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The current study was conducted to investigate the protective properties of Eucalyptus globulus leaves
methanolic extract (EGLME) against diclofenac sodium (DS) induced hepatorenal and testicular toxicity
in male rats. A total of 40 rats were equally divided into 4 groups, Control, Diclofenac sodium (DS),
EGLME and DS þ EGLME groups, respectively. DS and EGLME were administered orally at dose rate 2.5
and 100 mg/kg BW, 4 times/week for 8 weeks, respectively. Administration of DS distorted hepatorenal
functions manifested by alteration of serum levels of ALT, AST, total protein and albumin, creatinine and
urea with changes of histological architectures. DS caused reproductive toxicity represented by mini-
mized sperm count, individual sperm motility and viability; depleted concentration of reduced gluta-
thione (GSH) in testicular tissue; and decreased testosterone level with alteration in testicular
histological features. In contrast, co-treatment of DS intoxicated rats with EGLME protected rats against
the adverse effects of DS revealing enhancing properties of EGLME on rats’ liver, kidney and testes. In
conclusion, we demonstrated that EGLME had a potent protecting property against DS induced hepatic,
renal and testicular toxicity in male rats, with special concern to testicular tissue via modulation of GSH
as an oxidant marker.
Taxonomy: (classification by EVISE): Diclofenac sodium toxicity (hepatorenal and testicular toxicity), co-
treatment with natural herbal extract, blood biochemical assays, tissue anti-oxidants assay, histopa-
thology and reproductive indices analyses.
© 2019 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Diclofenac sodium is considered the most commonly used anti-
inflammatory drug of non-steroidal nature (NSAID) and analgesic
substance.1,2 It is used for medical complications like rheumatoid
arthritis, inflammation, trauma, degenerative joint disease,
dysmenorrhea and surgical pains.3 Diclofenac acts on decreasing
y and Chemistry of Nutrition,
ty, Sadat City, 32897, Egypt.
. Mousa).
for Food and Biomolecules,

National Taiwan University. Produc
es/by-nc-nd/4.0/).
the prostaglandin synthesis through inhibition of cyclooxygenase
enzymes and diminishing the apoptosis.4,5 Diclofenac induces
hepatotoxicity and renal toxicity as a side effect.2,6 It is known that
anti-inflammatory drugs badly affect reproduction.2,3 Administra-
tion of diclofenac caused liver and kidney toxicity, besides degen-
erative alteration in testis, epididymis and accessory sex glands.7

Moreover, diclofenac metabolism involves the production of reac-
tive oxygen species leading to oxidative stress and genomic DNA
fragmentation.8 Furthermore, previous work has suggested that
diclofenac is cytotoxic to liver via cytochrome P-450 (CYP)-medi-
ated metabolism.9 There is clear evidence to implicate drug-
induced oxidative stress as a mechanism of toxicity in numerous
tissues. ROS have effects on key cellular targets, namely, DNA, lipid,
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and protein macromolecules. ROS may damage these critical
cellular components at the molecular level, with consequent effects
of ROS on cell survival mediated by kinase cascades. These factors
may have a key role in initiating cell death in response to oxidative
insult.10

Eucalyptus, which includes more than 700 species is the native
plant of Australia. Eucalyptus globulus (E. globulus),were transferred
to Europe and North Africa where they are well cultivated to the
Mediterranean shores.11 Eucalyptus is mostly acclimated for cos-
metics and paper industrial purposes and for traditional medicine.
Recent trends in medicine depends on certain species of Eucalyptus
as well.12,13 Recently, Eucalyptus is extensively cultivated for many
purposes including antiseptic, chemotherapeutic, antioxidant,
antimicrobial, respiratory and gastrointestinal disorders, healing,
acaricidal, repellent, herbicidal and nematicidal.14e16 In this study
we aimed to ameliorate and protect against the side effects of
treatment with diclofenac sodium (DS) using novel extracts from
natural herbal plants. To our knowledge, the protective effect of
E. globulus against diclofenac induced reproductive toxicity in rats
has not yet been studied. Therefore, the present study was under-
taken to investigate the possible mechanism through which,
E. globulus leavesmethanolic extract (EGLME) deserve its protective
potentials against DS induced hepatic, renal and reproductive
toxicity in rats.

