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Therapeutic Effect of Momordica charantia on
Blood Glucose, Lipid Profile and Oxidative
Stress in Type 2 Diabetes Mellitus Patients:

A Randomised Controlled Trial

ABSTRACT

Introduction: Momordica charantia (Bitter Melon) is known to
have anti-diabetic property. Animal studies have documented
its hypoglycaemic and lipid lowering effect. However, clinical
trials with human subjects are very few and the effective dose of
Momordica charantia is not studied in type-2 diabetes mellitus
patients.

Aim: To investigate the effect of Momordica charantia (1 gm
and 1.5 gm) on glycaemic profile, insulin resistance, lipid profile,
oxidative stress and Body Mass Index (BMI) in type-2 diabetes
mellitus patients.

Materials and Methods: A randomized controlled ftrial
was conducted in the Department of Biochemistry, AIIMS,
Bhubaneswar, Odisha, India, during Apr 2017 to Feb 2018.
Seventy five uncomplicated type-2 diabetes mellitus patients
were enrolled. Group A patients were supplemented with 1 gm
of Momordica charantia tablets with oral anti-diabetic agents
and Group B with 1.5 gm of Momordica charantia tablets along
with oral anti diabetic agents, daily for eight weeks. Group C
were treated with oral anti diabetic agents only (Control group).

SUCHITRA KUMARI', IPSITA DASH?, KISHORE KUMAR BEHERA?

Fasting plasma glucose, Post prandial blood sugar, HbA1C,
insulin resistance, lipid profile and Malondialdehyde (MDA)
levels were compared between baseline and eight weeks Post
supplementation.

Results: Control group had reduced blood sugar levels but
it was not significant. A 1 gm of Momordica charantia along
with oral anti-diabetic agents had significantly reduced blood
sugar, HbA1C, Total cholesterol, LDLc in group A, without
improving insulin sensitivity and oxidative stress (MDA). A 1.5
gm of Momordica charantia add on treatment along with stable
dose of oral anti-diabetic improved glycaemic profile along
with insulin resistance (p<0.05) in type-2 diabetes patients. It
reduced total cholesterol, LDLc and increased HDLc levels. It
significantly decreased the MDA levels. However, Momordica
charantia had no significant effect on Triglycerides and TAG/
HDLc ratio in type-2 diabetes mellitus patients.

Conclusion: Add on treatment with 1.5 gm/day of Momordica
charantia is effective in glycaemic control, lowering Total
cholesterol and oxidative stress. It improves HDLc and insulin
resistance in type-2 diabetes mellitus patients.
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INTRODUCTION

Diabetes mellitus is a complex metabolic condition characterised
by hyperglycaemia, insulin resistance being the central mechanism.
It is a global health concern, with the projected rise in prevalence
from 171 million in 2000 to 366 million in 2010 [1]. Studies have
found that one third of patients with diabetes mellitus use some
form of complementary and alternative medicine [2,3] that involves
use of plant products (herbal products) and dietary supplements
as an add on or alternative to mainstream medical treatment.
Since ancient times many derivatives of medicinal plants, minerals
and organic matter were used to combat diabetes mellitus. The
World Health Organization (WHO) has listed 21000 plants out of
which 150 species are commercially used for medicinal purpose
across the world [3]. Most of the pharmaceuticals commonly used
today are derived from the herbal products. Fenugreek (Trigonella
foenumgraecum), Gurmar (Gymnema sylvestre), Ivy gourd
(Coccinia grandis), Nopal (Opuntia spp.) Ginseng and Momordica
charantia (Bitter melon) are such plant products. Recent trend
for treating type 2 diabetes is the use of Phytochemicals (Herbal
products) with the central theme of “Food as medicine and not
medicine as food” [3].

