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Potential Protective Roles of Tamarind Fruit Pulp
Aqueous Extract Against Hyperglycemic and Testicular
Toxicity in Alloxan Induced-Diabetic Male Rats
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Abstract

The present study aimed to evaluate the potentially protec-
tive effects of aqueous extract of tamarind fruit pulp (AETF)
against hyperglycemia and male infertility in diabetic rats. AETF
was getting by soaking tamarind fruit pulp in distilled water in a
ratio of 1:2 (fruit pulp: water) for 12 hr. After soaking period, the
solution heating for 20 min at 50° C, then filtered and concentrated
under vacuum. In the present study, thirty-five male albino rats
were used and divided into five groups (each of= 7 rats). Group 1
served as normal rats, group 2 served as untreated diabetic rats; and
diabetic groups 3, 4, and 5 were given orally concentrated AETF at
a dose of 1,2 and 3ml/100g body weight/day, respectively. The re-
sults revealed that, oral administration of AETF for diabetic rats
significantly (P < 0.05) improved testes, seminal vesicles and pros-
tate glands weight, compared with untreated diabetic rats. The
treated diabetic rats had a significant lower (P < 0.05) in BGL, se-
rum activities of AST, ALT and ALP enzymes; and larger in serum
insulin, testosterone, LH and FSH levels, compared to untreated
diabetic rats. In the testes tissues, AETF significantly ameliorated
MDA level and activities of GSH, GPx, SOD and CAT enzymes in
diabetic rats. Histopathological investigation for testes of tread dia-
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betic rats showed almost normal histological structure of seminifer-

ous tubules with the lumen filled of spermatozoa, especially with

higher level of AETF. In conclusion, AETF exhibited hypoglyce-

mia, antioxidant activity and protective effect against male infertili-

ty in diabetic rats.

Keywords: Tamarind fruit; Antioxidant enzymes; Sex hormones;
Diabetes Mellitus; Histopathological

Introduction

Tamarindus indica Linn (family: Caesalpiniaceae) fruit is sweet
and sour in taste and known as tamarind and is a known as medici-
nal plant. Tamarind pulp has been declared to contain citric, tartar-
ic, ascorbic and maleic acids; and p-carotene (Roy et al., 2010). In
Indian, traditional medical system prescribes tamarind fruits for
constipation, indigestion and flatulence, and the seeds are pre-
scribed for diabetes, while in the Bangladesh medicinal practition-
ers, both seeds and fruits are prescribed for diabetes (Havinga et
al., 2010). Furthermore, tamarind fruits have been shown to have
antioxidant, anti-inflammatory, antibacterial and anti-diabetic prop-
erties as well as hypolipidaemic and hepatoprotective effects
(Wagh and Bhagure, 2012).

Diabetes mellitus is one of the fundamental chronic endocrine
disorders characterized by hyperglycemia and defects in the metab-
olism of macronutrients (carbohydrates, proteins and fats). Oxida-
tive stress evolves complications in diabetic (both types 1 and 2)
and engages in beta cell destruction in type 2 diabetes. However,
controlling blood glucose levels, plays an important role in main-
taining the antioxidant and pro-oxidant balance (Nahar et al., 2014
and Hatanaka et al., 2016).
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Alloxan is used to induce diabetes mellitus to screen antidiabetic
effect of some plants and herb materials in experimental animals. It
has been found to induce diabetes by damaging pancreatic islet
cells by liberate free radicals, which in turn involved in damage the
several tissues which occurs in the progression of diabetes disease
(Prakash et al., 2010).

Normally, there is a balance between antioxidant activities and
the production of reactive oxygen species (ROS) in the male repro-
ductive organs. Oxidative stress induced imbalance between pro-
duction of reactive oxygen species and antioxidant activity be-
comes the interesting focus as the potency cause of male infertility
(Vijay et al., 2012). Recently, the use of natural plant and herbal
medicines has become more predominant in the treatment of many
diseases. Hence, the present study was conducted to evaluate the
potentially protective effects of aqueous extract of tamarind fruit
pulp (AETF) against hyperglycemia and male infertility in diabetic
rats.

