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Original Research Abstract:

Diabetes mellitus is a common disease that currently affects more than 3 million people in Iran.

l;; (jz;\g?s.t 2023 Many years ago, medicinal herbs have been used to treat many diseases. In this study, the evaluation
Revised: and comparison of blood glucose lowering agents from different parts of mango (leaf, peel, and
29 October 2023 fruit) was studied. In this experimental study, 30 adult male rats weighing 220-250 gr of Wistar
Accepted: were selected and randomly divided into 5 case, control, diabetic controls. In diabetic and control
1 December 2023 groups, streptozotine (55 mg / kg) was injected intraperitoneally to produce diabetes. Then the case
Published online: groups received mango leaves, fruit and skin (400 mg / kg) for 30 day and orally. The consumption
15 March 2024 of aqueous extract of mango leaves, fruit and skin in the case group was significantly reduced

compared to the control group of diabetic patients. the antidiabetic effect of mangiferin possess
© The Author(s) 2024 antidiabetic activity against stz-induced diabetic rats. This current research affirms prominent

cytotoxic and moderate hypoglycemic potential of M. indica . Further bioactivity guided isolation
of phytoconstituents and investigation on higher animals can lead to development of new drug
molecules.
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1. Introduction owing to the presence of different phytoconstituents. These
phytoconstituents, also known as secondary metabolites,
are a huge source of molecules with outstanding diversity
which helps to continue the drug discovery process [5, 6].
Mangifera indica (M. indica) is a large spreading evergreen
tree which belongs to the family Anacardiaceae. This plant
is indigenous in India and Myanmar. Apart from its ap-
plication as food, the different parts of this plant possess
different activities. For example, the bark is well known
for its use in the treatment of diarrhea; ripe fruit is used to
treat habitual constipation; the seeds are used as astringent
to the bowels and leaves are used to treat piles [7, 8]. The
mango leaves have powerful antioxidant properties as it
has high flavonoids and phenol contents. Nowadays, most
of researches and investigations have been carried out to
find out the benefits of mango leaves as soon as it contains
valuable polyphenolic compounds. The amounts of the dif-
ferent polyphenolic compounds in the mango vary from

Diabetes mellitus is a systemic disease characterized slightly
higher (79 kcal per 100 g) [1]. The mango leaves by abnor-
mal metabolic regulation of glucose, resulting in have pow-
erful antioxidant properties as it has high hyperglycemia.
The standard method of inducing diabetes flavonoids and
phenol contents. Nowadays, most of in animal models
is with alloxan, a toxic glucose analogue, researches and
investigations have been carried out to which selectively
destroys insulin-producing (beta) cells find out the benefits
of mango leaves as soon as it in the pancreas when admin-
istered to rodents this contains valuable polyphenolic com-
pounds. The amounts causes an insulin-dependent diabetes
mellitus called of the different polyphenolic compounds
in the mango “’stz” in these animals [2—4]. As traditional
medicine, the use of plant for the treatment of different dis-
eases has been going on since the dawn of human history,
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part to part (pulp, peel, seed, bark, leaf and flower) with
most polyphenols being found in all the parts [2, 9]. Like
other pharmacological activities, the hypoglycemic activity
is also exhibited by medicinal plants, and glucose tolerance
test is usually done for the hypoglycemic activity. It is a
therapeutic test where glucose is given followed by testing
the blood to determine the time it takes to be cleared from
the blood. The test is typically used to test for diabetes,
insulin resistance, reactive hypoglycemia and rarer issue of
starch digestion system.

