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ENHANCEMENT OF BRAIN REGIONAL TRYPTOPHAN CONCENTRATION
FOLLOWING ADMINISTRATION OF DIAZEPAM: A DOSE RELATED STUDY
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Administration of diazepam at doses of 1,3 and 5 mg/kg attenuated home cage activity and open field activity of
rats. Plasma concentrations of total tryptophan decreased and those of free tryptophan increased in diazepam injected
rats. The concentration of tryptophan increased in the hypothalamus. striatum and cortex but not in the brain stem of
diazepam injected rats. The increases in the hippocampus were only marginal and occurred at high doses of the drug.
The possible mechanism for the increased availability of tryptophan to the brain and decreased serotonin turnover
reported in diazepam injected rats is discussed.
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Introduction
A role of central serotonin, (5-hydroxytryptamine, 5-HT),

a biogenic amine in the development of anxiety is often sug-
gested in both neurochemical and behavioral studies, [1,2].
Several investigators have shown that administration of ben-
zodiazepines, the well-known anxiolytics, decreased the turn-
over of 5-HT in the central nervous system [3-11]. This view
has been confirmed by the finding that administration of
diazepam diminished the formation of endogenous
5-hydroxtryptophan (5-HTP) in the brain [12].

L-Tryptophan, an essential amino acid is the precursor
of serotonin in the brain, for which the initial source is di-
etary. The tryptophan available for the synthesis of 5-HT
comes from the periphery. Increased brain concentration of
L-tryptophan have been reported following the administra-
tion of benzodiazepines [8.13]. In vitro investigations have
suggested that this is due to increased uptake of L-tryptophan
[14]. Pratt et al. [8] found that administration of clonazepam
increased 5-HT, 5-hydroxyindoleacetic acid (5-HlAA) and
tryptophan concentrations in mice.

The uptake of tryptophan from blood to brain is brought
about via a carrier-mediated transport mechanism [15] shared
by all large neutral amino acids (LNAAs). Plasma concentra-
tions of total [16] free [17] tryptophan and LNAAs [18] have
been shown to affect brain tryptophan concentration in dif-
ferent physiological [19] and pharmacological conditions [20].

Despite several studies showing decreased metabolism
of 5-HT following diazepam administration [3-11], effects of
diazepam on plasma and brain tryptophan concentrations have
not been reported. The present study is therefore designed to
investigate the effects of various doses of diazepam on plasma
total, free and brain regional tryptophan concentrations.

Effects of diazepam on home cage and open-field activity are
also determined.

Materials and Methods
Animals. Locally bred male Wistar rats weighing 150-

200g, on arrival, purchased from PCSIR Laboratories
Pakistan were housed individually in a quiet room with free
access to cubes of standard rodent diet and water for at least
4-5 days before experimentation.

Chemicals. Diazepam (F. Hoffmann La-Roche and Co.
Ltd., Basel Switzerland) available in ampules of 5 mg/ml was
used in the experiment. Other chemicals were purchased from
Sigma Chemical Company (USA) or BDH Chemical Pool
(England).

Drugs and injections. Animals were randomly assigned
to control and test groups. Diazepam available in 5 mg/ml
ampules, diluted to required concentrations in 0.9% NaCI
w/v, were injected intraperitoneally in volumes of I, 3 and 5
mg/kg/ml body weights. Control animals received an equal
volume of NaCI (0.9% w/v). Four groups of rats were used
each time in a balanced design.

Behavioural studies. Home cage activity. Transparent
perspex 26x26x26cm cages were used to individually cage
the animals. Rats injected with various doses of diazepam or
saline were observed in their home cages 15 min. post injec-
tions for 5 min. to monitor activity. During this time period
number of cage crossings, c1imbings and groomings were
counted.

Open-field activity. The open-field apparatus used in the
present investigation consisted of a square area 76x76cm with
waIls 42 em high. The floor'was divided by lines into 25 equal
squares. Rats injected with I,3 and 5 mg/kglml diazepam or
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vehicle were exposed to the open-field 30 min. later. To de-
termine open-field activity a saline or drug injected rat was
placed for the first time in the centre square of the open-field
apparatus. The number of squares crossed in the open-field,
with all four paws were scored for 5 min. as described
earlier [21 J.

