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ABSTRACT

Aloe vera has commonly used for treatment and prevention varieties of diseases through over the world.
Diabetes mellitus (DM) is an inability to regulate blood glucose levels. Alternative and complementary medicines
have been used widely in these years for chronic diseases either for curing or limit its progression. This study
aims to clarify the curative role of Aloe vera (Liliaceae) leaves gel (ALG) on experimentally induced diabetes in
rats. Four groups of male albino rats (120 +10 g) (8 each): control, DM rats, ALG supplemented group and DM
rats treated with ALG. Diabetes was induced by a single streptozotocin (STZ) intraperitoneally (i.p.) injection (65
mg/kg b.wt) and the treatment with ALG was done by a daily oral dose (500 mg/ kg b. wt.), for 4 weeks starting
from ALG supplementation. Diabetic rats showed significantly hyperlipidemic, elevated lipid peroxide and
glucose levels, and significantly decrease liver glycogen content compared with control group. Ingestion ALG to
DM rats had a potent hypoglycemic and antioxidant effects, and significantly improve lipids profile parameters
compared with DM group. It is concluded that ALG could be valuable in diabetes treatment and the antioxidant
action observed in the current study may be one of the underlying mechanism for Aloe's hypoglycemic actions.
Therefore, the present study recommended the use of ALG as a supplement in some beverage for diabetic and
hypercholesterolemic patients.
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INTRODUCTION

Diabetes is a chronic disease and has become a public
health concern, it is one of the most prevalent diseases
worldwide with an increasing incidence [1]. It causes
substantial morbidity, mortality and long-term
complications [2]. Plants are considered as
pharmacological a

ctivities and have been used in natural products with
therapeutic properties around the world [3]. Natural
products derived from medicinal plants have an
important role as pharmaceuticals wused in
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conventional medicine [4].

Aloe vera plant widely utilized as medical interest for
many years due to their therapeutic value, it has anti-
inflammatory, antioxidant, anti-diabetic, anti-infective,
antimicrobial and immune-boosting properties [5].
Aloe genus consists of more than 500 species
throughout the world, it is known as Aloe vera, "true
aloe" or a desert plant [6]. Aloe vera gel consisting of a
great variety of components, it contains many
minerals, vitamins, enzymes, proteins,
polysaccharides and biological stimulators [7]. It
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showed superior antioxidative action and suppresses
free radical-induced oxidative damage [8]. A
randomized controlled trial was found that there is a
significant effect of A.vera on glucose and lipids in
diabetic subjects, it regulates glucose level and reverts
the levels of lipid profile [9]. The objective of this
study is to assay the influence of ALG treatment on
biological, metabolic and antioxidant disorders on
experimentally induced DM rats.

MATERIALS AND METHODS

Plant samples preparation

Aloe vera leaves (Family Liliaceae) were obtained
from Horticultural Research Institute, Agricultural
Research Center, Egypt. Fresh leaves were washed to
remove substantially all surface dirt. Each leaf was cut
at both ends, by scratching with a stainless steel spoon
and gel was separated, then homogenized by a
Moulinex blender. The extracted was filtered, then
lyophilized and stored at 4° C [10].

Chemicals and Kits

Streptozotocin (STZ) and all chemicals and kits used
with highest laboratory purity purchased from Sigma-
Aldrich Co. (St. Louis, MO, USA).

Induction of diabetes

Male rats (n=32) were kept under identical laboratory
conditions, ordinary diet [11] and water ad-libitum
were provided. After a week as adaptation period,
they were divided to four groups as follows: Control;
rats received a single intraperitoneally (i.p.) injection
with 0.2 ml of 0.05 M citrate buffer pH=4.5; diabetic
(DM); rats injected i.p. with 65 mg/kg b.wt. STZ
dissolved in 0.2 ml of 0.05 M citrate buffer pH=4.5,
they received orally 5% sucrose solution for 48 h
[12,13]; ALG, rats received the same injection as in
control group, after 72 h rats supplemented daily with
an oral dose of ALG (500 mg/kg b.wt) [14]; and DM
rats treated with ALG. Blood samples were obtained
after 72 h from an orbital plexus vein of each rat to
confirm diabetes induction. After 4 weeks animals
were fasted overnight, with free access to drinking
water, rats were sacrificed under ether anesthesia.
Blood samples were collected and serum was
obtained, then stored at -20 2C.

Biochemical analysis

Serum samples were used for the determination of
malondialdehyde (MDA) [15], glucose [16], total
cholesterol (TC) [17], high-density lipoprotein
cholesterol (HDL-C) [18], triacylglycerols (TG) [19],
and low-density lipoprotein cholesterol (LDL-C) [20].
Determination of liver glycogen was performed [21].

