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ABSTRACT 

Diabetes is a global problem and number of those affected is increasing day by day. This encourages researchers to find new 
methods to control such disease. Herbal extracts may offer some protection against the early stage of diabetes mellitus and the 
development of complications. The present study investigated the effect of herbal mixture of cinnamon, ginger, and clove on blood 
glucose levels, histological picture of testis, expression of caspase-3 and vascular endothelial growth factor (VEGF) in streptozotocin 
(STZ)-induced diabetic rats. Adult male rats were randomly assigned to experimental 4 groups: control group, herbal blend (HB) 
group, STZ induced diabetic group, and diabetic plus herbal mixture group. HB administration to diabetic rats showed hypoglycemic 
effect, appeared in the decrease in blood glucose levels, improvement histological testicular picture, decreased caspase-3 and VEGF 
expression, restore testosterone level, increased sperm count, motility and reduce sperm abnormality as compared to diabetic rats. 

Keywords: Herbal mixture, Cinnamon, Ginger, Clove, Diabetic rats. 

 
INTRODUCTION 

iabetes is a common health problem and a serious 
metabolic disorder associated with many 
functional and structural complications. Diabetes 

mellitus has adverse effects on male sexual and 
reproductive functions in diabetic patients and animals.1 
Diabetes-related effects on testicular function have been 
attributed to the lack of insulin. The regulatory action of 
this hormone is known, and observations of a direct 
effect on both Leydig cells2 and Sertoli cells3 have been 
reported. Diabetes mellitus is a group of disorders with 
different etiologies. It is characterized by disturbances in 
carbohydrate, protein and fat metabolism, caused by the 
complete or relative insufficiency of insulin secretion and 
insulin action.4 Approximately, 150 million people world-
wide suffer from diabetes.5 The disease become a real 
problem of public health in developing countries, where it 
prevalence is increasing steadily. In those countries, 
adequate treatment is often expensive or unavailable. 
Alternative strategies to the current modern 
pharmacotherapy of diabetes mellitus are urgently 
needed6, because of the inability of existing modern 
therapies to control all the pathological aspects of the 
disorders, as well as the enormous cost and poor 
availability of the modern therapies for many rural 
populations in developing countries. Many herbal 
preparations alone or in combination with oral 
hypoglycemic agents, sometimes produced a good 
therapeutic response in some resistant case where 
modern medicines alone fail.7 Changing the diet helps to 
prevent development of diabetes and to control blood 
glucose concentrations. Traditional herbs and spices also 
can be used to control blood glucose concentrations.8 
Herbal drugs are prescribed widely because of their 

effectiveness, less side effects and relatively low cost.9 
Therefore, investigation on such agents from traditional 
medicinal plants has become more important. Subash 
Babu10 indicated that natural herbs possessed 
hypoglycemic and hypolipidemic effects in STZ-induced 
diabetic rats. 

Cinnamomum cassia has been reported to be effective in 
the alleviation of diabetes through its antioxidant and 
insulin-potentiating activities. The water-soluble 
polyphenolic oligomers found in cinnamon are thought to 
be responsible for this biological activity.11 Hassan12 
demonstrated the anti-diabetic, and hypolipidemic 
activities of cinnamon in diabetic rats. Cinnamon belongs 
to the Lauraceae family, and its main components are 
cinnamic aldehyde, cinnamic acid, tannin and 
methylhydroxychalcone polymer. Cinnamon also exhibits 
insulin-potentiating capabilities and therefore may have 
beneficial effects on cellular glucose uptake. Cinnamon 
bark possesses significant anti-allergic, anti-ulcerogenic, 
antipyretic and antioxidant properties.13 Ginger rhizome 
(Zingiber officinale R., family: Zingiberaceae) is used 
medicinally and as a culinary spice. The medicinal use of 
ginger dates back to ancient China and India.14 Ginger and 
its constituents are stated to have antiemetic, 
antithrombotic, anti-hepatotoxic, anti-inflammatory, 
stimulant, cholagogue and antioxidant. Enhanced 
oxidative stress and changes in antioxidant capacity are 
considered to play an important role in the pathogenesis 
of chronic diabetes mellitus. Both antioxidant, and 
androgenic activity of ginger were reported in animal 
models.15 All major active ingredients of Z. officinale, such 
as zingerone, gingerdiol, zingibrene, gingerols and 
shogaols, have antioxidant activity. Eugenia caryophyllus 
(clove), belonging to the family Myrtaceae, has a number 
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of medicinal properties and its systemic as well as local 
use has been advocated in traditional medicine. Clove is 
reported to possess antibacterial16, anti-pyretic17, local 
anesthetic18 and antioxidant16 activities. It is widely used 
as an aromatic stimulant, antispasmodic and carminative 
spice. Clove contains eugenol, acetyleugenol, 
sesquiterpenes, tannins, sitosterol, stigmosterol and 
small quantities of esters, ketones.19 

