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Abstract: Infertility is a growing worldwide problem and about half of the causes could be traced in male partner. Aim of 

the work: the present work aimed to study propolis and curcumin for their potential ameliorative effects on reproductive 

toxicity induced by gentamicin in guinea pigs from morphological and quantitative aspects. Materials and methods: 36 

guinea pigs were used for this study and divided into 6 groups. The first 3 groups were control (normal control, curcumin 

administered, and propolis administered), the 4th group was the experimental and administered gentamicin at a dose of 5 

mg/kg body wt for 10 days, and in the 5th and 6th groups, gentamicin was co-administered with propolis and curcumin at the 

doses of 50 mg, and 10 mg/kg body wt respectively. The animals were sacrificed and the testes were dissected out from which 

specimens were obtained. The specimens were processed for light microscopic examinations and quantitative analysis. Blood 

samples were obtained for assessment of plasma testosterone level. Results: Structurally, in gentamicin treated animals, the 

seminiferous tubules showed sloughing of the germinal epithelium into lumen where sperms were few. The basement 

membrane appeared thick, irregular and degenerated. Wide interstitial spaces with few Leydig cells were observed. From the 

quantitative aspect, the percent of volume density and absolute volume of seminiferous tubules were significantly reduced. 

Also, the diameter, total length, and total surface area of seminiferous tubules were significantly reduced. The numbers of 

Sertoli cells, round spermatids and daily sperm production per testis and per gram of testicular tissue were significantly 

decreased in gentamicin treated guinea pigs. As regard to endocrine part of the testis, the percent of volume density of Leydig 

cell nuclei, the total number of Leydig cells, and plasma testosterone level were significantly decreased in gentamicin treated 

guinea pigs. With co-administration of propolis and curcumin, the structure of seminiferous tubules improved and their 

lumens were full of bundles of sperms. Also, all the parameters of seminiferous tubules and total numbers of Sertoli cells, 

round spermatids, daily sperm production and Leydig cells were ameliorated significantly as compared to gentamicin treated 

animals. Also, the testosterone level was improved. Conclusion: It can be concluded that, the gentamicin even at therapeutic 

dose can have adverse impacts on male reproduction. Administration of propolis or curcumin can ameliorate these effects. So, 

the patients while treated by gentamicin should be advised to use one of them. 
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1. Introduction 

Infertility is one of the major problems in life and is 

represented in 25 and 35% in men and women respectively 

[1]. The decline in male reproductive health and fertility for 

the past 30 years has been linked to environmental toxicants 

and xenobiotics [2]. This can have harmful effects on 

spermatogenesis, normal sperm production [3] and quality 

of semen produced [4]. 

Gentamicin is an aminoglycoside antibiotic derived from 

micomonospora purpurea and still constitutes the only 

effective therapeutic alternative against microorganisms; 

pseudomonas, proteus and serratia that are insensitive to 

other antibiotics [5,6]. Moreover, aminoglycosides are 
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routinely used by urologists and fertility specialists to treat 

bacterial infections occurring in patients prior to in vitro 

fertilization or when a higher concentration of leucocytes are 

present in the semen of these patients [7, 8]. Gentamicin was 

known to reduce sperm count, motility, and viability which 

may be due to increasing free radical formation and lipid 

peroxidation by decreasing the antioxidant enzyme levels 

[4].  Free radical-induced oxidative damage to spermatozoa 

has recently gained attention for its role in increasing poor 

sperm function and infertility [9]. 

Natural antioxidants strengthen the endogenous 

antioxidants defenses and restore the optimal balance by 

neutralizing reactive species [10,11]. Curcumin as one of the 

naturally occurring dietary substances has been used since 

ancient times for promoting human health [12]. Curcumin is a 

major yellow pigment in rhizomes of curcuma longa linn 

which is used widely as a spice and coloring agent in several 

foods [12-14]. It represents a class of anti-inflammatory and 

antioxidant that is reported to be a potent inhibitor of reactive 

oxygen species (ROS) formation [13-15]. Also, propolis is 

resinous natural product collected from cracks in the bark of 

trees and leaf buds which are enriched with salivary enzymes 

of honey bees. It has more than 180 compounds including 

flavonoids, phenolic acids and its esters [16-18]. Melatonin 

and caffeic acid phenethyl ester are compounds of hony bee 

propolis, that were recently found to be potent free radical 

scavengers and antioxidants [19]. 

Most of literatures regarding the reproductive toxicity of 

gentamicin stressed on the biochemical impacts on semen 

analysis [4, 7, 20-22]. Literatures on the structural and 

histometrical changes are scarce. Also, to our knowledge, 

the antioxidants curcumin and propolis were not tested for 

their protective effects against gentamicin induced testicular 

oxidative stress. Guinea pig is one of the experimental 

models which is rarely used and its testicular morphometry 

is deficient. So, the present work aimed to study propolis and 

curcumin for their potential ameliorative effects on the 

reproductive toxicity induced by gentamicin in guinea pigs 

from morphological and quantitative aspects. 

