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ABSTRACT: Antimutagenicity of ascorbic acid (vitamin-C) has been determined against the mutagenicity of sodium 

azide (NaN3; pH 6.0) in Trigonella foenum-graecum L. using epigenetic toxicity on seedling survival percent as the 

parameter. Sodium azide (mutagenic agent) induces inhibitory effects on the survival percent of seedlings significantly 

with increasing concentrations. Sodium azide-treated series (0.0020M= 59.23%; 0.0040M= 42.00%; 0.0080M= 7.73%; 

0.0100M=0%) produced a negative effect in all concentration levels when compared with the control or untreated 

(91%) was recorded in seeds of T. foenum-graecum L. Among these, the concentration level of 0.0040M was lethal 

dose 50 (LD 50) while the concentration level of 0.0100M was lethal because no seedling survives in this concentration 

level. 

 

However, sodium azide mutagenized seeds of T. foenum-graecum L. were post-treated with two different aqueous 

concentration levels of ascorbic acid (0.0010M and 0.0100M), which showed promoting effect on seedling survival 

percentage compared to the control (sodium azide-treated series). 
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I. INTRODUCTION 

 

Anthropogenic activities such as mining, urbanization, industrialization, and radioactive testing are at the forefront of 

global environmental pollution. These activities generate various substances such as E-waste, radioactive substances, a 

large number of physical, chemical or biological substances which include chemicals, pesticides, heavy metals, non-

degradable, bio-accumulative, nutrients, biological agents and toxic substances. Most of these act as mutagens. 

Environmental mutagens and carcinogens can induce toxic effects in living beings. Mutagens can alter the genetic content 

of an organism. The effects of pollution have long term consequences. According to [1], mutations in germ line cells can 

be passed on to future generations, while mutations in somatic cells can lead to various pathological conditions, such as 

cancer. The world’s greatest problem facing humanity is environmental pollution and has led to environmental causes of 

morbidity and mortality. The developed countries of our living planet share this burden together, however awareness and 

strict laws in the developed countries have contributed a great deal in protecting their environment. 

 

It is known that the human diet contains a number of natural mutagens and carcinogens. Some of the important 

food mutagens identified are pyrrolizidine alkaloids, polycyclic aromatics, aflatoxins, nitrosamines, and heterocyclic 

amines [2, 3]. 

 

It can be reduced by antimutagens, microorganisms or plants that have biosynthetic pathways for the 

degradation or accumulation of environmental pollutants from soil and water. The term antimutagen was used originally 

to describe those agents that reduce the frequency or rate of spontaneous or induced mutations independent of the 

mechanisms involved [4].  Studies on antimutagenic factors (about 200 compounds) were initially carried out in the 

1950s in the field of microbial genetics [5]. 

 

Ascorbic acid is a main metabolite in plants. It may act as an antioxidant and protect plants from oxidative 

damage resulting from photosynthesis, aerobic metabolism, and various types of environmental pollutants. The main aim 

of this experimental study was to raise awareness that certain substances in plants and other sources have protective 

effects against toxic, mutagenic and carcinogenic action of a wide range of chemical mutagens and carcinogens. For 
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example, Amla fruit is a rich source of antimutagens like ascorbic acid, gallic acid, and phenolic compounds and thus 

helps in reducing the effects of toxins entering our body and strengthening the body's immune system and digestion.  
 

In the present study, the antimutagenicity of ascorbic acid (vitamin-C) has been determined against sodium 

azide (NaN3; pH 6.0) induced toxicity in T. foenum-graecum L. with respect to seedling survival percent as the 

parameter.  

 

II. LITERATURE SURVEY 

 

The effect of acidic NaN3 (pH 6.0) as a mutagen has been previously studied by some workers using different 

plant species in vivo and proven to be a potent mutagen in higher plants [6, 7, 8]. 

 

Several workers have carried out similar studies in prokaryotic system by measuring the potency of various 

mutagens before and after antimutagenic treatments [9, 10, 11]. Nagpal et al. [12] revealed that phenolic compounds have 

inhibitory effects on the toxic, mutagenic and carcinogenic activities of a wide range of chemical mutagens and 

carcinogens. Grover et al. [13] also pointed out that naturally occurring phenolic compounds possess a broad spectrum of 

biological properties and are being extensively studied for their antimutagenic/anticarcinogenic properties with the aim of 

ultimately using them as therapeutic/chemopreventive agents. Ames Salmonella histidine reversion assay was used by 

Kaur et al. [14] to evaluate the antimutagenic activity of acetonic extract of Terminalia arjuna on TA98 and TA100 tester 

strains of Salmonella typhimurium using direct acting mutagens (4-nitro-o-phenylenediamine, sodium azide and 2-

aminofluorene). Antimutagenic or inhibitory effect of quercetin, ascorbic acid and their combination against oxidative 

mutagen (t-butyl hydroperoxide) was also observed by Geetha et al. [15] in Ames Salmonella assay system which also 

supports the present study. 

 

III. METHODOLOGY 

 

Dried pure line viable seeds of T. foenum-graecum L. were surface sterilized with 0.1% (w/v) mercuric 

chloride (HgCl2) solution for 3 min. The seeds were washed thoroughly with sterilized distilled water to remove the traces 

of mercuric chloride and pre-soaked in distilled water for 4 h at 25±1ºC. 

 

The experiments were conducted in the following three sets- 

(1) Control or untreated-In this set, some of the pre-soaked seeds were kept in distilled water for 20 h at 25±1ºC.  

