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ABSTRACT
Background: Diabetes mellitus is a metabolic disorder characterized by
chronic hyperglycemia. Plant extracts and their products are being used as an
alternative system of medicine for the treatment of diabetes. Aloe vera has
been traditionally used to treat several diseases and it exhibits antioxidant,
anti‑inflammatory, and wound‑healing effects. Streptozotocin (STZ)‑induced
Wistar diabetic rats were used in this study to understand the potential
protective effect of A. vera extract on the pancreatic islets. Objective:The aim of
the present study was to evaluate the A. vera extract on improvement of insulin
secretion and pancreatic β‑cell function by morphometric analysis of pancreatic
islets in STZ‑induced diabetic Wistar rats. Materials and Methods: After
acclimatization, male Wistar rats, maintained as per the Committee for the
Purpose of Control and Supervision of Experiments on Animals guidelines,
were randomly divided into four groups of six rats each. Fasting plasma
glucose and insulin levels were assessed. The effect of A. vera extract in
STZ‑induced diabetic rats on the pancreatic islets by morphometric analysis
was evaluated. Results: Oral administration of A. vera extract (300 mg/kg)
daily to diabetic rats for 3 weeks showed restoration of blood glucose levels
to normal levels with a concomitant increase in insulin levels upon feeding
with A. vera extract in STZ‑induced diabetic rats. Morphometric analysis of
pancreatic sections revealed quantitative and qualitative gain in terms of
number, diameter, volume, and area of the pancreatic islets of diabetic rats
treated with A. vera extract when compared to the untreated diabetic rats.
Conclusion: A. vera extract exerts antidiabetic effects by improving insulin
secretion and pancreatic β‑cell function by restoring pancreatic islet mass in
STZ‑induced diabetic Wistar rats.
Key words: Aloe vera, diabetes, insulin, morphometric analysis, pancreas,
streptozotocin

SUMMARY
• Fasting plasma glucose (FPG) and insulin levels were restored to normal
levels in diabetic rats treated with Aloe vera extract
• Islets of pancreas were qualitatively and quantitatively restored to normalcy
leading to restoration of FPG and insulin levels of diabetic rats treated with
Aloe vera extract
• Morphometric analysis of pancreatic sections revealed quantitative and

INTRODUCTION
Globally, diabetes mellitus is affecting major populations worldwide.
It is a metabolic disorder that affects many metabolic pathways. It
is characterized by hyperglycemia resulting from absolute insulin
deficiency or insufficient insulin secretion and/or insulin sensitivity.[1]
Epidemiological studies and clinical trials have shown that hyperglycemia
is the principal cause of complications. Effective control of plasma glucose
levels is an effective strategy to prevent the diabetic complications and
improving quality of life in diabetic patients. Despite important progress in
the management of diabetes using synthetic drugs, many traditional plant
treatments are still being used throughout the world.[2] Many traditional
plants and herbal medicines have been found to possess the antidiabetic
activity;[3‑7] however, the World Health Organization has recommended
that traditional plant treatments for diabetes warrant further evaluation.[8]
© 2017 Pharmacognosy Research | Published by Wolters Kluwer - Medknow

qualitative gain in terms of number, diameter, volume, and area of the
pancreatic islets of diabetic rats treated with Aloe vera extract when
compared to the untreated diabetic rats.
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Search for appropriate antidiabetic agents has been focused on traditional
plants because of the leads provided by these plant products that may
be considered to be less toxic than currently used drugs.[9,10] Aloe vera
contains numerous bioactive compounds/constituents useful for the
management of various diseases, including diabetes.[11,12]
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A. vera (L.) Burm. fil. (Aloe barbadensis Miller) is a succulent plant
which belongs to the family Liliaceae. It has been widely used in
traditional medicine as remedy for a variety of ailments. The properties
and actions of A. vera documented by traditional uses include its use
as the remedy for gastrointestinal ailments, anti‑inflammatory and skin
diseases,[13] wound healing[14] and burns,[15] antiulcer,[16] and diabetes.[17,18]
In our previous studies, streptozotocin (STZ)‑induced diabetic Wistar
rats treated with A. vera extract led to reduction in fasting plasma
glucose (FPG) to normal levels.[18] In the present literature, there is
a paucity of the information regarding the efficacy of A. vera extract
on morphometric data of pancreatic islets in STZ‑induced diabetic
rats. Therefore, the present study investigates whether A. vera extract
could provide antihyperglycemic activity with improvement in insulin
secretion through regeneration of the pancreatic β‑cells of STZ‑induced
diabetic Wistar rats. Morphometric analysis of pancreatic islets was
performed to further substantiate the beneficial effect of A. vera extract
on pancreatic cell mass.

