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Abstract:

BACKGROUND: Diabetes is a metabolic disease that is as-
sociated with hyperglycemia and infertility. Previous stud-
ies indicate that Aloe vera may positively affect the blood
glucose and fertility. OBJECTIVES: The present study was
carried out to evaluate the effect of Aloe vera on serum ox-
idant/antioxidant activity and reproductive hormones fol-
lowing experimental diabetes. METHODS: Sixty adult male
Wistar rats were divided to 5 groups. Control group(A) was
kept without treatment. Group(E) only received Aloe vera
gel(400 mg/kg-orally). Experimental diabetes mellitus was
induced in 3 groups of rats by streptozotocin( 65 mg/kg-Ip).
One diabetic group was kept without treatment (B). Anoth-
er diabetic group received Aloe vera gel (400 mg/kg-orally)
(C) and another received insulin (10 units)(D). Aloe vera gel
and insulin was administrated for 30 days, then the rats were
anesthetized and the blood collected. The amount of malond-
ialdehid (MDA), antioxidant activity(AOA), glutathion per-
oxidase activity(GPX), thiol protein(TSH), testosterone,
LH and FSH was determined in serum. RESULTS: Level of
testosterone was significantly decreased while amount of
MDA, TSH, GPX and AOA was significantly increased in
non-treated diabetic rats. Aloe vera increased antioxidant
defense. CONCLUSIONS: Aloe vera improves antioxidant
activity and reduces diabetic complications.

Introduction

Diabetes mellitus is a disease which af-
fects the endocrine system and is consid-
ered to be one of the most serious health
problems to modern global health (Basmat-
zou, 2016). Concurrent with the develop-
ment of diabetes, hyperglycemia can cause
structural and functional changes in various
organs and tissues(Cai,2000). The existing

evidence suggests that diabetes causes dis-
turbances in the reproductive system and
reduces fertility in humans and in animal
models (Carlos,2001).

Spermatogenesis is highly affected by the
activity of Leydig cells. Diabetes causes
changes in Leydig cells activity and thus re-
duces the level of testosterone in the blood.
The reduction of testosterone is one of the
main factors affecting the performance of
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blood testis barrier (Gautam,2006).

Many mechanisms have been proposed to
explain the changes of testicular structure
in diabetic conditions. In recent years more
attention has been paid to the mechanisms
that affect the performance of gonadotro-
pin cells and their secretion. Some reports
indicate that the lack of proper activities
of hypothalamic—pituitary axis decreases
the hormonal levels of gonadotropin cells
in blood and this reduction is involved in
the structural changes of testis tissue (Ric-
ci, 2009). Testicular function is controlled
by pituitary hormones. Follicle-Stimulating
Hormone (FSH) regulates the spermatogen-
esis while Luteinizing Hormone (LH) con-
trols the activity of Leydig cells. In these
researches a decreased serum level of FSH
and LH following diabetes has also been re-
ported (Hutson,1983).

On the other hand enough evidence exists
about the increased oxidative stress in dia-
betic patients, due to the excessive produc-
tion of reactive oxygen (ROS) and a reduc-
tion in the performance of the antioxidant
defense (Jakus, 2004. Maiti, 2004 and Ok-
sanen, 1975). The high concentration of free
radicals in diabetes may be due to the in-
creased glucose autoxidation (Ricci,2009).
The ROS varieties are caused by cell dam-
age through some mechanisms involving
lipid peroxidation, oxidative damage of
proteins and DNA through the induction
of oxidative stress (Aitken,1989). In nor-
mal conditions the removal mechanisms of
free radicals inhibit the ROS production and
consequently reduce the damages caused by
them (Jakus,2004). Aloe vera (Aloe bar-
badensis) has long been used for treating a
range of certain diseases.