Thyroid hormones (T4 and T3) are an important factor for 
Leydig cells steroidogenesis, and the thyroid hormones 
deficiency could be correlated with testis dysfunction as a 
result of hypertrophy and hypoplasia of Leydig cells, 
which in turn leads to the decrease in testosterone 
levels.20 

Caspases are central components of the machinery 
responsible for apoptosis. Caspase-3 is the major effector 
caspase involved in apoptotic pathways.21 VEGF is a 
mitogen and survival factor for vascular endothelial cells; 
while also promoting vascular endothelial cell and 
monocyte motility. Moreover, VEGF selectively and 
reversibly permeabilizes the endothelium to plasma and 
plasma proteins without leading to injury. All of these 
properties are required for angiogenesis. VEGF, which 
contains an N-linkage glycosylation site, consists of nine 
isoforms that result from alternative splicing of pre-mRNA 
transcribed from a single gene containing eight exons.22 
VEGF mRNA and protein are expressed in many tissues 
and organs.23 They reported that guinea pig adrenal, 
heart, and kidney also express high levels of VEGF mRNA 
while gastric mucosa, liver, and spleen express lower 
levels of these transcripts. Moreover, VEGF mRNA and 
protein are expressed in a wide variety of human 
malignancies including those of breast, colorectal, non-
small cell lung, and prostate carcinomas.24 

As a result of the side effects associated with diabetes, 
there is an increasing interest in the exploring the effects 
of herbal remedies to treat this disease. The main 
objectives of this study were 1) to determine the effects 
of STZ-induced diabetes on testicular structure and 
function in rats; and 2) to evaluate the role of natural 
herb mixture in improving histological, glucose levels, T3, 
T4, testosterone levels, and sperm activity after the 
induction of diabetes. 

MATERIALS AND METHODS 

Source of Chemicals 

STZ was purchased from Sigma Aldrich Chemical 
Company, (St. Louis, MO, USA). Cinnamon, ginger, and 
clove were purchased from commercial sources in Arar, 
KSA. 

Experimental Animals 

Male rats Rattus rattus were purchased from Animal 
House, Faculty of Medicine, King Abdul-Aziz University 
(Jeddah, KSA). The rats were kept in clean and dry plastic 
cages, with 12-hrs light-dark cycle at 25 ± 2 °C. The 
standard diet and tap water were available ad libitum 

throughout the study, without any restriction to food and 
drinking water. The rats were assigned into 4 groups of 7 
rats each. Rats in group 1 were the control which 
received normal saline. Animals belonging to group 2 
received herbal blend (HB) orally. Diabetes was induced 
in groups 3 and 4 using STZ. After three days of diabetes 
induction, animals with blood glucose levels greater than 
300 mg/dl were considered as diabetic and selected for 
the study. Animals from group 4 received daily HB extract 
for 15 days, after the induction of diabetes. 

Induction of Diabetes 

STZ was freshly dissolved in 10 mM sodium citrate (pH 
4.5) at a dose level of 50 mg/kg b.w.25, and injected 
intraperitoneal, within 15 min of dissolution. After the 
administration of STZ, the animals were given 1% sucrose 
solution to prevent hypoglycemia. Blood glucose were 
measured 3 days later, by Bayer’s Contour meter (Japan) 
to determine hyperglyceamia. Rats with blood glucose 
levels greater than 300 mg/dl were considered as diabetic 
and selected for the study. 

Preparation of Herbal Aqueous Extract 

Ten grams of cinnamon, ginger and clove powder boiled 
in 100ml of distilled water. The solutions allowed to dry 
and stored in dark bottles and used daily for 15 days. 
Each 2 ml of solution equivalent to 200 mg of cinnamon, 
ginger, and clove according to Jia.11, Li26 and Singh27 
respectively. 