MATERIALS AND METHODS
Chemicals and reagents
STZ was purchased from Sigma (USA). Glucose oxidase/peroxidase
reagent glucose kits were obtained from Span Diagnostics Ltd., Rat
insulin ELISA kit (Mercodia, Uppsala, Sweden). All other chemicals
used were of analytical grade.

Plant materials
Fresh leaves of A. vera (L.) Burm. fil. were collected from the nursery of
VIT University, Vellore, Tamil Nadu, India, between March and April.
The leaves were identified by the authorized staff of VIT University.
A voucher specimen has been deposited in the center’s herbarium.

Preparation of Aloe vera extract
A. vera extract was prepared from A. vera gel according to published
procedure.[18] A greenish‑brown powder crude extract of A. vera was
obtained. Dried powder was stored at 4°C until further use.

Experimental animals
Three‑month‑old male albino Wistar rats weighing 150–200 g were used
to carry out experiments. Wistar rats were maintained according to the
Committee for the Purpose of Control and Supervision of Experiments on
Animals guidelines under good laboratory conditions and were allowed
free access of food and water ad libitum. The experiments were carried
out in accordance with the principles of laboratory animal care, according
to the ethical norms approved by Institutional Animal Ethics Committee
guidelines of Christian Medical College and Hospital, Vellore, India.
During the whole experimental period, animals were fed with a balanced
commercial diet (Sai Durga Ltd., Bangalore, India) and water ad libitum.

Induction of diabetes
The Wistar rats were subjected to a 12 h fast. Diabetes was induced
by intraperitoneal (i.p.) injection of STZ (Sigma, USA) dissolved in
0.01 M cold sodium citrate buffer (pH 4.4) at a dose of 30 mg/kg
body weight (BW).[18] The animals were fasted overnight and blood
samples were collected from the tail vein (0.5 ml). Three days after STZ
administration, the rats were considered to be diabetic with FPG levels
above 250 mg/dL with glycosuria.

Study design and drug administration
A total of 24 male albino Wistar rats were used for the experiment. The
rats were divided into four groups of six rats each. The experimental
S100

period was 3 weeks. Group I comprised control rats. Group II
comprised induced diabetic group. Rats belonging to Groups III and
IV (therapeutic group) were given A. vera extract (300 mg/kg BW)
and glibenclamide (1 mg/kg BW), respectively, orally after the onset of
diabetes daily. The A. vera extract and glibenclamide were administered
orally once daily via a steel gavage tube for 3 weeks (28 days) to Group II
and Group IV, respectively. The dose of A. vera and glibenclamide was
taken from the study done by our previous study.[18] During the course
of the experimental study, the rats were weighed every week and
observed for any change in the behavior throughout the study period.

Collection of blood and measurement of plasma
insulin
After overnight fast, the blood samples for bioassay were collected form
the tail vein puncture. Blood was collected in tubes with anticoagulant.
FPG and insulin levels were estimated at 1st, 2nd, and 3rd weeks. The
FPG levels were estimated using GOD/POD kit (Span diagnostic) at
500 nm. The fasting plasma insulin levels were determined using a rat
insulin ELISA kit (Mercodia, Uppsala, Sweden) and absorbance was
read with Model 680 series Micro plate Reader S/N 14148 analyzer
(Bio‑Rad Laboratories, USA) at 450 nm.

Morphometric study
Tissue processing

All the rats after overnight fasting were sacrificed at the end of 3 weeks by
inducing anesthesia using thiopentone sodium (40 mg/kg i.p.). Pancreas
were removed and fixed in 10% buffered formalin and dehydrated by
graded series of alcohol, embedded in paraffin, sectioned at 5 µm in
thickness, and were cut using a American Optical microtome (Model 82)
and mounted on glass slides. Pancreatic sections were stained with
hematoxylin and eosin (H and E). The sections were examined under
LEICA Qwin microscope (Leica Qwin, Glattbrugg, Switzerland) with
digital camera attached.