2. Materials and Methods 

2.1. Chemicals 

Gentamicin and curcumin were purchased from Sigma 

Chemical Co. (St. Louis, Mo, USA). Propolis was obtained 

from hony bee colonies in the Faculty of Agriculture, Zagazig 

University, Egypt. Aqueous propolis extract was prepared 

according to the method of El-khayat et al. [23]. Briefly, 

propolis was kept dry and freezed (- 40 °C) until used. Propolis 

samples were mixed with distilled water, heated gently and 

filtered through Whatman no:1 filter paper. Propolis was 

freshly prepared and administered to animals orally by gavage. 

The gentamicin was given at a dose of 5 mg/kg b. wt once daily 

intraperitoneally for 10 days. The dose and duration of 

treatment was similar as in human and confirmed oxidative 

stress in testis [4, 22]. The choice of doses of curcumin and 

propolis were based on the results of previous studies [24-27], 

where the antioxidant effects of these agents were confirmed. 

Curcumin was given orally at a dose of 10 mg/kg b. wt by 

gavage and propolis was given at a dose of 50 mg/kg b. wt 

orally by gavage once daily for 10 days. 

2.2. Animals 

36 sexually mature (about 6 months old) male guinea pigs 

(Cavia porcellus) weighting 480-530 gm were used for this 

study. The animals were obtained from animal house unit in 

the Faculty of Veterinary Medicine, Zagazig University, 

Egypt. The animals were housed in a room under standard 

conditions of ventilation, temperature (25 ± 2 °C), and 

humidity (60-70%) and subjected to natural photoperiod of 12 

hours light: dark cycle throughout the experimental period. 

The animals were provided with tape water ad libitum and fed 

with the standard commercial chow. The procedures were 

performed in accordance with the national Guide Lines for 

Ethical Conduct in the Care and Use of Animals. 

2.3. Experimental design 

After one week of acclimation, the animals were 

randomized and divided into 6 groups (6 guinea pigs for 

each) as follow: 

Group 1 (control group): the animals received 

intraperitoneal injection of saline (0.5 ml/day for 10 days). 

Group 2 (curcumin only): the animals received curcumin 

(10 mg/kg b. wt /day) orally by gavage for 10 days. 

Group 3 (propolis only): the animals received propolis (50 

mg/kg b. wt /day) orally by gavage for 10 days. 

Group 4 (gentamicin treated group): the animals received 

intraperitoneal injection of gentamicin only (5 mg/kg b. wt 

/day) for 10 days. 

Group 5 (gentamicin/curcumin co-administered): the 

animals received intraperitoneal injection of gentamicin (5 

mg/kg b. wt /day) concurrently with curcumin (10 mg/kg b. 

wt /day ) orally for 10 days. 

Group 6 (gentamicin/ propolis co-administered): the 

animals received intraperitoneal injection of gentamicin (5 

mg/kg b. wt /day) concurrently with propolis (50 mg/kg b. 

wt /day) orally for 10 days. 

2.4. Tissue collection and processing 

At end of the experimentation and 24 hours after last dose, 

the animals were sacrificed by injecting ketamine 

(intraperitoneal) under general anesthesia, then the testes 

were rapidly dissected out and trimmed from tunica 

vaginalis and epididymis. The testes were weighted using an 

electronic scale. One testis from each animal (right or left) 

chosen in an alternating basis was placed in Bouin's solution. 

After 30 minutes, the poles were removed to enhance 

penetration of the fixative, and the tissue was returned to the 

fixative for a total of 24 hours [28]. The fixed testis was cut 

into top, middle and bottom sections. Each portion was then 

histologically processed, dehydrated in a graded series of 

ethanol, immersed in xylol and embedded in paraffin wax 
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[29]. Two serial section (5 µm) were made from each portion, 

mounted onto gelatin – coated glass slides and dried 

overnight at 37 °C. Sections were stained with hematoxylin 

– eosin and stored at room temperature. It is assumed that, 

the structure and cellular components of the testes in all 

groups studied undergo shrinkage to the same degree since 

they were subjected to the same kind of treatment during 

processing. The relative reduction in volume densities of the 

components would therefore be the same. 

2.5. Quantitative analysis of tissue sections 

2.5.1. Assessment of tubular tissue volume 

The volume density of seminiferous tubules (ST) was 

obtained by point counting [30]. 30 randomly selected 

transverse sections of seminiferous tubules per animal for 

the six groups were examined under a binocular light 

microscope (Zeiss) equipped with a bright field condenser 

with a 40 x objective and 16 x eye piece fitted with a square 

lattice containing 441 intersections (Fig. 1A). The number of 

intersections over ST was counted by movement of sections 

across the grid without overlap. Volume density (VD) of ST 

(volume of ST per unit volume of testicular tissue) was 

obtained by dividing the sum of points falling on ST by the 

total number of points over the tissue (441). The results 

expressed as a percentage of the testis volume (V%), were 

obtained by multiplying the volume density of ST by 100. 