Momordica charantia (Bitter melon, Karela) is well known for
treating Diabetes mellitus among Asian Population. Various
extracts/components of Momordica charantia are believed to
exert their hypoglycaemic effects via different physiological,
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pharmacological and biochemical modes [4,5]. Earlier studies
on animal models have registered that hypoglycaemic effect of
Momordica charantia was comparable to that of oral antidiabetic
agents like Tolbutamide & Glabenclamide [6,7]. However, the
clinical trials in type-2 diabetes mellitus are very few and are with
contradictory results. Few case series were published based on
supplementation of Fresh Bitter melon (Momordica charantia)
fruit juice with dried powder, to type-2 Diabetes mellitus patients
for a period of 6-8 weeks. Fasting Plasma glucose level,
Glycosuria, Oral glucose tolorence and Hb A1C were measured
as the outcome variables with non significant changes [8-10].
A multicentric, randomized double blind trial showed significant
change in Fructosamine levels following four weeks of treatment
with Momordica charantia tablets [11]. Whereas, few studies
have found no significant change in HbA1C levels following
three months of treatment with Momordica charantia in type 2
diabetes mellitus patients [12,13]. The clinical trials conducted
so far, lack proper control selection, baseline characterization
and were with less sample size. Recent study has shown the
lipid lowering effect of Momordica charantia but the results
were not significant [14]. Studies are now revealing antioxidant
property of Momordica charantia in animal models but there is
no published data on clinical trial. So this study was conducted
to investigate the effect of Momordica charantia on glycaemic
profile, insulin resistance, lipid profile, oxidative stress and BMI in
type 2 diabetes mellitus patients.
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MATERIALS AND METHODS

This was a Parallel Randomized Controlled trial with participants
randomised into three parallel groups with equal randomisation i.e.,
1:1, undertaken in 2 phases i.e., baseline and post supplementation
phase. The study was conducted in the Department of Biochemistry,
All India Institute of Medical Sciences (AlIMS) Bhubaneswar during
Apr 2017 to Feb 2018. The research plan was duly approved by the
Institute Ethics Committee (IEC) before the commencement of the
study. A written informed consent was obtained from all the study
participants before any study related intervention. The patients
attending the OPD of Endocrinology department were screened for
Diabetes Mellitus (DM) as per the WHO diabetes diagnosis criteria
[15]. Seventy five Uncomplicated Type 2 DM patients within the age
group of 40 to 60 years, under stable dose of individualized oral
anti-diabetic agents over a period of four weeks, were enrolled in
this study. The dosage and combination of the oral anti-diabetic
agents (Metformin and Glibenclamide) based on previous four weeks
glycaemic status, were individualized and this treatment modality
was maintained throughout the study period. The participants had
FBS less than 200 mg/dL and two hour PPBS less than 300 mg/
dL with HbA1c less than 8%. Type-2 Diabetes Mellitus patients
with microvascular or macrovascular complication as well as type-1
Diabetes mellitus patients were excluded from this study. Patients
with hepatic failure, past history of Acute Myocardial Infarction,
under lipid lowering drugs, antioxidants or history of any other
herbal product intake were not enrolled in the present study. The
sample size was calculated using the standard formula with r=1
i.e., ratio of control to case, o=Standard deviation of the outcome
variables=5, ZB=1 .65 for 95% power, Z =1.96 for 0.05 significance
level, Difference=half of standard deviation=2.5 with 5% attrition.
Participants satisfying the inclusion and exclusion criteria, willing
to participate in this study were advised to abstain from alcohol,
smoking, and heavy carbohydrate diet for seven days prior to the
test, till the completion of the study period, which was assessed
by one to one counselling before enrolling them in this study. The
Study participants were instructed to report in the biochemistry
laboratory following 12 hours of overnight fast, provided with the
consent form and after obtaining the informed written consent, 5
mL of fasting venous blood sample was drawn to carry out the
biochemical analysis. The participants were advised to take routine
meal along with the prescribed oral anti-diabetic agents and report
to the laboratory two hours after the food, to provide plasma sample
for 2 hours Post Prandial Blood sugar (PPBS) estimation. Fasting
Plasma Glucose (FPG), 2 hours Post Prandial Blood sugar (PPBS)
Total Cholesterol (TC), High Density Lipoprotein (HDLc), Low Density
Lipoprotein (LDLc), Triglycerides (TAG), HbA1C were estimated
by Fully automated Chemistry Analyser (Beckman Coulter, AU-
5800) using system compatible reagent packs. The fasting Serum
Insulin level was estimated by Enzyme Linked Immuno Sorbent
Assay (ELISA) kits based on quantitative competitive enzyme
immunoassay technique. Insulin resistance was assessed using
HOMA-IR calculation [16]. To analyse the oxidative state, serum
Malondialdehyde (MDA) levels were estimated by colorimetric
method. General health characteristics, height, weight were
measured to find out BMI. Resting Blood Pressure was measured
twice and the mean value was recorded. All these data were
registered as the baseline value.

