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Background:

In this study, the anti-diabetic effect of the extract of leaves and fruits of
Avicennia marina (A. marina) in streptozotocin (STZ)-induced diabetic male
rats was investigated.

Methods:

An experimental study was conducted on 45 adult male rats in 9 groups of 5
rats. The control group received normal food only. Other groups were made
diabetic by injecting them with 60 mg/kg intraperitoneal STZ injection.
Diabetic groups were: one Sham Group (STZ only), one Positive Diabetic
Group (STZ + 0.5 ml normal saline) and 6 experimental groups, treated with
STZ plus 3 incremental doses (30, 60 and 120 mg/kg) of either leaves or fruits
extract of A. marina for three consecutive days, using gavage method. 24 hours
after the last extract administration, blood samples were taken from the rat
hearts., the serum glucose and insulin levels were measured by glucose oxidase
and ELISA methods, respectively, one week after the STZ injections and
following 8-12 hours of fasting.

Results:

The extract of leaves and fruits of A. marina in all doses significantly decreased
the serum glucose in diabetic rats compared to that in the Sham group. The
extract of A. marina leaves at 30 mg/kg significantly increased the serum insulin
level compared to that in Diabetic Sham Group. The extract of A. marina fruits
at all doses significantly increased the serum insulin level in the Experimental
Groups compared to the Sham Group (P <0.05).

Conclusion:
The extract of leaves and fruits of A. marina significantly reduced the serum
glucose in STZ-induced diabetic rats.
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INTRODUCTION

Diabetes is a chronic, lifelong illness and a major
endocrine disease, causing a significant decline in the
insulin secretion by the pancreatic beta cells. It is
characterized by metabolic disturbances and long-term
complications in the eyes, kidneys, nervous system and
blood vessels. It is associated with a wide disparity in
the metabolism of carbohydrates, lipids and proteins
(1). Mangrove forests are unique ecosystems in
tropical and salt-resistant areas (2), located in the

Asian tidal zone between the land and sea. Mangroves
are evergreen trees and shrubs from various families of
plants (3).

Avicennia marina (A. marina) is a member of
Acanthaceae family. The species have large, toothed
and leathery oval leaves, small, pale yellow flowers and
seedy greenish-gray to yellow oval fruits (4). The plant
contains such compounds as flavonoids (5), glucoside
(6), phenylpropanoid (7) and glucose. Also, it is rich in
various phytotoxins including alkaloids and quinines
(8), carboxylic acids, betaine, choline (9), tannins,
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hydrocarbons, alcohol, sterol, fatty acids, tocopherol,
ascorbic acid and saponins (10). However, no
information is available about the active ingredients of
the fruits. In traditional medicine, the bark and root of
this plant are used to treat sexual dysfunction in
humans and arrhythmia in rats (11, 12). The seeds are
edible, and in some countries they are consumed for
food and pharmaceutical purposes. The seeds oil is
used to treat stomach diseases and tumors (13). In
India, the crushed unripe fruit is used as ointment to
treat skin abscesses, and the fruit extract improves eye
infections (11,14). It has been found that the
butanolium extract of this plant, can inhibit the activity
of microorganisms, such as fungi (15).

A study has shown that the administration of the
extract of A. marina leaves improves symptoms of
oxidative stress in the liver, reduces the hepatic
enzymes and prevents the adverse effects of diabetes
on the liver (16). In another study, the dose-dependent
administration of the aqueous extract of A. marina
increased the activity of antioxidant enzymes and
decreased the lipid peroxidation in the ovarian tissue
of diabetic rats (17).

Considering the diabetic side effects in people, it is
important to investigate alternative ways to treat or
prevent them. Treatment options that are currently
available for diabetes, such as dietary regimens and
oral hypoglycemic agents have their limitations.
Medicinal plans are widely used, especially in Asian
subcontinent for the treatment of diabetes mellitus.
The World Health Organization has recommended
plans for the investigation and application of medicinal
plants to treat numerous diseases including diabetes.
This study investigated the anti-diabetic effects of the
aqueous extract of the leaves and fruits of A. marina in
streptozotocin (STZ)-induced diabetic male rats.

MATERIALS AND METHODS

Animals: This study was carried out on 45 adult male
rats weighing 130-170g. The animals were kept at 25°C
under standard conditions at the Research Center of
Ahwaz Jundishapur University of Medical Sciences.
Moral considerations for animal used in research were
observed according to the ethical guidelines of Ahwaz
Jundishapur University of Medical Sciences. The
animals had unrestricted access to prepared food and
water. Ether, a mild anesthetic agent, was used to
prevent animals from suffering when they were
sacrificed to collect blood samples.