Statistical analysis

Results are presented as mean * SE., data analysis was
done by one-way ANOVA, LSD to detect differences
between groups. SPSS version 22 was used for these
calculations.
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RESULTS

Biological effect of ALG

Table (1) showed the effect of ALG supplementation
on BWG, FI and FER in DM rats. There were significant
(p<0.001) decrease in BWG (- 83.28 % as percent
change from control group), while no significant
difference between ALG and the control group was
found. Treatment of DM with ALG induced an
apparent increase in BWG, there was significant
difference (p < 0.01) between DM treated with ALG
and DM rats. Regarding the FI and FER, DM rats
showed an increase in FI with percentage 10.42 % as
percent change from the control group, meanwhile,
the FER showed a significant decrease (p<0.01)
compared with control group. Treatment of DM rats
with ALG showed noticeable improvement in FER as
compared with DM group, there was a significant
difference between DM and DM+ALG groups.

Table (1): Effect of ALG supplementation on body
weight gain (BWG), food intake (FI) and food
efficiency ratio (FFR) in experimental rats

'gz;‘gj;ismemal Control | DM ALG | DM +ALG

BWG (g) ;;.561 ggazio. ;Li.?ls 35,61 2282
g/day/gmup) 125 * 237'?1 523'14.21i 72.03 +3.59
FFR 813‘1& 8{)3250. g:(l)i £ [ 011 + 002

Each value represents mean of 8 rats + SE.

a Significant difference from control group.

b Significant difference between DM and DM+ALG. * p<
0.05, * p<0.01 & *** p< 0.01.

Antioxidant effect of ALG

Serum MDA concentration of different groups is
presented in Figure (1). DM rats revealed significant
increased (p<0.001) in MDA. The results of rats
receiving ALG showed slightly decrease in MDA
compared with control group. Treatment of DM rats
with ALG significantly decrease (p<0.001) MDA
concentration compared to DM group, at the same
time there was no significant difference as compared
with control and ALG groups.

Effect of ALG on glucose and liver glycogen

The glucose level in DM rats showed significantly
(p<0.001) increased accompanied by significant
(p<0.001) decreased in liver glycogen level comparing
with control, with percent change 116.79 and -25.74
%, respectively from control values. Treatment of DM
rats with ALG markedly overcame the rise in glucose
and drop in liver glycogen levels, there was a
significant difference (p<0.001) between DM and
DM+ALG groups, at the same time their values were
significant (p< 0.05) compared with the control values
Figures (2&3).
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Figure(1): Effect of ALG supplementation on lipid
peroxidation (MDA) in rats
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Figure (3): Effect of ALG on liver glycogen content in
experimental rats

Each value represents mean of 8 rats + SE. @ Significant
Each value represents mean of 8 rats + SE. @ Significant difference from control group. # Significant difference
difference from control group. # Significant difference between DM and DM+ALG. (* p< 0.05, ** p<0.01 & ** p<

between DM and DM+ALG. (* p< 0.05, ** p<0.01 & ** p< 0.001).

0.001).

Hypolipidemic effect of ALG

Results of lipids profile parameters in different groups
tabulated in Table (2). DM rats showed significant
increased (p<0.001) in TC, TG & LDL-C with
significant decreased (p<0.001) in HDL-C as compared
with control group, the percent change recorded for
TC, TG, HDL-C & LDL-C were 86.37, 79.52, - 41.99 &
79.58 %, respectively when compared with control
values. There were no significant changes in lipid
parameters in rats administrated ALG. DM+ALG
revealed a significant enhancement in lipid profile
compared with DM group, while, the changes were
non-significant when compared with control values.
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Figure (2): Effect of ALG on glucose concentration in
rats

Each value represents mean of 8 rats + SE. @ Significant
difference from control group. # Significant difference

between DM and DM+ALG. (* p< 0.05, ** p<0.01 & **
0.001).
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Table (2): Effect of ALG on lipid profile parameters in
experimental rats

Experime
ntal Control | DM ALG DM + ALG
groups
90.38+2 | 168.44 88.80+1.5 | 97.76
TC (mg/dl) | 4, +4.832" | 7o +6.14 0™
79.12 142.04 + | 8159 =+ | 8943 +
TG (mg/dl) | 55, 6.28a | 2,69 413"
HDL-C 4724 + | 27.40 4854 + | 4449 =
(mg/dl) 1.68 +1.41 | 2230 2,920
LDL-C 1582+ | 2841 + | 1632 =+ | 1789
(mg/dl) 0.87 2.89 | 0.600" 0.93v

Each value represents mean of 8 rats + SE.

a Significant difference from control group.

b Significant difference between DM and DM+ALG. * p<
0.05, * p<0.01 & *** p< 0.01.

DISCUSSION

Diabetes, an endocrine disorder, has serious affecting
damage on vital organs as liver, heart, and kidney.
Oxidative stress has a major role in the development
of DM complications [22]. Recently diabetes treatment
focus not only on insulin secretion but also on
antioxidant protection of the B-cell, thus may facilitate
B-cells repair, which undergoing damage by
hyperglycemia induced-oxidative stress [23]. Aloe
vera is belongs to Liliaceae family. It contains many
phytochemicals, polysaccharides (mucilage), vitamins,
nutrients and antioxidants [24]. However, the present

P<study investigated the possible protection action of

ALG supplementation against some biological, lipid
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peroxides and biochemical parameters changes
induced in diabetic rats.