Random numbers were generated using Excel sheet and a block of
first 25 random numbers (participant Code) were allocated in group
A, next 25 numbers were allocated in group B, rest 25 numbers
were in group C. Patients were given participant code numbers
sequentially depending on the order of their enrollment in this
study. The randomisation was done by Principal Investigator. The
participants did not know in advance which treatment they will get.
This was a single blinded RCT. A total of 25 subjects included in
group A satisfying the selection criteria were informed about the trial
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they will be undergoing and supplemented with stable dose of oral
anti-diabetic agents and 1 gm of commercially available Momordica
charantia tablets daily for a period of eight weeks. A total of 25
subjects in group B were supplemented with stable dose of oral anti-
diabetic agents (Individualised dose of combination of the Metformin
and Glibenclamide based on previous four weeks glycaemic status)
and 1.5 gm Momordica charantia tablets everyday for eight weeks.
Rest 25 subjects were treated as control (group C) with stable dose
of oral anti-diabetic agents and placebo i.e., Riboflavin capsules. Al
patients followed the WHO guidelines for Total Calorie requirement
with a range of 1600-2200 Calories per Day, Physical activity of Brisk
walking 30-45 min/day, 5 days in a week as per ADA guidelines
[17].

Following eight weeks of Momordica charantia supplementation,
second round of investigations with fasting plasma glucose, HbA1c,
insulin, lipid profile and MDA were conducted along with BMI and
Blood Pressure measurement in all the three groups [Table/Fig-1].
These data were recorded as the post supplementation values.
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Enroliment
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Allocation

|
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« Excluded fram analysis
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STATISTICAL ANALYSIS

A comparative statistical analysis was done between the post
supplementation values and the baseline values using SPSS Version
21. The values of continuous variables were expressed as mean+SD.
Differences in variables between the post supplementation values
and the baseline values were compared by paired t-test. A p-value
<0.05 was considered as statistically significant.

RESULTS

Seventy five uncomplicated type-2 diabetes mellitus patients
were enrolled in this study, attending the OPD of Endocrinology
and metabolism department of AlIMS, Bhubaneswar. Most of the
participants were elderly people with male predominance residing
in coastal region of Odisha. During the entire study period, only two
participants reported mild gastrointestinal discomfort in the form
of transient dyspepsia and diarrhoea that abated after 5-7 days of
probiotics and oral rehydration therapy and both of them finished
the study successfully. Compliance, assessed by counting the
number of tablets returned on each visit, was found satisfactory.
One patient stopped intake of oral anti-diabetic drug for two days
but again restarted immediately after it. There were no dropouts
during the entire study period.

The baseline characteristics [Table/Fig-2] showed homogenous
distribution of study participants among the three groups i.e., Group
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S. No. Parameters Group A Group B Group C
1 BMI (kg/m?) 26.3+3.7 27.95+3.2 28.9+5.4
2 SBP (mm of Hg) 136.4+15.7 131.3+8.6 140.3+10.8
3 DBP (mm of Hg) 89.6+12.1 84.3+5.9 89.8+7.7
4 FPG (mg/dL) 158.4+£19.9 144.5£18.2 155.9+12.3
5 PPBS (mg/dL) 218.9+23.2 228.9+19.9 221.4+23.8
6 HbA1C (%) 7.6+0.7 7.3£0.47 7.1+0.49
7 Insulin (MIU/L) 40.2+4.5 43.5+£5.8 44.8+8.1
8 ggal cholesterol M9/ | 55735183 | 192.6+15.6 | 188.5+18.1
9 Triglycerides (mg/dL) 135.2+35.9 172.3£17.5 133.5+£23.9
10 LDLc (mg/dL) 122.8+21.4 118.1£13.9 113.8+16.9
11 HDLc (mg/dL) 44.216.6 40.1£3.9 45.6+5.1
12 MDA (nmol/mL) 2.12+0.2 2.1£0.2 2.0£0.3
13 TAG/HDL 3+0.87 44416 2.9+0.73
14 LDL/HDL 2.85+0.48 2.7+0.6 2.7£0.48
15 Insulin Resistance 12.78+2.18 13.6+1.5 14.1+1.28

[Table/Fig-2]: Baseline characteristics of the study population.