Preparation of Extract: The leaves and fruits of A.
marina were collected from the beaches and estuaries
around the city of Mahshahr and identified to be true A.
marina samples by the botanical department of the
Faculty of Agriculture, Shahid Chamran University of
Ahwaz. The aqueous extract from the leaves and fruits
of A. marina was prepared, using the maceration
method as previously described (18).
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The leaves and fruits of A. marina were rinsed and
dried in the shade separately. The samples of leaves
and fruits were powdered separately by an electric
grinding mill. To prepare the aqueous extract, 5 ml of
the solvent was used per gram of powdered leaves or
fruits. The mixture was stored at 15 to 20°C for 72
hours, after which the solution was filtered, using
Wattman No. 1 paper filter, and was lyophilized under
vacuum. The aqueous extract of the leaves from 100g
of the dry matter rendered 8.2g of lyophilized pure
extract. Similarly, 100 grams of the dried fruits
produced 14 grams of the pure extract. The extracts
were stored separately at refrigerator temperature.

Induced Diabetic Rats: To produce diabetic
condition, an intraperitoneal injection (60 mg/kg body
weight) of STZ dissolved in 0.9% normal saline solution
was used. In order to confirm the effects of STZ on the
pancreatic beta cells, serum glucose concentrations
were measured one week after the injection and under
8-12 hours of fasting, using a glucometer device. The
criterion to confirm diabetes in animals was the serum
glucose level to be above 250 mg/dl (19).

Animal Treatment:In this study, the rats were
divided into 9 groups of 5. The control group received
normal food only. Diabetic groups consisted of Diabetic
Sham (STZ only), Positive Diabetic (STZ followed by 0.5
cc normal saline), and 6 Experimental groups (STZ
followed by extract gavage). After the diabetic
condition was verified, the aqueous extract of leaves
and fruits of A. marina at doses of 30, 60 and 120
mg/kg was fed to the Experimental groups for three
consecutive days by gavage method (19). The duration
of the test and the doses of the extract were selected
using methods from a previous study (20).

To collect blood serum, 24 hours after the last dose of
the extract, blood samples from the heart of the
animals were collected after 8-12 hours of fasting (21).
All samples were taken at the same time in the
morning, centrifuged and the serum collected for the
determination of glucose by glucose oxidase assay. To
measure the serum insulin levels, blood samples were
stored in ice-cold test tubes for one-time, then stored at

-20°C until the insulin analysis was performed, using
ELISA method.

Statistical Method: For statistical analysis of the data
from various groups, one way ANOVA and Tukey tests
were performed, using SPSS program version 18. The
statistical level of significance was set at P<0.05.

RESULTS

Changes in Body Weights: There was a significant
decrease in the rats’ body weights in all groups except
for the controls seven days after STZ administration to
the rats compared to the corresponding data at
baseline (Table 1). Three days after the administration
of A. marina leaves or fruits extract, the overall body
weights in the Experimental groups did not change
significantly compared to the corresponding data

8



Comparison of Antidiabetic Effects of Aqueous Extract...

Leila Kamaei and Davood Moghadamnia

before administering the extract. However, there was a
slight gain in the body weight of the Experimental
group that received 60 mg/kg of the leaf extract,
compared to those noted for other Experimental
groups (Table 1).

Changes in Serum Glucose: One week after the
single STZ administration in rats, the results showed
that the serum glucose increased significantly (P <0.05)
in all groups compared to that of the controls (Table 2).
The serum glucose levels for the Sham and Positive
Diabetic groups increased by 228.63% and 232.21%,
respectively. The serum glucose levels for the
Experimental groups were significantly higher, ranging
from 131.4 to 169.4 mg/dl compared to that of the
controls (89.4 mg/dl). However, the mean glucose level
in the Experimental groups was 51.7% lower than that
for the Sham group (293.8 mg/dl). There was no

significant differences in the serum glucose levels
among the Experimental groups or between the
subgroups of leaf and fruit extracts (P <0.05).

Changes in Serum Insulin: As seen in Table 3,
significant declines in the serum insulin levels occurred
to varying degrees in all groups that received STZ
treatment compared to that of the control (P <0.05).
The most decreases (-94.02% & -83.3%) in the serum
insulin levels occurred in the Positive Diabetic and
Sham groups, respectively. The declines in the serum
insulin levels in the experimental groups were less
pronounced than those documented for the Positive
Diabetic and Sham groups. As seen in Table 3, the
percent changes in the serum insulin levels in the
Experimental groups ranged from -78.9% to +149%,
compared to that in the Sham Group (P<0.05).