Aloe vera extract has been proved to have
anti-diabetic and anti-cancer function. Aloe
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vera is also used as a substitute to antibiot-
ics (Kianfard, 2011). It is often recommend-
ed for diabetic patients due to its hypoglyce-
mic effects (Oksanen, 1975). Anthraquinine
are the constituents of 4/oe vera which have
laxative effects and the hypoglycemic prop-
erties of Aloe vera may be related to these
compounds (Okyar, 2001). Aloe vera is en-
riched with the antioxidants that can reduce
lipid peroxidation and the eliminated free
radicals (Noor, 2008).

Materials and Methods

In order to accomplish the goals of this
study, 60 healthy Wistar male rats weigh-
ing 200 +50 g were purchased from the Ex-
perimental Animal Center, in the Medical
University of Ahvaz and were transferred
to the Histology department of the Faculty
of Veterinary Medicine in Shahid Chamran
University. The purchased rats were kept in
the same environmental conditions (12 h
light/ 12 h of darkness), constant tempera-
ture and same amount of nutrition intake
for two weeks in order for them to adapt to
the environment. Following the adjustment
phase, the rats were randomly divided into
the following groups:

1- Control group (A): received the nor-
mal nutrition and were kept in normal con-
ditions (15 male rats).

2- Aloe vera Group (B): received 400
mg/kg Aloe vera gel orally for 30 days (10
male rats).

3- Non treated Diabetic group: in this
group in order to induce diabetes, strepto-
zotocin (STZ) was intraperitoneally inject-
ed at dose 65 mg/kg. One week after STZ
injection, in order to detect the presence of
diabetes, the rats were evaluated in terms of
blood glucose levels, through the tail vein
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blood and glucometer test. The rats with
glucose levels more than 250 Mm/lit were-
known as diabetic rat group (15 male rats).

4- Aloe vera-treated Diabetic group: In
this group the diabetic rat received 400 mg/
kg Aloe vera gel for 30 days by gavage (10
male rats).

5- Insulin-treated group: in this group di-
abetic rats received 10 IU insulin per day
for 30 days (10 male rats).

During the course of the experiment,
blood glucose was measured once every
two weeks. At the end of the experiment af-
ter anesthesia with chloroform, vein section
was performed in order to isolate the serum
and measure the stress biomarkers and hor-
mones. Malondialdehyde (MDA) was mea-
sured as a trailing indicator of lipid perox-
idation through TBARS method. Based on
this method the concentration of malondial-
dehyde was obtained based on MDA-TBA
complex optical density at 532 nanometer
wavelength in comparison with MDA stan-
dard curves (Pitton,1987). The measure-
ment of thiolprotein was done based on
the resuscitation of Elman reagent (DTNB)
through the reduced glutathione and the for-
mation of the yellow complex. The color in-
tensity was measured proportionally to the
amount of G-SH at 405 nm (Ellman,1959).
Protein carbonyl was measured through the
dinitrophenyl hydrazine reaction with this
protein, and also by measuring the absor-
bance of the hydrazone protein complex at
370 nm wavelength (Kosif, 2008). The total
antioxidant defense was measured by FRAP
assay (Iris, 1996). FSH, LH and the testos-
terone amount were measured using Elisa
method. Data analysis was performed using
SPSS version 22 and the one-way analysis
of variance (ANOVA) and post-hoc LSD
with significance level of (p< 0.05).
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Results

The highest blood sugar levels were ob-
served within three days in diabetic rats and
this can be considered as a significant in-
crease compared with other groups. In days
15 and 30, level of blood sugar in diabetic
rats showed a significant increase compared
with control and Aloe vera groups, the di-
abetic group, the diabetic group which re-
ceived insulin and the diabetic group that
received Aloe vera. Comparing the blood
sugar level of the diabetic rats which re-
ceived insulin and the diabetic group who
received Aloe vera, a significant increase is
observed in the control group and the con-
trol group which received Aloe vera (Table
1).

