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Nitrite, which is present in preserved meat and can be produced in the oral cavity by reduction of nitrate taken from vegetables, 
could react in stomach with nitrosatable drugs, giving genotoxic-carcinogenic N-nitroso compounds (NOC). The mutagenicity of 
reaction mixtures formed by sodium nitrite and selected sulfa-drugs (sulfathiazole, HST; phtalylsulfathiazole, PhST; complex Co(II)-
sulfathiazole, Co(II)-ST) in acidic medium was evaluated using the Salmonella typhimurium reverse mutation assay (Ames test), with 
TA98 and TA100 strains. The reactions were carried out at room temperature, with a mole ratio [nitrite]/[sulfa-drug] ≥ 1.  The three 
reaction mixtures showed mutagenic effects in the considered range.  

Keywords: nitrite; sulfa-drugs; mutagenicity.

INTRODUCTION

Inorganic nitrates are primarily absorbed through the gastrointestinal 
system as a mixture of nitrates and nitrites.1 Nitrates are reduced to nitrites 
in saliva and in the gastrointestinal system.2 The nitrate reductase activity 
in the oral cavity appears to be influenced by seasonal conditions (it is 
higher at hot weather), and it is affected by pH too (pH ≅ 8 is optimal).3 
Salivary nitrite quantity can reach very high level (up to 1.26 mM) after 
consumption of nitrate-rich meals containing leafy and root vegetables.4 
Since most saliva is swallowed, about 80% of gastric nitrite in the normal 
acidic stomach arises from the reduction of ingested or endogenous 
nitrate. The remaining 20% of gastric nitrite arises from ingested nitrite 
in nitrite-preserved meat and fish, water and other foods.5  

The interaction of nitrite with substances containing functional N-
groups like amine, amide, etc., could generate genotoxic-carcinogenic 
N-nitroso compounds (NOC) in the gastrointestinal tract.6,7 NOC are 
unique among carcinogenic agents in being active in all species and in 
displaying a broad spectrum of target cells and organs in which they 
are able to induce cancer. The formation of NOC can occur in food 
(when preserved with nitrite), in the environment, and in the digestive 
tract (especially in the stomach, where the presence of HCl favours 
nitrosation reactions) from nitrosatable precursors and nitrosating 
agents.8 Considering this, intake of nitrosatable precursors for mutagens 
or carcinogens has received much attention because there is a good 
correlation between the amount of nitrate intake and gastric cancer 
mortality. NOC are considered to be a possible cause of human cancer.9 
As reviewed by Mirvish,10 NOC can be formed from secondary amines 
and amides. Because of the frequent presence in drugs of one or more 
of these groups, a large fraction of them, including natural products 
as aminoacids8 is theoretically nitrosatable. However, the problem of 
endogenous drug nitrosation is largely unrecognized.6

DNA damage is a critical factor in carcinogenesis. Many car-
cinogens initiate carcinogenesis by damaging DNA.11 Therefore, 
chemicals that cause mutations are often carcinogenic for humans, 
and they are mutagenic for bacteria as well as humans.12 A number 

of different ‘‘short-term tests’’ have been developed to investigate 
the genotoxic properties of chemicals in food and the environment.13 
The most widely used of these tests is the Ames test,14 which uses 
revertants of his mutations of Salmonella ssp. to detect mutations, 
both in single compounds or complex mixtures15 and in metal com-
pounds too.16 

 The chemical is placed on a plate lacking histidine on which a 
His- mutant of Salmonella has been spread. If the chemical can revert 
the his mutation, His+ revertant colonies will appear on the plate. A 
number of different his mutations must be used because different 
mutagens cause different mutations and they all have preferred sites 
of mutagenesis.12

Sulfonamides (called sulfa-drugs too) are among the most widely 
used antibacterial agents in the world, chiefly because of their low cost, 
low toxicity and excellent activity against bacterial diseases.17 Sulfon-
amides are extensively used as veterinary drugs too, so, they could be 
found as contaminants both in the environment18 or food19 and it is com-
mon to find them together with nitrites and nitrates in groundwaters.20 
After the introduction of penicillin and other antibiotics, the popularity 
of sulfonamides decreased. However, they are still considered useful in 
certain therapeutic fields, especially in the case of ophthalmic infections 
as well as infections in the urinary and gastrointestinal tract. Besides, 
sulfadrugs are still today among the drugs of first election (together with 
ampicillin and gentamycin) as chemotherapeutic agents in bacterial infec- and gentamycin) as chemotherapeutic agents in bacterial infec-
tions by Escherichia coli in humans.21 Recently, the use of sulfonamides 
and their derivatives are in renascence because their multiple pharmaco-
logical properties.22 The sulfanilamides exert their antibacterial action 
by the competitive inhibition of the enzyme dihydropterase synthetase 
towards the substrate p-aminobenzoate.23 