2. Materials and methods

2.1. Animals

A total of 40 male albino rats (Rattus norvegicus), weighing
100e120 gwere used in this study. The animals were obtained from
Abu Rawash, Giza Governorate, Egypt. Rats were kept in plastic
cages with humidity (65%), temperature (20 ± 2 �C) and 12 h dark/
light cycles and fed normal chow diet. They were acclimatized 10
days before starting the experiment. The experiments were con-
ducted in accordance with ethical guidelines of the Animal Care
and Use Committee of University of Sadat City, which followed the
Guide for the Care and Use of Laboratory Animals 8th edition.
Washington (DC): National Academies Press (US); 2011.

2.2. Chemicals and reagents

Diclofenac sodium (Declophen®, tablets) was purchased from
Pharco Pharmaceuticals, Egypt. Diagnostic kits for assaying serum
activities of alanine aminotransferase (ALT), aspartate amino-
transferase (AST), urea, creatinine and reduced glutathione (GSH)
in testis tissue were purchased from Bio-diagnostic company,
Egypt. Diagnostic kits for assaying serum levels of total protein
(Diamond diagnostics, Egypt), albumin (SPECTRUM, Egypt).

2.3. Plant extract preparation

Fresh green leaves of E. globulus, 2 kg, were obtained from road
trees at Sadat City, Menoufia, Egypt (location: 30.462629,
30.782271). E. globulus leaves were identified and authenticated in
Biochemistry department, Faculty of Veterinary Medicine, Univer-
sity of Sadat City. Methanolic extract of E. globulus leaves were
prepared as follows, in brief, fresh leaves of E. globulus were rinsed
thoroughly with distilled water to remove dust and debris and
shade dried at room temperature then ground into powder. The
powder was immersed in 80% methanol for 48 h at room temper-
ature (22 �C) with gentle shaking. The contents were filtered
through filter paper (Whatman size No. 1), then the filtrate was
dried at room temperature by air current to obtain a semisolid
crude extract weighing (320 g) with 16% as a crude percent. This
extract was stored in airtight container at 4 �C until used.

2.4. Gas chromatograph technique for characterization of bioactive
constituents of Eucalyptus globulus

The potential bioactive constituents of Eucalyptus globulus
methanolic leaf extract was characterized by using a Hewlett-
Packard HP 5890-Series II gas chromatograph equipped with a
Hewlett-Packard HP 5971 series mass detector (MS). Briefly, a
representative sample (0.2 g) of Eucalyptus Globulus methanol
extract was extracted with 10 mL of methylene chloride. A 1 ml of
the sample was injected onto VF-Xms Agilent capillary column of
(30 m � 0.25 mm ID � 0.25 mm film thickness). The initial oven
temperature of the GC was 40 �C for 4 min and the temperature
then programmed at a rate of 5 �C/min to 270 �C. The injector
temperature and detector temperature were 270 and 250 �C,
respectively, and the carrier gas was He of 99.99% purity. The m/z
(ratio of mass to charge) values, which represent the fragment ions
of the compounds were recorded for each compound.

2.5. Experimental design

To evaluate protective potentials of E. globulus leavesmethanolic
extract (EGLME) against diclofenac sodium (DS) induced toxicity.
Animals were assigned into 4 groups (n ¼ 10/group) as the
following, control group, were received distilled water, DS group,
only diclofenac sodium intoxicated, rats were given orally diclofe-
nac sodium, 2.5 mg/kg BW, 4 times per week for 8 weeks dissolved
in distilled water. E. globulus leaves methanolic extract (EGLME)
group, rats were given orally EGLME, 100 mg/kg BW, 4 times per
week for 8 weeks. DS þ EGLME group, rats were diclofenac sodium
intoxicated as DS group and co-treated with EGLME as in the
EGLME group.