Body Weights 

Animals were individually weighed by means of a Meopta 
sensitive balance. Whole body weights were recorded to 
the nearest 1 mg to determine weekly changes. 

Testis Weights 

Fresh right and left testes from autopsied rats were 
blotted dry and subsequently weighted. Absolute testis 
weights were recorded to the nearest 0.1 mg by using an 
electric balance. 

Blood Sampling and Biochemical Analyses 

Blood samples were collected from the heart by sterile 
syringes and left to clot for separating the serum after 
centrifugation at 3000 rpm for 15 minutes. Serum 
samples were directly frozen at –10 °C till biochemical 
analyses. Estimation of blood glucose was carried out 
using enzymatic glucose kits from Human Gesellschaft für 
and Diagnostica mbH, Germany. Serum level of thyroid 
hormones: total triiodothyronine (T3), total thyroxine (T4) 
and testosterone were BioMérieux kits, France. 

Histological Examinations 

Testicular tissues were excised from sacrificed animals, 
weighed, and fixed in 10% neutral buffer solution and 
were sequentially embedded in paraffin wax blocks 
according to the standard procedure, sectioned at 5µ 
thickness. They were further deparaffined with xylol, and 
histologically observations were performed, using H-E 
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technique. The slides were examined using light 
microscope. 

Immunohistochemical Investigations 

The advantage of the immunohistochemical methods is 
the ability to show exactly where a given protein is 
located. Blocks were cut into 4 mm thick sections 
mounted on glass +slides, and incubated at 4 °C 
overnight. Sections were deparaffinized in xylene and 
rehydrated. Endogenous peroxidase activity was blocked 
with 1% hydrogen peroxide for 20 min. To improve the 
quality of staining, microwave oven-based antigen 
retrieval was performed. Slides were probed with either 
anti-caspase-3 (ab4051) or anti-VEGF (ab46154). Sections 
were washed three times with PBS for 10 min each and 
incubated with biotin-labeled anti-mouse IgG for 1 h at 
room temperature. After washing, sections were stained 
with a streptavidin-peroxidase detection system 
according to the manufactured instructions. The 
antibodies purchased from ABCAM, Cambridge Science 
Park in Cambridge, England. 

Sperm Activity 

For determination sperm motility left epididymis was 
placed in pre-warmed Petri-dish containing 5ml of sodium 
citrate solution (2.9%) at 37 °C. The cauda was then 
nicked with a scalpel blade to allow sperm to emerge 
from the engorged cauda epididymis, and placed in 37 °C 
incubator for 15 min. The suspension was stirred and one 
drop placed on a warmed slide with a cover slip placed. 
At least five microscopic fields were observed at 400X 
magnification, using a standard light microscope. Motility 
was reported as an average percent motile. 
Morphological abnormality of sperms done by taken one 
drop of the previous suspension of live sperm, placed on 
a slide, and a smear was made by using the edge of 
another slide, as procedure for preparing blood smears. 
The slides were air dried and stained with 1% eosin at 
room temperature. Approximately 200 sperm from each 
rat were examined by light microscopy and classified as 
normal and abnormal. For sperm counting, right 
epididymis and specimens of right testis were 
homogenized manually in 0.5 ml of 0.9% NaCl solution. 
The homogenates were diluted with 1.5 ml of saline, 
spermatozoa were counted using Neubauer 
haemocytometer at 400X magnification in five squares as 
WBCs. Five counts/sample were averaged.28 

Statistical Analysis 

Data were presented as Mean ± SE and were analyzed 
using one-way analysis of variance (ANOVA) by the 
Statistical Processor System Support “SPSS” for Windows 
software, version 16.0 (SPSS, Chicago, IL), to compare all 
the treated groups. Once a significant F test was 
obtained, followed by post hoc-least significant difference 
analysis (LSD) was performed; LSD comparisons were 
performed to assess the significance of the difference 
among various treated groups, with the significance level 
of P<0.05. 