Diabetes rats revealed significant decreased in the
BWG and increased in FI, meanwhile FER was
significant decreased compared with non-diabetic
control rats. The reduction in BWG in DM may be
associated with reduce in energy intake, which may be
attributed to inability to use carbohydrates including
lipolysis, glycogenolysis and acidosis [25]. Moreover,
insulin stimulates muscle and adipose tissue to uptake
glucose that significantly induce a weight loss. The
increase in FI may be explained by Chen and Dawing
[26] they attributed these effect in diabetic rats to
polyphagia and polydipsia.

Ingestion ALG to rats revealed no significant effect on
biological evaluation compared with control rats, this
confirmed its safe use. Our results explained by
Herlihy et al. [27] who reported that long-term
ingestion of Aloe vera had no any effect of rat growth
and organs/ body weight ratio, and elicited the same
growth that seen in control.

In the obtained results treatment of DM rats with ALG
showed enhancement in BWG and FER, there was a
significant difference between DM and DM+ALG
groups. Robert et al. [28] found that diabetic mice
underwent body weight decrease compared with the
increase in normal mice, while in A. vera treated
diabetic rats the decrease was slightly insignificant as
compared with control, the significant weight loss
demonstrated by diabetic animals, most probably
indicative of decreased insulin-dependent anabolic
pathways. Takaku et al. [29] found that Aloe vera
constituents may contain some growth factors and/or
a component with insulin-like effect, which inhibit
epinephrine-induced lipolysis and decreased body
weight. Sivagnanam et al. [30] attributed the beneficial
effect of Aloe vera to cytoprotective and regulating
properties of the Aloe leaves gel.

In present results, DM group revealed a significant
increase in MDA level compared with control.
Meanwhile, ingestion of ALG to DM rats reduce this
oxidative stress and tended to normalize the level of
MDA, there was a significant difference as compared
with non-treated DM group. One of the major route
pathophysiological condition during DM is oxidative
stress. Continual hyperglycemia increase free radicals
generation in tissues from glucose auto-oxidation and
protein glycosylation, thus implicated in diabetic
complications. Increased free fatty acids levels
positively correlated to insulin resistance and cell
function deterioration thus concomitant
hyperglycemia and increase ROS [31, 32, 33].
Antioxidants protect cells and tissues against oxygen
free radicals damage. Studies have focused on the
antioxidant effect of Aloe vera [34,35], this effect of
ALG explained by the constituents of Aloe vera, which
have biological activities, these substances have a
potent antioxidative activity and inhibit production of
oxygen radicals [36, 37]. Aloe vera fresh leaf extract
caused a decrease in malondialdehyde formation, thus

f )‘ “.\,
-
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protecting against pro-oxidants which cause cellular
and membrane damage [38].

The current study elicited marked a significant
increase in serum glucose level with a significant
decrease in liver glycogen content in DM rats
compared with control group. Treatment of DM rats
with ALG ameliorated these effect, their values
revealed significant difference comparing with DM
non-treated rats. This result was in accordance with
Abd El Razek [39], this may be attributed to insulin
deficiency, hyper-gluconeogenesis and/or hyper-
glycogenolysis [40]. The obtained results of ALG
ingestion was in accordance with Herlihy et al. [41]
who found that feeding Aloe did not alter the plasma
glucose and insulin levels in healthy rats, even after
long-term of ingestion. Furthermore Okyar et al.[42]
found that A. vera exhibited hypoglycemic activity on
diabetic rats type I and II, this hypoglycemia may be
attributed to increasing in calcium level, which in turn
stimulates (-cells and increase insulin secretion,
enhanced rate of glycogenesis and increase liver
glycogen level. Moreover, this effect of ALG may be
attributed to increasing in the glucose tolerance or to
the active ingredients in ALG which can stimulate and
help in the recovery of B-cells [43-44].

In the current study, DM rats showed significant
hyperlipidemic compared with control rats, while in
DM+ALG group significant improvement in lipid
parameters was found compared with DM. From a
common complication of DM is hypercholesterolemia
due to impaired activity of lipoprotein lipase. Badawy
and Hegazi [45] found that significantly higher values
of total lipids of diabetic compared with non-diabetic
control, which fed the same diets, this effect may be
due to the rapid release of fatty acids into the blood
circulation, which often results in a hyperlipidemia.
The therapeutic effect of ALG in DM rats was in
accordance with Rajasekaran et al. [46] who found a
marked reduction in plasma lipids after oral
administration of aloe vera gel. The effect of ALG may
be attributed to the glycoprotein, the main constituent
of ALG, which has a radical scavenging activity and
inhibits thromboxane formation [37].

CONCLUSION

the present results indicated that ingestion of ALG has
a potent hypoglycemic and hypolipidemic effects in
diabetics, this could be explained possibly by its
antioxidant activity of its active constituents.
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