2.6. Blood and tissues sampling

Blood samples were collected at the end of the 8th week of the
experiment. Rats were anaesthetized with Diethyl ether. Blood
samples were collected from orbital venous plexus. Sera samples
were separated and stored at �20 �C until used for investigation of
biochemical parameters. Furthermore, rats were sacrificed, and
livers, kidneys and testes were removed, washed with normal
physiological saline solution and divided into 2 parts. The first part
was stored at �80 �C and used for assaying reduced glutathione
(GSH) (antioxidant defense system biomarker) in testicular tissue.
The second part was kept in 10% neutral formalin for histo-
pathological examination.

2.7. Preparation of testicular tissue homogenate for measuring of
reduced glutathione (GSH)

Before dissection, tissues were perfused with phosphate buffer
saline solution (PBS) pH 7.4 containing 0.16 mg/ml heparin to
remove red blood cells and clots. Testicular tissues (222 mg) were
homogenized by using 2 ml cold buffer (50 mM potassium phos-
phate, pH 7.5 and 1 mM EDTA for GSH). Tissue homogenate was
centrifuged at 4000 rpm for 15 min at 4 �C. The supernatant was
aspirated and stored at �80 �C till analysis.

2.8. Biochemical and hormonal assay

Wehavemeasured serum activities of ALTand AST,17 serum total
protein concentration,18 serum albumin concentration,19 serum
urea concentration20 and serum creatinine level.21 Serum total
testosterone level was measured using a competitive immunoassay
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using direct chemiluminescent technology (The ADVIA Centaur®
CP Immunoassay System, Siemens Healthcare Diagnostics, USA).
GSH content of testicular tissue was determined according to the
procedure described by.22

2.9. Epididymal sperm preparation

The rats’ dissected cauda epididymis was kept in 1 ml of pre-
warmed phosphate buffer saline. Gentle agitation along with
tearing of the tissue was applied to make spermatozoa leak into the
PBS.23 Each sample was briefly incubated at 37 �C for 20 min for
further sperm analysis.

2.10. Evaluation of sperm count and motility

The motile sperm percents were estimated under (40 � ) using
phase-contrast microscope with hot stage. Sperm motility (%) was
categorized as proportion of progressive (rapid and slow) and non-
progressive spermatozoa. Total number of motile sperm was
calculated as; motility (%) ¼ number of motile sperm/total number
of sperms x100. Whereas total sperm count in a drop of the
resulting sperm suspension was determined using a Neubauer
chamber as described by.24,25

2.11. Evaluation of sperm viability

The viability was evaluated using eosin stain. Briefly, mixing
10 ml of sperm sample with 10 ml of dye (0.5% eosin stain) on a
microscope slide and covered with a coverslip. A total of 200 sperm
cells were counted shortly after addition of dye.23 Evaluation of live
(unstained) and dead (red stained) spermatozoa eas carried out
using light microscopy under X40.

2.12. Histopathological examination

Following necropsy, tissue specimens from liver, kidneys and
testes were collected and rapidly fixed in 10% neutral buffered
formalin solution. The fixed specimens were trimmed, washed,
dehydrated in ascending grades of ethyl alcohol, cleared in methyl
benzoate and processed through the conventional paraffin
embedding technique. A size of 3e5 mm sections were gained from
paraffin blocks using microtome (LEICA RM 2135) then routinely
stained by haematoxylin and eosin (H & E) stain according to
Ref. 26. Prepared slides were checked using light microscopy and
photographed using a digital Leica photomicroscope (LEICA, DMLB,
Germany).

2.13. Semiquantitative histopathological evaluation

The histopathological lesions in liver, kidney and testes tissues
were examined in three rats from each group and five randomly
selected sections were examined from each rat. Semiquantitative
evaluation was performed in examined fields (n ¼ 15) according to
the percentage, degree and extent of tissue damage and were
scored according to Michael, 2008 as follows: (�): normal
appearance (absence of pathological lesion 0%), (þ): mild (<25% of
sections), (þþ): moderate (25e50% of sections), (þþþ): severe
(51e75% of sections), and (þþþþ): very severe (>75% of sections).

2.14. Statistical analysis

The significant differences between groups were analyzed using
(GraphPad Prism 5, GraphPad Software, Inc., San Diego, CA, USA)
with a one-way analysis of variance (ANOVA) followed by Tukey’s
multiple comparison test for pairwise comparison of data from the
multiple groups. Results were statistically significant when
P < 0.05.

