as much mercury as cells
from the colon, 1.43 pg/g and 0.70 pg/g respectively after one day (table 2).
The same relative difference was found throughout the time petiod investi-
gated. The intestinal content of mercury may thus influence cellular concen-
tration, The bile deposits an unknown daily amount of mercury in the small
intestine. Some of this mercury is probably reabsorbed, Cells from the colon,
on the other hand, may take up inorganic mercury from the intestinal content.
The relative amount of inorganic mercury in these cells was 9.1 %, after one
day, increasing to 31.9 %/, on day 22, as compared to 1.8 %, and 6.2 %, in the
small futestinal cells for the same time interval (table 2). The facces contained
from about 25 %, to 60 %, inorganic mercury during the time period tested.
This supports the assumption of mercury uptake, but does not necessarily
mean that reabsorption occurs (fig. 4). Based on the present results, the ex-
cretion of mercury in the colon cannot be excluded (Bertv & ULLBERG
1963a and b). Specific excretion of inorganic mercury is unlikely as the
relative amount of inorganic mercury in the facces was lower or equal to that

Bile
600
‘2 100 Blue dextran
=1
o
o
200
0
] 10 15 20 25

Fraction number
Fig. 5. Sephadex G-200 chromatography of bile in 01 M phosphate buffer pH 8.0
‘:’““‘mng 10 N sodinm chioride and 0.02 % sodium azide. Blve deviran was ndded as
Matker and recorded by light absorption as indicated. Fractions of 2.2 m! were
collected and counted as shown.
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Table 3.
Thin-layer ch phy and el phoresis of standards and bile samples.
RE value TLC Electropharesis
Sample System 1 System 1] -+ movement (cm)
CilyHe-CIl ... 0.1 L] 01
CHaHg-cysteine 08 04 1-2
CHgHg-glutathione . 07 04 5
Rile .. 08* 0.4 5

* A small amount remained at the starting point.

System I Ethanol 96 7(NE,OH 25 % ~ 70030

System Il: Propanol/water ~ 70/30

Electrophoresis: Barbitutate buffer pH 8.6 (Beckman B.2)
Al standards were added to normal bile before running.

in the coccum. Taking the low relative amount of inorganic mercury and high
concentration of total mercury in the bile into consideration, the re!au'\'c
amownt of inorganic mercury in the small intestine must be lower thaa is
colon.

Tn order to compare the present results with those for rats, the bile from
mice was studied by thin-fayer and column chromatography, and a{so by
electrophoresis. The major part of the mercury in the bile is excreted .m the
form of small molecular compaunds (fig. 5). Based on the RE values i the
two thin-layer chromatography systems, it is possible that this compound i
methyl mercuric cysteine as found in the rat (table 3). Electrophoresis showed,
towever, that the mercury compounds in bile from mice and rats are pot
identical. A small amount, less than 10 9, of the total, of the mercury fou!ld
in mouse bile moved according to the methyl mercuric cysteine m:{rker while
the greater part moved in the same way as methyl mercuric glutathione.

Discussion . )

Biotransformation of methyl mercuric salts with release of inorgam;: Z;:itu
cury, meaning mercury not bound covalently to a carbon atom, tekes i
the mouse, as well as in the rat (NORSETII & CLARKSON 1970b). st

An initial release of inorganic mercury from methyl mercury m.ﬁl:n o
was found by @STLUND (1969), but he could not find any mmgztll?:;s g
in significant amounts {n any organ, based on the extraction mel
intact organomercurial for time periods up to 4 hovss. o methyl e

By specifically analyziag inarganic mercury alter expf:szlrleme g 5 4
ric chloride, inorganic mercury has been demonstrated in
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The liver and kidney contain the highest relative amounts of inorganic mer-
cury among the organs, but as much as about 50 % of the total faecal ex-
cretion of mercury during the first 22 days after a single injection of methyl
mereuric chloride was found to be inorganic. Nevertheless, the biotrans-
formation of releasing inorganic mercury is a slow reaction, much slower than
for phenyl mercuric salts (MILLER et al. 1960; GaGE 1964; NorsET!t &
Crarkson 1970b), though a definite amount of inorganic mercury is formed.
In addition the biotransformation also seems to be of importance for the
excretion of mercury in mice, as previously described for the rat (NORSETH &
Crarkson 1970c).

With a biological half-life of 8 days for a dose of 1 mg Hg/kg (@sTLUND
1969), 30 to 40 %, of the injected dose may have undergone biotransformation
during the first 20 days. The degree of bi formation may be dose-dep
dent if icp are i and may thus offer an explanation for
the dose-dependent half-lite reported previously. The nature of the biotrans-
formation reaction is at present unknown, The mouse intestinal tract seems
1o excrete preferentially inorganic mercury as described previously for the rat.
The relative amount of inorganic mercury is higher in the faeces than in any
other organ related to the gastrointestinal tract. The total biliary excretion of
mercury in the mouse is not known, so that a balance sheet for intestinal
transport and excretion of mercury cannot be given. The concentration of
mercury in the bile is high, but the major complexing agent is different in
mice and rats (NoRSETH & CLARKSON 1970b and c), The significance of this
in the intestinal transport of mercury remains to be determined.

The blood and the kidneys contain a higher amount of the injected dose in
the rat than in the mouse (BERGLUND & BERLIN 1969). Differences in bio-
‘ransformation may explain differences in the kidney. The mouse kidmey
Contained a relatively lower amount of inorganic mercury than the rat kidney.
The difference is particularly evident some time after the injection. By
assuming added to the mouse kidney the amount of inorganic mercury
necessary to make the relative amount of inorganic mercury in rats and mice
equal at the 22 days interval, the liver to kidney ratio would be the same in
the two species. This may be related to di in hepatic cireulatis
of mercury since complexing to thiols decreases the stability of some organo-
mm:urials (WEINER ef al. 1962; NoRSETH & CLARKSON 1970b).

Higher excretion rates of mercury in mice than in rats indicate lower
""ibeOrpliOn rates in the intestinal tract. Different turn-over time of intestinal
ePlu.lclium may be of importance. Further testing of the distribution and the
Stability of methyl mercury alter injection of methyl mercuric cysteine into
fats and mice, and the testing of enterohepatic circulation of mercury com-
plexed in bile in the mause ate necessary to answer this question.

The present results support the assumption that inorganic mercury is not

Tved
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the toxic agent at the silc of action for the brain lesions which oceur ia
methyl mercury intoxications, as discussed in a previous paper (NORSETH &
CLARKSON 1970b).

Differences in bi formation and bile ion provide a possible
explanation for the different organ distribution and excretion rates of methyl
mercuric salts in rats and mice. Toxicity hazards to man canaot be fully
understood without some knowledge of the phar kinetics of the toxic
agent. The present results underline the importance of testing mote than oze
specics in such work,
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Metabolic Disposition of Emepronium in the Dog with a Note on
the Relationship between Plasma Concentration and Effect
By
A. Sundwall, K. Uthne and J. Vessman
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Abstract: The fate of emepromum (cetiprin®) in the dog has been studied
following different routes of admimstration. The drug is rather extensively meta-
‘bolized following both intravenous, oral and rectal administration. At least two
bolites are formed. g i injection twice as much radio-
activity is found in the faeces as in the urine, about half in the form of the
unchanged drug. This means that there is probably an extensive enterohepatic
circulation of the drug. In four dogs 0.6, 0.8, 1.1 and 1.6 % of the dose was
excreted unchanged in the urine within 24 hours following oral administration
of 20 mg/kg. It is concluded from experiments with the radioactive compound
that from 2 10 10 % of the dose is absorbed if metabolism and biliary excretion
are taken into account. Plasma ions of jum in the
fange can be determined by gas chromatography of the oxidation product, ben-
Zophenone. A plasma concentration of about 20 ug/ml is lethal to both rats and
flogi and the threshold concentration for an effect on the heart rate in the dog
is about 100 ng/ml.

Key-words:

- guaternary anticholinergic — jon — plasma

Elflepronium bromide (cetiprin®) is an anticholinergic quaternary am-
monium compound, which is used in the of

0
N 7

. .
/CH~CH,—CTI—NCCHZ—CH,
0 i em,

Although the clinical effectiveness of the drug is documented (BROCKLE-
;‘;{Rsr et al. 1969) it was considered to be important to investigate further the
me .uf lhf: drug in the body by chemical methods and also to study the
ationship between plasma concentration and effect. This approach was

B At phamscologica, vol. 29, tase. 56




386 A. SUNDWALL, K. UTHNE AND J. VESSMAN

made possible by the develop of a sensitive gas ch phic method
for analysis of emepronium in plasma and urine (VESSMAN er al. 1970).

As judged from the amount of unchanged drug excreted in the urine in
man about 1%, of the amount given orally seems to be absorbed. However,
this could be an underesti if the drug und bstantial metabol
andfor biliary excretion, Since it is known from studies in rats (Hanssox &
Sanurcriw 1961) that radioactivity is excreted in the fasces to a great
cxtent following int lar injection of the HC-labelled drug, particular
attention was paid to blish the relative imp of biliary excretion.

A major part of the study has been performed with the #C-labelled com-
pound.* The Iabel is denoted by an asterisk in the formula shown above.

Methods

Animal experiments. 5
The majority of the experiments were performed in female dogs (besgles weighiog
8-10 Lg) wha were trained for resal clearance experiments, . g. to stand in a frame
with catheters placed in the urinary bladder and in a superficial veir. In these exper-
ments the electrocardiogram (ECG) was recorded intermittently in order to refate the
heart rate to plasma concentrations. »

Blood samples (10 mi) were collected in heparinized test tubes before the admiuistra-
tion of emepronium and also after 34, %4, 2, 4, 6 and 24 hrs respectively. The ECG was
recorded for a few min, immediately before taking the blood samples.

‘The urine was collected at 2 hrs intervals during the first 6 hrs after which the dogs
were placed in metabolism cages. The urine and facces were then collected at 24 l\ﬂ
intervals for 7 to 8 days (when insigni amounts of unt were pusrn“:
the urine). The cages were rinsed with 300 mi of water after the urinc and faeces 1!5”
been collected. The urine and facces as well as the rinse water were deep frozen vat

was given by i oral and rectal administration. AL ‘S::(::

saline solution was used for intravenous injection, gelatine capsules'for oral admi
tion and svppositories (Witepsol H 15 as base) for rectal administration. -
AN three routes of administration were studied in each of 1hre‘: dogs at.app\‘ﬂ‘c‘r’i“n"::z
7. 14 days intervals and 4C-labelled emepronium was always used in the third :sp e
./ The doses were 5 mpfkg (2 pcifkg) intravenously 20 mgikg orally and 6
mgfkg (2.6 and 5.2 peifke) rectally. ’ -
In the rat experiments, emepronium was given orally (1100 me/ke) n;{};': ;‘lml o
solution (2 ml/kg). The animals were killed at different intervals and at
blood were taken from the abdominal aorta.

analyzed.

Assay of radioactivity in plasma, urine and faeces. of tiguid
Radioactivity in plasma, vrinc and nnse water was m?afursz;id n:ici?):int, stre
scintillation (Packard 3375) in a scintillation solution containing 9

PPO, 0.128 g POPOP and 1624 g naphtalene,
head of the department of organic chemistr¥

+ Qur thanks are due to Mr. 5. Carlsson,
at Recip for synthesis of the labelled compound.
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The facces were homogenized by stirring and gradually adding 4 volumes of water.
Alter 30 min. surring the ion was i d. The pellet was
resuspended in § volumes of water and the suspension ceatrifuged. 0,2 ml of the com-
bined supernatants were dried on filter paper and aliquots of the peliets freeze dried
and carefully ground in a mortar. The paper strips and 30-40 mg aliquots of the freeze
dried pellets were subjected to combustion in oxygen flasks and the MCO; produced
trapped in a scintillation solution ining 270 ml p! h ine, 270 ml methanol,
450 m! toluene, 5 g PPO and 0.1 g POPOP (DaviDsoN & OLIVERIO 1967). It was found
that only 50 % of the radioactivity in the faeces was present in the water extracts
{the ratio between the radioactivity in the extract and pellet was 1.02 + 0.17 (S. E. M)
The efficiency and ibility of the it dure to be checked by the
tombustion of known amounts of radioactivity added to paper strips. The recovery was
SL1% and the reproducibility + 1.12 % (standard ervor of the mean of 10 experiments).
Quench ¢orrections were made by the channels ratio procedure.

Analysis of emepronium in plasma, urine and faeces extacts.

Analyses of emepronium in plasma, nrine and faeces extracts were made with the
benzophenone method (VESSMAN er al. 1970). The method comprises the following
Sle?s: Extraction of emepronium as ion pair with perchlorate into methylene chloride,
oxidation of the emepronium perchlorate with chromic acid to benzophenone, and
determination of the benzophenone formed with electron capture gas chromatography.
Compounds with the gem-diphenyl-moiety intact are determined by this procedure while
€. metabolites with an aromatic hydroxyl group are excluded (VESSMAN et al. 1970),

All samples were, if mecessary, diluted to a concentration of about 50 ng/ml and
490 ml of this dilution taken for analysis.

_The sensitivity limit for this method is about 5 ng/ml. Urine samples, when sample
Size allowed, were snalyzed by a i st
PaIr extraction and i

of fon

of the i content with 1 blue
KSBORG ef gl 1970). This method has a sensitivity of 1 pg/ml with 2 sample size of
15 ml. Whez urine samples were analyzed by both gas chromatography and phofometry
{he values agreed within 5 %.

I_n order 1o chech the of in the faeces extracts and
fesidues, the latter were dissolved i 6 N hydrechloric acid and analyzed with the gas
:h“’miﬂﬂgmphlc procedure. In the three facces samples cheched (dog 14 intravenously
wﬂev 1,2 and 3) the rauos between the emepronum content of water extract and residue
her: found to be 0.93, 0.90 and 0.99 respectively. Thus half of the emepronium in the

€3 Was recovered 1o water extracts,
h::he“ Mmeans that 50 % of both the radioactivity and the emepronium content of the
S 31 present in the water extracts.

Separation of radioactive metabolites in urine by paper chromatography and high

voltage electrophoresis.

or’i:ctnding paper chromatography was performed with the upper phase of a mixture

tle:(mu:m’"ﬂhaml, water (4.1.5) using Wha(m_an No, 1 paper, High voltage paper

it lp I:r:su was cantied out in pyridine, acetic acid, acetone, water (40: 402300 1620)

i )'; ©f 4.5 at 10° and a voltage drop of 50 volts/em,

Iﬂph‘ lled emepronium was frequently added to aliquots of urine before chromato-

b Y and ele.ﬂxophortsis in order to check the position of the unchanged drug. The
Was visualized with a modified Dragendorff yeagent. The Ppaper strips were 1

e El
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in a Packard radiochromatogram scanner, Control experiments revealed 2 counting
efficiency of 23 %,

Separation of emepronium from a postible aleoholic metabolite,

Particular altention was paid to detect a possible h)dmvy!auon of cmepmmum inthe
cthyl group to 2-hydrotyethyl (33-diphenyld-meihyl-propyl bro-
mide® since this compound might m(cr(cre in lhe gas chromatographic aua}ysu of
emepronium. It was found lh:\l the was i inguishable from p
in the paper and el horetic system used. However efficient
scparation was obtained by thin layer ch on celfvlose i with
0015 N-HCIO( as described by GrANINGsson & Scumtt, (1969). The mobde phase

i of chloraf: with 5 % L-pentanol. The Ri-values were respectively 0.78 358
045 for emepronium and the alcohol, The spots were visualized with 3 Dragendorffs
reagent. 0.25 pg of both compounds could be detected. In the urine samples studied the
amount of emepronium were around 10 pp. This means that less than 2.5 % of the
alcohol was present.

Results

Oral administration.

Lethal or nearly fethal plasma concentrations of emepronfum were found
fo be in the range of 15-20 pe/m! following a single oral tion of the
bromide to rats and dogs (table 1 and 2) Five out of 26 rats given 1100
mgfkg (water solution) dicd within 15 min. The three rats killed after 15 min.
had plasma concentrations from 15.2 to 19.3 ug/ml. The rate of disappearance
of emepronium from the plasma in the rat was initially very high (ball” lile

Table 1.

PMasma concentrations of emepronium in rats following oral
mgfkg (dissolved in water).

administration of (100

Time after administration hrs Pjasma concentration pglmf

169 (19 152,163

00?5 26 (21,40,18)

: 28 (25,40,20

2 086 (0.56, 103, 099

4 032 (036, 035, 026

o 1,05 (096, 12, 09D
s 030 (022, 042, 026)

* Qut of the 26 rats given emepronium § died within 15 min.

i ound-
+ Our thanks are due to Mr. Nits Porsberg Jor the synthesis of the COMD:
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Table 2.
Plasma “of in dogs foll oral of toxic
dose (gelatine capsules).
Time ‘Plasma concentration (pg/ml)
brs 175 mgfkg 250 mglkg 500 mgfkg
% 27 7.5 155 380 12,0
1 32 86 Dead Dead 173
2 32 55 Dead
4 34 39
3 33 33
24 - 24

5-10 min.). The half-life was then about 60 min. from 1 to 4 hrs. Between 4
20d 6 hs the plasma concentration increased from 0.3 to 1.1 pgjml. After
24 hrs the plasma concentration was about 0.3 ug/ml.

In the dog 250 mg/kg proved to be lethal when given orally in the form of
gelatine capsules. Death ensued within 1 hr and the plasma concentrations
shortly before death were 15.5 and 38 pg/ml. With 500 mgfkg the plasma

Table 3.

Plasma concentrations and urinary excretion of unchanged emepronium in dogs after
ora} administration of 20 mgfkg of the bromide (gelatine capsules).
—_—

Time Plasma concentration ng/ml
hrs Dog2l Dogld Dog22 Dog25s Dog2§ Dog29 Dog3d
_ .
% - 68 <50 <50 8 1494 72
% 59.6 50 15.7 1 s 643 109
1 146 3B 26 - 3 154 &0
2 874 | 34 269 246 28 93 238
4 376 27 94.7 417 8 125 60
6 432 20 590 119 1 6 23
24 102 65 <50 1 - - -
Per cent
Xcreted
unchanged
" uring
i 2 tys 10 06 16 08
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Table 5.

Urinary excretion of 14C and unchanged drug following different routes of administra-
tion of #C-lzbelled emepronium bromide.

HC % of Unchanged drug! % of radio-

Hrs administered % of admin- activity as

dose istered dose metabolites
Dog 14 02 118 71 40
Intravenously 2-4 60 0.8 87
(5 mgfke} 46 26 05 81
6-24 62 10 83
0-24 266 9.4 65
Dog 25 0-2 0.1 0.05 50
Orally 2-4 0.4 0.17 57
(20 mg/ke) -6 06 0.19 €
6-24 08 029 64
0-24 19 07 63
Dog 22 o2 00 00 -
Rectally -4 15 06 60
(65 mefkg) 46 03 o1 [
6-24 10 0.1 %
024 28 08 n
RD“B 25 o2 02 0.04 80
ectally 2-4 02 0.01 95
12 mgftg) 46 o1 001 %

oncentration was 17.3 pg/ml shortly before death. 175 mg/kg of the drug
Produced almost complete anuria during the first 24 hrs. Maximum plasma
Coucentrations were seached after 1 hr (3.2 and 8.6 ug/ml). Emepronium was
‘hﬂf Slowly cleared from the plasma. In one of the dogs the plasma concen-
tration wag Ppractically constant i. e. from 1 to 6 hrs after administration.
Tabl? 3 shows the results in 7 dogs after the oral administration of 20
:nglkg in gelatine capsules. As seen in the table, there are rather marked
dividual differences in plasma concentration, peak values renging from 42

: 14?4 ng/ml. From 0.6 to 1.6 %, of the dose was recovered unchanged in
© Urine after 24 hrs.
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UC-labelled emepronium was used in one of the experiments (dog 25,
table 4 and 5). It can be seen that 1,9 %, of the administesed radioactivity was
exercted in the urine in 24 hrs, Since the amount of drug excreted unchanged
was 0.7 %, of the administered emepronium, 58 %, of the excreted radio-
activity was in the form of metabolites. In the samples collected from 2 to §
hrs after administration of the drug the metabolites represented 57 to 69%
of the radioactivity.

From determinati of radioactivity and pronium (gas chromat
graphy) in plasma it was calculated that 34 %, of the radioactivity in the
plasma was in the form of emcpronium 4 hrs after ion of the drug.
The corresponding figure was 11 %, after 6 hrs.

Table 4 shows that almost all the radioactivity excreted in the faeces
(56 % of sdministered) appeared in the first 24 hrs sample. In the facces
extract, 94 % of the radioactivity was in the form of the unchanged drug

(table 6).

Intravenous injection.
The plasma i btained following i 1
of 5 mgfkg are shown in fig. 1. It can be scen that the drug is rather rapidly

ELERIWATICY OF (NEPFONITN FROK 006 PLASKA

eLISA CONENTS

gs following intravesous

¢ do)
dby & & A

Fig. 1. Plasma concentrations of emepronium in thre
injection of 5 mg/kg. The dogs are denote
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Table 6.
Amount of MC and unchanged drug in faeces extract following different routes of
inistration of 14C-labelled emepronium bromide.
HC % of Unchanged drugj % of radio-
Days administered % of admin- activity as
dose istered dose metabolites
Dog 14 o1 110 3.0 73
Yrtravenously 1-2 61 41 33
{5 mgfhg} 23 37 2.0 46
Dog 22 c-1 26 112 0
Rectally 12 87 78 10
(6.5 me/kg) 2-3 20 17 15
Dog 25 01 19.5 182 6
Onally 12 0.5 02 40
Q0 me/lg)

Cleared from the plasma during the furst two hrs (half-life 15 min.) after which
the rate of disappearance is considerably slower (half-life about 2 hrs).

From 5.0 t0 9.4 %, of the injected drug was found unchanged in the urine
24 hus after injection. The major part {80-84 °4) was excreted within 4 hrs.
. ’One dog (No. 14) was injected with the HC-labelled drug. 27 %, of the
injected radioactivity was recovered in the urine in 24 hrs. The corresponding
ﬁgv.fr? for unchanged drug was 9.4 %. This means that 65 % of the radio-
#elivity excreted in the urine in 24 hrs was in the form of metabolites.

About 60 %, of the injected radioactivity was excreted with the faeces in 7

days (table 4). About half of the radioactivity in the faeces extract represented
unchanged emepronium (table 6).
. The relati ip between radioactivity and unch drug in the plasma
s shown in fig, 2. It can be seen that about 46 % of the radioactivity in the
Plasma is in the form of emepronium 30 min. after the injection. Between 3
2nd 6 hrs the corresponding figure is about 10 %,.

Rectal adminsstration,

shmaSlfm concentrations following rectal administration (suppositories) are

hown in table 7, From 0.8 to 2.4 %, of the administered dose was recovered

Inthe urine after 24 brs,
HC-labelted

emeprontum was used in two of the experiments (dog 2;
25 29 o ™ e eXper s (dog 22 and

2.8% of the admini d radi

ity-were in 1
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wring in 24 hrs. A pari with the ion of the unchanged dmgl
shows that from 60-95 %, of the radioactivity is in the form of metabolites
{table 5). .

51 and 72 %, of administered radioactivity were found in the faeces. In
one of the dogs (table 4) the major part was recovered during the first two
days while in the other dog, 85 %, of the amount found in the faeces was
recovered between the 3rd and 7th day. Practically all the radioactivity in the
faeces was duc to unchanged emepronium (table 6). In dog 22 2.8 %, of the

dmint d radioactivity was red in the urine in the first 24 frs.
Although only 0.3 % was found in the urine during the next 24 brs, the
amount in the facces was about the same (20 and 26 %) during the two
consecutive 24 hrs periods (table 4).

boli

Ser ion of wrinary

From the comparisons between radioactivity and unchanged drug in the
plasma and urine it was evident that emepronium is rather rapidly meta-
bolized. The amount of radioactivity excreted in the urine in the form of

CLIXIIATION §F RRDIORENIYITY 4YD DNCNANGED DRUT
FROR 00§ PLISKA

FLASKA CORCENTAAT IgN

& HRS
s injection of 1b¢ 1O

d by smalysis Y
graphy-

after i us
d from radioactivity an
dioactivity. W Gas ¢hromatol

Fig. 2. Plasma jon of
Jabelled drug (Dog 25, 5 ma/kg) as calculate

gas chromatography. A Calculated from ra
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Table 7.

Plasma concentrations and urinary excretion of emepronium in dogs after rectal
administration of 6.5 and 12 mg/kg of the bromide (suppositories).

Plasma concentration (ng/mt)
Time
rs Dog 22 Dog 14 Dog 25
6.5 mg/kg 125 mglkg 12.5 mglkg

Y% 40 136 37

% 43 19.6 66
1 s 152 12
2 <5 71 <5

4 <s 100 14
6 <5 6.6 <5

24 <5 17 -

Per cent
excreted unchanged
in urine in 24 hrs 08 11 <240

¢ Contaminated with faeces.

meta.bolitcs was about the same (60-70 %) following all three routes of
2dministration (table 5).

The results of
1

el 1

by paper ch aphy and high voltage paper
2 is of rad, ive urinary ites in some i experi~
ments are shown in fig. 3. It can be seen that three peaks appear, one of which
15 \l.nchanged emepronium. The relative proportions were determined by
liquid scintillation after combustion of paper strips from the chromatograms
2nd ef P and by i y after ing in a ch

seanner, Similar patterns were observed when the urine was collected after
other routes of administration were studied.

.In the gas ch hic p d ds hydroxy in the
aliphatic part of the mol, could be d ined as ium. A possible
metabolite of this kind (2-hydroxyethy!) (3.3-diphenyl-l-methyl-propyl) di-
methyl ammonium bromide was synthetized. S ion of i

the aleohol coutd be achieved on thin layers of cellulose impregnated

Perchloric acid. The alcohol could not be. distinguished from emeproniu
the paper ch i i

from
with
m in

and systems used. When urine
Samples were extracted as described in the gas chromatographic procedure
“"fl in the thin-layer ct phic system, there was
evidence for the of this alcoholi d. Controf . :
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SEPARATION OF METABOLITES IN URINE { 006 )

PAPER CHROMATHOGRAPHY
083

a0 wrravtgRe
2 et
00G 1
—A-— —— —C—
24% 5% n

082 sNTRAYENDUSLY
4 KRUAIE
oG 1

85% ™ 8%

PAPER ELECTROPHORESIS

iNtRAVENOUSLY
2 hn RINE
006 1

Twone | Eatwont

D — —E—  F—
18% 13% 70%

oG

AnoDE | CATHODE

—D—  —f— —F—
s6% 10% 4%
h
Fig. 3 jon of radi bolites in urine by high voltage paper lectioPho”

i i atogram
resis and paper chromatography. Evaluation made in 2 P.:xdnrd.rat:l?c?;u"‘e e
scanner. The part of paper analyzed by combustion is md:cal{d in the
The spot indicates added unlabelled emepronium.



397

FATE OF EMEFRONIUM IN THE DOG

$> JA - sy 47
8 §> ¥8 99 09 [+ L 068 11 99 L §> sy 9
801 g 8 szt 06 09 801 L'66 0T 001 L 9v1 sy
s 4 99 £6 91 86T st 692 1 %6 44
201 4 244 ¥s1 [i2a1 "] 01 9Ty %I TSt 8L 334
801 g oz €9 ser 601 8L LSt 238 961 g0t 99
06 8 4 $651 96 w 96 §> 9t g€l 801 TLE i gf
01 - w8 - z - [ - 921 - 801 - [
uw us/3u o Juy3u ua Tw/Su urw jw/do unw /3y ‘uw wySu
ey 2u0d JENE M3 jswag 3uad {sieag “auod {sweag 2ued [steag ‘au03
H BlIsE “aH ewse]d 'H vwseld “1'H euIse[] aH ewsTid 1'H LTI sy
) 0 °:0 1520 @3y 9y
8z 8o 6z80a o¢ 5o zz3od $130@ sz8ea

(Soqy) samol JurP Aq wnfuordaws 3O UONRISIUIUDE Buymol]

a)m1 weoy = 1'H

‘8 219vL

10 91e1 11Ty PUT VOEAUIZU0 wwse)d U2dMIdq ARSUOREIY



396 A. SUNDWALL, K. UTHNE AND J. VESSMAN

SEPARATION OF METABOLITES IN URINE (00§ )

PAPER CHROMATHOGRAPHY
"-083
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e
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Fig. 3. Separation of radioactive metabolites in urine by high voltage p?P;;L:?&"rm

sesis and paper chromatography. Evaluation made ina p?ckard radio o
scanner. The part of paper analyzed by combustion is ind:ca(e‘d 1n the fig!

“The spot indicates added untabetled emepronium.
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showed that the alcohol would have been detected in amounts corresponding
1o Jess than 2.5 %, of the emepronium present. Separation was also performed
after acid hydrolysis in order to split any possible conjugates,

Relationship between heart rate and plasma concentration.

The heart tate was measured in nine experiments by ECG recording. The
Tesults are summarized in table 8, which also shows the plasma concentra-
tions in samples taken immediately afterwards. It is evident from the table
that the threshold concentration in the plasma which causes an increass in
heart rate is about 150-256 ng/ml.

Discussion

It is well known that intestinal absorption of quaternary ammonium com-
pounds is rather slow and far from complete. In the case of benzomethamin¢
and banthine from 0.8 to 8.3 %, and 0.2 to 3.4 %, of an oral dose were found
unchanged in the urine in 4 hrs (dog) (LEVINE & CLARX 1955). In the presest
study with emepronium the corresponding figures were 0.6 to 1.6 %. }.Iow~
ever, the excretion of unchanged drug in the uvrine is not a very re_haf)le
parameter for the study of intestinal absorption, if the drug undergoes s'lgmﬁ'
cant metabolism andfor biliary excretion. With regard to the metabolism of
emepronium there appears to be interesting species differences. ‘In the rat
it is metabolized only to a minor extent (HANSSON & SCIMITERLOW 1961),
while it undergoes much more extensive metabolic transformation in the dO%
(about 60-70 %, of the radioactivity in the urine and faeces are in the form of
metabolites following intravenous inistration)

With both methods of separation of urinary metabolites (chmfnatogxaph}’
and electrophoresis) two metabolites were found. The proportions of u;l-

. changed drug in the urine obtained with the two methods agree rather W
{7t to 70 and 28-34%). A comparison with the values found c:}‘:'c {ly‘;

h i i 9/, res)
phy reveal lower figures (60 and 19 % - \}I;cchangcd

This difference may be explained by the fact that the pcrcent:? el
i chr hy and ph kS
drug in the case of paper el i the e

from the sum of the radioactivity found in the three peaks, Ware It -
of gas ch aphy it is calculated from the total radioactivity i the
R of radioactivity present as emepronium

A compatison of the p
plasma and urine shows that there appears to
climination of the metabolites (the proportion is almost

be no preferential yrinaty
the same in plasmd

and vrine). o —_—
Extensive biliary excretion is also indicated by the present in:
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Following intravenous injection 60 % of the label was excreted in the faeces
during the 7 days of observation. It was found that from 27 to 66 %
was in the form of the unchanged drug. The rat experiments indicate an

hepati lation of the unchanged drug. There was a marked increase
in plasma concentration between 4 and 6 hrs following oral administration.
A similar tendency was also seen in the dogs (table 3 and 7). From our
experiments it cannot be stated that the drug is excreted in the bile. It might
as well be secreted through the gastrointestinal mucosa. However, the latter
possibitity seems Jess likely to be of importance since the experiments of
Hans50N & ScHMITERLOW (1961) demonstrated extensive biliary excretion of
radioactivity in rats with bile duct cannula, It is also known from experiments

with other .\ nary i pound that the biliary excretion
of the unchanged drug is 2 major route of elimination (LEVINE & CLARK
1955 and 1957). In man 14 %, of an int lar dose of hami

is excreted unchanged in the bile (bile duct fistula) within 4 hrs (LEVINE &
Crark 1955).

Thus, when metabolism and biliary excretion are accounted for, the gastro-
fnteslinal absorption of emepronium in the dog is much more efficient than
s indicated by the urinary excretion of the unchanged drug. If 1.1 % of the
administered dosc is found unchanged in the urine, the total amount absorbed
would be about 6 %,. This conclusion has been reached by the following
Teasoning: Following intravenous injection, about twice as much Iabel is
excreted in the faeces as in the urine. Thus, one would expect a similar frac-
tion of a dose absorbed from the intestine to be excreted in the faeces. Since
25, of the admini d radioactivity was d in the urine, another
4% would be excreted in the faeces, Thus it is suggested that the amount
ab}mbed is approximately 6 times the amount excreted unchanged in the
tirine. One would possibly expect an even larger proportion to be excreted in
the bile in the case of oral administration, as in this case all the absorbed
material passes through the liver.

In the dog, rectal absorption from suppositories seems to be of the same
order as following oral inistration of gelatine les, as judged by the
amount of abel excreted in the urine, However, in man rectal absorption
2ppears to be much more efficient than oral administration since similar
Plasma concentrations are produced by doses differing by a factor of three
(VESSruw ¢ al. 1970). The reason for this discrepancy is unknown but may

retated to the fact that the hemorrhoidal venous plexus is rather rudi-
meatory in the dog (MiLLER ef al. 1964).

The specificity of the gas ct method used for analysis of
in the plasma was investigated and the results are described in a
Paper (Vessman et al. 1970). It was shown that phenols and
tion products do not interfere in the analysis. On the other hand, it

emeproniun
Previous
dtalkyh
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was believed that alcohol metabolites might be determined as emepronium if
prcsent: Tn the present paper the presence in the urine of one of these possible
?lcohohc metabolites (emepronium hydroxylated in the ethyl group) was
investigated, but could not be detected in the urine from dogs treated with
emepronium.

With the benzophenone methad, it has been possible to analyse very low
concentrations of emepronium in the plasma (5 ng/ml). It has therefore been
possible to study the relationship between the plasma concentration and
pharmacological effects.

Due to the short half-life of the drug in plasma (tye about 2 hrs) it was
difficult to obtain steady state conditions. Instead, single oral and recta!
administration were used, The plasma concentrations and heart rate were
measured simultaneously at rather short intervals. It was found that aa io-
creased heart rate occurred when the plasma concentration was about 150
250 ng/ml,

Studies arc now in progress 1o study further the pharmacokinetics of eme-
pronium in man in ordet to relate plasma levels to pharmacological effects.

It is interesting to note that following a lethal dose to rats and dogs the
plasma concentrations were almost the same (17 and 24 ug/mi) although the
LD50 differed markedly between the rat and dog (1100 and 250 mgfkg)
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Effect of Carbon Tetrachloride Induced Progressive Liver
Damage on the Metabolism of Hexobarbital and
Bilirubin in Vive
By
Martti Vorue and Martti Afavaikko
(Received October 28, 1970)

Abstract: Rats were given 2 ml carbon tetrachloride per kg body weight subsu-
taneously 3 times a week. The development of liver changes was observed from
histological specimens, and changes ia the functional capacity of the liver were

i by ing the barbital sleeplag time and the reteation of
bilirubin given o animals after carbon tetrachloride administration for 2, 4, 8
and 16 weeks. The animals receiving carbon tetrachloride gained weight more
slowly, and their growth ceased shortly after two months of treatment. The rela-
tive liver weights of the rats receiving carbon tetrachloride did not differ from
those of the controls after administration for 2 weeks, but after 4 weeks the
relative liver weights of those rats receiving carbon tetrachloride were 12%, af-
ter 8 weeks 29%, and after 16 weeks 65% greater. It was noted that cnrb_on fe-
trachloride had induced progressive morphological liver changes. Cirrbosis was!
apparent after 8 weeks of treatment and alter 16 weeks it was severe. {A.fm'.
weeks of carbon tetrachloride administration the retention of evogenous bilirubin
also increased, being 76 % greater than in the controls. After 16 weths of ad-
mibistration, bilirubin retention was 94% greater than in the contm!s._’l’he hl&‘:‘
barbita) sleeping time increased progressively: after 2 weeks it was twice as On:
as in the controls, after 4 weeks 234 times, after 8 weeks more than 3 times, &
after 16 weeks approximately 10 times as long as in the controls.

i ivo - hexs
Key-words: Carbon tetrachloride ~ liver damage — metabolism in vive hexo-
barbital - bilirubin,

n . It

Most foreign sut are bolized by 1 liver em‘;ﬁs;
has been assumed that fiver diseases impair drug metabahsmw}(lfi!m g
SELIGSON 1963). So far, only a few studies have been madcam'cd ot
this assumption. A few clinical investigations have_ bet:uf chenylbutw""
their results are somewhat contradictory. The half-hveﬁ of pl oty
salicylic acid, aminopyrine (; o were oot g
rine (phenazonum NFN) in pa

L3 ’.
tients with Laennec’s cil
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ficantly different from the corresponding values in the controls (BRODIE et al.
1959). Another clinical study confirmed the finding that the half-life of phe-
nylbutazone was not significantly different between the controls and the
patients with liver disease. However, when these patients were grouped ac-
cording to whether or not they were pretreated with drugs, significantly lon-
ger half-lives were noted in the patients not undergoing drug treatment (LEvI
et al. 1968), Animal experiments have shown that obstructive jaundice im-
pairs drug metabolism both in vitro (McLUEN & FouTs 1961; METGE ef al.
1964; Kartiara 1971) and in vivo (McLUEN & Fouts 1961). Experimental
liver cirrhosis has provided contradictory results concerning changes in glu-
curonyl transferase activity. In one study it was shown that glucuronyl trans-
ferase activity remained almost unchanged (Brcx et al. 1967), while in ano-
ther the activity was found to decrease clearly (MeTGe et al. 1964).