RESULTS AND DISCUSSION 

Morphological Investigation and General Behavior 

Rats belonging to the control group showed normal 
behavior throughout the experimentation period. They 
were active by day and calm by night and kept their white 
furs clean (Fig. 1a). Water consumption and urine 
excretion were of average amounts in this group. Diabetic 
animals exhibited many symptoms commonly associated 
with diabetes such as weakness, loss appetite, polyuria, 
diarrhea and their fur color turned pink (Fig. 1b). They 
suffered from irritability, drowsiness, disturbances of 
sleep, and states of depression. Many studies have clearly 
shown cognitive and behavioral changes in type 1 
diabetic rats and humans, which are evident in elevated 
levels of anxiety, depression, and slowing of mental speed 
and flexibility.29,30 Diabetes-induced behavioral and 
cognitive changes are related to several factors. Both 
diabetic complications and reduced central serotonin (5-
hydroxytryptamine, 5-HT) synthesis and metabolism are 
thought to underlie behavioral and cognitive dysfunctions 
in patients with T1DM.31 Depression and anxieties are 
about twofold higher in diabetic patients than in the 
general population. Increasing evidence points toward an 
association between diabetes mellitus and deficit in 
learning and memory.32 Chronic treatment with curcumin 
(60 mg/kg; p.o.) significantly attenuated cognitive deficit, 
cholinergic dysfunction, oxidative stress and 
inflammation in diabetic rats. The results emphasize the 
involvement of cholinergic dysfunction, oxidative stress 
and inflammation in the development of cognitive 
impairment in diabetic animals and point towards the 
potential of curcumin as an adjuvant therapy to 
conventional anti-hyperglycemic regimens for the 
prevention and treatment of diabetic encephalopathy.33 

 

Figure 1(a & b): Photomicrographs for experimental 
animals showing the normal white furs of control rat (a), 
and pink furs of STZ injected rats. 
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Growth Rates 

Body weight values were found as 205.1, 202.9 and 164.6 
g in the control, HB and STZ groups, respectively. As 
administration of HB to diabetic rats, an increase in body 
weight reported in animals (p<0.05) reached 182.9 g 
when compared with diabetic animals as mentioned in 
Table 1. 

Right testis weight recorded 2.02, 1.94 and 1.14 for 
control, HB and STZ respectively. The administration of 
HB to diabetic rats caused increase in the right weight 
testis reached 1.85 when compared to the diabetic group. 
The same result was reported for the left testis weight. 

The present results reported decrease in body and testis 
weight in diabetic rats. This data were reversed by the 
administration of HB. This comes in accordance with 
those of Al-Amin.34 

The characteristic loss of body weight in STZ induced 
diabetes may be due to increased muscle wasting and 
due to loss of tissue proteins.35 The cinnamon and row 
ginger extracts treated diabetic rats showed significant 
recovery in body weight when compared to single 
administration extract.This may be due to controlling 
muscle wasting and improvement in insulin secretion as 
well as glycemic control by the cinnamon.34,36 

Table 1: Body and Testes weights in Control and Experimental Groups. 

Experimental groups Control Group HB Group STZ Group STZ+HB Group 

Body weight (g) 
% of change 

205.1± 1.56 
202.9 ± 1.61 

1.07 
164.6 ± 3.42a,b 

19.74 
182.9 ± 1.54c 

10.82 

Right testis weight (g) 
% of change 

2.02± 0.086 
1.94 ± 0.084 

3.96 
1.14 ± 0.097a,b 

43.56 
1.85 ± 0.061c 

8.41 

Left testis weight (g) 
% of change 

1.95± 0.09 
1.94 ± 0.09 

0.51 
1.11 ± 0.10a,b 

43.07 
1.81 ± 0.073c 

7.17 

Values are mean ± SE. Superscript letters denote the significant difference at (P<0.05). 

a: values are significantly different from control group. 

b: values are significantly different from HB group. 

c: values are significantly different from STZ group. 

Table 2: Serum Levels of Glucose, T3, T4 and Testosterone in Control and Experimental Groups. 