3. Results

3.1. Characterization of bioactive constituents of Eucalyptus
globulus

The potential bioactive constituents of Eucalyptus globulus
methanolic leaf extract was characterized by using a Hewlett-
Packard HP 5890-Series II gas chromatograph and revealed 4
compounds o-Isopropylanisole, Spathulenol, 2-Butanone, 4-(2,6,6-
trimethyl-2-cyclohexen-1-yl)- and b-Gurjurene (Table 1).

3.2. Eucalyptus globulus ameliorated diclofenac sodium induced
alteration in liver function biomarkers

Rats of the DS group showed significantly elevated (p < 0.05)
serum activities of ALT, AST and significantly reduced serum levels
of total protein and albumin compared to those of rats in control
group. However, co-treatment of rats with EGLME and diclofenac
sodium in group DS þ EGLME, significantly reduced (p < 0.05)
serum activity of ALT, AST and significantly increased serum levels
of total protein and albumin compared to those of rats in DS group.
Administration of rats in EGLME group had no significant effects on
the mentioned parameters compared to control group (Table 2).

3.3. Eucalyptus globulus ameliorated diclofenac sodium induced
alteration in kidney function biomarkers

Rats of the DS group showed significantly elevated (p < 0.05)
serum activities of creatinine and urea compared to those of rats in
control group. However, co-treatment of rats with EGLME and
diclofenac sodium in group DS þ EGLME, significantly reduced
(p < 0.05) serum activity of creatinine and urea compared to those
of rats in DS group. Administration of rats in EGLME group had no
significant effects on the mentioned parameters compared to
control group (Table 2).

3.4. Eucalyptus globulus ameliorated diclofenac sodium induced
alteration in reproductive parameters

3.4.1. Regulation of reduced glutathione (GSH) concentration in
testicular tissue

Rats of the DS group showed significantly decreased (p < 0.05)
GSH concentration in testicular tissue compared to those of rats in
control group. However, co-treatment of rats with EGLME and
diclofenac sodium in group DS þ EGLME, significantly enhanced
(p < 0.05) GSH concentration in testicular tissue compared to those
of rats in DS group. Administration of rats in EGLME group had no
significant effects on GSH concentration compared to control group
(Table 2).

3.4.2. Regulation of serum total testosterone level
Rats of the DS group showed significantly decreased (p < 0.05)

serum total testosterone level compared to those of rats in control
group. However, co-treatment of rats with EGLME and diclofenac
sodium in group DS þ EGLME, significantly enhanced (p < 0.05)
serum total testosterone level compared to those of rats in DS
group. Administration of rats in EGLME group had no significant
effects on serum total testosterone level compared to control group
(Table 2).

3.4.3. Eucalyptus regulated sperm parameters
3.4.3.1. Total sperm count. Rats of the DS group showed



Table 1
The major antioxidant compounds identified in Eucalyptus globulus leaf extract.

Retention time (min) Area % Compound name Structure

25.95 3.05 o-Isopropylanisole

33.27 48.43 Spathulenol

36.73 16.21 2-Butanone, 4-(2,6,6-trimethyl-2-cyclohexen-1-yl)-

36.91 3.06 b-Gurjurene

Table 2
Effect of Diclofenac sodium and/or Eucalyptus globulus leavesmethanolic extract on serum liver and kidney functions biomarkers, testicular tissue Reduced Glutathione (GSH)
and serum total testosterone.

Control DS EGLME DS þ EGLME

ALT (U/ml) 16.22b ± 0.6915 23.54a±1.246 14.73b ± 0.4963 17.70b ± 0.2793
AST (U/ml) 90.93c±0.5586 104.0a±1.436 89.81c±0.7327 96.56b ± 1.203
Albumin (g/dl) 3.140a±0.07385 2.129b ± 0.03621 2.964a,c±0.02467 2.875c±0.03846
Total protein (g/dl) 8.268a±0.04716 6.108b ± 0.2360 8.228a±0.1588 7.806a±0.2040
Creatinine (mg/dl) 0.3095b ± 0.02231 0.7937a±0.1208 0.4683b ± 0.01068 0.4048b ± 0.02005
Urea (mg/dl) 46.74b ± 0.8980 58.11a±0.4042 46.14b ± 0.5095 47.51b ± 0.9046
Reduced Glutathione mmol/g testicular tissue 11.84a±0.06594 10.77b ± 0.01453 11.74a±0.1564 11.48a±0.08881
Testosterone (ng/dl) 2.460a±0.2552 1.177b ± 0.1969 2.960a±0.09512 2.623a±0.2229

