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1Department of Pharmacology, Faculty of Pharmacy, University of Istanbul, 34452 Universite, Istanbul, Turkey.
2Department of Biochemistry, Faculty of Pharmacy, University of Istanbul, 34452 Universite, Istanbul, Turkey.
3Department of Pharmacognosy, Faculty of Pharmacy, University of Istanbul, 34452 Universite, Istanbul, Turkey.

Aloe vera (L.) Burm. fil. (= A. barbadensis Miller) (Liliaceae) is native to North Africa and also cultivated
in Turkey. Aloes have long been used all over the world for their various medicinal properties. In the
past 15 years, there have been controversial reports on the hypoglycaemic activity of Aloe species, prob-
ably due to differences in the parts of the plant used or to the model of diabetes chosen. In this study,
separate experiments on three main groups of rats, namely, non-diabetic (ND), type I (IDDM) and type
II (NIDDM) diabetic rats were carried out. A. vera leaf pulp and gel extracts were ineffective on lowering
the blood sugar level of ND rats. A. vera leaf pulp extract showed hypoglycaemic activity on IDDM and
NIDDM rats, the effectiveness being enhanced for type II diabetes in comparison with glibenclamide. On
the contrary, A. vera leaf gel extract showed hyperglycaemic activity on NIDDM rats. It may therefore
be concluded that the pulps of Aloe vera leaves devoid of the gel could be useful in the treatment of non-
insulin dependent diabetes mellitus Copyright � 2001 John Wiley & Sons, Ltd.
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INTRODUCTION

Aloe vera (L.) Burm. fil. (synonym A. barbadensis
Miller) (Liliaceae) is native in North Africa and is also
cultivated in Turkey. Aloe species have been used for
centuries for their laxative, antiinflammatory, immuno-
stimulant, antiseptic (Capasso et al., 1998) wound and
burn healing (Chithra et al., 1998a,1998b; Heggers et al.,
1995), antiulcer (Koo, 1994; Saito, 1993) and antitumour
(Winters et al., 1981; Saito, 1993) activities. In the past
15 years there have also been reports on the antidiabetic
activity of Aloe extracts (Agarwal, 1985; Hikino et al.,
1986; Ghannam et al., 1986; Ajabnoor 1990; Beppu et
al., 1993 Bunyapraphatsara et al., 1995; Yangchaiyudha
et al., 1996; Bunyapraphatsara et al., 1996). However,
some negative results have also been reported (Mossa,
1985; Roman-Ramos et al., 1991; Koo, 1994). The
controversy may be due to a difference in the parts of the
plant used such as leaf juice, gel, pulp or skin or to the
model of diabetes induced in animals. Therefore in order
to clarify these contradictory findings, we performed
separate experiments with the leaf pulp and leaf gel
extracts of Aloe vera on non-diabetic (ND), type I
diabetic (insulin dependent diabetes mellitus; IDDM) and
type II (non-insulin dependent diabetes mellitus;
NIDDM) diabetic rats.

This paper reports the acute studies made with Aloe
vera leaf pulp and gel extracts. The chronic studies on the

effect of A. vera leaves on blood glucose level of type II
diabetic rats, will form part of another paper.

MATERIALS AND METHODS

Induction of experimental diabetes

Type I diabetic model. Female Wistar rats weighing
150–200 g were made diabetic by intraperitoneal injec-
tion of streptozotocin (STZ), 65 mg/kg dissolved in cold
citrate buffer (1 mM, pH 4.5). Diabetes was verified after
2–3 days and the animals having a blood sugar level
higher than 250 mg/dL were considered diabetic for the
experiments. In all experiments rats were fasted for 18 h
prior to STZ injection.

Type II diabetic model. Wistar pups were injected
intraperitoneally on day 2 after birth with STZ,
100 mg/kg (Bonner-Weir et al., 1981; Weir et al.,
1981) and were called n0-STZ rats. These animals were
tested for the occurrence of diabetes after 6 weeks and the
diabetics (fasting blood glucose levels 104–170 mg/dL;
mean 137 mg/dL) were taken for experiment when they
were 2 months old (90–120 g weight).

Animal groups

The rats were divided into three main groups:

A: Non-diabetic (ND)
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B: Type I diabetic (IDDM)
C: Type II diabetic (NIDDM)

For the experiments, these three main groups were
reclassified into four subgroups of ten animals each:

I. Group (control) : PBS (phosphate buffered saline)
(6 mL/kg)

II. Group: Aloe vera leaf pulp extract (500 mg/kg)
III. Group†: Aloe vera leaf gel extract (10 mL/kg)
IV. Group (positive control) : Glibenclamide (1 mg/kg)

Preparation of samples

Plant material. Specimens of Aloe vera (L.) Burm. fil.
(in Turkish ‘Sarisabir’) were collected from Kale
(Demre) in Antalya, identified by N. Sütlüpinar and
cultivated in the greenhouse of our Faculty. Fresh leaves
of this cultivated plant were used in this study.

