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ABSTRACT 

Introduction: Cancer is the second foremost cause of death around the globe. Different drugs have the 
potential to cause genetic alteration leading to diverse mutations. These mutations play a vigorous role in the 
etiology of cancers. In modern era, mutagenic potential of drugs can be tested by both in vitro and in vivo 
studies. AMES mutagenicity assay is one of the initial and rapid in vitro tests to identify the mutagenic 
potential of different chemicals. Influenza is a respiratory infectious disease caused by the influenza virus. 
Amantadine, oseltamivir and ribavirin are well known antiviral drugs used for the treatment of influenza with 
under-researched comparable mutagenic potentials. Aims & Objectives: To compare mutagenic potentials of 
amantadine, oseltamivir and ribavirin using AMES Salmonella assay. Place and duration of study: This 
study was conducted for 2 months at Shaikh Zayed Postgraduate Medical Institute, Lahore and University of 
Veterinary and Animal Sciences, Lahore. Material & Methods: Standard plate incorporation and 
preincubation assays were employed to check the mutagenic potential of fifteen serial two-fold dilutions of 
amantadine, oseltamivir and ribavirin. These drugs were tested for frame-shift and base pair mutations using 
histidine-dependent TA-98 and TA-100 strains respectively. The Number of revertant colonies in the test 
were calculated and compared with negative control to find out the mutagenic index. If any of the mutagenic 
index value of these tested chemicals was equal to or more than 2, that drug was considered mutagenic.        
Results: Comparison produced a significant difference among these materials with p-value 0.001. On pair-
wise comparison it was observed that amantadine had a significantly lower mutagenic index as compared to 
ribavirin with p-value 0.003. Oseltamivir had no significant difference from amantadine and ribavirin with p-
values 0.365 and 0.186 respectively. Conclusion: All the tested concentrations of amantadine, oseltamivir 
and ribavirin are considered non mutagenic because the mutagenic index values for these drugs are below 2. 
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INTRODUCTION 

DNA damage may occur as a result of drug 
treatment for diseases leading to genetic alteration 
and mutagenicity. These mutations can be point 
mutation or chromosomal mutations which increase 
chances of cancer in the patients.1 Chromosomal 
mutations are investigated by sophisticated 
molecular techniques while point mutations can be 
easily detected by using bacteria in which mutation 
changes their growth requirements such as AMES 
Salmonella assay.2 The AMES assay is a revertant 
mutagenic assay used to establish mutagenic 
potential of drugs which cause point mutations in 

histidine dependent Salmonella typhi murium and 
revert them to histidine independence.3 

Influenza is a contagious respiratory disease 
presenting with wide range of symptoms. Standard 
anti-influenza drugs like amantadine, oseltamivir 
and ribavirin are used for effective management of 
the disease.4  
Amantadine is an adamantine derivative which 
prevents uncoating and thus replication of the virus. 
Its use can cause damage to central nervous system 
and patient can present with nervousness, 
sleeplessness and aggravation of psychotic 
symptoms.5 

Oseltamivir is a neuraminidase inhibitor effective 
for the management of infections caused by 
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influenza A and B virus. Use of this drug can lead to 
hypersensitivity reactions, liver dysfunction and 
cardiac & CNS irregularities.6 

Ribavirin prevents viral replication by competing 
with viral RNA nucleosides. It is effective against 
broad range of RNA viruse.7 Its use can cause 
electrolyte imbalance and cardiac arrhythmias.8 

Use of anti-influenza drugs is increasing in the 
modern era because of swine flu and bird flu 
outbreaks. Due to this reason comparative safety 
profile of these drugs should be measured. This 
project was designed to investigate and compare 
mutagenic potential of amantadine, oseltamivir and 
ribavirin by AMES Salmonella assay. 
 