There have also been manyreported bioactivities like antiox-
idant, immunomodulatory, antiinflammatory, anti-allergic,
antiviral, antibacterial, antifungal and monoamine oxidase
inhibitory activities of this plant [7-11]. In this current re-
search, the objectives were to prepare methanolic extract of
the peels of M. indica and analyze its cytotoxic and hypo-
glycemic effects. In modern medicine, there is no satisfac-
tory ef-fective therapy to cure diabetes mellitus. There have
also been many reported bioactivities like antioxidant, im-
munomodulatory, anti inflammatory, anti-allergic, antiviral,
antibacterial, antifungaland monoamine oxidase inhibitory
activities of this plant. In this current research, the objec-
tives were to prepare methanolic extract of the peels of M.
indica and analyze its cytotoxic and hypoglycemic effects
[7-11].The man-agement of diabetes mellitus by insulin
therapy, have several drawbacks like insulin resistance and
in chronic treatment cause anorexia nervosa, brain atrophy,
and fatty liver. The oral hypoglycaemic drugs are sulphony-
lureas and biguanide groups have been used in the treatment
of diabetes mellitus. The sulfonylureas (e.g., glibenclamide,
glipizide) stimu-late the insulin secretion from the existing
pancre-atic 3 cells. Glibenclamide inhibits the adenosine
tri phosphate (ATP) sensitive K (KATP) channels in the
plasma membrane. This leads to membrane de-polarization,
activation of voltage gated Ca’>" chan-nels, a rise in cy-
tosolic (Ca>*t), and release of the insulin. The streptozo-
tocin (STZ)-induced diabetes is treated by gilbenclamide
and used as a standard drug to compare the antidiabetic
activity of various compounds. Ethnobotanical information
indicates that more than 800 plants are used as traditional
remedies for the treatment of diabetes,but many plants do
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not have a scientific scruting. Herbal medicines are used for
primary health care, by about 80% of the world population
particularly in the developing countries, because of better
cultural acceptability, safety, efficacy, potent, inexpensive,
and lesser side effects.The plant drugs are frequently con-
sidered to be less toxic when compared to synthetic drugs.
More than 1123 plant species have been used to treat di-
abetes and more than 200 pure compounds have showed,
lowering blood glucose activity [1, 3,4, 7, 12, 13].

2. Materials and methods

2.1 Materials
2.1.1 Chemical materials

The analytical graded chemicals were used for all the exper-
iments. The STZ was purchased from Sigma Chemicals, St.
Louis, MO, U.S.A.

2.1.2 Plant material

Mangifera indica Mango fruit, M. indica, and its leaf was
bought from the market of fruits and vegetables in Mashhad
in March 2017 and was transferred to the laboratory for
preparation and continuation of the testing process.

2.1.3 Experimental animal

Male Wistar albino rats (220-250 g) were procured from
Ferdowsi University of Faculty of Medicine mashhad, Iran
and were housed in polycarbonate cages in an animal room
with 12 hr day-night cycle at tem-perature of 22 + 2 °C
and humidity of 45-60%. They were fed with commercial
pelleted rats chow and free access water during the experi-
ment.

The blood glucose level of 30 Wistar rats was measured
and blood samples were taken from the tail by the Easy
Gluco device before streptozotocin injection. The rats were
randomly assigned into 5 groups with 5 members. The
members of each group were labeled with picric acid in
different areas of the body.[6]
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Diagram 1. For the treatment of this group, the amount of 400 mg / kg of mango skin (peel) extract was mixed with 0.5 cc

distilled water twice, and then fed to mice in gavage.
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Diagram 2. For the treatment of this group, the amount of 400 mg / kg of mango leaf extract with 0.5 cc distilled water was

mixed twice and then served as gavage in rats.

2.2 Methods
2.2.1 Extract preparation

2.2.1.1 Extract preparation of mango leaves

The collected leaves were approved by the Ferdowsi Univer-
sity of Mashhad. New mango leaves were collected from
the town of Negun, Assam. Phytochemical quality initial
experiments were carried out using coloring and precipita-
tion of chemical reaction on ethanolic extract of leaves. For
the extraction of ethanolic leaves, fresh leaves for about 2
weeks were dried at about 32 °C (room temperature).