The absolute volume (VA) of ST was then determined by 

multiplying the volume density of ST by total testis volume 

(volume of one testis). The testis weight was converted to 

testis volume by dividing it by specific gravity of the 

testicular parenchyma. Since specific gravity of the testis is 

approximately 1.0 [31], the volume of the testis in guinea 

pigs is nearly equal to its weight. 

2.5.2. Assessment of diameter, total length and total 

surface area of ST 

Diameters of 30 randomly selected transverse sections of 

ST per animal were measured across the minor axis of their 

cross sectioned profiles with an ocular micrometer [32, 33] 

(Fig. 1B). The total length (L) and surface area (S) of ST per 

unit volume of the testis were calculated by the standard 

equation: 

21415.3 r

V
L A

×
=  

and  S = 2 × 3.1415 × r× L 

where (VA) is the absolute tubular volume per unit volume 

of testicular tissue as measured by point counting and "r" is 

the mean radius as determined from the diameter of ST 

[32-34]. 

2.5.3. Assessment of Sertoli cells and round spermatids 

counting 

In 30 randomly selected transverse sections of ST per 

animal, the numbers of Sertoli cells and round spermatid 

nuclei present within each tubular cross-section were 

determined by direct counts [35]. Because these crude 

counts contained both whole nuclei and fragments produced 

by sectioning, initial cell counts were corrected using 

Abercrombie's correction factor [36]
 
as follow:  

n = cell count per tubular section ×
thicknesstionD

thicknesstion

sec

sec

+  

where (D) is the mean diameter of Sertoli cell or round 

spermatid nuclei. The diameters of the nuclei were measured 

using an ocular micrometer and a x 100 oil immersion 

objective. The mean diameter (D) was obtained by 

measuring 10 nuclei per section per animal. Total number of 

Sertoli cells per testis was estimated by the equation: 

Total n. of Sertoli cells = n ×
thicknesstion

L

sec
 

where (n) is the mean corrected number of Sertoli cells per 

transverse section of ST, (L) is the total length of ST per 

testis [34]. The section thickness in the present study was 5 

µm. Also, the total n. of round spermatids = n 

×
thicknesstion

L

sec
 

where (n) is the mean corrected number of round spermatids 

per transverse section of ST and (L) is the total length of ST 

per testis [34, 35, 37]. The number of cells per gram of 

testicular tissue was calculated by dividing the total number 

of Sertoli cells or round spermatids per testis by the weight 

of one testis. 

2.5.4. Assessment of daily sperm production 

Assessing the daily rate of sperm production by 

quantitative testicular histology based on that no significant 

loss of spermatids occurs during spermiogenesis [32, 38]. 

The time necessary to process the total number of 

spermatids in a testis (or gram of testis) would thus be the 

time period from stage I to stage X of the cycle [32]. The 

total duration of spermatogenesis in guinea pigs is 

approximately 33.8 days [39]. As the time necessary for the 

cycle to proceed from stage I to stage X is 75.58% of the 

total cycle [32, 40]. So, the time necessary for the cycle to 

proceed from stage I to stage X in guinea pigs is 25.54 days. 

The daily sperm production in guinea pigs per testis = 

54.25

per testis spermatids round of n. Total
 

The daily sperm production per gram of testis = 

weightTestis

The

 

per testis production spermdaily  
 

2.5.5. Assessment of Leydig cell counting 

The total number of Leydig cells in testis was calculated 

by the following formula: 

Number of  Leydig cells = 

nucleus single a of olume

in testis nuclei cell Leydigby  occupied olume

v

v
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The volume occupied by Leydig cell nuclei was estimated 

by point counting method using 441 intersections coupled to a 

40× objective. The volume of the nucleus of a single Leydig 

cell was estimated using the formula of a sphere: 

volume=4/3×π×r
3
, where r corresponds to radius of Leydig 

cell nucleus. The diameter of the Leydig cell nucleus was 

estimated by ocular micrometer to 40× objective. Thirty 

Leydig cell nuclear diameters were measured per animal [41]. 

2.6. Testosterone determination 

Blood samples were obtained from all animals studied by 

cardiac puncture. Heparin was used as anticoagulant. Plasma 

was obtained by centrifugation for 30 minutes at 3000 rpm 

and stored in at  � 20°C until used for estimating testosterone 

concentration using enzyme immuno assay method [42]. 

2.7. Statistical analysis 

The values were presented as means and standard 

deviations (±SD) of different groups. Differences between the 

mean values were estimated using one way ANOVA. The 

results were considered statistically significant when p <0.05. 

3. Results 

Morphologically, by light microscopic examination, the 

testes of guinea pigs in the control groups (normal control, 

curcumin administered, and propolis administered) 

appeared normal. The seminiferous tubules (ST) appeared 

with normal interstitial spaces containing interstitial cells of 

Leydig. Normal germinal epithelial lining with Sertoli cells 

appeared with distinct nuclei and resting on intact basement 

membrane. Sperm bundles were seen inside the lumens of 

ST (Figs. 2A, B, C & 3A, B, C). 