By treating laboratory animals chronpically with carbon tetrachloride, it is
possible to induce liver damage which becomes gradually more severe, and

iy ends in cirrhosis {CAMERON & KARUNARATNE 1936; KAUFMANN 1953;

IsLaMI ef al. 1958; WonG & Finclik 1965; OLSSON 1966) which histopatho-
logically resembles the Laennec type of cirrthosis found in man (KAUEMANN
1953). The investigations carried out so far have been concerned mainly
‘)’llh morphological changes and our knowledge of the ability of the cirrho-
fic liver to metabolize foreign sub isk

In the present study we have attempted to ascertain whether there is a
@frelatiou between the morphologjcal severity of liver damage and the ac-
{ivity of liver microsomal enzymes. We chose hexobarbital (enhexymalum
!“FN). which is hydroxylated (CooPrr & BroDIE 1955), and bilirubin, which
® conjugated (Warre 1967) in mi as test sul The in-
Vcsh_gatitms were made in vivo by measuring the duration of action of hexo-
barbital and the retention of bilirubin in the animals.

Material and methods

sp';h; study belongs 1o a series of experiments in which we used a total of 660 male
Toey :‘ibawley Tats which weighed 90-160 g at the beginning of the experiments,
Finhny C.me from the same farm (The Mankkaa Research Laboratory, Orion Oy,
m“m)-};ﬁh gxméah were given normal laboratory food (The Hankidja Fodder
cuperna2akija Central Cooperanve, Finland) and water d libitum throughout the
b;:e :gshwm given 2 md carbon tetrachloride (E. Merck A. G., Darmstadt) per hg
rvspond'mg t ll!b!:!mme_ously 3 times a week. The control animals received 2 cor-
the hu:;i:y Physiological saline solution. After 2, 4, 8 and 16 weeks of treatment
are Nobarkital sleeping time, bilirubin etention and morphological liver=changes””

fecorded. These examinations were carried out 2 days after the Jast ot
% -
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Morphological methods,

15\ order to obtain the liver specimens, we did not kill the animals, but merely
subjected them 10 approximately 70 % liver resection by removing the left laterat and
the median lobes under light ether anaesthesia {HIGGINS & ANDERSON 1931). The liver
specimens thus obtained were weighed and fixed in 10 % formalin. They were cut into
6 histological sections, which were stained with haematovylin-eosin, vap Giesoss's
stain and Turnbull’s bive, In addition, frozen sections were stained with oil Red O
in order ta visualize the fat. The scctions were examined under a light microscope
In the histological examination, attention was paid to signs of parenchymal damage

ion and necrosis of p. cells), ive changes {mitoses, multi-
nuclear cells, regenerative nodes), and the development of fibrosis. In each time group
4-6 livers were examined.

Criteria of cirrhosis,

The following criteria of cirrhosis were used (Fifth Panamerican Congress of
Gastroenterology: Report of the Board for Classification and Nomenclature of
Cirrhosis of Liver, 1956, cited from QLSSON 1966):

1) All parts of the liver are involved, without necessarily affecting each lobule.

2) Cellular necrosis is present at some stage of the disease.

3) Nodular parenchymal regeneration.

4, Diffuse fibrosis.

5. Disorganization of the lobular architecture with connective tissue bands uaiting
centro-lobular zones with the portal tracts.

Hexobarbital sleeping time.

The hexobarbital sleeping lime was measured by giving the rats 75 mg of beto-
barbital (enhexymalom NFN, hexobarbital sodivm, Siegfried S. A., Switzerland) per e
body weight b i y, and by ing the time between the injection and

the return of the righting reflex.

Bilirubin overload test,
The bilirubin overload test was performed according to a slight modificaton of the
method of KRUEGER & HIGGiNsoN (1961). Filty mg unconjugated bilicubin (Fiuka A.G+
Buchs, Switzerland) was dissalved into 10 ml isotonic NagCO;—NaCl solution (0:5 3
. NasCOj3, 0.52 g NaCl/100 ml). Bilirubin (20 mg per kg body weight) was injected mlq
the tail vein and the serum bilirubin content of a blood sample drawn from the I;)
30 minutes later, was measured by the micromethod of WHITE et af. (1958). The b“h:
rubin basal values were also determined by using the blood samples drawn from

tail. Haemotyzed samples were not used.

Statistics.
Student's t-test was used in the statistical analysis of the results,

Results

more slowly than

Body weight and condition of animals.
hs (table 1). The

The animals receiving carbon tetrachl
the controls, and their increase in weigh

oride gained weight
t ceased after 2 mont
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Table 1.
Effect of chronic CClj administration on body weight and “relative liver weight”,
The nuraber of rats is given in brackets. The weight of the resected median and left
lobes of tiver (about 70 %) was used in calculations of the “relative liver weight”,
Results are expressed as mean of the vatues  S.D.

- Weight Relative weight -
D“”f‘""’ Body gain % of | of the resected o of
o weight initial | Tiver lobes (/1008 |  control

eatment ®) weight body weight)
Beginning
control 131£24 U - - -
coy 139+11 Q1) - - -
2 weeks
sontrot 187520 @) 2 3INL02 QO) 100
cay 189+15 (21) 35 311+027 (20) 104
4 weeks
control 247416 (21) 88 2724019 (0) 100
¢y 22018 Q1)) 58 305£029 (209 112
8 weeks
controf 304+19 Q1) 132 256023 (8) 100
Ccl 52324 Q1 81 3314040 (B)0 129
16 weeks
control 344435 (U 162 270+016 (8) 100
Cayy 255434 (1) 83 4461045 (8)9) 165

]
B =P <0001

mean weight of the 108 rats alive after the 16-week administration of carbon
tetrachloride was 266 B (range 162-345 g). The 16~week group included 48
control rats, the mean weight of which was 346 g (range 258~412 g). Some
of the rats receiving carbon tetrachloride developed local skin necroses at
the beginning of injection treatment. Mortality in the tarbon tetrachloride
BfOUp was low during the first three months. In the 2-, 4- and 8-week groups

Y 0.7% (2 rats) died from injection complication, but ia the 16-week
‘g;"“P the mortality was 28% (42 rats). Most of these animals died during

e !ZISK 2 weeks, apparently from severe liver cirrhosis. The control rats
continued to gain weight throughout the experiment, and none of them died.

Weighy of the livers,

(a;:htive weights of the resected liver lobes increased in the rats receiving
Py ™ tetrachloride a5 compared with the controls. After 2 weeks the differ
Was not significant (4%), but after 4 weeks the ones receiving carbon
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tetrachloside had significantly (129%) greater relative weights, and the differ-
ence was further increased in the 8-weeks (29%) and 16-week (65%) groups
(table 1).

Pathological changes of the livers.

Macroscopic findings.

The Yivers of the rats receiving carbon tetrachloride became lighter in colour
and firmer. After 2 weeks of carbon tetrachloride administration, the livers
were still pically th-surfaced, but after that they gradually be-
came rougher in texture. The livers of the rats which died towards the end
of the treatment, and the livers of those treated for 16 weeks, were large,

pdle, hard and granular. At this stage most of the rats receiving carbon te-
trachloride also had ascites.

Microscopic findings

1. Carbon tetrachioride for 2 weeks (fig. 1).

The general architecture of the liver had been preserved relatively well. The
central veins and the portal tracts were clearly distinguishable, Considerable
disorganization of parenchymal cells, feathery degeneration, and necroses of
individual cells were noted, particularly in the centrolobular area and around
the collecting veins. Drops of fat were seen in some cells. The sizes of cells
and nuclei varied considerably. Mitoses and binuclear cells were often seen.
The wall of the central vein was slightly fibratic, 2nd around it there appear-
ed weak fibroblast proliferation and a few thin fibrous bands oriented to-
wards the periphery. Parenchymal cells in the periportal areas* showed slight

swelling, but no clear increase of connective tissue Was noted in the portal
tracts,

2. Carbon tetrachloride for 4 weeks (fig. 2).

@ general architecture was moderately disturbed and the beginning of
Pseudolobulation was noted in some places, Thin fibrousbands often united the
Central veins with each other and with the collecting veins. The walls of the
Snixal veins were already marked Hbrotic and thickened, and there was
abundant fibroblastic proliferation. Even at this stage the portal tracts still
Seemed more or less intact. Slight fibrosis was noted in some portal tracts,
but the fibrous bands uniting the central veins and portal tracts were not yet
Present. Necroses and mitotic figures were numerous in the whole area of
liver parenchyma, and most numerous in the centrolobular areas. A little
™Ore fat was seen than in the 2-week group.

e <Hporta ares, s used here, refers o the liver parenchyma bordering on
cht. 5
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3. Carbon tetrachloride for 8 weeks (fig. 3).

The changes satisfied the above mentioned criteria of cisrhosis, Thick con-
nective tissue septa rich in fibroblasts united the central veins with each other
and with the collecting veins; this created pscudolobules which often had s
portal tract in the middle. In some places it was already possible to discen
fibrous bands uniting the portal tracts and fibrotic centrolobular aress, Ja

ddition to fibrobl granulocytes and a few pi i phages were
also seen in the fibrotic areas. The pigment was hacmosiderin, Necroses of
individual cells and mitoses were numerous, The sizes of cclls and sucli
varied considerably, and a great number of binuclear cells were seen. No
regular liver cell columns werc found, the parenchymal cells being arranged
in nodules. Fat was abundant, and concentrated mainly in the periphery of
the pseudolobules. Slight bile duet proliferation was already noted in the
portal tracts.

4. Carbon tetracldoride for 16 weeks (fig. 4).

The livers were in a state of advanced cirrhosis. The normal architecture
was completely destroyed. Marked ive tissue proliferation and nods-
tar regeneration of parenchymal cells had produced a great number of psct-
dolobules which varied in size, but were generalfy smatler than in the' g-week
group. Cellular necroses, mitoses and multinuclear cells were scen It great
numbers, There was less fat than in the 8-week group. Profiferating conacc:
tive tissue rich in cells was now also noted in the portal tracts, an‘d ‘h;
proliferation of bile ducts was abundant. With regard to the dcgcn?mtmnt ?t
parenchymal cells, this group differed from the precoding one In .|ha o
showed a great number of eosinophilic degeneration of the cells (Councz)mac
bodies) in addition 1o the ballooning type of ccll degencration. Furthermore,
recent haemorrhages and a relatively large number of macro|

haemosiderin were seen.

phages containiog

Summary of morphological changes. 5

Chronic admiﬁistmfion of carbon tetrachloride induced 3 gt‘::z':;"g;
change in the rat liver. The initial stage of the change was Ch‘f“"hc centio
degencration and necrosis of the parenchymal cells, beginning m‘ Tlowed by
lobular arcas and around the collecting veins. This was Ia'!?f ‘-(;suc prolis
nodular regeneration of the parenchymal cells and conﬂccuw1 };um e
feration. Fibrosis had also begun primarily in the eeBeT oo,
After this fibrous bands developed with united the cf“m'lb;; tetrachloride
other and with the collecting veins. After only 4 chcks of m'rxcn‘a of cisthosis-
treatment the histological picture satisfied t!lc first fuu.r c:but after § weeks
The portal tracts remained intact for 2 rglntlw{y lf’"B. ':"; conncctive 1issU¢
there appeared changes related to the fifth criterion® &%
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3. Carbon tetrachloride for 8 weeks (fig. 3).

The changes satisfied the above mentioned criteria of cirrhosis, Thick con-
nective tissue septa rich in fibroblasts united the central veins with each other
and with the collecting veins; this created pseudolobules which often hada
portal tract in the middle. Tn some places it was already possible to discem
fibrous bands uniting the portal tracts and fibrotic centrolobular aress. In
addition to fibroblasts, granulocytes and a few pigmented macrophages were
also seen in the fibrotic areas. The pigment was haemosiderin, Necroses of
individual cells and mitoses were numerous. The sizes of cells and nuce
varied considerably, and a great number of binuclear cells were seen. No
regular liver cell columns were found, the parenchymal cells being arranged
in nodules. Fat was abundant, and concentrated mainly in the periphery o
the pseudolobules. Slight bile duct proliferation was already noted in the
portal tracts.

4. Carbon tetrachloride for 16 weeks (fig. 4).

The livers were in a state of advanced cirrhosis. The normal architecturt
was completely destroyed. Marked connective tissue proliferation and podi~
lar regeneration of parenchymal cells had produced a great number of pseds
dolobules which varied in size, but were generally smaller than in the. g-week
group. Cellular necroses, mitoses and multinuclear cells were seen it geat
numbers, There was less fat than in the 8-week group. Proliferating consec”
tive tissue rich in cells was now also noted in the portal tracts, m{d ﬂ‘;
proliferation of bile ducts was abundant. With regard to the degeneration ‘?t
parenchymal cells, this group differed from the preceding one In Fh:n 1‘
showed a great number of easinophilic degeneration of the cells (Counciloia®
bodies) in addition o the ballooning type of cell degeneration. Funhem}f{;‘-
recent haemorrhages and a relatively large number of macrophages contaisics
haemosiderin were seen.

i Surminary of morphological changes. sve
Chronic administration of carbon tetrachloride induced 2 Pm:":':gs’;y
change in the rat liver. The initial stage of the change #a$ d’?m;::icmm«
degeneration and necrosis of the parenchymal cells, beginning mf llowed bY
lobular areas and around the collecting veins. This was Ia.ter ﬁisue proli-
nodular regeneration of the parenchymal cells and mnnecﬂ"" bular ared
feration. Fibrosis had also begun primarly in the cen'm.gs with each
After this fibrous bands developed with united the ceatral b:exlcmchk’ﬁ do
other and with the collecting veins. After only 4 weeks of ca_rleﬁ: E dtoss.
treatment the histological picture satistied the first {ou'r cnbm after § weeks
The portal tracts remained intact for a relativﬂ.}’ 1‘.’"5_‘@: connective tisS¢
there appeared changes related to the fifth criterion: & &
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Table 2.
Effect of chronic CCly administration on basal serum bilirubin, bilirubin overload test
and hecobarbital sleeping time. Serum bilirubin and hexobasbital sleeping time were
measured in 6 animals in each group. Bilirubin overload test was carried out on
5 animals in each group. Results are evpressed as mean # S. D,

. Sertm  bifirubin .
D““‘[‘“’“ B‘:,?“ Sram | inbibin | %of | VP | g
f 5 /' Ir(‘)lo "'I overload test control {"’"’ control
treatment (mg, mly (mg/100 m1) (minutes)
2 weeks
control 0.55+0.17 188 % 0.75 100 203 100
ccly 049+ 0.14 1754086 93 41 +15% 205
4 weeks
control 058 %020 202 £ 049 100 9E4 100
ccy 051+ 0.17 188 +0.27 93 47+129 7
8 weehs
control 0552016 158 % 0.61 100 204 160
cay 0.58 £0.15 330 %1739 176 653340 3%
16 weeks
control 059 %015 1983032 100 185 100
ccly 0.64 % 0.10 385 £ 1130 194 1824590 | 1011
a) P < 0.05.
b) P<00L
€) P <0001
6 weeks of

trabeculae between the portal tracts and the central veins. After 1 ol
carbon tetrachloride administration severe cirrhosis was roted. The n0

. . 4 i vas
archi was letely d yed, connective tissue profiferation ¥

b R suggesting
marked, and abundant bile duct proliferation was seen. Changes
biliary stasis could not be observed histopathologically.

Metabolic capacity.

1. Total serum bilirubin and “bilirubin overload test”. . -
Total serum bilirubin concentration in the rats receiving car knmmm

chloride did not differ from the controls at any stage of the 16-wee!

tetrachloride administration period (table 2} o Liugated
When the test animals were given intravenous injections of uri‘m‘vj!( lf e
P : . A cioni 1v as |

bilirubin, retention was not gn mchlon’dera dministration-

control animals after 2 and 4 weeks of carbon te

i r 8 weeks:
However in the rats which had received carbon tetrachloride for 8
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bilirudin retention was 76%'greater than in the controls, and after 16
weeks of administration the retention was almost doubled (table 2).

2. Duration of action of hexobarbital.

After carbon tetrachloride administration for 2 weeks hexobarbital sleeping
time was approximately twice as long as in the controls. The sleeping time
became progressively longer: after 4 weeks of administration it was 2y
times, after § weeks more than 3 times, and after 16 weeks approximately
10 times as Iong as in the controls {table 2).

Discussion

Our finding that chronic administration of carbon tetrachloride induced
Telarded growth and increased the relative weight of the liver agrees with
the results of previous investigations (ISLAMT et al. 1958; Neuxomy & KIRaLY
1967; Reuwer 1968). It has been indicated earlier that the weight of the left
d the median Jobes of the rat liver accounts for 70 % (6575 9%) of the
total liver weight (HiGGINs & ANDERsON 1931). It has been indicated
Previously that the proportion of the part thus resected to the whole liver

°s not differ in cirrhotic and normal rats (Rapmovict & WIENER 1961),
which Suggests that the relative weights of the whole livers were greater in

© 1ats which had received carbon tetrachloride than in the controls.

The histopathological changes induced in the rat liver by chronic carbon
Wlrachloride treatment have been described in several studies (CameroN &

UNARATNE 1936; KAUEMANN 1953; ISLAMI ef al. 1958; WoNG & Fvcki
_1965; Orsson 1966). Kaurmann noted that the initial stage was character-
2t by degeneration and necrosis of the parenchymal cells, beginning in the
itrelobular areas and around the central veins. Parenchymal damage,
connective tissue proliferation and the regeneration of parenchymal cells
Tesulted j cirthosis, which Kaurnann called hypertrophic cirrhosis. Fibrosis
tad algq begun in the centrolobular area and the portal tracts only became
1volved g 4 relatively late period. In his investigation in 1966, Orsson
8eentrated on the development of fibrosis and reported that fibrosis began
Pf’l{naxﬂy ia the wall of the central vein. After that fibrous bands appeared
Which were oriented towards the periphery as well as fibrous bands which
l°°““=€l=d the central veins with each other. Portal tract fibrosis began
&er: l?m within four months it was so pronounced that it could no longer
e Unguished ftom the centralobular fibrosis. The morphological changes
Kuor 10 our study agree with the easlier results. The features described-by
“"f\'N (1953) and Orssox (1966) were particularly clearly obst, **
¢ Cirthosis progressed.
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As early as 4 weeks after the beginning of carbon hlorid,
the histological picture satisfied the first four of the criferia of cirrhosis
we used, but it was not until 8 weeks that the changes associated with the
fifth criterion appeared: fibrous bands uniting the central veins and the
portal tracts. Earlier experiments with dye injections have indicated that
these connective tissue bands contain a large number of anastomoses be-
tween the portal veins and branches of the hepatic vein, which shunt most
of the blood past the parenchymal cells (AstBURN et al. 1947; Popper et al.
1952). Circulatory changes of this kind could be expected to lead to con.
siderable metabolic changes.

It is interesting to note that it was just at the eight week that an increase
in the retention of exogenous bilirubin occurred in our experiments, This
could be explained partly by the above mentioned changes in the vascular
pattern of the liver, It is possible, on the other hand, that microsomal
glucurony! transferase activity had declined. The latter assumption Is sup-
ported by the earlier observation that bilirubin conjugation is retarded i viiro
during chronic administration of carbon tetrachloride (METGE ef df. 196‘0{-

ion of

An observation made in our lat y, that mi 1 conjug
p-nitrophenol in vitro is similatly retarded after eight weeks of carbon tetra-
chioride administration, supports the assumption that a decrease in the
i ! conjugational ability is involved (VORNE & ARVELA 1971)
Although the bilirubin overload test showed that the retention increased
3t ly with the of cirrhosis, the serum bilirubin basal
values did not differ from the control values in any of the groups. .
Even after two weeks the duration of action of hexobarbital was Sllgﬂ-‘ﬁ'
cantly longer in the animals receiving carbon tetrachloride than fn the
_ controls, and this i dp ively as the morphologi 1 liver changes
# grew more severe. Since the hexobarbital sleeping time increased o
the above mentioned vascular changes had occurred, it scems Jikely that the
increase is mainly due to a decrease in the activity of microsomal CDZY“‘:;
hydroxylating hexobarbital. This assumption is supported by 0“:’ f‘:nfmgs .
which we have shown that 1 N-methylaniline .
creases in vitro even during the early stages of liver damage (Vorne ksof
1970), and that hexobasbital hydroxylation decreases after only two wce'vely
carbon tetrachloride administration, after which it decreases progresst
ORNE & ARVELA 1971). e
(VOur in vivo experiments show that microsomal drug x'nc.tabolls:l l;hlgh
aired in liver cirrhosis. Our observations agree with fhe chmcﬂil. 5:2 t{y ier
showed that the half-life of phenylbutazone, which is mctal;: IzﬂSE a9
microsomes, was significantly fonger in patients with liver disé
trols (LEVI et al. 1968). 5
‘hi)inrgsu];&usﬁfy the assumption that different microsomal enzym

ed even before

s are
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possibly affected in different ways, as the liver damage grows more severe
and cirrhosis advances, This could be due to their different location in the
endoplasmic reticulum and to the different rates at which parts of the endo-
plasmic reticulum are damaged. Electron mi ic studies would be
mecessary to elucidate this point. It is known, however, that glucuronyl
transferase activity is mainly located in the rough endoplasmic reticulum,
while many of the drug-metabolizing enzymes are found in the smooth
endoplasmic reticulum (Fouts & GrAM 1969).

It is well-known that drug metabolism is different in different species

(CrEAVEN et al. 1965; Parke 1968), and th no direct 1
.oonceming human liver cirrhosis can be drawn. It is possible, however, that
in the human liver cirrhosis too, dif i 1 are d d

in different ways,
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carbon tetrachlotide on the drug-metabolizing capacity of the liver has been
mainly investigated after acute administration.* It has been noted, however,
that chronic administration of carbon hloride feads to Hver damage
which gradually becomes more severe and finally ends in cirrhosis (CaneroN
& KARUNARATNE 1936; KAUEMANN 1953; Otsson 1966). So far, very little is
known about the drug-metabolizing capacity of the cirthotic liver. A few
clinical investigations have been made, but their results are somewhat cof-
tradictory (BRODIE ef al, 1959; Lrvy et al. 1968). Experimental liver cirthosis
has been noted to involve d 1 gl yl activity n vitro
(METGE et al. 1964) and impaired bilirubin and hexobarbital metabolism
int vivo (VORNE & ALAVAIKKO 1971).

We have investigated the effect of chronic carbon tetrachloride administra-
tion on the enzymatic activity of the liver in order to ascertain whether the
severity of the liver damage is correlated to its enzymatic activity. We have
previously presented the results of our in vivo experiments and described the
morphological changes which occurred (VornT & ALavarkko 1971). Ix} .the
present study we have determined the activity of the drug-metabolizing
fiver enzymes which oxidize, reduce and conjugate foreign substances, b¥
using hexobarbital, N-methylaniline, p-nitrok i¢ acid, and p-nitroph
as substrates. In addition, we have determined the microsomal cytachrome
P-450 content of the liver and the activity of non-microsomal glucos?-ﬁ-
phosphate dehydrogenase during the different stages of developing liver

damage.
A preliminary report of this work has been published (VORNE ¢t al. 1970).

Material and Methods

atment of animals. ! ) ) e
Tr';'he present study belongs to a serfes of experiments in which we used altogett

i iment.

660 Sprague-Dawley yats which weighed 906-160 g at the beginming of(lht :}p;;l;‘;;l
all came from the same farm (The Mankkaa Reseatch Laboratory e
‘I‘h:)" Orion Oy, Finland). The animals were given normal laboratory fo T
Supphe:s. Fodder b’l‘murc, Hankkija Central Cooperative, Finland} and :;n i
?;:::J:hwughout the experiment. The rats were given 2 ml carbon tetrachlori cpm_

, i i The coatrol ani N

body wui‘ljégsi::lc:‘aal:‘:: ‘:ﬁl{xz;:um:f:lc:/ ;,d:, 8, and 16 weeks of dosage we Jeermined

the
i i ign substances, and
s which metabolized fomg‘ S er the st

imals received 8 COTTesP

the activities of some liver enzyme:
it
cytochrome P-450 content, These examinations were carried oul

dose.

hat hepatic
i i Lean (1969) reparted that hepsis
n preparation MarsHaLL & Mel e itoss
* When 03F smdoi\:'l:;le ;—4‘;0 content declined dunnf. the pr?d'ucmin o
migtesome! cy;lon of carbon hloride and ph aj

bya combinali
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possibly affected in different ways, as the liver damage grows more severe
and cirrhosis advances. This could be due to their different location in the
endoplasmic reticulum and to the different rates at which parts of the endo-
plasmic reticulum are damaged. El i pic studies would be
necessary to elucidate this point. It is known, however, that glucuronyl
transferase activity is mainly located in the rough endoplasmic reticulum,
while many of the drug-metabolizing enzymes are found in the smooth
endoplasmic reticulum (Fouts & Gram 1969).

It is well-known that drug metabolism is different in different species
(CREAVEN et al. 1965; ParkE 1968), and fore no direct tusi
eoncerning human liver cirthosis can be drawn. It is possible, however, tha
in the human liver cirrhosis too, different mi 1 are d. d
in different ways,
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Effect of Carbon Tetrachloride Induced Progressive
Liver Damage on Drug-Metabolizing Enzymes and
Cytochrome P-450 in Rat Liver

By

Martti Vorne and Pentti Arvela
(Received November 9, 1970}

Abstract. Rats were given 2 ml carbon tetrachloride per kg body weight sub-
Cutaneously 3 times a week. After 2, 4, 8, and 16 weeks the activities of drug-
izing enzymes and gh and ¢y
P-450 content of hver mi were ined. D ion of N-methyl
anilne decreased progressively, and after 16 weeks of carbon tetrachloride
administration it was 25 % of the control activity Hydroxylation of hevobarbital
also decreased progressively and after 16 weeks it was too low to be measused.
Conjugation of p-nitrophenol did not decrease until 8 weeks of carbon tetra-
chloride administration, when the animals had developed liver cirrhosis. As
cirthosis became more severe, there was only a slight further decrease in con-
Jugative activity, and after 16 weeks, 40 % of the conjugative activity was still
fecorded, Nitroreductase activity remained near the contsol level for the first 8
weeks, but after 16 weeks it was only 36 % of the activity of corresponding
Control animals. Cytochrome P-450 content decreased progressively, and after 16
weeks it was too low to be measured. Glucose-6-phosphate dehydrogenase activity
Y!fnain:d 2-3 tmes as great as in the coptrols throughout the 16-week ad-
mMinistration perjod.

;fiys-wom: Carbon tetrachtonde ~ liver damage — drug metabolism - cytochrome
0.

It is well known that acute carbon tetrachloride administration leads to
severe liver damage which is ifested as di: ion of the endoplasmi
™eliculim and a reduction in the activity of drug-metabolizing enzymes

FCKNAGEL 1967; DingeLL & HEMBERG 1968). A single dose of carbon
lc{rachlon‘de dmini: by gastric intubation has been found to decrease
microsomal glucose-6-phosphatase activity by 30 % after 2 hours, and by
59% 4 hours after administration (RCCKNAGEL & LoMBARDr 1961). It has

Enher beén noted that acute admini of carbon ide impairs
hem tabolism of aminopyrine (aminopt NF» - wbital (¢n-
©ymalum NFN), and ethylmorphine (DiNGrLL & = - :

decreases the amount of cytochrome P-450 (Sasame ~

n
Acta prarmacotogica, vel. 2.,




418 MARTTI VORNE AND PENTTI ARVELA

carbon tetrachloride on the drug-metabolizing capacity of the liver has been
mainly ji igated after acute administration.* It has been noted, however,
that chronic administration of carbon tetrachloride leads to liver damage
which gradually becomes more severe and finally ends in cirrhosis {CasErov
& KARUNARATNE 1936; KAUEMANN 1953; Orsson 1966). So far, very little is
known about the drug-metabolizing capacity of the cirrhotic liver. A few
clinical investigations have been made, but their results are somewhat con-
tradictory (BRODIE ef 4l. 1959; LEvI et al. 1968). Experimental liver cirthosis
has been noted to involve decreased glucuronyl transferase activity in vitro
(METGE et al. 1964) and impaired bilirubin and hexobarbital metabotism
in vivo (VORNE & ALAVAIKKO 1971).

We have investigated the effect of chronic carbon tetrachloride administra-
tion on the enzymatic activity of the liver in order to ascertain whether the
severity of the liver damage is correlated to its enzymatic activity. We have
previously presented the results of our in vivo experiments and described the
morphological changes which oceurred (Vorne & Aravaikko 1971). In the
present study we have determined the activity of the drug-metabolizing
liver enzymes which oxidize, reduce and conjugate foreign substances, by
using hexobarbital, N-methylaniline, p-nitrab ic acid, and p-nitropheno}
as substrates. In addition, we have determined the microsomal cytochrome
P-450 content of the liver and the activity of non-microsomal glticos?-ﬁ-
phosphate dehydrogenase during the different stages of developing liver

damage. "
A preliminary report of this work has been published (VorE ef al. 1970).

Material and Methods

Treatment of ammals
' The prese{n study belongs to a series of experiments in which we wsed ako'get:‘r

660 Sprague-Dawley rats which weighed 90-160 g at the beginning of the e:_p;l;l;m;

They all came from the same farm (The Mankkaa Research Laboratory ofood he
Suppliers, Osion Oy, Finland). The animals were given {xorma! hbaﬂ!qr};1 s o
Hankkija Fodder Mixture, Hankkija Central Cooperative, Fialand) :ml e perks
Jibitum throughout the experimeat, The rats were given 2ml carbon lf(lnch o:r reond
body weight subcutaneously 3 times a week, The control animals received ae Cd e red
ing physiological saline solution. After 2, 4, 8, and lq weehs o‘f dosag:‘ V:,w o the
the activities of some liver enzymes which mctabohzed'lorclgn s:l :n(le’r e Tast
cytochrome P-450 content. These examunations were carried out 2 day:
dose.

at hepati®

+ When our study was in preparation MarsHatL & Mc{.w’ ;1929;7 ;P::i::d :J'; cirrg:sl'f
ricrosomal cytothrome P-450 comenfl declined dunnf‘ h oductior
bya ination of carbon s and pi
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Enzyme preparations,

To obtain the liver samples the animals were subjected to approximately 70 % liver
resection under light ether anaesthesia, zs reported in our previous work (VORNE &
AtAvaixgo 1971). The liver specimens were immediately rinsed with ice-cold phosphate
buffer (0.1 M, pH 7.4), and the same phosphate buffer was used in making a 20 %
homogenate in a Potter-Elvehjem type of glass homogenizer. The homogenate was
centrifuged at 12,000 X g 2t 4° for 20 minutes in a refrigerated MSE Superspeed
25 centrifuge. Part of the fraction was i at 105,000 X g at 4° for
one hour in a i MSE §i 50 ul il The 1 pellet
was suspended in the phosphate buffer in such 2 way that 1 ml suspension corresponded
to 800 mg of liver.

Entyme assays.

The 12000 X g supernatant was used as the enzyme preparation in the assay
of N-methylaniline demethylation, hexobarbital NEN) lati

¥
{mainly side-chain oxidati and p acid red In assaying p-nitro-
phenol canjugation and P-450, the mi ion was used as the
enzyme ion. Gl activity was measured from
e soluble fraction.

In the & igati of the it of N- iline and he

the incubation mixture contained 2 ml enzyme pteparation, 120 pmol nico-
tinamide, 10 umol MgCls, 200 pmol KCl, 6 pmol glucose-6-phosphate, 0.25
#mol NADP, and sufficient phosphate buffer (0.1 M, pH 7.4) to make a final volume
of 4 ml, The i ion was perfa at 37° in a ic shaker under an at-
mosphere of air. In assays of p-nitrobenzoic acid the conditions were similar except
that micotimamide was omitted, since it was found to inhibit the reaction, and an
_:lmosphere of nitrogen was used instead of air. The amounts of substrate and the
incubation times were as follows: N-methylamline 5 pmol, 30 min., hexobarbital
2 pmal, 15 min,, and p-nitrobenzoic acid 3 wmol, 60 min. In the investigations of
P-nitrop) jugari ion mixture ined 05 ml mi suspen-
$iog, 033 pmol UDPGA ammonium salt, and 02 pmol substrate. The volume of the
incubation mixture was 1 ml, and the 20-minute incubation took place under an
atmosphere of air.

The yate of N-methylaniline demethylation was assayed by measurmg the aniline
formeg during incubation (BropiE & AXELROD 1948) The rate of hexobarbital meta-
bolism was estimated by measuring the disappearance of substrate (COOPER & BRODIE
1955). p-Nitrobenzoic acid reduction was assayed by messuring the p-aminobenzoic
acid formed during incubation (Fouts & BropmE 1957), and p-nittophenol conjugation
by Measuring the disappearance of substrate (POGELL & LELOMR 1961).
Glucos:-ﬁ-phosphate dehydrogenase activity was assayed by following the reduction
NADP ccording 10 L6HR & WALLER's method {1965), The measurements were made
3t room temperature.

of

xtachrome P150 content.
Cytochrome P450 content was measured according to the method described by
MURA & 5410 (1964), by wsing a Unicam SP 800 spectrophotometer with an esternal
Fecorder, I the assays the protein concentrations were 2-3 mgiml.

Pralfhl conceniration,
;\llt';ﬂsumal protein was assayed by the biuret procedure (LAYNE 1957).
0 the investigations of lation, gl o

and eyto-
n
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chrome P-450, the spectrophotometric examinations were performed with a Unicam
SP 800 ! In other h & Beckman DU
spectrophotometer was used.

Statistics.
Student’s t-test was used in calculating the significance of the results,

Results

Body weight and development of cirrhosis.

In our earlier work we reported that the animals which received carbon
tetrachloride gained weight more slowly than the controfs, and that their
growth discontinued after 2 months of administration, The histological spe-
cimens revealed that liver damage grew progressively more severe, Citrhosis
was noted after 8 weeks of carbon tetrachloride administration, and after 16
weeks cirthosis was severe. The livers of the animals receiving carbon
tetrachloride enfarged progressively (VORNE & Aravarkko 1971).

Demethylation of N-methylaniline.

N-demethylase activity of the rats receiving carbon tetrachloride continued
to decline throughout the experiment, After 2 weeks of administration the
activity had fallen by 50 %. Thereafter the decrease of enzyme activity
continued more slowly; after 4 weeks of administration the activity ws
44 %, after 8 weeks, 32 %, and after 16 weeks, 25 % of the corzesponding
control activity (table 1, fig. 1).

-O- €Y1 P-450
-0 HEXOBARBITAL
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~@- o-NITROBENZOIC ACTD
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450 conted
an L Summary of elfcc!s oi chromn: Ccl; treapment on cytochrome P- educ- |
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tion and p-nitrophenol conjugation in rat hver
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422 MARTTI VORNE AND PENTTI ARVELA

Hydroxylation of hexobarbital,

Hexobarbital metabolism decreased progressively. After 2 weeks, the
hydroxylation activity was 54 %, after 4 weeks, 38 %/, and after 8 weeks,
22%, of the corresponding control activity, After 16 weeks hexobarbital
metabolism was too low to be measured (table 1, fig, 1).