However, one risk of sulfonamides is that they are theoretically 
nitrosatable due to the presence of amine and/or amide functions in 
their molecules. In this paper we investigate the mutagenicity of reaction 
mixtures formed by selected sulfa-drugs and nitrite in acidic medium. 
The selected sulfonamides were: sulfathiazole (4-amino-N-2-thiazolyl-
bencenosulfonamide), HST, which in part is absorbed in stomach,21 and 
is clinically one of the most used;24 phtalylsulfathiazole, PhST, which 
is structurally related with HST (Figure 1) and the complex Co(II)-
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sulfathiazole, Co(II)-ST: [Co(ST)
2
(H

2
O)

4
], which was lately synthesized 

in our laboratory and has showed a moderated antifungal activity.25

EXPERIMENTAL

Materials

Sulfathiazole, as sodium salt (NaST), Sigma 99%; phtalylsulfa-
thiazole (PhST), Argentinean Pharmacopoeia grade; sodium nitrite, 
Mallinckrodt; 2-aminofluorene (2-AF), Aldrich 98%; sodium azide, 
Aldrich 99% and all other chemicals, of commercially available 
reagent grade, were used as received. The complex Co(II)-ST was 
synthesized by us as described previously.25  

Preparation of culture medium   

Nutrient broth was prepared by dissolving 25 g of Bacto-Difco 
nutrient broth in 1 liter of water. Glucose minimal agar plate (MA 
plate) contained 1.5% agar, 0.02% MgSO

4
·7H

2
O, 0.2% citric acid, 

1% K
2
HPO

4
, 0.35% NaHNH

4
PO

4
·4H

2
O and 2% glucose. Top agar 

contained 0.75% agar and 0.5% NaCl.

Preparation of rat liver microsomal enzymes and cofactors 
(S-9 mix)

S-9 mix was prepared followed the method of Maron and 
Ames.14 S-9 mix was obtained of the postmitochondrial fraction of 
liver from a rat (Wistar strain without induction, weigh: 250 g, one 
year old, obtained from the rat farm at the Faculty of Medicine, 
University of Rosario). Before each test, each vial of S-9 mix was 
reconstituted to 2.1 mL by adjusting S-9 mix to final concentration 
of 4% with dilution buffer containing 0.004 M phosphate buffer 
(pH 7.4), 0.008M MgCl

2
, 0.033 M KCl, 0.004M NADP, and 0.05 

M D-glucose-6-phosphate (G-6-P). The S-9 mix was fresh prepared 
for each assay, and it was discarded if the duration exceeded 4 h. 
A volume of 0.5 mL of the S-9 mix was added per plate for the 
positive control of the TA98 strain with 2-AF.

Reaction of the sulfa-drugs with sodium nitrite in acidic 
medium: general procedure

After several attempts, we selected the following conditions 
for the reaction: reaction temperature: room temperature (25 ºC);  
[HCl]

final
: 1M (pH = 0); reaction time (previous to dilution, see later): 

5 min. The initial mole ratio [NaNO
2
]/[sulfa-drug] was different for 

each system, i.e.: “A” system: sodium nitrite + sulfathiazole, 1/1; 
“B” system: sodium nitrite + phtalylsulfathiazole, 4/1; “C” system: 

sodium nitrite + Co(II)-sulfathiazole, 3/1. In a typical experience, 3.2 
mmol of hydrochloric acid (0.27 mL HCl 37%, density: 1.18 g/mL) 
was added to 2.7 mL of a DMSO solution formed by 0.0541 mmol 
of the studied sulfa-drug (i.e.: sodium sulfathiazole, NaST: 15.0 mg;  
phthalylsulfathiazole, PhST: 21.8 mg; complex Co(II)-sulfathiazole, 
Co(II)-ST: 33.6 mg) and a quantity of sodium nitrite, NaNO

2
, between 

0.0541 and 0.216 mmol (i.e.: 4.0-16.0 mg), in agreement with each 
selected mole ratio, at room temperature. Immediately the reaction 
mixture, under continuous stirring, became yellow-orangey. 5 min 
later it was diluted 1:20 with sterile distilled water. The assayed doses 
(10 to 90 µL) were taken from each aqueous diluted mixture. “D” sys-
tem, which is not a reaction one, was included in order to analyze the 
mutagenicity of the complex Co(II)-ST alone. In a typical experience, 
33.6 mg of Co(II)-ST were dissolved in 3.00 mL of DMSO. Later, 
this solution was diluted 1:20 with sterile distilled water. The assayed 
doses (10 to 100 µL) were taken from this diluted mixture.