- Mean value ± SEM (standard error of mean). The mean difference is significant at P < 0.05. The values carrying different superscript letters (a, b, c) in the same row were
statistically different.
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significantly decreased (p < 0.05) total sperm count compared to
those of rats in control group. However, co-treatment of rats with
EGLME and diclofenac sodium in group DS þ EGLME, significantly
increased (p < 0.05) total sperm count compared to those of rats in
DS group. Administration of rats in EGLME group significantly
increased (p < 0.05) total sperm count compared to those of rats in
control and DS groups (Table 3).
Table 3
Effect of Diclofenac sodium and/or Eucalyptus globulus leaves methanolic extract on spe

Variables Control

Count ( � 106) 33.16a ± 2.45
Rapid motility (%) (Grade a) 25a ± 1.66
Slow motility (%) (Grade b) 35a ± 0.96
Non progressive motility (%) (Grade c) 22 ± 0.79
Immotile sperm (%) (Grade d) 18a ± 0.7
Total motility (%) (Grade a, b, c) 82a ± 4.27
Viability (%) 80a ± 0.96

- Mean value ± SEM (standard error of mean). The mean difference is significant at P <
statistically different.
3.4.3.2. Sperm individual motility. Rats of the DS group showed
significantly decreased (p < 0.05) total sperm individual motility
compared to those of rats in control group. However, co-treatment
of rats with EGLME and diclofenac sodium in group DS þ EGLME,
significantly increased (p < 0.05) total sperm individual motility
compared to those of rats in DS group. Administration of rats in
EGLME group significantly increased (p < 0.05) total sperm indi-
vidual motility compared to those of all groups (Table 3).
rm parameters (sperm count, motility and viability).

DS EGLME DS þ EGLME

19.33b ± 1.11 45.8c ±0.91 39ac ± 2.52
10.91b ± 0.62 38.57c ± 2.62 21.25a ± 1.85
18.5b ± 2.07 37a ± 1.83 33.33a ± 1.66
22.85 ± 1.13 17.5 ± 1.72 25.83 ± 1.13
47.74b ± 2.98 6.93c ± 1.09 19.59a ± 0.7
52.26b ± 7.69 93.07c ± 1.13 80.41a ± 1.13
58.33b ± 1.88 86.42c ± 1.73 78.5a± 1.36

0.05. The values carrying different superscript letters (a, b, c) in the same row were



Fig. 2. Representative photomicrographs of liver sections of rats in different groups
(Haematoxylin and Eosin stain X20). A, Control group: showing normal histologic ar-
chitecture of liver. B, DS group: showing congestion of central vein, granular degen-
eration of hepatocytes with granular cytoplasm around central vein (thin arrows) and
hepatocytes with diffuse hydropic degeneration and vacuolation (thick arrows). C,
EGLME: showing normal histology as control group. D, DS þ EGLME group: showing
more normal hepatocytes arranged in trabecular manner around central vein, single
cell necrosis with pyknotic nucleus (arrow) and mild congestion in hepatic sinusoids
(head arrows).
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3.4.3.3. Sperm viability. Rats of the DS group showed significantly
decreased (p < 0.05) sperm viability compared to those of rats in
control group. However, co-treatment of rats with EGLME and
diclofenac sodium in group DS þ EGLME, significantly increased
(p < 0.05) sperm viability compared to those of rats in DS group.
Administration of rats in EGLME group significantly increased
(p < 0.05) sperm viability compared to those of all groups (Table 3)
(Fig. 1).