Histomorphometric analysis
All the histomorphometric studies were carried out on LEICA Qwin
microscope connected to a computer. Five histological sections per slide
with the total of 15 sections per animal were taken for the morphometric
study at 110 µm intervals between each section with 5‑µm thick
histological cuts were stained with H and E. The morphometric analysis
determined (1) the number of islets in each section of the pancreas,
(2) the area of the pancreatic islet (µm2), (3) the volume (µm3), and
(4) the diameter of the pancreatic islets (µm) for each islet. The number
of islets was expressed as N/10 mm2.[19] The profile diameter (Di) of
the islets was calculated from the following equation: profile diameter
Di= √ab.[20] Assuming that the islets are of spheroid structures, the
formula of Fullman[20] was used to calculate the mean islet diameter (Di)
at a magnification of ×200, Di = π/2 × N/1/di1 + 1/di2…….1/diN,
where N represents the total profiles measured and (a) and (b) are
the major and minor at right angle to (a) axis of the islet, respectively,
and they were measured by a computer‑based image analysis
system (Semiautomatic image analyzer Leica Qwin DC180). The mean
radius of the islets (r = D/2) was used to calculate the mean islet area,
A = πr2. Islet volume was calculated using the following formula:[20]
V = 4 π/3 × (Di/2) 3. Images of the histological sections were obtained
using ×10 and ×20 magnification and were analyzed by image analysis
system (LEICA Qwin), a semi‑automatic software program. All
measurements for each group were averaged cumulatively and these data
were subjected to statistical analysis.
Pharmacognosy Research, Volume 9, Supplement 1, December 2017
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Statistical analysis
Data were expressed as mean ± standard deviation. Significance of the
differences in FPG and insulin levels in different groups was assessed by
two‑way analysis of variance followed by Bonferroni alpha analysis using
GraphPad Prism version 6.04 for windows, GraphPad Software, La Jolla
California, USA. The significance of difference between and within
groups was determined by Student’s t‑test. For all the tests, P < 0.05 was
considered statistically significant and P ≤ 0.001 as highly statistically
significant.

RESULTS
Effect of the 3‑week treatment of Aloe vera extract
on fasting blood glucose
Control rats (Group 1) fed with water as vehicle were euglycemic
and insulin levels were normal throughout the period (3 weeks) of

the study [Figure 1a and b]. In a subchronic antidiabetic study, it was
observed that, in the untreated group (Group 2), the FPG levels were
increased with decrease in insulin levels after induction of diabetes.
In Group 3 after A. vera extract (300 mg/g BW) administration, it was
noticed that the FPG levels were significantly lower than the diabetic
controls. In contrast, the FPG levels of the untreated diabetic rats
remained elevated throughout the experimental period. A FPG value of
14.22 mmol/L was observed on the 3rd day (confirmation of diabetes),
which subsequently reduced after treatment with A. vera extract to
7.25 mmol/L in the 1st week, which further reduced to normal levels in
the 2nd and 3rd weeks at 5.7 and 5.6 mmol/L, respectively [Figure 1a].
The P value was statistically significant (P < 0.001). The standard drug
glibenclamide lowered the FPG levels at 8.52, 7.81, and 6.84 mmol/L in
the 1st, 2nd, and 3rd weeks, respectively.

Effect of the 3‑week treatment of A. vera extract on
fasting serum insulin
The fasting serum insulin levels in Group 1 were normal throughout
the experimental period. The serum insulin levels decreased in Group 2
rats when compared to control rats. The serum insulin levels of Group 3
after oral administration of A. vera extract increased from 116.5 pmol/L
(1st week) to 146.1 pmol/L (3rd week) [Figure 1b]. The increase in serum
insulin levels was found to be statistically significant (P < 0.001). The
serum insulin level of Group 4 after oral administration of glibenclamide
at 3rd week was 142.6 pmol/L [Figure 1b].

Effect of 3‑week treatment of Aloe vera extract on
fasting insulin: glucose ratio
a

The insulin: glucose ratio was calculated from the fasting insulin and
glucose values. It was found that 28.2 pmol insulin/mmol glucose was
present in control rats; however, only 4.02 pmol insulin/mmol glucose
was available in the Group 2 rats [Figure 1c]. After 3 weeks of oral
administration of A. vera extract (Group 3) and glibenclamide (Group 4),
interestingly there was a 6.4‑ and 5.2‑fold (25.9 and 20.8 pmol
insulin/mmol glucose, respectively), respectively, increase in insulin:
glucose ratio when compared with the untreated diabetic rats [Figure 1c].

Morphological observations of pancreatic islets
b

The H and E staining of pancreatic sections upon histological
examination is shown in Figure 2. Islets were measured using the formula
of Fullman as mentioned in the Methodology section [Figure 2a]. In the
control rats (Group 1), the histological appearance of the pancreatic
islet cells was normal [Figure 2b]. On the contrary, diabetic pancreatic
sections (Group 2) showed reduction of number of pancreatic islets, the
islets were damaged and shrunken in size [Figure 2c]. The morphology of
the pancreas of Group III and Group IV rats revealed improvement in the
pancreatic islets and was comparable with control rats [Figure 2d and e].

