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ABSTRACT
Background: Many drugs are implicated in male infertility and screening for medication history is an important for
diagnosis and treatment of the problem. The aim is to study amikacin effect on male reproductive system in
comparison to gentamicin.
Methods: Twenty-five male wister rats weighted 220±20 gm and aged 8 weeks were randomly divided into five
groups of five. The first group received gentamicin in dose 18.25 mg/kg/day once daily (OD) (therapeutic dose). The
second group received gentamicin with double dose of the first group. The third group received amikacin in dose
54.75 mg/kg/day OD (therapeutic dose). The Fourth group received amikacin with double dose of the third group.
However, the fifth group served as a control and received normal saline (NS) OD. All treatments were administered
intraperitoneally (IP) for 14 days. On the 15th day, blood samples and reproductive organs were obtained from all
animals. Testicular tissues were prepared for genetic testing and chemical and microscopical examination.
Results: Amikacin and gentamicin negatively affected reproductive organs weights, sperm parameters, serum follicle
stimulating hormone and luteinizing hormone (LH) level relative to control (p<0.05). However, serum testosterone
level was only affected with gentamicin (p<0.05). A significant difference between gentamicin and amikacin was
found in sperm count, testis and epididymis weights and serum testosterone and LH level (p<0.05). Testicular
histopathological changes were also found with the two drugs with different degrees. Effects of both gentamicin and
amikacin were dose-dependent.
Conclusions: Both gentamicin and amikacin adversely affect andrological function that should be monitored and
controlled during application of these drugs.
Keywords: Gentamicin, Amikacin, Hormone, Testis, Sperm, Reproduction

INTRODUCTION
Aminoglycoside antibiotics are one of the main
bactericidal antibiotic classes commonly used for
different types of infection e.g. urinary tract infection,
infective endocarditis and blood stream infection. 1-3
Aminoglycosides are potent, broad-spectrum antibiotics
that act through inhibition of protein synthesis.4 The
aminoglycosides have been a cornerstone of antibacterial

chemotherapy since streptomycin was first isolated
from Streptomyces griseus and introduced into clinical
use in 1944, other members include: kanamycin,
neomycin, gentamicin, netilmicin, tobramycin, amikacin,
and newer members: arbekacin and plazomicin.5
Gentamicin and amikacin are similar in spectrum of
activity with some antipseudomonal advantages to
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amikacin, and similar in nephrotoxicity with less
nephrotoxic effect to amikacin.6,7
It was established through many studies that gentamicin
produces oxidative stress in different cell types of the
body accompanied with direct gonadotoxic effect.8,9
However, based on available information, direct
comparison between gentamicin and amikacin regarding
negative effect on male reproductive system and their
effect on oxidative stress has not been studied. Therefore,
the aim of the present study is to disclose the possible
effect of amikacin on male reproductive system of male
albino rat though investigating reproductive organs
weights, sperm parameters, testicular histopathology and
serum testosterone and gonadotropin hormones in
comparison to gentamicin.
METHODS
Drug preparation
Gentamicin was purchased as a brand pharmaceutical
preparation Garamycin® with concentration 80 mg of
gentamicin in 2 ml aqueous solvent manufactured by
Memphis Co. for pharmaceutical and chemical industry
(MEMCO) under authority of Schering-Plough
corporation U.S.A. Gentamicin was diluted with normal
saline (NS) to a final volume 0.5 ml per rat to be injected
intraperitoneal (IP) with 25-gauge needle. Amikacin was
purchased as a brand pharmaceutical preparation
Amikin® with concentration 500 mg of amikacin in 2 ml
aqueous solvent manufactured by SmithKline Beecham
Egypt L.L.C.; an affiliated Co. to GlaxoSmithKline
(GSK), USA. Amikacin was diluted with NS to a final
volume 0.5 ml per rat to be injected IP with 25-gauge
needle.
Animals
Twenty-five adult wister albino male rats were 8 weeks
old and weighted 220±20 g. They were obtained from
animal house of faculty of veterinary medicine, Benha
university. Male rats were housed in normal room
temperature with humidity (40-60%) and 12h/12h light or
dark cycle prior to use in experimental protocols. The
animals were fed laboratory formula and tap water ad
libitum.
Study design
After two weeks of adaptation to a standard diet, the 25
rats were randomly divided into five groups with five rats
in each group. Rats in group 1 and 2 received IP
gentamicin once daily (OD) in daily doses of 18.25 and
36.5 mg/kg, respectively. Rats in group 3 and 4 received
IP amikacin OD in daily doses of 54.75 and 109.5 mg/kg,
respectively. Group 5 served as control and received IP
0.5 ml NS OD. All treatments were administered for 14
days. On the fifteenth day, the five animals in each group