The most antioxidant activity was ob-
served in the diabetic rats in all three days
which signified a significant increase in the
control group and the control group who re-
ceived Aloe vera for fifteen days. Further-
more, there is a meaningful decrease in the
control group that received Aloe vera com-
pared to the diabetic group that received in-
sulin (Table 2). A significant decrease was
observed in the protein carbonyl levels at
day 15 in the diabetic rats compared to the
diabetic group that received Aloe vera and
the group which received Aloe vera. At day
30, a significant increase was observed in
the protein carbonyl levels in the control
group who received Aloe vera compared to
the diabetic group and the group which re-
ceived insulin (Table 2). Malondialdehyde
increased in the first day of diabetes induc-
tion and compared to the control group this
increase can be considered significant. On
day 15 and 30, after the induction of diabe-
tes, the amount of this factor in the diabetic
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Table 1. The mean and standard deviation of blood sugar of rats in different groups. Letters a, b, ¢, d, e in each column indi-
cate significant differences at p<0.05.

Blood sugar The first day of diabetes 15 days after diabetes 30 days after diabetes
Groups
Control (A) 118+7.3° 110+8.2 bed 112+45.7 bed
Diabetics (B) 445+6.3 2 407+8.2 e 439437 acde
Diabetes + Aloe vera (C) - 264£5 e 190+£2.6 ¢
Diabetic + insulin (D) - 255+4.7 e 184+4.2 ¢
Aloe vera (E) - 107+6.7 b 108+8.1 b

Table 2. Serum levels (mean £ SD) total antioxidant activity, malondialdehyde, protein carbonyl in diabetic rats treated with
Aloe vera (n=10). Letters a, b, ¢, d, e in each column indicate significant differences at p<0.05.

Indicators

Biochemical factors

Total antioxidant activity Malondialdehyde Protein carbonyl
The first 15 days 30days Thefirst 15daysaf- 30days  Thefirst 15 daysaf- 30 days after
day of  after dia- after day of ter diabetes after day of  ter diabetes diabetes
Groups diabetes betes diabetes  diabetes diabetes  diabetes
Control (a)  488+5  507+8.5° 356.1+8.2 31949°  426+8° 419+6.8  14.5+1.2 13.56+1.05 13.6+0.4
Diabetics (b) 558+7.5 679+6.6* 429.9+7.4 858+8°* 77247 765.9+4 13.4+0.24 11.98+1.07 12.73+0.69 °
Diabetes + - 627.6+8.1¢  395.1+9 - 656.6+8.1  520.2+£5.2 - 14.03£0.24  14.48+0.56
Aloe vera (¢) b
Diabetic + - 599.2+7.1¢  468.6£7 - 499.248.6° 439.1+7° - 13.58+0.88 12.81+0.16 ¢
insulin (d)
Aloe vera (e) - 434.246.5 4322473 - 663.6£5.6 533.9+4.3 - 13.97+1.6° 15.2240.16

bed

Bd

Table 3. Serum levels (mean = SD) of markers of oxidative stress in diabetic rats treated with Aloe vera (n = 10). Letters a,
b, ¢, d, e in each column indicate significant differences at p<0.05.

Indicators Biochemical factors
Protein thiols Glutathione peroxidase
The first day 15 days after 30 days after ~ The first day 15 days after 30 days after
Groups of diabetes diabetes diabetes of diabetes diabetes diabetes

Control (a) 30.11+7.8 37.09+8 © 24.03+2.8° 60.56+7.9 52.8449°¢ 41.35+8.8 b
Diabetics (b) 19.07+4.1 47.12+6.1 ¢ 46.26+7.1 * 162.16£7.5 161.23+8.3 ¢ 541.78+8.8 wde
Diabetes + Aloe vera (c) - 21.9246.3 A 29.014+9.4° - 651.93£8.5 A0 34]1.03£5.] abde