Morphometric analysis
c
Figure 1: Effect of the 3‑week treatment of Aloe vera extract (300 mg/kg) in
streptozotocin‑induced Wistar diabetic rats. aEffect of Aloe vera on fasting
plasma glucose (mmol) levels. bEffect of Aloe vera on serum insulin (pmol)
levels. cEffect of Aloe vera treatment on insulin: glucose ratio (pmol/mmol)
levels. (a) Statistically significant increase in fasting plasma glucose and
decrease in insulin and insulin: glucose ratio levels in Group II compared
with Group I (P < 0.0001). (b and c) Statistically significant decrease in
fasting plasma glucose and increase in insulin and insulin: glucose ratio in
Groups III and IV when compared with Group II (P < 0.0001)
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Morphometric examination of the H and E‑stained pancreatic
sections showed a significant reduction in the total number of islets,
diameter, area, and volume of pancreatic islets in STZ‑untreated
diabetic rats (Group 2) with 58.4% of total number of islets, 64.8% islet
diameter, 43.3% islet area, and volume 28.8% when compared with
the control rats (Group 1). However, these morphometric parameters
were significantly increased in A. vera extract‑treated diabetic rat
group (Group 3) with 84.6% exhibited recovery in total number of islets,
85.1% in islet diameter, 71.7% of islet area, and 60.5% islet volume.
Here, our results suggest that A. vera could influence pancreatic islets
in STZ‑induced diabetic rats recuperation after A. vera treatment for
S101
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3 weeks that may have contributed to the antidiabetic effect [Table 1].
In glibenclamide‑treated diabetic rats (Group 4), the recovery was
80.5% in total number of islets, 83.7% in islet diameter, 60.4% of islet
area, and 56.8% islet volume.

DISCUSSION
In this study, insulin‑producing pancreatic β‑cells were degenerated
in STZ‑induced diabetic rats, leading to an increase in blood glucose
concentration and a decrease in insulin secretion [Figure 1a and b]. However,
after feeding with the A. vera extract, a significant antihyperglycemic

a

b

c

d

e

Figure 2: Hematoxylin and eosin‑stained sections of pancreas stained
after 3‑week treatment. (a) Photomicrograph of a pancreatic islet used for
morphometric analysis (×20). The major and minor a, bright angle diameter
and the surface area of pancreas. (b) Group I islets of Langerhans with
native architecture. (c) IN Group II, the islet was damaged and shrunken
in size displaying degenerative changes compared to control normal
rats. (d) Group III pancreatic islet displaying architecture similar to normal
control rat islet. (e) Group IV islet architecture similar to normal control
rat islet

activity was observed in STZ‑induced diabetic Wistar rats in comparison
to the untreated diabetic group [Figure 1a]. In our preliminary study, we
reported the marked amelioration effect of A. vera extract, brings back
the FPG levels to normal in STZ‑induced diabetic rats with protective
effect on pancreas, liver, and small intestine.[18] These observations from
this study are also supported by the report of Okyar et al.[21] and Salem
and El‑Azab[22] who showed that treatment with A. vera extract had
blood glucose‑lowering effects with possible protective role in pancreatic
β‑cells of STZ‑induced diabetic rats. It has been reported that the active
principles from plant sources might act by different mechanisms such as
increasing repair/proliferation of pancreatic β‑cells, stimulating insulin
secretion, and increasing the oxidative capability.[23‑25] Interestingly, after
A. vera extract treatment to the STZ‑induced diabetic rats, improved
serum insulin levels as well as the insulin: glucose ratio [Figure 1b and c]
was observed. The present findings corroborate with the report of Hafizur
et al.[26] that the increased serum insulin levels could be related to the
upregulation of the insulin synthesis by the pancreatic β‑cells or may
have the ability in the renewal of β‑cells or partial regeneration or
preservation of pancreatic β‑cell mass in STZ‑induced diabetic animals.
These observations suggest that A. vera‑treated diabetic rats maintain
the blood glucose homeostasis. Further, histological studies of pancreas
were carried out by morphometric analysis to confirm the rejuvenation
of pancreatic β‑cells.
The A. vera treatment improved the size of the pancreatic islets in
STZ‑induced diabetic rats [Figure 2]. To assess the importance of the
pancreatic β‑cell content for glucose homoeostasis in STZ‑induced rats,
these diabetic rats were fed with A. vera extract and compared with
untreated diabetic rats. The present study is the first one that shows
before and after treatment with A. vera change in the total number of
islets, islet diameter, islet area, and islet volume with reference to the
distribution, area, volume, diameter, and number of islets in each group.
The number of pancreatic islets in A. vera‑treated diabetic rats was
significantly higher than that of the glibenclamide‑treated diabetic rats
and untreated diabetic rats [Table 1]. These results indicate that A. vera
extract markedly increases at 84.6% in the total number of pancreatic
islets. These effects could rationalize the improved pancreatic islet
number and size and hence better insulin secretion and better glycemic
control. This finding further supports the hypothesis of possible
rejuvenation of islets, thus attaining the normal levels of insulin. Hence,
the balance of the pancreatic islet cells could increase insulin secretion
and reverse the diabetes in the A. vera extract‑treated diabetic rats,
whereas in untreated diabetic rats, the numbers of islets are considerably
reduced to 58.4% [Table 1], shrunken, and reduced in size with
infiltration of lymphocytes [Figure 2b]. These findings were in line with
those of Adeyemi et al.[19] and Ramadan et al.,[27] who also observed with
significant reduction in the islet number, area, volume, and diameter
in untreated STZ‑induced rats [Table 1]. We also noticed that there is

