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ABSTRACT
Several studies have used medicinal plants for the management of experimental and clinical diabetes but a novel polyherbal preparation which
contains plants having anti‐diabetic and aphrodisiac properties were used in the present study for the management of type‐2 diabetic patients. Mild
Diabetic group (MD) (n=52) fasting blood glucose ranges from 100‐200mg/dl and postprandial up to 300mg/dl and Severe Diabetic group (SD)
(n=41) fasting blood glucose level above 200mg/dl and postprandial level above 300mg/dl of both sex who gave written consent to participate in
the study were enrolled and received polyherbal preparation (PHP) treatment for 12 weeks at a dose of 1g three times a day after food for MD and
1.5g three times a day after food for SD subjects. Fasting and postprandial blood glucose and HbA1c levels of MD and SD were significantly decreased
after 12 weeks of PHP treatment (p<0.001), while, total hemoglobin was significantly increased (p<0.001). Serum insulin and C‐peptide
concentrations of both MD (p<0.005) and SD (p<0.012) groups were decreased significantly after 12 weeks of PHP treatment whereas, no change
was recorded in estradiol levels in MD and SD patients. However, significant increase in testosterone levels of both MD (p<0.005) and SD (p<0.012)
men was recorded. Resistin, MCP‐1 and TNF α concentrations of MD (p<0.005) and SD (p<0.012) was significantly decreased at 12 weeks of
treatment. In conclusion, polyherbal preparation used in the present study has potential anti‐diabetic property by reducing blood glucose level and
favouring restoration of cytokine network and serum hormones towards physiological adverse range without any obvious adverse effects.
Keywords: Diabetes mellitus, Polyherbal preparation, Medicinal plants, Cytokines, Sex steroids.

INTRODUCTION
Diabetes mellitus is a metabolic disease characterized by
hyperglycemia resulting from defects in insulin secretion or action
or both.1 It is a major cause of disability and hospitalisation in recent
years. Prevalence of diabetes is increasing in all countries, especially
in India, at an alarming rate.2 Though a sub‐section of type‐2
diabetic patients can be managed by diet alone, most patients
require oral hyoglycemic agents and/or insulin. Insulin therapy
affords effective glycemic control, yet its shortcomings such as
ineffectiveness on oral administration, short half‐life, requirement of
constant refrigeration and in the event of excess dosage fatal
hypoglycemia limit its usage.3 Treatment with sulfonylureas and
biguanides are also associated with adverse effects. 4 Contrary to
this, many traditional treatments have been recommended in the
alternative system of medicine for treatment of diabetes mellitus.
Several medicinal plants have been proposed for the treatment of
diabetes mellitus and claimed to have anti‐hyperglycaemic effects.
Studies have demonstrated the anti‐hyperglycemic activity of
Terminalia Arjuna, Eugenia jambolana, Trigonella foenum graecum,
Gymnema sylvestre, Withania somnifera, Momordica charantia and
Mucuna pruriens.5‐8
It has been proved beyond doubt that androgens have an important
role in maintaining glucose homeostasis and diabetes mellitus has
adverse effects on the androgenic status in men as well as animal
models.9 In the current situation, male diabetic subjects often
become impotent due to deficiency in circulating testosterone. 9,10 In
accordance with this, our previous experimental study showed that,
insulin replacement partially prevents diabetes‐induced atrophic
changes in testis. The partial restoration of body weight observed in
insulin‐replaced group of rats was found to be due to maintenance
of growth hormone, thyroid hormones and testosterone levels
partially or completely.11‐13
It has been reported that in animal models, sex hormones are
important regulators of insulin‐mediated events in skeletal
muscles.10,14 In particular, insulin‐ stimulated glucose uptake and
glycogen synthesis were influenced by sex steroids. Therefore,
plants having aphrodisiac property have been included along with
anti‐diabetic plants for the preparation of a novel polyherbal
antidiabetic agent. In addition, the authors published an original
research article Ismail Khan et al. reported that, efficacy of the
polyherbal preparation (PHP) tested in experimental diabetic male