Materials and Methods

Materials

Tamarind Fruit: Tamarind fruit was purchased from Harraz com-
pany for Agricultural seeds and medicinal plants, Cairo, Egypt.
Tamarind fruit was taxonomically and identified by the experts of
the National Center for Agricultural Research, Giza, Egypt.

Male Rats: Thirty-five male albino rats Sprague-Dawley strain,
aged (10-12) weeks and weighing 185 = 5 g which were bred in an-
imal house, National Cancer Institute, Cairo University, Egypt,
were used in the present experiment.
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Basal Diet: Casein, cellulose, choline chloride, D-L methionine,
vitamins and minerals mixture constituents were purchased from
El-Gomhouria Company for Trading Drugs, Chemicals and Medi-
cal Instruments, Cairo, Egypt. Starch, soybean oil, and sucrose
were obtained from the local market, Cairo, Egypt.

Chemicals and Kits: Alloxan, kits for biochemical analysis and
others chemicals were purchased from the Gamma Trade Company
for Pharmaceutical and Chemical, Dokki, Egypt.

Methods

Preparation of Tamarind Fruit Pulp Extract: The aqueous ex-
tract of the tamarind fruit pulp (AETF) was achieved as described
by Pattar et al., (2013) with some modifications. In brief, fruit pulp
was soaked in distilled water in the ratio of 1:2 (pulp: water) for 24
hr at refrigeration temperature (5° C). After the soaked period, the
solution heating at 50° C for 20 min and handily homogenized and
filtered through cheesecloth into glass container. Then, the filtered
solution was concentrated under vacuum to obtained on concentrat-
ed extract and stored to carry out the further process.

Preparation of Basal Diet: The basal diet (AIN-93M) was formu-
lated according to Reeves et al., (1993) to meet the recommended
nutrients level for rats. It consists of casein (20%), vitamins mixture
(1.0%), minerals mixture (4.0%), soybean oil (5%), fibers (5%), L-
Cystine (0.18%) Choline chloride (0.20%), sucrose 10% and the
reminder was corn starch.

Induction of Diabetes and Experimental Design: Diabetes was
induced by subcutaneous injection using a single dose of alloxan
dissolved in sterile normal saline at a dose of 150 mg/kg of body
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weight as stated by Buko et al., (1996). Diabetic rats were kept for
the next 24 hr on 10% glucose solution to prevent hypoglycemia.
After seventy-two hours of alloxan injection and after fasting rats
for 4-hrs, blood glucose levels were measured from the tail vein.
Rats with a blood glucose level from >300 mg/dl were considered
diabetic and included in the present experiment. Then, all rats were
divided into five groups (each of= 7 rats). The experimental groups
were as follows: the first group served as normal rats (negative
group) and were injected with an equivalent amount of slain solu-
tion. The second group served as untreated diabetic rats (positive
group) and received distilled water orally. Diabetic groups (3), (4)
and (5) were orally received 1, 2 and 3ml/100g body weight/day of
concentrated AETF. All groups of animals were kept in a healthy
animal house at 20-25 °C, 12:12 hr light/dark cycle, fed on the ba-
sal diet, and water were provided ad libitum for four weeks.

At the end of the experimental period (4 weeks), all rats were
fasted for 12 hr and each rat was weighed. Blood samples were col-
lected from the portal vein into dry-clean centrifuge tubes. Serum
samples were separated by centrifuge at 3000 r.p.m for 15 min and
obtained serum were used for biochemical analysis. Testes, prostate
glands and seminal vesicles were accurately removed out from the
sacrificed animals and weighed. Then, testes were prepared for tis-
sues analysis and histological examination.

Biochemical Analysis

Determination of Blood glucose and Serum Insulin Levels: At
the end of experimental period and after the rats had been fasted for
12 hrs., blood samples were collected by tail vein of the rats and
blood glucose levels were measured immediately by using a single
touch Glucometer (Ascensia ENTRUST, Bayer). The serum insulin
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levels were measured by a sensitive rat insulin radioimmunoassay
(RI1A) kit (Diamond Co, Hannover, Germany) according to the de-
scribed method by Posario, (2010).

Determination of Serum AST, ALT and ALP Activities: Activi-
ties of serum aspartate aminotransferase (AST) and serum alanine
aminotransferase (ALT) and alkaline phosphatase (ALP) enzymes
were determined colorimetrically using spectrophotometer as de-
scribed by Bergmeyer et al., (1978) and Roy, (1970), respectively,
in the kit's instruction (Diamond Co, Hannover, Germany). The ab-
sorption of the test samples was read at 505nm and 510nm for AST,
ALT and ALP, respectively.

