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sues are likely to be chronically exposed to elevated circulat-
ing ALA levels, as there is elevated urinary excretion even
in latent asymptomatic cases. Therefore quite high tissue
contents of ALA are probably reached, which will be main-
tained over long periods of time.

These results then contribute further to the accumulating
evidence that ALA could be a factor in the production of
the clinical manifestations of acute intermittent porphyria.
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Sex difference in the phospholipid composition of rat liver microsomes

(Received 16 February 1974; accepted 17 May 1974)

Male rats have a higher level of drug-metabolizing activity
in the liver than females [1-10]. There is also a sex differ-
ence in phospholipid metabolism of the rat liver [11-15].
Since there is an abundance of evidence to demonstrate that
phospholipids play a role in drug metabolism [16-23], it
seems possible that the sex difference in drug-metabolizing
activity and phospholipid metabolism might be related.
However, a sex-dependent association between microsomal
phospholipids and drug metabolism has not yet been stud-
ied. In previous papers [16, 17, 24], we have demonstrated
that changes in drug-metabolizing processes are accom-
panied by corresponding and parallel alterations in micro-
somal phospholipids. We decided, therefore, to study

* Abbreviations used: MT-ase, S-adenosyl-methionine
microsomal-phospholipid methyl transferase ; PA, phospha-
tidic acid; PE, phosphatidylethanolamine; PME, phospha-
tidylmonomethylethanolamine ; PDE, phosphatidyldimeth-
ylethanolamine, PC, phosphatidylcholine; PI, phosphatidy-
linositol; PS, phosphatidylserine; LPC, lysophosphatidyl-
choline; and SM, sphingomyelin.

whether or not a difference exists in the level and composi-
tion of microsomal phospholipids between male and female
rats which may be similar to changes of drug metabolism
induced by drugs [16, 17, 24].

Two groups of four male and four female Wistar albino
rats of approximately equal age and weighing 132-141 g and
105-118 g, respectively, were killed on two separate days.
Liver microsomes were prepared [ 16] and analyzed for pro-
tein [25] and phospholipid content [16]. Extraction and
separation of the individual phospholipids by thin-layer
chromatography were carried out as described previously
[i6]..

The activity of MT-ase* was determined in a medium
(2:0 ml) containing Tris buffer, pH 8, 250 umoles; adenosine
triphosphate sodium, 8 umoles; MgCl,, 20 umoles; L-[**C-
Me]methionine, 0-8 uCi (sp. act. 33-3 uCi/umole): micro-
somes, 0-3 ml (protein content 4-5 to 74 mg/ml) and super-
natant, 0-3 ml (protein content 120 to {6-5 mg/ml) equival-
ent to 75 mg wet liver tissue. Incubation was carried out at
37°, and the reaction was stopped after 0, 10 and 20 min by
the addition of a 0-5-ml aliquot to 9-5 ml chloroform-meth-
anol mixture (2:1, by volume) containing 2-0 ml of 0-73%
saline; the ['*C-Me]-labeled phospholipid was then

Table 1. Measurements of liver weight, hepatic microsomal protein and phospholipid of male and female rats*+

Microsomal
Relative liver wt Protein Phospholipid
Sex (% of body wt) (mg/g liver) (umoles P/g liver)
Male 504 £ 004 17-54 + 097 9-60 + 021
Female 507 + 0-10 17-10 + 1-05 822 + 020f

* Description of animals and methods is given in the experimental section.
T Results represent the mean + S. E. of eight rats in each group.

1 Values differ significantly from males, P < 0-05,
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Table 2. Microsomal phospholipid composition in the liver of male and female rats*t

Phospholipid {(umoles P/g liver)
PE

Sex Total Recovered PA PC+ P M LPC + PS Other
Male 960 + 021 898 + O26 036 + 005 224 + 012 487 & 010 &57 £ 003 50 £ 003 42 + 005
Ferale 822 4 0-20% 769 + 0251 022 + 0011 193 + 010 436 + 0141 050 £ 002 036 + 0028 039 + 003

* Description of animals and methods is given in the experimental section.
+ Results represent the mean + S.E. of eight rats in each group.

1 Values differ significantly from males, P < (-05.

extracted. The excess of {**C-Me]methionine was removed
from the organic phase with the upper phase of chloroform~
methanol-0-58Y%; saline solution (3:48:47, by volume). The
radioactivity of [1*C-Me]Jphospholipid was determined by
Buhler solution, using a Packard Tri-Carb liquid scintilla-
tion spectrometer. The phospholipid products of the reac-
tion extract were separated by thin-layer chromatography
[16], hydrolyzed to isolate the bases [26] and then the bases
were separated by paper chromatography {27]. The major-
ity of the radioactive label was thus found to be incorpor-
ated into PME, PDE, PC, LPC and some into SM.