albino rats showed significant reduction in blood glucose levels and
free of any adverse effects.15 Based on this background, again PHP is
used in the present clinical study for the management of type‐2
diabetes mellitus.
MATERIALS AND METHODS
Polyherbal preparations
The specific parts of six dried medicinal plant parts i.e, Gymnema
sylvestre leaves, Eugenia jambolana seeds, Momordica charantia
fruits, Trigonella foenum graecum seeds, Withania somnifera roots
and Mucuna pruriens seeds were purchased from local market and
were authenticated by Dr S. Shahul Hameed (Principal, Government
Unani Medical College, Chennai, India) and specimens were
preserved in the department of (Ilmul Adwia) Pharmacology. Above
mentioned plant parts were taken in equal ratio and they were
ground in a mixer to make fine powder and filled in 500/750mg
capsules. The bioactive compounds and active principles which are
present in the medicinal plants are not lost or substandard while
preparing polyherbal preparation as per the procedure of Indian
system of medicines.
A single centered, open labeled non‐randomized clinical trial
conducted during the period of November 2008‐June 2011 on
people with diabetes of both gender approached for
alternative/herbal treatment aged between 35‐65 years were
recruited from outpatient clinic of Thousand lights Diabetes centre.
Patients with symptoms of diabetes and who had not received any
anti‐diabetic drugs was screened and divided into two groups based
on their blood glucose levels. Mild Diabetic group (MD) (n=52):
fasting blood glucose ranges from 100‐200mg/dl and postprandial
(pp) 180‐300mg/dl. Severe Diabetic group (SD) (n=41): fasting
blood glucose level above 200mg/dl and postprandial level above
300mg/dl. Patients who gave written consent to participate in the
study were enrolled and received polyherbal preparation (PHP)
treatment for 12 weeks at a dose of 1g three times a day after food
for MD and 1.5g three times a day after food for SD subjects. Patients
with other systemic illness, recently hospitalized, pregnancy and
lactating women were not included in the study.
The study was conducted in compliance with “Ethical Guidelines for
Biomedical Research on Human subjects ICMR 2000” for conduct of
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trial with herbal remedies. The study protocol was approved by
Institutional Human Ethical Committee (IHEC) PGIBMS/CO/Human
Ethical/2008‐09/206 dt 06 Aug 2008).
At monthly visits, patients were followed up with detailed clinical
examination, assessment of compliance to drug intake (including
counting of unused capsules), diet adherence, record of any adverse
events, fasting and PP blood glucose levels and safety investigations.
In addition to this, following parameters were performed before and
after 12 weeks of PHP treatment. Fasting and postprandial (PP)
blood glucose levels were estimated by hand held glucometer from
Abott, USA. For safety measures total RBC, WBC, PCV, MCH and Hb
were assessed with an auto‐analyzer (Erba Chem 5 plus) Trans Asia,
USA. Liver function test: SGOT and SGPT were estimated by
IFCC/kinetic method 17,18 and ALP (Alkaline phosphatase) was
detrermined by GSCC/kinetic method.19 Blood urea was estimated
by GLDH/kinetic method.20,21 Serum creatinine was determined by
alkaline picrate method.22,23 Hb A1C Glycosylated haemoglobin) was
determined using Biosystems micro columns. 16 Serum insulin, C‐
peptide, testosterone and estradiol were estimated using RIA kits
from Diasorin, Italy. Insulin sensitivity index (HOMA) is a

calculated value using fasting serum insulin and blood glucose
levels. Cytokines like resistin was estimated by ELISA kit from
Orgenium, Finland and adiponectin, MCP‐1 and TNF α were
estimated by ELISA kits from Raybiotech, USA. The data were
subjected to statistical analyses.
Data analysis
Values are expressed as mean ± standard deviation. Statistical
significance was calculated by using student’s t test. Paired‘t’ test
was used to compare the baseline and end point biochemical values
and Wilcoxon signed Ranks Test was used for serum hormones and
cytokines values. In the present study, statistical significance was set
at p<0.05
RESULTS
In MD group (n=52) at the end of 4weeks, 2 men and in 8 weeks, 2
men and 2 women were withdrawn from the study because blood
glucose levels were decreasing below 80mg/dl. Following Tables (1,
1a and 1b) were baseline characteristics of bio‐chemical, serum
hormones and cytokines levels of Mild and Severe diabetic subjects.