In gentamicin treated animals, the testes showed 

reduction in diameters of ST and height of the germinal 

epithelium. The ST showed sloughing of germinal 

epithelium into lumen where the sperms were few. The 

basement membrane appeared thick, irregular and 

degenerated. Wide interstitial spaces with presence of few 

Leydig cells were observed (Figs. 2D & 3D). 

In gentamicin treated animals co-administered with 

curcumin, the ST appeared with normal germinal epithelium 

and Sertoli cells were resting on intact basement membrane 

and sperm bundles appeared inside the lumens. Normal 

interstitial spaces containing Leydig cells were seen (Figs. 

2E & 3E). 

In gentamicin treated animals co-administered with 

propolis, the germinal epithelium and the basement 

membrane appeared more or less normal with presence of 

sperm bundles inside the lumens. Normal interstitial spaces 

were seen (Figs. 2F & 3F). 

From the quantitative aspect, the weight of testis 

significantly decreased in gentamicin treated animals as 

compared to control groups (p<0.05). In co-administered 

animals with curcumin and propolis, the testes regained their 

normal weights and increased significantly as compared to 

gentamicin treated animals (p<0.05). Also final body weight 

of the animals decreased significantly in gentamicin treated 

group (Table 1 & Fig. 4). 

The percent of volume density and absolute volume of ST 

decreased significantly in gentamicin treated group in 

comparison with control groups (p<0.05). Co-administration 

with curcumin and propolis improved these parameters 

significantly ( p<0.05) and regained to control levels (Table 

2 & Figs. 5, 6). 

The diameter, total length, and total surface area of ST in 

gentamicin treated animals were reduced and the differences 

were significant only in total length and total surface area as 

compared to control group (p<0.05). With co-administration 

of curcumin and propolis, these parameters significantly 

ameliorated as compared to gentamicin treated animals 

(p<0.05) (Table 3 & Figs. 7, 8 , 9). 

The total numbers of Sertoli cells per testis and per gram 

of testicular tissue decreased significantly in gentamicin 

treated group as compared to control groups (p<0.05). 

Co-administration of curcumin to animals treated with 

gentamicin significantly increased their number as 

compared to gentamicin treated animals (p<0.05), while 

co-administration of propolis significantly increased their 

number as compared to gentamicin treated and control 

animals (p<0.05) (Table 4 & Fig. 10). Also, the total 

numbers of round spermatids per testis and per gram of 

testicular tissue decreased significantly as compared to 

control groups (p<0.05). With co-administration of 

curcumin and propolis, the number of round spermatids was 

significantly ameliorated as compared to gentamicin treated 

group (p<0.05) (Table 5 & Fig. 11). 

The daily sperm production per testis and per gram of 

testicular tissue decreased markedly with significant 

differences as compared to control groups (p<0.05). With 

co-administration of curcumin and propolis, the daily sperm 

production improved significantly as compared to 

gentamicin treated group (p<0.05) (Table 6 & Fig. 12). 

As regards to endocrine part of the testis, the interstitial 

cells of Leydig, the percent of volume density and absolute 

volume of Leydig cell nuclei in gentamicin treated animals 

decreased significantly as compared to control (p<0.05). 

With co-administration of curcumin and propolis, the values 

were significantly ameliorated as compared to gentamicin 

treated group (p<0.05) (Table 7 & Figs. 13, 14). Also, the 

total numbers of Leydig cells per testis and per gram of 

testicular tissue decreased significantly as compared to 

control animals (p<0.05) and were significantly ameliorated 

(p<0.05) in animals co-administered with curcumin and 

propolis (Table 8 & Fig. 15). Moreover when the blood 

testosterone level was assessed, it was found that the 

testosterone level decreased significantly in gentamicin 

treated animals as compared to control animals (p<0.05) and 

increased significantly when compared to gentamicin 

treated group (p<0.05) (Table 9 & Fig. 16). 
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Figure 1. A. demonstration for the point counting method, B. demonstration 

for the ocular micrometer. 

 

Figure 2. A photomicrograph of sections in testes of guinea pigs in different 

groups. A. normal control, B. positive control in curcumin administered 

guinea pigs, C. positive control in propolis administered guinea pigs, D. in 

gentamicin treated guinea pigs, E. in gentamicin treated guinea pigs 

co-administered with curcumin, F. in gentamicin treated guinea pigs 

co-administered  with propolis. ( Haematoxylin & Eosin× 100). 