Determination of Serum Testosterone, LH, FSH Hormones: Se-
rum levels of testosterone, luteinizing hormone (LH) and follicle
stimulating hormone (FSH) were determined using ELISA Kits
(Monobind Inc. USA) according to the described methods by Tietz,
(1995) and Rebar et al., (1982), respectively.

Determination of Malondialdehyde and Antioxidant Enzymes
of Testes Tissues: One gram of frozen testicular tissue from each
rat was washed with ice-cooled NaCl solution (0.9%) and homoge-
nized in 100 ml of ice-cooled potassium chloride (1.5%) and 50
mmol potassium phosphate buffer solutions (pH 7.4) to yield 1%
homogenate (W/V). The homogenized testes tissues were centri-
fuged at 4000 rpm for 10 min at 4°C. The obtained supernatants
were maintained in sample bottles, frozen overnight to ensure the
maximum release of the antioxidant enzymes as described by
Oyedemi et al., (2011). The obtained supernatants were analyzed
to determine malondialdehyde (MDA) concentrations and activities

42



Journal of the College of Specific Education Issue (10) November 2019
for Educational and Specific Studies Volume Two

of reduced glutathione (GSH), glutathione peroxidase (GPx), su-
peroxide dismutase (SOD) and catalase (CAT) enzymes using
commercial assay kits according to described methods by Ohkawa
et al., (1979), Sedlak and Lindsay, (1968), Paglia and Valentaine
(1976), Spitz and Oberley, (1989) and Sinha, (1972), respectively.

Histopathological Examination: Testes of the scarified rats were
taken and flooded in 10% formalin solution. The specified speci-
mens were then trimmed, washed and dehydrated in ascending
grades of alcohol. Then, specimens were cleared in xylol, embed-
ded in paraffin, sectioned at 4-6 microns’ thickness, and spotted
with heamtoxylin and eosin stain for the histopathological examina-
tion as described by Carleton, (1979).

Statistical Analysis: Statistical analysis of all the obtained data
was completed using one-way analysis of variance (ANOVA) using
the Origin Lab (SPSS Ver. 20) software. The obtained results were
expressed as mean = standard division (mean £SD). Significant dif-
ferences among experimental groups considered at P < 0.05.

Results

As shown in Table 1, Diabetes significantly (P < 0.05) decreased
the weight of testes (2.66+£0.10) and seminal vesicles (0.67+0.07),
and increased prostate gland weight (0.89+0.07), compared with
that of the normal rats (4.87+0.11, 1.51+0.11 and 0.58+0.53, re-
spectively). Oral administration of the concentrated AETF in a dai-
ly dose (1, 2 and 3 ml/100g of b.wt) to diabetic rats for 4 weeks
significantly (p < 0.05) prevented the decreases of testes and semi-
nal vesicles weight and the increase in prostate gland weight, com-
pared with that of the positive control rats (untreated diabetic rats).
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The effect of oral administration of AETF on BGL and serum in-
sulin levels in diabetic rats is presented in Table 2. Consecutive to
alloxan administration, a significant increase of BGL (300.01+£1.21
mg/dl) and decrease in serum insulin (0.97+0.11 ng/ml) levels were
observed, compared to normal rats (102.86+1.95 mg/dl and
3.12+0.30 ng/ml, respectively). In comparison to the positive con-
trol group, the three doses of AETF (1, 2 and 3 ml/100g b.wt/ day)
significantly (p < 0.05) lowered the increase of BGL and the de-

crease of serum insulin.

Table 1: Effect of oral administration of AETF on
relative weight of sexual organs to body
weight in diabetic rats.

