1798

19. O. H. Lowry, N. J. Rosebrough, A. L. Farr and R.
J. Randell, J. biol. Chem. 193, 265 (1951).

20. H. Remmer, D. Albrecht and H. Kappus, Naunyn-
Schmiedeberg’s Archs Pharmac. 298, 107 (1977).

21. R. C. Reitz, Biochim. biophys. Acta 380, 145 (1975).

22. M. Koes, T. Ward and S. Pennington, Lipids 9, 899
(1974).

23. J. M. MaCord, B. B. Keele Jr. and I. Fridovich, Proc.
natn. Acad. Sci. U.S.A. 68, 1024 (1971).

24. B. Chance, H. Sies and A. Boveris. Physiol. Rev. 59,
527 (1979).

25. H. Sies, A. Wahlander, C. Waydhas, S. Soboll and D.

Short communications

Hiberle, in Advances in Enzyme Regulation (Ed.
Weber), Vol. 18, p. 303. Pergamon Press, Oxford
(1980).

26. O. Junge and K. Brand, Archs Biochem. Biophys. 171,
398 (1975).

27. P. Hochstein and L. Ernster, Biochem. biophys. Res.
Commun. 12, 388 (1963).

28. T. C. Perderson and S. D. Aust, Biochem. biophys.
Res. Commun. 48, 789 (1972).

29. P. Debey and C. Balny, Biochimie 55, 329 (1975).

30. C. Guerri and S. Grisolia, Pharmac. Biochem. Behav.
13, 53 (1980).

Biochemical Pharmacology, Vol. 32, No. 11, pp. 1798-1800, 1983.
Printed in Great Britain.

0006-2952/83 $3.00 + .00
© 1983 Pergamon Press Ltd.

Inhibition of glutaminase activity of rat brain by lithium

(Received 24 August 1982; accepted 3 December 1982)

The efficacy of lithium salts in the treatment of manic
depressive psychosis is well documented [1-3] although the
mechanism of its action is not well understood. Information
available about its in vivo effects on glutamate metabolism
[4-6] is however very scanty and in vitro experiments [7-
9] indicate that lithium salts may influence the binding,
uptake and metabolism of y-aminobutyric acid and gluta-
mate. No investigation seems to have been carried out
regarding the possible effects of lithium salts on the syn-
thesis and breakdown of glutamine. The present com-
munication describes the effects of lithium chloride on
glutamine hydrolysis in rat liver and brain.

Male albino rats (150-175 g) were killed by decapitation
and the brain tissues were removed and homogenized in
chilled 0.25 M sucrose to give a 10% suspension (w/v) and
the crude mitochondrial fraction was prepared according
to Brody and Bain [10] and served as the source of phos-
phate activated glutaminase (Glutaminase I). The liver
extract was obtained by centrifuging a 20% (w/v) hom-
ogenate in ice cold glass distilled water [11] (pH 7.5) at
1000 g for Smin and the resulting supernatant was then
centrifuged at 105,000g for 60min. The supernatant
obtained was used as the source of a-keto acid mediated

glutaminase (Glutaminase IT). Glutaminase I (E.C. 3.5.1.2)
was assayed according to Horowitz and Knox [12], and
a-keto acid activated glutaminase (E.C. 2.6.1.15) activity
(Glutaminase II) was assayed according to the method of
Errera {11]. Both glutaminase I and glutaminase 11 activities
were determined by estimating the ammonia formed
Fmploying the diffusion technique of Conway and Byrne
13].

The enzyme was preincubated with lithium chloride for
15 min at 37° prior to addition of the substrate. Preliminary
experiments indicated that under the experimental condi-
tions employed the different enzyme activities assayed were
linear as a function of time and concentration of enzyme.

Protein was estimated by the method of Lowry et al. [14]
using bovine serum albumin as the standard. L-Glutamine,
a-oxoglutaric acid, pyruvic acid, tri-hydroxy-methyl-
aminomethane and maleic acid were the commercial prod-
ucts of Sigma Chemical Co., St. Louis, U.S.A. Other
reagents used were of analytical grade.