The amount of 100 grams of mango leaves was minced
by a mill (Model PX-MFC 90 D), and poured into 2000
ml of eagle and 1000 ml of 96% ethanol was added to it
and extracted for 6 hours by a Soxhlet apparatus. After the
mentioned time, a solid and liquid phase was separated by
the Buchner funnel and the vacuum pump (FJ model). The
separated liquid phase, containing solvent and extract, was
condensed with a rotary evaporator (Hbcontrol model) at 50
°C and vacuum 50 milligrams and the solvent was removed
as far as possible.

Compared to the practice of Chandra and Hazarika

(2012)[2], an attempt was made to investigate the antidi-
abetic effect of mango leaf extract on albino mice, and
conducted phytochemical experiments with an ethanolic
extract of mango leaves. Albino mice were treated with
ethanolic extract at 100, 200 and 400 mg / kg body weight.
Another group of diabetic rats was treated as a standard
insulin hypoglycemic drug. Blood glucose levels were mon-
itored for different groups at different times. A significant
decrease in blood glucose levels was observed after four
hours of extract of leaf extract at 200 mg / kg. This suggests
that mango leaves have almost the same strength with in-
sulin in reducing blood glucose and significantly reduces it
[2, 14].

2.2.1.2 Extract preparation of mango peel

Mango M indica was purchased from the fruit market in
Mashhad and confirmed by the Ferdowsi University of
Mashhad’s botanical group. The yellow skin of the mangoes
is isolated and then thoroughly washed with water and dried
for one week at room temperature for sterilization to convert
it to a powder using a mill. The amount of 100 g of skin was
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Diagram 3. For treatment of this group, 400 mg / kg of mango powder was mixed with 0.5 cc distilled water twice, and then

fed to mice in gavage.
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Diagram 4. Blood glucose average of all tested groups before intervention.

milled by the mill (model PX-MFC 90 D) and added to the
2000 ml of eagle and 1000 ml of 96% ethanol was added
and extracted for 6 hours by the Soxhlet apparatus and after
The time elapsed with the aid of the Buchner funnel and
the vacuum pump (FJ model) was separated from the solid
and liquid phase. The separated liquid phase, containing
solvent and extract, was condensed with a rotary evaporator
(Hbcontrol model) at 50 °C and vacuum 50 milligrams and
the solvent was removed as far as possible [9].

Compared to the practice of Streptozotocin treatment caused
significant weight reduction in rats as compared to the ve-
hicle treated normal rats at day 30 of injection (163.33 +
10.54 g versus206.67 4+ 13.18 g). However, the chronic
treatment of mangiferin (10 and 20 mg/kg, i.p.) for 28 days
significantly(P < 0.05) restored the body weight loss as
compared to the vehicle treated diabetic control rats ob-
served at the end of 28 days of treatment period (191.67
+ 15.35 g and 200 + 10.72 g versus 130 £ 5.16 g, re-
spectively). However, the standard drug insulin (6 U/kg,
1.p.) also exhibited significant improvement in body weight
loss of the diabetic animals following 28 days of treatment
(196.67 + 8.37 versus 130 + 5.16). Streptozotocin treat-
ment resulted in significant elevation of plasma glucose,
triglycerides, total cholesterol, LDL-C and reduction in
HDL-C levels as compared to the normal control rats as

noted at different periods of the study . The chronic admin-
istration of mangiferin (10 and 20 mg/kg, i.p.) resulted in
significant (P < 0.05) reduction in plasma glucose level at
different periods in the experimental duration of 28 days
in STZ-diabetic rats with the maximum percent reduction
of plasma glucose being 49.77 and 51.89, respectively on
28th day of treatment. However, the standard drug insulin
(6 U/kg, i.p.) exhibited significant and more potent antidia-
betic activity with maximum percent reduction of plasma
glucose 67.54 on 28th day as compared to the diabetic con-
trol group [7-9, 15].

2.2.1.3 Preparation of mango pulp powder

Angica fruit M indica was purchased from the fruit market
in Mashhad and confirmed by the botanical group Ferdowsi
University of Mashhad. It was washed, peeled, and cut into
pieces of about 3 x 3 cm and dried at 55 to 60 °C. Dried
specimens in the PX-MFC 90 D grinding mill are used to
prepare flour crushed [16].

