Egyptian Journal of Biology, 2010, Vol. 12, pp 52-56
 Printed in Egypt.
Egyptian British Biological Society (EBB Soc)
________________________________________________________________________________________________________________

In vitro inhibition of camel hepatic glutathione transferases by selected
organic azides
Mohammed A.A. Sarhan*
Department of Biological Sciences, College of Science, King Khalid University, 61413 Abha P.O.Box 9004,
Saudi Arabia

Abstract
Glutathione S-transferases (GST) are a group of multifunctional enzymes, widely distributed in
both animal and plant kingdom. The present study was carried out to investigate the inhibitory
potential of three structurally related organic azides (n-propyl azide, n-butyl azide, and heptyl
azide) on camel hepatic GST activity in vitro. The mean inhibition constants (Ki) were estimated
to be 0.419 ± 0.068, 0.501 ± 0.068, and 0.563 ± 0.036 mM for n-propyl azide, n-butyl azide, and
heptyl azide respectively, using Lineweaver-Burk plots. These results indicated that hepatic GST
was sensitive to the organic azides used.
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Introduction
Every organism is continuously exposed to hazardous agents in its environment. As a result,
organisms have evolved sophisticated pathways, environmental response machinery, that can
minimize the biological consequences of these agents. The Glutathione S-transferase (GST, EC
2.5.1. 18) family are phase II biotransformation enzymes that detoxify carcinogens and their
reactive intermediates, by facilitating their conjugation to endogenous tripeptide glutathione
(GSH; -L-glutamyl-L-cysteinylglycine), and the product is more water soluble, less toxic and
more readily excreted from the host (Commandeur et al. 1995, Luchmann et al. 2007, Rueff et
al. 2002, Sheehan et al. 2001).
Like other mammals, the camel exhibits GST activity in the liver and extrahepatic
tissues (Hunaiti & Abukhalaf 1987, Hunaiti & Asa'd 1989, Hunaiti & Sarhan 1987). Camels
are of great interest: although characterization of classical detoxification systems in such
animals is not well known, they have unusual biochemical characteristics, differing from other
mammals in a number of biochemical and physiological properties. For example, the inherent
capacity to withstand water deprivation for long periods and to drink large amounts of water in
a short time has been known for some time. In view of these unusual characteristics of camels,
it is possible that GST may differ from those of other mammals (Faye & Bengoumi 1994).
Azide is a broad-spectrum biocide showing bactericidal, fungicidal, insecticidal and
nematocidal activity (Pollock et al. 1977, Singh et al. 2008). Inorganic azide compounds such
as sodium azide (NaN3) are potent seed mutagen also shown to be mutagenic in bacteria,
Neurospora, Arabidopsis, barley and Drosophila (Owais et al. 1981, Owais et al. 1983, Owais
et al. 1986, Owais & Kleinhofs 1988, Owais 1993). The interest in azide is not just because
they are mutagenic, but the problem of significant azide release into the environment is not a
hypothetical one. Azide is readily protonated in the aqueous environment to yield volatile
hydrazoic acid (HN3) that can then pose an airborne hazard (Chang & Lamm 2003, Singh et al.
2008). The high solubility of sodium azide implies that spills could potentially migrate into
sewers, streams, lakes and groundwater systems(Smith & Wilcox 1994, Weiss 1996). Other
azides including compounds such as organic azides (compounds replaced by a hydrocarbon
group - general formula RN3) may be metabolized and converted to toxic or mutagenic
compounds. Sarhan (2007) showed that organic azides (n-butyl and n-hexyl azides) possess
mutagenic activity based on his-→ his+ reversions, in a TA100 tester strain. Some organic
azide compounds were found to be detoxified by one of the detoxifying systems present in the
animal tissue, such as glutathione S-transferase, and excreted in the urine.
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Therefore the determination of azide and its derivatives in environmental and biological
samples is of important practical significance.To understand the role of such molecules in an
organism it is necessary to characterize its interactions with cellular proteins like glutathione Stransferase (Hunaiti et al. 1988). Therefore, the present study aimed to investigate the
inhibitory potential of three new structurally related organic azides (n-propyl azide, n-butyl
azide and heptyl azide) on camel hepatic Glutathione S-transferase activity in vitro.
Materials & Methods
GSH and CDNB were obtained from Sigma-Aldrich Inc. (St. Louis, MO, USA). All starting
materials and solvents used in this work were reagent grade in generally 98% pure. Organic
azides were synthesized as mention in Hunaiti et al. (1988).
To prepare the enzymes, twenty grams of each liver were cut into small pieces and
separately homogenized with 30 ml of 0.1 M potassium phosphate buffer, pH 6.5, using a
Wraing blender for 1 min. All further steps were carried out at 4 oC. The homogenates were
centrifuged at 37,000 g for 30 min and the resulting supernatants filtered through glass wool to
remove floating lipids. The supernatants were applied to a small GSH-agarose affinity column
and the glutathione S-transferases purified essentially as described by Hunaiti & Sarhan
(1987).
The activity of Glutathione S-transferase was assayed in a reaction mixture containing
100 mM phosphate buffer, pH 6.5, 1 mM 1- Chloro-2,4- dinitrobenzene (CDNB) and purified
enzyme equivalent to 40 µg of purified enzyme. The reaction was initiated by addding 1 mM
reduced glutathione (GSH) and formation of S-(2,4-dinitrophenyl) glutathione (DNP-GSH)
was monitored as an increase in absorbance at 340 nm as described previously (Habig et al.
1974). Protein levels were determined spectrophotometrically at 600 nm using bovine serum
albumin (BSA) as a protein standard (Lowry et al., 1951).
In order to determine the effect of the organic azides on GST, two fixed concentrations
of each organic azide (20 and 40 mM) were used as inhibitors. The samples were incubated for
2 min at room temperature in separate cuvettes containg 100 mM potassium phosphate buffer,
pH 6.5, 1 mM GSH, and purified enzyme (40µg) in a total volume of 3 ml. Following a
preincubation period in the presence of inhibitors for 2 min at 25 oC, CDNB was used as a
substrate at seven different concentrations (1.66, 1.33, 1.0, 0.66, 0.50, 0.33, and 0.166 mm).
The spectrophotometric assay was performed as described above and corrections made for
dilution. For each inhibitor concentration, linear relations were produced between 1/V and
1/[S] values (Lineweaver & Burk 1934). Ki constants and inhibition types were estimated from
these plots.
Table 1: Ki constants, and inhibition type of n-propyl, n-butyl and n-heptyl azides for camel
hepatic GST
Inhibitor
n-propyl azide
n-butyl azide
n-heptyl azide