Reduction of p-nitrobenzoic acid.

p-Nitrobenzoic acid metabolism remained near the control level for the
first 8 weeks, but decreased suddenly after 16 weeks of carbon tetrachforide
administration, being then only 36 %, of the control activity (table 1, fig. 1),

Conjugation of p-nitrophenol,

p-Nitrophenol jugati ined at the normal level in the animals
which had received carbon tetrachloride for 2 and 4 weeks, but after § weeks
it had fallen to 52 %, and after 16 weeks to 40 %, of the corresponding

control activity (table 1, fig. 1).

Cytochkrome P-450,

The cytochrome P-450 content & d progressively in the
of the animals which received carbon tetrachloride, After 2 weeks it was
64 %, after 4 weeks, 46 %, and after 8 weeks, 29 %, of the corresponding
control activity. After 16 weeks, the cytochrome P-450 content was t00 small
to be assayed (table 2, fig. 1).

Microsomal protein. : .
After 4, 8, and 16 weeks of carbon tetrachloride administration the micro-

somal protein values were significantly lower than in the contrals, but no

progressive change in decrease was noted (table 2).

Gl hosphate dehydr.

All the groups showed gl 6-phosphate deh activity which
was 23 times as great as that of the controls (table 2).

Discussion

. ot chlo-
We indicated previously that chronic administration of carbon tetra

tide led to a progressive morphological liver change: after 8 \Z(ed;: ;i;e
animals developed liver cirrhosis, which was severe af.ler 16f ]vfecrsc s
ministration (VORNE & ALAVAIKKO 1971). Our observamzns of :z:iwz o
agree with other histopathological studies (CAMERON & KARUNA

CAuEMANN 1953; OLSSON 1966). o e
l\AIn the present work it was noted that oxidative microsomal enzyme



423

METABOLISM IN CCI;LIVER DAMAGE

1000 >4
100 >%
00>«
WAL 'S T $2M[EA 91 JO uRITH ST Passardxa e SHNSIY '$19YIRIG UL PIsA €11 JO IIqUINK N
00€ o8) FIFYsE [ o(8) 0 i a8) €0FvE 190
001 ® LoFsIr oo1 ) SE0FI69 00T ® so0F60r fonuod
sy9am 91
fat3 o8 0EFSLT 6z ofg) €20F 007 88 oy OTFLE 100
00T © 90%F68 001 ® 907369 001 ® FOFSSL 100103
s§ooM §
$TT o) EEFO6E 9% o8} EEOFELT 98 a®) SOF 0PI (5]
0ot ©) eTFvLr 001 ® 8r0F86S 001 ® Y0¥ iosuos
syoam &
£0¢ ©) VsFYLE +9 (%) t90FIEY 001 ©) G0FT6L o]
o1 © 11Fve 001 ©) 0T ILY 001 ® 11FT6l Tozuod
M T
waunTany
1o4u0d oA FjSun HAZ9-0 105u03 sontl 3jon 05-d To53u00 2aAY 33w uord o
% 1 38y oy 1 Y JRwmosoINY wonung
“AIAnae (HAd-9-D)
‘mpajord wu uo Jusuness) HJ3D d1UoTys Jo 3193)F

aseussoIpAyap a7eydsoyd-g-05030|8 pue JUBNOS (5p-g

I d
'z 2490L



424 MARTTI VORNE AND PENTTI ARVELA

tie§ d d progressively. N-demethylation activity initially decreased
more rapidly than hexobarbital hydroxylation, but at the stage of severe
cirthosis, j. e. after 16 weeks of carbon tetrachloride administration, 25 %,
of the control demethylation activity was recorded, while the rate of hexo-
barbital metabolism had become 5o low that it could no longer be measured.

The decrease in glucuronyl transferase activity was clearly different from
the d in oxidative enzyme activities. After 4 weeks of carbon tetta-
chiotide istration, ¢ ive activity still ined at the contro! fevel,
and only deviated from it after 8 weeks, when cirrhosis was already apparent,
As cirrhosis grew more severe, there was only a slight further decrease in
conjugative activity,

Nitroreductase activity did not falt notably below the control value until
the stage of severe cirrhosis, and in this way it was different from both the
oxidative and conjugative activities.

The differences between the changes in oxidative, conjugative and reduc-
be due to the different rates at which parts of the

A

tive enzyme activities may

doplasmic reti are d; d during chronic carbon tetrachloride ad-
ministration. To elucidate this point, it would be necessary to perform elec-
tron mi pic investigati and to fr i into the

smooth and rough endoplasmic reticulum as well as to carry out metabolic
investigations on these fractions. It is known that glucuronyl transferase
activity is located mainly in the rough endoplasmic reticulum, while NADPH-
dependent enzymes are located mainly in the smooth endoplasmic reticulum
(Fours & Gram 1969). This could be the reason for the different rate at
which conjugative activity changes. Except in the microsomes, nitroreductase
activity is also present in the soluble fraction (KaTo et al. 1969). In our work,
nitroreductase was assayed from the 12,000 X g supernatant fraction, and
thus both microsomal enzyme activity and enzyme activity of the soluble
\ fraction were measured together. It is possible that the niuore§UC'ﬂsc
;activiu'es of the microsomes and of the soluble fraction changs in different
" ways, which would partly explain the difference noted between the changes
in oxidative and reductive enzyme activities.
Microsomal cytochrome P-450 content wa:
sively in the rats which received carbon tetrachloride, @
severe cirthosis, after 16 weeks of administration, the cont
that it could no longer be measured.

It is geperally c that mi "
mitted thraugh cytockrome P-450 (PARKE 1968a). The present results sho

i ZyTo iviti i the cytochrome
i e activities decreased in the same way 25
DSt eoment. 1 that there are af Jeast t¥0

iously
P-450 content. It has also been noted previous X s,
Xinds of cytochrome P-450 which differ from each other in sev{;ﬁ c::‘rsspta "
Among other things, they are affected differently by various I s

s found to decrease Progres-
nd at the stage of
tent was so small

1 oxidative reactions are trans:
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they differ in their tolerance to lipase as well as in their stability during
storage of the microsomal preparations (MANNERING et al. 1969). The dif-
ferences we noted in the decrease in N-methylaniline demethylation and
hexobarbital hydroxylation could be explained by the possibility that their
metzbolism is transmitted through the different kinds of cytochrome P-450
which are damaged in different ways. In our assays we have measured mainly
the cytochrome P-450 which is responsible for hexobarbital hydroxylation
and the amount of which decreases in accordance with the decrease in
hexobarbital metabolism, However, the decrease in reductive and conjugative
activities did not seem to follow the decline in cytochrome P-450. Cyto-
chrome P-450 is apparently not needed in conjugation. It has been noted

fously that 1 activity and cytochrome P-450
content are correlated (GILLETTE & Gram 1969), and that nitroreductase
activity is also correlated with cytochrome P-450 reduction (Sasamt & GiL-
LITTE 1969). Qur study, however, does not show distinet correlation between
nitrareduction and cytochrome P-450. This difference from earlier results can
be explained partly by the nitroreductase of the soluble fraction which we
3!50 measured, but quantitatively it should not be so great as to explain the
difference entirely (KaTO et al. 1969).

.m yl transf activity d after 8 weeks and correlates well
Wil in vivo bilirubin bolism which also d d after 8 weeks of
carbon tetrachloride administration (VORNE & ALAVAIKKO 1971). The de-
€rezse in the metabolism of hexobarbital corrclates well with our earlier ob-
Servation that the duration of action of hexobarbital becomes progressively
longer during catbon tetrachloride administration (VORNE & AIAVAIKKO
1971). ¢ therefore seems that the changes we noted previously would, at least
to '3 considerable extent, be due to a decrease in microsomal enzyme
activitjes,

The glucose-6-phospt hyd

nit

activity of the animals receiving
carbon tetrachloride was 2-3 times as great as that of the controls throughout
the experiment, Tt has been noted that the glycogen content of the liver
Gecreases o4 the same time as the decvease in drug metabelism (Fours
:?"6"3) Tt has also been indicated that chronic carbon tc!rach!cride admini-
tasemn leads to a decrease in the glycogen content of the liver, in which
l%sthe thesis of gly isp bly retarded (KANICS & RUBINSTEIN
oo ). Changes in glycogen metabolism may lead to increased utilization of
0se lhmugh the pentose phosphate cycle, which would explain the rise in
ﬁ:cose-&phosphzte dehydrogenase activity. On the other hand, the main-
;n:l:;!: of ive p in the liver i the need for NADPH,,
NAD € fact that gl 6-phosph y is the main producer of
PH; could partly explain the increase in glucose-6-phosphate dehydro-
BmSe activity (PLatr & CockRILL 1969). -
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Though the biotransformation of drugs varies from one species to another
(PARKE 1968b), the drug-metabolizing enzymes are generally located in the
liver microsomes and our studies suggest that severe liver diseases may also
lead to impairment of drug metabolism in humans. This assumption is sup-
ported by human studies in which a prolongation of the half-lives of chlo-
amphenicol (KUNIN et al. 1959) and phenylbutazone (LEVI et al. 1968) was
found in patients with cirrhosis or other liver diseases.
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Renal Excretion of Riboflavin in the Rat
By

Sten Christensen
{Received October 14, 1970)

Abstract: Rena) c of riboflavia and inulin-HC- ylic acid were
determined in Wistar rats anaesthetized with ethariol + N3O or amobarbital
sodium. At plasma riboflavin concentrations ranging from 0.5 to 10 pgfml the
siboflavin:inuhin clearance ratio varied from 1.2 to 3.2, indicating active tobular
secretion of riboflavin, Probenecid, 10~75 mgflg intra-arterially, depressedathe
clearance ratio o approximately 1.0. Since the binding of riboflavin to
proteins averaged 21 %, this indicates that back diffusion does not oceur
tubules. Precipitation of riboflavin in the kidneys at high plasma levels pre

the demonstration of a possible tubular maximum (Tm) for the tubular sec

The clearance ratio was generally unaffected by considerable variations
glomerular filtration rate (GFR). At very low plasma levels, howev

1 ratio varied pr i y with the GFR and the vrine flow.

on thie basis it 15 suggested that riboflavin, as well as being secreted i
tubules, is in addition reabsorped from the tubules by an easily st
mechanism.

Key-words: Riboflavin — renal excretion.

Previous studies in rats (CHRISTENSEN 1960b) have suggested )
flavin is eliminated partly by renal tubular secretion. The purp
study has been to elucidate further the renal excretion of this

the rat,

Methods

Female Wistar rats, 250-310 g, on a standard diet, were used

lasma protein binding. . ) o
) The b,;nding of ribofiavin 1o plasma proteins was determined in vitro :\;. o‘:;u; o
filtration technique of AMES & Saxanous (1964). Riboﬂ.-wm-z-uq (Th; ;7 o plasma
Centre, Amersham, England), 0.25-14 pg/mi, was added to -mﬁnn‘z: oo et
pooled from 10 rats. After equilibration for 1 bour at 37° in gr; _alm@ fﬁalysis i
0, 2nd 4 % CO3 a plasma ultrafiltrate was obtained through 2 vuf';guummxrm pi
w;th an average pore diameter of 24 A. Approximately 0.5 i of
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collected from 2.5 ml of plasma, by applying a pressure of 1 kgfcm?. Corrections for
the binding of riboflavin to the membrane were obtained by ultrafiltration of isotonic
saline ining the same fons of ril i

Animtal technique.

Anaesthesia was induced with 4 ml 10 % (v/v) ethanol/100 g body weight given
orally, supplemented by inhalation of N:0 + 0; (4:1), or with amobarbital {(pentymalum
NFN) sodwm, 10 mg/100 g body weight, intraperitoneally. The rat was fixed in a
supine position on a heated surgical table, and the rectal temperature kept between
37 and 38°. A tracheal canulla was inserted and, in experiments with inhalation

ect . A heparini

, to an P tube
was inserted into one of the carotid arteries and dtoa
for registration of the arterial bood pressure. The urinary bladder was made accessible
by a small incision through the inal wall, and a p catheter was in-

serted through 2 puncture made at the end opposite to the urethra. The bladder was
bgated around the catheter which was kept in a position that allowed a free urine flow.
Iafusions were performed through the femoral veins.

Clearance technique,

Riboflavin (Sigma, St. Louis, Miss, U.S.A) and carrier free inulin-14C-carboxylic
aid (NEN, Boston, Mass., U.S. A.), usually contained in the same isotonic solution,
Were infused at a constant rate, the infusion volume being 0.5 or 1.0 ml/hour. In
cXperiments designed to obtain different plasma levels of riboflavin, the latter was
infused separately in different successive concentrations, the infusion volume rate being
constant. A dextran-glucose sotution (Infudex®, containing 6 % dextran, molwt, 55.000
and 59 glucose) was used as a substitute for the drawn blood samples, either infused
continously or given as single injections. Arterial blood samples, 150-300 u! each, were
drawn every 15 min, Urine was sampled 3 min. later, the bladder being washed with
94 wl of isotonic saline. Basal flavin contents in the blood and urine were subtracted
before calculation of the riboflavin clearance. The net tubular transport rate (T) was
caleulated from the formula:

T=U~GFR-P-F-W=U - GFR-P-0.79

“here U= the urinary excretion rate, GFR = the glomerular filtration rate, P = the
Flasma. cancentration of riboflavin, F = the unbound fraction in the plasma i.e. the
;alm of the concentration in the ultrafiltrate to that in whole plasma (0 85) and W = the
ra

Ction of plasma which is water (0.93).
Dosages.

Carrier free inulin-UC-carboxylic acid (specific activity 1.84 mci/g) was infused at a
:lc ©f 07-10 mg/hour. The infusion rate of riboflavin ranged from 0.02 to 22 mg/
d:’l“n Highly concentrated solutions of riboffavin were prepared by dissolving it in
' Uted sodiym hydroxide at §0° and, after cooling, readjusting the pH to 9.5 with
Ydrochloric acid, 1n three (Doldor, Germany), 40, 80 or 300
Meikg body weight, was injected mtra-arterially. The drug was dissolved in difuted
*94um hydrovide and the pH readjusted to 9.5 with hydrochloric acid.

Analyficay techniques.

moguesvin was assayed fuorometrically by the method of Buncir ef al. (1948) as
hfied by CumisTensEn (1969a) using n “Photovolt” fluorometer. The radioact *  of
o



430 STEN CHRISTENSEN

the labelled was d i by liquid scintilfati counting in a Pactard
Tri-carh spectrometer madel 3386, using BRAY’S (1960} scintilfation medium.

Fifty-100 w of plasma was added 1o 1.5-2.5 mif of 5 % trichloracetic acid (TCA).
Urine samples were diluted with water up t0 5.00 ml, and 100-500 w1 of the dituted
urine was added to 1.5-2.5 ml of S % TCA. After centrifugation 0.5-1.0 m! TCA ex-
tracts of plasma or urine were added to 10 ml of the scintillation medium, The radio-
activity was determined with a3 maximum counting error of 1.0 %. Since the degree of
quenching (as seen from the external standard ratio) was generally constant and the
same in the plasma and urine vials, the amounts of inulin-4C-carboxylic acid could be
calculated in terms of cpm, For the assay of riboflavin, the TCA extracts of plasma
and urine were neutralized to pH 6.5 with 05 M-KzHPQy and the fluorescence mez-
sured in the manner described above.

Results

Plasma protein binding.

The binding in vitro of riboflavin to plasma proteins is shown in fig. L
Each point rep the mean of duplis assays carried out on the same
pooled plasma. The fraction bound is 21 + 3 %, (S. D.), independantly of

Table 1.
Plasma riby i tan, inulin and riboflavin:inulin clearance ratio in
experiments with constant infusion rate. The experiments are arranged according to
ing plasma ion of ribofl.

Infusion | No. | Plasma riboftavin | Inulin clearance Riboflavinaulia

Exp. rate of of concentration (GFR) o
nol,’ riboflavin [ peri- (ug/ral) mlimin) clearance 5t N
(mg/tr) | ods | Mean (Range) | Mean (Range) | Mesa#SEM
0 002 11 | 008 005010y | 134 @e32149 | 150£00
24 0.86 4 | 065 047-075) | 214 (188-242) 3083012
5 018 6 | 067 (048-106) | 081 (0:34-2.01) 2232012
3 034 5 | 100 (042-128) | 135 (0.99-2.08) 217 f agj:
4 018 19 [ 105 ©44-211) | 062 Q15194 L gng
2 034 6 | 152032164 | 058 038120 | I17E oos
23 086 4 | 153 (106200) | 114 (089-149) u; oo
22 0.50 12 ] 175 (L65-20D) | 244 221273 1;9 o
19 094 18 | 247 193296 | 122 031-303) ;.90 2ot
18 102 10 | 257 (190317 | 133 (088-166) e
14 040 5 | 274 (133438 | 1.06 032-147) Ly
7 0952 12 3.07 (2.04-4.86) 1.46 (0.69-2.07) 2 ot
) 108 1 531 (3.22-887) 1.18 (0.35-1949) byt ton
1 179 5 | 860 (673-108) | 050 (0.23-089) e
15 42 3 | 2100 (18.00-2200)( 1.70 (1.25-199) *
R S
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Fig. 1. The in vitro binding of riboflavin to plasma proteins at different plasma con-
tentrations. ‘The points represent the means of duplicate assays. The broken line
indicates the average binding: 21 +3 % (5. D))

Table 2.
Plasma riboflavin inulin ¢t and i ratio
In some experiments with constant infusion rate before (control) and after the admini-
siration of probenecid, The infusion rate of riboflavin was about 1.0 mg/hour. Probene-
<id was given intra-arterially as single or repeated injections. Cumulated doses were 10
mg {experiment 16}, 20 mg (experiment 13) and 75 mg (experiment 10).

Plasma . et
Ex No niboflavin Inutin clearance } Riboftavin:
P of . (GFR) inulin clearance
A concentration ) .
Bo. peri- (ug/mD) (ml/min) ratio
0d5 | Mean (Range) | Mean  (Range) | Mean £ 5. E. M,
p—
16 | Control 3 | 135 qasase | 158 qa3-163) | 2852008
Probenecid | 7 | 375 (336-417) | 1.80 (138-2.39) | 101+ 0.01%%
—
13 | Control 3 | 186 @ 28-265 | 160 ©64-240) | 203% 018
Probenecid | 5 | 565 (4.19-691) | 082 (041-108) | 082002
-l
10 | Control 3 | 262 227-289) | 170 (161-185) | 2560030
Probenecid | 4 | 583 (450-7.61) | 101 (059-200) | 0312001
—

ot Significantly lower than the control value at P < 0,05,
Significantly lawer than the controt value at P < 0.001.

the plasma

::’ an unbound fraction in the plasm:
Cecarh,

in the range i

ylic acid was

N .

gated. This binding corresponds

a water of 0.85. No binding of fnu!
.‘"ﬂ
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Table 3.

Plasma riboflavin ion, inulin cl and i in:inutin clearance rauo
in experiments with varying infusion rates.

Infusion No, | Plasma riboflavin Inulin clearance |Riboftavin:inulin
Exp. rate of of concentration (GFR} clearance ratio
no. | riboflavin | peri- (pg/mt) (ml/min}

(mgfhr) ods Mean (Range) Mean  (Range) Mean+5.E.M.

—_—

27 0.04 5 0,07 (0.05-009) | 127 (104200 1274011
0.16 4 029 (023-036) | 165 (120-19D 2032003
083 4 182 (159-199) | 166 (1L58-179) 180£002

I D N
26 0.04 5 008 (005-0.10) | 142 (040211 120 +0.08
017 3 045 (042-048) | 134 (103160 119014
056 3 210 (204-238) | 141 (118-170) 1224010
25 0.19 3 017 (016-0.18) | 276 252310 1402028
094 3 101 (098-107) | 158 (131-18%) 220£019
4.67 3 007 (5.98-12.6) | 153 (1.39-20D) 200£016
24 0.86 4 065 (047-075) | 214 (188242 308012
431 4 8.66 (7.00-9.86) 1.22 (1.12-136) 2494005
23 0.86 4 1.53 (1.06-2.00) 1.14 (0.89-1.49) 133 £004
431 3 134 (109-150) | 202 (18222 118009

P B

28 084 3 120 (096-135) | 213 (21 1-2.18) 1782005
[ 4 0.16 (0.09-028) | 139 L) | 242 o7
0 4 004 (0.04-00%) | 183 (156210 230+005

Clearance experiments.
The urine flow averaged 0.6 mijhour (range 0.4-0.8 mifhour): 'Fl\c.delay!
time, determined as the time interval from 2 rapid intra-arterial im;ctmn‘f
riboflavin until its appearance in the urine, was approximatc]y 3 min, at this
urine flow. The mean arterial blood pressure varjed from 100 to 140 mmg:
Glomerular filtration rate and clearance ratio- The gross dat2 of all l'h’
experiments are shown in tables 1,2 and 3. Table 1 lists the cxpenments it
constant infusion rates, arranged in the order of increasing plasma_
ations. Table 2 lists the experiments in whi

concentr: R B
ini and table 3 the ex eriments with varying i usion a8
ministered, p o consldcrﬂ"ly

Gince the GFR, 5 determined by the inulin clearance, cd e -l
during the experiments, it was perferred 10 indicate the nba[f avi! (;Jbulflf
clearance 1atios instead of the absolute riboflavin clearances: I no

transport oceurred the expected clearance ratio would be 0.79.
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Fig. 2. Clearance experiment with a constant infusion rate of nboflavin (0.50 mg/hour).
The time course of five different 1s indicated: Ril in:inulin c}

Talio {columns), GFR (——(O——), plasma concentrations of riboflavin (—@—)
and inulin (---O- - - -) and mean arterial blood pressure (broken columns).

Representative experiments with constant infusion rates and intermediate
plasma concentrations are shown in fig. 2 and 3, where the time course of
five different parameters is indicated. Fig. 2 illustrates an experiment with a
rFlalively constant GFR and, consequently, with constant plasma concentra-
tlons of inulin and riboflavin, In many experiments, however, as indicated in
fig. 3, the GFR varied considerably with time. It appears that the plasma
concentrations of inulin and riboflavin in these experiments varied in ac-
Cf:rdancc with the GFR. Experiment 19 demonstrates that the rapid varia-
tions in GFR were not associated with changes in the arterial blood pressure.

The riboflavin:inulin clearance ratio was generally much higher than 0.8
(fg. 2 and 3, table 1), ranging from 1.2 to 3.2 between individual rats. Tn the
same animal, however, the clearance ratio was remarkably constant, even
“hen the GFR varied considerably (fig. 3).

E_i/m of probenecid. Probenecid, administered intra-arterially to animals

uring constant rate infusions, depressed the initially high clearance ratios to
va]u.es between 0.8 and 1.0 (fig. 4 and table 2). The decreased urinary ex-
cm.mn of riboflavin after probenecid is also reflected by the plasma ribo-
avin concentration, which exhibits a secondary rise. Probenecid had no
ellect on the GER except after the highest dose when convulsions occurred
Xperiment 10), A i effect of prot id was achi 30 min. after
asingle injection {experiment 16) and persisted for several hours. -

Y
At pharmacotogica, vol, 29, fase, 56 3
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Relationship between clearance ratio and plasma riboflavin concentration.
B of the iderable individual variation in the clearance ratio, the
relationship between the latter and the plasma concentration of riboflavin
had to be examined in the same animal, Table 3 indicates the results of a
series of experiments in which widely different plasma riboflavin levels were
obtained by stepwise changes of the infusion rate.

In some experiments with very high plasma riboflavin concentrations
(above 50 ygfml) it was noticed that precipitation of riboflavin occurred in
the urine. Post mortem analysis revealed that large amounts of riboffavin
had been precipitated in the Kidneys of these animals. All the results involv-
ing plasma riboflavin concentrations above 20 pg/ml have therefore been
omitted.

3r 5 s

r 410 o0

Ly 5 5
2
=
(-4
w
2
< - _E_
E £
P -3i3EJ :g'
g 2'8] ¢
z Ele|
3 < J -
2% 39 10k
zE g8)3] @
EN | 2| g
S s| L) )
"_:,hE‘» 1;-13\005
L HHE
il [ S

TIME, hours "
: i erife
Fig. 3. Two clearance experiments with constant infusion rates of nb?‘:vgé:‘:m i
8, 1,05 mg/bour; experiment 19, 0.94 mg/hour). The time course of Gw

reters i indicated: Ri inzinuli ratio {col

meters 1S ' N A ) o

plasma concentrations of riboflavin (—@——) and faulin ¢ O

arterial blood pressure (broken columns).

-..) and mes?
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TIME, hours
2

3l 3t 5
2t 2f qo
I /j'_{:_ B

~

N
¥

3

PLASMA RIBOFLAVIN, pg/mi

RIBOFLAVIN t INULIN CLEARANCE RATIO

GFR, miimin
o
o

. 1 :ng probeneckd

FIg. 4. Two clearance experiments with constant infusion rate of niboflavin (both 0.97

:’i’::ur). Probenecid was injected intra-arterially as indicated by arrows. The time

Pt of three different parameters 1s indicated. Riboflavin:unulin clearance ratio
3), GFR (—(O——) and plasma concentration of riboflavin (—@——).

Fig. § indicates the relationship between the net tubular transport per ml
of .Elﬁmerular filtrate and the plasma riboflavin concentration in 8 different
:ﬂ;ma!s. It is evident that the tubular transport rate, at plasma concentrations

°T¢ precipitation of riboflavin in the kidneys can be excluded, is increased
P“’POrtiunal]y with the plasma riboflavin in each individual rat. Thus, a

[{ N i
;]I:ular maximum (Tm) for the tubular secretion was not reached at the
Sma . -

secrety for i igation. The highest net tubular
) clion rate found was 55.6 pg/min., ined at a plasma ion of v
L ug/ml and a GFR of 1.85 mifmin. (experiment 15, "+ **770g).
Tee experiments carried out at very low plasma - )“ '

less than 01 ng/ml (table 3, experiment 26, 27 and

2 Ry
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Fig. 5. The relati
and the plasma ribo

ance ratio at these low levels: In experiment 26 the
ffected by changing the plasma riboflavin concentea-
ower at the

¢ clearance ratio was significantly I !
¢ the succeedios

with regard to the clear

clearance ratio was not al
. tion. In experiment 27 th
" lowest plasma riboflavin level (0.05-0.09 pg/ml) than a
; 3 higher levels, whereas in experiment 28 the clearance ratio was preater at the
~ Jow levels than at the preceeding high one. From fig. 6 it is se lhat.lhe
contrary to what happens at higher plasma concentrations
w levels is affected by changes in the GFR and
parallel increases are observed
tio following the injection of

clearance ratio,
(fig. 3), at the very lo
the urine flow. Thus, in experiment 28 strictly
in the GFR, the urine flow and the clearance ra

1 m! of dextran-glucose.

Discussion

ce in all the expe
n is inVe

flavin clearan: n'mcm‘s consider-
olved in the rend

The finding that the ribol !
tes that tubular secretio!

ably exceeds the GFR, indica
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excretion mechanism of this vitamin in the rat. This is supported by the
action of probenecid, which decreased the riboflavin:inulin clearance ratio
to 1.0 or lower. Tubular transport of riboflavin has been demonstrated in the
chicken by Rennick (1960) using the Sperber technique, and recently Jusko
et al. (19703 and b) found riboflavin clearances exceeding the GFR in the
dog and man,

The relative extent of the tubular secretion varied individually as can be
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P:‘:NG Clearance experiment with three different infusion rates (upper curves) and with
of r:nl infusion for 1 hour, succeeded by Do infusion (lower curves). The time course
e different is in clearance ratio s
PR (—~QO—), plasma concentration of riboflavia (——@—), urine flow . :
(+=+-0-~--) and mean arterial blood pressure (broken columss), 7 - ~
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seen from the clearance ratios (1.2 to 3.2) obtained at identical plasma levels.
Since these variations could not be correlated to variations of other para-
meters (e. g. the GFR), this probably reflects biological varfation in the
secretory capacity per se. A similar phenomenon was observed in the dog
(Tusko et al. 1970a).

The precipitation of riboflavin in the kidneys at high plasma concentra-
tions made it impossible to demonstrate a possible Tm for the tubular secre-
tion. The linearity between the tubular secretion rate (divided by the GFR)
and the plasma concentration of riboflavin up to 20 pg/m indicates that the
secretory mechanism is not saturated at plasma concentrations up to this
level.

The finding that the cl ratio in individual animals ined con-
stant during vp to ten-fold variations in the GFR (fig. 3) deserves considera-
tion. Since riboflavin is not cleated completely from the renal blood it is
unlikely that changes in the renal blood flow per se would affect the GFR
and the tubular secretion rate to exactly the same extent. A satisfactory ex-
planation would be that the variations in GFR and the tubular secretion rate
were both mediated through variations in the number of nephrons participat-
ing in the formation of urine. Evid for such a p has bcc.ﬂ
presented in the rat by Levssac (1964), who demonstrated that some prosi~
mal tubules became occluded when the GFR decreased below a critical value,
while others remained widely open. ‘This critical value of the GFR, 1.2 mf
min, when converted to the animal size used by us, is within the range of the
actual variations. Since the correlation between the GFR and the urine flov
observed at low filtration rates ({ig. 6) may also be explained on this basis,
this interpretation of the results is considered to be most likely. The ac!‘U«’ﬂ
reason for the variations in the GFR was not disclosed. Very low filtration
rates could occasionally be correlated 1o decreases in the arterial blood

 pressure, but as a rule there was no connection between the two parameters:
" It is possible that renal ischaemia, induced by surgical and anaesthesiological
procedures. might have been responsible for the variations. . .

The fact that riboflavin is d as an ded molecule is interest it
with regard to the tubtlar secretory mechanism involved. S‘inCF the e!cctncil
charge is thought to be essential for both cationic and anionic Uaﬂ5p°“’l'fd.
may be questioned whether riboflavin is transported per se or s an fank the
metabolite. Since riboflavin-5-phosphate is known to be accumulated if b
dog renal cartex following riboflavin infuston (Jusko f’ ‘1{- 19;0;)‘/:)‘1": gin

nlikely that a ph ylation-dephosph 5
;lubulary secretion, The inhibitory effect of p id, whis has ;15; 3’;;
demonstrated in other species (Rennick 1960; Jusko ef aI..197b :msc o
hardly contributes to the elucidation of the secretory mechamszmnism .
the unspecificity of this compound. The site of the secretory 1

P
ylation
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pears 1o be the proximal tubule as judged from stop-flow studies in the dog
(Jusxo et al. 1970a).

It was not possible with the present technique to determine the riboflavin
clearance at physiological plasma levels (about 10 ng/ml of free riboflavin)
(STrtep, unpublished results, 1966. The experiments carried out at the lowest
plasma concentrations that could be measured (about 50 ng/ml) were in-

ive as regards the absolute value of the clearance ratio. However, at
these low levels, as opposed to at the higher levels, 2 correlation was observed
between the clearance ratio, the GFR and the urine flow, This might suggest
a tubular reabsorption at the low plasma levels. Evidence for an easily
saturable active reabsorption has accordingly been presented in man and dog
(fusko & Levy 1970). Such a reabsorption mechanism with a low plasma
threshold would explain the extremely low urinary excretion of riboflavin in
animals on a riboflavin-restricted diet (CHRISTENSEN 1969b). Calculations
based on the plasma and urine data from a study of BurcH et al. (1948)
have further shown that the riboflavin clearance in rats receiving limited,
although sufficient, amounts of riboflavin, might even be lower than 20
ml/100 g rat/24 hours i, e. considerably less than the GFR (min. 870 ml1/100
871atf24 hours (Smrtr 1951)).

‘The limitations of the classical clearance technique in studies of complex
bi-directional transports are well known. Thus, it may be difficult to disclose
2 passive back diffusion of compounds which are also secreted by the tubules.
This possibility might, however, be rejected in the present study with regard
to the probenecid experiments (table 2). The lowest clearance ratio reached
tollowing 20 mg probenecid, was 0.82 0.02 (S. B. M.}, and it is reasonable
to assume that this ratio was obtained during a complete blockade of the
tubular transport since a much greater dose (75 mg) did not further lower
the elearance ratio. The agreement between this value and the expected value,
Providing no tubular transport occurred (0.79), indicates that passive back
diffusion of riboflavin does not occur in the tubules.

The protein binding of riboflavin in rat plasma (21 %, at 37°) is similar to
the binding in dog serum (19 % at 30°) which is only about half of that
found in human serum (40 %, at 30°) (Jusko et al. 1970a; Jusko & Luvy
1969). Since the binding is to the plasma albumins (Jusko & Lrvy 1969)
and does ot alter over a wide range of plasma concentration, it fs likely that
it oceurs 1o the same extent at even lower plasma levels than are covered by
the present binding study.
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The Toxicity 6f Two MAO Inhibitors Combined with 5-HTP
or L-DOPA in Anaesthetized Mice

By

P. Minnistd, P. Nikki and A. Rissanen
(Received September 2, 1970)

Abstract: The combined toxicity of the MAO-inhibitors phenelzine or pargylma
+ SHTP or L-DOPA was studied in ious and thane or
anaesthetized mice. The rectal temperature of the mice was followed with a ther-
mocouple. Halothane had a transient protective effect in phenelzine (60 mgthg)
* SHTP (150 mafhg) treated mice, whereas pentobarbital bad no such effect.
On the conlrary, xh: tux:cny was increased in pargylme (100 mg/hg) + S-HTP
150 m mice ized with with the toxi-
€ty in the unanaesthetized group. When LDOPA (soo mefkg) was given
together with phcnelzme (60 mg/‘kg) or pargyline (100 mg/kg), the umcny was de-
treased jn the b and Iess d in the pen-
tobarbital ized mice as with the ized mice. The re-
sults suggest that halothane decreases the toxicity of MAO-inhibitor + L-DOPA
ough a central action, possibly by reducing the body temperature of mlce dur—
ing the eritical period. The temporary ion in the
Dhenelzine 4 5-HTP group is probably due to the bronchodilation induced by
halothane,

Key-words: S.HTP - halothane — L-DOPA — MAO-inhibutors - pentobarbital,

Mf'\()-inhibnors have been shown to cause hyperthermia in halothane
aesthesia in cats (FELDRERG & LANG 1970; SUuMMERS 1969). Their possible
danger ang Telation to the malignant hyperpyrexia in halothane anaesthesia
bas been pointed out (Horsey 1968; Suazrs 1969).

No hyperthermia was observed in mice after phenelzine + halothane, but
2 combined treatment with phenelzine + L-DOPA or 5-HTP caused in-
Creased shivering and hyperpyrexia following halothane anaesthesia (Nncxt
1969). Since MAO-inhibitors enhance the action of anaesthetics and since

the toxicity of 5-HT is increased during anaesthesia (Ta. - 1968) it
;;‘r';ﬁ of interest to study the combined °°  ~f MAt T
or L-DOPA _dunng halothane ar +* © r

temperature chang
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Material and methods

Mice weighing 15-20 g were used in groups of 20 animals. Either 60 mgfhg of phen-
elzine or 100 mglkg of pargyline was injected intraperitoneally 80 min. (phenelzine}
or 60 min. (pargyline) before 5-HTP 75, 100 or 150 mglkg or L-DOPA 100, 200 or
300 mgfkg. Half of the groups recelved an anaesthetic, either 40 mg/kg of pemtobar-
bital NFN} i i ty or 2% hal for 20 min., as seen in
fig. 1. Halothane was administered with the usual anaesthesia machine (MIE Ltd.), as
described previously (MKkt 1968). All the experiments were performed at the am-
bient temperature of 25 £ 1 C°.

The behaviour and death of animals were followed for 4 hrs after the injection of
either 5-HTP or L-DOPA. The 24-hour toxicity was also determined. The rectal tem-
perature was measured by means of a thermocouple (Ellab, Te 3) as seen in fip. 1.

The drugs nsed were: L-(-)-dil ine (L-DOPA, F. La Roche
& Co., Basle), dI- hydmxy!ryptophan {5-HTP, Fluka AG Buchs SG), phenelzine by-
drogen sulphate (Lea AR, ¥ loride (Abbott, Brussels),
pentobarbital sodium (Ldike Oy, Turku), halothane (Leiras Oy, Turku). The drgs
were injected in salme (0.9%) and refer to the bases.

The stati; ignil of the di ies in toxicity at 2 and 24 hrs was cal-
culated by a ification of the t-test. N the median (. . the time at which
50 % of animals were alive) of each group was determined.