(2) Treated with sodium azide (NaN3; pH 6.0) alone- In this set, some of the pre-soaked seeds were treated with freshly 

prepared four different aqueous concentrations of sodium azide (0.0020M; 0.0040M; 0.0080M; 0.0100M) for a period of 

20 h at 25±1ºC.  

(3) Post-treated with ascorbic acid- In this set, some of the treated seeds (seeds treated with each concentration level of 

sodium azide except 0.0020M) were post treated with freshly prepared two different aqueous ascorbic acid concentration 

levels (0.0010M and 0.0100M) for a period of 20 h at 25±1ºC. 

 

For each set, 20 seeds were used and replicated twice. Seeds of all the experimental sets were transferred to 

rectangular plots in the botanical garden, Maharshi Dayanand Saraswati University, Ajmer in Rabi season. M1 

populations were regularly observed during the vegetation period. The influence of mutagen (sodium azide) alone or in 

combinations with an antimutagenic (ascorbic acid) was assessed in terms of seedling survival percent. The formula 

utilised for evaluation of data are as follows: 

Seedling survival percent (SSP) =
Number of Seedlings SurvivedTotal Number of Seedlings X 100 

 

IV. EXPERIMENTAL RESULTS 

 

It is evident from the data depicted in Table-1 that treatment with different four concentration levels of sodium 

azide (0.0020M; 0.0040M; 0.0080M and 0.0100M) led to gradual reduction in the seedling survival percentage values, 

59.23% > 42.00% > 7.73% > 0%, respectively, as compared to the control (untreated) value (91%). 

 

Maximum biological damage was occurred in 0.0100M NaN3 treated series where no seedling survival percent 

was observed. Approximately 50% lethality in seedling survival percent was recorded in the 0.0040M NaN3 treated series 
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where 42.00% seedling survival percent was observed. NaN3 mutagenized seeds, post-treatment with ascorbic acid showed 

improved in seedling survival percent compared to the control (NaN3- treated series) which was in generally observed in 

all the treated series. Further, Karl Pearson’s coefficient of correlation (r) values depicted in Table-1, clearly indicate that 

decrease in the seedling survival percent was highly dose dependent. 

 

Seeds treated with only 0.0100M concentration of NaN3 did not show any seedling survival percent but 

surprisingly, post-treatment with ascorbic acid, the seedling survival percent showed up to a maximum of 10%. The 

maximum promotion in seedling survival percent (50.66%) was observed in 0.0040M NaN3+0.0100M ascorbic acid 

treated series. However, minimum recovery in the seed germination (6.66%) was observed in 0.0100M NaN3+0.0100M 

ascorbic acid treated series. 

 

The calculated ‘r’ at a significance level p=0.05 using parameter depicted in Table-1, with some exceptions, 

comparable with the tabulated ‘r’ values for 4 or 2 degrees of freedom (p=0.05), hence indicating a very strong correlation 

between the used concentrations of NaN3 (mutagen) or ascorbic acid and effects on the seedling survival percent, except 

0.0100M NaN3+0.0010M ascorbic acid and 0.0100M NaN3+0.0100M ascorbic acid treated series. 

 

In the present study, after assessing the percentage average of occurrence (X̅x) values of the used parameter 

recorded for different treated series, it can be concluded that ascorbic acid was found to be more effective as antimutagenic 

(antitoxic) as per the data recorded for different combination treated series. 

 

Table 1: The effects of sodium azide (NaN3; pH 6.0) alone and in combination (post-treatment) with ascorbic acid in 

Trigonella foenum-graecum L. 

 

NaN3 concentrations (concentrations in molars) Seedling survival 

(%) 

Control 

0.0020 

0.0040 

0.0080 

0.0100 

‘r’ Value 

X̅x 

91 

59.23 

42.00 

7.73 

0 

-0.9837 

14.51 

NaN3 (concentrations in Molars) + ascorbic acid (concentrations in 

molars) 

Seedling survival 

(%) 

0.0040+No ascorbic acid 

0.0040+0.0010 

0.0040+0.0100 

‘r’ Value 

X̅x 

42 

46.66 

50.66 

0.8468 

48.28 

0.0080+No ascorbic acid 

0.0080+0.0010 

0.0080+0.0100 

‘r’ Value 

X̅x 

7.73 

23.33 

29.00 

0.7096 

22.68 
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0.0100+No ascorbic acid 

0.0100+0.0010 

0.0100+0.0100 

‘r’ Value 

X̅x 

- 

10 

6.66 

0.2766* 

5.93 

 

 

Tabulated ‘r’ for 4 d.f. at p=0.05 is 0.811    

 Tabulated ‘r’ for 2 d.f. at p=0.05 is 0.950 

Reported values are mean ±SE of 3 replicates 

* Non-Significant 

‘r’= Karl Pearson’s coefficient of correlation. 

X̅x = Percentage average of occurrence 

 

V. CONCLUSION 

 

Conclusions can be drawn after assessing the ‘r’ and X̅x values for used parameter recorded for different treated series. It 

can be concluded that sodium azide was observed to be more toxic. 

 

Similarly, based on the statistical analysis (Karl Pearson’s coefficient of correlation (r) and X̅x values), it can be 

concluded that ascorbic acid has the potential to recover biologically damaged seedling survival in azide mutagenized 

seeds of T. foenum-graecum L. 
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