Table 1. The means and standard deviations of body and testis weight of 

guinea pigs in different groups 

Groups 

Body weight Testis weight 

Mean ± SD Mean ± SD 

Control 626 ± 21.30 2.2 ± 0.088 

Curcumin 593 ± 8.90a 1.96 ± 0.0162a 

Propolis 594 ± 9.47a 1.75 ± 0.0267a 

Gentamicin 435 ± 23.60a 1.35 ± 0.0123a 

Gentamicin + Curcumin 617 ± 16.10b 2.17 ± 0.120b 

Gentamicin + Propolis 559 ± 8 .00ab 2.04 ± 0.226b 

a: Significant differences as compared to control group ( P ＜ 0.05)  
b: Significant differences as compared to gentamicin treated group (P＜ 0.05) 

 

Figure 3. A photomicrograph of sections of a higher magnification in testes 

of guinea pigs in different groups. A. normal control, B. positive control in 

curcumin administered guinea pigs, C. positive control in propolis 

administered guinea pigs, D. in gentamicin treated guinea pigs, E. in 

gentamicin treated guinea pigs co-administered with curcumin, F. in 

gentamicin treated guinea pigs co-administered  with propolis. Arrow= 

basement membrane, S=Sertoli cell, L=lumen, SB= sperm bundle. 

( Haematoxylin & Eosin× 400). 
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Figure 4. Testis weight in different animal groups: control, curcumin 

treated (C), propolis treated (p), gentamicin treated (G), gentamicin and 

curcumin treated (GC), gentamicin and propolis treated (GP). 

Table 2. The means and standard deviations of % of volume density and 

absolute volume of ST in testis of guinea pig in different groups. 

Groups 

% of volume 

density of ST 

Absolute volume 

of ST 

Mean ± SD Mean ± SD 

Control 87.42 ± 5.14 1.92 ± 0.12 

Curcumin 85.67± 5.44 1.68 ± 0.11a 

Propolis 94.33± 2.91 1.65 ± 0.09a 

Gentamicin 72.38 ± 0.76a 0.98 ± 0.08a 

Gentamicin + Curcumin 91.30 ± 1.66b 1.98 ± 0.06b 

Gentamicin + Propolis 94.72  ± 2.02b 1.93± 0.08b 

a: Significant differences as compared to control group ( P ＜ 0.05)  
b: Significant differences as compared to gentamicin treated group (P＜ 0.05) 



American Journal of Life Sciences 2014; 2(3): 138-149 143 

 

0.00

20.00

40.00

60.00

80.00

100.00

120.00

Control C P G GC GP

Groups

T
h

e
 p

e
rc

e
n

ta
g

e
 o

f 
v
o

lu
m

e
 d

e
n

is
ty

 o
f 

th
e
 

s
e
m

in
if

e
ro

u
s
 t

u
b

u
le

s
 

Control

C

P

G

GC

GP

 

Figure 5. The percentage of volume density of seminiferous tubules in 

different animal groups: control, curcumin treated (C), propolis treated (p), 

gentamicin treated (G), gentamicin and curcumin treated (GC), gentamicin 

and propolis treated (GP). 
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Figure 6. The absolute volume of seminiferous tubules in different animal 

groups: control, curcumin treated (C), propolis treated (p), gentamicin 

treated (G), gentamicin and curcumin treated (GC), gentamicin and 

propolis treated (GP). 

Table 3. The mean and standard deviation of diameter, total length and total 

surface area of seminiferous tubules per testis of guinea pigs in different 

groups. 

Groups 

ST diameter 

(µm) 

Total length of 

ST (meter) 

Total surface 

area of ST per 

testis (cm)2 

Mean ± SD Mean ± SD Mean ± SD 

Control 115.85 ± 9.96 189.41±11.38 671.36 ± 40.35 

Curcumin 114.10 ± 10.29 166.61± 9.96a 591.72 ± 35.39a 

Propolis 120.94± 9.12 150.34±8.25a 554.05 ± 30.42a 

Gentamicin 98.8± 8.43 127.46± 10.01a 395.62± 31.06a 

Gentamicin

+ Curcumin 
132.19± 10.67b 147.38± 4.76ab 603.55 ± 19.50ab 

Gentamicin 

+Propolis 
127.43 ± 9.02b 154.60± 6.51ab 610.73 ± 25.71b 

a : Significant differences as compared to control group ( P ＜   )0.05  
b : Significant differences as compared to gentamicin treated group (P ＜ 0.05)  
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Figure 7. The diameter of seminiferous tubules in different animal groups: 

control, curcumin treated (C), propolis treated (p), gentamicin treated (G), 

gentamicin and curcumin treated (GC), gentamicin and propolis treated 

(GP). 

0.00

50.00

100.00

150.00

200.00

250.00

Control C P G GC GP

Groups

T
o

ta
l 
le

n
g

th
  
o

f 
th

e
 S

e
m

in
if

e
ro

u
s

 t
u

b
u

le
s

 (
m

e
te

r)

Control

C

P

G

GC

GP

 

Figure 8. The total length of seminiferous tubules per testis in different 

animal groups: control, curcumin treated (C), propolis treated (p), 

gentamicin treated (G), gentamicin and curcumin treated (GC), gentamicin 

and propolis treated (GP). 
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Figure 9. The total surface area of seminiferous tubules per testis in 

different animal groups: control, curcumin treated (C), propolis treated (p), 

gentamicin treated (G), gentamicin and curcumin treated (GC), gentamicin 

and propolis treated (GP). 
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Table 4. The means and standard deviations of total number of sertoli cells 

per testis and per gram of testicular tissue of guinea pigs in different 

groups. 