Groups Testes Seminal Prostate glands
vesicles

Group 1: Normal rats 4.87+0.112 | 1,51+0.112 | 0.58+0.53¢
Group 2: Diabetic rats 2.66+0.109 | 0.67+0.07¢ | 0.89+0.072
Group 3: 2.94+0.05° | 0.90+0.10° | 0.71+0.07°
Diabetic rats + 1 ml/100 g

b.wt/day of AETF

Group 4: 3.83#0.53" | 1.33+0.08" | 0.64+0.05°
Diabetic rats + 2 ml/100 g

b.wt/day of AETF

Group 5: 4.66+0.18% | 1.47+0.08* | 0.56+0.05°

Diabetic rats + 3 ml/100 g
b.wt/day of AETF

Each value represents the mean + SD. Means with the different super-
script letters in the same column were different significantly at P < 0.05
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Table 2: Effect of oral administration of AETF on BGL and
serum insulin levels in diabetic rats.

Groups BGL (mg/dl) | Insulin (ng/ml)
Group 1: Normal rats 102.86+1.95° | 3.12+0.302
Group 2: Diabetic rats 300.01+1.212 | 0.97+0.11¢
Group 3: 273.43+1.90° | 1.37+0.11°
Diabetic rats + 1 ml/100 g b.wt/day

of AETF

Group 4: 188.43+2.76° | 2.29+0.17°
Diabetic rats + 2 ml/100 g b.wt/day

of AETF

Group 5: 107.57+1.40¢ | 3.19+0.15%
Diabetic rats + 3 ml/100 g b.wt/day

of AETF

Each value represents the mean £ SD. Means with the different super-
script letters in the same column were different significantly at P < 0.05

The listed results in Table 3 illustrate the effect of oral admin-
istration of AETF on serum activities of AST, ALT and ALP en-
zymes in diabetic rats. In the untreated diabetic group, the serum
activities of AST, ALT and ALP enzymes increases significantly (p
< 0.05) compared to a normal control group, but accompanying
treatment with the different doses of AETF significantly (p < 0.05)
reduced the serum activities of AST, ALT and ALP enzymes, com-
pared to the positive group.

Effect of oral administration of AETF on the level of MDA and
activities of antioxidant enzymes (GSH, GPx, SOD and CAT) in
testes tissues are shown in Table 4. The presented results revealed
that diabetes significantly (P<0.05) increased MDA levels and de-
creased activities of GSH, GPx, SOD and CAT antioxidant en-
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zymes in testicular tissue as compared to that of normal rats. In
contrast, treatment with AETF induced a significant decrease in
MDA levels and increased activities of antioxidant enzymes (GSH,
GPx, SOD and CAT) in testicular tissue as compared to that of un-
treated diabetic rats.

The effect of oral administration of AETF on the serum sex
hormone levels (testosterone, LH, FSH) in diabetic rats is presented
in Table 5. Recorded results showed that untreated diabetic rats had
significant (P < 0.05) decreases in serum testosterone, FSH and LH
levels compared with the normal rats. Oral administration of AETF
significantly ameliorated serum testosterone, LH and FSH levels
when compared to the positive control group (diabetic rats).

Table 3: Effect of oral administration of AETF on se-
rum activities of AST, ALT and ALP enzymes in diabetic rats.

Groups AST (1U/l) | ALT(IUN) ALP(1U/)
Normal rats 45.14+1.78° | 58.43+1.72° | 98.57+1.81¢°
Diabetic rats 107.14+£2.342 | 119.29+1.502 | 172.43+2.762
Diabetic rats + 1 ml/100 g | 80.71+2.69° | 90.57+2.23° | 150.14+1.46°
b.wt/day of AETF

Diabetic rats + 2 ml/100 g | 68.14+1.77¢ | 73.71+2.69° 127.57£1.51°¢
b.wt/day of AETF

Diabetic rats + 3 ml/100 g | 50.29+2.87¢ | 60.86+1.46° | 100.43+1.27¢
b.wt/day of AETF

Each value represents the mean + SD. Means with the different
superscript letters in the same column were different significantly at P <

0.05
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Table 4: Effect of oral administration of AETF on the MDA level;
and the activities of GSH, GPx, SOD and CAT antioxi-
dant enzymes in testes tissues of diabetic rats.