Table 1 depicts in vitro effect of lithium chloride on
glutaminase I activity of the crude mitochondrial fraction
of rat brain. The assays were carried out at two different
pH values, the optimum pH of 8.5 and the near physio-

Table 1. Effects of lithium on glutaminase I activity of rat brain mitochondria

Glutaminase I activity (umoles of
ammonia formed/hr/mg protein

(xS.D.))
Per cent
pH of With lithium inhibition of
Phosphate concen- assay Without lithium chloride glutaminase I
trations (M) system chloride (0.05M) activity
0.005 7.4 2.5%0.02 0.1 =0.05 96
0.01 7.4 4.2+0.02 1.6 £0.02 96
0.02 7.4 6.2 +0.05 1.7 £ 0.04 72
0.04 7.4 9.9+0.20 0.9+ 0.05 64
0.005 8.5 3.2+0.16 0.6 = 0.05 81
0.01 8.5 3.8+0.07 1.2 +0.03 67
0.02 8.5 6.8+0.16 3.9 +0.09 41
0.04 8.5 7.8+0.05 6.7 £ 0.03 14

The reaction mixture contained 0.06 M Tris-maleate buffer of pH 7.4 or 8.5, 0.004 M L-glutamine
and crude mitochondria of brain equivalent to 4 mg protein in a final volume of 3 ml. Varied
concentrations of phosphate of respective pH values were added as indicated in the table. The
enzyme was preincubated with lithium chloride adjusted to pH 7.4 or 8.5 for 15 min at 37° prior
to the addition of the substrate and the results are average of six determinations. Other details are

given in the text.
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logical pH of 7.4 and at a series of different phosphate
concentrations at and below the optimum level. Lithium
chloride (0.05 M) was found to exert very strong inhibitory
influence at both pH values, particularly at lower phosphate
concentrations. On increasing the phosphate concentra-
tions, this inhibition could be counteracted considerably,
especially at the higher pH values. Thus at the optimum
and usual assay condition of pH 8.5 and 0.04 M phosphate
concentration, the degree of inhibition caused by lithium
chloride is only 14%. At pH 7.4, higher phosphate con-
centrations were not so effective in counteracting the inhibi-
tory effect of lithium chloride. On the other hand when
the concentration of lithium chloride was decreased to
0.01 M, appreciable inhibition of glutaminase I occurred
at lower phosphate concentrations (0.005-0.01 M) at pH
7.4 but not at pH 8.5. Further decrease of lithium concen-
tration could not affect the enzyme activity at pH 7.4 and
lower phosphate concentrations.

The nature of the interaction between phosphate and
lithium chloride was analysed by the method of Dixon {15}.

o

/ 1 L L 1

o} 006 0032 0048 0064
Concentration of lithium (M)

Fig. 1. Dixon plot [15] of competitive inhibition of gluta-
minase [ by lithium with respect to phosphate. The reaction
mixture contained 0.06 M Tris-maleate buffer pH 8.5,
0.004 M L-glutamine and an aliquot of mitochondrial sus-
pension equivalent to 0.75 mg protein in a final volume
of 3ml. Varied concentrations of lithium were used as
indicated in the figure and the respective phosphate con-
centrations were 0.01M (—@—); and 0.02M (—O—).
Other details are given in the text.
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In Fig. 1 the reciprocals of reaction velocities when plotted
against inhibitor concentrations at two different phosphate
concentrations, resulted in straight line intercepting on the
left hand side of the ordinate indicating a competitive mode
of inhibition by lithium chloride with respect to phosphate.
K value calculated from the intercept was found to be
8 x 103 M. The inhibition of glutaminase I activity by
lithium chloride was also found to be reversible (Fig. 2)
employing the method of Ackermann and Potter [16]. It
was also observed that washing the mitochondria after
preincubation with lithium chloride produced reversal of
the initial inhibition. a~Keto acid activated glutaminase of
rat brain and liver tissues was also found to be strongly
inhibited by lithium chloride (Table 2). The inhibition was
found to be dependant on the dose of lithium chloride
used. However, it was found that the brain enzyme was
more susceptible to inhibition by lithium chioride than the
liver enzyme. It was also observed (not shown) that at a
higher dose of lithium chloride (0.05 M) glutamine synthe-
tase (E.C. 6.3.1.2) activity measured according to Woolfolk
et al. [17] is inhibited (50%) in vitro while at lower dose
the inhibition was negligible.