Results

Phenelune (60mg/kg) + 5-HTP (varlou: doses).

hesia caused a after i i
of 5 HTP. The protective effect was most dlstmct after the Jargest dose, 150
mgfkg of S-HTP (P < 0.001) at 2 hrs (fig. 2A). Both halothane and pento-
barbital caused a profound fall of rectal temperature, wheress the upan-
aesthetized group showed an increased temperature (to 38.7°), which fell

later (fig. 2B).

doses

TEMPERATURE
t tz bbbt bt MEASUR
ol

7 0 2 3 4
{ { At I { - LV HOU 5
Hhatothane (20
[
LDOPA
SHTP
phenalzine
or pargyline

DRUGS

Fig. 1. The scheme of the experiment.
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P 2. The mortality (A) and rectal temperature (B) of 60 mice treated with phenclzine
by mgfkg) and 5-HTP (150 mgfke). In 20 mice no other therapy was given (marked
2% —QO), 20 were anaesthetized with 2% halothane for 20 min. (X- X), and
Were injected with 40 mg/kg of pentobarbital (@ ®). The time scale is exactly
d‘ Same as in fig, 1. For rectal temperature the means + S. D. are given. The significan-
s of the differences in mortality at 2 and 24 hrs as compared with the control ani-

mals are shown as follows: NS: P> 0.05, *: P< 005, **: P< 001, *** P <0001
The period of halothane anacsthesia is indicated by four vertical lines.

Pargyline (100 mgjkg) + 5-HTP (150 mgfkg).

ul"EYlincqrealed mice seemed to have a greater mortality after halothane
an the f d or the p 1 hetized mice after-thé*

Fame treatment (fig, 3A), but the difference was = °_ "7 ne
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Fig. 3. The mortality (A) and rectal temperature (B) of 60 mice treated with pasgylio
(100 mg/kg) and 5-HTP (150 mg/kg). The three groups are otherwise the same 25 it
fig. 2, as are also the cades.

ture curves were similar except for the transient fafl due fo halothane
(fig. 3B).

Phenelzine (60 mg[kg) + L~-DOPA (various doses). ) dat

The toxicity in the halothane-anaesthetized group did ot differ from "
in the nnanaesthetized group when 100 or 200 mg/kg of L-DOFA wzasaln g
jected. After 300 mg/fkg of L-DOPA both halothane (P<O.0014 ;lﬁ) hod
74 hrs) and pentobarbital (P < 0.001 at 2 hrs and P < 0.01 at ZW“ Lot
a protective effect (fig. 4A). The median for the halothane group
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Fig. 4. "The mortality (A) and rectal temperature (B) of 60 mice treated with phenel-
ine (60 mg/ke) and L-DOPA (300 mp/kg). The three groups are otherwise the same
as in fig. 2, as are the codes.

I, for pentobarbital 5 hrs and for controls about 1.2 hrs. The body temper-
ture of the halothane group fell clearly during 20 min. anaesthesia, whereas

f°f the pentobarbital and control group rose slightly during the same
Period and thereafter began to fall (fig. 4B).

Pargsline (100 mgjkg) + L-DOPA (300 mgjkg).

. 'hesame protective effect as after phenelzine was also seen after pargyline

1n the halothane-anaesthetized group (P << 0.001 at 2 aund 24 hrs) (fig. 5A).

b ¢ toxicity in the pentobarbital and control groups did not differ at 2 hrs,
U2t 24 hrs it was greater in the former group, (P << 0.05). The.median for
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3 Fig. 5, The mortality (A) and rectal temperature (B) of 60 mict
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e treated with pargyliné
ame 3 it

the halothane group was > 24 hrs, for the pentobarbital grouP 3 hrslanld aﬁ’é
the contro! group 4.5 hrs. The temperature curves for the pemobarbua

L A ; oft-
control groups were similar except that the maximum temperature 1 the ¢

trols was 2° higher than that of the pentobarbital §TOUP 5 -
injection of pentobarbital (fig. 5B).
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Discussion

The unanaesthetized phenelzine-mice had difficulties in breathing with a
maximum at about 1 hr after the 5 HTP injection thus coinciding with the
The hetized groups showed a fall in a temper-
amre but enly haloth and not p bital, caused a temporary protec-
tion in toxicity. Halothane is known to cause a bronchodilating effect due to
the beta-receptor stimulation (KLIDE & AviADO 1967) Pentobarbxtal does not
cause a brenchodilation. Therefore, the temp in ph
* S-HTP mice due to halothane is more likely to be due to bronchod.datlou
than to 2 fall in temperature.

The much lower mortality in the pargyline + 5-HTP mice as compared
to the corresponding phenelzine-treated mice might be due to the lack of
amphetamine activity of pargyline (GoLUBERG 1964).

MAQ-ighibitor -+ L-DOPA-treatment did not cause any breathing chfix-
culies, but signs of central exci and even Ision, were
Seen. Tt is known that MAO-inhibitor + L-DOPA greatly increases the dopa-
mine content of the mouse brain but has less effect on the noradrenaline
aud 5-HT content (WrEGAaND & PERRY 1961). It is suggested that the protec-
tive effect of halothane and pentobarbital may be due to an inhibition of these
entral effects of this moroamine increase. Furthermore, the fall in temper-
ature during anaesthesia may slow down the metabolism of these amines and
thus decrease the toxicity during the critical period of the experiment. The
U0anaesthetized pargyline + L-DOPA mice showed less toxicity than the
omesponding phenelzine + L-DOPA mice, possibly due to the lack of an
amphetanine-like activity.

¢se results suggest, that halothane anaesthesia decreases the toxicity of
®mbined treatment with an MAO-inhibitor + L-DOPA through a cen-
tral action, possﬂ)ly by reducmg the temperature of mice at the critical pe-
tiod. The 1 of h in the phenelzine + 5-HTP-
treated mice may be due to the bronchodilator action induced by halothane.
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Effects of Long-Acting Qestrogens and a Long-Acting
Corticosteraid on the Weight and Acid Phosphatase Activity
of the Spleen in Male Rats
By
Maud Andersson snd Jonas Mintzing
(Reteived September 18, 1970)

Abstract; Male rats were injected with 8 mg/kg p ol
phosphate (PEP) in®), i i (PSP), poly-
osstriol phosphate (SEF) (triodurin®) or i late (EU

) )
depot). After 20 days the weight of the spleen was decreased to 70 % by PEP,
P§P and EU whereas- SEP had no effect. The weight decrease was due to a
h:slochemical]y demonstrated atrophy of the white pulp, which contained little
2id phosphatase. The acid phosphatase activity per spleen was found to be
unchanged although the activity per weight unit was increased. Male rats were
injected intramuscularly with 100 mgfkg methylpredaisolone acetate (D) (depo-
medrone®). After 20 days the weight of the spleen was decreased to 60 %. The
#id phosphatase activity per weight unit was not increased and the actwity per
spleen was decreased to 70 %. A lower dose of D (10 mg/kg) had no effect on
the enzyme activity but reduced the weight of the spleen to 90 %. Adrenalecto-
Mized raty were injected intramuscularly with 10 or 1 mg/kg D. No effects on
the spleen weight or phosphatase activity were found after 20 days. When PEP
@ mefkg, intramuscularly) was injected in adrenalectomized rats treated with
cither 10 or 1 mgfkg D the weight of the spleen was decreased to 75 and 85 %,
Tespectively, The acid phospbatase activity per spleen was unchanged. The results
indicate that the polymerized oestrogens and EU, but not D, have a similar
action on the spleen. The action of PEP 1n adrenalectomized rats substituted with
D indicates that the effects of PEP are not mediated through the adrenal glands.

Key-words: Acid phosphatase - oestrogens - rats - spleen.

The long-acting gens, poly diol phosphate and polydiethylstil
bosstrol phosphate, which are strong phosphatase inhibitors in vitro (FIRNG
¢ al. 195g; DiczrALysY et al. 1959), are taken up in the reticuloendothelial
€ells. Thus the spleen has been found to accumulate these compounds

JICZEALUSY et al, 1956; BengTsson et al. 1963). The uptake of polydicthyl-
Stilboesteg) Phosphate is mainly limited to the red pulp (BExgTssoN.et al.
19§3_)’ which has been shown to contain Jarge amounts of acid ™ :
2tivity (BLoom & Fawcerr 1966). Since ocstrogens .
B Ads phacmacotog T

logica, vol. 25,

3
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effects on some lymphoid tissues (DOUGHERTY 1952) it is possible that the
polymerized oestrogens affect the spleen acid phosphatase due to both the
e-inhibiting and the genic properties of the paunds. In the
present study the effects of polymerized aestrogens on the spleen weight and
spleen acid phosphatase activity were investigated and compared with the
effects of a long-acting oestradiol ester and a long-acting corticosteroid,

Materials and Methods

Male Wistar SPF rats, 190-210 g, were obtained from Dr, Mpllegaard’s breeding
laboratories, Ejby, Denmark, and were kept under standard conditions during the
experiment,

Pol: diol ph durin®), polydi phosphate and poly-
oestriol phosph: iodurin®) were synthetized at the Research Laboratories, AB Leo,
Hilsingborg, Sweden. Qestrogen phosphate is slowly released in the body from the
water soluble polymers, resulting in a prolonged oestrageaic effect (FERND ef al. 1958

Diczrarusy ef ol, 1959; FREDHOLM & LINDSKOG 1969). The long-acting pestradiol «‘lﬂ'
1-17- ®-depot, Scheting AG) and the long-acting

used was pot, h
i id used was h i acetate (d, , Upjohn). In the
present paper, p i hate is called PEP, i i 1 ph<35pfz="
PSP, polyoestriol h SEP, i EU, and A
acetate D, All the injecti were given il 1y, The injection volume was
2 mifkg. .
1. For eack of the four long-acting and for water ty-four rats we

randomly divided into 4 groups. Three of the groups were given a single ln;ec;!_zﬂ
(8 mg/k) 20, 10 or 5 days before sacrifice. The fourth group served as control. r:
groups treated with the same substance and the conespundh?g control group We
sacrificed on the same day.
1L Forty-two rats were randomly divided into 7 groups. Three of the groups ::":
given a single infection of either watet or D (10 or 100 mgfkg). The remsinids L';a (1;
were undet ether hesia and given 1 % salin¢ 23 d{mhns ol
the i At the time of these animals were giveR ; :l:sl .
) injection of either water and D (1 or 10 mg/kg) or PEP and D (8 me/ke + et
mefkg). All the groups were sacrificed on the same day, 20 days after th_c m"d P
On the day of sacrifice the rats were decapitated and the sp]scn way filssfi L e
and weighed. Fi e, in the three perated groups in txpenm;:n nE e
adrenal glands were removed and weighed. A small transverse ms[“f;riven ssue
spleen was homogenized in ice-cold distilted water in an all glass mol:' e cents
grinder. The final tissue concentration was 10 mg/m). The Ibomo_gen::he arpersatazs
fuged for 15 min. at 800 X g {(+4"), Immediately after cen.mfugalxonbﬂw“n eifice
were quick-frozen and kept at —70° for two days. The time lapse
and centrifugation was the same for all the groups. N L o
The acid phosphatase activity in the supernatants was dm";m;?o,biojf,:gs;)‘ The
phenyl phosphate as the substrate (Sigma Chem, Co. T;;h. Xi;u.k Ti0. ‘DG Spectee
p-nitrophenol formed at pH 5.5 was read at 410 m§' ;wd S? s (5L per 10 me
photometer. The enzyme activity is expressed 25 mo: 'l(;'cr cis betmeen the va1ucs wa
of wet tissue or per spleen. The significance of the d‘.{ ;9::;)
analyzed by the use of Wilcaxon's range test (WiLcoxo? 3
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mF(:‘ h);mlngicnl fmd hi?tochemical studies, pieces from the spleen of rats treated
Ddays etore sacrifice with PEP (8 mylke), D (10 or 100 melhe) or water were fixed
? Bouin, paraffin-inbedded, sectioned and stained with haematoxylin-eosin. Other
S:rﬂs were lu(ed_ in Lcold, peutral, 10 % formalin for one day. Cryostat sections {6 0]
hos ¢ made and ! for the jon of acid activity, naphtol
TR phosphate being used as the substrate (THOMPSON 1966).

Results

L :l'he median acid phosphatase activities in the untreated control groups
\Va§ in the range of 9.1 to 13.3 SU/10 mg wet tissue, and the median spleen
weight in the same groups was in the range of 583 to 777 mg.

The weight of the spleen decreased after treatment with PEP, PSP and EU
‘VhEr.eas SEP had no effect (fig. 1). Although the acid phosphatase activity
was increased per unit weight by the long-acting oestrogens (fig. 2), it was
Cal.culatsd that the activity per spleen was unchanged. Histologically, the
white pulp with Iow acid phosphatase activity was markedly diminished 20
days after treatment with PEP.

- B H0 SEP

E B PEP EU

- B PSP
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Fig. 1, Changes in spleen weight , 10 and 20 days after treatment with polyoestradiol
1 k i

Phosphate (PEF), polydi , . P hate (SEP),
oestradiol tndecylate (EU) oF water (¢ == 008 > P> 0.01; xx =P < 001).
The heights of the bars sepresent the difference between the median values in the
treated groups and the corresponding control group.

oy
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Fig. 2. Changes in spleen acid phosphatase activity per umt weight 5, 10 and 20 days

after with p giol phosphate (PEP), polydi itboestral phos-

phate (PSP), polyoestriol p hate (SEP), diol late (EU) or waker
(x = 0.05>P > 001; xx= P <001).

The heights of the bars represent the difference between the me

treated groups and the corresponding control group-

dian values in the

1L The administration of 100 mg/kg of D caused the death of 2 rats. The

weight of the adrenal glands and the spleen in the 4 surviving rats was

markedly reduced as compared to the intact control group (p < 0.01) bt
,the spleen acid phosphatase activity per weight unit was unchanged. The
7 activity per spleen was consequently markedly reduced (P < 0.01). A lower

dose, i e. 10 mg/kg, of the same substance reduced the weight of the spleen

(P < 0.05) but had no effect on the acid phosphatasé activi'ly or on ;h];
weight of the adrenal glands (table 1). Histologically, the administrationt :f :
(100 or 10 mgjfkg) caused the same reduction in the white pulp as seen aft
PEP. i
The administration of D (1 or 10 mg/kg) to adrenalectomized FafS d:f :il(’;'
cause any changes in the weight of the spleen of in the pllOSPhﬂ“’S".l’l" Il) a
as compared to the intact control group. A combined treatment :\1 o
mg/kg) and PEP (8 mp/kg) reduced the weight of the spleen a;cZ(s;;njcC“ g
either the intact control rats (P < 0.05) or the adrexfa}ectomnze: ) ;‘h it was
with D only (P < 0.01). The acid phosphatase activity per wel
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Table 1.

Spleen weight and spleen acid phosphatase activity 20 days after treatment of intact rats
with methylprednisolone acetate (D) and after treatment of adrenalectomized rats with
1 di

(PEP) combined with substitution doses of D.
Acid phosphat
Wetweightinmg| " ;ﬁ‘fi‘:y“ e
Condition of Median vale | ppedian vt
pvii Treatment n Vedian value
Adrenal {SU/10mg[ SU/
Spleen gland |wettissne| spleen
Tntact Water 6 | se8| 22 120 662
Tntact D ( 10 mg/kz) 6 |su| 23 130 657
Tntact D (100 me/kg) 4|as| 10 16 | 429
Adrenatectomized | Water -+ 6 | 644 - 120 733
D ( 1 mgfke)
Adrenalectomized | Water + 6 | 590 - 13 694
D (10 mg/ke)
Adrenalectomized | PEP (8 mghg) + | 6 | 482 - 144 697
D ( 1 mgfig)
Adrenlectomized | PEP (8 my/kg)+ | 6 | 423 - 143 631
D (10 mg/ke)

increased (P << 0.05) but the activity per spleen remained unchanged. Similar
tesults were obtained with a higher dose, 10 mg/kg, of D combined with
PEP (8 mg/keg) (table 1).

Discussion

The polymerized oestrogens used are strong phosphatase inhibitors in vitro
(FERNG et af, 1958; DiczraLusy et al. 1959; KONyves 1965), Since at least
two of them are accumulated in the spleen (DICZFALUSY ef al. 1956; BENGTS-
SON et al. 1963), the acid phosphatase activity in this organ may be affected.
However, with the method used in this study it was not possible to demon-
strate any changes that could be attributed to the enzyme-inhibiting properties
of the polymers, The effects on the spleen might instead be attributed to the
O¢strogenic effect of the compounds. The marked increase in the acid
Phosphatase activity per weight unit caused by PEP, PSP and EU was ac.
Companied by a decrease in the weight of the spleen, As the total -
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activity in the spleen was unch d it seems probable that the gens do
not affect the tissue containing acid phosphatase activity, This is supported
by the histochemical observation that PEP caused a reduction only of the
white pulp, which contained little or no acid phosphatase activity. The marked
effect on the weight of the spleen was unexpected as it has been reported that
although oestrogens produce an acute thymic atrophy in rats, other lymphoid
structures of the body are not affected (DoucHErTY 1952; NELSON et dl.
1967; PERERA LUz et al. 1969),

Although Fonzo et al. (1967) found a decreased production of corticoste-
roids in female rats treated with a long-acting oestradiol ester, Krray (1963a
and b) reported an increased production of corficosteroids in male rats
treated with PEP. The results of KrTay were confirmed by D’Ancero (1968)
who found that oestradiol at a certain dose level increased the plasma and
adrenal corticosteroids in male rats. Thus the effects of the long-acting
oestrogens on the spleen might be mediated by the adrenal gfands. When 2
high dose of a corticosteroid, D, was administered to intact rats, the weight
of the spleen was decreased in the same way as after treatment with the long-
acting oestrogens except SEP. Although the histological changes were the
same as those after treatment with PEP, the acid phosphatase activity pet
weight unit was not increased while the activity per spleen was decreased
contrary to the results observed after treatment with the oestrogens.

In adrenalectomized rats a low dose of D had no effects on the weight of
the spleen or acid phosphatase activity and the rats remained in good

dition, Combined with the same dose of D plus PEP caused
atrophy of the white pulp with low acid phosphatase activity similar to the
changes obtained by PEP in intact rats. This indicates that the effects on the
spleen caused by PEP are not mediated by the adrenal glands.
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Distribution of Cadmium Among Protein Fractions of
Mouse LiverD

By

Gunnar F. Nordberg, Magnus Piscator and Birger Lind
(Received Janvary 4, 1971)

Abstract: Liver proteins from mice injected subcutaneously with cadmium
chloride (3 mg Cd/kg body weight) were separated on G-75 Sephadex at intervals
20 min-21 days after injection. Fairly soon after the injection, cadmium was
found bound to proteins of high molecular weight whereas at survival times

ing 24 hours the cadmium was i with a low molecular weight
protein. In mice repeatedly exposed to cadmium (0.25 mglkg, daily, 5 days/weeh)
for periods up to S months, cadminm was principally bound to the low motecular
weight protein, which has characteristics in common with the earlier described
protein, metallothionemn. The importance of “mouse metallothionein” in the
toxicity of cadmium is discussed.

Key-words: Cadmium metabolism and toxicity - protein binding — metaf anslysis.

The distribution of cadmium in different organs and different histolozl'C“‘{
~ organ structures has been extensively studied (FRIBERG & ODEBU\l? 1957
, /BERLIN & ULLBERG 1963). From such studies it is known that cadmivm ac
- cumulates in the liver and kidneys of experimental animals exposed (r; !!;
metal by injection (FRIBERG & ODEBLAD 1957; BERLIN &.Uu_mjtf: 195?]1)a -
by the oral route (MILLER et al. 1969). However, the studies mcnu'nne bl
not revealed the distribution of cadmium in the different prolel.ns Dnd“.
organs and such data are probably of fundamental importance “:;cléumw
standing the toxic action of the metal. A large part of the cadmx'um“i(h il
lated in the livers of rabbits repeatedly injected L
mium, was recovered in a protein fraction \vhic? v;ls id
in (PrscaToR 1964). On the basis of these findings UEES
:)}:li?;rgleiu could be synthesized in the liver and act 353 detoxicating 2!

entified as metaltothi-

it was suggested that
gent.

1 Presented in part at the General Medical Assembly, Stockholm 1968.
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It \va.s also suggested that this protein might act as a transport protein for
cadmium in the body (Piscator 1964). If these postulations could be
p.roved, the protein would be of great importance in cadmium toxicology,
sm?e metallothionein has also been demonstrated in organs of normal horses
(KAGI. & VALLEE 1960) and of human subjects (PuLoO et al. 1966). In order
!0_ gain more knowledge about the binding of experimentally injected cad-
qun -to different protein fractions of the liver, experiments were performed
involving separation of proteins from the livers of mice after single and
repeated injections of cadmium chloride solution.

Material and methods

Experimental design.

Male CBA mice inbred for more than 200 generations were obtained from the
Institute of Genetics, University of Stockholm. A total of 40 adult animals, weighing
2429 grams, were used in the cxperiments. The mice were hept in glass cages at room
temperature and were fed with ordinary mouse pellets (supplied by AB Ewos, Stack-
Bolm) and tap water. Sterile solutions of CACl in isotonic saline was used for all the
injections.

Series 1, Single injection. 18 mice were injected
3 mg of cadmium per hg of body weight. The mice were randomly separated into 6
equal groups for sacrifice at the following umes after injection: 20 minutes, 6 hours,
24 hours, 6 days and 21 days respectively. Due to the deaths of one animal in each
of the graups with the longest survival time, only two animals semained alive tn each
of these groups at the time of hilling.

Series I1. Repeated injections. HzA: 3 mi
025 mg of cadmium per kg body weight
cadmium per kg body weight. The mice were

11:B. 3 mice served as a control group for group IL A They were Aept under the same
laboratory conditions and killed at the same time s the group just mentioned.

1.C. 8 mice received daily subcutaneous injections of 0.25 mg of cadmium per kg
body wweight, 5 days a week for a period of 5 moaths, i. €. a total dose of 22.5 mg per
A2 body weight. The mice were killed one month efter termination of treatment.

1D, 8 eice were hept under the same laboratory condutions a3 group IU'C and
Served as a control for this group, they were killed at the same time as the mice in
group IL:C.

subcutaneously into the back with

ce received daily subcutancous injections of
for 6 days and on the following day 3 mg
Ailled 14 days after the last injection.

Preparation.

The mice were killed by P!
Whole liver and both kidneys were rem
livers were frozen (—20°) and later

d ether hesi after killing, the
oved and the weights recorded. The kidneys and
hawed and ground together with 0.01 M TRIS
buffer (pH 8.0) containing 0.05 M sodium chloride in Potter-Elvehjelm hand homo-
genizer, chilled in an icc bath The were i (two or
four at & time) m a refrigerated (+4°) centrifuge at 18,000 X g, for 40 minutes. There-
after the pellet was washed by muting with buffer and re-centeifugation for 40 minutes
The supernatants from these twa centrifugations were pooled and buffer added ta
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a total volume of 5 ml. Concentrations of cadmium in the supernatant and in the pellet
were analysed by atomic i h v (AAS). The ining 4 ml of
the supernatant from the livers were separated on a G-75 Sephadex column, 400X 25
mnn, by elution with 001 M TRIS buffer (pH 8.0) - 0.05 M-NaCL The absorption ata
wavelength of 250 nm and 280 nm was recorded in each fraction by meaans of 2 Beck-
man DB spectrophotometer. Thereafter the concentration of cadmium in each fraction
was d ined by AAS. This was carried out for individual livers of group
1L:C, which had accumulated such considerable amounts of cadmium that analysis was
easy to perform even after the dilution by gel chromatography. In series I and groups
I:A and B all the livers from one group were pooled together and the amalysis
performed in the manner described above, In groups II:A and B the sppernatant wss
divided into two parts, one part being run on the G-75 column with the buffer described
above. The other part was separated on a G-100 Sephadex columa 900 X 25 mm and
eluted with a buffer of higher ionic strength, containing 0.5 M-NaCl and 0.1 M TRIS
(pH 8.0). The 254 nm UV-absorption at separation on G-100 was recorded by a LKB
UV-cord iastrument (3 mm light path). The flow rate in the G-100 separation was
14 m) per hour. In the G-75 separation a speed of 20 ml per hour was used. To
avoid any bacterial growth, 100 mg of sodium azide per litre was added to the buffer.
All ions were at room {20-24°), Organs awaiting homo-
genization were frozen (—20°) and stored at this temperature for up to 40 days
Supernatants awaiting separation on gel column were sometimes stored for a few dafs
at +4°.

Mesal analysis.

Cadmium and zinc were determined in whole tissue, supernatants and pellets from
centrifugation by drying samples at 120-130° and subsequent ashing in 3 mumc. f?mnfe
GHeraeus; MR 170) at 440°, The ash was then dissolved in & or 10 mf of 1 M nitsic acid
and analysed in a Perkin Efmer 303 atomic absorption spectrophatometer with fccnrd;r
read-out (Perkin Elmer 303-D103 recorder read-out) and connected to a Vasicord 43
i i recorder. A Boling (three slot) burner was wsed

{Photovol )
vnder standard conditions to produce an air acetylene flame, Cadmium was fmgyj:;’

at the wave-length 2288 A with slit 4 (1 mm slit opening and 2 bandPﬂf’ of W
3 times scale {on and noise fon 3, The minit aspiration time was s
15 seconds. Zinc was analysed at the wave-leagth 2138 A with slit 5 (3 mm stit cgmﬂ“;:
And a bandpass of 20.0 A). Because of the high natural concentrations of le:tm

"biological samples, no scale expansion or noise suppression was necessary and her
the minimum aspiration time was only 1 second. . ronined
The concentrations cadmium in fractions from Sephadex separations were de!; b
directly, withaut ashing. After each sample, freshly prepared standards above an s

errors from drift of the spectrop

the sample value were analysed to avoid any o e
meter. Lz‘}ndcr the ab i i ditions the detection limit of the AAS
method was 0.005 p.p.m. for cadmium and 0.01 p.p.m. for zinc.

Results
General findings. o uninee

dency to less activity than th

hours ater injection. The mice

The animals in series I showed a ten
ted mice, seen already during the first 24
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remaining alive after that time showed a progressive diminution of activity.
On the 4th and 5th days a mucous secretion from the eyes was observed,
sometimes so severe that the mice had obvious visual difficulties. On the 5th
and 6th days when nine mice remained alive, several had these eye symptoms
and some also had obvious difficulties in walking, especially because of weak-
ness in the hind Timbs. Such symptoms were also observed in two of the mice
killed on the 6th day. O the remaining 6 mice one mouse died on the 7th day
and another mouse on the 10th day. These two mice were excluded from the
Tesults. After the 10th day following injection the ining mice
APPYOXimately 14 days after the injections they had regained their original
state, as far as could be judged from superficial observation and examination.

_The mice in series II:A, in spite of receiving a higher total dose of cad-
mium, did not show any of the signs described for series I, except for a
general decrease in activity on the first day after the injection of 3 mg Cd per
kgbody weight. However, no animals in this group died.

Animals in group II:C, like the animals in the control groups II:B and
ILD showed no signs of toxicity on superficial observation and examination.
All the animals in these groups survived until the day of killing.

Organ weights,

The wet weights of organs from animals of different series are seen in
table 1. There was a decrease in the weights of the livers and Kidneys in
group T, simul with the lop of p 18-21 days after
injmiﬂﬂ, however, a complete regeneration of the organs seems to have
Occurred so that their weights did not differ from those of the non-injected
mice, There was also a decrease in the weight of the testicles but the results
from studies on this organ will be reported in a separate paper.

Metal concentrations.

Concentrations of cadmium and zinc were analysed for pooled livers of the
Survival groups in series T and I1:A and B, for individual mice in series IE:C
28d D, The results are shown in table 2 and 3. Liver and kidney concentra-
tions of cadmium show increases up to 6 days after the injection. This is
clearly shown by the pg/g values, while the total amount of cadmijum in the
whole orpan also shows a maximum at the same time. The very large rise
in the concentrations of cadmium in the livers 1:7-9 (24.4 yg/g) to I:10-12
(603 ugfg) is mainly dependent on the decrease in organ weight, since the
total amount of cadmium increased only from 80 to 87 pg.

The animals from the “control” series TI:B, killed at the same time as
Series T and serfes II:A, had no bl of cadmium either
?ﬂ the livers or kidneys. Animals from group II:D, not receiving any Cd-
injections but which were kept for another six months showed demonstrat *
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Table 1,
Organ weights {(gram wet weight).
Series No. Treatment Survival time Liver  Twokidneys
1 20 min, 1.240 0409
2 3 mgfkg 1372 0433
3 1419 0494
4 4 hrs 1176 0402
3 3 melkg 1298 0365
6 1247 0382
7 24 hrs 1.180 0381
8 3 mglkg 1312 0446
9 0771 0392
! 10 6 days 0.445 0235
11 3 mgfhe 0.499 0261
12 0.484 0267
13 18 days 1.162 0347
14 3 mgfhe 1.162 0319
18 Dead on Tth day
16 21 days 1223 0327
7 3 mpg/ks 1252 0346
:s e Dead of 10th day
i 1 6X D25 14 days 1035 g:;;
2 +3 mg/ke 120t v
3 0739 z
59 0448
i1 1 13 s
B 2 Controls ::ﬁ 3;965
3 k
28
oI 1 0.25 mgikg Killed one 1215 3-;0‘
' 2 S days weekly, ~ monthafter 1386 oS04
3 5 months, termination 1445 o560
4 total of expnsure 1,333 hyt
5 22 mp/kg ;-;35 bov
s 121 0506
; 1.153 0436
3 0.490
un 1 Centrols ; §§3 o2t
b 2 1392 0500
3 1326 0468
4 1416 0361
5 1551 0478
M 1421 045;
7 143t 04

|
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Table 3.

Zinc concentrations in organs and ~— ratios.
Zn

Liver Kidney
Series No. S‘Z::” wefg  Total Molar | pelg Total Mol
wet pgin CdfZn| wet ygin CdlZn
weight organ ratio { weight organ ratio
1+2+3 [20min. | 229 853 0290 | 189 252 00%
44546 4hrs 195 724 0462 | 161 185 010
1 7+8+9 | 24hrs 415 1361 0342 | 194 237 030
10+114+12 | 6days | 978 1396 0362 | 326 249 046
13414 t8days | 365 849 0347 | 368 245 07
16+ 17 21days | 388 953 0282 | 308 235 0M0
A 13 14days | - - - | 247 287 08
uB 1-3 control | 294 1089 0000 | 193 270 DN
1 700 850 1541 | 655 280 11
2 1704 2362 0630 | 671 338 0360
3 1102 1593 0880 | 954 31 07
4 6months’| 816 1133 1382 | 951 523 06%
nc H experic | 614 800 1807 | 931 425 065l
6 ment | 759 1010 1651 | - - -
7 846 1024 162 | 631 39 1M
8 528 609 2220 | - -
Mean 84 1173 1467 | 199 316 089
1 B3 6 - | 47 29 005
2 Control | 69.1 956 0003 [ - - -
up 18 ~ _ - - - -
-
Mean 562 711 67 29
Kidneys. The

though very low concentrations of cadmium in their livers and ght
animals in group II:C, which received a total of 22 mg Cd per kg body wel )
had high concentrations in their livers (197 ng/g) and kidoeys (lllfuslie'
These concentrations were considerably higher than those recorded for
animals in series I, which showed a clearly toxic reaction. -
The total average amount of cadmium in the Jiver and kidneys ir.:mounl
mouse of group IE:C was 308 pg, which is about half of the wtfacadmium
injected during 6 months (590 g per mouse). Of 2 total am(:)unlt lonnd T
(220 pg) given as a single dose to the three animals No. ; s series 100
series I, 107 pig was recovered in the livers and kidneys. ;‘u o
about half of the injected dose was retained in the liver and ¥S:
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Fig. 1. G-75 Sephadex separation of liver proteins from mice of series 1 which received
2 single subcutaneous injection of CdCls (3 mg Cd/ig body weight) and were killed at

different intervals after inj

~———— UV-absorption (0.D.) at 250 am.

cction.

pg Cd in 5 mi fraction (determined by AAS.)
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Concentrations of zinc in organs and the molar Cd[Zn ratio are given in
table 3. With i ing doses of cadmi) i ing Cd/Zn ratios are ob-
served.

Separation of organ proteins by centrifugation and gel filtration.

Amounts of cadmium in supernatant after centrifugation at 18,000 X g
are given in table 2. The amount found in the pellet is the difference between
total pg in the organ and g in the supernatant and has therefore not been put
into the table as a separate column. The percentage of total cadmiwn found
in the supernatant is 50 %, or lower for the short survival times after injec-
tion, but at 24 hours and later, the main part of the total cadmium in the
organs is found in the supematant. In the longest survival times of series I
and series II:A and C, more than 24 of the cadmium is found in the superna-
tant of the livers.

The results of gel filtration are seen in fig. 1 where diagrams on the cad-
mium content in fractions and UV-250 nm absorption curves are shown for
the different survival times of series I. The diagram could not be completed
because a technical accident caused the loss of a number of fractions from
21 days’ animals of this series. In fig. 1 ro clear peak in the 250 am curve
corresponded to the low m. w. Cd peak. However, in the 6 days’ dmgmﬂ? a
small peak was present, though it is not evident in fig. 1. Simultaneously with
the ding of 250 nm absorption an 280 nm absorption was also recorded.
The small peak in the 25¢ nm curve of the 6 days diagram was _cDmPJE‘e]y
absent in the 280 nm curve, The recovery of cadmium in the series of frac-
tions obtained after separation on gel column was always betweea 50-120

er cent of the input. .

? As mentioned \l:nder section “Methods™ the supernatant from pooled hver;
of series II:A was divided into two parts. One part was sep:i{.ated on Gf-ligc
Sephadex with buffer of higher ionic strength. A corresponding part GO-IOU
+ supernatant from livers of series II:B was separated on‘(he sam6254nm
.. _column. The diagrams from these gel filtrations are seen in fig. 2 The come
¥ curves are identical except for a peak which appears at an c_lulxon Vi ‘;DU
of 360-380 ml in the curve from animals of serics Huf.. With the (;:;ale-

system used, this elution volume indicates that the protein has a low

cular weight. ) ’ J
The frzi:lions corresponding to the respective peaks in fig- 2 A ;:Bzmi‘m
and analysed for cadmium. From these analyses, it was seeft that ; Gm it
concentration did not differ from the artificial r:adiflg cnuseq b}:} ::gtoml o
ing, except for the Jow molecular weight peak, wlucl} contatrtl;m 2 et
g Cd. However, the quantitative analysis of the : C:" ot scattering
fractions from this separation was difficult bcc'ausc ol tficr %1 o cadaiam
from the strong sodium chloride concentration in the buffer.
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OD. 254 om.
IOW
o0&
A
o1 l
Elution volume (ml)
200 400
10
oe.
B.
01
/\l Etution volume (ml)
200 400

Fig. 2A. Sephadex G-100 separation of liver proteins from muce of group 1IA receiving
subcutaneous injections i. e. 6 times 0.25 mg Cd/kg body weight and thereafter a single
dose of 3 mg Cd/kg body weight, The mice were killed 14 days after the last injection.
. { indicates low molecular weight protein with high cadmium content.
Fiz 2B, 'Sephadex G-100 separation of liver proteins from uaexposed CBA mice
(group TIB)

E?nccntralions in different fractions are therefore better illustrated in the
diagram of fig. 3, describing the separation on G-75 and with elution medium
of a lower sodium chloride concentration. In this diagram the 250 and
280 nm absorption is illustrated for different protein fractions. It is seen that
the fow molecular weight peak displays 2 higher absorption for ultraviolet
light of 250 nm than for such light of 280 nm. Gel filtration studies were
also performed on the single livers from the animals in series I1:C. Essentially
"‘.‘e}' displayed the same pattern as illustrated in fig. 3. It was therefore con-
sidered unnecessary to present all these curves.

Further characterization studies.
Tn order to characterize further the low molecul weight cad: 4
protein found in the livers of i posed mice, the

¥ Acta phacmacologes., vol. 29, fase. $-6
cotogiea. v
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0.D.