MATERIAL AND METHODS 

This study was conducted at the Department of 
Pharmacology, Shaikh Zayed Postgraduate Medical 
Institute, Lahore with the co-operation of Quality 
Operation Laboratory (ISO certified), University of 
Veterinary and Animal Sciences, Lahore after 
approval from Institutional Review Board (IRB) of 
Shaikh Zayed Postgraduate Medical Institute. Stock 
solutions of amantadine, oseltamivir and ribavirin 
were prepared by adding 8mg of drug dissolved in 
10ml of distilled water in separate test tubes to get 
respective stock solutions having 800μg of the drug 
per ml. These stock solutions were then diluted two 
folds till 0.02 μg/ml. Mutant strains of Salmonella 
typhi murium TA 98 and TA 100 were supplied by 
EBPI Canada in lyophilized form. Genetic 
confirmation of these strains was done by checking 
histidine and biotin dependence, rfa marker and 
pKM 101 plasmid. 
Minimal glucose agar was formed by mixing agar, 
distilled water, Vogel Bonner salt solution and 
glucose solution (10% v/v). This agar was poured in 
petri dishes as bottom agar. 
Standard plate incorporation assay: 
Top agar was prepared by mixing 2 ml molten agar, 
0.50 ml metabolic activation (S-9) mix (EBPI 
Canada), 0.05 ml of the test chemical dilution and 
0.05–0.10 ml overnight culture of the Salmonella 
strain (about 1–2 X 108 bacteria per tube). 
Top agar was poured on bottom agar plates followed 
by incubation at 37oC for 48 hours. Number of 
histidine revertant colonies were counted and 
compared with those of negative control for 
calculating mutagenic index. All the dilutions were 
tested in triplicate manner. 
Sodium azide was used in positive control while 
distilled water was used in negative control. 
 
 

Preincubation assay: 
In preincubation assay all the procedure similar to 
standard plate incorporation method was done with 
one change that the top agar was incubated at 37oC 
for 20 minutes before pouring it on the bottom agar 
plates for the formation of active metabolites which 
themselves can be mutagenic.3 

 
Statistical analysis: 
The data was analyzed by statistical package for 
social Sciences (SPSS IBM statistics 20). For 
comparing mutagenic potential in terms of 
mutagenic index, Kruskall Walis ANOVA was used 
and Mann Whitney U test was applied for post hoc 
analysis where required. P-value ≤ 0.05 was 
considered statistically significant and values 
between 0.05 and 0.10 were considered indicative. 
 

RESULTS 

Standard plate incorporation assay: 
TA-100: 
Mutagenic index values for amantadine, oseltamivir 
and ribavirin using TA-100 at different 
concentrations are given in Table-1. Mean 
mutagenic index values for each drug were 
calculated from values given in the table. These 
mean mutagenic index values measured for 
amantadine, oseltamivir and ribavirin were 
0.34±0.13, 0.43±0.15 and 0.47±0.15 respectively. 
The overall difference among these materials was 
significant with p-value 0.036. When pair-wise 
comparisons were performed none of the difference 
had p-value <0.05, however, amantadine had lower 
mutagenic index as compared to ribavirin with p-
value 0.058. 
TA-98: 
Mutagenic index values for amantadine, oseltamivir 
and ribavirin using TA-98 at different 
concentrations is given in Table-2. Mean mutagenic 
index values for these drugs were calculated from 
values in the table. Mean mutagenic index recorded 
for amantadine was smallest with value of 
0.40±0.16. Oseltamivir had mean mutagenic index 
value of 0.52±0.23 while ribavirin had highest mean 
mutagenic index value 0.67±0.23. The comparison 
produced significant difference among these 
materials with p-value 0.001. On pair wise 
comparison it was observed that amantadine had 
significantly lower mutagenic index as compared to 
ribavirin with p-value 0.003. Oseltamivir had non-
significant difference from amantadine and ribavirin 
with p-values 0.365 and 0.186 respectively. 
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Sr. No. 
Conc. 