Table 1: The effect of STZ and the extract of A. marina on the rats’ body weight.

Body Weight Body Weight Body Weight Ch .
Group At Baseline (g) 7 Days After STZ Injection (g) 3 Days After Extract Gavage (g) © /z;nge
0
Control Group 138.40 + 4.00 138.40 + 4.00 138.40 + 4.00 0
Sham Group 113.80 +8.13 0
(STZ treatment only) 132.20 +8.49 113.80 +8.13
Positive Dlabetlc.: STZ + 162.00 + 3.34 14720 + 2.41 139.00 + 3.42 -5.6
0.5 ml normal Saline
Experimental 1: STZ + 123.40 +2.83 -1.5
30 mg/kg, leaf extract 148.00 + 4.44 125.20 +3.02
Experimental 2: STZ + 142.40 + 5.60 124.40 + 5.22 129.40 £ 5.50 +4
60 mg/kg leaf extract
Experimental 3: STZ + 140.60 +7.43 0
120 mg kg leaf extract 157.20 +5.15 140.40 +5.91
Experlmental.4: STZ + 155.00 + 10.3 132.60 + 1017 128.00 +10.02 -3.5
30 mg/kg fruit extract
Experimental 5: STZ + 131.00 +7.48 -1
60 mg/kg fruit extract 154.40 +5.74 132.40 +8.72
Experimental 6: STZ + 151.40 + 6.78 130.20 + 6.12 123.00 + 6.38 -5

120 mg/kg fruit extract

* Comparing data for 7 days after STZ and 3 days after treatment with A. marina extract.

STZ = One dose of streptozotocin treatment given.

Table 2: Effect of the leaf and fruit extract of A. marina on the serum glucose levels in STZ-induced diabetic rats.

Group Serum Glucose (mg/dl) Change (%)
Control Group 89.40 + 5.19 0

Sham Group 293.80 £10.88 +228.63"
(STZ treatment only)

Positive Diabetic: STZ + 297.00 £12.87 +232.21°
0.5 ml normal Saline

Experimental 1: STZ + 144.40 +8.81" -50.85™
30 mg/kg, leaf extract

Experimental 2: STZ + 169.40 +5.66 ™ -42.34"
60 mg/kg leaf extract

Experimental 3: STZ + 131.40+2.97* -55.28™
120 mg/kg leaf extract

Experimental 4: STZ + 134.40 £5.33"" -54.26™
30 mg/kg fruit extract

Experimental 5: STZ + 136.40 +3.77 -53.57"
60 mg/kg fruit extract

Experimental 6: STZ + 135.60 +4.33™ -53.85"

120 mg/kg fruit extract

*Significant difference with the control group (P <0.05).
** Significant difference with the Sham Group (P <0.05).
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Table 3: Effect of the leaf and fruit extract of A. marina on the serum insulin levels in STZ-induced diabetic rats.

Group Serum Insulin (mlU/ml) Change (%)
Control Group 3.51+0.40 0

Sham Group 0.57+0.14 -83.8°
(STZ treatment only)

Positive Diabetic: STZ + 0.21+0.91 -94.02"
0.5 ml normal Saline

Experimental 1: STZ + 1.02 £ 0.15" -78.9"
30 mg/kg, leaf extract

Experimental 2: STZ + 0.53+0.26 -7.02"
60 mg/kg leaf extract

Experimental 3: STZ + 0.42+0.17 -26.3"
120 mg/kg leaf extract

Experimental 4: STZ + 1.34+0.11" +135™
30 mg/kg fruit extract

Experimental 5: STZ + 0.88 £ 0.14" +54.4"
60 mg/kg fruit extract

Experimental 6: STZ + 142 +1.17" + 149"
120 mg/kg fruit extract

* Significant difference compared to the control group (P <0.05).

** Significant difference compared to Sham Group (P <0.05).

DISCUSSION

Despite the success of modern medicine in the clinical
management of diabetes, utilizing dietary regimens,
hypoglycemic drugs and exercise, these approaches
have their limitations (22). Medicinal plans are being
explored and used with promising results (23),
especially in Asia. In this context, the World Health
Organization supports research plans toward the
investigation and application of medicinal plants for
use in the management of numerous diseases including
diabetes. Since diabetes is one of the fastest growing
metabolic diseases worldwide (22), this study was
designed to investigate the effects of the extract from
the leaves and fruits of A. marina in a well known
experimental model of diabetes as described in the
Methods section earlier.