#gCd in
5ml
fraction

20
10
10 s
2
b 3
50 100 200 300 elution
Vol. ml,

o-0-0 QD. 230 nm
a-s-a OD, .280 nm
Cd = content In fraction

natant from the livers of the same animals as
Separation on G-75 Sephadex.

o0
in fig. 2A

Fig. 3. Separation of super

, ing fractions corresponding to the low molecular weight peak were pooled

from groups ILA and C and a small part of the pool concentrated on 2
collodion t (Sartorius® filter GmbH, Gotting West 'Ger-
many). The concentrate was thereafter subjected to paper clectrophorests: A
band appeared clearly in the g-region. The main part of the poo! was 0B
centrated on a Diaflo ultrafiltration cell with UM-2 filter and suh]cc!cdé{::ll
preliminary study by the jsoelectric focusing method of VESTERBERG (w[m)r'n
The results of these studies will be reported in detail later whfn data o
other series of mice have been completed. In the first fractionatiofn however,

—_—

1 Separation performed by Dr. O, Vesterberg.
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250 nm .
aplof 5.7 was obtained and a UV-absorption ratio of § for the

280 nm
protein from groups A and C of series II.

Discassion

As outlined in the introduction, the aim of the present investigation was to
lake a first step in a programme to correlate toxic manifestations of cadmium
to the accumulation and binding of the metal in the organs. From the descrip-
tion of the toxic manifestations in the form of symptoms, sigas and decrease
i‘_u“gan weights, it is clear that the dose given to series T was toxic. Out of
$ix mice expected to survive for more than 6 days, two died.

Animals of series IL:A, which received pretreatment with 6 smaller doses
of cadminm and thereafter received the same large dose as series I (3 mg/kg
body weight), did not die and did not develop symptoms in spite of having
feceived a higher total dose than the animals which received only one dose.
These data sugpest 2 protective action of pretreatment against the toxicity of
ﬂls'mgle large dose of the metal and are in concordance with earlicr observa-
tions by Gapsunt et al. (1967). They showed that pretreatment with cad-
mium induced resistance to the lethal action of a second dose of cadmium,

_The liver and kidney are the organs which accumulate the highest cad-
RUUm concentrations in the body (e. g FRIBERG & ODIHLAD 1957; Bruv &
Unigerg 1963). In the present study about 50 per cent of the injected
2mount of cadmium was recovered in the liver and kidneys of the animals
from both series, This fact shows that cadmium is very efficiently retained in
the mice. It also shows that the total dose of the metal retained is not cor-
Telated (o the of toxic i i In the case of single ex-
Posure, signs of toxicity were apparent with a total of 35 ug Cd per mouse in
the liver anq Kidneys, whereas no similar manilestations were scen in animals

fOm group IT:C, with 250 g Cd per mouse in the liver and kidneys. It s dif-
ficult 10 account for this variance in tolerance, but a few obscrvations made in
the present study could possibly be related to the phenomenon. In the case of
epeated exposure a very large part of the cadmium was found in the
SUpernatant, Most of this cadmium was bound to a Jow molecular weight

Protein. The fq ion of this low molccular weight cadmium-protein com-
Plex is not instantaneous, but occurs some time (fig. 1) after the injection.
T the low mol, weight cadmium-protein complex is lews toxic than other

forms of cadmium - a theory which was previously advanced (Prscaton
1964) ang recently supported by cnzyme studics (Wiavtewska-Kuver, &
Inttonsis 1970) ~ the finding of a large part of the cadmium in this -

a often repeated exp may itute #n explanation for the di

£
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in tolerance. Pretreatment might stimulate the synthesis of the cadmium
binding protein in the liver so that a Targe dose is more easily taken care of.
However, further studies are necessary before these relationships can be
definitely proved.

In the following some observations related to the appearance and nature
of the low molecular weight cadmium-protein complex will be discussed.

A very prominent peak is scen in the Cd-curve (fig. 1) at survival times
exceeding 24 hours, but po corresponding peak in the 250 nm curve was
observed in the gel filtration diagrams. A very small peak seen in the 250 nm
curve of the 6th day diagram, did not occur at 280 rm. If cadmium is bound
to metallothionein - a protein which has previously heen shown to have the
capacity of binding at least 5 per cent of its weight as cadmium (Kicr &
VALLEE 1960 and 1961) ~ the amounts of this protein necessary for binding
the amounts of cadmium present in low molecular weight fractions of seres
I are so small that they would be hard to detect in the 250 nm curve. The
amount of Cd-protein complex formed in response to a single dose of 3 mg
Cd/kg body weight was evidently on the border of what could be detected by
UV-absorption. ’

According to the theory adyanced by one of us {PIScATOR 1964) cadmxu:.n
should stimulate the formation of metallothionein in the liver. Thougb‘ this
theory has never been proved, we tried to produce more of the cadmium-
binding protein in mouse liver by exposing mice repeatedly, The results
showed that this was the case. The data from series II refers to such ex;‘wsu'ﬁ:
A specific binding of cadmi to fractions corresponding to Jow :
weight is seen in fig. 3, and the amount of cadmium as well as tl}e amcun% o
protein (clear peak in 250 nm curve) in the low molecular weight fraction
was higher than in the fractionation obtained from a single expos'ureA. e

In an attempt to demonstrate the difference between cadmium-injecte! ’
mice and unexposed mice, the 253 nm absorption curves from G-100 s:Pa":

* tion of liver proteins from series I1:A and II:B respectively were Cﬂm)"‘k"ﬂ‘

" The curves are nearly identical except for a cadmium containg P’g m

'+ elution volume 390 ml. In fig. 3 the difference iudthe 250 nm and 28
absorption for this low molecular weight peak is evident. .

ThréJ appearance of the low molecular weight Cd-}{rot:m compic;:f:’;”é
ing as a peak not seen in unexposed mice could possibly fe”“c; m:imium in-
amount of Cd-metallothionein complex, formed as & result ﬁ csa'nthesis o

jection. The formation of the complex could be due to.t ec )hnaﬁcni
metallothiopein in the liver. However, there are alternative fl:vhen dis
Because metallothionein has no absorption at 254 nm, E;;cpof e dmiam
bound to c'a.dmium, the peak could be the result ufml:cP::m 65 o comsider-

Such an exg on p forms of metallothioncia in the

to
able ts of n
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Tver prior to Cd-exposure. The fact however, that the binding of cadmium
to the low molecular weight fraction did not appear during shorter survival
times in the animals subject to a large single dose of cadmium only, is

evidence against the possibility that low molecular weight lothionein is
present in considerable amounts in the livers of non-cadmium-exposed mice.
After this & igation was pleted, other i i have p d

eidence supporting the theory of a synthesis of metallothionein in response
to cadmium exposure (SHarkn & Lucts 1970).

) The fact that the protein which bound cadmium at survival times exceed-
ing one day appeared at an elution volume indicating a low molecular weight
fmd moreover presented a higher absorption at 250 nm than at 280 nm,
Indicates that it is similar to lothionein, i. ¢. a low molecular weight
proteln which was originally purified from equine kidney by KAGI & VALLEE
(1960 and 1961) wheo also characterized the protein in detail. One of its
thasacteristics is that it does not contain any aromatic amino acids and
therefore lacks absorption at 280 nm.

'.I'he data from paper electrophoresis showing that the low molecular
"’51.&11! protein from the mice migrated as a p-protein and the data from
Wf\ﬁcaﬁon of the protein by isoelectric focusing showing a 250/280 nm
rﬂ}lo of 5, are characteristics which suggest a similarity between the cad-
miumbinding low molecular weight mouse liver protein and the previously
deseribed metaflothionein. The isoelectric point 5.7 is somewhat different
from the Pl (4.5-5.5) reported by Kicl & Variee (1960 and 1961) for
m"""'nmhionein obtained from equine kidney. In addition to the difference in
specles, the method of isoelectric focusing used in this study may have con-
:l:uted 1.0 lhe. different pl. Even if the mouse liver protein is not yet well
sho;?;"eﬂzed, it seems to have many similarities to metallothionein, and we
s ﬂle.refore like to suggest the name “mcusAe liver metallothio{lem" for
djmpl’mem. .Funher characterization of cadmium binding proteins from
oy c:g’“ Species is being investigated in our laboratory. The results of these

ligations may answer some of the questions raised in connection with
© discussion on the results from the presently reported data.
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Metabolism of 1,1, 1,2-Tetrachloroethane in the Mouse
By

Sven Yllner
{Received July 28, 1970)

Abstrace: 1,1,12. was given to mice (1.2-2.0 glkg)
and the excretion was followed for 3 days. About half of the dose (21-62 %)
Was expired unchanged, The part metabolized was excreted mainly as trichloro-
ethanol (1749 % of the dose), and to a lesser extent as trichloroacetic acid
(-7 %). The metabolites were identified by paper gas
znphy and mass spectrometry and the Fujiwara reaction was wvsed for the
antitative determination of tri ic acid and of trichloroethanol after
Oxidation to this acid. It is suggested that the initial metabolic reaction is a
hydrolytic fission of a carbon-chlorine bond with the formation of trichloro-
ethanol. Trichloroethanol was the precursor of trichloroacetic acid.

Key-words: Tetrachloroethane ~ metabolism.

As 1€_Chnical solvents the aliphatic chlorohydrocarbons have many im-
;"::lm mdu.stxial applications, but the uses of several of these substances are
“many Testricted by their toxicity. The chlorinated aliphatic hydrocarbons
‘ﬂxiciy P?ssess a powerful narcotic effect and in addition show a varying
6 th:};xnh regard.tu e. g. injuries to the parenchymatous organs, In contrast
bochens 0 logical on these compounds their fi

P wmltal Teactions have received scant attention.

Sies ﬂfs fom_xd by HeppEL & PORTERFIELD (1948) that when incubated with
dcha]: Tat liver and kidney a number of aliphatic halogen compounds were
ies asgtl;lated. A preparation of liver-cell supernatant had the same proper-
dehyg S '"5’ and when b b 3 was used as , formal-
Wlnp:““ as formed. Dibromo- and dichloromethane reacted similarly. Other
tthan, nds f?\md 10 be dehalogenated were ethyl bromide, 1-

hane, 1,2-gichl 1-bromo-2 hane and ch ”

YT, 10 organic reaction products of these compounds werg <
1

ive h
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It is evident from these results that certain tissues contain an enzyme
system capable of catalyzing the hydrolysis of the carbon-halogen bond in
alkyl-halide compounds. This also seems to be an important reaction in the
metabolism of 1,1,1,2-tetrachloroethane. The principle results have been
reported in a preliminary paper (YLLNER 1963).

Materials and Methods

Boiling points are and at ic pressure. The y
analysis was made by Alfred Bernhardt, Elbach iiber Engelshirchen, West-Germany,

1,1,1 2-Tetrachloroethane was prepared as described by PriNs (1922) by adding hy-
drogen chloride to trichloroethylene in the presence of anhydrous aluminium ehloride.
The crude product was purified by fractional distillation, and the purity of the finaf
product (b.p. 130°) was checked by gas chromatography. Less than 0.1 per cent of
impurities and 0.03 per cent of trichloroethylene were found.

Trickloroacetic acid methyl ester. Trichloroacetic acid was dissolved in a small
volume of methanol and an etheral solution of diazomethane was added in slight
excess. The reaction mixture was evaporated in vacuo (10 mmHg) at room temperature,
and the remaining ester purified by fractional distillation. B. p. 154-6°.

2,22-Trichloroethanol. A commercial product (Fluka AG) was purified by filtration
through charcoal and then by distillation in vacuo, B. p. 152-3". Gas chromatography
showed that the trichloroethanol still contained about 2 per cent of impurities. The
product was not submitted to further punfication,

CeHOCl,: Calculated: Cl 71.2 per cent. Found: CI 69.9 per cent. .

Other used were trich h ical grade, Baker Chemicals},
chloroacetic acid (analytical grade, Merck AG), dichloroacetic acid (technical grade),
and trichloroacetic (analytical grade, Merck AG). .

Animals, Female albino mice of the NMRI strain (Naval Medical Research Tnstitols,
Bethseda, USA) weighing 20-30 g were used. They were fed ad Jibitum on watet and
a standard diet. (KYLIN ef al. 1963).

Gas ch Gas was d witht v

(A) A Perkin-Elmer fractometer 116 equipped with a thermistor detectat a.mf R ";

recorder. With this chromatograph, 2 m columns of aluminivm tubes (%4 -m:_fs z,‘j

, ameter) containing the following stationary phases were used: (1) Paraffin, m. p.Sﬁ nﬂ}:

. (2) polyethylene glycol 1500; (3) octylphthalate; (4) silicone SE 52. The stat C:rn'ef

- phases were absorbed on 10 times their weight of Chromosorb W, 60-80 mesh.
as:helium.

¢ (B) An Aecrograph Hy-Fi, model 600, equipped with an clccuon-cap]ﬂi:‘;,d(‘;'j“m“;

(Wilkins Instrument and Research Inc., 02-104) and 2 1 n!V recorder. Cof :re ed: )

of 14" stainless stec] tubes containing the following stationary phasesh\:m wore b

methyl silicane SF 96; (6) polycthylenc glycal 1500. The stationaty FYSC vy
sorbed on ten times their weight of Chromosorb W, 100-120 n}c:l;m?u:\:; ;u ;nromaw‘

Mass sp ¢2 were identified by means O ser gos: helium.
graphy and mass spectrometry with the LKB instrument z‘; 5:’{‘"3; o e ione incier.

bolites to be i were as 0.1-4. s uthentic
Id’e[:liexi:s were cstablished by comparison with mass sp:_c(ra abmfmi from &

of 11,1248
samples by the same proced: The gas e SE 30 o0
chloroethane was carvic

d out on a column containing 1 per cent
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Chromosorb W at 80°. Trich hanol and tri jc acid methyl ester were
separated on 2 column containing 10 per cent polyethylene glycol 1500 on Chromosorb
W, the alcohol at 145° and the ester at 70°.

LLI2-Tetrachloroethane in neutral aqueous solution. 1,1,1,2-Tetrachloroethane (1 ml)
was dissolved in 100 mi of a 0.2 M phosphate buffer (pH 7.0) containing 50 per cent
{vl¥) of ethanol. The solution was incubated at 37° and 4-m samples were drawn for
the determination of chloride ions by the Volhard titration.

‘The solution was also examined for tetrachloroethane Four milliliter specimens were
added to 4 ml of hexane and 100 ml of water and the mistures were shaken. The tetra-
clfloroe(hanc contents of the hexane layers were determined by gas chromatography
with column no. 3.

LIL12-Tetrachloroethane and cysteine. Sodium hydrovide was added to a solution of

1:1.1,2-(etrachlomelhane and L-cysteine i amounts) in thanol and in a
nitrogen atmosphere, Samples were analyzed for cysteine by fodometric titration.
Dosage and collection of ites. 1,1,1,2-T¢ was administered by

subcutaneous injection in the scapula region with a calibrated 50 yI Hamilton syringe.
After dosing, the mouse was placed in an all-glass chamber from which the urize,
facces and volatile metabolites were collected simultancously. Each experiment was
run for 3 days, during which time the mouse received 5 per cent glucose solution ad
Bbitun: but no food. The small amounts of faeces were homogenized with the urine
and analysis of the excreta was made daily

The glass chamber was supplied with a cosstant slow current of dry air free of
carbon dioxide. To collect volatile compounds in the air leaving the chamber the
following 3 trapping devices were used:

(1) The air was passed through an ice-cooled glass thimble trap containing cellosolve
{10 1) and then through a similar trap containing iso-octane (IS m) kept at — 80°.
By means of these traps tri hylene could be quantitatively retaincd. The con-
fents of the traps were mixed and added to 500 ml of water and the mixture was
shaken vigorously. The iso-octane layer was then exammed for chlorinated compounds
by gas ch with the el pti detector (columns 5 and 6).

(2) For the mass ic identification exhaled tet @ s
by passing the air through a glass U-tube (4 mm inner diameter) containing
filling of 10 per cent siticone SE 30 on Chromosorb W, and kept at — §0°. The ab-
sorbed was 4 to ice-cooled ether by means of a stream
©f air passed through the U-tube heated 10 100° 1,1,1,2-Tetrachloroethane in the ether
solution was identificd by mass spectrometry as described above.

(3) To collect 1,1,1,2 hane for quanti determinations the air was
first passed through concentrated sulphuric acid and then through  Jayer of magnesium
perchlorate (Driente) to remove iraces of humidity. The dnied air was finally pass.ed
through a small sintered glass thimble trap containing 06 ml of cumene cooled with
dry ice in aleohol, The efficiency of this trap was checked by evaroraung known
amounts of tetrachloroethanc in the empty glass chamber under identical conditions.
The cumene was found to contain 93-98 per cent of ihe tetrachloroethane by gas
chromatography.

Determination of expired 1
{sec above) were analyzed by £35 ©
samples (20 p1) were introduced inta
equipped with a Chaney adapter and the p

1,1,2-tetrachloroethane. Samples of the cumene solutions
hromatography using column no. 1 at 150°. The
the chromatograph with a Hamulton syringe (50 -
eak height was measured ot a suitable
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A standard solution of 1,1,1,2-tetrachloroethane in cumene was used as a reference for
each sample. Three determinations were made with each cumene solution. Within the
concentration interval used the ratio between peak height and tetrachloroethane con-
centration was found to be constant within the error of determination, Tests of the
reproducibility in series of identical samples showed that the range of differences in
peak height from the mean value was within % 2 per cent of the value,

boli

Analytical dures for urinary

1. Paper chromatography. Urine from a mouse dosed with 20 ul of 1,3,12-tetra-
chloroethane was collected for 48 hours. The urine was passed through a cation-ex-
change resin (Dowex 50 W—X 4) in the H* state, and then evaporated to dryness in
vacto to remove hydrogen chloride. The residue was dissolved in a small volume of
Paper were prepared

water, and ined by paper

on Whatman No. 1 filter paper using the descending technique and the following
solvent systems: {A) B tol: 15 N fum hyd) (1:1 v/v). (B) Propanl-
ol: i hydrovide {7:3 vlv). (C) Acetic acid ; butan-}-0l ; water

¥

(1:4:5 v/v). Similarly treated urine from a control animal was used as refesence. The
chromatograms were dried in air and developed with ninhydrine (0.2 per cent in
ethanol containing 1 per cent pyridine), with the KoCrsO;-AgNO; reagent of Knieim
& YounG (1958), or with the silver nitrate-ammonium hydroxide reagent of MAYER
(1957).

To bring about is of i with hloric acid (fimal
strength 3 N) for one hour at 100° in seafed ampoules was performed with urize of
extracts from paper chromatograms.

2. Isolation and identification. The urine from 40 mice each receiving 30 wl of
L1,1Z. injfection was collected for 48 hours. .The
urine was acidified with sulphuric acid and extracted continuously with ether oversight
‘The ether solution was then extracted with 0.15 N sulphuric acid and the ether-soluble
acids were extracted from the sulphuric acid solution by the rocking-vessel procrdufe
described below. The atkaline extract was passed through a cation-exchange resin
(Dowex 50 W - X 4) in the H* state, and the solution of free acids evnpomteq ;:
dryness in vacuo. The residue was treated with methanol and filtered, and & gl
excess of diazomethane in ether was added to the methanolic solution. The .rext!;fﬂ

. mixture was evaporated to a syrup at room temperatuse i vacud, dissolved in ¢l h"
- (2 mb), and analyzed for trichloroacetic acid methyl ester by gas chromatography

P column 3) 2and mass spectromelry. .

"V,"l Trichlor)oelhnnol w:: isolated from urine after hydrolysis with ﬂ—.glu:uromd:(se;:
described by DANIEL (1963). Urine obtained as described above was mcubalzd.n‘ A
for 48 hours with an equal volume of 0.2 M acetate buffer (PH 45) C_on‘la"c‘_’:; )
f-glucuronidase preparation (25,000 Fishman units; Nutritional Bnofhfmrﬂb o
The trichloroethanol fiberated was separated from the reaction mixture ¥

;. " ;i ined extracts were
distillation and the distdlate extracted 3 times with ether. The combined b teelumn

d to 10 ml, and ined for 1 by gas
4} and mass spectromelry. .
ic aci ;i ic aci tracted quanti-
of f vic acid. Ti acid was cv e e by

tainer vessel B8 &
two-contats su]phuﬁt acid (I lﬂ”

50 m{ of cther W3S
12 rockings

3. .
tatively from urine by means of 2 rocking,
Wm\nrxx (1932). To one of the containers urine (3 m!) and 0.6 :‘I
were 3dded, and to the other, 0.1 N sodium hydroxide (2.5 m)}ﬁ i)
added as communicating solvent, and the vessel was roched for
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}P:r"l!ﬁn.' TricAhlomacelic acid in the alkaline recipient was then determined by the
‘ujiwara reaction as described by StTo & ScHULTZE (1956b). The absorbance was
m:as\:‘ud at 530 myu with a Beckman DU spectrophotometer.

4 of tri hanol. 2,2,2-Tri 1 was ined by the
n}:l.hod of SeTo & ScsuLrze (1956b). By oxidation of the urine with a chromic oxide -
mln‘c acid mixture, the tri hanol and its ji were d to trichloro~
acetic acid. The amount of total tri 1 was d from the in

lrichlcfroacclic acid after and before oxidation. The effect of the oxidation mixture on
the trichloroacetic acid in this procedure resulted in some Joss, and the yield was 85 per

cent. However, for the oxidation of tri hanol the yield of ic acid
was only 77 per cent. Correction for this difference was therefore made in the deter-

minations.
D. L

g of urinary acid jrom mice dosed with trichloroethanol.
Eight mice were given 2:2,2trichloroethanal (5 ul, 52 wmoles) by subcutaneous injec-
tion. All the animals were deeply anaestbetized and 3 of them died within 2 days.
From each of the survivors urine was collected for 48 hours. The trichloroacetic acid
in the urine was assayed as described above.

Results
No reaction was observed when 1,1,1,2-tetrachloro-
pH 7 at 37°. The
d, and there was no
urthermore, the tetrachloro-

In vitro experiments.
ethane was dissolved in a phosphate buffer solution of
concentration of the tetr h ined unct
formation of chloride fons during 48 hours. F
ethane did not react with cysteine even in strongly alkaline solution.

Volatile bolites. Gas hi ination of volatile metabo-
lites isolated from the expired air from a mouse receiving 20 pl of 1,1,1,2-
teteachloroethane showed a small peak corresponding to tri hyl
and equivalent to less than 0.02 per cent of the tetrachloroethane dose.
Otherwise 1,1,1,2-tetrachloroethane was the only expired compound found
in the traps. The identity of excreted 1,1,1,2-tetrachlorocthane was con-
firmed by mass spectrometry.

Urinary bolites. Paper (solvent systems A and C)
were prepared with urine from a mouse treated with tetrachlorocthane.
Spraying with ninhydine or {he KeCryOr-AgNO; reagent did not disclose any
difference from similarly prepared with urine from control
with hydrochloric acid at 100° before the

animals, Treatment of urine for i 0
h hi ination gave no di 1 information with these
reagents. There were apparently no pturic acids or § ituted deriva-

of such ites cannot be ded

tives of cysteine, but the
since they could be retained by
cysteine is not retained, however.

the ion-exchange resin. S-carboxy methyl-

_— -
©rom eemmecion methad as teen wsed for smany years at the Nathonal Tosttute of Occupationzi

s extction e paions of wihlarosetic ged fa urine, T estraction 145

ol Fo roends in yine have & serious clfect on the Fufiwars reaction «
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When the AgNO; ~ ammonium hydroxide reagent was used two spots were
obtained that were not found in chromatograms of urine from the control
animals. The spot with the higher R, values (0.50 and 0.81 in solvent systems
A and B, respectively) was indistinguishable from trickl ic acid.

The material due to the other spot (R, 0.18 and 0.66 in solvents A and B,
respectively) was eluted with water from the appropriate zone and heated in
3 N hydrochloric acid at 100° for one hour in a sealed ampoule. Extraction
with ether and ination by gas ct aphy (elect pture detec-
tor, columns nos, 5 and 6) showed a peak corresponding to 2,2,2-trichloro-
ethanol.

Trichloroacetic acid was extracted from the urine and methylated with
di h Gas ch graphy showed a yield of 15 mg of trichloro-
acetic acid methyl ester from a total of 1.2 g of tetrachloroethane admini-
stered to 40 mice. Trichloroethanol was extracted from similarly obtained

urine treated with B-glucuronid: Examination by gas cl ph
showed a yield of 150 mg. The identities of trichloroacetic acid methyl ester
and trich) hanol were established by mass sf .

Q itative d inations of bolites. When 1,1,1,2-tetr h

was given parenterally to mice part of it was excreted unchanged, probab!y
in the breath, and the bolites 2,2,2-trichl thanol and tri
acid were found in the urine. The results of the quantitative determinations ?[
these bolites, and of tetrachl h d d are shown in
table 1. During the first 3 days the average total yield was 78 per cent ('NU‘EC
72-82). The fraction of the dose 1 unch d was derable, on
average 48 per cent (range 21-62), and small amounts of tetrachloroethane
were still being d 3 days after administration of the
The expired air possibly ined a trace of trichl
not exceed the amount injected with the 1,1,1,2-tetrachloroethane as an
, impurity. There was thus no detectable formation of mchloroet.hylsne.. .
»  From the figures in table 1 it can be calculated that the combmed. trich [orﬁoo-
 Gthano! and trichl ic acid are equi 1o an average )tlckicg &
'kpv:r cent of the dose metabolized, i. e. the difference between administe e
expired tetrachloroethane. However, since small amounts of xctmchk:fotr .
and its bolites still ined in the after 3 days, this figor
ust be regarded as a minimum value.
mFormatign of trichloroacetic acid from 2,2,2-:richlmo:rhanolf. ({1“: h‘;::_’
1o study the possibility of trich hanol bein'g the' prect Ecacd tor 2
acetic acid in mice, this compound was detcmm’lrel(ll 1:0:::;0:’“ e vicinity
r the inistration of trichl hanol. The "
:?):;:f Ir;)SO. Determiaations of trichloroacetic acid showed a meant excretion
of 3.1 per cent (range 2.4~5.3) of the dose.

hylene, but it did
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Metaholism of Pentachloroethane in the Mouse

By
Sven Yliner
{Received Taly 28, 1970)

Abstract; Pentachloroethane was given subcutancously to mice (1.1-18 g/kg)
and the excretion was followed for 3 days. About one third of the dose (range
12-51 %) was expired unchanged The metabolized part was excreted mainly &s
ll’i_chlomexhanol (16-32 % of the dose} and trichloroacetic acid (9-18 %) in the
urine. The expired air also contained trichloroethylene (2-16 %) and tetrachloro-

clhylene (3-9 %) indicating both and of
pentachloroethane. The latter reaction was found to be non-enzymatic. The
bolites were identified by paper gas and

Mass spectrometry, and the Fujiwara reaction was used for the quastitative
determination of tri acid and of trichtoroethanol after oxidation to
this acid, At feast part of the urinary metabolites must be formed via trichloro-
¢thylene and jts metabolite chloral hydrate, The latter compound may also be
formed from by ic fission of carbs hlorine bonds.

Key-words: Pentachloroethane, metabolisms.

Pentachloroethane is an intermediary product in the manufacture of tetra-
chloroethylene, It has found practically no application as an industrial solvent
nd is reported to be a strong narcotic (vON OETTINGEN 1955).

The present study, which ates the fate of I in the
Organism, is part of an investigation of the metabolism of chloro derivatives
of ethane, A prelimi y report was published by YLLNER (1963).

MMaterials and methods

Boiling points are uncorrected and measured at atmosphenc pressure.

Pentachioroethane. A technical product was treated with dilute bicarbonate solution,
washed with water and dried over calcium chloride. Repeated distillation in vacuo (10
mmHg) was performed, The boiling point of the final product was 162", Gas chroma-
tographic examination using columns nos. 1 and 3 (see below) disclosed about 0.5
Per cent of impurities (probably mostly hevachloroethanc).

3 Acta phamaco! 0 fase. 56
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2.2-Dichl h was prepared ing to Skooa & (1952). B. p. 146*,
‘The synthesis and purification of trichloroacetic acid methy! ester and the purification
of 2,2,2-trichl are descril 1 (YLINER 1971),

Other chemicals used were trichloroethylene (analytical grade, Baker Chemicals),
tetrachloroethylene (min. 99 per cent, Merck AQ), 2-chloroethanol (analytical grade,
Merck AG), chloroacetic acid (analytical grade, British Drug Houses, Ltd), dichloro-
acetic acid (technical product, 99 per cent) and trichloroacetic acid (analytical grade,
Merck AG).

Animals. Female albino mice of the NMRI strain fed ad libitum on water and &
standard diet (KYUIN ef al. 1963) and weighing 20-30 g were used throughout the

experiments.

Gas ch fy. Gas was with a PerkinElmer
fractometer no. 116 equipped with a thermistor detector and 2 5 mV recorder. The
columns, (2-m aluminium tubes, 3" ingmer diam.) contained the following stationary
phases absorbed on 10 times their weight Chromosorb W (60-80 mesh):(1) Paraffin (m.p.
50-52°); (2) palyethylene glycol 1500; (3) octyl phthalate; (4) silicone SE 52; (5) triere-

sylphosphate, Carrier gas: helium.
Mass sp, ry. M ites were identified by means of combined gas chromato-

graphy and mass specirometry with the LKB instrument no. 9000, Carrier gas: hc!i)xfn.
The compounds were introduced as 0,1-0.5 per ceat solutions in ether, and idealities
were established by comparison with mass spectra obtained from autheatic sump!ts by
the same procedure. Separation of the exhafed compounds pentachloroethane, tri- aad
tetrachloroethylene was carried out with a column containing Apiezon L, 10 per cetf
on C! W, and a gradient of $0 — 110°. Trichloroethanof and
trichloroacetic acid methyl ester were separated on a calomn containing 10 per cent lef
polyethylene glycol 1500 on Cromosorb W, the alcoho] at 145° and the ester at 0.

Degradation of pentachloroethane in nentral agueous solution. '
1. Determination of liberated chloride lons. Pentachloroethane (020 ml, 17 ““"‘°H)
was dissolved in ethanol (40 ml) and 0.2 M potassium phosphate b}!['!fr (GQ m"'xl;i e
7.0). The reaction mixture was incubated at 37°. To samples (5 mi) acidified with ;:‘m’
acid, 0.01 M silver nitrate (5 ml) was added and the excess Ag* estimated by Vol
titration with 0.01 M potassium thiocyanate. B .
2. Formation of tetrachloraethylene. Samples (5 ml) of the above reaction m: ol
were added to hexane (1 ml) and water (100 mi). The mixture was shaken lhl}t‘i‘:im
2nd the hexane layer analysed by gas chromatography using column no. 4. R'E e .
' ining known of and hyl ““;,’o: i
3, Fujiwara test. Samples of the reaction mixture were tested far ch!omll 955“6),
chloroethylene by the Fujiwara reaction as modified by SeTo & Scrvrrze { a
P d by sub-

Dosage and fon of boli was ol
cumnwis injection in the scapula region with a calibrated 50 wl Har{lf}:(’:’h:)’:;:“
After dosing, the mouse was placed in an atl-glass chamber from “shcld iy, Esth
faeces and expired metabolites were collected simultaneously nnfl anasly et glacest
experiment was run for 3 days, during which time the mouse recm:dm ;;Cl; by
solution ad libitwm but ne food. The vrine and faeces were analysed fsdry e e of

The glass chamber was supplied with a constant slow corrent owm otlected by
catbon diovide. Volatile metabolites in the air leaving the chamber

trappiog devices: 3
onf.ogroai??mgdﬁed, and volatile metabolites trapped it ;:::g“m oo
described elsewhere (YLINIR 1971). Gas chromatography was per '

o ~80° B
lumes
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n0s. 1, 3, 4 and 5. Since this examination did not etclude the presence of metabolites
with the same retention times as cumene (with all columns the cumene peak appeared
between those of hl hylene and the experi was
‘repealcd with cumene replaced by cthanol. P (s and

in the breath were trapped quantitatively by the cumene. When pentachloroethane was
evaporated into the metabolism chamber withont amy animal present, examination of
the cumene trap disclosed no tri- or tetrachloroethylene; this showed that none of these
compounds was an artefact formed when the pentachloroethane vapour was passed
through the drying unit.

2. For the determination of trichloroethylene which was not retained quantitatively
by the cumene trap, a glass U-tube containing a 10 cm filling of silicone SE 30, 10
per cent on Chromosorb W, (kept at —80°) was used instead.

The same U-tube was used for trapping expired metabolites for identification by
mass spectrometry. Volatile compounds absorbed in the tube were then transferred to
2 ml of ether at 0° by means of a current of air passed through the U-tube heated to

100°. The ether solution was ined by gas hy aod mass
spectrometry.
b i of expired boli 2nd b in

the cumene sotutions were estimated by gas chromatography (columa no. 3 at 110°) as
described for 1,1,1,2-tetrachloroethane (YLINIR 1971). Trichloroethylene was deter-
mined by the foltowing procedure: The U-tube with the trapped trichlorocthylene (and
other chlorohydrocarbons) was attached to the first column connection in |l?e preheated
£as chromatograph, and column no. 3 was attached to the second cmneclx?n. Wher.l a
constant temperature (90°) had been regained (1-2 min.) the carrier gas (helium), which
Passed first through the U-tube and then through the column, was turned on. The gas
Pressure immediately reached the previously adjusted level of 0.5 kg/em?. The lmppeAd
compounds were then rapidly conveyed by the gas stream into the f:h‘romamgAraphnc
column, The reference solutions of trichloroethylene (in hexane) were injected with the
U-tube still in the chromatograph. The amounts of trichloroethylene were caleulated
from the references and a calibration curve.

Analytical di rinary metabolies.
tical procedures for uritam bolites from a mouse dosed with 20 ul of

L. Paper ch hy. Urinary
pentachloroethane were examined by paper chromatography. The procedures were the
same as used i with 1,1,1,2: thane (YLLNER 1971).

2. Isolation and identifscation. Urine from 40 mice each receiving 30 wl of penta-
chloroethane was collected for 48 hours. Assay of trichloroacetic acid (see below) gave
% total of 69 mg, The urine was acidied and extracted with ether and the ether extract
was methylated with diazomethane (YLINIR 1971). F.(nmmghon of the melhyl;[;d
product by gas chromatography (column no. 3) shouc.d a main pca.k corresponding to
methy! trichloroacetate. The product was finally examined by combnfed gas chr_em;nfy
graphy and mass spectrometry, and the pe:lk. Corfﬁppn'dmg o lnchl?ronccuc i
methylester was found to give 8 Mass spectrum identical with ll?e authentic sample.
Urine (10 ml), obtained 28 described above, was heated with concentrated hydro-
chloric acid (5 mD) in u sealed glass ampoule at 100° for one hour. The pH was adyusted
to about 5 and the solution extracted _:un(muously with ether overnight, The ether .
tion was dried over anhydrous sodlun’: sul‘phale, evaporated to abo‘ul})z ,-,}1
examined for mono-, di- and
and 3). Only trichtorocthanol was
dose, )

s
found, and this amountcd 10 about 5 per s ©

e



484 SVEN YLLNER

Urine, adjusted to pH 4.5 by an acetate buffer, was incubated with B-glucuronidase
at 37° for 48 hours as described by DanteL (1963) and the liberated trichloroethanol
isolated (YLINER 1971).
3. Quantitative d. ir Trichls ic acid and tri in the combined
faeces and urine were determined as previously described (YLLNER 1971).

Results

In vitro experiments. When p hl hane was dissolved in a neutral
butfer solution (by addition of alcohol) and incubated at 37°, chloride ions
were liberated (fig. 1). In 24 hours there was a turnover of about 80 per cent,
calculated as 1 Cl-/C:HCls. Gas phy showed that Al
ethylene was formed in a quantity equivalent to the liberation of chloride. The
absence of any colouration with the Fujiwara reaction demonstrated that no
chloral or trichloroethylene was formed. )

Volatile bolites. Gas ct aphy of the cumene solution contain-
ing trapped volatile metabolites showed peaks with retention times equal sot
only to pentachloroethane but also to tri- and tetrachlorcethylene, The
identity of these compounds was established by mass spectrometry. G?s
chromatographic examination (column no. 3) of metabolites trapped in
ethanol instead of cumene disclosed no further metabolites.

504 %

Per cent of Initial pentachloroethane

5 10 15 20 hours
i .0y 81 37%

Fig. 1. Degradation of pentachlorocthane in bulfer solution (pH 7.0) 3!

LHA-A-A pentachloroethane,

3 - ¥ - X tetrachloroethylenc.

O~0O-0 chloride calculated as 1 CI5CHCl5.
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Urinary metabolites. Urine from a mouse dosed with pentachlorocthane
(20 pl) was ined by paper aphy with 3 solvent systems. The
Tesults were similar to those obtained with 1,1,1,2-tetrachloroethane (YLL-
NER 1971). Trichloroacetic acid and trichloroethanol (conjugated) were the

f"ﬂY bolites found. Trict ic acid and 2,2,2-trichloroethanol were
isolated from the urine and identified by mass spectrometry.