Similar set of reactions was made at pH range from 0.5 to 2 in 
hydrochloric aqueous solutions of each sulfa-drug. This range of pH 
was selected in order to approach to the stomach pH,  ≅ 1.5-2.26  PhST 
and Co(II)-ST, which are insoluble in water, were dissolved in the 
minimum quantity of DMSO. The pH was measured with a Metrohm 
GB4-350B pHmeter equipped with glass combination electrode. 
The reaction mixture became yellow-orangey immediately after the 
addition of aqueous solution of NaNO

2
. 

Mutagenicity assay

Mutagenicity activity was evaluated in a bacterial reverse muta-
tion assay by the standard Ames test  (standard plate incorporation 
assay) with TA98 and TA100 strains14,27 by using the Salmonella 
typhimurium histidine-requiring test strains TA98 and TA100, which 
together detect the 93% of the mutagens.28

Diagnostic mutagens, including 2-aminoflourene, 2-AF (5.53 
µg/plate) with metabolic system (rat liver homogenated S-9 mix) 
for the TA98 strain (850 ± 23 revertants/plate) and sodium azide, 
NaN

3
 (0.15 µg/plate) for the TA100 one (358 ± 20 revertants/

plate), were prepared by dissolving them in DMSO and sterile 
water respectively, and served as positive control chemicals. Dose-
response curves were generated for each reaction mixture using 
the standard plate assay, in the absence of S-9 mix. Bacteria were 
aerobically grown at 37 ºC in Nutrient Broth Bacto-Difco. The test 
was carried out by adding 0.2 mL of sterile 0.5 mM histidine-biotin 
and 0.1 mL of the overnight bacterial culture (approximately 1 
x 108 bacteria/mL) to 2.0 mL of molten top agar (45 ºC). Doses 
from 10 to 90-100 µL of the tested mixtures were added to top 
agar tubes, which were then gently vortexed and subsequently 
transferred to plates with minimal glucose agar (30 mL/plate). 
Duplicate plates were poured for each dose of reaction mixture 
in at least two independent experiments. After incubation at 37 
ºC for 48 h in darkness, the His+ revertant colonies were manu-
ally counted.

If chemicals tested for mutagenicity show toxicity (antimicro-
bial activity) against the tester strains, an erroneous result could be 
obtained when the Salmonella typhimurium test (Ames test) is em-
ployed.14 After several attempts, such an optimal initial concentration 
of each reaction mixture was obtained that approximately the first 
four or five doses tested were included in the incremental part of the 
curve dose-response. In the toxic range of the curve a decrease in 
the number of revertants per plate can be observed. Neither toxicity 
nor mutagenicity was observed for both NaNO

2
 and CoCl

2
·6H

2
O 

in the tested range. As it has been proved that sulfa-drugs are not 
mutagenic,29  the activity of the sulfa-drugs employed in this study 
was not tested by us. 

Figure 1. Structure of sulfathiazole  (a)  and phtalylsulfathiazole (b)
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Regression equations and correlation coefficients were calcu-
lated in accordance with routine statistical methods. All data were 
expressed as mean ± standard deviation (S.D.).30

RESULTS AND DISCUSSION

The results of the Ames test for both the reaction mixtures and 
the complex Co(II)-ST are shown in Tables 1-3 and Figure 2. 

