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Occurrence of ‘natural’ diazepam in human brain

(Received 26 May 1989; accepted 19 July 1989)

There is accumulating evidence that benzodiazepines
(BZD), especially diazepam (D) and desmethyldiazepam,
are naturally present in tissues of different animal species
[1-3] as well as in plant products [2-4]. ‘BZD-like’ immuno-
reactivity has been detected even in human brain samples
stored in paraffin since 1940 [1]. However in this experiment
the material was not identified by specific chemical analysis.
As the source of the BZD detected in the different bio-
logical samples has not been clarified, it might be speculated
that it is of synthetic origin [5]. Therefore we have examined
human brain material which has been kept in storage since
at least 1959, a time prior to the first laboratory synthesis
of these compounds. BZD were quantified by a specific gas
chromatography (GC)/mass spectrometry (MS) technique
in different parts of the stored brains.

Materials and methods

Slices of cerebrum, cerebellum and brainstem from three
different human brains, which were stored in 10% for-
maldehyde solution, were examined.

Brain No. 1 was from a 31-year-old subject, whose death
was due to an amyotrophic lateral sclerosis in February
1955. Brain No. 2 was obtained from a 27-year-old male
schizophrenic patient whose death in July 1958 was attribu-
table to an acute circulatory collapse. Brain No. 3 was
taken from a 36-year-old male epileptic patient who died
of pulmonary embolism in February 1959.

Slices of different areas of brains No. 1 and 2 were stored
separately in formaldehyde solution. The individual tissue
slices were homogenized thoroughly in this solution using
an ultraturrax mixer for 1 min prior to extraction. Tissues
of brain No. 3 were stored together in formaldehyde solu-
tion and were separated prior to analysis. Slices of cer-

ebellum and brainstem were removed from the solution
and homogenized in distilled water. One section of the
cerebrum was homogenized in distilled water, whereas the
remainder was homogenized in the original formaldehyde
solution. In addition, the formaldehyde solution was ana-
lysed separately to examine whether BZD had been
extracted during storage. A sample from each part of each
brain (7.5 to 10 g wet weight tissue) was analysed at least
in duplicate.

Deuterated D (d;s-D, Sigma Chemical Co., Poole, U.K.,
5 ng) was added to the homogenized samples as the internal
standard. The biological samples were extracted and sub-
sequently purified by HPLC according to the method
described in detail recently [3]. The HPLC fraction, col-
lected at a retention time corresponding to that analysed
for D was quantified by GC/MS in negative ion chemical
ionization mode ( for details see Ref. 3). Concentrations of
D were calculated from the peak height ratios of D to d;-
D recorded from the tracings in the selected ion monitoring
(see Fig. 1).

To test the stability of D under the influence of for-
maldehyde, a 10% formaldehyde solution was spiked with
aliquots of 100ng D and stored at 80° for one week to
simulate storage at 10°-15° for over 30 years.

Results and discussion

All brain material examined by GC/MS contained D.
The concentrations observed ranged from 0.15 to 0.34 ng/
g wet weight tissue (see Table 1).

Controls of 20 ml distilled water were processed through
the whole work-up procedure and contained maximally
0.005 ng/ml D. The original solution in which tissues of
brain No. 3 were stored contained a concentration of
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Fig. 1. Partial mass spectra in negative chemical ionization mode and GC/MS tracings by selected ion
monitoring. (A and A,) biological sample: cerebrum of brain No. 1. (B, and B,) reference compounds:
diazepam (D) and d;-D.

0.05 ng/ml and thus it was obvious that formaldehyde was
able to extract a certain amount of D. No decomposition
of D was observed by qualitative and quantitative HPLC
analysis after incubation for one week in a formaldehyde
solution. The partial mass spectrum of the biological extract
from the cerebrum of brain No. 1 was compared with that
of the reference compound D and internal standard ds-D.
All typical mass peaks in the molecular ion region (MW
284 and 289 for D and d;-D respectively) could be identified
in the brain extracts (see Fig. 1).

Table 1. Concentrations of diazepam in different human

brains (ng/g wet weight), quantified by gas

chromatography /mass spectrometry using a stable isotope
dilution technique

Brain No. 1 2 3

(year) (1955) (1958) (1959)

Tissue

Cerebrum 0.23 0.17 0.24
0.18*

Cerebellum 0.31 0.19 0.15*

Brainstem n.m. n.m. 0.34*

All values represent means of at least two measurements.
n.m. not measured.
* Homogenized in distilled water.