Diabetic + insulin (d) - 35.12+7.8 32.09+3.1 - 170.5749.1 ¢ 122.9+£5.2 b

Aloe vera (e) - 43.09+2.8 ¢ 29.88+7.7° - 81.31+6.1 ¢ 63.09+5.5 ¢

rats shows a significant increase compared
with the control group who received insu-
lin and the control rats (Table 2). The thiol
proteins levels have a significant decrease
in the diabetic and Aloe vera recipients
compared with the control group, the con-
trol group who received Aloe vera and the
diabetic rats, also on day 30. A significant
increase was observed in thiol proteins lev-
els in diabetic rats compared to the control
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group, the control group who received Aloe
vera and the diabetic recipients of Aloe vera
(Table 2). A significant increase of Glutathi-
one peroxidase was also observed in diabet-
ic rats that received Aloe vera. On day 15
and 30, after the diabetes induction a signif-
icant increase of this factor was observed in
diabetic and diabetic recipients of Aloe vera
compared to the other groups (Table 2).
The calculated amounts of the FSH, LH
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Table 4. Average of FSH, LH and testosterone hormones in rats. Letters a, b, ¢, d, e in each column indicate significant dif-

ferences at p<0.05.

ormones FSH (mIU/ml) LH (mIU/ml) Testosterone (ng / dL)
The first day 15 days after 30 days after ~ The first 15 days 30 days The first 15 days 30 days
of diabetes diabetes diabetes day of after after day of after after
Groups diabetes diabetes diabetes diabetes diabetes diabetes
Control (a) 406.35+6.3 439.91+8.38 499.21+6.81 8.18+0.62 8.56+0.81 7.38+0.63 9.38+0.47 10.2+0.96 9.01+0.07
B b b b B b b b b
Diabetics  251.5544.63 250.34+6.45 268.48+9.98 3.3£0.19° 3.41+0.59 3.34+0.18 4.75+0.84 4.85+0.39 4.58+0.78
(b) A ae a acde acde a a ae
Diabetes + 307.41£9.2  400.79+6.5 7.15+16 %  8.34+0.38 7.66+£0.92  7.64+0.23
Aloe vera b
(0)
Diabetic + 367.19+9.63 394.81+7.94 7.33+0.26  7.93+0.58 7.46+0.85  8.3+0.46
insulin (d) B b
Aloe vera 419.75+7.7°%  365.47+9.5 8.47+0.53  7.37+0.18 8.75+0.77  9.51+£0.43

(e)

B b b

and testosterone in serum blood were sig-
nificantly different in the first 15 and 30
days after the development of diabetes. FSH
levels on the first day of diabetes in diabet-
ic rats had a significant reduction compared
to the control group. On day 15 after dia-
betes induction, FSH decreased in diabetic
rats and this reduction can be considered
meaningful in control group and recipients
of Aloe vera (ml/ miu). Moreover, on day 30
after diabetes induction FSH levels reduc-
tion was statistically significant in diabetic
group compared with the control group (Ta-
ble 3).

In the first day of diabetes induction a sig-
nificant decrease was observed in LH levels
in blood serum of diabetic rats. LH reduc-
tion on day 15 and 30 after diabetes induc-
tion was statistically significant in diabetic
rats compared to the other groups (Table 3).

In the first day of diabetes induction a sig-
nificant decrease was observed in testoster-
one levels, of the diabetic rats compared to
the control group. Testosterone reduction on
day 15 of diabetes induction was also statis-
tically significant in diabetic rats. On day 30
of the diabetes induction, a significant de-
crease in testosterone level was observed in
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the diabetic group (Table 3).