were sacrificed by cervical dislocation under anaesthesia
after blood sampling. Immediately after dissection, testis,
epididymis, prostate, and seminal vesicle were removed
and weighted (absolute and relative to body weight).
Relative organ weight was expressed as organ weight
(mg) or body weight (g). The experiment was carried out
in the departments of pharmacology and theriogenology,
faculty of veterinary medicine, Benha university.
Blood sample collection
Blood samples were collected from the retro-orbital
venous plexus located at the medial canthus of the eye by
means of heparinized capillary tubes. The collected blood
was kept in heparinized test tubes and centrifuged at 1500
xg for 15 minutes then collected in sterile Eppendorf
tubes using automatic pipettes. Plasma samples were kept
frozen (-20 °C) till analysis of the following biochemical
parameters: testosterone, follicle stimulating hormone
(FSH) and luteinizing hormone (LH) using rat ELISA
kits (Elabscience®, Taxus, USA).
Sperm parameter assessment
Sperms were obtained from the tail of the two epididymis
by cutting the epididymis into small pieces in petri dish
containing 2 ml of saline (0.9% NaCl). For evaluation of
sperm motility, immediately after collection of a semen
sample, a small drop was taken with a micropipette and
placed on a warm clean glass slide. A cover slip was
placed onto the semen drop and the percentage of
progressively
motile
sperms
was
estimated
microscopically at 400X magnification. For evaluation of
sperm morphology and viability, two types of seminal
smear slides were obtained from each animal. One of
them was stained with Eosin and Nigrosine and the other
was fixed in Carnoy's solution then examined with light
microscope under magnifications of 400X and 1000X to
determine sperm head and tail abnormalities and sperm
viability. For evaluation of sperm count, the epididymal
contents extracted in 2 ml NS were diluted to 10 ml NS
and kept for 24 hours to let sperms distribute in the
solution. To stain sperms heads to be easily counted, a
few drops of eosin 2% solution were added to the
solution before examination. According to the method
described previously, the number of sperm in five large
squares was multiplied by 5 to obtain sperm count in one
chamber that contains 25 large squares (one chamber
volume =100 ml).10 The number was multiplied by 10000
to obtain sperm count in 1 ml. Because we diluted semen
in 10 ml and used two epididymis, the number was
multiplied by 10 and divided by 2 as the following:
Number of sperms per 1 ml =
No. of sperms in 5 large squares × 5 × 100000
2
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Histopathology of the testis

RESULTS

The left testis was fixed in 10% formalin and embedded
in paraffin. Five-micron thick sections were prepared and
stained with hematoxylin and eosin (H&E). The
specimens were examined under Olympus or 3H light
microscope under power of 200X and 400X. the
examination was carried out in the department of
pathology.

Body and reproductive organ weights

Statistical analysis
Statistical analysis was performed by using GraphPad
Prism 8.0.2 software. Numerical data in this study were
expressed as mean±standard deviation (M±SE) and
categorical data as percentages. Analysis of variance
(ANOVA) and a post hoc Tukey test were used. The
difference between groups was defined to be statistically
significant when a p value ≤0.05.
Ethics statement
This study was carried out in strict accordance with the
recommendations in the guide for the care and use of
laboratory animals of the National Institutes of Health 8th
edition and adhered to principles published by
International Council for Laboratory Animal Science and
those of Benha University Animal Care and Use
Committee.