No differences were found between male and female rats
with respect to the relative liver weight or microsomal pro-
tein content, although the body weights were different.
However, total phospholipids were significantly higher in
males than in females (Table ). Among the individual phos-
pholipids, PA, PC + Pland LPC + PS were higher in male
rats; PE was the same in both sexes (Table 2). In subsequent
work, PC and PI were separated, and it was found that the
PI content was 0-2 to 0-8 umole/g of liver accounting for
only 815 per cent of the combined PC + PI fraction. Thus,
the difference in this fraction mainly represented differences
in PC level. Under the conditions applied LPC was mixed
with PS. This latter component was separated in another
chromatographic system, and it was found that rat liver
microsomes contained 0~0-25 umole PS/g or about 0-50 per
cent of the combined LPC + PS fraction. Because of the
variability of PS, the conclusion drawn for the significant
difference in LPC content might only be valid regarding the
total LPC and P8 mixture.

Unlike microsomal phospholipid content, the activity of
MT-ase was significantly greater in the liver of females than
in males (Table 3).

In our previous papers, it is shown that when female rats

Table 3. Activity of [**C-Me]S-adenosyl-L-methionine
microsomal-phospholipid methyl transferase in the liver of
male and female rats*

Sex Enzyme activityt
Male 0073 + 0009
Female 0129 + 0007%

* Description of animals and methods is given in the ex-
perimental section.

+ Results are expressed as umoles [1*C-Me] group from
L-['*C-MeJmethionine incorporated into microsomal-
phospholipid/hr/mg of protein and represent the mean
+ $. E. of eight rats in each group.

1 Values differ significantly from males, P < 0-001.

are treated with inducers of drug metabolism, the increased
drug-metabolizing activity is accompanied by increases in
total phospholipid, PE, PC and LPC in the microsomes
{16,17,24]. In contrast, the same microsomal phospholi-
pids are decreased by hepatotoxic compounds which also
reduce the activity of drug-metabolizing enzymes
[16,17,24]. A comparable occurrence of higher enzyme
activity associated with higher phospholipids is seen in the
sex difference. Male rats bave more drug-metabolizing acti-
vity [1,5,8,9, 28] and also higher microsomal phospholipid
content (Table 1) than females. The elevated fractions of
PC + Pland LPC + PS(Table 2) seen in males as opposed
to females are the same ones increased during drug induc-
tion of drug-metabolizing enzymes [16, 17, 24]. Certainly
this evidence is merely circumstantial; nevertheless, it seems
quite possible that in rats the sex difference in phospholipids
may well be related to the corresponding sex difference in
their drug-metabolizing activity.

Acknowledgement—We thank the Medical Research Coun-
cil of Canada for financial support of this work.

HrLen BeLiva
STaNLEY D. CoopPER
ROSE FARKAS
GEORGE FEUER

Department of Clinical Biochemistry,
University of Toronto,

Toronto, Ontario,

Canada

REFERENCES

1. G. P. Quinn, J. Axelrod and B. B. Brodie, Biochem.
Pharmac. 1, 152 (1958).

2. J. R, Gillette, Prog. Drug Res. 6, 11 (1963).

3. R. Kato and J. R, Gillette, J. Pharmac. exp. Ther. 150,
279 (1965).

4. L B. Schenkman, H. Remmer and R. W, Estabrook,
Molec. Pharmac. 3, 113{1967).

5. J. B. Schenkman, 1. Frey, H. Remmer and R. W. Esta-
brook, Molec. Pharmac. 3, 516 (1967).

6. R. Kato, A. Takanaka, A. Takahashi and K. Onada,
Jap. J. Pharmac. 19, 5 (1969).

7. R. Kato, M. Takayanagi and T. Oshima, Jap. J. Phar-
mac. 19, 53 (1969).

8. G. Feuer, Chem. Biol. Interact. 2, 203 (1970}

9. G. Feuer, 1. C. Sosa-Lucero, G. Lumb and G. Moddel,
Toxic. appl. Pharmac. 19, 579 (1971).

10. 1. R. Gillette, Metabolism 20, 215 (1971).

11, Y. Natori, J. biol. Chem. 238, 2075 (1963).

12. P. Bjornstad and J. Bremer, J. Lipid Res. 7, 38 {1966}.

{3. R. L. Lyman, J. Tinoco, P. Bouchard, G. Sheehan, R.
Ostwald and P, Miljanich, Biochim. biophys. Acta 137,
107 (1967).



Short communications

14. J. 1. Holtzman, T. E. Gram and J. R. Gillette, Archs Bio-
chem. Biophys. 138, 199 (1970).

15. R. L. Lyman, G. Sheehan and J. Tinoco. Can. J. Bio-
chem. Physiol. 49, 72(1971).

16. S. D. Cooper and G. Feuer, Can. J. Physiol. Pharmac.
50, 568 (1972).

17. S. D. Cooper and G. Feuer, Toxic. appl. Pharmac. 25,
7{1973).

{8 M. D. Chaplin and G. J. Mannering. Molec. Pharmac.
6, 631 (1970).