The reversion coefficient (R.C.),31  also known as mutagenicity 
ratio,32  has been defined as follows: revertant number per tested plate/ 
revertant number per control plate (spontaneous). i.e.: dividing the 
average revertants/plate of the tested substance by the spontaneous 
mutation rate.32  A non-statistical procedure has been established to 
evaluate the results of Salmonella experiments.27,33  In agreement with 
this procedure, a substance (pure or mixture) is considered a mutagen 
if it produces a reproducible, dose-related increase in the number of 
revertant colonies in one or more strains (i.e.: R.C. ≥ 2.0). A substance 
is considered a weak mutagen if it produces a reproducible, dose-
related increase in the number of revertant colonies in one or more 
strains but the number of revertants is not double the background 
number of colonies. Although it is generally accepted that a negative 
result can be defined using 4-5 tester strains and strains TA98 and 
TA100 are always considered necessary, a single strain is sufficient 
to demonstrate a mutagenic response.14 Consistent with this, all of 
the tested reaction mixtures are mutagenic: “A” and “B” toward both 
strains and “C” toward the TA98 one (Tables 1 and 2). In order to 
compare, we calculated the R.C. for each tested doses (Tables 1-3) 
and plotted them vs. the concentration of the tested compounds.  
Regression equations, as well as linear correlation coefficients of the 
dose-response direct-line relation and the maximum R.C. obtained 
for each substance in the range tested dose, are presented in Figure 
2. As may be noticed, in some cases the lines of the dose-response 
relation fit the direct-line relation with a high correlation coefficient 
and, in other cases such a correlation is low. The differences were 
particularly striking in the case of the “A” reaction mixture, where 
it is possible to observe R.C ≤ 1 corresponding to the early points 
of the dose-response curve for both strains. This could be due to 
two possible opposite factors acting on growing of the tester strain: 
toxicity and mutagenic effects, and could be more evident for TA100 
owing to the higher sensibility of this strain to the killing effects of 
the chemicals than that of TA98.28

Sulfonamides have nitrosable functions in their molecules, so, 
they could react with nitrite in acidic medium giving direct mutagen 
acting. The tester strains used detect two different types of muta- The tester strains used detect two different types of muta-
tional DNA change, i.e.: frame shift (TA98) and base substitutions 
(TA100).14 In agreement with this fact, it can be observed that both 
“A” and “B” reaction mixtures would be able to generate both types 
of DNA changes: C.R. exceeded 2.00 in both TA98 and TA100 
experiments. There are many examples of reaction mixtures formed 
by nitrite and nitrosatable drugs in which mutagenicity of the whole 
mixture toward both TA98 and TA100 strains has been observed.34 

On the other hand, Endo et al. found that the incubation of sulfanil-
amide (a sulfa-drug) with NaNO

2
 in human gastric juice produced 

a transplacental mutagen. This reaction took place under a broad 
range of conditions (in acetate buffer -pH approximately 4- at 37 
ºC as well as in hydrochloric acid: pH < 1 and under ice cooling).35 
Besides, the reaction mixture of thiamine (a vitamin) and nitrite at 
pH 3 showed mutagenicity on TA100 strain but not on the TA98 
one. Thiamine bears an aminopyrimidine moiety in its structure, 
so, it may be converted into diazotized or nitro compounds with 
direct-acting mutagenicity by interaction with nitrite.9 Nitrosation 
of bile acid conjugates can be mediated by the acid-catalyzed reac-
tion of amides with nitrite.36 N-nitroso bile acid conjugates induced 

revertants on TA100, which detects base pairs change mutations, 
but not with TA98, a detector of frame-shift mutations.37 With the 
“C” reaction mixture, the behavior was different from “A” and “B” 

Table 1. Mutagenic activity of the reaction mixtures in HCl 1 M with 
S. typhimurium TA98 

Tested 
substances

Dose 
(µg/plate)a revertants/plateb R.C.c

NaNO
2
 + NaST  

1/1d

(“A” system)
0e 15 ± 1 1.00

2.5 15 ± 2 1.00

5.0 17 ± 1 1.13

7.5 19 ± 2 1.27

10.0 25 ± 3 1.67

12.5 44 ± 4 2.93

15.0 10 ± 2 0.70

17.5 7 ± 1 0.47

22.5 1 ± 1 0.07

NaNO
2
 + PhST  

4/1d

(“B” system)
0e 10 ± 1 1.00

7.3 18 ± 1 1.80

10.9 18 ± 2 1.80

14.5 20 ± 2 2.00

18.2 21 ± 2 2.10

21.8 18 ± 1 1.80

25.4 18 ± 2 1.80

32.7 18 ± 2 1.80

NaNO
2
 + 

Co(II)-ST  3/1d

(“C” system)
0e 10 ± 1 1.00

5.6 9 ± 1 0.90

11.2 19 ± 2 1.90

16.8 20 ± 3 2.00

22.4 25 ± 2 2.50

28.0 11 ± 1 1.10

33.6 11 ± 1 1.10

39.2 12 ± 1 1.20

50.4 13 ± 2 1.30

2-aminofluorene 
(2-AF)f 5.53 850 ± 23 56.7

ainitial µg of sulfa-drug/plate. bmean ± S.D. cR.C.: reversion coef-
ficient = revertants with tested substance/spontaneous revertants. 
dinitial mole ratio [NaNO