A, Group B and Group C. There was no significant difference in BMI,
blood pressure, glycaemic profile and lipid profile.

Baseline characteristics were compared and no significant difference
was observed.

Primary outcome with stable dose of oral anti-diabetic agent in
control group i.e., in group C [Table/Fig-3] showed a fall in Fasting
Plasma Glucose (FPG) and 2 hours Post Postprandial Blood
sugar (PPBS) but it was not statistically significant. There was no
significant change in HbA1GC, lipid profile, Insulin levels and MDA
suggesting that the study participants were non-responsive to the
stable dose of oral anti-diabetic agents. This also rules out the

S. No. Parameters Pre-supplementation | Post supplementation
1 BMI (kg/m?) 28.9+5.4 28.55+5.0
2 SBP (mm of Hg) 140.3£10.8 139.50+9.28
3 DBP (mm of Hg) 89.8+7.7 89.80+7.97
4 FPG (mg/dL) 1565.9+12.3 151.60+16.18
5 PPBS (mg/dL) 221.4+£23.8 219.95+25.65
6 HbA1C (%) 7.1+0.49 7.15+0.47

7 Insulin (MIU/L) 44.8+8.1 45.75+6.65
8 gﬁ;a' cholesterol (mg/ 188.5+18.1 195.90+31.68
9 Triglycerides (mg/dL) 133.5+23.9 134.45+31.92
10 LDLc (mg/dL) 113.8£16.9 114.80+12.60
11 HDLc (mg/dL) 45.6+5.1 46.35+5.67
12 MDA (nmol/mL) 2.0+0.3 2.2+0.61
13 TAG/HDL 2.9+0.73 2.89+0.38
14 LDL/HDL 2.7+£0.48 2.74+0.42
15 Insulin Resistance 14.1+£1.28 14.64+1.04

[Table/Fig-3]: Primary outcome in control group (Group C) following oral anti

diabetic agent.

confounding effect of oral anti-diabetic agents on lipid profile and
oxidative status.

Add on treatment with 1 gm of Momordica charantia [Table/Fig-4]
for eight weeks in group A participants showed significant fall in
systolic blood pressure. BMI was not markedly affected. There was
improvement in glycaemic profile i.e., significant fall in FPG and
PPBS. However, the serum insulin levels and Insulin resistance were
not significantly changed. A reduction(p<0.05) in Total Cholesterol
(Total cholesterol) after eight weeks of 1 gm Momordica charantia
treatment as compared to baseline was observed. This was
associated with fall in LDLc and LDLc/HDLc ratio (p<0.05). HDLc
was found increased suggesting the favourable effect of Momordica
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Pre- Post
S. No. Parameters supplemeptation supplementation va:)u-es
(Baseline) (After 8 weeks)
1 BMI (kg/m?) 26.3+3.7 24.30+3.75 0.151
2 SBP (mm of Hg) 136.4+£15.7 *131.10+13.03 0.041
3 DBP (mm of Hg) 89.6+12.1 *86.40+10.77 0.043
4 FPG (mg/dL) 158.4+19.9 *142.70+9.8 0.035
5 PPBS (mg/dL) 218.9+23.2 *196.15+15.45 0.027
6 HbA1C (%) 7.6+0.7 7.42+0.5 0.111
7 Insulin (MIU/L) 40.2+4.5 36.45+3.74 0.173
8 gcl_’;a' cholesterol (mg/ 207.3+18.3 *188.50+19.08 | 0.018
9 Triglycerides (mg/dL) 135.2+35.9 133.50+13.92 0.142
10 LDLc (mg/dL) 122.8+21.4 *113.85+16.90 0.017
1 HDLc (mg/dL) 44.2+6.6 *45.60+5.19 0.049
12 MDA (nmol/mL) 2.12+0.2 2.03+0.13 0.660
13 TAG/HDL 3+0.87 2.95+0.73 1.000
14 LDL/HDL 2.85+0.48 *2.73+0.48 0.042
15 Insulin Resistance 12.78+2.18 11.94+1.94 0.682

[Table/Fig-4]: Effect of add-on treatment with 1 gm momordica charantia (Group A).

*Indicates p<0.05 (Significant difference as compared to respective baseline levels) by student’s
t-test

charantia on lipid profile in type-2 diabetes mellitus patients. No
significant change was observed following 1 gm of Momordica
charantia treatment on Oxidative stress (MDA).