Quantitative determinations of metabolites. The excreted of iden-
tified metabolites from mice receiving p hane are shown in table 1.
The mean amount of p i expired unch d was one third of

the dose, but the range was large and there was a tendency for the relative
amount to increase with the dose, Most of it was expired in the first 24 hours.

The amount of trichloroethylene expired varied cven more than pentachloro-
ethane. However, in this case the dose range was not large and there was no
correlation found between the amount of trichloroethylene excreted and the
dose of 1 The ion of the other volatile metabolite,
tetrachloroethylene, was far more constant but also did not show any definite
correlation to the dose.

Table 1.
Excreted amounts (mean values) of p and its bolites a5 a per-
centage of the injected dose P i
and trich ic acid were d i ly while was

determined in separate Tuns. ]

The figures in square brackets denote the mumber of mice examined and those in

Parantheses the range of values. In the case of CaHCls and CuCly each valuc is the

mean of at least 3 determinations, snd for CCI;CH:01 and CclJcoou' ‘h% mean of
2 determinations; for CsHC)3 each value cortesponds to one determination,

C'f}‘;a o2ihrs 24-d8hes 48-72hes T206hrs  Toul

she
CHCly 11-18 z&: g)n 4;_;? ?:_JZ} - “5;'_?1)
aen s 2200 00 Gan T a»
ey iore st MO Gen - aw
CCliCH0H 1118 1(3_,{1(7? i A - (,?_f;,

s et S8 2501 1SH)
CClCooH 18 fle ee a0
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About 40 per cent of the dose was determined as trichloroethanol and
trichloroacetic acid. A calculation of hl thane and its lites in
the expired air shows that trichloroethanol and trichloroacetic acid constitute
at least three quarters of the metabolites in the urine and faeces. The excre-
tion of trichloroacetic acid is known to be rather slow, and the compound
can be detected in the vrine weeks after administration (Anyark & Forss-
MAN 1951; Soudex & ViacrovA 1960; BartoNiiek 1962). Some additional
trichl ic acid would therefore remain in the animal after the observa-
tion period. Thus, the urinary metabolites consist largely of trichloroethano!
and trichloroacetic acid.

Metabolites of trichl hylene. Since trichl hylene was found tobe
metabolite of p hloroethane it was idered of interest to examine the
fon of trickl ic acid and trichloroethano] after the i
of trichloroethylene. .
Each of 5 mice was given trick hylene (20 pi) by injec-

tion and the urine was collected separately. Determinations of trichloroacetic
acid aod trichloroethanol excreted during 48 hours were performed. The
mean yield of trichloroacetic acid was 4.8 per cent (range 3.4-6.7) and that
of trichloroethanol 16.3 per cent (range 13.5-18.9) of the dose.

Discussion

On the basis of the results the bolic pathways of p
shown in fig. 2 are suggested. 5 y
In their study of the liberation of chloride jons from organic chloroh;:o;l;
pounds in neutral buffer solution BraY et al. (1952) found a pt?'ﬂm,)DNc
ethane degradation of 13 per ceat in 24 hours (expressed as 1 CE Il'ﬂo'r'ncm
reaction products other than chloride were determined. When‘lhc e;(rpe"h‘f et
was repeated in this study under similar conditions a considerably aﬁtcd
. reaction rate was found; about 80 per cent of the pentafhloro:thanc {icnn o
".in 24 hours, and gas chromatography showed an equivalent forma o
d h hylene. No trich! hylene or chloral was formed. ThuS,

7 is con-
non-enzymatic debydrochlorination of pentachloroethane at pH

c
CCl3-CHCI: ~» CCl:CHCl

Ne o 4d t
2 [CCLCH(OH)] = CCCHOH
® ‘e CClCH:Ogle)
CCInCCly —» CCLCOOH  [CCISCHS ket

hane. The compounds 18

d boti
iz 2. pathways of p
Fig. 2. Su were not isolated.
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siderable and, as would be expected, tetrachloroethylene was also found as a
metabolite. Tt was also shown by FOwLER (1969) that tetrachlorocthylene isa
metabolite of pentachloroethane given orally to sheep. In 2 study by YLINER
(1961) in which mice were exposed to the vapour of 1C-tetrachloroethylene,
70, per cent of the absorbed amount was expired unchanged. Trichloroacetic
acid was the main metabolite formed. The formation of this acid was con-

firmed by DanteL (1963), who ini d #Cl-labelled hylene
to rats, These findings are consistent with reactions & and b in fig. 2. When
bl t was inis d to mice parenteraily, the average amount

of tetrachloroethylene expired was not more than 7 per cent of the dose, while
16 per cent was excreted as trichloroacetic acid. Most of the acid would
therefore seem to have some other p than tetrach hyl

The fact that, in addition to tetrachloroethylene, about the same amount
of trichloroethylene was found in the expired air indicates that dechlorination
100, is a primary metabolic reaction of pentachloroethane (reaction ). This
type of reaction was found by JoNDoRF (1956) to occur in the metabolism of
hexachloroethane in the rabbit; some 12 per cent of the hexachloroethane
dose was excreted as tetrachloroethylene, Similar observation was made by
FowLEr (1969) on the hexachloroethane metabolism in the sheep.

The metabolism of trichloroethylene has been extensively studied, and the

hensive 1i jewed by DEFALQUE (1961) and SMTTH (1966).
Trichloroethylene is oxidized in vivo with the formation of trichloroacetic
acid and trichloroethanol, and chloral hydrate is an intermediary metabolite.
The conversion of trichloroethylene to chloral hydrate (reaction d) was shown
by Lerevan (1965) and BYNINGTON & LEmMaN (1965) to take place in liver
microsomes of the rat, rabbit and dog in a reaction requiring the presence of
NADPH and oxygen.

The formation of chloral hydrate in the metabolism of trichloroethylene
indicates a molecular rearr: t with the migration of chlorine. This is
consistent with DANIEL'S (1963) observation that ®Cl-trichloroethylene is

ized to tri ic acid and tri hanol with an unchanged
specific activity, and no exchange of chloride with the body chloride pool.

Depending on the species, dose and mode of administration there is a great
variation in the amount of trichlorocthylene metabolized (FORSSMAN &
Hormquist 1953; BARTONIEER & TEISINGER 1962; DANTEL 1963). It is there-
fore impossible to calculate what portion of the urinary metabolites of penta-
chloroethane was actually formed via trichlorocthylene. Tt may be the pre-
cursor of all the trichloroethanol and most of the trichloroacetic acid, but the
ratio between the exhaled tri hylene and the bined -

2chl hanol and tric acid (about 1:5) indicates an ac’

bolic pathway of p h with the f i OJI»-
ethanol and trichtoroacetic acid. In the present study, an av
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2% per cent of the trichloroethylene injected in the mice was excreted as
trichl etic acid and trich) hanol in 48 kours.

The fact that, as reported by YLINER (1971), 1,1,1,2-tetrachloroethane is

taboli to trichic hanol suggests hydrolysis of a carbon-chlorine
bond. If this is also attributable to hloroethane bolism it would
result in the direct formation of chloral hydrate (xeaction e). A similar reac-
tion has been observed in the case of the anaesthetic halothane, When ¥C- or
3Cllabelled preparations of 1,1,1-triflroro-2-bromo-2-chloroethane {(halo-
thane) were used this compound was found to be partly dehalogenated in vivo
and excreted as trifluoroacetic acid and the glucuronide of triffuoroethanol
(VAN DYKE & CHENOWETH 1965; STIER & ALTER 1966; VaN Dyke 1966).
The cleavage of the carbon-halogen bond was found to be catalyzed by en-
zymes in the microsomes, and the reaction required the presence of NADH
and oxygen.

The reduction of chloral hydrate to trichloroethano] (reaction f} was ob-
served in vitro by BUTLER (1949) to occur in most tissues of the dog and rat
under aerobic conditions. OWENS & MarsHALL (1955) found that the reduc-
tion of chloral hydrate was catalysed in vitro by crystalling horse liver alcofiol
dehydrogenase with DPNH (= NADH) as the reductant. Although tri-

hl hanol is oxidized in vive to trichl ic acid these investi
detected no oxidation in vitro in the presence of liver or yeast alcohol dehy-
drogenase and DPN (= NAD). However, the oxidation in vivo was com-
pletely p d by previous and i inistrati
Thus, ethanol and trichloroethanol seem to share common pathways of
metabolism. The kinetics of chloral hydrate metabolism in mice and the
effect thereon of ethanol has recently been studied by CanaNa & GESSNER
(1970).
The oxidation of chloral hydrate {reaction g), was found by BUTLER (1949)
to ocear only in liver and kidney prepaations. An NAD-dependent systest
that catalyses the oxidation of chloral hydrate to trichloroacetic acid was iso-
fated from rabbit liver by CooPrr & FRIEDMAN (1958). Remarkably enough, 50
naturally occurring substrate far this enzyme was found.

of ethanol.
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Meth globin Formation in Vitre by 6-Amino
Metabalites of DNOC and DNBP
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{Received September 4, 1570)

Abstract: The six cnmpouuds DNOC, DNBP, 6-, ANOC, 6-ANBP 6-AcANOC
and 6-ACANBP were g for their ing effect on
bovine erythrocytes in vitro, and also, for comparative reasons, on erylhmzy\u
from horse, dog, pig and man. Oaly the amino-nitrophenols showed any methae-
moglobin-forming effect. The activity was somewhat different for the different
species, the haemoglobin in dog erythrocytes in particular being more easily oti-
dized than the haemoglobin in erythrocytes from the other species. Differences
were also recorded between the two amino-nitrophenols, 6-ANOC being olore
active than 6-ANBP jn the bovine erythrocytes, while 6-ANBP was more active
in the pig and horse erythrocytes. In the dog and man there was a Tittte duffer-

ence bctwcen the two subsr:mccs. The usum are discussed in relation to the di-
i in sejation to the ruminants’

special position as regards the me!abohsm and the toxicity of these substances.

Key-words: in -

inants hias

Meth lobinemia due to 4,6-di henol polsoning in ots 1o
been demonstrated by Frosriz & KarLoc (1970) ns intraruminal applicatio

for-
of 2-(1-methyl-n-propyl)-4,6-dinitraphencl (DNBP} in cattle Jed t0 the
(. yl-n-propyt) p) (DNBE e il . efect of

mation of iderable of Jobine-

2-methyl-4,6-dinitrophenol (DNOC) was weaker. Because methacniogio -

nia in o jon with dini isoning is observed only in 1U
tion of amind

nants, these investigators cousxdered it lxke]y that the absotp!
metabolites, which are rapidly formed in the rumen, was respo
formation of methaemoglobin. .
To elucidate this hypothesis 1 investigated the effect of the two g:!‘lg—
phenols, as well as their 6-amino-, and their 6-acetamido dmv;‘ox::sthc s
throcytes in vitro. Since the ruminants are unique S regards b o 1959
1abolism and the toxicity of dinitraphenols (HARvEY 1958; N6 e o
Rapreesr & BUSHLAND 1960; Frostm & Kartod 1970) erylhlf:g
other species have, for comparative reasons, also been investiga

nsible for the



DNOC AND DNBP METABOLITES 491

Materials and methods

2-methyl4 §-dinitrophenol (4,6-dinitro-o-cresol; DNOC).
2{I-methyl-n-propyl)4,6-dinitrophenol (4,6-dinitro-2
2-methyl-d-ni inophenol {

1; DNBP; piNosta).

ino-4-nits resol; 6-ANOC).
! ino-4 2-sec.

2{1-methyl-n-propyl)4-ni inonh (
6-ANBP),
These substances were the same as those used by FROSLIE & KARLOG {1970).
Z-methyl-4-ni ! i it esol; 6-AcANOC).
2{1-methy!. pyl)-d-ni P 1 (6 ido-4-mitro-2-sec.
6-AcANBE).

These two substances were made from the corresponding amino compounds by N-ace-
tylation according to the method described by voGEL (1958). Their melting points
were 225-228" and 145-147°, respectively.

Samples of venous blood from healthy cattle, horses, dogs, swine and man were pooled,
sodium citrate being added as an anticoagulant, and the samples centrifuged. The ery-
throcytes were washed three times with physiological saline and once with a buffer
consisting of 9 parts physiological saline and 1 part 67 X 102 M phosphate-citrate
buffer, pH 7.4, The haemoglobin content was adjusted to a given level. The test sub-
stances, which were dissolved in the same buffer-saline sotution, and the erythrocytes
were covered with parafilm in test tubes, and incubated in & water bath at 39%1°,
Samples for methamoglobin determination were taken out at definite intervals.

Analytical methods.
The h i

were ined by the in method,
and the concentrations of methaemoglobin determined as described in STEWART &
STOLMAN (1961),

Results

Effect of DNOC, DNBP, 6-AcANOC and 6-AcANBP on bovine erythro-
cytes,

DNOC, DNBP, 6-AcANOC and 6-AcANBP at concentrations of 3 and
SX104 M (for DNPB 1.5 and 3 X 10~ M on account of its solubility)
were incubated for 6 hours with bovine erythrocytes. The haemoglobin con-
centration was 3 X 10-% M (5 g/100 ml).

In none of the experiments was any methaemoglobin formation noted.

Effect of 6-ANOC and 6-ANBP on bovine erythrocytes.

Bovine erythrocytes, with the same haemoglobin concentration as in the
first experiments, were incubated with 6-ANOC and 6-ANBP at concentra-_
tions of 1, 2,3,4and5 X 10-4 M. The results are shown in figs. 1, 2 and ¥

From fig. 1 it is scen [ha},bo_xh substances in vitro are active mclh‘...‘;
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Fig. 1. Methaemoglobin formation in vitro in bovine erythrocytes after incubation with
6-ANOC and 6-ANBP at concentrations of 1, %, 3, 4 and 5 X 10-4 M, the fowest
tration W3S

X 10-4 M etc. The haemoglobin conced "
he mean values and the distribution n three series

of experiments.

curves: 1 X 10-4 M, the next: 2
3 X 10-3 M. The curves indicate

bin-forming agents. After 2 hours’ incubation, concentrations of 1 ))(( 118_‘“ ::

result in about 30% methaemoglobin, while concentrations of s
result in about 80% (of total haemoglobin). The controls always showel
than 1 ~ 2%- »

There is a marked tendency for 6-ANOC to have a more m:;rkcric d;{m-
than 6-ANBP. This is also seen in fig. 2 and 3, where the results @
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:i& 2. Methaemoglobin formation in vitro in b
-ANOC and 6-ANBP for 2 hours at concen!
curves show the relation between log concentration and amoun!

sented in a semilogarithmic scale.
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ovine erythrocytes after incubation with
trations from 1 to 5 X 10-4 M. The
t of methaemoglobin.

It is seen that lhe;e is a linearity between
(fig. 2) and between log incubation time

rmation in vitro in bovine erythrocytes after incubation with
oncentration of 3 X 10-4 M. “The curves show the relati
d amount of methaemoglobic. The same -,
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Fig. 4. Methaemoglobin formation in

§-ANOC and 6-ANBP at concentrations of 1.9 and

and 39°. The haemoglobin concentral

vitro in bovine erythrocytes after jncubation wid:
21X 10-4 M, respectively, at 2
10-8 M. The curves show the rela-

tion was 3 X
i Tobin (100 % -+ per cent methae-

tion between i tithe and log
moglobin) at 23° and 39°, and indical

te the mean values of 4 series of experiments ¢3¢

with 3 samples.

There is also a linearity between log remaining haemo;

t

globin (100 o, =~ per
time, as seen in fig. 4 Here the re-

cent oglobin) and i

sults of experiments comparing reaction ve
garithmic scale. Identical suspensions of bovine €

simultaneously with 6-ANOC an:

locities are presented in 2 semilo-
rythrocytes Were incubated
d 6-ANBP at (appmximately) identical cos

respectively). It is seet that there is 2

centrations (1.9 and 2.1 X 10~ M,
distinct difference in the reaction ve
hours’ incubation the difference in me

locity for the two SUDSK
thaemoglobin concentrati

Student’s t-test, this

(of total haemoglobin),

and according to
For a further study of the react

jon velocitics,

bstances. After 2

on was 165
difference i
this

significant {P < 0.001).
experiment was also perform
that the reaction velocities are

ed at room temperature (abou!
ternperature dependent, 20¥

velocity should be greater when the temperature is

in fig. 4 show
vitro is a stron,
than 6-ANBP.

that this is the case,
per methaemoglobin-fomﬂug agen!

¢ 23°). Providing
difference it the

Towered. The

and thus confirms that

t in bovine

upper Cur\'fs
6-ANOC in
erythrocyes
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. obi .

Tues of 4 series of experiments cach with 3 samples,

1s 10 measure the methaemoglobin-forming activities

Comparative experimen
P in erythrocytes jrom cattle, horses, dogs, swine and

of 6-ANOC and 6-ANB
man.

In these experiments haemoglobin concentrations of 5 X 10-3 M were used,
and the concentrations of 6-ANOC and 6-ANBP were 2.5 and 2.6 X 107
M, respectively. The two series were incubated simultaneously under ™3
cal conditions with identical susp ions of the i
results are shown in fig. 5-

1t js seen from the curves

P ery ¥

that there is no essential difference,’ -
-
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Merent erythrocytes, but there are certain quanfitative differences. It is par-
ticularly clear that the haemoglobin in dog erythrocytes is more easily ox-
idized by 6-ANOC and 6-ANBP than the haemoglobin in the other erythro-
cytes, with one exception: The h lobin in horse erytt is oxidized
almost s readily by 6-ANBP as the haemoglobin in dog erythrocytes.

It one considers the amount of methaemoglobin present after 4 hours’ ia-

bation, and B the respective effects of 6-ANOC and 6-ANBP on’
erythrocytes from the same species, it is clear that 6-ANQC is a stronger
methaemoglobin-forming agent in bovine erythrocytes than 6-ANBP, with a
difference of 8 9% (of total haemoglobin). For erythrocytes from swine and
particularly horses the position is the opposite, 6-ANBP being a more potent
methaemoglobin-forming agent than 6-ANOC, while there is little difference
in the erythrocytes from dogs and man. For the horse the difference after
4 hours’ incubation is 22 9%, while for the pig it is 7 %5.

If one compares the different erythrocytes for haemoglobin conversion
with each substance in turn, one sces that for 6-ANOC the activity falls in
the following order: dog, cattle, horse, pig and man, with differences from
cattle after 4 hours’ incubation of: +15, 0, =5, 6 and +11%, re-
spectively. Por 6-ANBP the corresponding order is: dog, horse, pig, cattle
and man, with corresponding differences of: +19, +16, +9, 0 and -4 %,.
1t is seen that the dog tops both activity series by a large margin, “'h‘lf
human erythrocytes appear to be the least readily oxidized. Furthermore it
is seen that the order of activity is different for the two substances. According
to Student’s t-test the differences reported are significant (P < 0.001).

Discassion

The majority of aminophenols are known to be active methaemoglobin-
forming agents, and in man they are among the most common methact;&-
globin-forming agents in vivo (Reviewed by BODANSKY 1951; Urntexe 1 -

. and 1969; Kiese 1965 and 1966). The experiments reported here show tha

" 6-ANOC and 6-ANBP also belong to the group of methaemoglobin-forming
aminaphenals. ] . -
MAYER & Viis (1932) investigated the lobin-forming activity

o-nitro derivatives. They found that 2.4;
while 3,6»diuitrnphenal had s?m
and of these 2-amit>
“The present investiga
DNOC and D)fm’
ing 6-amino-
al effect of

of dinitrophenols and their amins
dinitrophenol (DNP) had no effect in vitro,
effect, The amino-nitrophenols were the most active,
4-nitrophenol (2-ANP) was decidedly the most active.
tion confirms that the substituted meta-dinitrophenols p
also do not oxidize haemoglobin in vitro, while the corresponc x:t}
4-nitrophenols have the same effect as 2-ANP. Thus the ess
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these compounds on h bin in vitro is analogous for these three dinitro-
phenols and their 6-amino derivatives.

Species differences in the reaction on methaemoglobin-forming agents can,
apart from the activity of the reductase systems and the metabolism of the
substances, be due to the response of the erythrocytes to the active agent.
Thus Kiest & Prxis (1964) found that species differences in methaemo-
globinformation caused by p-aminophenol can be due to the activity of the
substance in the erythrocytes themselves. They found that p-aminophenol
in vitro was 15 times more active in erythrocytes obtained from the dog and
cat than in erythrocytes obtained from cattle in experiments at room
.temperature.

‘The aminophenols investigated here also show species differences, and
as with p-aminophenol, the erythrocytes from the dog are the most sensitive.
Whether these differences are of significance for the actual comparative
toxicology of these substances cannot be assessed from these experiments,
but the results presented here do not support the assumption that such
differences would explain the met inemia in jon with
dinitrog 1 p ing in rumi In the in vitro experiments cattle
ditfer little from the other species, and this therefore indicates that the ex-
tensive production of amino derivatives in the rumen is a special factor with
Tegard to ruminants.

The observation that 6-ANOC in vitro is a stronger methaemoglobin-
forming agent in bovine erythrocytes than 6-ANBP does not immediately
appear consistent with FrosUIE & Karroc's findings in vivo (1970). They
found DNBP to be a more potent methaemoglobin-forming agent in cattle
than DNOC, but since these investigators found that 6-ANBP occurred in
the blood plasma in an unconjugated form, whereas 6-ANOC was con-
jugated, probably acetylated, this di is easily explained. Acetylat
is the most detoxicati ism for ic amines, and as
Uenieke (1964) points out, acetylation has a decisive influence on their
methaemoglobin-forming effect 1n vivo. The two acetamido derivatives

showed, in d with this, no Jobin-forming activity. Thus
it is possible that an extensive conjugation of 6-ANOC in the organism in-
lobin-forming agent, while the slower meta-

this potent
bolism of 6-ANBP leaves its effect unimpaired.

This supposition requires further from in vivo investigations, and it is also
Decessary to determine the signifi of the diaminophenols, i. e. the main
metabolites from the ruminal metabolism of DNOC and DNBP (FROSUE &
Karroc 1970), as methaemoglobin-forming agents in vivo. The diamino-
et been demonstrated in the blood plasma, but they

phenols have pot ¥ :
belong to a grOVP of compounds kpown to be potent methacmoglobir

forming agents (KILSE 1966).

tave. 56

-~
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Metabolism of 1,1,2,2-Tetrachloroethane- *C in the Mouse
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Sven Yliner
(Received July 28, 1970)

Abstract: Labelled tetrachloroethane was synthesized by addition of chlorine to
UC-acetylene. The product (0.51 pci/mg) was injected intraperitoneally into fe-
male albino mice (dose 0.21-0.32 g/kg) and the elimination of radioactivity was
followed for 3 days. Half of the dose (45-61 %) was expired as carbon diotide
and 28 % (range 23-34) of the activity was excreted with the urine About 16 %
of the dose still remained in the animal and less than 4 % was expired un-
changed. By paper chromatography and isotope dilution analysis, the utine was
found to contain di ic acid, tris ic acid, tr 1, oxalic
acid and small amounts of glyotylic acid and urea Half of the urinary activity
was not accounted for. On simultaneous injection of benzoate considerable
amounts of labelled hippuric acid, about 20 % of the dose, were excreted. It is
suggested that the metabolism of tetrachloroethane takes place mainly via a
stagewise hydrolytic fission of carbon-chlorine bonds and oxidation to give first
dichloroacetic acid and then glyowylic acid. With part of the tetrachloroethane,
2 non-enzymic dehydrochlorination occurs with the formation of trichloro-
ethylen which was atso found in the breath. It is suggested that trichloroethylene
is the precursor of the trichloroethanol and trichloroacetic acid found in urine.

Key-words: Tetrachloroethane ~ metabolism.

nary absorption of vapours of 1,1,2,2-tetra-
chloroethane LEHMANN & HascGawa (1910) found that about 80 per centwas
retained in the body. According to GsQ's (1936) observation namely that
24 hours after exposure, the fiver was the only organ still containing traces of
tetrachloroethane, there would appear to be an extensive degradation in vivo.
As regards the ‘metabolic fate of this compound in the rat, guinea pig. dog
and man, BARRETT €/ al. (1939) found no definite evidence that trichloro-
ethylene is formed of that trichloroacctic acid is excreted. Since it was found
{hat the urine of 2 man poisaned by h d an aboormal
level of oxalate (LILITMAN 1949) it was inferred that tetrachlorocthane is
ic and PP -

metabolized by hydrol . ¥y report
of the present study has beea published (YLLNER 1966).

In their study of the pulmo

ne
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Materials and methods

All melting and boiling points are and at heric pressure.
1,I:Z,Z-Telmclxlomet/mne (puriss, min. 99 per cent, b.p. 146°). The product was
examined by gas chromatography (see below) using TD (column nos. 1 and 2) and ECD
(column no. 3). About 0.3 per cent of but po trichl h was
found.
1,1,22-Tetrachloroethane11C, 1C-Labelled tetrachloroethane was synthetized by
MCKmNEY & PEARCE (1960) by thermal decomposition of the complex between labelled
lene and antimony hloride. 'YLLNER (1961) prepared MC-tetrachloroethane
by adding chlorine to acetylene in the presence of anhydrous ferric chloride, a method
based on the industrial synthesis of tetrachloroethane.

Tene-14C (1 mei at § mcify The Radiochemical Centre, A h (52 mg}
was condensed on a high-vacuum line into an evacuated tube containing about 10 mg
of freshly prepared anhydrous ferric chioride, the tube belng fitted with a fap and
cooled in Hquid air. Diy chlorine (36.5 mg i.e. 2} times the acetylene on a malac
base) was condensed into the tube, which was closed and removed from the vacuum
line, and the contents were allowed to reach and react at room temperature. Afer
18 hrs the reaction tnbe was re-attached to the vacuum line and cooled in an acetone/
dry-ice bath. The tap was opened and the excess chlorine condensed into 2 liquid-air
cooled flask containing a little potassium jodide solution. This flask was then allowed
to reach room temperature and the iodine liberated was titrated with 0.1 N sodium
thiosulphate, 2.34 ml was required, which is equivalent to 8.3 mg of chlorine. Thus,
28.2 mg of chlorine had reacted, which is twice the molar amount of acetylene. The

HC was into a bulb containing phosphorus pentoide in
order to dry it and then condensed {nto a fcted tube cooled in liquid
air, and sealed off.

Gas chromatagraphic analysis of the product from an inactive ree showed about
2.5 per cent of impurities, which were from by gas chrom-
atography with TD and column no. 1 at 108°, The crude tetrachloroethane-HC “'J:

injected into the chromatograph with a gastight Hamilton syringe (50 s) and d‘x
d in a {r trap !

fraction cor ing to the peal
— 80°, The purified product was diluted with 0.48 ml of inactive l,l,z.z»uunchlgsf

ethane and divided into 7 pl portious in sealed ampoules, which were stored at
Specific activity 0.51 pci/mg.
pFive microli):rcs o;‘ the purtfied 14C-tetrachloroethane was dissolved in 100 ml of
inactive tetrachloroethane. The mixture was fractionally distilled to constant activily,
*the level of which, for two experiments, was 97-98 per cent of the Initial tal‘nc. T:’
purified product was also assayed for tri and o onl))'
isotope dilution analysis. No activity due to tetrachloroethylene was found 30
0.03 per cent was due 1o trichleroethylene, . scwre
Cis- ond trans- 1,2-dichoroethylene. A commerctal product consisting of a m? o
of the isomers was fractionally distilled. The fractions with a constant b.p. of 600: 1
48°, respectively, were tested for purity by gas chromatography with columns 10%.
and 3. Each fraction contained less than 1 per cent of the isomir.l pard) 93
Dichl Idehyde hydrate. C: fal di (T. " ion of
distilled and the fraction boiling at 90-92° was immediately useEi [z.yr !’;;‘OT:: benzene
the hydrate according to Qooo & Mmu:x (1903). Repeated erystallization
Tiquescent crystals of m. p. 42-46°. aith
sa;cisfrn?oaceric-l,?-’"c‘ acld. Urine collected for 2 days from @ mouse dosed




TETRACHLOROETHANE METABOLISM 501

1,122 tetrachloroethane-1C (5 pl) was acidified with sulphuric acid and extracted
continuously with ether overnight, The ether extract was evaporated to dryness and
the acids ized with i y ide. The ium salts were

by paper chromatography using solvent system no. 1. The zone corresponding to
dichloroacetate was extracted with water, the solution evaporated to dryness, and the
residue dissolved in isotonic saline (0.6 ml). An assay of dichloroacetic acid by isotope
dilution analysis showed that 83 per cent of the activity was due to this compound.
Without further purification the solution (3.0 ymol HYC-dichloroacetic acid/ml, calcu-
lated from the specific activity of 14C-tetrachloroethane) was used for determining the
dichlorpacetic acid turnover in vivo.

Animals. Female albino mice were used as previously described (YLINER 1971a).

Methods.

Degradation of tetrachloroethane in neutral agqueous solution. "Tetrachloroethane
{200 ) was dissolved in 30 ml of ethanol and 70 ml of a 0.2 M potassium phosphate
butfer, pH 7.0. The reaction mixture was divided into 10-ml portions in sealed glass
2mpoules, which were incubated at 37°. The content of each ampoule was then added
lff 1ml of hexane and 50 ml of water, the mixture was shaken, and the aqueous phase
discarded. Gas ch (TD) was using column no. 2 at 50°. The
amounts of tri- and were i by com-
parison with reference solutions of these compounds in hexane.

Gos ch Gas analysis was performed with: (2) A
Perhin-Elmer fractometer no. 116 equipped with a thermistor detector (TD); (b) A
modification of the same model equipped with an electron capture detector (ECD);
{9) A Perkin-Elmer fractometer no. 116 E equipped with a flame ionization detector
(FID). Separations were effected with 2 m columns Ginner diameter 34") containing
the following stationary phases absorbed on 10 times their weight of Chromosorb W,
60-80 mesh: (1) Octylphthalate, (2) silicone SE 52 and (3) polyethylene glycol 1500.
The carrier gases were helium (TD and FID) and nitrogen (ECD).

Dosage and collection of metaboltes. Inactive or 14C-labelled tetrachloroethane (10
Per cent solutions in olive oil) was injected intraperitoneally by means of a calibrated
Bas-tight SO y1 Hamilton syringe. The mouse was then placed in an all-glass chamber
Supplied with a constant slow current of dry eir free of carbon dioxide. From the
chamber the air was first passed through an ice-cooled U-tube to remove most of the
breath-borne moisture and then through two sintered glass thimble traps, the first
(trap 1) containing ice-cooled cellosolve (ethylene glycol monoethyl ether) and the
second (trap 2) toluene cooled with dry ice in alcohol. 'The efficiency of these traps
Was tested with varjous 'l Tri and less volatile
‘?mpounds were found to be quantitatively retained, but in the case of ¢is- and frans-
dnchlomﬂhylene about 10 per cent escaped during 24 hours. Finally, the air was passed
through a trap (trap 3) containing one part of ethanol amine in two parts of methyl
cellosolve (ethylene glycol monomethyl ether) to absorb carbon dioxide. Urine and
facces were collected at the same time as the volatile metabolites, and each collection
Period was 24 hours, The mouse was fed glucose solution (5 per cent) ad libirum but no
f00d. The evperiments with Tabetled tetrachloroethane were usually run for 3 days, and
2t the end of the third day the mouse was sacrificed by decapitation and homogenized
In a Biihler apparatus. The finely ground brei was diluted with water to give a homo-
Ber;\cous suspension (250 mt).

Deze of it “The radioactivity of the samples was determined with
@ liquid scintiljation spectrometer (Packard Tri-carb, model 3314), 1. R
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were of the low-potassium, tin-foil lined screw-cap type. The freezer was opersted at
—1° The internal standard was MC-toluene (Packard Instrument Co.). The sofent
systems used were:

1. Toluene containing 0.75 per cent of PPO and 0.045 per cent of dimethyl POPOP.
Ten millilitres of this solution was mixed with 5 m! of a toluene solution of the sample
to be analyzed.

1L One part of xylene, 3 parts of dioxane, and 1 part of cellosolve were mixed. Ia
the solvent mixture 1.4 per cent of PPO, 0.07 per cent of dimethyl POPOP, and 112
per cent of naph were dissol Ten millilitres of this solution was mixed wih
3 ml of cellosolve and 1 ml of an aqueous solution of the sample to be analysed
(essentially by the method of BRuNo & CIRISTIAN 1961).

1. In a mixture of 2 parts of toluere and one part of methyl cellosolve 0.55 per
cent of PPO was dissolved; 15 ml of this solution was mixed with a 3-ml sample of
ethanolamine methy! cellosolve mixture (1:2 v/v) containing labelled carbon diovide
{JEFFAY & ALVAREZ 1961).

Quenching determinations were made with all the substances used in the isotope
dilution experiments and with the varions fractions collected from the animal.

Volatile metabolites. .
1. Examination by gas ¢ phy. The contents of traps 1 and 2 containios

volatile metabolites (24 hours) from 2 mouse dosed with 10 pl of tetrachloroethans
were combined and the mixture extracted twice with water to remove cellosolve. After
drying the toluene layer with anhydrous sodium sulphate it was diluted with toluene t
25 ml. The toluene solution was examined by gas chromatography using the ECD
{column ro. 3) and FID (column no. 1).
2D tnation of inated h

3 by isotope dilution. 14C-etrachloro-
ethane (5 pl) was injected in a mouse and expired metabolites were collecte'd for 4
hours as described above. The contents of trap 1 (10 ml) were washed out with cello-
solve. This solution was added to a mixture of 50 ml each of trichlorocthylene (nml)'!d'
ical grade, Baker Chemicals), tetrachloroethylene (min. 99 per cent, Merck AG), an
tetrachloroethane. This solvent mixture was repeatedly extracted with water to remove
and then by distillation into 3 fractions containing each of ll\t
chlorinated hydrocarbons. Each fraction was then repeatedly distilled to constant activ
i ich w. ed in solvent system no. L. )
"yh‘:lem::mc;s:f, oe?sl‘;p 2 were w:\ssg:d out with foluene, after which the 3'cblann:::(:
hydrocarbons were added and repeated fractional distillations performed in the s
way. N N
l:’aﬂicular attention was paid to the first few millilitres of the most volu:lc['{:u:;i:
" from each trap. An elevated activity would indicate the presence of 8 me;ﬂ‘ ol ‘s o
volatile than trichloroethylene. In an identical experiment the contents Odd r:;:o L
2 were . cis- and N hylene (50 m! ?f each) were & l:(' ni.(iom
with tetrachloroethane (50 m), and the mixture was sub'mmcd o frucu.m?xa st
“The cis- and trans-dichlorocthylene fractions were redistilled to zero activity.

4

Urinary metabolites. 110 8 moust
I hane (5 1) was 2 mou
. Paper . 4C-Te { Ted (0
bylinunl;cri(cn:n! injection and the urine collected for 2'4"’.17/\:"[2 ::;;!; ;‘ oy 3
sulphuric acid the urine was extracted continuously with bel( i e e etemned
rocking-vessel procedure (YLINER 1971a) whereby cther-soluble
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10 0.1 N sodium hydroxide. The alkaline extract was passed throvgh a cation exchanger
(Dowex 50 W X 4) in the H* state and the solution of free acids was concentrated
In vacup at room temperature. Separations were made on Whatman no. 1 filter paper
by the descending technique, using the following solvent systems: (1) Butanol-1.5 N
ammonium hydroxide (1:1 v/v), (2) butanol-acetic acid-water (4:1:5 v/v), and (3)
thanol 3 i i ter (161113 viv). In the case of solvent systems
1 and 3 the extract was made stightly atkaline with ammonium hydroxide prior to
spotting on the chromatograms. The distribution of the activity in the radiochromato-
grams was determined by cutting the 3.5 cm-wide chromatograms into 1-cm strips
perpendicular to the direction of migration, and measuring the activity of each strip
dipped into a counting vial with solvent system IL Reference strips containing mono-,
di- and trichloroacetic acid were sprayed with the AgNOg— NH,OH reagent of MAver
(1957).
2. Determination by isotope dilution analysis.