Groups 

n. of Sertoli cells 

per testis ×106 

n. of Sertoli cells per gram 

of testicular tissue ×106 

Mean ± SD Mean ± SD 

Control 176.78 ± 15.20 80.35 ± 6.91 

Curcumin 228.23 ± 20.59a 116.44 ± 10.50a 

Propolis 194.29 ± 14.65a 111.02 ± 8.37a 

Gentamicin 73.33 ± 6.26a 54.32 ± 4.43a 

Gentamicin + 

Curcumin 
181.56 ± 14.66b 83.69 ± 6.75b 

Gentamicin + 

Propolis 
219.15 ± 15.52ab 107.43 ± 7.61ab 

a : Significant differences as compared to control group ( P ＜   )0.05  
b : Significant differences as compared to gentamicin treated group (P＜   )0.05  
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Figure 10. Total number of Sertoli cells per testis in different animal groups: 

control, curcumin treated (C), propolis treated (p), gentamicin treated (G), 

gentamicin and curcumin treated (GC), gentamicin and propolis treated 

(GP). 

Table 5. The means and standard deviations of total number of round 

spermatids per testis and per gram of testicular tissue of guinea pigs in 

different groups. 

Groups 

Total n. of round 

spermatids per 

testis×106 

Total n. of round spermatids 

per gram of testicular tissue 

×106 

Mean ± SD Mean ± SD 

Control 1561.00 ± 134.25 709.93 ± 61.05 

Curcumin 1404.00± 126.64 716.56± 64.63 

Propolis 1217.61± 91.81a 695.78± 52.46 

Gentamicin 538.42± 45.93a 398.83± 34.02a 

Gentamicin 

+ Curcumin 
1180.76 ± 95.29ab 544.13 ± 43.91ab 

Gentamicin 

+ Propolis 
1053.97 ± 74.62ab 516.65 ± 36.58ab 

a: Significant differences as compared to control group ( P ＜   )0.05  
b : Significant differences as compared to gentamicin treated group (P＜  )0.05  
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Figure 11. Total number of round spermatids per testis in different animal 

groups: control, curcumin treated (C), propolis treated (p), gentamicin 

treated (G), gentamicin and curcumin treated (GC), gentamicin and 

propolis treated (GP). 

Table 6. The means and standard deviations of daily sperm production per 

testis and per gram of testicular tissue of guinea pigs in different groups. 

Groups 

Daily sperm 

production per 

testis ×106 

Daily sperm production 

Per gram of testicular 

tissue ×106 

Mean ± SD Mean ± SD 

Control 61.15± 5.26 27.80 ± 2.39 

Curcumin 54.99 ± 4.96 28.06 ± 2.53 

Propolis 47.67± 3.59 a 27.24± 2.05 

Gentamicin 21.08± 1.80 a 15.62± 1.33a 

Gentamicin + 

Curcumin 
46.23± 3.73ab 21.31± 1.72ab 

Gentamicin + Propolis 41.27 ± 2.92 a b 20.23± 1.43ab 

a: Significant differences as compared to control group ( P ＜＜＜＜   )0.05 . 
b : Significant differences as compared to gentamicin treated group (P＜＜＜＜  )0.05 . 
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Figure 12. Daily sperm production per gram of testicular tissue in different 

animal groups: control, curcumin treated (C), propolis treated (p), 

gentamicin treated (G), gentamicin and curcumin treated (GC), gentamicin 

and propolis treated (GP). 
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Table 7. The means and standard deviations of the percentage of volume 

density and absolute volume of Leydig cell nuclei in testis of guinea pigs in 

different groups. 

Groups 

% of volume 

density of Leydig 

cell nuclei 

Absolute volume 

of Leydig cell 

nuclei (cm)3 

Mean ± SD Mean ± SD 

Control 0.46 ± 0.04 0.010 ± 0.0010 

Curcumin 0.36 ± 0.03a 0.007 ± 0.0006a 

Propolis 0.36 ± 0..03a 0.006 ± 0.0005a 

Gentamicin 0.26 ± 0.02a 0.003 ± 0.0003a 

Gentamicin + Curcumin 0.43 ± 0.03b 0.009 ± 0.0007b 

Gentamicin + Propolis 0.38 ± 0.03ab 0.008 ± 0.0006ab 

a : Significant differences as compared to control group ( P ＜＜＜＜   )0.05 . 
b : Significant differences as compared to gentamicin treated group (P ＜＜＜＜  )0.05  
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Figure 13. The percentage of volume density of Leydig cell nuclei in 

different animal groups: control, curcumin treated (C), propolis treated (p), 

gentamicin treated (G), gentamicin and curcumin treated (GC), gentamicin 

and propolis treated (GP). 
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Figure 14. Absolute volume of Leydig cell nuclei in different animal groups: 

control, curcumin treated (C), propolis treated (p), gentamicin treated (G), 

gentamicin and curcumin treated (GC), gentamicin and propolis treated 

(GP). 

