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Abstract: In the present study, the Salmonella typhimurium  tester strain TA 100 was used in the pre-

incubation method to examine the mutagenic potential of the organic azides, n-butyl azide and n-hexyl
azide. The results indicated that the tested organic azides possess mutagenic activity based on his-6 his+

reversions, in TA100 tester strain. 
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INTRODUCTION

The Salmonella  microsomal test system
(Salmonella test; Ames test) is a world-wide short-term

bacterial reverse mutation test specifically designed for
screening a variety of new chemical substances and

drugs that can produce genetic damage that leads to
gene mutations . The test monitors reversion[1 ,2]

mutations in a specially constructed mutant strain of
Salmonella typhimurium  LT-2. Mutagenic chemicals

cause the mutant strains to revert back to the wild-
type; therefore, the number of growing revertant

colonies is related to the mutagenic potency . A[3]

mammalian (usually rat) liver homogenate is added to

the bacterial suspension as an approximation of
mammalian metabolism . Over 80% of the organic[3]

carcinogens tested so far have been detected as
mutagens in this system . Since many carcinogens[4]

induce mutations in Salmonella microsomal mutation
test, it is widely used both as an indicator of

mutagenicity and carcinogencity . [1]

Azide  compounds  are  extensively used by

numerous groups of workers in various fields and their
mutagenicity has been tested . Previous studies[5-9]

showed that sodium azide can be converted to a
mutagenic organic metabolite in bacteria, neurospora,

arabidopsis, barely and drosophila . The hazard[5 , 10-13]

that exists by other azides containing compounds such

as those used in the present study may be metabolized
and converted to toxic or mutagenic compounds.

Organic azides have assumed an important position at
the interface between chemistry, biology, medicine and

materials science. The present study aimed to
investigate the potential mutagenic activity of two

organic azides (n-butyl and n-hexyl azides).

MATERIALS AND METHODS

Bacterial Strain: Histidine-dependent strain of S.
typhimurium  TA100 (hisG46/rfa/DuvrB/pKM101),

developed by Dr. B.N.Ames of the University of
California, Berkeley, USA and detect base-pair

substitution mutations was used as the tester strain in
this study. The tester strain was confirmed prior to use

for different requirements and characteristics according
to the methods given by Maron and Ames .[3]

Overnight  cultures  of  Salmonella TA100 was
grown at 37°C in Oxoid nutrient broth supplemented

with 80 ug/ml ampicilin. One ml of this overnight
culture was used to inoculate 50 ml of the broth, which

6 0 0was then incubated at 37°C for 2 h until an OD 
reachs 0.4.

Preparation  of  Rat-liver   S9   Fraction   and

Mix: Male Spraue-Dawley rats (body  weight~200g)
were  treated  with  30mg/kg sodium phenobarbitone

(in  0.9%  w/v  saline)  on day one and 60mg/kg on
day 2,3 and 4. Five days later animals were sacrificed

by cervical dislocation and the livers were collected,
homogenized in 0.15 M KCl.  The  homogenate  was

 centrifuged  at  9,000g for 10 min. the supernatant
was aliquoted (2 ml portions) and stored at -80°C until

used . The S9 mix was prepared according to the[14]

recipe recommended by Maron and Ames  and[3]

Mortelmans and Zeiger , 0.5 ml per plate of the high[15]

S9 mix was used in the experiment. 

2S9 Mix: The S9 mix composed of 8 mM MgCl , 33

mM KCl, 5 mM glucose-6-phosphate, 4 mM NADPH,
4 mM NADH  and  100  mM  sodium  phosphate (pH

7.4). and 2 mL of S9. 
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Mutagenicity Test:  The  Ames  test (the pre-

incubation method  at  37°C  for  20  min) was

conducted to examine the mutagenicity of the n-butyl

and n- hexyl azides. Briefly,  a mixture of the

following components were added  in  sequence:  0.1

ml  of   the   Salmonella   TA100  strain  broth 

culture   (about   1X10   bacteria per  tube), 0.5 ml of8

metabolic activation (S9) mix, 0.1 ml the test

compound (5-20 ug/plate) or (5 µg/plate) of sodium 

azide   as   positive   control   without   S9    mix

(A dose of 5 µg/plate  of  sodium  azide  was  chosen

for  the   mutagenicity   studies   since   this   dose

was not toxic and induced revertants in S.typhimurium

TA100). The mixture was incubate at 37°C for 20 min

with  a  shaking  frequency  of  120  strokes  per

minute. After incubation, 2 ml of melted top agar

(supplemented with  0.05  mM  histidine/  0.05  mM

biotin and maintain at 43°C to 48°C) were added to

each test tube. The contents  were  mixed  gently and

poured onto the minimal glucose medium plates  and[16]

distributed uniformly. When the top agar has hardened

(2–3 min), the plates  were  inverted  and  incubated

at 37°C for about 48 h. The plates for spontaneous

reversions did not contain any chemical. After 48 hours

incubation, the colonies in the control and test

compound plates were counted and the results are

expressed as the number of revertant colonies per plate.