Experimental groups Control group HB group STZ group STZ+HB group 

Glucose (mg/dl) 
% of change 

126.2 ± 3.82 
125.1 ± 3.44 

0.87 
462.5 ± 15.80a,b 

-266.48 
132.7 ± 11.76c 

-5.15 

T3 (pg/ml) 
% of change 

7.3 ± 0.24 
7.4 ± 0.19 

-1.36 
1.3 ± 0.15a,b 

82.19 
3.2 ± 0.21c 

56.16 

T4 (pmol/l) 
% of change 

13.3 ± 0.75 
15.3 ± 0.66 

-15.03 
4.84 ± 0.44a,b 

63.60 
10.24 ± 0.44c 

23.00 

Testosterone (ng/ml) 
% of change 

2.38 ± 0.21 
2.42 ± 0.21 

-1.68 
0.27 ± 0.04a,b 

88.65 
2.1 ± 0.19c 

11.76 

Values are mean ± SE. Superscript letters denote the significant difference at (P<0.05). 

a: values are significantly different from control group. 

b: values are significantly different from HB group. 

c: values are significantly different from STZ group.

Biochemical Levels 

The blood glucose concentrations in the control and HB 
groups were 126.2 and 125.1 mg/dl respectively. 
Induction of diabetes led to an increase in the blood 
sugar level reached 462.5 mg/dl (p<0.05) as shown in 
Table 2. Treatment of HB to diabetic rats led to reduction 
of the blood glucose level reached 132.7 mg/dl, which 
was statistically significant at (p<0.05) as compared with 
diabetic group. Hyperglycaemia was reported in the 
present study due to STZ injection which caused 
pancreatic β cells destruction. This may led to induce 
oxidative stress which have been reported to occur via 
increased glycolysis; autooxidation of glucose and non-
enzymatic protein glycation.37 HB administration lead to 

decrease glucose levels in diabetic rats. Many studies 
reported that ginger34, cinnamon38 and clove39 have 
antihyperglycaemic effect by reducing glucose levels in 
blood in diabetic rats. This may be related to that herbal 
aqueous extract has been shown to increase glucose 
uptake and glycogen synthesis and to increase 
phosphorylation of the insulin receptor.38 

The data shown in Table 2 also recorded a non significant 
changes in T3, T4 and testosterone levels in serum of rats 
treated with HB if compared with control group. On the 
other hand, STZ administration revealed marked 
inhibition in T3, T4 and testosterone levels. 

This inhibition was significant at (P<0.05) if compared 
with control and HB groups. Significant increase levels in 



Int. J. Pharm. Sci. Rev. Res., 30(2), January – February 2015; Article No. 16, Pages: 95-103                                            ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. © Copyright protected. Unauthorised republication, reproduction, distribution, 
 

99 

T3 (3.2), T4 (10.24) and testosterone (2.1) were observed 
in STZ+HB samples when compared with STZ group 1.3, 
4.84 and 0.27 respectively. The administration of STZ to 
male rats induces a decrease in T3, T4 and testicular 
testosterone production. This decrease may be the result 
of both a decrease in the total number of Leydig cells 
causing strong decrease in the expression of testosterone 
and come in agreement with Hurtado de Catalfo.2 
Moreover, this alteration is responsible for the diabetes-
related effects on libido.40 After STZ treatment, a 
significant increase in degenerated germ cells at various 
stages of development is observed.41 Ward.42 indicated 
that STZ-induced diabetes causes a marked decrease, not 
only in serum insulin but also in serum LH levels, which 
would explain the impairment of Leydig cell function. 
Sperm production is an FSH-regulated process that 
requires normal Sertoli cell function. The decrease in T3, 
T4 and testosterone hormone levels in STZ injected rats, 
may also be related to the decreased number in Sertoli 
cells and the damaged Leydig cells that appeared in the 
testicular tissue sections. In the rat, Sertoli cells 
proliferate only during the fetal and early neonatal 
periods before assuming a terminally differentiated state. 
The ultimate number of Sertoli cells in the adult testis is 
determined by both the rate and the duration of the 

proliferative phase.43 It has been demonstrated that each 
Sertoli cell is capable of supporting a limited number of 
germ cells through to maturity; hence Sertoli cell number 
determines the maximum spermatogenic potential of the 
testis. The hormonal factors controlling the rate and 
duration of Sertoli cell proliferation are therefore critical 
determinants of fertility. Previous studies have 
demonstrated that FSH is a mitogenic factor during the 

Sertoli cell proliferative phase, while thyroid hormones 
(T3 and T4) influence the duration of proliferation.43 
Kim44, reported that the thyroid hormone deficiency 
caused failure Leydig cells differentiaton, retard Sertoli 
cell maturation, and decrease T3, T4, and testosterone 
levels. The deficiency of thyroid hormones could 
originated from decreased iodide pump activity resulting 
in the inhibition of tyrosine iodination45 or may be due to 
the decrease in the synthesis of thyroxine-binding 
globulin, the major serum thyroid hormone-binding 
protein as reported by Concannon.46 Many studies 
regarding point out that hypothyroidism may arrest 
differentiation of Leydig cell in adult testis and more 
importantly revealed that Leydig cells underwent atrophic 
changes in size and organelle content74, thus enabling 
them to go into a malfunctioning status. 