Table 8. The means and standard deviations of total numbers of Leydig cells 

per testis and per gram of testicular tissue of guinea pigs in different 

groups. 

Groups 

n. of Leydig cells 

per testis×106 

n. of Leydig cells per gram 

of testis ×106 

Mean ± SD Mean ± SD 

Control 975.00 ± 83.85 343.18 ± 29.51 

Curcumin 657.53 ± 59.31a 335.47 ± 30.26 

Propolis 573.46 ± 43.24a 327.69 ± 24.72 

Gentamicin 181.01 ± 15.44a 134.08 ± 11.44a 

Gentamicin + 

Curcumin 
898.07 ± 72.47b 413.859 ± 33.40b 

Gentamicin + 

Propolis 
636.73 ± 45.08ab 312.12 ± 22.10b 

a : Significant differences as compared to control group ( P ＜＜＜＜   )0.05 . 
b : Significant differences as compared to gentamicin treated group (P＜＜＜＜  ) 0.05 . 
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Figure 15. Total number of Leydig cell per testis in different animal groups: 

control, curcumin treated (C), propolis treated (p), gentamicin treated (G), 

gentamicin and curcumin treated (GC), gentamicin and propolis treated 

(GP). 

Table 9. The means and standard deviations of serum testosterone levels in 

guinea pigs in different groups 

Groups 
Serum testosterone levels (ng/ml) 

Mean ± SD 

Control 1.03 ± 0. 09 

Curcumin 0.9 2 ± 0.08 

Propolis 0.82 ± 0.06a 

Gentamicin 0.41 ± 0.03a 

Gentamicin + Curcumin 1.01 ± 0.08b 

Gentamicin + Propolis 1.00 ± 0.07b 

a: Significant differences as compared to control group (P ＜＜＜＜   )0.05 . 
b : Significant differences as compared to gentamicin treated group (P＜＜＜＜  )0.05 . 
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Figure 16. Serum Testosterone levels in different animal groups: control, 

curcumin treated (C), propolis treated (p), gentamicin treated (G), 

gentamicin and curcumin treated (GC), gentamicin and propolis treated 

(GP). 

4. Discussion 

Structurally, the gentamicin had adverse effects on the 

testis of guinea pigs where seminiferous tubules showed 

sloughing of the germinal epithelium with few sperms in 

their lumens. The basement membrane appeared thick, 

irregular and degenerated. The interstitial spaces appeared 

wide and the Leydig cells were few. This is in agreement 

with previous studies, which mentioned that the gentamicin 

causes significant degeneration of ST with necrosis of 

spermatocytes, spermatids, in addition to epithelial 

sloughing and epithelial gaps [4, 22]. These effects may be 

due to the ability of gentamicin to generate destructive 

reactive oxygen species including superoxide, hydrogen 

peroxide and hydroxyl radicals and frequently used to 

produce oxidative and necrotic damage [43]. With 

co-administration of propolis and curcumin, the structural 

changes were ameliorated and ST regained their normal 

germinal epithelium and Sertoli cells with intact basement 

membrane and presence of sperm bundles inside their 

lumens. These findings are in agreement with the previous 

studies on propolis and curcumin as protective against other 

toxicants. Propolis was found to be an important antioxidant 

and can be effective in the protection of triphenyltin induced 

reproductive toxicity [44]. Curcumin was found to be useful 

for prevention of cadmium induced reproductive damage 

[45]. This may be due to the scavenging capacity of propolis 

to different types of reactive oxygen species, mostly free 

radicals as thought to be one of the main mechanisms of 

antioxidant action exhibited by its phenolic contents [46]. 

Also, the curcumin has antioxidant properties with a potent 

ability to inhibit reactive oxygen species formation [47]. The 

studies on the protective effects of propolis and curcumin 

against gentamicin toxicity were hardly found. 

The weight of the testis in gentamicin treated animals of 

the present study significantly decreased. This can be 

explained by studies which suggested that the reduction in 

testicular weight reflects necrotic and regressive changes of 

ST [48, 49]. Also, the decrease in the reproductive organ 

weights could be due to decrease in testosterone level [50]. 

With co-administration of propolis and curcumin, the testis 

weight regained to control level. This is in agreement with 

El Masoudy et al. [26] who found that propolis increased the 

relative testis weight and alleviated the negative effects of 

chlorpyrifos. Also, yousef et al. [44] found that the propolis 

significantly increases body weight and relative testis weight. 

Testicular weight was reported to have a high correlation 

with sperm reserve in the testis or epididymis and therefore a 

reflection of sperm production [51]. 

In the present study the percent of volume density and 

absolute volume of ST decreased significantly in gentamicin 

treated group and ameliorated by co-administration of 

propolis and curcumin. The density has a significance in that 

the relative mass of seminiferous tissue determines how 

much space is devoted to sperm production [52]. Also, in the 

present study the diameter, total length, and total surface 

area of ST in gentamicin treated animals were significantly 

reduced and ameliorated by co-administration of propolis 

and curcumin. The diameter of ST has a significance in that 

there is a positive relation between tubular diameter and 

spermatogenetic activity of testis [53] 

Sertoli cells play a major role in regulation of the 

spermatogenesis and altering the rate of sperm production 

[54]. In the present study the total number of Sertoli cells in 

gentamicin treated animals decreased significantly. Also, the 

total number of round spermatids significantly decreased. 