3.5. Eucalyptus globulus attenuated diclofenac sodium induced
pathological alterations in rats’ hepatic tissues

Normal hepatocytes arranged in trabecular manner around
normal central veinwere observed in liver of control and E. globulus
administrated rats. Administration of DS induced histo-
pathological alterations in the liver including congestion of cen-
tral and portal veins, granular degeneration of hepatocytes with
granular cytoplasm, diffuse hydropic degeneration and vacuolation
of hepatocytes in liver parenchyma. On the other hand, adminis-
tration of EGLME with DS protected the liver from diclofenac
toxicity and only single cell necrosis with pyknotic nucleus and
mild congestion in hepatic sinusoids were observed (Fig. 2 and
Table 4).

3.6. Eucalyptus globulus reduced diclofenac sodium induced
pathological alterations in rats’ renal tissues

Normal histologic architecture of glomeruli, proximal and distal
convoluted tubules were observed in kidneys of control and
E. globulus administrated rats. Administration of DS resulted in
shrinkage of glomerular tuft with increase of Bowman’s space,
necrosis with pyknotic nuclei of glomerular cells, coagulative ne-
crosis of some proximal convoluted tubules, damaged distal con-
voluted tubules with hyaline and cellular casts and interstitial
edema. More normal glomeruli and renal tubules were observed in
DS þ EGLME group (Fig. 3 and Table 4).

3.7. Eucalyptus globulus restored diclofenac sodium induced
pathological deteriorations in rats’ testicular tissues

The histo-architecture of testes of control and E. globulus
administrated groups showed compactly arranged seminiferous
tubules with germinal layers of all stages of spermatogenesis, ser-
toli cells, normal lumen of seminiferous tubules which contain
spermatozoa, normal interstitium and interstitial Leydig cells.
Testes of DS-administrated rats showed degenerated seminiferous
tubules; some with desquamation of all spermatogenic epithelium
in their lumen, other seminiferous tubules with loss of primary and
Fig. 1. Epididymal rat sperm stained with Eosin stain. (A) colorless live sperms (B) red
stained dead sperms.
secondary spermatocytes and testicular degeneration with
appearance of spermatid giant cell beside edematous fluid and
vacuolation in the interstitial tissue. More or less normal seminif-
erous tubules with appearance of spermatozoa in their lumenwere
observed in DS þ EGLME group (Fig. 4 and Table 4).
4. Discussion

Diclofenac sodium (DS) is one of the non-steroidal anti-in-
flammatory drugs (NSAIDs) with reversible inhibition of cyclo-
oxygenase and causing serious clinical sequelae in human with
acute NSAID overdose and these include convulsions, metabolic
acidosis, coma and acute renal failure,27 and also were known for
their side effects in rats including hepatotoxicity and renal
toxicity,2,6 and seriously affect reproduction.2,3 Our study aimed to
ameliorate the side effects of DS using a novel extract from natural
herbal plants. The present study was undertaken to investigate the
possible mechanism through which, E. globulus leaves methanolic
extract (EGLME) protects against DS induced hepatic, renal and
reproductive toxicity in rats.

Our findings reported that DS induced alteration in liver func-
tion biomarkers as it significantly elevated ALT, AST activities;
significantly reduced serum total protein and albumin levels; and
these findings were in accordancewith the previous study reported
by28,29 and30; who showed that liver injury resulted from NSAIDs
including diclofenac sodium may be proposed to their acidic moi-
ety or reactive metabolites that bind to host proteins inducing
cellular injury; and agreed with31 who denoted that diclofenac
form significant alterations in serum protein contents by interfer-
ence in protein metabolism. Furthermore, our results were in par-
allel with32 who reported that increased levels of serum glutamic
oxaloacetic transaminase (GOT) and serum glutamic pyruvic
transaminase (GPT) indicate a marker of liver injury and damage



Table 4
Lesions in liver, kidney and testes from all groups and its histopathological grades.