The present data illustrate that in addition to the detec-
tion of BZD in brain material of different species [1-3]
which might have been exposed to industrial BZD in their
food, the BZD agonist D could be detected in human brain
tissues which had been stored before the first BZD were
synthesized and patented in July 1959 (chlordiazepoxide
[6]) and in 1963 (Diazepam [7]). As laboratory con-
tamination was rigorously excluded, our results provide
strong evidence that environmental pollution by synthetic
BZD and subsequent intake can be virtually excluded.
Thus, as indicated by the detection of ‘BZD-like’ material
in old human brains [1], the quantification of D in such old
material by a specific and sensitive GC/MS technique
suggests that the human brain contains natural occurring
BZD. The origin of these BZD and how biosynthesis occurs
is still unclear, however it was demonstrated in different
studies [2-4] that the compounds could also be extracted
from different edible plant materials and thus might be
incorporated via the food chain.

The concentrations observed in all old brain samples (see
Table 1) was higher than that determined in the brain of a
22-year-old accident victim (0.06 ng/g; see also Ref. 3).
This could be attributable to firstly a better extraction of
BZD from different parts of the old brains which had been
stored in a formaldehyde solution, compared to the fresh
brain which had been homogenized in toto and extracted
subsequently. Secondly, as old brain tissues could only be
obtained from patients who suffered from various CNS
disorders, it may be speculated that these pathological
conditions could have influenced the concentration of D
detected. However the concentration of this BZD deter-
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mined is much lower than that required for therapeutic
effects in the CSF [8] and thus its clinical significance in
modifying CNS functions remains to be demonstrated.
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Comparative inhibitory effects of mefloquine and primaquine on hepatic drug-
metabolizing enzymes

(Received 17 February 1989; accepted 31 July 1989)

Mefloquine (MQ) and primaquine (PQ) are quinoline
derivatives used mainly as antimalarial drugs. Several stud-
ies have shown that PQ is a potent inhibitor of many
enzymes in vitro including those dependent on the hepatic
cytochrome P-450 [1-5]. In an in vive study in man, PQ
has been reported to be a potent inhibitor of antipyrine
metabolism [6]. However, little is known about the effect
of MQ on hepatic drug metabolism, except in a recent
study by Riviere and Back [7], who have demonstrated
that both MQ and PQ could inhibit the metabolism of
aminopyrine and ethinylestradiol in vitro as well as the
metabolism of tolbutamide in vivo.

In the present communication, we have investigated and
compared the inhibitory effects of these two antimalarial
drugs on a wide range of hepatic drug-metabolizing
enzymes in vitro and studied the nature of their inhibition
on these enzymes. Their inhibitory effects on the in vivo
metabolism of hexobarbital and zoxazolamine were also
tested.

Methods

Male Wistar rats (150-200 g), obtained from the National
Laboratory Animal Center of Mahidol University, were
housed under standardized conditions of light (6:00 a.m.
to 6:00 p.m.) and temperature (25-28°). All animals were
untreated and allowed at least 5 days to become acclimated
to the housing conditions prior to use in experiments. They
were given free access to food (standard rat chow; Purina
Laboratory Chow, Zuellig Pte. Ltd, Singapore) and tap
water ad lib. until 14-16 hr before killing, during which

they were allowed access to water only. Animals were killed
by heart puncture under light ether anesthesia between
7.00and 9.00 a.m. Livers were quickly removed and washed
with ice-cold buffered KCI (1.15% KCl in 0.1 M Na*/K*
phosphate buffer, pH 7.4) to remove the blood. The liver
was blotted dry with filter paper and weighed. All sub-
sequent procedures were performed below 4°. After weigh-
ing, the liver was teased with scissors and then homogenized
with 2-7 volumes of buffered KCl in a Potter-Elvehjem
homogenizer using a Teflon pestle. The homogenate was
centrifuged at 9000 g in a refrigerated centrifuge for 15 min
using Beckman Centrifuge Model J-21B with JA-21 rotor.
After centrifugation, the supernatant was carefully aspir-
ated off with Pasteur pipette. Three milliliters of this post-
mitochondrial fraction were further centrifuged at
105,000 g for 60 min in a Beckman Model L5-65 refrigerated
ultracentrifuge, whereas the remaining portion (about
9.0 ml) was used as the enzyme source in the in vitro hepatic
drug-metabolizing enzyme assays. After ultracentri-
fugation the soluble supernatant fraction was carefully
removed with a Pasteur pipette and the microsomal
pellet was rinsed and resuspended in 3.0 ml ice-cold 0.1 M
Na*/K* phosphate buffer, pH 7.4. This microsomal sus-
pension was used for the determination of microsomal
protein content.

The activities of aminopyrine N-demethylase, aniline
hydroxylase, hexobarbital oxidase, and p-nitroanisole O-
demethylase were measured in the presence of various
cofactors according to the methods described in detail in
previous publications {8, 9]. p-Chloro-N-methylaniline N-