Spontaneous revertants were also scored. 

To validate the test system employed in this

study, 1,2-Dibromomethane as   a  positive control

with  S9  fraction  was used (dissolved in DMSO in

a final concentration of 20 mM/plate). 1,2-

Dibromomethane has shown to increase mutation

frequency  in  the  tester  strain TA100 only after

activation with S9 mix (3 folds of the spontaneous

revertants). Thus, the chemical induce base pair

substitutions at one of the GC pairs. DMSO was used

as a negative control.

Evaluation of mutagenicity: Mutagenicity was

evaluated according to the so called 2-fold rule .[15]

Thus, the chemicals were jugged to be mutagenic if the

following criteria were satisfied:1) the maximum

number of revertant were 2 folds or more relative to

the negative control. 2) a dose-dependent increase in

the number of revertants was observed.

Statistical analysis: The results from the mutagenicity

studies represent the mean of duplicates and they were

statistically evaluated using the Student’s t-test. The

results are generally reported as mean revertant

colonies/plate ± Standard deviation. For an adequate

estimate of variation, triplicate plating was used at each

concentration.

RESULTS AND DISCUSSIONS

S. typhimurium  strain TA100, which detects base-
pair substitution mutagen, was used to test mutagenicity
of the two organic azides (n-butyl azide and n-hexyl
azide). This mutagenicity test was conducted by
incubating n-butyl azide and n-hexyl azide separately
with S. typhimurium  strain TA100, both with and
without rat liver S9 fraction. The present study
demonstrated that n-butyl azide show a non mutagenic
response in the absence of the activation system (S9)
mix in which the number of revertant was not
exceeding  the  revertants of the spontaneous number
(Fig. 1). A concentration-dependent mutagenic response
up  to  a  concentration  of  15  ug/plate of n-butyl
azide (5-20 ug/plate) has induced reversion mutations
(with S9 mix) up to 2 folds of negative control
reversions (Fig. 1). Under the same conditions, n-hexyl
azide did not elicit mutagenic activity (Fig. 2). When
an activation system was included a concentration-
dependent mutagenic response up to 10 ug/plate of n-
hexyl azide has reverted TA100  tester  strain  and 
induce   reversion   mutation 

Fig. 1: Mutagenicity of n-butyl azide in the presence
and absence of an activation System. The effect
of adding increase concentrations of n-butyl
azide (0-20 ug/plate) was showing using the
mean of 3 plates per test point ± Standard
deviation.

Fig. 2: Mutagenicity of n-hexyl azide in the presence
and absence of an activation system. The effect
of adding increase concentrations of n-
hexylazide (0-20 ug/plate) was showing using
the mean of 3 plates per test point ± Standard
deviation.
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Fig. 3: Mutagenicity of n-butyl azide and n-hexyl azide
at final concentration of 15 ug, were tested for
mutagenicity in the presence of an activation
system.

up to 4 folds of negative control reversion. These
observations may suggest that the increase in chain
length of alkyl azide may has a correlation with the
mutagenic activity. Fig. 3 shows the results of Ames
test of n-butyl azide and n-hexyl azide in the presence
of S9 fraction. The mutagenicity results obtained in this
study are similar to those of previous work done by
Matsumura et al.,  who  showed  that  Alkyl  azides[17]

 as  not  mutagenic  for S. typhimurium TA100 strain
by itself but it is converted into mutagens via
metabolic activation system, in this case S9 fraction.
However, no significant activity was observed for
TA100 without S9 mix., which confirm our results
that  obtained  in  this study. Toxicity was apparent as
a reduction in the number of his  revertant colonies+

when  the  concentration  of  n-butyl  azide  or n-
hexyl azide was raised, this might attenuate its
mutagenicity (Fig.1&2). These observations suggest that
the chemical seems to have both mutagenicity and
cytotoxicity effects at the same time The mutagenic
results are similar in n-hexyl azide. Thereby, both n-
butyl azide and n-hexyl azide display mutagenicity in
the Ames test in the presence of the activation system
indicating that the tested organic azides are pro-
mutagen which are converted into a potential
carcinogen after activation. Some carcinogenic
chemicals, such aromatic amines or polycyclic aromatic
hydrocarbons, are biologically inactive unless they are
metabolized to active forms. In humans and lower
animals, the cytochrome- P450 metabolic oxidation
system, which is present mainly in the liver, is capable
of metabolizing a large number of these chemicals to
DNA-reactive, electrophilic forms. Some of the
intermediate metabolites are potent mutagens in the
Ames Salmonella test. Since bacteria do not have this
metabolic capability, an exogenous mammalian organ
activation system needs to be added to the Petri plate
together with the test chemical and the bacteria. For
this purpose, a rat metabolic activation system was
introduced into the test system  The metabolic[18]

activation system usually consists of a 9X10 g 3

supernatant fraction of a rat liver homogenate (S9)

microsomal fraction .[3]

To conclude, both n-butyl azide and n-hexyl azide

are primarily mutagenic which after activation tend to

exert more dynamic mutational potential. 
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