It was observed that i.p. injection of lithium chloride to
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Fig. 2. Ackermann and Potter plot [16] of reversible inhi-

bition of glutaminase I by lithium. The enzyme activity was

measured with different concentrations of enzyme as indi-

cated in the figure in absence (—@—) and in presence of

0.05M lithium (—O-—). Other details are given in the
text.

Table 2. Effects of lithium on a-keto acid activated glutaminase of rat brain and liver tissue

umoles of ammonia
formed (+ S.D.)

a-Keto Lithium without with
Tissue acid chloride lithium lithium Per cent
preparation used concentrations (M) chloride chloride inhibition
0.025 2.8+0.19 1.0+0.15 64
Brain 2-oxoglutarate 0.050 23+ 0.68 0.3+0.12 86
mitochondria 0.025 2.1+0.08 1.0x0.16 51
pyruvate 0.050 2.4+0.19 0.6 = 0.08 76
Liver 0.05 0.1 +0.01 0.07 = 0.003 36
supernatant | PYTUvate {0.10 0.1%0.01 0.04 = 0.002 63

The assay systems in the case of brain mitochondria contained 0.06 M Tris~buffer pH 7.4, 0.004 M
L-glutamine, an aliquot of crude mitochondrial suspension containing 3.4 mg protein, 0.07 M pyruvate or
0.03M 2-oxoglutarate in a final volume of 3ml. The system used for liver tissue contained 0.01 M
veronal-HCI buffer pH 7.7, 0.004 M 1-glutamine, 0.02 M pyruvate and an aliquot of liver supernatant
equivalent to 20 mg protein in a final volume of 4 ml. Lithium was added to the system as indicated in the
table and preincubated for 15 min at 37° prior to the addition of L-glutamine. The reaction with brain and
liver tissue was terminated after 60 and 50 min respectively. In case of brain the results are expressed as
umoles of ammonia formed/60 min/mg protein and in case of liver results are expressed as umoles of
ammonia formed/50 min/mg protein. Other details are given in the text. All values are average of six

determinations.
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rats (2.5 mmole/kg for 5 days or 5 mmole/kg for one day)
failed to produce any effect on glutaminase activity. How-
ever glutamine synthesis was found to be inhibited when
rats were given an acute dose of 5 mmole/kg and sacrificed
within 90-150 min, but such an effect was not observed
when the dose of lithium chloride was lowered. This indi-
cates that at a therapeutical dose of lithium, as is generally
administered, the possibility of inhibition of glutamine syn-
thesis does not arise.

The above results indicate that lithium salts might inter-
fere with the metabolic cycle of glutamic acid—glutamine
as a result of which the homeostatic equilibrium of the
amino acid transmitter of the glutamate—-GABA system
may be affected. The inhibition of phosphate activated
glutaminase will produce a decreased formation of gluta-
mate from glutamine which eventually is transformed to
GABA by GAD [18-21]. However in view of high doses
of lithium salts used in the above in vitro experiments than
is used therapeutically, it appears that the effects observed
are unlikely related to the mode of action of lithium in
vivo.

Acknowledgements—The work is supported by the Council
of Scientific and Industrial Research, India and British
Council, U.K. for a grant under ALIS to SRG and AJT.
The authors are very grateful to Niranjan Basu for his
technical assistance.

M. NAG
S. R. GuHA

Indian Institute of Chemical
Biology

4 Raja §.C. Mullick Rd.

Calcutta 700 032

India

Department of Biochemistry A.J. TURNER
University of Leeds
Leeds L§2 9T

UK.

Short communications

REFERENCES

1. M. Schou, Psychopharmacologia 1, 65 (1959).

2. M. Schou, J. Psychiat. Res. 6, 67 (1968).

3. G. Schlagenhauf, J. Tupin and R. B. White, Am. J.
Psychiat. 123, 201 (1966).

4. F. V. De Feudis and J. M. R. Delgado, Nature, Lond.
225, 749 (1970).

5. Z. Gottesfeld, B. S. Ebstein and D. Sammuel, Nature,
New Biol. 234, 124 (1971).

6. G. Johnson, M. Maccario, S. Gershon and J. Korein,
J. Nerv. Ment. Dis. 151, 273 (1970).

7. S. Berl and D. D. Clarke, in Lithium Research and
Therapy (Ed. F. N. Johnson), p. 425. Academic Press,
New York.

8. F. V. De Feudis and R. M. Paolino, Experientia 28,

309 (1972).

