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Abstract  

In the present study, the injectable form of Amikacin (Amikacin sulphate)

antibiotic, is assessed for its genotoxic potential using MNT in a fish, 

already reported to be potentially nephrotoxic, ototoxic and neurotoxic. In the present investig

failed to induce MN in lower doses but it did so in higher doses, though not significantly. Again, the frequencies of MN and 

nuclear abnormalities (NA) were found to be comparatively higher in fishes exposed to the antibiotic for l

irrespective of strength of the treatment dose. In comparison to MN frequencies, the frequencies of nuclear abnormalities 

(NA) were observed to be higher in fishes of all treated groups and their incidences were dose and exposure dependent. Th

frequencies of both MN and nuclear abnormalities showed an increasing trend with the increase of dose strength and 

exposure time. The MN and NA data of this study indicated that Amikacin  sulphate has the potentiality to cause damage or 

instability to the genome of an organism in higher doses and longer exposures. However, long term studies in animals 

employing different assay systems are required to assess its carcinogenic and genotoxic potential thoroughly.
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Introduction 

Human beings today are exposed to innumerable synthetic 
chemicals in their day-to-day life in some form or the other.  
Many of these chemicals have been proved to have toxic 
potential to cause health hazards not only in humans but also in 
other organisms in our surroundings.  One of the most important 
group of synthetic chemicals is the pharmaceutical compounds, 
a significant portion of which is the antibiotics. Despite their 
therapeutic importance, many antibiotics are found to be 
clastrogenic, teratogenic, neurotoxic, ototoxic, genotoxic or 
carcinogenic as assessed through different assay systems
 
A good number of leftover pharmaceutical compounds 
including antibiotics find their way to aquatic ecosystems 
causing serious problems at various levels of t
organisms as well as human beings.  Amikacin, a 
spectrum antibiotic, is a semisynthetic derivative of a 
aminoglycoside antibiotic, kanamycin.  Despite its many 
therapeutic and other advantages, Amikacin is reported to cause 
nephrotoxicity, ototoxicity and to certain extent genotoxicity
Genotoxic potential of Amikacin has not been tested extensively 
in different test organisms using different assay systems.  
 
Among the currently available assay systems, the micronucleus 
test (MNT) is the most widely employed test protocol for its 
simplicity, reliability and sensitivity.  This test was first used in 
a fish system in laboratory9 and since then MNT test in fish 
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In the present study, the injectable form of Amikacin (Amikacin sulphate) a therapeutically popular broad spectrum 

antibiotic, is assessed for its genotoxic potential using MNT in a fish, Oreochromis mossambicus
already reported to be potentially nephrotoxic, ototoxic and neurotoxic. In the present investig

failed to induce MN in lower doses but it did so in higher doses, though not significantly. Again, the frequencies of MN and 

nuclear abnormalities (NA) were found to be comparatively higher in fishes exposed to the antibiotic for l

irrespective of strength of the treatment dose. In comparison to MN frequencies, the frequencies of nuclear abnormalities 

(NA) were observed to be higher in fishes of all treated groups and their incidences were dose and exposure dependent. Th

frequencies of both MN and nuclear abnormalities showed an increasing trend with the increase of dose strength and 

exposure time. The MN and NA data of this study indicated that Amikacin  sulphate has the potentiality to cause damage or 

e genome of an organism in higher doses and longer exposures. However, long term studies in animals 

employing different assay systems are required to assess its carcinogenic and genotoxic potential thoroughly.
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Human beings today are exposed to innumerable synthetic 
day life in some form or the other.  

Many of these chemicals have been proved to have toxic 
potential to cause health hazards not only in humans but also in 

n our surroundings.  One of the most important 
group of synthetic chemicals is the pharmaceutical compounds, 
a significant portion of which is the antibiotics. Despite their 
therapeutic importance, many antibiotics are found to be 

, neurotoxic, ototoxic, genotoxic or 
carcinogenic as assessed through different assay systems1-7. 