Preparation of the samples. A. vera leaves were
weighed, washed and cut from the middle, the gel was
separated by scratching with a spoon.

Aloe vera leaf pulp extract. The leaf pulps were cut up
into small pieces and homogenized with PBS by means of
a Moulinex Masterchef blender. The extract was kept at
4°C overnight, then filtered through cloth and the filtrate
centrifuged at 20000 rpm (45 700 � g) for 30 min, at 2°C
in a refrigerated centrifuge (Cryofuge 20-3 Heraeus-
Christ). The green pellet was discarded and the clear
yellow supernatant was taken and lyophilized (Labconco
apparatus). 7.5% Aloe leaf pulp extract was prepared by
dissolving the powder in PBS and mixing thoroughly by a
magnetic stirrer.

Aloe vera leaf gel extract. The gel was homogenized in a
Waring blender, then diluted with an equal volume of
PBS and homogenized for a second time. The extract was
kept at 4°C overnight, then filtered through cloth. The
clear filtrate was kept at �20°C in small portions.

Glibenclamide suspension. 5 mg glibenclamide was
suspended in 21 mL PBS, 4 mL propylene glycol was
added and the mixture was kept in an ultrasonic water
bath for 45 min until a homogenous suspension was
obtained.

Administration of samples

Non-diabetic and type I diabetic rats. After overnight
fasting (water allowed ad libitum), fasting blood samples
were collected and PBS, A. vera extracts or glibencla-
mide solution were given orally to the rats via gastric tube
at the doses cited. Blood samples were taken at 2, 4 and
6 h after administration.

Type II diabetic rats. After taking blood for fasting
blood sugar level determination from 18 h starved rats,
the above mentioned solutions were given orally under

light ether anaesthesia. 15 min thereafter, 0.6 mL of 50%
glucose solution (2.5 g/kg glucose) was administered in
the same way. Blood sugar levels were determined at 0.5,
1, 2, 3, 4 and 5 h after glucose administration.

Oral glucose tolerance test (OGTT) for non-diabetic
rats. 15 min after taking blood for fasting blood sugar
level determination, either 1.1 mL PBS or 1.1 mL 50%
glucose solution (2.5 g/kg glucose) was administered
orally to rats. Blood sugar levels were determined at 0.5,
1, 2, 3, 4 and 5 h after glucose administration.

Blood glucose level determination. From the tail veins
of rats, 32 �L of blood was taken into heparinized
capillary tubes (ringcaps�). Blood sugar levels were
measured with a Reflotron� apparatus (Boehringer-
Mannheim) by glucose oxidase method (Trasch et al.,
1984).

Statistical analysis. The mean and standard deviation
(x � SD) of plasma glucose levels for each treatment
group at each time point were obtained and statistical
significance between the treatment groups and the control
group were determined. The percentage change in blood
glucose for each group was calculated and Student’s t-
test was used to identify differences between the groups.
Data were considered significant by different at p � 0.05.

RESULTS

Effects of Aloe vera leaf pulp and gel extracts on
blood glucose levels of non-diabetic rats

The percentage change in blood glucose levels of non-
diabetic rats, 2, 4, 6 h after administration of PBS, Aloe
extracts or glibenclamide are shown in Fig. 1.

No significant difference in blood sugar levels was
seen with Aloe leaf pulp and gel extracts, whereas
glibenclamide decreased blood sugar significantly after 4
and 6 h in comparison with PBS (Table 1).

Effect of Aloe vera leaf pulp extract on blood
glucose levels of type I diabetic rats

The percentage change in blood glucose levels of STZ-
induced type I diabetic rats, 2, 4, 6 h after administration

† N.B. The effect of Aloe leaf gel extract on type-I diabetic rats was not
investigated.
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of PBS, Aloe extract or glibenclamide are shown in
Fig. 2.

Aloe leaf pulp extract caused significant decrease in
blood sugar levels at 2 and 6 h after drug administration,

whereas glibenclamide had no significant blood sugar
lowering effect in IDDM rats. When compared with
glibenclamide, Aloe leaf pulp extract was found to
produce a significant blood sugar lowering effect at 2 h
after administration (0.001 � p � 0.01) (Table 2).

Effects of Aloe vera leaf pulp and gel extracts on
blood glucose levels of type II diabetic rats

The percentage change in blood glucose levels of n0-STZ
type II diabetic rats, 0.5, 1, 2, 3, 4, 5 h after administration
of glucose 15 min subsequent to PBS, Aloe leaf pulp and
gel extracts or glibenclamide are shown in Fig. 3.

Aloe leaf pulp extract caused a significant decrease in
blood sugar levels at 1, 2 and 3 h after glucose
administration compared with PBS, whereas glibencla-
mide had no significant effect on NIDDM rats (Fig. 3).
The blood sugar lowering effect of Aloe leaf pulp extract
was found to be significant in comparison to glibencla-
mide at 2 and 3 h after drug administration
(0.01 � p � 0.02 and 0.02 � p � 0.05, respectively). On
the contrary, Aloe leaf gel extract produced a significant
increase in blood sugar in the first hour after administra-
tion and the decrease produced at 3–5 h was not
significant in comparison with PBS (Table 3.).†

The OGTT of normal rats is shown on Table 4.
Aloe vera leaf pulp and gel extracts had no toxic or

laxative effects at the doses given.