I (mM)
20
40
20
40
20
40

Ki constant
(mM)
0.234
0.604
0.316
0.686
0.427
0.698

Mean Ki constant
(mM) ± SD

Inhibition type

0.419 ± 0.068

competitive

0.501 ± 0.068

competitive

0.563 ± 0.036

competitive

Figure 1: Lineweaver-Burke plots showing the concentration-dependent inhibition of GST
activity by: (A) n-propyl azide; (B) n-butyl azide; and (C) n-heptyl azide. Experiments
were performed in duplicate.
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Results
N-probyl, n-butyl, and n-heptyl azides were found to be inhibitors of GST. Estimates for the Ki
constants are given in Table 1. They were estimated using the Lineweaver-Burk plots shown in
Figure 1.

Discussion
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We previously demonstrated multiple forms of GST enzymes in camel tissues, and showed that
they have structural and functional similarities to the drug-metabolizing enzymes from other
mammalian species (Hunaiti et al. 1988, Hunaiti & Sarhan 1987). In the present study, we
report evidence of the inhibitory potential of three different organic azides on camel hepatic
glutathione S-transferase activity in a concentration-dependent pattern. The enzyme was
severely inhibited by these organic azides at relatively low concentrations. The results also
showed a relationship of chain length to inhibitory potency. The present study complements
our previous reports on the presence of multiple forms of drug-metabolizing enzymes in camel
tissues, which are capable of metabolizing a wide variety of compounds and contribute to the
detoxification ability of camels.
References
Chang S & Lamm SH (2003) Human health effects of sodium azide exposure: a literature review and analysis.
International Journal of Toxicology 22(3):175-186
Commandeur JNM, Stijntjes GJ & Vermeulen NPE (1995) Enzymes and transport systems involved in the
formation and disposition of glutathione S-conjugates. Pharmacological Review 47:271-330
Faye B & Bengoumi M (1994) Trace element status in camels. Biological Trace Element Research 41:1-11
Habig WH, Pabst MJ & Jakoby WB (1974) Glutathione S-transferases: the first enzymatic step in mercapturic
acid formation. Journal of Biological Chemistry 249(22):7130-7139
Hunaiti AA & Abukhalaf IK (1987) A rapid purification procedure for camel kidney glutathione S-transferase.
Prep Biochemistry 17(3):239-259
Hunaiti AA, Abu-Orabi ST, Sahran MA & Owais WM (1988) Interaction of organic azides with purified camel
glutathione S-transferase. Biochemical & Medical Metabolic Biology 39(2):140-147
Hunaiti AA & Asa'd Q (1989) Camel brain glutathione S-transferase purification, properties, regional and
subcellular distribution. Comparative Biochemistry & Physiology B 93(2):333-338
Hunaiti AA & Sarhan MA (1987) Purification and characterization of camel liver glutathione S-transferase.
International Journal of Biochemistry 19(1):71-77
Lineweaver H & Burk D (1934) The determination of enzyme dissociation constants. Journal of the American
Chemical Society 56:658-666
Lowry OH, Rosebrough NJ, Farr AL & Randall RJ (1951) Protein measurement with the folin phenol reagent.
Journal of Biological Chemistry 193:265-275