A good number of leftover pharmaceutical compounds 
including antibiotics find their way to aquatic ecosystems 
causing serious problems at various levels of the life of aquatic 
organisms as well as human beings.  Amikacin, a broad 

antibiotic, is a semisynthetic derivative of a 
aminoglycoside antibiotic, kanamycin.  Despite its many 
therapeutic and other advantages, Amikacin is reported to cause 

oxicity, ototoxicity and to certain extent genotoxicity8.  
Genotoxic potential of Amikacin has not been tested extensively 
in different test organisms using different assay systems.   

Among the currently available assay systems, the micronucleus 
) is the most widely employed test protocol for its 

simplicity, reliability and sensitivity.  This test was first used in 
and since then MNT test in fish 

erythrocytes from peripheral blood is being used for assessing 
genotoxicity in aquatic ecosystems and genotoxic potential of 
different chemicals in the laboratory
testing of Amikacin employing MNT in this study, we intend to 
add some more information on the safety evaluation of this 
broad spectrum antibiotic for its extensive human use.
 

Materials and methods 

The test animal of this study was Oreochromis mossambicus

widely available local fish. The specimens were procured from 
the local market or from local water bodies of Keonjhar District 
of Odisha, India. The collected fish were acclimatized to the 
laboratory conditions in aquaria for about a 
treatment for experiments. 
 
The test chemical was Amikacin sulphate procured from a drug 
store.  It was in the form of injectable solution cont
mg Amikacin sulphate in 2 ml solvent (water) produced and 
marketed by Aristo Laboratories Pvt. Ltd., Makhnumajra, Solan 
District, Himachal Pradesh, India under a brand name 
MIKACIN. 
 
Sublethal stock solutions were prepared from the injectable 
solution. In this study, the chosen experimental doses were in 
the measure of mg/kg body weight and the rate of 
administration was 1 ml/100 gm body weight.
doses of the test chemical of this study were 50mg, 100mg, 
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failed to induce MN in lower doses but it did so in higher doses, though not significantly. Again, the frequencies of MN and 

nuclear abnormalities (NA) were found to be comparatively higher in fishes exposed to the antibiotic for longer period 

irrespective of strength of the treatment dose. In comparison to MN frequencies, the frequencies of nuclear abnormalities 

(NA) were observed to be higher in fishes of all treated groups and their incidences were dose and exposure dependent. The 

frequencies of both MN and nuclear abnormalities showed an increasing trend with the increase of dose strength and 

exposure time. The MN and NA data of this study indicated that Amikacin  sulphate has the potentiality to cause damage or 

e genome of an organism in higher doses and longer exposures. However, long term studies in animals 

employing different assay systems are required to assess its carcinogenic and genotoxic potential thoroughly. 

erythrocytes from peripheral blood is being used for assessing 
ty in aquatic ecosystems and genotoxic potential of 

different chemicals in the laboratory10-15. Through genotoxic 
testing of Amikacin employing MNT in this study, we intend to 
add some more information on the safety evaluation of this 

otic for its extensive human use. 

Oreochromis mossambicus, a 
widely available local fish. The specimens were procured from 
the local market or from local water bodies of Keonjhar District 

, India. The collected fish were acclimatized to the 
laboratory conditions in aquaria for about a week preceding 

The test chemical was Amikacin sulphate procured from a drug 
store.  It was in the form of injectable solution containing 100 
mg Amikacin sulphate in 2 ml solvent (water) produced and 
marketed by Aristo Laboratories Pvt. Ltd., Makhnumajra, Solan 
District, Himachal Pradesh, India under a brand name 

Sublethal stock solutions were prepared from the injectable 
lution. In this study, the chosen experimental doses were in 

mg/kg body weight and the rate of 
administration was 1 ml/100 gm body weight. The experimental 
doses of the test chemical of this study were 50mg, 100mg, 
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200mg, 300mg and 400mg per kg body weight. These sublethal 
doses were prepared and injected to the fish specimens on the 
basis of the toxicological data already available and keeping in 
view the recommended doses of the drug for humans. The 
specimens of the control group were injected with distilled 
water (the solvent of the test drug) at the rate of 1 ml. per kg 
body weight. 
 