& Chle ic acid. CI ic acid ical grade, British Drug Houses, Ltd)
{500 mg) was added to 2 m! of urine. The solution was nevtralized with N sodium
bydroxide 2nd made slightly acid with ic acid, Excess S h i

chloride (1 g) dissolved in a few millilitres of water was added; the benzothiuronium
salt of chloroacetic acid crystallized immediately. The product was repeatedly crystal-
lized from dioxane to zero activity. M. p. 159° (decomp.); no depression occurred on
mixing with the authentic furonium salt of ic acid.

b. Dichloroacetic acid. Dichloroacetic acid {min. 98 per cent, British Drug Houses,
1td) (500 mg) was added to 2 ml of urine, and the S-benzylthiuronfum salt was pre-
pared as in the case of chloroacetic acid. The product was repeatedly crystallized from
dioxane to constant activity, M. p. 178° (decomp.); no deptession occurred on mixing
with the authentic S-b i fum salt of di ic acid.

¢ Zrichl ic acid. Tri ic acid ( 1 grade, Merck AG, Darm-
stadt) (500 mg) was added to 2 ml of urine and the S-benzylthiuronium salt was pre-
pared as in the case of chloroacetic acid. The product was repeatedly crystallized from
methanol-water to constant activity. M. p. 148° (dtcnmg); 1o dep_rssi‘on occurred on
miting with the authentic S- jum salt of acid.

d. 2-Chloroethanol, 2-Chloroethanol (min. 99 per cent, British Drug Houses, Ltd)
(500 mg) was added to 2 ml of urine. The solution was acidified with 1 ml of concen-

trated hydrochloric acid and kept in & sealed ampoule at lOOj for 1 hour. The con-

t 1 d extracted with
feats of the ampoule were dtoa tor an "
cther for 4 hou‘;s' The ether solution was dried with anhydrous sodium sulphate and

eva, up, which was diluted with benzene (5 mi). 3,5-Dinitrobenzoyl
cmgﬁ?:if.ﬁf ‘t:;nn;?edptogelhcr with 5 ol of pyridine. After 1 hour at room temper-
ature the reacston misture was dituted with ether and transferred to a separating fonnel.
The ether solution was washed first with 5 per cent sodium catbonate solution, then
with N sulphoric acid and finally with walr‘r. The ether solution was evaporated to
dryness, Teaving a crystalline mass of the ‘The product was rcpr,Med!y
crystallized from benzene-hevane, ethyl acetate-hexane, or ethanol, but in no case did
the decreasing activity reach 2 constant levcl; Hawever, lh.e final activity :or.re.spond.ed
0 less than 1 per cent of the dose. M. p. 90°. No depression occurred on mising with

ic B thyl-3,5-dinitrobenzoate.
wg‘?;iﬁ;.‘;::ﬁh;o:. 2,2-Dichloroethanol (prepared by the mcthod of Srooo &

was added to 2 ml of urine, Acid treatment and preparation
:‘,"’:’:"‘:"!‘fg&ﬁ:’ A erformed g8 for 2.chloroetbanol. Here, too, constaat
e din! Tatis e
. it ted crystallization, but the final activity nes
activity was not obtained with repes 4 "
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e'(c‘ccde.d 2 per cent of the dose. M.p. 95°; no depression occurred on miting with
B-dichl 3 5-dinitrob,

f. 2,22-Trichloroethanol. 2,2,2Frichloroethanol (purified technical product, 98 per
cent) (500 mg) was added to 2 ml of urine. Acid treatment and preparation of the

dinitrobenzoate were performed as for 2-chl h Repeated cr i wa
fmfn‘ ethyl acetate-h to constant activity. M.p, 141°; no depression
occurred on mixing with authentic §,6,-trichl -3,5-dinitrob

& Glyoxylic acid, As reported by HockADay er af, (1965), glyoxylate reacts at roon
rcm{:e:rarure with a nember of substances in normal urine. ‘This can be prevented by
acidification, and 0.1 ml of 5 N hydrochloric acid was therefore added to the tube
receiving the mouse urine, To a 10-ml specimen of the acidified vrine 50 mg of
glyox_ylic acid was added and the mixture treated with a 0.1 per cent solution of
2,d-dinj hydrazine in 2 N h ic acid. The ipitate was filtered off
and repeatedly crystallized from aqueous ethanol to constant activity. AL p. 190% no
m. p. depression was found on mixing with authentic glyoxylic acid 2,4-dinitrophenyk
hydrazon.

h. Hippuric acid. Hippuric acid (min. 99 per cent, Merck AG, Darmstadt) (500 me)
was dissolved in a small amount of 2 N sodium hydroxide, and sdded to 2 ml of wrine.
Hippuric acid was precipitated from the solution by acidifying with concentrated
sulphuric acid. The precipitate was filtered off and repcatedly crystallized from watet
to constant activity. M. p. 188°; no m. p. depression was found on mixing with authentic

hippuric acid.

i. Oxalic acid. Oxalic acid {analytical grade, Merck AG, Darmstadt) (500 mg} was
dissolved in 10 ml of 10 per cent calcium chloride solution acidified with hydrochtoric
acid; 2 ml of wrine was added and calcium ovalate precipitated by adding 2 N sm-
monium hydroxide dropwise to the boiling solution. The precipitate was filtered off,
washed with water and dried. The activity was determined by oxidation of an aliquot
to carbon dioxide as described by JEFFAY & ALVAREZ (1961). Reprecipitation to ton-

by adding i y ide to an acidified solution

stant activity was

of the calcium oxalate.
j. Urea. Urea (analytical grade, Merck AG, Darmstadt) (1 g) was added to 2ml

of urine and the bisxanthy] derivative prepared as described by GESSNER et al. (1961).
Repeated cr, iZzati was from di ter to constant activity. M.

272°. No m. p. depression occurred on mixing with the authentic bisxanthyl derivative

of urea,

. Activity of the faeces and residual activity. The combined facces, collected for 3 days,
/ were oxidized with a chromic acid — nitric acid mixture (VAN Styxe & Foral 1910
and the labelled carbon dipride was estimated as described by JErray & A'LY“FJ
(1961). Aliquots of the suspension of the homogenized mouse were treated similarfly
and the mean activity was determined from 2 or 3 samples. 5

Turnover of labelled dichloroacetic acid in vivo. The saline suluh'?n of zlrc_hfaﬂ:-
acetic-1,2-HC acid prepared as described above was injected irA\lr':xpc‘rlmnta"): ml:n;
mice (dose 0.6-09 pmol, 2.8-48 my/kg). The excretion of activily in the ur;n:mr_
expired nir was followed for 72 hours. The dichloroacetic acid in the urine wa
mined by isotope dilution analysis. "

Hippuric acid Jormation, UC-Tetrachloroethane (36-52 pmol) and (;Zfo'"" of ::L .
fion of sodium benzoate (156 pmol) were administered snmunanwu};wkd ppuric
intraperitoneal injection and the urine was collected .for 24 hours.
acid in the urine was assayed by isotope dilution analysis.
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Examination of urine from mice receiving dichloroacetaldehyde. Urine was collected
for 24 hours from mice receiving an aqueous solution (0.5 ml) of dichloroacetaldehyde
hydrate (8 mg) by intraperitoneal injection. (In 2 pilat study the LS50 was found o be
10T15 mg). ion and paper hy (solvent system 1) of ether soluble
acids were performed os described above. The urine was also examined for other
chlorinated metabolites. 1t was passed through a cation exchange resin (Dowex 50 W —
X 4) in the H* state and ized with fum hydroxide, after which paper
chromatograms were prepared using solvent systems nos. 1 and 3. All the chromato-
grams were sprayed with the AgNOg-NH;OH reagent

Results

Non-enzymic degradation of 1,1 ,2,2-tetrachloroethane at pH 7. Tetra-
hl trochlorinated by alkali with the formation of

1 is rapidly
trichloroethylene. Since this was found in the expired air from mice receiving
t hl an ination was made of the breakdown of tetrachloro-

ethane in neutral aqueous solution. Tetrachloroethane was therefore dissolved
in"a neutral phosphate buffer and the reaction followed by gas chromato-
graphic analysis, Trichloroethylene was formed slowly and in 24 hours 12
per cent of the t hane was dehy inated. In addition, tetra-
chloroethylene equivalent to 2 per cent of the tetrachloroethane was formed,
giving evid, of some oxidation under these diti

Excretion of activity and oxidation 10 carbon dioxide. The distribution of
the activity in the expired air, urine and faeces after intraperitoneal injection
of 1C-tetrachloroethane is shown in table 1. The elimination of metabalites

Table 1.

Percentage distribution of the activity excreted from mice given 1,1,2,2-tetrachloro-
ethane-1,2-14C

0-24 hrs 24-48 hrs 48-72 s
Do A ————Tanns Res- ol
Traps Trap yype total due

Traps TP yrin
gl Teaps T30 yrne 1% 3 urine 000

0. g 211 01
Og_'l; :; :id 205 o1 5 4 10 00 44 11 03 M6 1026
024 36 370 257

» g2 242 03 3 5
gﬂ :'; ;(,g 315 01 54 14 01 23 12 09 12 952

Means 38 417 258 0¢
i cxpiced chlorinated hydrocarbons.
* Traps 1+ 2 €OM L0y carbon diotide.

® Trap 3 contains respira
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was followed for 3 days. Fifty per cent of the dose (range 45-61) was oxidized
to carbon dioxide, about 4 per cent was trapped in cellosolve and toluene,
and 28 per cent (range 23-34) was excreted as urinary metabolites. After
3 days, 16 per cent (range 11-20) still remained in the animal. Less than one
per cent of the dose was found in the faeces, and at Jeast part of this aclivity
was due to contamination with urine.

Chlorinated hydrocarbons in the expired air. Part of the exhaled activity
was due to compounds which were trapped in cellosolve and toluene, Ex-
amination of these fractions by gas chromatography (ECD) showed peaks
corresponding not only to unchanged tetrachloroethane but also to tri- and
tetrachloroethyl The 1 of these compounds was confirmed by

isotope dilution, fractional distiliation, and repeated distillation of each frac-
tion to constant activity.

Trichloroethylene was found malnly in trap 2, and the activity corre-
sponded to 0.2-0.4 per cent of the dose (expired in the first 24 hours from 3
separate animals). The same amount of tetrachloroethylene (0.2-0.4 per cent
of the dose) was found to be distributed equally between traps 1 and 2, The
remaining activity was due to unchanged tetrachloroethane, which was almost
completely trapped in the cellosolve (trap 1).

As the first few millilitres distilled from each of these traps did not show
a higher specific activity than the subsequent part of this fraction (lrichloro:
ethylene), there was no evidence of any metabolite more volatile than tri-
chloroethylene. Nor did determinations of cis- and trans-dichloroethylene by
isotope dilution analysis in 2 separate run indicate the presence of any of
these compounds. The possibility that this result was due to incom?lele trap-
ping of dichloroethylene may be excluded, since under the obtaining condi-
tions about 90 per cent of the respective isomers was found (0 bc.trap;x‘d
When cither cis- or trans-dichloroethylene was d by intraper

. itoneal infection most (90 per cent) of the dose (10 i) was cxhaled un-

- changed in less than 24 hours. .
" Urinary bolites. Radiock ams of ether-soluble acids isolated

from urine were prepared with 3 solvent systems. In all chmmaxogr?nk:]solx
activity distribution showed peaks corresponding to dichloro~ fmd (I:,Cre .
acetic acid. There was also other peaks, but these metabolites W

R

identified. e cis are
The results of the urinary metabolite assay by is.uropc ddulfon a.!:lnl“)'il: fhc
shown in table 2. Of the identified metabolites dlcmor:;cmii::ry actviy.
) di ent of the ui .

P one, cor to about 25 per c 3 and oxalic acd

iabl trichloroethanol (after hydrolysis lic aci
A of A roacetic acid, gly-

w;rre also found, together with smaller amounts of ui:hlos e rouns ol
oxylic acid and urea. No chloroacetic acid was detected. n"sotopc ation
chloro- and dichloroethanol could not be excluded, but the i
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Table 2.

Tsotope dilution aralysis of urinary metabolites from mice receiving 1,1,2,2-tetrachloro-
cthane-14C, Dose 0.16-0.32 g/kg. Percentnge of urinary activity excreted in 24 hours.

% of urinary activity

Meant Range
Dichloroacetic acid 27 (D 20-34
Trichloroacetic acid 4 4) 2-8
Trichloroethanol 10 (5) 3-15
Oralic acid 7 M 5-10
Glyoxylic acid 09 (@ 04-14
Urea 2 2-3

* The figures in brackets denote the number of animals examined.

per cent and the latter,

experiments showed that the former did not exceed 1
tivity could not be ac-

2 per cent of the dose. Almost half of the urinary ac

counted for.

Dichloroacetic acid turnover in vivo. A considerable part of the urinary
activity was due to di ic acid corresponding on an average to 7 per
cent of the dose in 24 hours. To ascertain whether this compound is the stable
end product of one metabolic pathway from tetrachloroethane or an inter-
mediary product, which is further d, 2 experh were designed

(a) Dichloroacetic acid (10 mg, 78 umol) as the sodium salt in aqueous
solution (0.5 mi) was injected intraperitoneally into 2 mouse and the urine
collected for 24 hours. Ether-soluble acids were extracted and examined by

paper chromatography (solvent system 1). Comparison of the spot on the

Table 3.
UC-activitys in 3 days after intraperitoncal injection of

Percentage distribution of the
® dichtoroacetic-1,2-14C acid.

Percentage of dose

Dose MC-dichloroacetic !
acid Excreted dichloro-
wmol mgfks Urine cO: Residue acetic acid
2 38 2 06 250
o 28 2
o 2 - - 10 (3.8

091 48

-
* The product injected was 1ot pure. Only 83 per cent of the activity was d
. e aci

cid.
b The values in brackets are p of unnary activity.
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Table 4.

C 3 ion of MC- a into hippuric acid. HC-Tetrachloroethane and
sodium benzoate were injected simultaneously and the urine collected for 24 hours.

b Percentage of
Dose 14C-tetrachloroeth: Dose sodium
: cthane HCqtetrachloroethane dose

slke umol benzoate

v gmol Urine Hippuric acid
622 358 156 523 20.1 (384)
0.29 521 156 475 216 (45.6)
031 521 156 490 233 (415)

2 The values in brackets are percentages of urinary activity.

Chromatogram with spots of standards showed the urinary dichloroacetic acid
present to be about 2 per cent of the dose.

(b) A much lower dose, about 0.1 mg of dichloroacetic-1,2-1¥C acid was
injected and the excreted activity followed for 72 hours. As shown in table 3,
about one quarter of the activity was found in the vrine, one quaster in the
animal and two fifths as carbon dioxide. Examination of the urine showed

that only about 1 per cent of the dichl ic acid was eliminated un-
changed. -
Turnover of dichlor Idehyde in vivo. To ine whether a

pathway for tetrachloroethane might be via dichloroacetaldehyde, ﬂ.ﬂs com-
pound (as the hydrate) was injected into mice and the urine examined for
chlorinated pounds by paper aphy. Ct : were pre-
pared both with urine (passed through a cation exchange resin) and with .:m
extract of ether-soluble urinary acids. Treatment of the chromalt?gmms with
the AgNO;-NHOH reagent, however, did not reveal any cm?nnarcd com-
pounds apart from traces of dichloroacetic acid. Comparison m'th spots frorrn
‘standard solutions showed that less than 1 per cent of the dichloroacetal-
" dehyde was excreted as the corresponding acid. 3

Cyz:xversion in vivo of Ietra:hi:meihanz into glycine. The formation of
glycine was d by i injection of I*C-rcu:ac.hlorockh.un:
and sodium t followed by estimation of 1C-hippuric acid i the urmn;
The results are shown in table 4. The urinary activity was about 5¢ p:‘]:l Z:o *
of the dose, which is almost twice as much as if the same dose of l;":’c i
ethane had been injected without the benzoate. The hippunc acid ccwns o
tion showed that at least 20-23 per cent of the 1C-tetrachlorocthan

verted to glycine.
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Discussion

The metabolism of b hane was found to be fairly rapid and only
about 4 per cent was expired unchanged. In 24 hours 60-70 per cent of the
dose was found to be excreted as various degradation products, mainly carbon
dioxide. The results are summarized in fig. 1, which shows the proposed

bolism of 1,1,2,2 ‘hloroethane. The main route seems to involve a

4 hydrolytic cl of carbon-chlorine bonds viz dich ic acid
to glyoxylic acid (a, b, <), the metabolism of which is previously known
(I, m, n). A small amount of tetrachloroethane probably undergoes non-

enzymic dehydrochlorination to trichl hylene (d) which gives rise to the
well-known lites tri ic acid and trict hanol (¢, £, g). A
minnte amount of tetr: h is oxidized to tetr hyl (h),

which should contribute, though insignificantly, to the formation of trichloro-
acetic acid and oxalic acid (i, j) (YULNER 1961).

It was found in this study, that when tetrachloroethane is dissolved in
neutral buffer solution, it is slowly decomposed. At 37°, about one tenth of
the hil hane was d in 24 bours, and the main product
formed was trichl hyl i 1y, a small amount (2 per cent)
was oxidized to tets hyl (aerobic ditions). The amount of
t hl h d was hat larger than would be expected
from the report of BrAY et al. (1952), who studied the liberation of chloride
from tetrach! hane under similar conditi
how that the formation of trichloroethylene and tetra-
accounted for by the effect on tetrachloro-
d of the aerobic environment in parts of
e reactions can be of only minor im-

These experiments s!
chloroethylene in vivo may well be
ethane of the neutral conditions an
the body. Quantitatively, however, thes
portance, since the ted amount of tri hylene and its
trichl ic acid and tri hanol was less than 5 per cent of the

d a
CCIpCHCl  «—- CHCLGHCl: ——s [CHCLCHO]

le ¢h b
{cCICHO] CClyCClz CHCI;CO0H
t/ \& L ! Je m

i
CCI::CH:({H CCI;CO0H HOOC-COOH «——CHO»COOH s CHsNH:COOH

in
€02+ [HCOOH} ———>r

Fig. 1. sted metabolic pathways of 1,1,2.2-tetrachlorocthane.
g 1. Sugse brackets were not isolated.
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amount of tetrachloroethane injected, and less than a half Per cent was excreted
as tetrachloroethylene. It is evident that 1,1,2,2-tetrachloroethane is primarily
metabolized by some reaction other than dehydrochlorination.

In the bolism of hl hane (YLLNER 1971b) and hexachloro-
ethane (JoNDORF 1956; FowLER 1969), dechlorination, with the formation of
trichloroethylene and tetrachloroethylene, respectively, was found to be an
important primary reaction. In the case of 1,1,2,2-tetrachlorosthane this
reaction should yield 1,2-dichloroethylene. However, since even traces of ¢is-
or trans-dichlorocthylene were not found it is unlikely that dechlorination
occurs to any appreciable extent.

In the urine of mice treated with tetrachloroethane considerable amounts
of dichloroacetic acid were detected. About one quarter of the urinary activity
was d for as this pound. When labelled dichloroacetic acid was
injected intraperitoneally, it was rapidly metabolized and only about one
per cent of the dose was excreted unchanged. The excreted activity was
largely accounted for by carbon dioxide. Even when greater amounts of
dichloroacetic acid {(on a molar base, more than twice the dose vsed with

hioroethane) were admini the bolic breakdown was high and
in 24 hours only about 2 per cent was excreted in the urige.

1t would appear that, in the bolism of Bl }
acid is an intermediary compound and not a stable ead product. The rc.ln-
tively high yield of urinary dichlk ic acid from hi b, -
dicates that the major part of the tetrachloroethane is degraded via this
metabolite. Even so, the yield of dichloroacetic acid was much higher than
would be expected from the experiments performed with injected dichloro-
acetate. A probable explanation of this discrepancy is that the primary metab-
olic degradation of tetrachloroethane competitively inhibits the subsequent
degradation of dichioroacetate. )

The formation of dichloroacetic acid involves the removal of chlorine ln?m
one of the carbon atoms in tetrachloroethane. A possible reaction by Whlfh

' this could occur is hydrolytic splitting of the 2 carbon-chlorine bon.ds with
the formation of dichloroacetaldehyde hydrate and the oxidation of this to the

corresponding acid (a and b in fig. 1), The fact that when dx'ch!onzac‘ilca’t
P N torinated
dehyde hydrate was to mice, no o’ i:rxdicates st

detected in the urine apart from traces of dichloroacetic aci o st
normally dichloroacetaldehyde is rapidly degraded by tl‘w mmov:i‘ t: g
ine; this is not § with the lism of

dichloroacetic acid, since the excreted amount of this was
was administcr?d dir;’.ctly. o U—
e Ju;dcrgocs considerable fur-

acid as an intermediary compound, which then ; o s
(her metabolization. That this is effected through hydrolytic dehalogenalt

low even when it

1 hane
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indicated by the small amounts of glyoxylic acid detected in the urine from
mice treated with tetrachloroethane.

In their study of the metabolism of 1C-labelled glyoxylic acid in the rat,
WENIOUSE & FRIEDMANN (1951) found that the major part of the activity
was excreted as carbon dioxide, oxalic acid and glycine (isolated as hippuric
acid). Similar results were reported by SMiTH ef al. (1964) with regard to
glyoxylate metabolism in human subjects. NAKADA & WEINHOUSE (1953)
found glyoxylate to be oxidized by xanthine dehydrogenase to oxalate and
to formate and carbon dioxide by a rat liver enzyme. This glyoxylate
dehydrogenase was prepared from the mitochondrial fraction and studied by
NAXADA & Sunp (1958). The amination of glyoxylate to glycine is cataly
by gh ic-glyoxylic acid i In vitro studies on the metabolism
of 114C glyoxylate by liver mitochondria of the rat apd man have shown
that decarboxylation, oxidation to oxalate and amination to glycine account
for virually all the glyoxylate metabolized (CrawmALL & WATTS 1962).
Oxalate does not seem to undergo any considerable change in vivo (WE-
HOUSE & Friepyany 1951), and is an end product of one of the metabolic
pathways of glyoxylic acid. Formate is almost entirely oxidized to carbon

dioxide by the rat (WENHOUSE & FRIEDMANN 1951).

From mice iving labelled h: the above mentioned
metabolites of glyoxylate were found to account for the bulk of the. efoeted
activity, Carbon dioxide was equivalent to half the dose and leahc acid to
2 per cent of the dose. When benzoate was administered, the urinary activity
was considerably increased and about 20 per cent of the dose was excreted

as hippuric acid.
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Metabolism of *C-P hlorophenol in the Mouse
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Inga Jakobson and Sven Yliner
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Abstract: After subcutaneous or iatraperitoneal injection of 14C-pentachloro-
phenol (C-PCP) in the mouse (specific activity 16 pei/me, dose 15-37 mglkg
body weight) the distribution of the activity in the body was determined by
whole-body autoradiography and by enalysis of the individuat organs after oxida-
tion fo 14CO;. The highest specific activity was found in the gall bladder and
its contents, the wall of the stomach fundus, the contents of the gastro-intestinal
tract and the liver, This shows that there 1 both a gastric and 3 biliary secretion
of PCP and/or its metabolites, and excretion in the facces. Most of the activity
(72-83 %) was excreted in the urine in four days, about half of the dose in
24 hours, Only traces (< 005 %) were detected in the expired air. Identification
and estimation of metabolites were performed by paper chromatography and
isotope dilution techaigues. All the urinary activity in the first 24 hours was due
to PCP and probably tetrachlorobydroquinone. At least PCP was excreted in
both the free and the conjugated formt.

Key-words: Pentachlorophenol — metabolism.

I

Pentachlorophenol (PCP) and its salts, especially the sodium salt, are
widely used as biocides. Owing to the high loxifity of these compounds there
have been frequent cases of posoning. A detmled_ account of their physical,
chemical and toxcologic properties and analytical procedures has been
published by BEVENUE & BECKMAN (1967).

With regard to the metabolism of PCP little rcsca.rch scems 1o have been
done. It has long been koowd that the compound is excreted in the urine,
and Dricipuny e ak (1942) suggested that the ion of PCP in
human urine might b¢ used as a measure o{ exposure. Their experi

the rabbit showed that after oral administration most of the PCP .
changed in the urine: After intmpc:‘.‘m“‘ injection, however,

PCP is excreted U7 hang d

to their exp
detoxication through - on to sulphuric or glicu
- E

o

31 Acts pharoacologicle
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7 and organ homagenates were oxidized in the same way, However,
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occur. Nor were any other bolites d d. E ially similar results
were obtained in the rabbit by BErTs et al. (1955), who found no excretion
of PCP in the conjugated form,

Materials and Methods

Melting points are uncorrected.

UC-Pentachlorophenol. The MC-PCP was synthetized by chlorination of ¥C-phenol
(JakoBSON & YLINER 1969), Sublimation gave a product 97 per cent radiochemically
pure, with a specific activity of 1.6 peifmg.

Animals and dose. The experiments were performed on female mice (NMRI) weigh-

ing 20-30 g. A 1.25 per cent solution of MC-PCP in olive oil was injected with 2
calibrated Hamilton syringe either or i it tly in doses of
0.25-1 mg.

Collection of metabolites. After the HC-PCP had been injected the mouse was PL""_d
in a glass chamber with a constant slow current of dry carbon-diovide-free air. The air
was conducted from the chamber through an ice-cooled U-tube to remove the gseater
part of the expired moisture. It was then passed through 2 absorption vessels, the first

ining i fed b glycol hyl ether} and the other toluene
cooled with dry ice in ethanol. Finally tbe air was passed through a sintered glass
thimble trap ining one part of ine in 2 parts of methyl celfosolve etk
ene glycol monomethyl ether) to absorb carbon dioxide. As the first runs showed that
Iess than 0.05 per cent of the activity was excreted as volatile metabolites the absorp
tion vessels were dispensed with in subsequent work.

‘The urine and faeces were collected in separate vessels for 24-hour periods. The
experiment was Tun for 4 days, dvring which time the mouse was given only 5 per cent
glucose solution ad hibltum. Those allowed to live longer than 4 days after 1h1{ pesiod
were given normal faod and water. The animals were sacrificed by means of Riroged.
The heart, lungs, liver, Lidneys, brain, stomach, intestines and gall bladder were 1
moved and homogenwzed separately in water by means of an Ultra-Turax ﬂ}'Pf'm“"
The remainder of the animal was homogenized to a fine brei with a Bilhler unil The
brei was suspended in 250 ml of water and thorcughly mixed. Oxidation {0 calt:;n
diovide was performed with 1 m! samples by the method of VAN StyxE & Fotcit (1940
and the activities were assayed as described by JEFray & ALVAREZ (1961). The fascet

when tested with
de was only
1d Abere-

UC-PCP the oxidation was incomplete. The yield of labelted carbon dioti
70 per cent. The activities obtained for the facces and tissue homogenates wou
fore appear to be on the low side.
i ith 3

Radioactlvity determination. Assays were performed on all the 'ptf";::i:!lcmﬂ
liquid scintiflation spectrometer (Packard Tri-Carb, Mode] 3314} at = 1%
standard used was 14C-toluene (Packard Instrument Co.).
The determinations were performed with 3 solvent systems: N PpOPOP.
1. Toluene containing 0.75 per cent of PPO and 0.045 per cent of dnmr:}l;ylle
Of this solution 10 ml was mixed with 5 mi of a toluene solution of the ‘:a“ g“m’hn’- n
1I. One part of xylene, 3 parts of dioxane and 1 part of cellosolve
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this mixture 1.4 per cent of PPO, 0.07 per cent of dimethyl POPOP and 11.2 per cent
of naphthalene were dissolved. Of this solution 10 ml was mixed with 3 m! of cellosolve
and 1 ml of the aqueous solution, including urine, from the sample to be analysed
{essentially by the method of Bruno & CHRISTIAN (1961)).

IIL Two parts of toluene and 1 part of methyl cellasolve were mixed and 0.5 per cent
of PPO was dissolved in the mixture. Of this solution 15 ml was mixed with 3 m! of an
ethanolamine-methyl cellosolve solution (1:2 v/v) containing labelled carbon dioxide
(JEFFAY & ALvarez 1961).

Autoradiography. Three mice were Injected with 1 mg of HC-PCP subcutaneously
and sacrificed with ether after 4, 20 and 100 hours. The animals were then rapidly
cooled to ~78° with dry ice in hexane, during which process not more than about
2 per cent of the activity was leached out. After drying at ~15° for 24 hours they
were in semiliquid ymethyl cellulose get and rapidly frozen to blocks.
Sectioning was performed at —15°. A strip of adhesive tape was affixed to the surface
of the block before sectioning so that unbroken sections of the whole animal adhering
10 the tape were obtained. These were freeze-dried and placed on the photographic film
(Kodirex and Strukturix) After the exposure the sections and films were separated and
the films developed (ULLBERG 1954, 1958, 1969).

Isotope dilution analysis.
Pentachlorophenol, To an aliguo
phenol (Fluka AG, puriss) was &

1 of urine (2-5 ml) 300 mg of carrier pentachloro-
dded, followed by enough sodium hydrotide to
dissolve it. On acidification PCF was precipitated and filtered off. It was repeatedly
crystaltized from iso-octane to 2 constant activity (m.p. 190°). The sampng were
analysed by dissolution in scintillator solution T (wathout water). In the determination
of conjugated PCP the nrine was treated with 3 N hydrochloric acid at 100" for 1 hour
ia an ampoule, Owing to the low solubility of PCP in acidic solution it was necessary
first to hydrolyse the unne before the carrier could be added. The assay was then
performed in the same way as for free PCP.

i iquot of acid treated urine (sce above) 400 mg
e romsiaont (lTn C::) (ﬂllil:stma" analytical grade) was dissolved with the
tion with water the crystals were filtered off, dried
fuene to constant activity (m.p. 240°). The activity
on I (10 m) to which 4 ml of cellosolve had been

of
addition of ethanol. After precipita!
and repeatedly crystallized from tol
was determined in scintillator soluti
added,
of unne and 10 mi of 5 per cent hydrochloric acid 500 mg
ofoo‘:n':icca:fii& I(:(irc[:l AG, analytical grade) was dissolved. Five mf of 10 per cent
calcium chlonde was added and calcium ovalate was precipitated by adding 2 N am-
monium hydroxide (o the boiing solution; it was thea filtered, washed with water and
dried. To determine the actvity the oxalate was ovidized to carbon dioxide in the
same way as the homogenized mMOUSE It was repeatedly crystallized from 5 per cent
hydrochloric acid and 2 N ammonium hydroxide wntil the activity was zero.
aper chromatographic analysis of the urine was performed
Paper cl.m,...mgrrmh»l *;;’ the descending method, The solyent mistures were Lo~
amyl alcohol : ammonium hy§mide:w=lfr '(6:3:1 vivivy V) (Sore. & ot
1953) and butanot-1: acetic acid 1 water 4: 125 v/vI¥) (V). The activity was

by analysing 1 cm strips separate’) i .
sgl\c) {\s 3;,‘ prelimmary experiments, larse portion of the acivity »

310
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evaporation of the wrine in neutral apd acidic solution, ammonium hydroxide was
added to the urine before ion, after which the solution was placed
on the paper wers examined by treating the
urine with 3 N hydrochloric acid at 100° for 1 hour in ampoules. The hydrolysate was
examined in 2 ways: (1) The solution was evaporated directly to dryness {swhich resulted
in a considerable loss of PCP) and the remainder was spolted on the chromatogram,
(2) The hydrolysate was extracted with ether; to the ethereal solution ammonivm
hydroxide was added and the liquid evaporated to dryness for preparation of chroma-
tograms, (The acid extraction residne was also evaporated to dryness and chromato-
graphed). The PCP and TCH references were detected by spraying the chromatograms
with a fresh 1:1 mixture of 15 per cent ferric chloride and 1 per cent potassium
ferricyanide solutions (Pospr'3iL & Tamm 1965).

Resolts

The excretion of the activity in the urine and faeces and the distribution
and specific activities in the various organs after intraperitoncal injection of

Head
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the activity was chiefly distributed between 2 peaks with RE values of 0.6 and
0. The former peak was eluted with water and renewed chromatography of
the evaporated eluate with solvent IV then gave a peak consistent with the
RE value of 0.8 for PCP (0.78 according to SIEGEL & ScHrdeL (1953)).
HC.PCP was assayed by isotope dilution; the whole activity of the peak
proved to come from this compound.

‘The acivity at the start of the chromatogram was eluted in the same way
and the eluate was treated with acid. PCP and TCH analyses by isotope
dilution then showed these 2 compounds to be present in equal proportions.
Evaporation of the acidic solution (when part of the activity disappeared) and
Tenewed chromatography with solvent IV gave 2 peaks corresponding to
TCH (Rf = 0) and PCP. By direct hydrolysis of the urine followed by
evaporation, ether extraction and chromatography in solvent IV, the activity
was also obtained chiefly at the start and at the position for PCP.

Chromatography of the urine in solvent V showed that the main activity
fvllluwed the front like TCH and PCP. Elution of this region and isotope
dilution analysis showed that about 63 per cent of the activity of the peak
derived from PCP, which cotresponds to 53 per cent of the urinary activity.
This is the same value as was obtained by direct isotope dilution analysis of
the urine, On all chromatograms the amounts of PCP and TCH were too
small to be detected by the colour reagent.

Discussion
Int

or i of HC- t 1 in the
mouse was followed by rapid absorption and excretion of the activity. About
08¢ third of the amount injected was excreted in the form of unchanged PCP
1 the urine, As well as free PCP, some PCP was apparently found in the
onjugated form. No carbon dioxide was formed and tetrachlorohydroqui-
Bone was the only breakdown product detected. Together with the PCP after
bydrolysis it accounted for the whole of the urinary activity excreted in the
first 24 hours, The extent to which TCH occurred in the conjugated form
could not be established with certainty.

. With regard to the sodium p henolate injected intraperitoneall
1n the rat it was found by DEICIMANN et al. (1942) that of a dose correspond-
10g t0 2.4 mg of PCP 12.5 per cent was excreted during the first 24 hours
while 47,0 per cent remained in the animal, Thus, during this peried 40.5
Pﬂ cent had been converted to other products, which, however, were not
identified. Tn one animal 13 per cent of the PCP remained after 6 days. After
oral administration of the sodium salt in amounts corresponding to87, mg of -
PCP per kg in the rabbit, about 70 per cent was excreted in ti .
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TCH-conjugate
oH

OR OH OH
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Fig. 2. Suggested metabolic fate of PCP.

PCP-conjugate el TCH

hours but only 0.3 per cent in the faeces. The largest amounts were located in
the stomach and intestines, the muscles and the blood (5, 5 and 4 per cent,
respectively), while smaller amounts were found in other organs - for instance,
1~2 per cent in the liver and gall bladder, together. It was also found that in
the rabbit only traces of excreted PCP were present as conjugates with
sulphuric or glucuronic acid, and BETTs et al. (1955) found no excretion of
conjugated PCP.

With regard to the rate of excretion and the distribution between the organs
the results of the present study in the mouse are thus consistent with those
reported by DEICHMANN et al. (1942) for other species. Also in respect of the
amount of converted PCP our results are in agreement with the calculations
of DEICIMANN et al. (1942) on the difference between the dose and the
recovered PCP in the rat. In the rabbit, on the other hand, the breakdown
during the first 24 hours was only 9 per cent. It should be noted, however,

NO2 {or-NHz)

a l o
N\
cl
NO2
al
ct
a

Fig. 3. Hydrolytic dehalogenation of some ar
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Fig. 4. The turnover of PCP and/or its metabolites in the mouse.

that these investigators used an analytical method (colour reaction with nitric
acid after steam distillation of acidified samples) by which the same results
would be obtained for TCH as PCP.