Discussion

The increased blood glucose levels in
diabetes leads to structural and functional
changes in tissues and organs, including re-
productive organs (Cai, 2000). In this study,
the mean glucose levels in streptozotocin
induced diabetic rats significantly increased
in diabetic rats compared to the control
group and that is because of the reduction
of B-cells in the pancreatic islets after the
onset of diabetes. A significant decrease
was observed in the amount of blood sugar
of the diabetic rats that received insulin and
the diabetic rats which received Aloe vera
with doses of 400 mg/kg for about 15 and
30 days after diabetes induction. Josias and
colleagues(Josias,2008) and Rajasekaran et
al (Rajasekaran, 2006) administered Aloe
vera gel with dosage of 300 mg/kg orally per
day for rats for 21 days and reported a signif-
icant reduction in the glucose levels of their
blood which is consistent with the findings
of the present study. Helal et al (Helal,2003)
and Noor et al in 2008 achieved similar re-
sults about blood sugar reduction after Aloe
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vera administration (Helal, 2003; Noor,
2008). Noor et al in 2008 stated that blood
sugar reduction after using Aloe vera may
be due to the prevention of the pancreatic
B-cell death by the Aloe vera, or by a simi-
lar function of insulin, through the glucose
uptake by peripheral tissues, and inhibiting
glucose production via gluconeogenesis in
the liver and muscles (Noor, 2008).

In this study, serum levels of FSH, LH
and testosterone in the blood of rats in dif-
ferent groups were compared. In this case a
significant decrease was observed in serum
levels of FSH, LH and testosterone, in dia-
betic rats which can be due to the increased
oxidative stress after diabetes induction.
Furthermore, it was observed that the
amount of LH in the serum of diabetic rats
that received Aloe vera increased compared
to other diabetic rats. This can indicate Aloe
vera potentials to reduce the damaging ef-
fects of diabetes and its antioxidant effects.
Ricci and colleagues reported the reduction
of plasma levels of testosterone following
diabetes and stated that it is affected by the
reduction in the number of Leydig cells
and an increase in oxidative stress after di-
abetes induction (Ricci, 2009). They also
stated that the reduction of testosterone is
responsible for the changes in epithelium
of tubules in diabetic animals. Stephan and
colleagues stated that the Leydig cell reduc-
tion and morphological changes that occur
in the testis of the diabetic rats was a result
of the increased oxidative stress induced by
hyperglycemia and the reduction of the an-
tioxidant defense (Stephan, 2007).

Howland and Zebrowski reported that se-
rum testosterone level in diabetic rats was
significantly reduced compared to the con-
trol group. They also reported that the con-
centrations of FSH and LH increased in the
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pituitary gland of diabetic rats (Howland
and Zebrowski,1976). Ballester et al report-
ed that the reduction of serum levels of FSH,
LH, testosterone and insulin subsequent to
diabetes (Ballester, 2004). These results are
compatible with the findings obtained in this
study. In this study biochemical factors such
as malondialdehyde, thiolprotein, glutathi-
one peroxidase and total antioxidant activi-
ty were examined in order to investigate the
role of Aloe vera in dealing with the oxida-
tive stress which is caused by diabetes. In
this study it was observed that the level of
malondialdehyde in the first, 15 and 30 days
of induction in diabetic group significantly
increased compared to the control group
by stimulating the immune system to cope
with the oxidative stress (Ballester, 2004).
These results were compatible with the re-
sults obtained from Stephen et al’s study
which measured the malondialdehyde lev-
els 60 days after diabetes induction. They
also stated that the oxidative stress-induced
hyperglycemia after diabetes induction de-
creases antioxidant defense and increases
the malondialdehyde (Stephan, 2007). Mo-
hasseb and colleagues noted the increase in
amount of malondialdehyde 8 weeks after
diabetes induction ( Mohaseb, 2010).

It was also observed that the thiol protein,
the glutathione peroxidase and the total an-
tioxidant activity increased significantly
in the diabetic rats compared with control
group. This fact confirms the stimulation of
the immune system to cope with oxidative
stress induced by hyperglycemia after dia-
betes induction. The higher levels of antiox-
idant activity and other biochemical factors
that are involved in the elimination of the
reactive oxygen types (ROS) in the diabetic
rats which received Aloe era shows Aloe
vera potentials and its antioxidant com-
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pounds, and further, the stimulation of the
immune system that could lead to a reduc-
tion in the damaging effects of diabetes, fol-
lowing Aloe vera administration.
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