μg/ 
plate 

TA 100 

Amantadine Oseltamivir Ribavirin 

M.I. 
+S-9 

M.I. 
-S-9 

M.I. 
+S-9 

M.I. 
-S-9 

M.I. 
+ S-9 

M.I. 
-S-9 

1. 0.02 0.278 0.134 0.190 0.164 0.177 0.164 
2. 0.04 0.291 0.164 0.202 0.239 0.215 0.284 
3. 0.09 0.316 0.179 0.240 0.254 0.278 0.298 
4. 0.19 0.367 0.253 0.266 0.313 0.354 0.343  
5. 0.39 0.405 0.254 0.304 0.328 0.380  0.388 
6. 0.78 0.456 0.313 0.367 0.373 0.392 0.463  
7. 1.56 0.468 0.388 0.380 0.448 0.456 0.478 
8. 3.125 0.468 0.433 0.405 0.463 0.481 0.537 
9. 6.25 0.519 0.478 0.418 0.492 0.544 0.582 

10. 12.5 0.557 0.567 0.481 0.552 0.569 0.597 
11. 25 0.607 0.463 0.544 0.657 0.620 0.657 
12. 50 0.494 0.448 0.595 0.642 0.709 0.701  
13. 100 0.456 0.418 0.557 0.597 0.671 0.612 
14. 200 0.380 0.373 0.456 0.492 0.392 0.522 
15. 400 0.354 0.284 0.367 0.403 0.380 0.478 

+Control 5 14.094 12.883 14.094 12.883 14.094 12.883 
Table-1: Mutagenic Index values of increasing doses of 

Amantadine, oseltamivir and ribavirin using TA-100 
in the presence and absence of S9 metabolic extract 

 

Sr. No. 
Conc. 

μg/ 
plate 

TA 98 

Amantadine Oseltamivir Ribavirin 

M.I. 
+S-9 

M.I. 
-S-9 

M.I. 
+S-9 

M.I. 
-S-9 

M.I. 
+S-9 

M.I. 
-S-9 

1. 0.02 0.255  0.163 0.157 0.093 0.235  0.209 
2. 0.04 0.255  0.209 0.196 0.209 0.294 0.372 
3. 0.09 0.314 0.233  0.255  0.256  0.333 0.419 
4. 0.19 0.353 0.256 0.294 0.302 0.392  0.465  
5. 0.39 0.372 0.279 0.372 0.419 0.451 0.488 
6. 0.78 0.412  0.395 0.392 0.512 0.529 0.628  
7. 1.56 0.471 0.488 0.470  0.581 0.608 0.721  
8. 3.125 0.529 0.488  0.549 0.651 0.647 0.767 
9. 6.25 0.569 0.535 0.608 0.698 0.706 0.907 

10. 12.5 0.627 0.628 0.627 0.721  0.784 0.907 
11. 25 0.725 0.674 0.725  0.837 0.823  0.930 
12. 50 0.588 0.558 0.784 0.860 0.941 0.953 
13. 100 0.529 0.465 0.647 0.698 0.863 0.884 
14. 200 0.412 0.395 0.569 0.581 0.725 0.767 
15. 400 0.314 0.279 0.451 0.442 0.569 0.698 

+Control 5 10.502 9.928 10.502 9.928 10.502 9.928 
Table-2: Mutagenic Index values of increasing doses of 

Amantadine, oseltamivir and ribavirin using TA-98 
in the presence and absence of S9 metabolic extract 

 
Preincubation assay: 
TA-100: 
Mutagenic index values for these drugs is given in 
Table-1. Means of these values are calculated. Mean 

mutagenic index values for amantadine, oseltamivir 
and ribavirin were 0.43±0.10, 0.38±0.13 and 
0.44±0.16 respectively. The difference was non-
significant with p-value 0.099. 
TA-98: 
Mutagenic index values for these drugs are given in 
Table-2. Mean of these values was calculated. Mean 
mutagenic index values for amantadine, oseltamivir 
and ribavirin were 0.45±0.14, 0.47±0.19 and 
0.59±0.22 respectively. The difference was not 
significant with p-value 0.069. 
 