2.2.2 Induction of experimental diabetes

Diabetes was induced by administering intraperitonial in-
jection of a freshly prepared solution of STZ (55 mg/kg of
body weight) in 0.1 M cold citrate buffer (pH 4.5) to the
over night fasted rats. Because of the instability of STZ
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Diagram 5. Average blood glucose of all tested groups 15 days after intervention.
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Table 1. Designing a test based on variables.

at repeat the plant (in code) treatment groups
1 mice with a colored part on the left side 1 healthy witness

2 mice with the colored part on the right side 1 healthy witness

3 mice with a colored part in the head 1 healthy witness

4 mice with a colorful part in the tail 1 healthy witness

5  the mouse has no colored part 1 healthy witness

1 mice with a colored part on the left side 2 see diabetic

2 mice with the colored part on the right side 2 see diabetic

3 mice with a colored part in the head 2 see diabetic

4 mice with a colorful part in the tail 2 see diabetic

5  the mouse has no colored part 2 see diabetic

1 mice with a colored part on the left side 3 extract of the skin
2 mice with the colored part on the right side 3 extract of the skin
3 mice with a colored part in the head 3 extract of the skin
4 mice with a colorful part in the tail 3 extract of the skin
5  the mouse has no colored part 3 extract of the skin
1 mice with a colored part on the left side 4 leaf extract

2 mice with the colored part on the right side 4 leaf extract

3 mice with a colored part in the head 4 leaf extract

4 mice with a colorful part in the tail 4 leaf extract

5  the mouse has no colored part 4 leaf extract

1 mice with a colored part on the left side 5 pulp

2 mice with the colored part on the right side 5 pulp

3 mice with a colored part in the head 5 pulp

4 mice with a colorful part in the tail 5 pulp

5  the mouse has no colored part 5 pulp

in aqueous media, the solution is made using cold citrate
buffer (pH 4.5) immediately before administration. Control
rats were injected with citrate buffer alone. The rats were
allowed to drink 5% glucose solution overnight to overcome
the drug-induced hypoglycemia. The blood glucose values
above 250 mg/dl on the third day after STZ injection, were
considered as diabetic rats. Then the treatment was started
on the fifth day after STZ injection and it was considered as
first day of treatment [16, 17].

2.2.3 Treatment of diabetic rats

2.2.3.1 Treatment of the first group with extract of
mango peel

For the treatment of this group, 400 mg / kg weight,
0.5 cc distilled water was mixed twice, and was fed to
streptozotocin-induced diabetic rats by oral gavage daily.
This procedure continued for 30 days. Blood sampling was
performed once before treatment (time zero) once a day
15 days after treatment and the last blood collection was
performed 30 days after treatment (Diagram 1) [7-9, 15].

2.2.3.2 Treatment of the second group with the extract
of mango leaves

To treat this group, the amount of 400 mg / kg of mango
leaves extract was mixed with 0.5 cc distilled water and
then fed to mice for gavage. This action lasted for 30 days.
The blood samples were taken one time before treatment
(time zero) once a day, 15 days after treatment, and the last

blood sample was taken 30 days after treatment. (Diagram
2) [2, 14].

2.2.3.3 Treating the third group with mango fruit
(pulp)

To treat this group, 400 mg / kg of mango powder with 0.5
cc distilled water was mixed twice and then was fed to mice
in gavage. This action lasted for 30 days. The blood samples
were taken one time before treatment (time zero) once a
day 15 days after treatment and the last blood collection
was also performed 30 days after treatment. (Diagram 3)
[7,8,11, 16, 18].

2.2.4 Comparison of three treatment groups with dia-
betic control and positive control group

2.2.4.1 Statistical analysis method

In order to analyze the data, a factorial design was used.
The results from different parts of the plant were compared
by ANOVA ANOVA using oneway method. The design of
the test for independent variables includes different parts of
the plant and the different mice in Table 1.