After 14 days of treatment, weights of the total body and
ventral prostate didn’t differ significantly among groups
(p>0.05). Weights of epididymis and seminal vesicle were
significantly lower in animals treated with gentamicin and
double dose amikacin relative to control (p<0.05).
However, testis weight was decreased with all doses of
the two drugs (p<0.05). A significant dose dependent
manner was found in testis wt. (gentamicin) (p<0.05) and
seminal vesicle wt. (amikacin) (p<0.05). There were
significant differences between gentamicin and amikacin
in epididymis wt. (therapeutic dose) and testis wt. (two
doses) (p<0.05) (Table 1).
Sperm parameters
Gentamicin and amikacin significantly decreased sperm
count, progressive motility and tail normality relative to
control (p<0.05). However, the double dose of the two
drugs significantly reduced sperm viability (p<0.05) and
the double dose of amikacin significantly increased head
abnormalities compared to control (p<0.05). A significant
dose dependent effect was observed with progressive
motility in all treated-groups (p<0.05) and viability in
gentamicin-treated groups (p<0.05). A significant
difference between the two treatments was seen with
sperm count at the two dose levels (p<0.05) (Table 2).

Table 1: Total body weight, absolute and relative reproductive organ weights of male rats after administration of
gentamicin and amikacin with therapeutic and double dose for 14 days compared with control.
Control
Weight
Total body weight (g)
Testis (g)
Epididymis (mg)
Seminal vesicle (mg)
Ventral prostate (mg)
Relative (R) testis (mg)
R epididymis (mg)
R seminal vesicle (mg)
R ventral prostate (mg)

274±2.68
1.52±.03
556±16
572±14
486±18
554±11.5
202.2±4.5
208.7±7.3
177.13±8.3

Gentamicin (mg/kg)
18.25
36.5
271.2±4.3
268.6±4.5
1.134±.02*
.902±.03*
432±12*
384±11*
448±14.5*
394±15*
448±7
520±13
418.7±13*
336.3±14.5*
159.6±6.5*
143.2±6*
161.3±4.4*
148.1±6*
165.4±4.5
193.6±4.3

Amikacin (mg/kg)
54.75
109.5
264.0±2.3
273.2±2.5
1.3±.04*
1.2±.05*
508±31
445±20*
530±26.5
437±39*
496±24
454±10.3
493±22
441±21*
192.5±12.3
163±7.5*
196±8.2
161±15.1*
187.7±7.5
166.2±4

Values expressed as mean±SE of 5 observations, *: significant difference at p<0.05 compared with control. One-way ANOVA and post
hoc Tukey test were used.

Table 2: Sperms count, motility, viability and morphology of male rats after administration of gentamicin and
amikacin with therapeutic and double dose for 14 days compared with control.
Sperm parameters
Sperm count (10^6/ml)
Progressive motility %
Viability %
Head abnormality %
Tail abnormality %

Control
29.45±0.75
73±4.2
75±1.7
3±0.6
20.6±2.5

Gentamicin (mg/kg)
18.25
36.5
12.5±9.5*
10.3±0.34*
41±3.6*
29±3.7*
71±2.1
61±3.6*
7.8±2.05
15.8±3.4
70.2±2.2*
68.4±3.6*

Amikacin (mg/kg)
54.75
25.25±0.32*
48±4.5*
69±2.1
12±3.8
64.4±3.5*

109.5
24.45±1.43*
37±6*
61.4±2.3*
24.6±5.2*
57.4±3.1*

Values expressed as mean±SE of 5 observations, *: significant difference at p<0.05 compared with control. One-way ANOVA and post
hoc Tukey test were used.
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Table 3: Plasma hormones level of male rats after administration of gentamicin and amikacin with therapeutic and
double dose for 14 days compared with control.
Hormones level
Testosterone (ng/ml)
FSH (ng/ml)
LH (mIU/ml)

Control
0.954±0.06
1.232±0.05
0.65±0.05

Gentamicin (mg/kg)
18.25
36.5
0.424±0.02*
0.37±0.02*
3..19±0.2*
3.28±0.3*
1.78±0.04*
1.81±0.03*