In contrast 1o the findings in the rat and the rabbit, the results of the

Present study in the mouse show that part of the PCP was excreted in a
conjugated form, The nature of this conjugate was not investigated.
H)'dmlylic dechlorination of aromatic compounds, the process by which
TFH s formed in vivo from PCP (fig. 2), has been observed in the rabbit
Vith 24,6-trichloronitrobenzene and -aniline and possibly with 2,4,5-tri-
chloron in paper aphi ination of urine meta-
bolies (g, 3) (Berts et al. 1957). Hydrolytic dechlorination is, however,
ouly a subsidiary reaction in the ism of these cc d

A.““mber of organic compounds, most of them basic, are secreted by
8a5tc fuice, a process that was almost ignored until SHORE et al. (1957)
Dublished 5 hypothetical explanation of this process. The recent literature has

R reviewed by Harr et al. (1969). The high specific activity in the wall of

© stomach fundus and the stomach contents evident in the autoradiograms
(g, 1) shows that PCP is also secreted in this way. The activity in other parts
Of the wall of the gastrointestinal tract affords no evidence of any secretion

ere. The high specific activity of the gall bladder and its contents, however,
shows fhay biliary secretion is also important in the metabolism of PCP. The
“XCretion of PCP and its metabolites thus occurs via the kidneys and by the
p'?“sm of gastric and biliary secretion; the greater part being passed in the
“nn.e_ The detoxi occurs to a iderable extent by direct renal fil-
Uation, since about one half the urine activity could be ascribed to non-

njugated pCP, The turnover of PCP and/or its metabolites in the mouse
15 shown iy fig. 4.
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Changes in the Formation of *H-Catecholamines from *H-DOPA
and *H-Tyrosine Induced by Unlabelled DOPA

By

‘Torgny Persson and Bertil Waldeck
(Received September 24, 1970)

A!mrau: Various doses of L-DOPA were given intravenously to mice together
:"L"lh SH.L-DOPA or SH-tyrosine. Two hours later the animats were killed. The

N ine (NA) and 3H.: ine (DA) in the caudate nuclevs, the re-
mainder of the brain and the heart were determined. In some experiments only
“?hb:l]ed L-DOPA was given and NA and DA were determined fiuorime-
trically. With doses of DOPA 10 and 100 mefhg, the SH-NA but not the SH-DA
formed from SH-DOPA in the brain decreased, indicatng a saturation of the
DA B-hydroxylase. In the heart a similar decrease was observed with a ten times
lower dose. In the caudate nucleus an increased synthesis of SH-DA from SH-
DOPA was observed following the administration of 100 mgfkg DOPA. The
!Ormallon of 3H-NA both from SH-tyrosine and from SH-DOPA was influenced
i a similar way by DOPA. There were no marked changes in the levels of
unlabelied amines under the present experimental conditions.

Key-words: Mouse brain - DOPA — catecholamine synthesis.

!“A"hcr the administration of YH-DOPA in pg quantities to mice, the ratio of
- -dopamine (DA) to *H-nor line (NA) in the brain was lower than the
Physiologically” normal value (PERSSON & WALDECK 1968). When, on the
Mh_" hand, YH-tyrosine was given in the same low dose a “physiological”
1atio between the tritiated catecholamines was obtained (SVENSSON & WAL-
DECK 1969). Similar results have been obtained in rats (PIRSSON 1969).
ﬁkkmoum & PrerscHer (1968) found that the ratio HC-DA/HC-NA after
C-DOPA was higher when a high rather than a low dose of the precursor
Was given, After a large dose of 1led DOPA i of DA
accumulate in the brain, preferentially in the caudate nucleus (BERTLER &
Rosexcren 1959).
In this study the relationship between the dose of SH-DOPA and the yield
of 3H.NA and $H-DA has been further investigated, particularly with -
10 the formation of YH-DA in the caudate nucleus. The effect of - -
the formation of H- r'h .. DA from *H-tyrosiae has also K




526 ‘TORGNY PERSSON AND BERTIL WALDECK

Material and Methods

Female n.\ice ‘weighing about 20 g were used in all experiments. L-DOPA-2,5,6%H
and L-tyrosine-3,59H with specific activities of about 30 cifmmol, were obtained from
The Radiochemical Centre, A h The radiochemical purity was regularly checked
by radiopaper chromatography (PERSSON & WALDECK 1970).

To obtain an injectable solution of DOPA at higher doses, it is necessary to dissolve
the compound in hydrachloric acid and then adjust the PH 1o about 5 by ¢ g sodium
bicart Due to a 1 ion, calcium carb was used for this
purpose in the experiments presented in tables 1-3, This resulted in Ca** doses which
could have been up to about 30 mg/kg, However, table 1 in which calcium carbonate
was used and fig, 1 where it was not, contaln data from similar experiments. There
were no obvious differences in the yield of 3H-NA and SH-DA between these experi-
mental series. Moreover, in a pilot study the experiments shown in table 1 and 2 with
100 mg/kg of DOPA were repeated with and without Ca*+. Again no conclusive effect
of Ca** was obtained (data not shown),

The i were by decapitation of the animals, after which the
brain and the heart were removed for analysis. In some experiments the caudate nucleus
was separated from the remainder of the brain after the lIateral ventricles had beea
exposed by sectioning the corpus callosum and the fornix, The tissues were extracted in
perchloric acid (BERTLER ef al. 1958). SH-NA and SH-DA were isolated from the
extracts by a combination of alumina and DOWEX columns before liquid scintillation
counting (PERSSON & WALDECK 1968). NA was ined fluorimetricall
as described by BERTLER ef al. (1958)) and DA according to CARLSSON & WWaALDICK
{1958) as modified by CARLSSON & LINDQVIST {1962).

Results
Effect of DOPA on the formation of SH-NA and SH-DA from SH-DOPA in
the brain and heart.

SH-L-DOPA, 10 pg/kg, was mixed with various amounts of cold L-DOPA
and given to mice intravenously. Two hours after the injection the anl{nnls
were killed. The ®H-NA and 3H-DA in the brain and heart were detem‘une.d
(fig. 1). In doses up to 10 mg/kg of DOPA, the yield of SH-NA in lflc brain
was not significantly changed. From 10~100 mg/k, however, the yicld was

. reduced about 3 times (P < 0.001). At the lowest DOPA dose, 3H-DA was

' ‘about one third of the corresponding SH-NA value. After 100 mgfkg of

“DOPA, SH-DA did not show any changes, which indicates that the twe SH-
amine levels were equal.

In the heart the yield of
higher than in the brain. With 1-10 mg/kg of
about 3 times (P << 0.005). With 100 mg/kg th p
fold decrease as compared with the value at 1 mg,
difference in yield gf *H-NA between the brain and hcar: “gSAﬂil:ng‘sé
eliminated at the high dose level, As in the brain, the yield of H[.)OPA e
heart was not influenced by the dose given. With 100 mgfhg of 4
concentration of SH-DA was about half that of SH-NA.

S.NA at low doses of DOPA was about 6 times
DOPA this yield was reduced
e SH-NA level showed 2 tefi-
kg (P < 0.001). Thys the
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Unlabelled DOPA intravenously. Two hours later the animals were hilled. The SH-

Slecholamines in the brain and heart were determined. The mean + S, E. M. of 3 ex-

Perimentat proups each comprising 6 animals are shown. 1 fmol = 10-25 mol. Sold line:
$H-noradrenaline. Broken line: 9H-dopamine.

JE‘;I‘;‘ of DOPA on the distribution of SH-NA and $H-DA formed from
DOP4

in the brain, .
i s SXperiment difered from the previous one in that L-DOPA was given
M doses of 1 and 100 mgfkg only; moreover the caudate nucleus was dis-

Table 1.

m::;zad"“““ CHNA) and SH-dopamine (*H-DA) in the brain and heart after

togety PA 81 different doses of ualabelled DOPA. Mice recerved 10 ng/kg SH-DOPA

Hleg o Uolabelled DOPA intravenously, Two hours later the anmals were
e SH.]

NA and SH.DA in the caudate nucleus, the remainder of the brain and

e
g VEEC determined. The mean &8, 7M. of & experimental grous, each €ome
® 6 animals are shown, The data are expressed i fmoles (10715 mol) per gram
tissu
Unl\ &
D::;Rd Caudate nuctens | Remainder of brain Heart
gty

SH.NA I SH-DA | SHNA | SHDA | SH.NA | sHDA

Bt g

6291531 266+13 61+3 | 1561111} 106k 14
KRS
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sected out from the remainder of the brain and analyzed separately. The
results are shown in table 1. The level of *H-DA in the caudate nucleas
increased twofold when the dose of DOPA was increased from 1 to 100
mgfkg (P < 0.001). 3H-NA was 7 times lower than $H-DA after the fow dose
of DOPA and may have further decreased after the high dose. (The estima-
tion of Jow levels of 2H-NA is subject to a larger error in the presence of
relatively large amounts of SH-DA). In the remainder of the brain the in-
crease in ®H-DA was less i e. 40-50 per cent (P < 0.001). *H-NA in this
part of the brain decreased 2-3 times with increasing doses of DOPA i.c.
from 1 to 100 mg/fkg (P < 0.001).

Since this experiment was carried out four months after the previous one,
the heart was analyzed for i The data on the heart from

P Purp

the two experimental sedes were in good agreement {compare table 1 with
fig. 1).

Effect of DOPA on the formation and distribution of SH-NA and 3H-DA
formed from 3H-tyrosine in the brain and heart.

Mice were given SH-tyrosine, 10 pgfkg intravenously, either alonc ot
together with 10 or 100 mg/kg of L-DOPA. One hour later the am'm.als were
killed. The H-NA and *H-DA in the caudate nucleus, in the remainder of
the brain and in the heart were determined. The results are shown in tableA 2
The yield of SH-DA in the caudate nucleus tended to decrease with an in-
creasing dose of DOPA, although statistically significant differences were ot
obtained. $H-NA in the caudate nucleus showed no changes. In the remau‘xdﬂ
of the brain also, H-DA tended to decrease but again not siguiﬁcaully,. 51.1155
the scatter was relatively large. SH-NA, on the other hand, showed 2 dnstmocé
fall, particularly when the dose of DOPA was increased from 10 m‘lcs
mg/kg. Here the yield of SH-NA further decreased by about 3 um!r
(P << 0.005). A threefold reduction in the yield of SH-NA was already of

. served in the heart with a dose of 10 mg/kg of DOPA (P <X 0.001). There
¢« were no changes in the 3H-DA in this organ.

- Effect of DOPA on the levels of NA and DA in the brain and hearl: oo
Unlabelled DOPA, 1 or 100 mg/kg, was given intravenously to mnve.’ .
hours later the animals were killed. The NA and DA in the cauda:; nmit mcnls
the remainder of the brain and the heart were determined. Ur.ﬂre;ﬂ ! ]:1; e
served as controls. No significant changes in the catecholamine )ﬂfb:;c o
caudate nucleus could be observed after DOPA (tadle 3}, -".“'“’;i 4 i the re-
a tendency to a slight increase of both NA and DA. W}ulsl:c 0 por eeol
mainder of the brain did not change, DA was inereased ;7’}:\-’! e o slght
(P << 0.001) after 100 mefkg of DOPA. In the heart

increase after a dose of 1 mgfkg DOPA (P < 0.05)-
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Table 2.

?}::';;:";;“‘““M'(3H-NA) and SH-dopamine (H-DA) in the brain and heart after

ety ‘:l:ﬂd different doses of unlabelled DOPA. Mice received 10 pg/tg *H-tyrosine

n; ffH-N;\ “l:!hﬂhelled I?OPA intravenously. One hour later the animals were killed.

bt were dﬂ: H-DA in the caudate ucleus, the remainder of the brain and the

Mnsing 6 2ot ermined. The mean + S, E. M. of 6-7 experimental groups. each com-

5 6 animals are shown. The data are expressed in fmoles (10713 mol) per gram
tissue,

—_—
U
lg:)b;:zd Caudate nucleus M ______Hi"__-

4714 83+ 16 61+8 132£42
35%5 78416 212 118141
13£2 59411 19%8 127 £ 40

0 3745 {10442200
110 417 | 29x187
0 36%6 | 6022170

Hvliam for the heart seem to indicate increased fevels of DA after DOPA.
hever, the values are near the analytical limit of the method and not
Statistically significant.

Discussion
Whea increasing amounts of unlabelled DOPA were added to one and the
::_le tmf“ dose of SH-DOPA, the yield of NA and DA formed from this
b ino acid in the brain and heart, rose at first almost linearly, as indicated
¥ the constant yield of SH-NA and $H-DA. With doses of DOPA between
10 and 100 mgfkg this course was no Jonger found for NA in the brain, the

Table 3.
amine (DA) in the bramn and heart after different doses
intravenously in various doses. Two hours later the
animals were killed. The NA and DA i8 the candate nucleus, the remainder of the
bral and the heart were determuned: The mest +8.E. M. of 6 experimental groups,
each comprising 6 animals 31¢ shown. The data are expressed in g/ tissue.

:l‘oradlennline (NA) and dop
DOPA. Mice recewed DOPA

Cowdate nucleus | Remaioder of brain Heart

pora | T
mglhg NA ‘ DA NA ‘ DA NA DA

o [ozo£007| 70%08 |57 +004|0.402003{0.732 004|005 2003

1 0 ooz| 7504 {06003/ 045L 0011095008022 0.10
0o |osozoo] 7703 063£003]|051£002{093£009]025+
E -

M Aca pharmacotogica: Y- 29,
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relative yield of this amine being reduced. In the heart this change was al-
ready evident with doses between 1 and 10 mg/kg of DOPA. Since the forma-
tion of DA from DOPA did not appear to cease, saturation of the DA p-hy-
droxylase seems to be the most probable reason for the reduced yield of NA,

The penetration of DOPA across the blood-brain barrier appears to be
relatively poor, partly due to decarboxylation in the capillary walls of the
brain (BERTLER et al. 1966; CONSTANTINIDIS ef al. 1969; BARTHOLINI &
PLETSCHER 1968). This may explain why a retarded NA synthesis was ob-
served rather in the heart than in the brain with the lower doses.

In agreement with previous investigations (BUrRACk & Draskézy 1964;
BARTHOLTNI & PLETSCHER 1968; PERSSON & WALDECK 1968), the yield of DA
in the brain after moderate doses of labelled DOPA was lower than that of
NA, in relation to their endogenous levels. When Iabelled tyrosine is used a |
more “physiological” ratio is obtained (see also UDENFRIEND & ZALTZMAN
X 1963). This relatively poor yield of DA after labelled L-DOP?
as compared to that following L-tyrosine has also been demonstrated in th
caudate nucleus (PErsSoN 1969), indicating that the differences obsenet
involved a different transmitter yield in DA and NA containing neurons.

The increase in the yield of 3H-DA in the caudate nucleus with incrfasgg
doses of DOPA (table 1} may be due to saturation of a mechanism which in
one way or another reduces the yield; for example the DOPA decarb‘oxb""“.c
of the barrier (see above), hol-O-methyl tr or sl
dase. The difference which appears to exist between DA and NA neurons it
this respect may have several possible reasons. It should be recalled that there
is a difference in the amine uptake mechanisms of the celt brane between
NA and DA neurons, only the former being efficiently blocked by ¢.&
tricyclic antidepressives (CARLSSON et al, 1966; HAGGENDAL & HAMBIRGIR
1967).

Th)e formation of SH-NA both from 3H-tyrosine and from SH-DOPA w3
influenced ir & similar manner by DOPA. Thus, in both cases, the reduction
in the yield of SH-NA occurred with the same dose of DOPA, and .w:xs lo\.\e!
in the brain than in the heart. These data suggest that after increasing

: b
" doses of DOPA, the DA p-hydroxylase is the first enzyme to approad

saturation. decroase with

i i tH.DA from SH-tyrosine tended to
e ot DO A sepecialy n he o 4 ueleus. This demonstrales 00

high doses of DOPA, especially in the caudate n i nin

effect of DOPA on the endogenous synthesis of _DA in g:Ac?;l:t;m{;

neurons. The effect may be due to an inhibitory action of D o A

bolites, or both, on tyrasine hydroxylase or on the transpost 0 yT

the neurons. b ob-
A significant increase in the endogenous level of DkA :?‘;1)% ;Z s

served in the caudate nucleus two hours after 100 mgfkg
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::z :;;nfhfxons 2030 per cent of the total DA should have been derived
oo D(;:‘chted DOPA Aas calcul:?teq from table 1. In the remainder of the
Ihise; bl ];%:ls'ed a shgh.t but significant increase in DA. To what extent
o at pres e is located in the catecholamine neurones cannot be elucida-
et e:ﬂ.t- DOPA may also be decarboxylated in 5-HT neurones. In the
ogiate s sive amounts of DA formed after DOPA administration, may
o . g. from mast cells.

o ;h!lh u;othe brain and heart the NA derived from 100 mg/kg DOPA was
slmweg - 1;Er gem of the total (c. f. fig. 1 and table 1); only the heart
andh elevation of the normal level. This difference between the brain

eart may be explained by the slower turm-over of NA in the latter organ.
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Effects of Chlorpromazine and Propranolol on Left
Ventricular Systolic Pressure, ECG, and K* Efflux in the
Isolated Perfused Rat Heart
By

Asbjorn Langslet and Morten Ryg
(Received October 20, 1970)

::‘imu: Isolated tat hearts perfused with a perfusate from which K+ had been
ib ted imd replaced by Rb* had a spontaneous rate of contraction which was
uh?;“ 5% slower than that of the hearts perfused with K*-containing perfusate,
10‘%‘ the electrically driven hearts had a contractile force which was about
B lower, Tsoprenaline and glucagon caused a maximal increase in contractile
orce of 60% and 50 % respectively which is equal to the increase obtained
th a Ke-contzining perfusate. C ine (C), d. ol (d,1-P) and
ropranalol (d-P) in concentrations fram 105 M to 5 10 M caused dose
;pmdenl decreases in a) the heart rate from 13517 ‘beats/min. (mean £

D) 4 controls) to a minimum of 62 (C), 61 (41-P) and 60 (d-P). b) impulse
Sonduction velocity expressed as PQ from 1221 sec. & controls) to a
;mmmum of 66 (C), 49 (d-P) and 48 (d-P). ¢} leit ventricular systolic peessure
fom 95+ 3 mmHg (4 controls) to a mumimum of 56 (C), 45 (4)-P) and 44
() d) potassium efflux from 4.2 £ 0.2 meq./g dry weight X 102 (8 controls)
102 minimum of 2.9 (C), 2.7 (d,1-P) and 26 (&-P) It is suggested that the eflects
0 be explained as secondary to drug induced changes m the cell membrane.

Key-words Perfused rat heart — chlorp - 1 -
Sabilizers,

-

Several investigators have described a positive correlation between the
f“m: on the cardiac electrical and mechanical properties and the effects on
0 flux induced by a variety of membrane stabilizing drugs, e. g. neurolep-
e, thymolep hetcs, barbi quinidine, and g-adrenocey
blockers (HOLLAND 1957; SHANES 19582 and b; HOLLAND et al. 1959; Kroin
et al, 1960; NavLER 1967, NAYLER ¢f al. 1969; VAN ZWITTIN 1969; LANGSLET
19703 ana b).

T previous experiments we have studicd drug induced changes on K*-
efflux from hearts perfused with a K* — and Ca**-free perfusate (Langsrer”
19702 and b). In these experiments K* was omitted in order” -
the K+_gradient between the intracellular and extracellular, ’ :
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to prevent the active uptake of this ion during the perfusion. It was als
fecessary to remove Ca** in order to maintain sufficient coronary flow in th
absence of K* (LANGSLET 1970a). This perfusate is highly “unphysiological
and when this is perfused, the hearts stop beating and cannot even be drive.
electrically.

Recently vAN ZWIETEN (1968) demonstrated that isolated atria suspender
in K*-free, Rb*-containing Tyrode solution showed normal mechanical ac
tivity. We therefore decided to study the effects of the membrane stabilizer
dl-propranolol, d-propranolo! {proprasylytum NFN) and chlorpromazine of
the ECG, the cardiac contractile force and K* efflux in isolated heart
perfused with a buffer containing Ca** and in which K* was replaced by Rb*

Material and Methods

Female Wistar albino rats weighing about 200 g were used as heart donors and the
hearts were excised under ether anaesthesia, The methods used for heart perfusion sre
described in detail elsewhere (LANGSLET 1969; LANGSLET 1970b).

During the initial perfusion period (10 min.) the hearts were perfused with a modified
Krebs Ringer bicarbopate solution (LANGSLET 19702) which was not secisculated.
Following this, the hearts were f to the recirculation uait. The recirculated
perfusate (40 ml) contained 180 mg/100 ml of glucose and the following jons (meq.l):
Rubidivm: 5.3, sodivm 143.4, calcium 5.1, magnesium 2.3, chloride 126 4, phosphate
H;POy 2.4, bicarbonate 25, and sulphate 2.3, Both perfusates were continuously aerated
with 95 % Oz and 5 % COs.

A. Perfusion of the isolated spontaneously beating heart at 32°.

The hearts were perfused in the recirculating circuit for 10 min. before the test
compounds were applied. After this either saline, d,l-propranolol, d-prcpranfﬂcl or
chlorpromazine was added, and the perfusion carried on for another 10 r.nm‘ The
coronary flow was measured and the ECG-tracings were recorded at regular jatervals.

B. Perfusion of the isolated electrically driven heart at 32°. ¢
The hearts were electrically driven with square wave pulses (12 V, 0.25. ms=f~) "(
180 beats/min, Ten min. after initiation of the perfusion in the recirculating c:mlhl
- either water, d,l- d- or chlorp ine was added, ::md ly:
(“perfusion carried on for another 10 min. The left venlriuﬂ?r pressurc was TUIIAREY
“ recorded and the coronary flow measured at regular intervals.
In order to test the pr?)’::lm(iun either isoprenaine 2 X 209 M (2 bearts) of plucagan
22X 10°8 M (2 hearts) was added.

C. Perfusion of the isolated asystolic heart at 16°. 2
Preliminary studies with clectrically driven bearts at y b

caused 2 d?s’e dependent decreasc in potassium loss. Since this loss P‘:g:‘:i:n‘l:

decrease in the left systolic pressure, the potassium loss :'ould be d{.te H': :gﬂm todic

a passible ing effect of the The p loss :.as thes

in hearts hept in an asystolic state by lowering the temperature 1o L d‘ru + The coronat]
The hearts were perfused for 20 min. with and without the adde rir intepvats, Thi

flow was measured and samples for K* analyses were removed at regu

showed that 2l the drud
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IR loss from the hearts during the perfusion period was calculated in meq/g.dw.
{443 = gram dry weight: the hearts dried at 95° for 48 hours).

D letraments, assay s and drugs. er i
AButon® square wave laboratory stimulator was used for artifical pacing of the
bt A Sanbom® transducer connected to a Hewlett Packard 7702B recorder was

1t messuring the left ventricular systolic pressure. The Hewlett Packard recorder
*ued for ECG registrations.

K vas measpred by a Zeiss flame spectrophotometer for atomic ahsorption.
dtPropranotol and d-propranclol werc obtained from LC.L (through Scanmeda)
odblorpromazine from Dumesx, The drugs were dissolved in saline,

Results

- ADugeffects on the spontaneously beating and the electrically driven heart.
12 non-stimulated hearts showed a sinus rhythm with constant rate
duing the, first 1-2 min. of perfusion. The electricaily stimulated hearts
foloweg the artificial pacemaker and showed a constant left ventricular
totractile force, About 4 min. after switching to the Rb*-perfusate the rate
detreased by about 5 ¢, (spontancously beating hearts) and the left ventri-
iy contractile force by about 10 %, (electrically driven hearts) in 2-3 min.,
tthen remained constant, The controls maintained a constant rate without
Y thunge in the ECG and a constant left ventricular contractile force

CONDUCTION VELOCITY (17PQ)
INPER CENT OF CONTROL
100,

o CHLORPROMAZINE
40 © d,1-PROPRANCLOL
* d-PROPRANOLOL

106 1078 1074M
DRUG CONCENTRATION
::Iv:dl' Dose response curves (based on ECG-tracings) for drug induced decrease in .. -~vw.
- Uction velocity (expresses as 1/PQ = PQ"1). Fach point represents
shows the 1/PQ 5 min. after addition of the drug calculated
u 'Q before the addition of the deug. 6 hearts received chl .
24 6 d-propranolol. Saline was added to 4 bearts I -
figure). No chgngciz:ic 1/PQ was observed in these *

L

GRS experiment .
in -
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CARDIAC RATE
IN PER CENT OF CONTROL

o CHLORPROMAZINE
40 o d./-PROPRANCLOL
* d-PROPRANOLOL

106 1075 107M
DRUG CONCENTRATION

Fig. 2. Dose response curves for drug induced decreases in cardiac rate. Each point

represents on¢ experiment and shows the rate 5 min. after the addition of the drug

calenlated in per cent of the rate before addition of the drug. The corves are based on

ECG-tracings in the same expeniments as described in the legend to fig. 1. No change in
the rate was observed in the 4 contral hearts,

during the remaining perfusion period, All the drugs at concentrations above
10 M caused a dose dependent increase in the PQ-interval (fig. 1) and a
decrease in rate (fig. 2). At concentrations above 5 X 10-5 M partial and

CARDIAC CONTRACTILE FORCE
N PER CENT OF CONTROL

a CHLORPROMAZINE
40 o dJ-PROPRANOLOL
o - PROPRANOLOL

P
g s 1w
DRUG CONCENTRATION

Fig. 3. Dose response curves (based on lefi ventricular pressure ucnrdmy). l‘mld‘r:‘;
induced decrease in cardiac contractile force. Each point represents one experimenl v
shows the contractile force 5 min. after addition of the drug calculated in per “_:e ,
the contractile force before addition of the drug. 7 hearts received chlar]!‘””:i”s‘hn;m
d J-propranolof, and 7 d-propranotal. Saline was added to 4 he:‘r(s (:onlrvo:‘-l:'ol pests
in the fipure), No change in contractile force was observed in these ¢
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POTASSIUM LOSS
IN PER CENT OF CONTROL

& CHLORPROMAZINE
40 o d,{~-PROPRANOLOL
o d-PROPRANCLOL

1078 108 10y
ORUG CONCENTRATION
Fig. 4. Dose response curves for drug induced decrease In K+ Ioss from asystolic e,
Each point represents one experiment and shows the total K* loss (perfusion l;;::
min} calculated in per cent of the total loss {(mean) from 7 control heary },’r"
added). Six hearts reccived chlorpromazine, 7 d.l-propranolol, and 7 d-prn;,,.“;m
Only minor change in the tosonary flow (increase) were induced by the drugs ;l'd'
concentration range shown in the figure (st concentrations above 53¢ 10 5 yy \|"

. M, by
promazine decreased the flow under the present experimental conditiany,, Ehler

fater total AV-block appeared. All the drugs caused a dose depeng
erease in left ventricular systolic pressure (contractile force) (fig, 3),
At concentrations above 10 M d- and dJ-propranolol an ineres,
coronary flow was found. In addition chlorpromazine decreased H;/:i
concentrations above 5 X 10 M. "
Tsoprenaline (2 X 10-8 M) and glucagon {2 X 10 M) respectjy,
about 60 and 50 per cent increase in cardiac contractile force,

dent g,

ely ey, "

B. Drug effects on K* efflux from the asystolic heart.
The hearts of this series were perfused at 16° and did not COntragy
the perfusion period. The ECG too showed no electrical activity, L
experiments with Ca**- and K'-free buffer, the coronary flow dig Rot :,
on addition of the drugs (LANGSLLT 1970a and b). When Pertus, »
performed with this Rb*-, Ca**-containing perfusate, a fall in,ﬂle n;"l
flow appeared at ions of chlorp ine above § ¢ mﬁ"%
Pranolol (d,- and d,1) did not decrease the flow in any of the c‘mcq;.”

tested. At lower concentrations all the drugs slightly incree?’d the ¥
As shown in fig. 4 the drugs tested reduced the amount of K* log,

hearts, d,1-Propranolol, d-propranolal and chlos; o -f

in this respect.

.
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interface. NAYLER ef al. (1969) recently showed that several f-adrenoceptor
blockers including propranolol impede this transport and that this effect
parallels their negative inotropic effect.

The molecufar mechanisms of the drug action however, are poorly under-
stood. It has been suggested that the stabilizers change either the proteins
(Mrzusuma & Komavasmn 1968; Mrzusmaa & Sakar 1969; Mizusimn
et al. 1970), the lipids (Snanes 1963; Suarez-Kurz et al. 1970), the lipid-
protein interface (HUBELL et al. 1969) or displace ions from binding sites in
the membrane (KWANT & SEEMAN 1969; Suarez-Kuriz ef al. 1970). The
drugs thus alter the physical properties of the cell b by one or more
of these changes. This alteration in the physical properties of the membrane
may make the cell less excitable and the membrane less permeable, the latter
phenomenon being parallel to the former and not the cause of it. The fact
that membrane stabilizers decrease permeability to macromolecules in the
liver (FONKALSRUD ¢t al. 1969) and heart (unpublished observations in our
laboratories) lends support to this hypothesis.
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From the D: of Hi ); and Psychiatry I1,
University of Lund, Sweden

Effect of Chlorpr ine, D hylimipramine and
Lithium on Dopamine Uptake in the Rat Pancreas
By
Lars Nordgren
(Received Desember 10, 1970)

ines by th ic neuron is inhibited by

The uptake of catechol y the
some psychotropic drugs (AXELROD et al. 1962) but very little is kno\vn_abﬁﬂl
their possible interference with ¢ lamine uptake in n I tissues-
In this paper some observations are described on the effect of chlorprom:\l}ﬂf
(CPz), desmethylimipramine (DMI) and lithium on the uptake of dopamn;
(DA) in the pancreatic cells. The exocrine pancreas was chosen as & mcdf
system because it possesses an efficient uptake mechanism for dopa; DA B
also taken up, though not so readily (Armetal. 1969). —

CPZ-HCI (25 mg/kg) or DMI-HCL (25 mg/kg) was given imrapcn:onca.lé
to adult rats 2 hrs before the intravenous administration of DA-HCL ( "
mg/kg). Lithium carbonate (8 meq./kg) was given by stomach tube 10 aﬂe
2 hrs before the injection of DA, After sacrifice blood samples for 1:13!;11
photometrical determination of lithium were collected from each ﬂﬂ:”:’nn-
' Rats receiving only DA served as co

ntrols. All the animals were kept & -
from about 2 hrs before being killed 10 min. after the DA injections. A 8
nd and processt

4 for
jece was dissected out from each ancreatic gla
f i Py di wp the method of Fatck & HiLtar?
(see FALCK & OWMAN 1965). The pancreatic concentration o
animal was determined according to BERTLIR et al. (1958)-
"Fen minutes after the injection of DA, considerable nmm'mts ol DAL
were found in the pancreas. However, after preuca(men} with CPZ © lcn.t o
this amount was significantly reduced, the two drugs“lmltng equally PO
this respect. Pretrcatment with lithium produced no effect. - ells
hIn t}fe animals receiving only DA, the exocrine and the cndi::;"czpc' 2
as expected (ALM €f al. 1969), displayed in the fluorescence M

f the amin®
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Table 1.
Infleence of ine (CPZ), imi] ine (DMI) and lithium treatment
on dopamine (DA) uptake in rat pancreas. Figures in brackets indicate number of rats.
Treatment DA
DA 40 mgfkg i. v. 10 min. pplg wet weight £ S.D.
11.0£23 (6)
CPZ 25 my/kg i. p. 2 bus. before DA 25¢%12 (5)
DMI 25 mg/kg i. p. 2 hrs. before DA 2842096 ()
Lithium 8 megq./kg p. 0. 10 and 2 hrs 1136 @)
before DA

* Levels of significance compared with DA alone; (P < 0.001 Student’s t-test).
** Lithium in blood serum; 43 + 04 (4).

wezk to mod diffuse, cytoplasmi holamine f1 and a
few exocrine cells contained some apical granules exhibiting a marked speci-
fic fluorescence. A moderate green fluorescence was also seen in connective
tissue strands; in some specimens, the mast cells (identified by staining in
toluidine blue) emitted a green-yellow light. Identical observations were made
in the animals treated with Nthium, After the administration of CPZ or DMI
no fluorescence was seen in the exocrine and the endocrine cells, whereas the
catecholamine fluorescence of the connective tissue appeared as in the anj-
mals given only DA, No mast cells were found in these tissue sections. °

The chemical and histochemical analyses strongly indicate that CPZ and
DMI, but not lithium can block the uptake of DA into the pancreatic cells as
well as block the uptake of catecholamines in the adrenergic nerves.

It is well known that shortly after the administration of high doses of DA
2 transient unspecific accumulation occurs in inter alia the connective tissue.
It is therefore no surprisc that the green fluorescence in the pancreatic con-
nective tissue strands appeared to be similar in all the experimental groups,
This finding could also explain, at least to some extent, the pancreatic DA in
animals pretreated with CPZ or DML It cannot be excluded that part of this
DA is located in the it 1 cells, but diffusely distributed
in concentrations too low to be detected by the fluorescence method.

DMI has been shown to be a more potent inhibitor of neuronal catechola.
mine uptake than CPZ (CARLSSON & WALDECK 1965; DINGLER 1965). In the
present study no difference in the wptake blocking efficiency could be
demonstrated. Whether or not this refletts a difference in the~uptaky

hanism of ic nerves and p ic cells must | -

analyses,
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The uptake of catecholamines by the adrenergic neuron is inhibited by
some psychotropic drugs (AXELROD et al. 1962) but very little is known about
their possible interference with catecholamine uptake in non-neuronal tissues.
In this paper some observations are described on the effect of chlorpromazine
(CPZ), desmethylimipramine (DMI) and lithium on the uptake of dopamine
{DA) in the p ic cells. The ine p was chosen as a modfl
system because it possesses an efficient uptake mechanism for dopa; DA is
also taken up, though not so readily (AL ef al. 1969).

CPZ-HCI (25 mg/kg) or DMI-HCI (25 mg/kg) was given intraperitoneally
to adult rats 2 hrs before the intravenous administration of DA-HCI (40
mg/kg). Lithium carbonate (8 meq.fkg) was given by stomach tube 10 and
2 hrs before the injection of DA, After sacrifice blood samples for {!amc
photometrical determination of lithium were collected from each animal.
'Rats receiving only DA served as controls. All the animals were kept at 32°
from about 2 hrs before being killed 10 min. after the DA injections. A small
piece was dissected out from each pancreatic gland and pmcesscd for
fluorescence microscopy according to the method of Farcx & H"-U‘“}’:
(see FaLck & OwMAN 1965). The pancreatic concentration of DA in ead
animal was determined according to BERTLIR ef al. (1958). .

Ten minutes after the injection of DA, iderabl ts of the amint
were found in the pancreas. However, after pretrcatment with CPZ or D.\!L
this amount was significantly reduced, the two drugs being equally potent i
this respect. Pretreatment with lithium produced no effect.

In the animals receiving only DA, the excecrine and the en d .

as expected (ALM er al. 1969), displayed in the fluorescence microscopss

docrine cells
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Table 1.

Influence of chi ine (CPZ), hyTimil ine (DMI)} and lithium treatment
on dopamine (DA) uptake in rat pancreas. Figures in brackets indicate number of rats,
Treatment DA
DA 40 mgfhg i. v. 10 min. pgle wet weight £ 5.0,

110%23 ()
CPZ 25 mg/kg i. p. 2 hrs. before DA 254412 (5)
DMI 25 mg/kg i. p. 2 hrs, before DA 2.8%+0.96 (4)

Litbium 8 meq.fkg p. 0. 10 and 2 hrs 111236 (D
before DA

* Levels of significance compared with DA alone; (P < 0001 Swdent's t-test).
** Lithium in blood serum; 4.3 = 0.4 (4).

weak to di diffuse, cytoplasmic catec] and a
few exocrine cells contained some apical granules exhibiting a marked speci-
fic fluorescence. A moderate green fluorescence was also seen in copnective
tissue strands; in some specimens, the mast cells (identified by staining 1n
toluidine blue) emitted a green-yellow light. Identical observations were made
in the animals treated with lithium. After the administration of CPZ or DMI
no fluorescence was seen in the exocrine and the endocrine cells, whereas the

techolamine il of the ive tissue d as in the ani-

mals given only DA. No mast cells wete found in these tissue sections.

The chemical and histochemical analyses strongly indicate that CPZ and
DMJ, but net lithivm can block the uptake of DA into the pancreatic cells as
well as block the uptake of catecholamines in the adrenergic nerves.

1t is well known that shortly after the administration of high doses of DA
a H ifi lation oceurs in inter alia the connective tissue.
It is therefore ;10 surprise that the green fluorescence in the pancreatic con-
nective tissue strands appeared to be similar in all the experimental groups.
This finding could also explain, at least to some extent, the pancreatic DAin
animals pretreated with CPZ or DMI. It cannot be excludFd that part ?f this
DA is located in the pancreatic parenchymal cells, but diffusely distributed
in concentrations too low to be detected by the fluorescence method.

DMI has been shown to be a more potent inhibitor of neuronal catechola-
mine uptake thaat CPZ (CARLSSON & YALDECK 1965.; DENG‘LFR 1965). In the
present study ro difference in ﬂxf: uptake block.mg effmc.nc)' could be
demonstrated. Whether or not this reflects a difference in the um:_:k:

hanism of ic perves and p ic cells must await i 4,

analyses.
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