Decapitation and brain dissection. Animals were decapi-
tated 1 hr. after the injectioins of saline or various doses of
diazepam to collect blood in heparinized centrifuge tubes.
Blood was centrifuged to obtain plasma. The brain taken out
immediately, placed on an ice-cold glass plate was dissected
in regions with the help of brain slicer. Hypothalamus,
striatum, cortex, hippocampus and brain stem were dissected
out from the brain as described earlier [22] and were rapidly
stored at -70°C until analysis. Liver was also removed and
stored for the estimation of tryptophan.

Biochemical estimations. Plasma total and free
(ultrafilterate) tryptophan, liver tryptophan and brain regional
tryptophan were all determined by the flourimetric method
by Denckla and Dewey [23J as modified by Bloxam and
Warren [24J.

Statistical analysis. Behavioural data were statistically
tested by Mann Whitney U-test. Biochemical data were
analysed by one-way ANOVA. Posthoc comparison was per-
formed by Newman-Keuls statistics.

Results and Discussion
Figure 1 shows that i.p. administration of diazepam at

doses 1, 3 and 5 mg/kg decreased open-field locomotor
activity of rats. Maximum decreases were produced at
3 mg/kg. The decreases at a higher dose (5 mg/kg) were
smaller and less significant than the decreases observed at
3 mg/kg.

Figure 2 shows that administration of diazepam at doses
of 1,3 and 5 mg/kg also decreased home cage activity of rats.
The decreases by 3 doses used were comparable.

Table I shows that acute administration of various doses
of diazepam decreased total tryptophan concentration in
plasma and increased the concentrations of free tryptophan.
The concentration of tryptophan in liver was also increased
by these doses of the drug. While these doses produced non-
significant effect on the concentration of glucose.

Table 2 shows that administration of 1 mg/kg diazepam
increased tryptophan concentration in the hypothalamus and
striatum only. At doses of 3 mg/kg the increases were signifi-
cant in the hypothalamus, striatum and cortex. At doses of
5 mg/kg, drug administration increased tryptophan concen-
tration in the hypothalamus, striatum, cortex and hippocam-
pus. The levels of tryptophan in the brain stem were not al-
tered by these doses of drug.

Our findings that acute administration of diazepam at
doses of 1,3 and 5 kg/mg decreases open-field locomotion is
consistent with previous studies [25]. In addition, we find
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Fig.l. Open-field activity of saline and diazepam injected rats during 5

min. exposure to the open-field. Values are means ± SEM (n=6) 30 min.
after the drug or saline administration. Significant differences by V-test,
*P=0.05, **P=O.025.
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Fig.2. Home cage activity of saline and diazepam injected rats during
10 min. observation period. Values are means±SEM (n=6) 15 min. after the
drug or saline administration. Significant differences by V-test. ·P<0.05.
**P<O.025.
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that home cage activity is also decreased. The observed de-
creases of both open-field and home cage activity may be
due to sedative effects of the drug. The present study there-
fore shows that benzodiazepines (BZs) unlike caffeine [26]
may produce sedation both in home as well as novel environ-
ment.

A number of neurochemical investigations have shown
that systemic administration of BZs decreases 5-HT turnover
[3-11] and this correlates with the antianxiety effects of the
drug [4,27]. Brain tryptophan hydroxylase, the rate-limiting
enzyme of 5-HT biosynthesis, exists unsaturated with its sub-
strate tryptophan [28-30]. Therefore, it would be expected
that decreased 5-HT turnover following the administration
of BZs may be associated with decreased brain concentra-
tions of tryptophan. However, the present study shows that
brain concentrations of tryptophan were decreased in many
brain regions. This suggests that administration of diazepam
may inhibit the activity of tryptophan hydroxylase. This view
is consistent with the finding that diazepam diminished the
formation of endogenous 5-hydroxytryptophan (5-HTP) in
the brain [12].

TABLE1. THEEFFECfOFDIAZEPAMONPLASMATOTAL,FREE,
LIVERTRYPTOPHANCONCENTRATION(ug/ml), ANDGLUCOSE

CONCENTRATION.(mg/dl) INCONTROLSANDDIAZEPAM
TREATEDRATSI HOURAFTERINJECfIONS.