DISCUSSION 

Mutation is irreversible damage to the genome 
which can be because of alteration in either one of 
the base pairs or a chromosome. These mutations 
change cellular programing resulting in uncontrolled 
growth of cells. AMES test is one of the bacterial 
assays used for testing base pair and frame shift 
mutations. These mutations revert histidine 
dependence of Salmonella typhi murium strains.3 
Carbon tetrachloride was reported mutagenic using 
TA-98 strain in the absence of rat liver extract S9 
while chloroform showed mutagenicity with WP2/ 
PKM101 strain in the presence of glutathione 
supplemented S9 extract.9 In another study two 
stimulated atmospheres having different proportions 
of pollutants were tested positive for base pair 
mutations using TA-100 and TA-104 strains.10 
Abused drug ecstasy showed no reversion in 
histidine dependent bacteria.11 In a study, eco-
friendly protic ionic fluids were reported negative 
for mutagenic potential through mini Ames test.12 
Pulpotomy agents are frequently used in dental 
procedures and their genotoxicity was checked with 
the results that ferric sulphate and formocresol came 
out to be mutagenic while CEM cement was non 
mutagenic.13 

This project was designed to compare mutagenic 
potential of amantadine, oseltamivir and ribavirin 
assessed by AMES Salmonella assay. Use of these 
standard anti influenza drugs is increasing with the 
increased epidemics of bird and swine flu. 
Amantadine is effective against influenza A virus 
but many subtypes of this virus have developed 
resistance against amantadine.14 In a case report 
high dose of amantadine (1000ng/ml) led to 
encephalopathy in patient with normal renal 
function.15 In a study on adult male CF mice 
amantadine caused no bone marrow suppression or 
DNA damage at low doses tested by micronucleus 
assay. But on high doses it caused damage to DNA 
of the brain and severe neurotoxicity.16 
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Oseltamivir is effective against both influenza A 
and B viruses by preventing shedding of virions. In 
recent epidemics there is reported increase in 
resistance against this drug because of mutations in 
neuraminidase.17 In a study on cultured 
lymphocytes, oseltamivir was reported non 
genotoxic with no significant increase in 
chromosomal aberration and micro nucleated cells.18 
In another study oseltamivir reduced cisplatin and 
gemcitabine resistance to pancreatic cancer by 
targeting neu l sialidase.19  
Ribavirin blocks RNA synthesis which makes it 
effective against influenza virus. Due to increased 
resistance against amantadine and oseltamivir, use 
of ribavirin is increasing to decrease disease 
duration and complications. Micronucleus assay was 
done to check genotoxic effect of ribavirin on rat 
bone marrow which led to increase in the incidence 
of micronuclei.20 In another study it was proposed 
that ribavirin causes chromosomal damage leading 
to production of fragments for micronuclei.21 In a 
study on wistar rats it was observed that ribavirin 
induced morphological changes in the shape of head 
and tail of sperm.22 

Our study reports no significant mutagenic potential 
of amantadine, oseltamivir and ribavirin by AMES 
Salmonella assay as all the mutagenic index values 
were below 2 with either of the strain (TA-98 or 
TA-100) with or without S9 as given in Table-1 and 
Table-2. These results are similar to the previous 
studies which also reported no mutagenic potential 
of these drugs by AMES test. On pair wise 
comparison between these drugs it was observed 
that amantadine had significantly lower mutagenic 
index as compared to ribavirin with p-value 0.003 
while oseltamivir had no significant difference from 
amantadine and ribavirin with p-values 0.365 and 
0.186 respectively.  Limitations of the study is that 
AMES test only identifies point mutations and don’t 
check chromosomal mutations so it is recommended 
that comparative study of chromosomal mutations 
of these drugs should also be done.  
 

CONCLUSION 

We therefore conclude that amantadine, oseltamivir 
and ribavirin are non-mutagenic by AMES 
Salmonella assay with ribavirin having highest 
mutagenic index values among them. Although 
these drugs came out to be non-mutagenic by this 
assay, still ribavirin needs further comparative 
mutagenic potential studies based on its literature 
review as this assay identifies only base pair and 
frame shift mutations induced by the drugs. 
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