DISCUSSION

The first study on the hypoglycaemic effect of Aloe
species was made by Agarwal (1985) who gave a

Table 1. Effect of Aloe vera leaf pulp and gel extracts on blood glucose level of non-diabetic rats
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Table 2. Effect of Aloe vera leaf pulp extract on blood glucose level of type I diabetic rats
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† N.B. The effect of Aloe leaf gel extract on type I diabetic rats was not
investigated due to the fact that a hyperglycaemic effect was seen on type II
diabetic rats (Table 3).
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prescribed diet containing A. vera leaves to 3167 diabetic
patients twice daily for 5 years and reported marked
decreases in blood sugar as well as serum total
cholesterol and triglyceride levels. Subsequently, Ghan-
nam et al. (1986) using the dried sap of the plant, revealed
the existence of a hypoglycaemic agent which lowered
the blood sugar level of alloxan-diabetic mice. These
findings were confirmed by Ajabnoor (1990). The
chronic effect of A. vera juice was investigated in
combination with glibenclamide in diabetic patients and
the results also supported its hypoglycaemic effect
(Yongchaiyudha et al., 1996; Bunyapraphatsara et al.,
1996). Hikino et al. (1986) isolated two hypoglycaemic
glycans from A. arborescens, another Aloe species
originating from Japan, as well as Beppu et al. (1993),
who separated two different components with hypogly-
caemic activity from the leaf pulp and the leaf skin of the
same plant. On the other hand, a study made with A. vera
gel in STZ-induced diabetic rats confirmed its efficacy
through chronic administration (Bunyapraphatsara et al.,
1995) contrarily to Koo (1994) who found an elevation in
plasma glucose levels of alloxan-induced diabetic rats in
acute as well as chronic studies with a health product
containing A. vera gel.

As can be seen, the results of the studies made on the
hypoglycaemic activity of the Aloe vary in regard to the
plant species, the part of the plant used (leaf pulp, leaf
skin, leaf gel, leaf juice), the preparation of the extracts as
well as the diabetic models.

Diabetes mellitus is one of the leading causes of death,
illness and economic loss all over the world. Whereas
insulin-dependent (type I, IDDM) diabetes is character-
ized by juvenile onset and by absolute insulin deficiency,
non-insulin-dependent (type II, NIDDM) diabetes is
characterized by mature onset, by varying basal insulin
levels and a frequent association with obesity. It is likely
that further heterogeneity exists within these two basic
types. Similarly, animal models of diabetes differ
significantly from each other and none of them can be
taken, without reservations, to reproduce the essentials of
human diabetes (Bell and Hye, 1983). It is well known
that alloxan and STZ produce diabetes by selectively

destroying pancreatic �-cells, thus causing type I
diabetes. Neonatal STZ administration to rats seems to
be an efficient and useful model of type II diabetes, which
in many ways resemble human NIDDM. The unique
characteristic of STZ-diabetes in rat neonates is the
transitory nature of overt �-cell deficiency compared with
STZ-diabetes in the adult rat (Bonner-Weir et al., 1981;
Portha et al., 1989).

Our findings that the n0-STZ rats showed a mild basal
hyperglycaemia and an abnormal response to glucose
tolerance test (Table 4), were in accordance with the
literature cited. The pattern was chronic and stable (�20
weeks).

The results of this study clearly indicate that A. vera
leaf pulp extract is efficient in both type I and type II
diabetic rats (Figs 2, 3). On the other hand, A. vera leaf
pulp extract was ineffective in lowering the blood sugar
of non-diabetic rats, contrary to glibenclamide (Fig. 1),
leading us to suppose that their mechanisms of action are
different. Our results agree with Beppu et al., (1993) who
reported that the activity of glibenclamide was weaker
than that of A. arborescens juice powder and also support
the claimed hypoglycaemic activity of various Aloe
extracts (Ghannam et al., 1986; Hikino et al., 1986;
Ajabnoor, 1990; Beppu et al., 1993; Bunyapraphatsara et
al., 1996). The fact that Aloe leaf gel extract showed a
hyperglycaemic effect in NIDDM rats can explain the
negative results of some investigations in which the
aqueous extract of the whole leaf was used (Mossa, 1985;
Roman-Ramos, 1981). Koo (1994) also found an
elevation in plasma glucose level of alloxan-diabetic
mice with a health product containing Aloe vera gel. The
hyperglycaemic agent of Aloe vera probably resides in
the pulp part of the leaves. Aloe vera leaf pulps devoid of
the gel may therefore be useful in the treatment of
diabetes mellitus.
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Table 3. Effect of Aloe vera leaf pulp and gel extracts on blood glucose level of type II diabetic rats
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