Diazepam I-ANOVA
Saline Imglkg 3mg/kg Smg/kg df=3.20

** ** **
Total Trp. 14.6±O.9 8.6±1.4 6.2±1.2 S.2±1.I F=82.0 p<o.oi

** ** **
Free Trp. 1.8±O.2 3.2±O.8 4.1±O.9 4.7±1.0 F=IS.O P<O.OI
Glucose 33±3.4 32±S.O 32±4.0 32±4.1 F=O.3 n.s.

** ** **
Liver. 11±17.98 23.60±66.36 22.8003.60 28.8S±73.78 F=12.7 P<O.OI

**P<O.OI from respective saline injected rats by Newman-Keuls statistics
following one-way ANOVA. Values are mean ±S.D. (n=6)
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Regional variations have been observed in the effects of
diazepam on brain 5-HT synthesis. Thus after systemic ad-
ministration of moderate doses (5 mg/kg) of diazepam, 5-HT
turnover was preferentially decreased in the hipppocampus, .
but not in the striatum and cortex [31]. In the present study
the increases of tryptophan concentrations more marked in
the striatum and hypothalamus were only marginally increased
in the hippocampus only at doses of 5 rug/kg. The cortical
levels of tryptophan were also increased but significantly only
at doses of 3 and 5 mglkg, while the concentrations of tryp-
tophan in brain stem did not increase.

The regional differences in the effects ofdiazepam on
brain tryptophan concentrations may be explained by (1) an
uneven cerebral distribution of the drug; (2) a difference in
the density of benzodiazepine receptors; (3) regional varia-
tions in the interaction of diazepam with other neuronal sys-
tems which are involved in the modulation of serotonergic
neurotransmission.

A further consideration is that how an increase in brain
tryptophan concentration occurs following the administration
of diazepam? Tryptophan from the circulation is transported
to the brain by a carrier mediated transport mechanism [1~1.
Plasma concentrations of total [16], free [17] tryptophan and

. large neutral amino acids (LNAAs) [18] have been shown to
modulate brain tryptophan concentrations in different phar-
macological [20] and physiological [19] conditions.

Coassolo et al. [32] studied the binding ofL-tryptophan
and chlorazepate (a. benzodiazepine) to human serum albu-
min (HSA) by microcalorimetery and concluded that the two
ligands are specific competitors for the same primary bind-
ing site.

The observed increases of brain tryptophan concentra-
tion in the present study may be due to increased plasma con-
centrations of free tryptophan because plasma total tryptophan
decreased. Plasma concentrations of LNAAs were not deter-
mined in the present study. However, it is less likely that

TABLE2. THEEFFECfOFVARIOUSDOSESOFDIAZEPAMONBRAINREGIONALTRYPTOPHANCONCENTRATION.(ug/ml) INCONTROLSAND
DIAZEPAMTREATEDRATSI HOURAFTERTHEINJECfIONS.

Diazepam I-ANOVA
Saline lmg/kg 3mglkg 5mglkg df=3,20

** ** **
Hypothalamus 1.4 ± 1.83 2.6±5.60 3.93 ± 3.87 5.66± 8.18 F= 66.2 P< 0.01
Hippocampus 2.3 ± 3.87 3.2 ± 7.02 2.67 ±4.21 3.915 ± 8.15 F=7.2 P < 0.01
Striatum 3.9 ± 6.34 6.4±18.7 9.80±2.26 15.588 ± 2.210 F= 43.4 P<O.OI
Cortex 3.7 ± 4.11 5.0± 10.0 6.479 ± 1.880 9.710 ± 1.144 F= 26.5 P<O.OI
Brain Stem. 6.6 ± 11.85 7.9 ± 19.7 5.545 ± 1.916 6.341 ± 1.607 F=2.1 n.s.
*P<O.OS, **P<O.OI from respective saline injected rats by Newman-Keuls Q-statistics following one-way ANOVA. Values are means ± S.D. (n=6). Diazepam
was administered as described in methods. •
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change in LNAAs concentration occurs because plasma con- 13. L. Valzelli, S. Bernasconi, E. Coen and V. V. Petkov,
centrations of glucose were not altered [33]. Neuropsychobiology, 6, 224 (1980).

The important finding of the present study is that brain 14. S. H. J. Hockel, W. E. Muller and U. Woll ert , Res.
tryptophan concentrations are not decreased by diazepam ad- Commun. Psychol, Psychiatr Behav. 8, 4, 467 (1979).
ministration. The reported decrease of cerebral 5-HT turn- 15. J. D. Fernstrom and R. Wurtman, Science, 178,414
over following diazepam administration [3-11] may occur be- (1972).
cause of the changes in the kinetics of regulatory enzyme of 16. J. D. Fernstrom and M. J. Hirsch, J. Neurochem., 28,
5-HT biosynthesis. 877 (1976).
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