2
]/[sulfa-drug]. eNegative control, without 

tested compounds, only with 50 µL DMSO: spontaneous revertants/
plate. fPositive control: 2-AF with metabolic system (rat liver ho-
mogenated S-9 mix).
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systems: R.C. exceeded the value of 2.00 only for the TA98 strain. 
In the “C” system the sulfa-drug is a Co(II) complex. Besides, it 
is probably that more than one specie Co(II)-sulfatiazole could be 
present in the acidic solution; for example, [Co(ST)]+ was found at 
pH ≈ 3 by potentiometric measurements.38 

Table 2. Mutagenic activity of the reaction mixtures in HCl 1 M with 
S. typhimurium TA100 

Tested 
substances

Dose 
(µg/plate)a revertants/plateb R.C.c

NaNO
2
 + NaST 

1/1d

(“A” system)
0e 83 ± 6 1.00

2.5 74 ± 7 0.89

5.0 79 ± 8 0.95

7.5 181 ± 20 2.18

12.5 123 ± 12 1.48

17.5 117 ± 10 1.41

25.0 75 ± 7 0.90

NaNO
2
 + PhST 

4/1d

(“B” system)
0e 210 ± 16 1.00

3.6 366 ± 24 1.74

7.3 452 ± 24 2.15

10.9 494 ± 26 2.35

18.2 183 ± 19 0.87

21.8 177 ± 19 0.84

25.4 212 ± 18 1.01

29.1 200 ± 24 0.95

32.7 67 ± 6 0.32

NaNO
2
 + 

Co(II)-ST 3/1d

(“C” system)
0e 113 ± 11 1.00

5.6 110 ± 10 0.97

11.2 105 ± 9 0.93

16.8 94 ± 9 0.83

22.4 94 ± 8 0.83

28.0 98 ± 8 0.87

39.2 80 ± 6 0.71

50.4 87 ± 8 0.77

sodium azide 
(NaN

3
)f 0.15 358 ± 20 3.17

ainitial µg of sulfa-drug/plate. bmean ± S.D. cR.C.: reversion coef-
ficient = revertants with tested substance/ spontaneous revertants. 
dinitial mole ratio [NaNO

2
]/[sulfa-drug]. eNegative control, without 

tested compounds, only with 50 µL DMSO: spontaneous rever-
tants/ plate. fPositive control.

Figure 2. Effect of the concentration of the tested substances on the reversion 
coefficient toward TA98 and  TA100 tester strains. The results of each reaction 
mixture in acidic medium ([HCl]

final
: 1M) and the parent compound Co(II)-ST 

are presented separately (A-D), i.e.: A: sodium nitrite + sulfathiazole;  B: 
sodium nitrite + phtalylsulfathiazole; C: sodium nitrite + Co(II)-sulfathiazole, 
D: complex Co(II)-ST (in DMSO:water 1:20). Regression lines and regression 
equations describing dose-response relationship of the mutagenic activity of 
tested mixtures are shown
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It has been suggested a slight antimutagenic activity of cobalt.39 

Co2+ ion is also an example of inhibitors of NOC-induced mutagen-
icity that act subsequent to the induction of primary DNA lesions 
and prevent the manifestation of DNA damage by modulating DNA 
repair.40 Taken these facts into account, the presence of Co(II) prob-these facts into account, the presence of Co(II) prob- into account, the presence of Co(II) prob-, the presence of Co(II) prob-
ably would be involved in the different behavior of the “C” reaction 
mixture toward TA100 with respect to the “A” and “B” ones. Work 
is in progress in order to confirm this hypothesis. 

The complex Co(II)-ST (“D” system) showed a slight toxicity 
toward both strains in the tested range (Table 3), so, it is not possible 
to say anything about its mutagenicity from these experiments. In  
the “A”, “B” and “C” systems a progressive decay of the R.C. values 
was observed at the highest doses (after reaching a maximum one), 
which could be a manifestation of toxicity too. 

CONCLUSION

Reaction mixtures formed by sodium nitrite and selected sulfa-
drugs (sulfathiazole, phtalylsulfathiazole, Co(II)-sulfathiazole) in 
acidic medium showed mutagenic effects toward the Ames test. 
However, further experiments are required for a final evaluation of 
the risk of those mixtures into the human body.
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