The experimental fish were injected IM at every 24hour 
duration i.e., twice for 24hour group and thrice for 48 hr. group.  
After 6 hours of administration of the last dose, a small incision 
was made near the tail to draw blood for smear preparation.  
Slides were air dried, fixed is absolute methanol and stained 
with Leishman’s-Giemsa’s stains. The stained slides were dried 
in the air and observed under oil immersion objective of a 
binocular light microscope. About 1000 erythrocytes were 
scored from the slides of fish treated with a particular 
concentration of the test chemical for detection of MN and other 
nuclear abnormalities. Frequencies of cells with MN and those 
with other nuclear abnormalities were subjected to statistical 
analyses like S.D. and ANOVA calculations to test their 
significance. 
 

Results and discussion 

The scored micronuclei and nuclear abnormalities, and their 
percentages are presented in Tables-2-4. The normal erythrocyte 
of the test fish, Oreochromis mossambicus has a elliptical 
nucleus. On treatment with some of the doses of the test 
chemical, there was induction of micronuclei which were small, 
non-refractile and circular or ovoid particles, isochromatic with 
the main nucleus lying in the cytoplasm. These micronuclei 
were found to vary in size but the number was never more than 

one per cell.  The location of the micronucleus in the cytoplasm 
was also found to be variable.  In addition to micronucleus 
formation, almost all doses of the test chemical (Amikacin 
sulphate) also induced abnormalities in the shape of nuclei. 
These nuclear abnormalities were classified as blebbed (BL), 
lobed (LB), notched (NT) and binucleated cells (BN). An 
erythrocyte with two nuclei of equal size and identical stain 
found within the same cytoplasmic boundary was designated as 
binucleated. If there was a small evagination of nuclear 
membrane containing euchromatin, it was considered as blebbed 
and if the evagination was large enough to produce several lobes 
in the nucleus, it was considered as lobed.  A deep concavity in 
the nucleus was classified as notched nucleus. 
 
There was no induction of micronucleus in any of the 1045 
scored erythrocytes of the control group injected with glass 
double distilled water.  Similarly no micronuclei were observed 
in any of the smears of the fish of the 24 hours experimental 
group injected with any of the 50 mg, 100 mg and 200 mg doses 
of the test chemical.  However, different kinds of other nuclear 
abnormalities were observed in the erythrocytes in these 
treatment groups of fish (control, 50 mg, 100 mg and 200 mg).  
Such nuclear abnormalities showed a dose dependent increase 
from control to 200 mg dose (total NAs being 13, 18, 24 and 24 
respectively).  Only one erythrocyte was observed to possess a 
MN from amongst 1013 erythrocytes scored from 300 mg 
treated fish of 24 hour group.  Out of 1002 scored erythrocytes 
of 400 mg experimental group, three cells exhibited MN.  In 
these two latter groups (300 mg and 400 mg), there was a steady 
increase in the number of nuclear abnormalities (the number of 
NA being 32 and 41 respectively). 

 
Table-1: Frequencies of micronuclei and nuclear abnormalities induced by different doses of Amikacin sulphate in erythrocytes of 
Oreochromis mossambicus after 24 hours of treatment. 

Treatment 
doses in 
mg/kg 

No. of 
specimens 

used 

No. of 
erythrocytes 

scored 

Number of types of mutagenic effects 

Micronuclei 
(MN) 

Nuclear abnormalities (NA) 

Blebbed 
(BL) 

Lobed 
(LB) 

Notched 
(NT) 

Binucleated 
(BN) 

Total  

Control 8 1045 0 3 5 2 3 13 

50 8 1065 0 3 7 5 3 18 

100 8 1020 0 2 7 8 7 24 

200 8 1028 0 5 10 3 6 24 

300 8 1013 1 4 13 5 10 32 

400 8 1002 3 11 17 5 8 41 
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Table-2:  Percentage frequencies of micronuclei and nuclear abnormalities induced by different doses of Amikacin sulphate after 
24 hours of Treatment. 