Control DS EGLME DS þ EGLME

Liver lesions
Congestion of central &portal vein e þþþ e e

Congestion in hepatic sinusoids e þþþ þ þ
Coagulative necrosis in hepatocytes e þþþ e þ
Granular degeneration of hepatocytes e þþþ e þ
Hydropic degeneration e þþþ e þ
kidney lesions
Shrinkage of glomerular tuft with increase of Bowman’s space e þþþ e þ
Necrosis with pyknotic nuclei of glomerular cells e þþþ e þ
Focal coagulative necrosis of renal tubules e þþþ e e

Vacuolation of epithelial lining renal tubules. e þþþ e e

Hyaline and cellular casts e þþþþ e þ
Interstitial edema e þþ e -
Testes lesions
Degenerated atrophied seminiferous tubules e þþþ e þ
Desquamation of spermatogenic epithelium & debris in the lumen e þþþ e þ
Loss of primary and secondary spermatocytes e þþþþ e þ
Testicular degeneration with appearance of spermatid giant cell e þþþ e e

Congestion of interstitial blood vessels e þþþþ e þ
Edematous fluid and vacuolation in the interstial tissue e þþþþ e e

Fig. 3. Representative photomicrographs of Kidney sections of rats in different groups
(Haematoxylin and Eosin stain X20). A, Control group: showing normal histologic ar-
chitecture of kidney; glomeruli (G) and normal renal tubules {proximal convoluted
tubules (P) and distal convoluted tubules (D)}. B, DS group: showing shrinkage of
glomerular tuft with increase of Bowman’s space (head arrows), necrosis with
pyknotic nuclei of glomerular cells (red arrows), coagulative necrosis of some proximal
convoluted tubules (thick arrows), damaged distal convoluted tubules with hyaline
and cellular casts (yellow arrows) and interstitial edema (star). C, EGLME group:
showing normal histology as control group. D, DS þ EGLME group: showing more
normal glomeruli and normal renal tubules (proximal and distal convoluted tubules).
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liver cell. Moreover, diclofenac affects serum glutamic pyruvic
transaminase (GPT) transaminases and change the concentration of
glutamate and aspartate in the extra-cellular environment.33

Kidney is the organ for drug filtration, concentration, and
excretion. The capillary filtration is the main method for excretion
of soluble boundless medication, as an example, diclofenac.34

Prostaglandins are to blame for the regulation of nephritic blood
flow, capillary filtration, modulation of coagulase unharness, hol-
low particle transport, and water metabolism.34

The present study revealed that, DS badly affected the renal
function as represented by significantly elevated serum creatinine
and urea when compared with control group (Table 2). As noticed
from previous reports, the kidney is extremely active in the meta-
bolism and synthesis of prostaglandins,35 diclofenac prevents the
synthesis of prostaglandin by inhibiting COX pathway in the kid-
ney36 resulting in renal dysfunction and pathophysiological alter-
ations.35 In addition, it is well established that male fertility can be
affected and impaired by several kinds of toxicants through their
direct effects on testicular tissue or disrupt the endocrine activities
of male reproduction.37e42 DS significantly decreased serum total
testosterone level and reproductive sperm parameters such as
sperm count, sperm individual motility and viability when
compared to those of rats in control group (Table 3), these findings
were similar to those obtained by43 and in harmony with the cur-
rent results, diclofenac sodium decreased sperm count, sperm
motility and density and inhibited prostaglandins synthesis in
rats.43,44 Additionally,45 reported a significant decrease in the daily
sperm production in the diclofenac treated rats besides a significant
decrease in sperm motility and count with a significant decrease in
the live/dead sperm in the diclofenac administrated rats, and we
attributed these effects to the histopathological alterations noticed
in testes of rats in DS group (Fig. 4). These findings were contrary
with that, administration of diclofenac affected serum cholesterol
and glucose concentrations which in turn reduced androgen in
treated group as cholesterol is the precursor of the androgens.46

Treatment with diclofenac sodium salts reduced testosterone
levels, feed intake and body weight.45 For understanding the
mechanism behind the adverse effects of DS in testes, we analyzed
the antioxidant marker, reduced glutathione (GSH) and our results
revealed that there was a great depletion in GSH concentration in
the testicular tissue and this agreed with previous studies by,47

about the relation between diclofenac toxicity and GSH tissue
concentrations.