Luchmann KH, Toledo-Silva G, Bainy ACD & Marques MRF (2007) Glutathione S-transferase cytosolic isoform
in the pink-shrimp, Farfantepenaeus brasiliensis, from Conceicao Lagoon, Santa Catarina Island, SC. Brazil.
Environ. Int, 33(546-549).
Owais WM (1993) The lack of L-azidoalanine interaction with DNA. In vitro studies. Mutation Research
302(3):147-151
Owais WM & Kleinhofs A (1988) Metabolic activation of the mutagen azide in biological systems. Mutation
Research 197(2):313-323
Owais WM, Kleinhofs A & Nilan RA (1981) Effects of L-cysteine and O-acetyl-L-serine in the synthesis and
mutagenicity of azide metabolite. Mutation Research 80(1):99-104
Owais WM, Ronald RC, Kleinhofs A & Nilan RA (1986) Synthesis and mutagenicity of the two stereoisomers of
an azide metabolite (azidoalanine). Mutation Research 175(3):121-126
Owais WM, Rosichan JL, Ronald RC, Kleinhofs A & Nilan RA (1983) A mutagenic metabolite synthesized by
Salmonella typhimurium grown in the presence of azide is azidoalanine. Mutation Research 118(4):229-239
Pollock BD, Fisco WJ & Kramer HAC (1977) Forsyth handling, storability, and destruction of azides, Energetic
Materials. New York: Plenum Press.
Rueff J, Gaspar J & Kranendonk M (2002) DNA polymorphisms as modulators of genotoxicity and cancer.
Journal of Biological Chemistry 383:923-932
Sarhan MAA (2007) Mutagenic activity of n-butyl and n-hexyl azide in the Salmonella mutagenicity test (Ames
test). Journal of Applied Scientific Research 3(9):886-889
Sheehan D, Meade G, Foley VM & Dowd CA (2001) Structure, function and evolution of glutathione
transferases: implications for classification of nonmammalian members of an ancient enzyme superfamily.
Biochemical Journal 360:1–16
Singh AK, Aggarwal V, Singh UP & Mehtab S (2008) Nickel pyrazolyl borate complexes: Synthesis, structure
and analytical application in biological and environmental samples as anion selective sensors. Talanta
77:718-726
Smith RP & Wilcox DE (1994) Toxicology of selected nitric oxide-donating xenobiotics, with particular reference
to azide. Critical Reviews in Toxicology 24(4):355-377

55

Sarhan: Organic azide inhibition of camel GSTs

Weiss JS (1996) Reactive airway dysfunction syndrome due to sodium azide inhalation. International Archives of
Occupational & Environmental Health 68:469-471

الملخص العربي

دراسة تثبيط األوسيمات الكبذية مه الجلوتاثيون تراوسفيراسيسش عه طريق األزيذات العضوية في المختبر
يحًذ سشحاٌ
قسى انعهىو انبٍىنىجٍت – كهٍت انعهىو – جايعت انًهك خانذ –أبها – انًًهكت انعشبٍت انسعىدٌت
حُخشش يجًىعت إَضًٌاث انجهىحاثٍىٌ حشاَسفٍشاسٍضط انًخعذدة فً األَىاع انًخخهفت يٍ انحٍىاَاث وانُباحاث ،وقذ حى خالل
انذساست يحاونت اكخشاف انخأثٍش انًثبظ وانزي ححذثه ثالد يشكباث يٍ األصٌذاث وهى -ٌ :بشوبٍم أصٌذ  -ٌ ،بٍىحٍم أصٌذ –،
هٍبخٍم أصٌذ) عهى َشاط انجهىحاثٍىٌ حشاَسفٍشاسٍضط انكبذي فً انجًال داخم انًخخبش .وأظهشث انُخائج أٌ يخىسظ يعايم
انخثبٍظ كاٌ  9.560 – 9.59. – 9.4.0يهى يىل نكم يٍ ٌ -بشوبٍم أصٌذ  -ٌ ،بٍىحٍم أصٌذ  ،هٍبخٍم أصٌذ عهى انخىانً،
ورنك باسخخذاو إحذاثً الٌُىٌفش بىسك .أوضحج انُخائج أٌ إَضًٌاث انجهىحاثٍىٌ حشاَسفٍشاسٍضط كاَج حساست عُذ اسخخذاو
األصٌذاث انعضىٌت.
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