MDA GSH GPx SOD CAT
Groups nmol/mg nmol/mg nmol/mg U/mg pumol/mg
tissues tissues tissues tissues tissues
Normal rats 1.39+0.09¢ | 37.00+0.82% | 25.43+0.98° | 19.14+0.69% | 312.43+2.072
Diabetic rats 2.44+0.08% | 22.00+1.159 | 11.29+0.95¢ | 8.79+0.274 160.29+1.70¢
Diabetic rats + 1 ml/100 | 1.91+0.09° | 25.43+0.53¢ | 16.00+0.82¢ | 13.43+1.13° | 280.00+2.31°¢
g b.wt/day of AETF
Diabetic rats + 2 ml/100 | 1.63+0.16° | 30.43+0.79° | 20.71+0.76° | 16.00+0.82° | 276.14+1.95°
g b.wt/day of AETF
Diabetic rats + 3 ml/100 | 1.33+0.05¢ | 36.4+0.902 26.57+0.98% | 19.29+0.76% | 311.71+1.502
g b.wt/day of AETF

Each value represents the mean £ SD. Means with the different super-

script letters in the same column were different significantly at P < 0.05

Table 5: Effect of oral administration of AETF on the serum sex
hormone levels (testosterone, LH, FSH) in diabetic rats.

Groups testosterone LH FSH
ml U/ml ml U/ml ml U/ml

Normal rats 4.31+0.122 4.00+0.142 3.46+0.10°
Diabetic rats 1.26+0.14° 1.67+0.164 1.70+0.81¢
Diabetic rats + 1 ml/100 g b.wt/day of AETF 1.77+0.11¢ 2.33+0.14¢ 2.16+0.33°
Diabetic rats + 2 ml/100 g b.wt/day of | 2.60+0.12° 2.91+0.10° 2.64+0.10°
AETF

Diabetic rats + 3 ml/100 g b.wt/day of | 4.07+0.11° 3.87+0.112 3.16+0.132
AETF

Each value represents the mean + SD. Means with the different
superscript letters in the same column were different significantly at P <

0.05.
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Histopathological Results

Histopathological structure of testes from normal rats showed no
histological changes of mature seminiferous tubules associated with
plenary spermatogenic series and the lumen was filled with mature
spermatozoa as shown in Photo 1. In contrast, testis sections of un-
treated diabetic rats (positive group) revealed large vacoulations,
degeneration and necrosis of germ cell lining of somniferous tu-
bules and oligospermia as showed in Photo 2. Microscopically ex-
amination for testes of treated diabetic rats with AETF at a dose of
1 ml/100g b.wt/day revealed conservative degeneration and necro-
sis associated with interstitial edema (Photo 3). Testes of diabetic
rats given orally AETF at a dose of 2 ml/100g b.wt/day revealed
nearly normal histological architecture with normal spermatogenic
series (Photo 4). However, the testes of treated diabetic rats with 3
ml/100g b.wt/day have normal histological structure with normal
spermatogenic series and the lumen of seminiferous tubules was
filled with spermatozoa as showed in Photo 5.
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Photo (1): Testis of a normal
rat exhibiting normal histologi-
cal structure of mature function-
ing seminiferous tubules associ-
ated with complete spermato-
genic series. (H and E, X 400)

B e ’*«",4,&7 > =

rat given orally AETF in a dose
of 1 ml /100 g b.wt/day show-
ing modest degradation of cell
germ lining of somniferous tu-
bules associated with interstitial

edema. (H and E, X 400)

Photo (2): Testis of a diabetic rat
appearing large vacoulations,
degeneration and necrosis of
germ cell lining of seminiferous
tubules and oligospermia. (H and
E, X 400)

Photo 4: Testis of a diabetic rat
given orally AETF in a dose of 2
ml/100 g b.wt/day showing near
normal histological structure of
seminiferous tubules with the
lumen replete with spermatozoa.
(H and E, X 400)
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Photo 5: Testis of a diabetic rat given orally AETF in a dose of 3
ml/100 g b.wt/day exhibiting normal histological structure of sem-
iniferous tubules with the Ilumen filled with spermatozoa.
(H and E, X 400)

Discussions

The present study was accomplished to inspect the potentially
protective effects of aqueous extract of the tamarind fruit pulp
(AETF) against hyperglycemia and male infertility in diabetic rats.