140

120
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[Table/Fig-5]: Effect of momordica charantia (1.5 gm) on body mass index and

blood pressure.

Add on treatment with 1.5 gm of Momordica charantia in group B
[Table/Fig-5] patients showed significant improvement (p<0.05) in
systolic and diastolic blood pressure. A fall in body mass index with
1.5 gm Momordica charantia (p<0.05) was observed.

[Table/Fig-6] showed the effect of 1.5 gm of Momordica charantia
on glycaemic profile, Lipid profile and MDA levels. FPG, PPBS and
HbA1C reduced significantly. There was a significant change in
the Insulin levels associated with improvement in Insulin resistance
suggesting the beneficial effect of 1.5 gm Momordica charantia in
B-cell function and Insulin sensitivity. Though the Total Cholesterol,
LDLc levels and LDL/HDL ratio reduced (p<0.05), there was no
significant effect on Triglycerides level and TG/HDL ratio, following
1.5 gm Momordica charantia add on treatment. Serum HDL level
increased significantly. Dyslipidemia being a widely accepted
independent risk factor for coronary heart disease, Momordica
charantia in a dose of 1.5 gm effectively improves lipid metabolism
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Pre- Post
S. No. Parameters supplementation | supplementation | p-value
(Baseline) (after 8 weeks)
1 FPG (mg/dL) 144.5+18.2 *102.82+11.16 0.021
2 PPBS (mg/dL) 228.9£19.9 *167.38+16.11 0.009
3 HbA1C (%) 7.3+0.47 *6.2+1.26 0.049
4 Insulin (mIU/L) 43.5+5.8 *29.40+5.22 0.018
5 gcl_’)ta' cholesterol (mg/ 192.6+15.6 164.86£12.24 | 0.041
6 Triglycerides (mg/dL) 172.3+17.5 172.30+19.68 0.982
7 LDLc (mg/dL) 118.1+13.9 *90.95+17.27 0.039
8 HDLc (mg/dL) 40.1£3.9 *46.95+4.83 0.043
9 MDA (nmol/mL) 2.1£0.2 *1.78+0.20 0.038
10 TAG/HDL 4.4+1.6 4.4+1.56 0.826
11 LDL/HDL 2.7+£0.6 *2.58+0.59 0.041
12 Insulin Resistance 13.56+1.5 *9.66+1.08 0.027

[Table/Fig-6]: Effect of Momordica charantia (1.5 gm) on glycaemic profile, lipid
profile and oxidative state in Group-B.

“Indicates p<0.05 (significant difference as compared to respective baseline levels following 1.5
gm of M. charantia supplementation) by student’s t-test

thereby reduced the cardiovascular risk in type 2 diabetes mellitus
patients. A significant reduction in the MDA levels pointing
the antioxidant role of Momordica charantia in present study
participants [Table/Fig-6] was found.

DISCUSSION

Type 2 diabetes mellitus patients have a substantial risk of
developing microvascular and macrovascular complications. This
risk is independent to the degree of glycaemic control [18]. So
glycaemic control alone is not associated with any reduction in risk
of developing complications. Thus, treatment intended to improve
glycaemic control would be beneficial in long term, if it would have a
favourable effect on lipid profile as well as oxidative stress.

Add on supplementation with herbal products along with the
conventional therapy have shown such therapeutic potential.
Momordica charantia (bitter melon) is a popular fruit used as a
supplementary agent to treat Diabetes Mellitus. The proposed
hypoglycaemic effect of bitter melon could be attributed to its role
in insulin secretion and insulin resistance [19]. The results of this
study indicate that Momordica charantia in a dose of 1.5 gm is
more effective in controlling glycaemic profile. Hafizur RM et al.,
suggested similar beneficial effect of Momordica in blood sugar
levels and they concluded that such effect could be attributed to the
ability of Momordica charantia to maintain the structural integrity of
pancreatic islets and release of hormones [20]. The hypoglycaemic
effect of Momordica charantia could be due to the active
components like Charantin, Vicine and Polypeptide that are known
to have structural similarity with human insulin [21]. The Insulino-
mimetic action of these active components enhances peripheral
uptake of glucose by skeletal muscles and adipose tissue, reducing
the blood glucose levels [22]. They prevent intestinal glucose
uptake resulting in improvement in glucose tolerance [23]. Charatin
is known to suppress key enzymes of gluconeogenesis, activates
enzymes of HMP shunt and glycogenesis, thus favouring a good
glycaemic control [24]. B-cell dysfunction and insulin resistance
are the two central mechanisms of type-2 diabetes mellitus. Earlier
studies have documented that Momordica charantia can stimulate
insulin secretion from the pancreatic p cells [25,26]. It supports
restoration of the functional pancreatic 3 cells that secrete Insulin
(Insulin Secretagogue like effect) thereby improving B cell function.
Abundant biochemical data have shed light upon the possible
mechanisms of Momordica charantia facilitating the AMP activated
protein kinase system i.e., post insulin receptor signalling cascade,
thus improving insulin resistance [26].