On the other hand, we reported the enhancing properties of our
novel methanol extract from Eucalyptus globulus leaves. In the
concurrent study, Eucalyptus globulus ameliorated diclofenac so-
dium induced alteration in liver and kidney function biomarkers.
Interestingly, Eucalyptus globulus ameliorated diclofenac sodium
induced alteration in reproductive parameters through a mecha-
nism depending on improving the antioxidant system inside the
cell resulting in significant enhancement of GSH concentration in
testicular tissue (Table 2). Administration of EGLME increased the
serum total testosterone level, sperm parameters including sperm



Fig. 4. Representative photomicrographs of transverse sections of rat testicular tissue in different groups (Haematoxylin and Eosin stain). A, Control group: showing normal
histologic architecture of seminiferous tubules (st), sertoli cells (red arrows) with formation of mature spermatozoa in the lumen of seminiferous tubules (X20). B, DS group: 1:
showing degenerated seminiferous tubules; some with desquamation of all spermatogenic epithelium in their lumen (thick arrow), other seminiferous tubules with loss of primary
and secondary spermatocytes (thin arrow) and edematous fluid and vacuolation in the interstial tissue (star) (X10). 2: showing higher magnification of 1 (X20). 3: showing sem-
iniferous tubules with desquamated and necrosed spermatogenic epithelium and testicular degeneration with appearance of spermatid giant cell (thick arrow) (X20). C. EGLME
group: showing normal histology seminiferous tubules as control group (X20). D, DS þ EGLME group: showing more normal seminiferous tubules with appearance of spermatozoa in
their lumen (X20).
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count, sperm individual motility, and sperm viability, in our
opinion, that improvement was a result to the antioxidant prop-
erties of Eucalyptus. We hypothesized that Eucalyptus supple-
mentation stimulated reduced glutathione antioxidant in testicular
tissues and protected spermatozoa from loss of motility.

From the histopathological point of view, in the current study,
absence of secondary spermatocytes, spermatids and spermatozoa
indicated the impairment of spermatogenesis at the late sper-
matocyte stage, which could be due to reduced testosterone level
caused by diclofenac. Multinucleate giant cells were observed in
the seminiferous tubules possibly due to fusion of macrophages to
engulf deteriorated spermatogenic cells. Parallel with current data,
diclofenac induced degenerative changes during treatment directly
or indirectly via modulation of testosterone metabolism.48,49

Moreover,7 mentioned that treatments with diclofenac 0.5 mg/kg
and 1.0 mg/kg in mice impaired seminiferous tubules and form
degeneration, vacuolation, apoptosis in spermatogonia, primary
spermatocytes, secondary spermatocyte and spermatids as well as
in Sertoli cells and Leydig cells. These changes may lead to
androgen disrupting activities as well as cellular supportive nutri-
tive cellular toxicity.50,51 Here, the desquamated spermatogenic
cells reflected the degenerative changes in the seminiferous tu-
bules. These degenerative changes in the testes were not associated
with lymphocyte or neutrophil aggregation supporting the fact that
apoptosis was involved in diclofenac induced testicular toxicity.
Interestingly, E. globulus restored the normal testicular structure.
Some researches had pointed that apoptosis is the way by which
the damaged spermatogenic cells were removed (Jahuukainen
et al., 2000). Sertoli cells play important role in spermatogenesis.52

Leydig cells are main source of androgen production. Both types of
cells can be affected by toxicants and chemical drugs.53 Alteration
in the function of these cells may lead to changes in hormonal
balance, disturbance in the process of spermatozoa development
and impaired male fertility.48 Sertoli cells were degenerated,
dilated intercellular space among germ cells, sloughing of the germ
cells and accumulation in the lumen of seminiferous tubules which
disturbed testicular tissue.54 Moreover, Diclofenac having drastic
effects on testicular structure especially spermatogenic cell lines,
interstitial cells and sertoli cells.55 In conclusion, we demonstrated
for the first time that EGLME had a potent protecting properties
against DS induced hepatic, renal and reproductive testicular
toxicity in male rats, with special concern to testicular tissue via
modulation of cellular antioxidant markers especially the reduced
glutathione, we recommend for conducting further deep studies on
farm animals for validation of the EGLME as a.liver, kidney and
testicular natural protector.
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