Amikacin (mg/kg)
54.75
0.874±0.06
3.75±0.15*
1.85±0.17*

109.5
0.732±0.08
3±0.3*
1.86±0.05*

Values expressed as mean±SE of 5 observations, *: significant difference at p<0.05 compared with control. One-way ANOVA and post
hoc Tukey test were used.
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Figure 1: H&E stained section of testes obtained from rats post administration of therapeutic dose gentamicin (a-d)
and double dose gentamicin (e-h) for 2 weeks, showing (a) reduction in the number of spermatogonial cells lined
seminiferous tubules (X400), (b) seminiferous tubules lined by degenerated germ cells with cytoplasmic vacuolation
(X400), (c) degeneration (arrow) and entire necrosis of spermatogonial cells (N) of some seminiferous tubules with
impaction of the lumen of degenerated tubules with dead sperm (D, X400), (d) necrosis of the lining epithelium of
seminiferous tubules and exfoliation of epithelial cells in their lumen (arrow) with mild inter-tubular edema (E,
X400), (e) atrophy of seminiferous tubules (X100), (f) variable degree of degenerative changes of germinal epithelial
cells (X100), (g) disrupted tubular epithelium with testicular degeneration of most seminiferous tubules as well as
impaction of their lumens with dead sperm (X200), (h) entire necrosis of germinal epithelium (arrow) with
inhibition of spermatogenesis and Distension of the lumen with necrotic cells (N, X200).

Testosterone, FSH and LH
Serum testosterone level was significantly reduced in all
gentamicin- treated groups (p<0.05) and serum FSH and
LH were significantly increased in all gentamicin and
amikacin-treated groups relative to control (p<0.05). No
significant dose dependent effect was seen (p>0.05). The
difference between the two antibiotics was significant in
serum testosterone at the two doses level (p<0.05)
(Table 3).
Histopathological findings
The histopathological examination of the testes obtained
from rats treated with therapeutic dose gentamicin for 2
weeks revealed congestion of sub-capsular blood vessels
with variable degree of degenerative changes of the lining
epithelial cells of some seminiferous tubules in
combination with incomplete spermatogenesis and

absence of spermatozoa in the lumen of these degenerated
tubules. Clear reduction in the number of spermatogenic
cells and the sperm bundles were absent in some tubules
(Figure 1a). Swollen, pale and vacuolated cytoplasm of
the lining epithelium of some seminiferous tubules with
accumulation of necrotic eosinophilic debris in the lumen
of some seminiferous tubules (Figure 1b). Necrosis of
spermatogenic cells of some seminiferous tubules with
distension of their lumen with dead sperm in association
with stop of spermatogenesis was also demonstrated in
some examined cases (Figure 1c and d).
These histopathological changes were more marked in
rats treated with double dose gentamicin for 2 weeks. The
testes of these animals showed congestion of the testicular
blood vessels and interstitial capillaries. The seminiferous
tubules were more affected as marked atrophy of
seminiferous tubules characterized by reduction in size of
the tubules with increase in the distance between the
tubules with extensive testicular degeneration of great
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numbers of seminiferous tubules was noticed (Figure 1e).
The degenerated tubules exhibited variable degree of
degenerative changes that characterized by marked
reduction of germinal epithelial cells, accompanied by
reduced spermatogenesis and absence of spermatozoa in
the lumen (Figure 1f). Frequently, desquamated epithelial
cells with dead spermatogenic cells were seen in the
lumen of the degenerated tubules (Figure 1g).

Additionally, marked necrosis of spermatogenic cells in
seminiferous tubules that lined by few layers of
degenerated germ cells was observed and distension of
the lumen of some tubules with necrotic cells and the
sperm bundles were absent in most tubules (Figure 1h).
Meanwhile, multiple areas of lytic necrosis of the
germinal epithelium of seminiferous tubules that
characterized by complete loss of spermatogenic cells was
demonstrated.