Treatment 
doses in 
mg/kg 

No. of 
specimens 

used 

No. of 
erythrocytes 

scored 

Frequency of types of mutagenic effects in % 

Micronuclei 
(MN) 

Nuclear abnormalities (NA) 

Blebbed 
(BL) 

Lobed  
(LB) 

Notched 
(NT) 

Binucleated 
(BN) 

Total 

Control 8 1045 0 
0.287+ 
0.126 

0.478+ 
0.436 

0.287+ 
0.416 

0.287+ 
0.392 

1.244+ 
0.012 

50 8 1065 0 
0.281+ 
0.003 

0.657+ 
0.423 

0.469+ 
0.108 

0.281+ 
0.146 

1.690+ 
0.313 

100 8 1020 0 
0.197+ 
0.319 

0.686+ 
0.002 

0.784+ 
0.654 

0.686+ 
0.263 

2.352+ 
0.421 

200 8 1028 0 
0.486+ 
0.006 

0.972+ 
0.001 

0.291+ 
0.035 

0.583+ 
0.121 

2.334+ 
0.002 

300 8 1013 
0.098+ 
0.321 

0.394+ 
0.002 

1.283+ 
0.043 

0.493+ 
0.169 

0.987+ 
0.016 

3.158+ 
0.193 

400 8 1002 
0.299+ 
0.161 

0.097+ 
0.112 

1.696+ 
0.663 

0.499+ 
0.813 

0.798+ 
0.216 

4.091+ 
0.692 

 
Table-3: Frequencies of micronucleus and nuclear abnormalities induced by different doses of Amikacin Sulphate in erythrocytes 
of Oreochromis mossambicus after 48 hours of treatment. 

Treatment 
doses in 
mg/kg 

No. of 
specimens 

used 

No. of 
erythrocytes 

scored 

Number of types of mutagenic effects 

Micronuclei 
(MN)  

Nuclear abnormalities (NA) 

Blebbed  
(BL) 

Lobed 
(LB) 

Notched 
(NT) 

Binucleated 
(BN) 

Total  

Control 8 1061 0 2 4 3 5 14 
50 8 1072 0 3 8 4 6 21 

100 8 1009 1 3 6 10 9 28 
200 8 1002 1 5 11 3 8 27 
300 8 1020 3 6 12 7 11 39 
400 8 1051 3 10 20 6 8 42 

 
Table-4: Percentage frequencies of micronuclei and nuclear abnormalities induced by different doses of Amikacin sulphate after 48 
hours of Treatment. 

Treatment 
doses in 
mg/kg 

No. of 
specimens 

used 

No. of 
erythrocytes 

scored 

Frequency of types of mutagenic effects in % 

Micronuclei 
(MN) 

Nuclear abnormalities (NA) 

Blebbed 
(BL) 

Lobed 
(LB) 

Notched 
(NT) 

Binucleated 
(BN) 

Total 

Control 8 1061 
0.00+ 
0.00 

0.188+ 
0.114 

0.377+ 
0.233 

0.282+ 
0.003 

0.471+ 
0.819 

1.319+ 
0.018 

50 8 1072 
0.00+ 
0.00 

0.279+ 
0.020 

0.746+ 
0.002 

0.373+ 
0.008 

0.559+ 
0.034 

1.958+ 
0.311 

100 8 1009 
0.099+ 
0.120 

0.297+ 
0.016 

0.594+ 
0.039 

0.991+ 
0.129 

0.891+ 
0.129 

2.775+ 
0.119 

200 8 1002 
0.099+ 
0.211 

0.499+ 
0.132 

1.097+ 
0.337 

0.299+ 
0.032 

0.798+ 
0.062 

2.694+ 
0.066 

300 8 1020 
0.294+ 
0.201 

0.588+ 
0.421 

1.176+ 
0.067 

0.686+ 
0.716 

1.078+ 
0.115 

3.823+ 
0.305 

400 8 1051 
0.285+ 
0.612 

0.951+ 
0.032 

1.902+ 
0.981 

0.570+ 
0.004 

0.761+ 
0.016 

3.996+ 
0.098 
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In the 48 hours treatment group, MN induction was totally 
absent in the control as well as 50 mg treated fish. Only one 
erythrocyte with MN was observed in each of 100 mg and 200 
mg treated group. In the smears of 300 mg and 400 treated fish, 
the micronuclei induced were 3 each. Thus there was a dose –   
dependent increase in the number of MN induced in the 48 hour 
exposure group. As to nuclear abnormalities, the same dose – 
dependent increase trend was also observed. The numbers of 
abnormalities were found to be 14, 21, 28, 27, 39 and 42 in the 
control, 50 mg, 100 mg, 200 mg, 300 mg and 400 mg treated 
fish respectively in this exposure group.  
 