Histological examinations 

It was observed that the testis tissue in the control group 
was covered with an albugineous capsule. Septa emanate 
from this capsule to subdivide the testis into about 250 
incomplete lobules. Each lobule contains one to four 
seminiferous tubules embedded in a connective tissue 
stroma. These tubules are enclosed by a thick basal 
lamina and surrounded by 3-4 layers of smooth muscle 
cells. The insides of the tubules are lined with 

seminiferous epithelium, which consists of two general 
types of cells: spermatogenic cells and Sertoli cells (Fig. 
2a). The histological structure in the HB treated revealed 
no histopathological changes as compared with control 
group (Fig. 2b). The seminiferous tubule structure in the 
diabetic rats was found to be disrupted, and there was a 
considerable decrease in the spermatogenic cell series. 
The histopathological damage of the testicular tissue 
included deformed seminiferous tubules (Fig. 2c). Loss 
and degeneration of all types of the spermatogenic cells 
within the seminiferous tubules without sperms at its 
lumen (Fig. 2d), decrease the numbers of all types of the 
spermatogenic cells and pyknotic Leydig cells (Fig. 2e). 
The number of spermatogenic cells in the HB-treated 
diabetic rats was observed to be increased compared to 
the diabetes group, and there was mild improvement in 
the seminiferous tubule structure as compared with the 
former group, this may due to the short term of 
treatment. The improvement appeared by the restoration 
of the spermatogenic cells, which are found in an 
arranged series and the presence of the sperms (Fig. 2f). 
Histopathological damages were reported in testicular 
tissue due to the injection of STZ, which reversed by the 
administration of HB. Prakasam51 have reported that STZ 
generated lipid peroxidation and DNA breaks in 
pancreatic islet cells, induced diabetes mellitus. Also it 
has been observed that insulin secretion is closely 
associated with lipoxygenase derived peroxides.52 
Increase in lipid peroxidation, is an indirect evidence of 
intensified free radical production.53 Oxidative stress is 
caused by generation of free radicals such as ROS. In 
physiological condition, the body synthesizes both free 
radicals and antioxidants.54 Oxidative stress sets in when 
an imbalance occurs between these free radicals and 
antioxidants in favor of the free radicals. Additionally, an 
experimental study indicated that diabetes mellitus 
produces reproductive dysfunction.51 Apoptosis, known 
as programmed cell death, is a form of cell death that 
serves to eliminate dying cells in proliferating or 
differentiating cell populations. Apoptosis control is 
critical for normal spermatogenesis in the adult testes. 
The testis is sensitive to environmental exposure-induced 
cellular damage. Apoptosis of germ cells may occur 
during non-physiological stresses such as diabetes.55 
Chandrashekar & Muralidhara56 showed the occurrence 
of oxidative impairments and their progression in the 
testis of diabetic adult rats, which caused severe 
testicular atrophy. STZ-injection leading testis to become 
more vulnerable to oxidative stress, which may play a 
significant role in the development of testicular 
degeneration, leading to impaired fertility in adulthood. 
On the other hand, other researches showed that ginger 
oil has dominative protective effect on DNA damage 
induced by H2O2 and might act as a scavenger of oxygen 
radical and might be used as an antioxidant.57 
Antioxidants protect DNA and other important molecules 
from oxidation and damage, and can improve sperm 
quality and consequently increase fertility rate in men.58 
Therefore, the role of nutritional and biochemical factors 
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in reproduction and sub-fertility treatment is very 
important. Again, Sağlam58 and Nassiri14 indicated that 
administration of ginger and cinnamon to STZ-induced 
rats may provide benefit against diabetic conditions, by 
increasing the activities superoxide dismutase, 
glutathione peroxidase (GPx), and catalase (CAT), MDA 
and TAC. 