Induction of diabetes by subcutaneous injection using a single
dose of alloxan (150 mg/kg of b. wt) caused higher in blood glu-
cose and lower in serum insulin levels; and testicular toxicity and
oxidative stress. Testicular toxicity and oxidative stress in diabetic
rats were characterized by the significant decreases in weight of the
testes and seminal vesicles and increases in prostate gland weight,
as well as decreases in serum activities of AST, ALT, ALP en-
zymes; and levels of sex male hormones (testosterone, FSH and
LH). Furthermore, there were lowered in testicular antioxidant ca-
pacity; degeneration and necrosis in testicular tissue. The present
findings are agreed with Gaunay et al., (2013) who indicated that
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diabetes is one of the main leading causes of reproductive disorders
characterized by testicular tissue dysfunction, lowered testicular
weight, quantity of sex cells, sperm quality and sex hormonal dis-
order, as well as increased the risk of seminiferous tubule degrada-
tion. Furthermore, Asmat et al., (2016) showed the link between
diabetes and oxidative stress as indicated by the higher in lipid pe-
roxidation and the lower in cellular antioxidant defenses, which
play an important role in the development of male infertility com-
plications in diabetic patients. Recently, Shoorei et al., (2019) and
Sadoughi et al., (2019) showed significant change in testis tissue
structure with germ cell apoptosis in testicular tissue of adult dia-
betic rats.

The obtained results may be related to oxidative stress, results
from the unbalance of endogenous antioxidant systems and reactive
oxygen species. In addition to that the spermatozoa possess a weak an-
tioxidant defense system and liable to oxidative stress, which effect on
the sperm integrity (Bisht et al., 2017). Furthermore, oxidative stress
impairs the steroidogenic ability of Leydig cells and the differentiation
ability of the germinal epithelium (Aitken and Roman, 2008) and has
been associated with pathologic aftermaths in the male reproductive
organs (Lee et al., 2019).

As established in the present study, oral administration of AETF
to diabetic rats, in a dose-dependent manner induces significant
ameliorated in blood glucose, serum insulin levels, activities of
AST, ALT and ALP enzymes, as well as the protective effects
against male infertility and oxidative stress. There was also a
marked increase in the activity of antioxidant enzymes in testicular
tissue and alleviation the testicular degenerative changes. The pro-
tective effect of AETF on male fertilizing capacity manifested by
the significant increases in weight of male sexual organs and serum
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testosterone, LH and FSH levels. This protective effect of AETF
against alloxan- induced diabetic and testicular injury was partially
similar to the obtained results by Roy et al., (2010) who showed
that the tamarind fruit extract has a hypoglycemic effect in diabetic
mice. Also, Wagh and Bhagure, (2012) reported that tamarind
fruit pulp has antioxidant, anti-inflammatory and antidiabetic ef-
fects. Unnikrishnan et al., (2015) revealed that tamarind fruit pulp
extract, in a dose-dependent manner has restrained effect on both a-
glucosidase and a-amylase enzymes. The suppression of a-amylase
Is an efficacious strategy to reduce postprandial hyperglycemia for
diabetes management.

The potential mechanism for the protective effect of AETF
against hyperglycemic and testicular damage induced by alloxan
could be attributed to its antioxidant protection and lower lipid pe-
roxidation. The antioxidant effect of AETF might be due to its high
content of antioxidant polyphenolic compounds as well as catechin,
which had been reported to have intense antioxidant activities
(Katalinic et al., 2004). Phytochemical analysis of tamarind fruit
pulp identified the presence of phenolics as naringenin, epicatechin,
apigenin, taxifolin, procyanidins, luteolin and eriodictyol
(Sudjaroen et al., 2005), steroids, saponins, alkaloids, tannins, fla-
vonoids, phenols, glycosides and terpenoids (Ishaku et al., 2016).
All these compounds were reported to revealed strong antioxidant
properties (Bundy et al., 2008). Saponins and glycosides were
founded to have anti-hyperglycemic and hypoglycemic effects
through stimulating insulin release from isolated pancreatic islets
(Grover et al., 2002) and flavonoids has a strong antioxidant
(Hausteen, 2002).

Conclusion: AETF produces protective effect and antioxidant ac-
tivity against alloxan - induced diabetic and reproductive toxicity in
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male rats. The protective effect could be attributed to the antioxi-
dant property. Regular intake of tamarind fruit may be beneficial
for male patients suffering from diabetic and/or infertility problems
and can be suggested as well good for the control of postprandial
hyperglycemia.
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