Despite the trend of increase in the number of micronuclei and 
nuclear abnormalities concomitant with the increase in the 
concentration of Amikacin sulphate and also with the increase 
of exposure time, the observed figures were either insignificant 
or on the border line of significance levels. 
 
Discussion: The micronucleus test (MNT) is one of the widely 
employed test systems to assess the genotoxicity caused by a 
variety of synthetic chemicals and pollutants as it is simple, 
rapid and easy technique and targets mitotically active cell 
population in their interphase with any karyotype14.  Low DNA 
content in cells, small chromosomes and low mitotic index 
make many species of fish unsuitable to study toxic effect of 
chemicals at chromosome level. Since MNT remains unaffected 
by the above parameters, it can conveniently be applied to fish 
to assess genotoxic potential of any chemical. 
 
Amikacin is a therapeutically popular antibiotic and is 
extensively preferred as it is a rapid acting, cheap and effective 
antibiotics8,16-18. Despite several advantages, Amikacin is known 
to be ototoxic, nephrotoxic and neurotoxic depending on 
strength of dose19-22. There were reports of DNA damage in rats 
by Amikacin8 and DNA and RNA damage by Cu (11) – 
amikacin complex23. Amikacin sulphate injection USP is 
generally prescribed for treating serious gram- negative 
bacterial infections for a short term and is   reported to be 
potentially nephrotixic, ototoxic and neurotoxic.  Long term 
studies in animals to evaluate carcinogenic potential of 
Amikacin sulphate has not been undertaken and mutagenicity of 
this drug has not yet been studied24. 
 
The present study clearly showed that lower doses of Amikacin 
sulphate fail to induce MN while the higher doses did induce 
but not significantly.  Again induction of MN was found to rise 
with increase in exposure time. More micronuclei were 
observed in the smears of 48 hour exposure group irrespective 
of   dose strength.  Nuclear abnormalities were also increased in 
number concomitant with both increase in drug concentration 
and increase in exposure time. The MN data indicated that 
though Amikacin sulphate was capable of inducing genotoxicity 
in the erythrocytes of fish, Oreochromis mossambicus, it did so 
mildly. In comparison to MN frequency, the frequencies of 
nuclear abnormalities (NA) were observed to be higher in the 
fishes of all treated groups and their incidences were dose and 

exposure dependent.  All categories of NA were observed in the 
erythrocytes of fish of each treatment group and of each 
exposure. The NA data of experimental groups appeared 
statistically significant when compared to those of the control 
group.  Thus, the NA data of this study indicated that Amikacin 
sulphate has the potentiality to cause damage or instability to the 
genome of an organism in higher doses or longer exposures 
especially to that of aquatic animals like fish. It was 
demonstrated that Amikacin could induce damage to the DNA 
of lymphocytes in the blood   of rats8. 
 
Another aminoglycoside antibiotic Gentamicin has shown 
negative results in a series of in vivo and in vitro genotixic 
studies25. However, positive results were noted in in vitro tests 
for forward mutation in E.coli, in a test for chromosomal 
aberration in mouse L-cells and in a test for sister chromatid 
exchange in human fibroblasts25. The conclusion of EMEA is 
that gentamicin is unlikely to be genotoxic. One more 
aminoglycoside antibiotic Neomycin sulphate was also reported 
to be genotoxically negative26,27. All these studies fail to prove 
conclusively that aminoglycoside antibiotics are potentially 
genotoxic. 
 
Our study indicates that Amikacin sulphate is not a serious 
genotoxic antibiotic rather it can induce a certain degree of 
genotoxicity at higher doses and longer exposures. Long term 
studies in animals employing different assay systems are 
required to assess its carcinogenic and genotoxic potential 
thoroughly. 
 

Conclusion  

The present study reveals that Amikacin sulphate is moderately 
genotoxic especially in higher dosages and longer exposure 
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