 
Figure 2(a-b): Photomicrographs of testis from control 
and HB treated rats showing normal testicular 
architecture with different series of spermatogenic cells 
(a) with sperms (arrows) (b) (H-E, X400). 

Figure 2(c-e): Photomicrographs of testis from STZ 
injected rats showing deformed seminiferous tubules 
(arrows) (c; H-E, X200). Loss and degeneration of all types 
of the spermatogenic cells within the seminiferous 
tubules without sperms at its lumen (*) (d; H-E, X400). 
Decrease the numbers of all types of the spermatogenic 
cells and pyknotic Leydig cells (arrow) (e; H-E, X 400). 

Figure 2f: Photomicrograph of testis from rats treated 
with STZ+HB showing restoration of the spermatogenic 
cells, which are found in an arranged series and the 
presence of the sperms (arrow) (g, H-E, X 400). 

Immunohistochemical Study 

Caspase-3 

The present study preferred to confirm the apoptosis 
with active caspase-3 immunostaining. In the present 
study, the testicular cells inclined to undergo apoptosis 
were distinctively marked in the sections stained with 
active caspase-3 in STZ group (Fig. 3c). Active caspase-3 
positive cells were lower in the STZ+HB group (Fig. 3d) 
when compared to STZ group, and it was seen that the 
treatment had a positive effect. This is the first study 
demonstrates the anti-apoptotic effects of HB against 
testicular injury in diabetic rats. Caspase-3 protein is 
localized to germ cells (Fig. 3a & b), and that after 
reduction of intratesticular testosterone, intense caspase-

3 immunoreactivity translocates from the cytoplasm to 
become concentrated in the nuclei of spermatocytes. The 
present work demonstrated that the administration of HB 
caused a significant decrease in active caspase-3-positive 
cells on testis tissue. 

 
Figure 3(a-d): Photomicrograph of testes showing normal 
distribution of caspase-3 from control rat (a) and from HB 
treated rat (b) in the cytoplasm of the germ cells. Intense 
immunoreactivity was seen primarily in the nuclei of 
spermatocytes of caspase-3 in all seminiferous tubule cell 
series (arrows) from STZ injected rat (c). Decrease in 
caspase-3 positive cells as compared with STZ group 
(arrow) from rat treated with STZ+HB (d). 
(Immunohistochemical stain, X400). 

VEGF 

The immunohistochemical staining of VEGF in testis 
sections showing increase in its expression in testis from 
diabetic testis (Fig. 4c) as compared with the control (Fig. 
4a) and HB (Fig. 4b). The expression decrease in SIZ+HB 
treated rats when compared with STZ injected rats (Fig. 
4d). 

 
Figure 4 (a-d): Photomicrographs of testis showing 
normal distribution of VEGF in the testicular tissue 
(arrows) from control rat (a) and HB treated rat (b) 
Increase expression of VEGF in the apoptotic 
spermatocytes and Leydig cells (arrows) from STZ injected 
rats (c). Decrease in VEGF expression when compared 
with STZ injected rats (arrow) from rat treated with 
STZ+HB (d). (Immunohistochemical stain, X400). 
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Increased apoptosis in rat testicular tissue was reported 
in this study due to STZ injection, as appeared by the 
increased expression of caspase-3. This increase was 
declined as a result of HB administration. This come in 
accordance with Cai55 who showed that the increased 
apoptosis in the seminiferous tubule of STZ-induced 
diabetic mice and rats, as a result of the oxidative stress. 
Caspase-3 protein is localized to germ cells, and that after 
reduction of intratesticular testosterone, intense caspase-
3 immunoreactivity translocates from the cytoplasm to 
become concentrated in the nuclei of spermatocytes. This 
observation suggests that, as in Leydig cells, nuclear 
translocation of activated caspase-3 may be required for 
caspase-3 to function in germ cell apoptosis.60 These 
results suggested that germ cell apoptosis resulting from 
reduced intratesticular testosterone concentration is 
caspase-3 activation dependent, and further, that the 
translocation of active caspase-3 to the nucleus may be a 
prerequisite for DNA degradation and subsequent germ 
cell apoptosis.61 The increase in VEGF expression in 
diabetic testicular tissue was also reported 
immunohistochemically by Hou & Song.62 The authors 
reported that the administration of Thallus Laminariae to 
diabetic rats repaired VEGF expression. 