This is in agreement with Narayana [4] who found that the 

gentamicin inhibits cell division of germ cells and protein 

synthesis in testis and Akondi et al. [22] who found that 

gentamicin treatment causes significant necrosis of 

spermatids and spermatocytes. The gentamicin induces 

these changes by increasing free radical formation and lipid 

peroxidation and by decreasing antioxidant enzyme levels 

[4]. With co-administration of propolis and curcumin, the 

numbers of Sertoli cells and round spermatids increased 

significantly as compared to gentamicin treated group. This 

can occur because propolis decreases the level of free 

radicals and lactate dehydrogenase [44] and also, the 

curcumin has a potent antioxidant action [47]. The reduction 

in Sertoli cell numbers was accompanied with a concomitant 

reduction of round spermatids number. This is supported by 

Hess and Franca [55] who found that the animals with more 

Sertoli cells have more germ cells per testis and the number 

of cells per gram of tissue combined with the number of 

spermatid per Sertoli cells is positively correlated with 

sperm production per gram of testis. 

The daily sperm production per gram of testicular 

parynchyma is a measure for spermatogenic efficiency in 

sexually mature animals and used for species comparison 

[55]. Also, the sperm count is considered as an important 

parameter to assess the effects of chemicals on 

spermatogenesis [56]. The daily sperm production per testis 

and per gram of testicular tissue in gentamicin treated 
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animals of the present study significantly decreased. This is 

in accordance with many studies which mentioned that the 

gentamicin can reduce sperm count, sperm motility and 

viability [4, 43, 57]. Free radical-induced oxidative damage 

to spermatozoa is one which has gained attention for its role 

in inducing poor sperm function and infertility [9]. 

Moreover, decrease in sperm concentration and total sperm 

output may be due to direct interaction of ROS with sperm 

cell membrane resulting in impairment of membrane fluidity 

and permeability and damage of germ cells and spermatozoa 

[58]. With co-administration of propolis and curcumin, the 

daily sperm production was significantly ameliorated as 

compared to control animals. This is in accordance with 

previous studies which mentioned that the administration of 

propolis caused significant improvement in sperm 

characteristics and male fertility of rats exposed to 

chlorpyrifos toxicity [26]. Also, propolis could provide 

protection against infertility by improving sperm production, 

motility, sperm count and quality in male rats exposed to 

aluminium chloride toxicity [59]. This may be due to the 

free radical scavenging activity of propolis that protects 

sperm membrane from the deleterious action of oxidative 

attacks and reduces their barbituric acid reactive substances 

formation [9]. Also, propolis induces a significant increase 

in the level of antioxidant enzymes [59]. Curcumin 

improved the decreased sperm count induced by cadmium in 

rats [60]. Co-administration of curcumin to monosodium 

glutamate treated rats increased the sperm count [61]. Also, 

Co-administration of curcumin significantly improved the 

daily sperm production in gallic acid induced testicular 

toxicity [62]. 

The Leydig cells are the most important component of the 

interstitial compartment and their main function is 

production of steroid hormones [63]. Testosterone is needed 

to initiate spermatogenesis at puberty and for maintenance 

of this process in adult. It is also, required for completion of 

meiosis and for differentiation of spermatids [64]. In the 

present study, the percent of volume density and total 

number of Leydig cells significantly decreased in 

gentamicin treated animals and also there was a concomitant 

decrease of plasma testosterone level. This is supported by 

Castro et al. [41] who observed that there was a significant 

correlation between number of Leydig cells per gram of 

testis to plasma testosterone level and this might occur as a 

consequence of increase in the population of androgen 

secreting cells. Also, correlation was found between the 

plasma testosterone level and percent volume of Leydig 

cells. With co-administration of propolis and curcumin to 

the animals, the total number of Leydig cells and plasma 

testosterone level increased significantly as compared to 

gentamicin treated animals. This is in agreement with the 

previous studies on propolis and curcumin. The propolis 

increased the level of testosterone in male rats exposed to 

chlorpyrifos toxicity [26], in male rabbits exposed to 

triphenyltin toxicity [44], in male rats exposed to aluminium 

chloride toxicity [59], and in male rats exposed to 

profenofos toxicity [65]. Also, curcumin increases the level 

of 17-ketosteroid reductase enzyme and subsequently 

increases the testosterone level in cadmium induced 

testicular damage [60] and in gallic acid induced testicular 

toxicity [62]. 

It can be concluded that, the gentamicin even at therapeutic 

dose can have adverse impacts on male reproduction. 

Administration of propolis or curcumin as antioxidants can 

ameliorate these effects. So, the patients while treated by 

gentamicin should be advised to use one of them. 
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