The lipid lowering effect of Momordica charantia has been
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extensively studied in animal models. The clinical trials are few
with contradictory findings [27,28]. Kasbia GS et al., reported
non significant effect of freeze dried extract of Momordica (50
mg/kg) in non-diabetic overweight men [29]. However, the study
conducted by Rahman IU et al., showed significant hypolipidemic
effect in diabetes but the hypoglycaemic effect was found weaker
as compared to glibenclamide [25]. Momordica charantia is found
effective in lowering the total cholesterol levels in the present study
but no beneficial effect is observed on triglycerides. The lipid lowering
effect of Momordica charantia is multifactorial. It decreases body
weight by increasing the fatty acid oxidation facilitating the CPT-1
and CPT-2 Carnitine activity in the inner mitochondrial matrix [12].
Extract of Momordica charantia modulate fat mobilizing kinases i.e.,
AMP kinase and transcription factors like PPARa and PPARy in the
liver and skeletal muscle, thereby affecting adipocyte differentiation
and preventing adipocyte hypertrophy [30]. Experiments on animal
models have found decreased cholesterol with normalised leptin and
insulin concentration with Momordica charantia supplementation
[23,31]. Recent clinical trials have documented decreased
fructosamine along with decreased incidence of metabolic syndrome
with different doses of bitter melon [32-34]. The decrease in BMI
and blood pressure in the present study goes well with these earlier
findings pointing towards its favourable effect on fat metabolism.
Momordica charantia by improving dyslipidemia and BMI could
prevent cardiovascular risk in type 2 diabetes mellitus.

Hyperglycaemia prevailing in diabetes mellitus induces glycation
of proteins. These glycated proteins rearrange to form Amadori
products that in presence of transition metals and oxygen undergo
autoxidation to form free radicals. Significant fall in MDA levels was
observed with 1.5 gm Momordica charantia add on treatment in the
present study. Horax R et al., reported similar antioxidant activity
of Momordica [35]. The free radical scavenging role of Momordica
is also documented by a clinical trial conducted by Wu SJ et al.,
[36]. From this study they have concluded that the presence of
Polyphenoals, flavonoids and flavonols in Momordica could have
free radical scavenging activity. Momordica charantia contains
numerous amino acids that might reduce Advanced Glycated End
product (AGE) formation [37]. Accumulation of cross linked AGEs
in tissues is believed to be one factor responsible for the long-term
complications of diabetes mellitus. A significantly increased levels
of antioxidant enzymes i.e., glutathione peroxidase, Catalase,
Superoxide dismutase and Reduced Glutathione levels were found
in sucrose fed rat model, following Momordica charantia therapy
[38]. Momordica charantia reduce the process of lipid peroxidation
there by preventing the glycation of proteins which could delay the
onset of complications in type 2 diabetes mellitus cases.

LIMITATION

This study could have better impact if it had larger sample size.
Inclusion of patients with impaired glucose tolerance and non
diabetic control group, would better evaluate the therapeutic
potential of Momordica charantia on derangement of carbohydrate
metabolism in diabetes mellitus patients.

CONCLUSION

Dyslipidemia and oxidative stress are the common association in
diabetes mellitus. Conventional treatment with oral anti-diabetic
agents control blood sugar without any changes in Insulin
metabolism. Add on treatment with Momordica Charantia is more
effective in reducing blood sugar and HbA1C levels. It reduces total
cholesterol and LDLc, improves HDLc levels showing the cardio-
protective effect. It has a beneficial role on oxidative stress and
improves insulin resistance in type 2 diabetes mellitus patients.
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