a

b

c

d

e

f

Figure 2: H&E stained section of testes obtained from rats post administration of therapeutic dose amikacin (a-b)
and double dose amikacin (e and f) for 2 weeks, showing (a) normal seminiferous tubules with normal
spermatogenesis (X100), (b), mild vacuolation of the germinal epithelium of few seminiferous tubules with mild
inter-tubular edema (E, X200), (c), degeneration of germinal epithelium with incomplete of spermatogenesis (X100),
(d) severe degenerative changes with vacuolated epithelium (arrow) and marked inter-tubular edema (E, X200), (e)
exfoliated epithelial cells in the lumen of degenerated tubule (X400), (f) degeneration of the lining epithelial cells of a
seminiferous tubule characterized by swollen pale discrete large vacuoles, notice also, some seminiferous tubules
lined by few layers of degenerated germ cells with absence of spermatozoa in the lumen (X400).
However, the microscopical examination of testes of
animals treated for 2 weeks with therapeutic dose of
amikacin revealed less prominent histopathological
changes when compared with the group treated with
gentamicin for the same period. Most of the seminiferous
tubules were compact with each other and the
spermatogenic layers appeared somewhat normal in most
examined animals (Figure 2a), consequently, most of the
seminiferous tubules restored its normal histological
architecture except mild degeneration of the lining
epithelium cells of some seminiferous tubules with mild
inter-tubular edema (Figure 2b) was demonstrated. On the
other side, the testes treated with double dose amikacin
revealed more advanced pathological changes in
comparison to the testes treated with therapeutic dose
amikacin. Meanwhile, these pathological alterations were
less prominent when compared with the testes of animals
treated with therapeutic dose gentamicin. Degeneration of

germinal epithelium and loss of spermatids with
incomplete of spermatogenesis was observed in most
examined cases (Figure 2c). Most of the spermatogonia
showed degeneration with cytoplasmic vacuolization and
marked inter-tubular edema (Figure 2d). Additionally,
necrosis of some seminiferous tubular epithelium, with
defoliation of many spermatocytes into the lumen of
seminiferous tubules with incomplete spermatogenesis
was also demonstrated (Figure 2e and f).
On the other side, normal histological structure of tunica
albuginea, seminiferous tubules and interstitial tissue was
detected during the histopathological examination of the
testes taken from rats injected with NS (control).
DISCUSSION
Many drugs are implicated in male infertility and
identification of these medications is very essential in the
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investigation of male infertility.11,12 The effects of
gentamicin an amikacin on male reproductive system of
wistar rats were investigated using the average doses of
Kg-based dosing that equal 5 and 15 mg/kg/day in
gentamicin and amikacin respectively and body surface
area-based dosing that equal 31.5 and 94.5 mg/kg/day in
gentamicin and amikacin respectively.13 So, the
therapeutic doses are 18.25 and 54.75 mg/kg/day and the
double doses are 36.5 and 109.5 mg/kg/day in gentamicin
and amikacin respectively that fall in the previous dosing
range. Gentamicin was used in Wister rat for reproductive
studies with doses ranged from 3 mg/kg/day to 80
mg/kg/day and 100 mg/kg/day for durations ranged from
1 day to 14 days.9,14-16 To our knowledge, amikacin was
used in only one infertility study in male rats with doses
ranged from 25 to 200 mg/kg/day for 60 days.17 A
significant dose dependent effect of both gentamicin and
amikacin on testis, epididymis and seminal vesicle
weights was revealed by the present study. Gentamicin in
a recent study reduced absolute testis weight (p<0.05)
with doses 60, 80 and 100 mg/kg OD for 10 days in a
dose depend manner and relative testis weight with the
higher two doses (p<0.05).18 Similar findings were
reported with various gentamicin regimens; testis,
epididymis and seminal vesicle weigh were reduced in 5
mg/kg/day
gentamicin-treated
groups
(p<0.05).16
However, 3 mg/kg/day gentamicin didn’t significantly
reduce testis and epididymis weight (p>0.05) that may be
related to the low dose used. Another study used 100
mg/kg/day for 6 days didn’t find a significant effect on
testis and seminal vesicle weight (p>0.05) that may be
because of the short duration of the treatment. 9,19 The
testis weight relies on seminiferous tubule and interstitial
cells; therefore the reduction in germ cells decreases
testicular weight.20 Consistent with this, we found a
histopathological evidence of testicular cells loss
including germ cells. The present study revealed that
testosterone was significantly reduced in gentamicintreated groups (p<0.05). In addition, FSH and LH were
significantly increased in the all treated groups (p<0.05).
However, testosterone wasn’t significantly changed in
amikacin-treated groups. Testosterone hormone was
investigated in few studies with gentamicin treatment and
revealed similar findings. A dose dependent reduction in
testosterone level with gentamicin 60, 80, 100 mg/kg/day
for 10 days was found and 4 days treatment with 40
mg/kg/day gentamicin and 14 days treatment with dose 5
mg/kg/day
gentamicin
reduced
testosterone
significantly.14,18,21 None of these studies measured FSH
and TSH levels. However, FSH serum level was studied
in a protective experimental study with gentamicin
treatment and found that testosterone was reduced but
FSH wasn’t significantly affected.22 The rise in
gonadotropins may be secondary to reduced feedback
inhibition of testosterone.23 Testosterone is an essential
hormone for the attachment of germ cells in the
seminiferous tubules and prevent their apoptosis.24
Testosterone is important in maintaining testis weight
through maintenance of the spermatogenic process and
inhibition of germ cell apoptosis; therefore, testosterone