19. A. Y. H. Lu and M. J. Coon, J. hiol. Chem. 243, 1331
(1968).

20. A Y. H. Lu, K. W. Junk and M. J. Coon. J. biol. Chem.
244, 3714 (1969).

303

21. A. Y. H. Lu, H. W. Strobel and M. J. Coon, Biochem.
hiophys. Res. Commun. 36, 545 (1969).

22. A. Y. H. Lu, H. W. Strobel and M. J. Coon, J. molec.
Pharmac. 6, 213 (1970).

23. H. W. Strobel, A. Y. H. Lu, J. Heidema and M. J. Coon,
J. biol. Chem. 245, 4851 (1970).

24. G. Feuer, F. A. De La Iglesia and S. Cooper, Proc. Eur,
Soc. Study Drug Toxicity, 15, 142 (1974).

25. G. L. Miller. Analyt. Chem. 31, 964 (1959).

26. H. Goldfine and M. E. Eliss, J. Bact. 87, 8 (1964).

27. H. Goldfine, Biochim. hiophys. Acta 59, 504 (1962).

28. J. K. Inscoe and J. Axelrod, J. Pharmac. exp. Ther. 129,
128 (1960).

Biochemical Phagmacology. Vol. 24, pp. 303-305, Pergamon Press, 1975. Printed in Great Britain.

Effect of clonidine on the synthesis of cerebral dopamine

(Received 24 January 1974; accepted 13 May 1974)

A possible interaction between dopamine {DA) and norad-
renaline (NA) containing neurons in the brain has been sug-
gested by different studies. The stimulation of dopaminergic
receptors by apomorphine [1] or ET 495 [2] increases the
turnover of cerebral NA. The disappearance of cerebral NA
is about two times faster after inhibition of dopamine §-hyd-
roxylase than after inhibition of tyrosine hydroxylase [1].
These observations can be explained if it is assumed that
dopaminergic neurons have a stimulating influence on nor-
adrenergic ones.

In the present work, we have studied the influence of
clonidine (ST 155, Catapresan), a NA receptor stimulating
agent [3], on the synthesis of cerebral DA. The dose of
clonidine used (50 ug/kg) produces a significant fall in the
blood pressure of the rat [4] and it reduces the synthesis [ 5]
and release [4] of peripheral NA,

Two groups of fourteen male Charles River rats {220~
250 g) were injected in the tail vein with 400 4Ci/kg of *H-TY
{L-3,5-*H-tyrosine, 49 Ci/mM, Saclay) and were killed by
decapitation 30 min later. The first group were treated with
clonidine (50 ug/kg, i.p.) | br before the injection of *H-TY,
the second group serving as the control. The brain was im-
mediately removed and divided into the strigtum and telen-
cephalon (the remaining brain from which the brain stem
and the hypothalamus have been exluded). The brain areas,
pooled two by two, were homogenized in 10ml! of 04 N
HCIO, containing 0-1% sodium metabisulfite and 0-1% dis-
odium EDTA. Endogenous and *H-TY and DA were esti-
mated in the striatum and telencephalon: endogenous and
YH-NA were estimated in the telencephalon. DA and NA
were separated from TY by chromatography on Dowex 30
‘WX4 according to the technique of Costa et al. [6] DA and
NA were purified by adsorption on alumina {7] and TY by
chromatography on Dowex 50 WX4 pH 1'5 [6]. Endo-
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genous NA [8], DA [9] and TY [10] were determined fluor-
imetrically and radioactive products by liquid scintillation
counting. An estimate of catecholamine (DA or NA} syn-
thesis was made using the following formula [11]:

catecholamine synthesis
index
(nM/g/30 min)

The results, summarized in Table 1, show that the
amounts of both endogenous TY and 3H-TY were both
reduced by clonidine (P < 005 in the telencephalon, not
significant in the striatum) but the >H-TY specific activities
were not significantly altered. Clonidine treatment reduced
(P < 0:05) the 3H-DA levels in the striatum and the telence-
phalon and the endogenous DA levels (P < 005 in the
telencephalon, non significant in the striatum). The SH-DA
specificactivitieswere not significantly modified by clonidine.
The DA synthesis index was reduced by 25 per cent in the
striatum (not significant, P = 0-2) and by 44 per cent in the
telencephalon (P < 0:01). In the latter, clonidine reduced
the *H-NA levels (P < 0:01) and the NA synthesis index by
52% (P < 0-01).

The fact that DA synthesis is much more reduced in telen-
cephalon than in striatum can be explained by the presence
of large amounts of NA in the telencephalon; consequently,
the amount of *H-DA found in this structure represents at
the same time *H-DA which is stored in dopaminergic
neurons {12] and *H-DA which acts as a precursor of NA.
The inhibition of NA synthesis in the telencephalon may
account for the reduction in DA synthesis which is observed
in this structure. Persson’s results [ 13] differ from ours since
he reported that the amount of cerebral *H-DA synthesized
from *H-TY increased following the injection of clonidine
(1-3 mg/kg). This difference may be due to the use of differ-

B 3H-catecholamine {dis/min/g}
Sp. act. *H-TY (dis/min/nM)