Table 1: Morphometric analysis of the pancreatic islets of control, untreated diabetic, Aloe vera‑treated diabetic rats and glibenclamide‑treated diabetic rats.
The data are represented as mean±SD. n=6 rats in each group. ♠Statistically significant increase in mean area of islets (P<0.001), ♣Volume of islets (P<0.001) and
*diameter of islets (P=0.008) of Group III and Group IV when compared with untreated Group II rats, respectively. Group I: Control rats; Group II: Untreated diabetic
rats; Group III: Aloe vera‑treated diabetic rats; Group IV: Glibenclamide‑treated diabetic rats; SD: Standard deviation
Parameters
Number of islets/pancreas (N/10mm2)
% Number of islets
Area of islets of H & T (x103µm2)
% of islet Area
Volume of islets (x105 µm3)
% of islet volume
Diameter of islets of H & T (x102µm)
% of islet diameter

S102

Group‑1
19.5±0.1
100
2.2±0.5
100
5.8±0.1
100
0.74±0.02
100

Group‑2
11.4±0.6
58.4
0.9±0.2
43.3
1.6±0.2
28.8
0.48±0.02
64.8

Group‑3♣♠٭
16.5±0.5
84.6
1.6±0.4
71.7
3.5±0.1
60.5
0.63±0.01
85.1

Group‑4♣♠٭
15.7±0.8
80.5
1.3±0.3
60.4
3.2±0.1
56.8
0.62±0.01
83.7
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difference in number, diameter, area, and volume of pancreatic islets in
A. vera, glibenclamide, and untreated diabetic rats when compared with
control rats. This difference may be due to variations in the replication
from the preexisting surviving β‑cells or regeneration of new β‑cells.
Wang et al.[28] reported that the β‑cells which survive STZ destruction
presumably belong to a less differentiated, immature cell population
which retains a high mitotic potential. Collombat et al.[29] have reported
that some kind of plants have been reported to induce regeneration
of pancreatic islets in STZ‑induced diabetic rats. Our present study
shows an increase in the islet number after treatment with A. vera
extract (300 mg/kg bw) to STZ‑induced diabetic rats. This suggests that
A. vera extract‑treated group may have a role in the rejuvenation or
revitalization of the pancreatic β‑cells or in the recovery of the partially
destroyed β‑cells. It has also been reported that a number of other
plants exert antidiabetic activity through these mechanisms.[19,23,26,29‑31]
Some of the literature findings of A. vera’s constituents with particular
emphasis on diabetes and other pharmacological actions show the
different constituents of A. vera exhibiting antidiabetic activity.[11,32‑35]
These studies strongly suggested that A. vera has active components that
alleviate diabetes and provide additional health benefits. Further work is
under progress to elucidate this hypothesis.

CONCLUSION
A. vera extract exhibited pancreatic islet cell rejuvenation, as evidenced
by increased pancreatic islet mass and hence helps in the restoration
of insulin levels and therefore improves the glucose metabolism in
STZ‑induced diabetic rats. Altogether, these findings indicate that A. vera
extract has an effective therapeutic effect that helps in the alleviation of
diabetes. Further experiments and clinical studies are required to explore
the additional mechanisms to establish its clinical utility with adequate
ethical and medical background to substantiate the use of A. vera extract
as nutraceutical supplement for diabetes.
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