3. Results

3.1 Design of the factorial model

To investigate the relationship between the obtained results
and the process variables, then the comparison of the results
obtained with the MSTC software was used.

2228-5970[https://dx.doi.org/10.57647/}.ijic.2024.1501.02]
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Diagram 6. Average blood glucose in all tested groups 30 days after intervention.

3.2 Statistical analysis of selected model

In order to evaluate the validity of fitted models, fit fitness
weakness, coefficient of variation, values of R%, R? (adj)
were determined. The most important part of the statistical
analysis table in the analysis section of variances is the
Lack of Fit parameter and the statistic is a suitable model
for which its fit fitness test is not meaningful, this parameter
indicates the suitability or inappropriateness of the model
and If it is less than 0.05, then the model should generally
be discarded [19]. Also, for a good fit model, the R-Squared
and Adj R-Squared values should be closer to 1.

3.3 Comparison of blood glucose levels after treatment
with different parts of the mango

In this study, the effect of oral administration of leaf ex-
tract,peel, and mango fruit on the blood sugar of diabetic
rats was evaluated and evaluated with healthy control group
and diabetic group. The results of blood glucose measure-
ment after 72 hours of streptozotocin injection in groups
2 to 5 showed that except for the healthy control group

(group 1), all samples from groups 2 to 5 were infected
with diabetes mellitus. Accordingly, one-way ANOVA test
showed that there is a significant difference between blood
sugar levels in the healthy control group and other groups
(P < 0.01), which indicates that groups 2 to 5 have diabetes
Candy and non-diabetic group 1 cases. (Diagrams 4 to 6).
Regarding the changes in blood glucose samples in different
groups before the start of treatment until thirty days after
treatment, the results showed that the mean blood glucose
of the kidneys in the three times before intervention, fifteen
days after intervention and thirty days There was a signifi-
cant difference between the two groups after intervention
(P < 0.01) (Diagram 7).

3.4 Comparison of test results with control samples

The results of this study compared with the control and
diabetic type showed that blood glucose in groups 2 to
5 was significantly decreased (P < 0.01), but the highest
decrease was related to the group treated with mango leaf
extract.

average thirty

average fifteen

Average
Zero

Diagram 7. Comparison of mean blood sugar of all groups in 3 times before intervention, 15 days and 30 days after

treatment intervention.
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4. Conclusion