Consistent with previous research (23, 24), the findings
of the current study clearly suggest the toxic and
destructive effects of STZ (25), causing significant body
weight losses and inducing diabetes in the treated rats
(Tables 1-3). Also, the slightly lower rates of weight
losses that was found for the Experimental groups that
were treated with the leaves or fruits extract from A.
marina indicate the mild protective effect of the extract
against the STZ toxicity (Table 1). A more recent study
(26) has shown similar effect for the extract of A.
marina fruits in alloxon-induced diabetic rats. Another
study (27) has reported that the alcohol extract of
Mangrove leaves improved the hyperglycemia in
alloxan-induced diabetic rats (27). The results of these
studies are consistent with our findings and support
the notion that therapeutic effects the A. marina extract
against diabetes in animal models, and perhaps in
humans are plausible.

There are many biologically active compounds in A
marina that have shown anti-diabetic effects, including
glycopeptide compounds, terpenoids, alkaloids,
flavonoids, phenols, peptides, amines, lipids,
coumarins, saponins, ellagic acid and others (28). The
anti-diabetic mechanisms proposed for these
compounds include glycogenic stimulation, liver
glycolysis, potassium channel blockade in pancreatic
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beta cells, thereby enhancing the insulin release, and
regulation of glucose uptake from the intestinal wall
(29). The intraperitoneal injection of some flavonoids
in STZ-induced diabetic rats can significantly reduce
the serum glucose levels, while the same flavonoids do
not have a significant effect on the serum glucose levels
in healthy animals (30). A clear mechanism for the
differential effect has not been described or proposed
yet.

It is conceivable that part of the hypoglycemic effects of
flavonoids may come from the increased activity of
hexokinase in the liver. This enzyme responds to
changes of glucose levels in the liver by adjusting the
glycogen synthesis (30). It can be argued that
flavonoids may influence the number or synthetic
activity the pancreatic beta cells due to their
antioxidant properties thereby improving the
symptoms of diabetes mellitus in animals and possibly
humans. Support for this concept has been provided by
a recent study, suggesting that the administration of
flavonoids is likely to increases glucose uptake by fat,
muscle and the liver tissues through a mechanism
different from insulin (31). The administration of some
polyphenols increases glucose transporters in muscle
cells, which justifies the hypoglycemic effects in the
experimental models of diabetes (32). Also, compounds
containing saponins lower serum glucose and improve
insulin secretion from the pancreatic beta cells (33).
Alternatively, non-enzymatic antioxidant defense
systems include ascorbic acid, alpha-tocopherol
antioxidants present in A. marina. Antioxidant agents
with different mechanisms neutralize reactive oxygen
radicals and can thereby improve diabetes (34).

In light of the above discussion, it is plausible that the
extract of the leaves and fruits of A. marina can exert its
effects through more than a single mechanism. Putative
mechanisms can include inhibition of glycogenolysis in
the liver, enhancement of insulin release from the
pancreas, as shown in this study (Table 3), and
inhibition of glucose uptake from the intestinal wall.
Although a specific mechanism for the hypoglycemic
effects A. marina extract is not yet known, one or more
of the following mechanisms may be involved:
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Increased consumption of glucose by cells, hence a
decrease in serum glucose.

Proteins may bind the excess glucose molecules in the
circulation, causing a decrease in its serum level.

Stimulation of some protein genes by certain
components of the extract, causing enhanced protein
synthesis that leads to more glucose binding in the
blood and tissue.

The glucose-carrying proteins may be influenced by
some active ingredients in the extract thus promoting
glucose transport into cells.

Flavonoids may stimulate the pancreatic beta cells,
enhancing the insulin release.

This study was not designed to provide specific
answers to the above putative mechanisms; however,
our results provided some preliminary clues,
suggesting that the A. marina extract may contain
agents, other than the known ones, that can act like
insulin.  Confirmation of the above putative
mechanisms awaits further research on the medicinal
properties of A. marina extract.

CONCLUSION

The results of this study suggest that the A. marina
extract has beneficial properties for lowering blood
glucose levels in experimentally induced diabetic rats.
The biological and molecular mechanisms of this
property have not yet been determined. We conclude
that conducting future research can produce promising
data leading to the elucidation of various mechanisms
of action for the A. marina extract while introducing it
to the medical community as a potential treatment
against diabetes in humans.
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