Sperm Motility, Abnormality and Count 

STZ-induced diabetic by 50 mg/kg significantly decreased 
sperm motility and count, and increased abnormality as 
compared with those observed in the control and HB 
groups. This values were significant at (p<0.05). The 
corresponding values in STZ+HB treated group were 
significantly improved as shown in Table 3 as compared 
with STZ group. The abnormal sperm morphology 
(158.88%) was represented as sperms with curved, 
double, lobed, flattened and pear-shaped heads (Fig. 5 c-
g). 

Erukainure48 revealed that the testis contains an 
elaborate array of antioxidant enzymes and free radical 
scavengers to protect against oxidative stress. This is of 
great importance as peroxidative damage is currently 
regarded as the major cause of impaired testicular 
functions.49 Hyperglyceamia have been reported to be 
associated with testicular failure leading to sexual 
dysfunction, impotence and infertility.34,37 The lipids in 

sperm are the main substrates for peroxidation, which is 
induced by reactive oxygen species (ROS) generated by 
hyperglyceamia. This will ultimately lead to infertility in 
most men, characterized by low sperm count and 
motility. Increasing evidence suggests that diabetes has 
an adverse effect on male reproduction function and 
oxidative stress may be involved.50 However, 
administration of ginger significantly increased sperm 
motility and viability as compared with the diabetic 
group. These results are supported by the finding 
Nassiri14, who reported that this increase in sperm 
motility could be due to the protective effect of ginger. 
Beside, this productive effect is reflected by the decrease 
of malondialdehyde (MDA) and increase in total 
antioxidants capacity (TAC) levels. Insufficient sperm 
motility is a common cause of infertility, thus the 
improved motility due to blend of pawpaw, guava, and 
grape fruit administration signifies improvement of the 
sperm quality and improved fertility. The observed 
improvement of the sperm count represents its potency 
in the management of the diabetic-induced spermatoxic 
and impotency in males.48 This could be attributed to the 
ability of the blend of pawpaw, guava, and grape fruit to 
improve the testicular antioxidant activities as evidenced 
by the enhanced antioxidant markers. 

 
Figure 5(a-h): Photomicrographs of sperm smear showing 
normal sperms with hooked heads from control rat (a) HB 
treated rat, (b) Curved heads without hook, (c) double 
head sperm, (d) lobed heads, (e) flattened head, (f) 
pyriform or pear-shaped, (g) from STZ injected rats and 
normal hook-shaped heads, (h) from rat treated with 
STZ+HB (H-E). 

Table 3: Sperm Motility, Abnormality, and counting of the Experimental Groups. 

Values are mean ± SE. Superscript letters denote the significant difference at (P<0.05). 

a: values are significantly different from control group. 

b: values are significantly different from HB group. 

c: values are significantly different from STZ group.

Experimental groups Control group HB group STZ group STZ+HB 

Sperm Motility (%) 
% of change 

60.42 ± 3.30 
65.71 ± 2.38 

-8.75 
22.57 ± 1.70a,b 

62.64 
50.71 ± 2.56c 

16.07 

Sperm Abnormality (%) 
% of change 

5.57 ± 0.36 
5.28 ± 0.35 

5.20 
14.42 ± 1.21a,b 

-158.88 
8.0 ± 0.53c 

-43.62 

Sperm Counting (x 106/ml) 
% of change 

137.57 ± 4.09 
136.00 ± 4.53 

1.14 
46.42 ± 2.28a,b 

66.25 
131.43 ± 4.66c 

4.46 
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CONCLUSION 

The above mentioned findings suggested that the 
increased use of herbal medicine can decrease the side 
effects of diabetes mellitus on male hormone, sperm 
parameters and histopathological damage. To our 
knowledge, this is the first report indicating that herbal 
blend of ginger, cinnamon and clove improved diabetes 
induced testicular dysfunction in diabetic rats. HB can 
contribute to a balanced oxidant-antioxidant status and 
provide a useful therapeutic option to reduce the 
associated testes injury in patients with diabetes mellitus. 
The use of herbal mixture with treatment prescribed by a 
doctor pays the results in lowering blood sugar levels to 
normal levels. 
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