Owing to the reported antidiabetic and hypolipidemic prop-
erties of mangiferin, a xanthone-C-glucoside in noninsulin
dependent KK/Ay mice with hyperinsulinemia, the present
study was carried out in an attempt to elucidate its effects on
hyperglycemia and atherogenesis in STZ-diabetic rats. In
the present study, STZ (55 mg/kg, i.v.) produced significant
fasting hyperglycemia and body weight loss. Mangiferin
showed significant and consistent reduction in fasting blood
glucose levels and also significantly improved the body
weight loss at different intervals throughout the period
of experiment as compared to the vehicle treated diabetic
controls indicating its potent antidiabetic activity. In our
previous study, we showed that the chronic treatment of
mangiferin(400 mg/kg, i.p.) caused significant as well as
moderate reduction in the glycosylated hemoglobin levels
in STZdiabetic rats further substantiating its potential in the
long term glycemic control of diabetes mellitus [20]. Since
STZ (55 mg/kg, i.v.) effectively destroys pancreatic cells
and causes persistent hyperglycemia, the mechanism of an-
tidiabetic action of mangiferin might involve actions other
than pancreatic cells insulin release/secretion(insulinotropic
effect), i.e. possibly through other extrapancreatic actions
in these STZ-diabetic rats [21, 22]. The extrapancreatic
actions perhaps might include the stimulation of peripheral
glucose utilization or enhancing glycolytic and glycogenic
processes with concomitant decrease in glycogenolysis and
gluconeogenesis [23]. Furthermore, it is also likely that
it might reduce blood glucose level by inhibiting the glu-
cose absorption from the intestine. The latter hypothesis
could be supported by the recent findings that mangiferin
inhibits glucosidase enzymes (sucrase, isomaltase, maltase)
[24] which are involved in the digestion of carbohydrate
into simple sugars in the gut leading to delay or inhibi-
tion of carbohydrate breakdown and subsequent glucose
absorption from the intestine [25]. Although, in the present
study mangiferin was administered intraperitoneally, the
inhibition of -glucosidase enzymes by the mangiferin ex-
creted through bile into gut, i.e. through enterohepatic
circulation cannot be ruled out. Also, in our preliminary
investigation, we found that both the single and chronic
administration of mangiferin did not have any significant
effect on the basal fasting plasma glucose level in normal
rats (data not shown). Nevertheless, chronic administration
of mangiferin (400 mg/kg, i.p.) significantly improved oral
glucose tolerance in glucose-loaded normal rats indicating
its potent antihyperglycemic activity. This result is in accor-
dance with the previous results conducted with the aqueous
extract of Mangifera indica leaves further suggesting that
the active principle, mangiferin might be responsible for
the glucose lowering action on oral glucose tolerance test
[18]. These evidences tempt us to speculate that apart from
the aforementioned probable insulin independent extrapan-
creatic actions, the other possible pancreatic mechanism,
i.e. stimulating insulin release from the pancreatic cells
might contribute in improving oral glucose tolerance in the
glucose-loaded normal rats. Taken together, it can be sum-
marized as mangiferin might possess both pancreatic and
extrapancreatic mechanisms in its antidiabetic action and
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such apparent dual pancreatic and extrapancreatic actions
of mangiferin would be more advantageous to the existing
oral antidiabetic monotherapy. In our study, STZ (55 mg/kg,
i.p.) treated diabetic rats exhibited clear-cut abnormalities
in lipid metabolism as evidenced from the significant el-
evation of plasma total cholesterol, triglycerides, LDL-C,
atherogenic index and reduction of HDL-C levels. Treat-
ment with mangiferin (10 and20 mg/kg, i.p.) for 30days
significantly and greatly reduced plasma total cholesterol,
TG and LDL-C associated with concomitant significant in-
crease in HDL-C levels and decrease in atherogenic index
in diabetic rats indicating its potent antihyperlipidemic and
antiatherogenic activity. The glucose lowering action of the
mangiferin can be due to the consequence of an improved
lipid metabolism apart from the direct interaction with glu-
cose homeostasis. The triglycerides lowering property of
mangiferin could indirectly contribute to the over all anti-
hyperglycemic activity through a mechanism of socalled
glucose—fatty acid cycle [26]. mangiferin (400 mg/kg, i.p.)
at the dose tested exhibits potent antidiabetic, anti hyperlipi-
demicand anti atherogenic activities in STZ-diabetic rats
and also shows the improvement in oral glucose tolerance in
glucose-loaded normal rats without inducing hypoglycemic
state. The agent with these multiple advantageous proper-
ties viz., antidiabetic, antihyperlipidemic, antiatherogenic
and antioxidant properties without causing hypoglycemia
would be of greater therapeutic benefit in the management
of DM associated with abnormalities in lipid profiles and
merits further detailed investigation to find out its mecha-
nism of action and to establish its therapeutic potential in
the treatment of diabetes and diabetic complications. In
spite of the better effect of mango leaves on blood glucose
than peanut extract and mango, they can only be used as
a supplement to common anti-diabetes medications. Also,
herbal medicine may not only have a better effect on blood
glucose control But rather likely to cause drug interactions
and impacts. Mango leaves are well controlled by sugar
levels. While research has proved its harmlessness, it is
best to consult a physician before deciding on the amount
of Mango.

The results emphasize that, despite the better effects of
manganese leaf extract on blood glucose than mango peel
extract, it can only be used as a supplement to common
anti-diabetes medications. Also, in light of the results, it is
suggested that more research into drug interactions be used
to treat anti-diabetic herbal medicines.
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