reduction is associated with germ cell loss. However,
testosterone is synthesized by the Leydig cells in the
interstitial compartment of the testis and loss of Leydig
cells results in decreased testosterone level.25 Wistar rats
at 50 days age get the maximum number of Leydig cells
per testis and have full spermatogenesis. However,
testosterone was measurable in the testis at 20 days of age
and reaches peak plasma level at 60 days of age to be
0.77±0.16 and 4±0.73 mcg/dl in peripheral and spermatic
vein respectively.26 In the present study, the sperm
parameters were altered in gentamicin-treated group and
to a lesser extent, amikacin. Consistent with this,
gentamicin had a negative effect on sperm parameters
including sperm motility, viability, count and
morphology.9,16,18,19 The reduction in sperm count and
maturation in gentamicin-treated group may be related to
low testosterone level, increased testicular oxidative stress
or both.15,25 Meanwhile, we found a correlation between
sperm parameters, testosterone level and organs weight in
gentamicin and amikacin treated groups. However,
amikacin had lower effect on all correlated factors. Both
sperm count and sperm motility are important in cervical
penetration and ova fertilization.25 Histopathological
changes of the testis with gentamicin treatment observed
here are quite similar to findings reported by some
previous studies.9,18,21,27 They found variable degrees of
degenerative changes of the lining epithelial cells of some
seminiferous tubules in combination with incomplete
spermatogenesis and absence of spermatozoa as well as
evidence of cell debris in the lumen and presence of
lymphocyte and plasmocyte. However, amikacin in the
present study revealed less prominent histopathological
changes relative to gentamicin. Because germ cells are
very rich in polyunsaturated fatty acid for energy
production and cell membrane structure and because these
molecules are vulnerable to oxidative damage, testis and
epididymis germ cells are enhanced with potent scavenger
systems.28 One possible mechanism of gentamicin and
amikacin-induced testicular cell damage is oxidative
stress where there was a significant increase in the levels
of Hydrogen peroxide (H2O2) and lipid peroxides with
decrease in activities of the antioxidant enzymes SOD,
catalase and GPx and decreased glutathione content in the
testes of gentamicin-treated group.18 Comparative effect
of gentamicin and amikacin on testicular oxidative stress
is needed to be studied that may give a possible
explanation for the difference between the two drugs
effect on male reproductive system. However, current
investigations are being conducted by our team to explore
drug-induced oxidative stress at cellular and molecular
level. Another possible explanation is the blood-testis
barrier; a tight junction between Sertoli cells that protect
germ cells from substances penetration and there is a good
correlation between lipophilicity of the drug and its
permeability through blood-tissue barriers.29,30 Amikacin
binds more loosely to phospholipid bilayers and is less
taken up by tubular cells in vivo relative to gentamicin.31
Finally, human follow up studies are required to keep
caution regarding negative effect of gentamicin and
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amikacin on human fertility specially couples seeking for
children.
7.
CONCLUSION
Treatment with either gentamicin or amikacin exhibited
variable degrees of testicular degeneration via induction
of histopathological alterations in the seminiferous
tubules and interstitial tissues, gonadotropins and
testosterone level and impaired sperm parameters. The
severity of these changes was dose dependent. Amikacin
relative to gentamicin is less gonadotoxic, but relative to
control, amikacin retained some gonadotoxicity.
Monitoring of patients on these drugs is recommended.
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