9. K. Kuriyama, E. Roberts and J. Vos, Brain Res. 9,
231 (1968).

10. T. M. Brody and J. A. Bain, J. biol. Chem. 195, 685
(1952).

11. M. Errera, J. biol. Chem. 178, 483 (1949).

12. M. L. Horowitz, W. E. Knox and H. P. Morris, Enzym.
Biol. Clin. 9, 241 (1968).

13. E.J. Conway and A. Byrne, Biochem. J. 27,419 (1933).

14. O. H. Lowry, N. J. Rosebrough, A. L. Farr and R.
J. Randall, J. biol. Chem. 193, 265 (1951).

15. M. Dixon, Biochem. J. 55, 170 (1953).

16. W. W. Ackermann and V. R. Potter, Proc. Soc. exp,
biol. Med. 72, 1 (1949).

17. C. A. Woolfolk, B. Shapiro and E. R. Stadtman, Archs
Biochem. Biophys. 116, 177 (1966).

18. H. F. Bradford, H. K. Ward and A. J. Thomas, J.
Neurochem. 30, 1453 (1978).

19. F. A. Henn, M. N. Goldstein and A. Hamberger,
Nature, Lond. 249, 663 (1974).

20. A. Martinez-Hernandez, K. P. Bell and M. D. Noren-
berg, Science, N.Y. 195, 1356 (1977).

21. A. Schousboe, L. Hertz, G. Svenneby and E. Kvamme,
J. Neurochem. 32, 943 (1979).

Biochemical Pharmacology, Vol. 32, No. 11, pp. 1800-1803, 1983.
Printed in Great Britain.

0006-2952/83 $3.00 + .00
© 1983 Pergamon Press Ltd.

Effect of naturally occurring coumarins on the activity of drug metabolizing
enzymes*

(Received 22 July 1982; accepted 3 December 1982)

Hepatic enzymes that metabolize foreign compounds have
been shown to be affected by the treatment of the animals
with a variety of environmental factors such as drugs,
polycyclichydrocarbons, pesticides, industrial products and
dietary factors [1-5]. It was demonstrated that these foreign
compounds caused biphasic responses on the liver micro-
somal enzymes [6], eliciting marked changes in the phar-
macological and toxicological action of drugs.

In continuing research on medicinal plants affecting
drug-metabolizing function in the liver, it was found that
Angelica spp exhibited potent biphasic effects on barbitu-
rate action [7, 8]. Systematic fractionation of the roots of
Angelica koreana monitoring by bioassay led to isolation
of active principles which were identified as coumarins [9].
This finding and previous reports [10-12] that several syn-
thetic anticoagulant coumarins induced drug-metabolizing

* Part S in the series: Studies on crude drugs acting on
drug-metabolizing enzymes. For Part 4 see ref. [9].

enzymes (DME) prompted us to investigate the effect of
some structurally related natural coumarins on DME in
order to elucidate the structure-activity relationship.

Materials and methods

Animals. For in vivo studies, male albino mice weighing
20 =+ 3 g were used. The animals were fed lab chows and
tap water ad lib. Constant-temperature environments were
maintained throughout the experiments. For enzyme prep-
arations, male Sprague-Dawley (CD strain) rats weighing
200-250 g were used.

Materials. Coumarins shown in Fig. 1 were isolated from
the Umbelliferac. SKF-525A was a gift from Smith, Kline
& French (Philadelphia, PA).

Measurement of hexobarbital- (HB) induced sleeping
time. The effect on the HB-induced sleeping time was
investigated in two phases. During the first phase mice
were administered i.p. with each compound 30 min prior
to the injection of HB-Na (50 mg/kg i.p.) and the duration
of the loss of the righting reflex was estimated. In the