Table 1: Baseline characteristics and biochemical values of Mild and Severe diabetic patients
n (male/female)
Age (years)
BMI(Kg/m2)
Fasting glucose(mg/dl)
PPBG(mg/dl)
HbA1c
RBC
WBC
Haemoglobin
PCV
MCV
MCH
SGOT
SGPT
ALP
Urea
Creatinine

Mild Diabetes(MD)
52(27/23)
49 ± 6
25 ± 5
146 ± 28
277 ± 36
7.7 ± 0.4
4.6 ± 0.5
7.2 ± 1.8
11.7 ± 1.1
40 ± 3
89 ± 5
28 ± 3
21 ± 6
15 ± 3
83 ± 12
15 ± 2.4
0.84 ± 0.15

Severe Diabetes(SD)
41(22/19)
50 ± 8
25 ± 4
267 ± 36
404 ± 41
9.5 ± 0.3
4.7 ± 0.6
7.3 ± 1.4
9.4 ± 0.8
39 ± 5
82 ± 11
27 ± 2
20 ± 7
16 ± 7
91 ± 18
14 ± 4
0.91 ± 0.18

p value
0.779
0.41
0.0001
0.0001
0.0001
0.77
0.67
0.0001
0.23
0.92
0.13
0.12
0.72
0.65
0.14
0.51

Each value represents Mean ± SD. Unpaired‘t’ test was used to assess the values between Mild and Severe diabetic patients.
Table 1a: Baseline values of serum hormones and cytokines levels of Mild and Severe diabetes patients.
n (male/female)
Insulin (uIU/ml)
C‐peptide
HOMA
Adiponectin
Resistin
MCP‐1
TNFα

Mild Diabetes
30(15/15)
15 ± 3
2.62 ± 0.43
4.7 ± 0.64
3.8 ± 0.67
21 ± 4
581 ± 62
1.66 ± 0.21

Severe Diabetes
30(15/15)
21 ± 4
3.4 ± 0.82
9.7 ± 0.9
2.1 ± 0.48
24 ± 6
642 ± 76
1.8 ± 0.26

p value
0.0001
0.0001
0.0001
0.0001
0.216
0.068
0.274

Each value represents Mean ± SD. Unpaired‘t’ test was used to assess the values between Mild and Severe diabetic patients.
Table 1b: Baseline values of serum hormones and cytokines levels of Mild and Severe diabetes patients.
n (male/female)
Testosterone
Estradiol

Mild Diabetes (MD)
30 (15/15)
3.35±1.3 / 0.43±0.3
41±16 / 133±78

Severe Diabetes (SD)
30 (15/15)
2.2±0.7 / 0.40±0.5
39±17 / 110±66

p value
(male/female)
0.05 / 0.78
0.82 / 0.13

Each value represents Mean ± SD. Unpaired‘t’ test was used to assess the values between Mild and Severe diabetic patients.
Blood glucose, haemoglobin level and safety measures
After 12 weeks of PHP treatment, the mean fasting and postprandial
blood glucose levels and HbA1c in MD and SD group was decreased
significantly whereas significant increase in total haemoglobin level

was observed. Whereas, Toxicological parameters like (Haemogram)
RBC, WBC, PCV, MCV, MCH, Liver Function Test (LFT) SGOT,SGPT,
ALP and Kidney Function Test (KFT) Urea and creatinine were
unaltered within the groups from baseline to end of the study period
in MD and SD groups (Table 2 and 3).
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Table 2: Effect of PHP on biochemical parameters of Mild diabetic patient
Mild Diabetes
52 (27/23)
146 ± 28
277 ± 36
7.7 ± 0.4
4.6 ± 0.5
7.2 ± 1.8
11.7 ± 1.1
40 ± 3
89 ± 5
28 ± 3
21 ± 6
15 ± 3
83 ± 12
15 ± 2.4
0.84 ± 0.15

n (male/female)
Fasting glucose(mg/dl)
PPBG(mg/dl)
HbA1c
RBC
WBC
Haemoglobin
PCV
MCV
MCH
SGOT
SGPT
ALP
Urea
Creatinine

Mild Diabetes after 12 weeks
46 (25/21)
95 ± 17
152 ± 31
5.7 ± 0.6
4.5 ± 0.4
6.3 ± 2.3
13.7 ± 0.8
39 ± 7
85 ± 7
30 ± 2
22 ± 5
14 ± 5
88 ± 21
14 ± 3.2
0.92 ± 0.16

p value
0.0001
0.0001
0.0001
0.87
0.63
0.0001
0.76
0.78
0.44
0.06
0.35
0.70
0.20
0.18

Each value represents Mean ± SD. Paired‘t’ test was used to assess the values between baseline and end of the study
Table 3: Effect of PHP on biochemical parameters of Severe diabetic patient.
n (male/female)
Fasting glucose(mg/dl)
PPBG(mg/dl)
HbA1c
RBC
WBC
Haemoglobin
PCV
MCV
MCH
SGOT
SGPT
ALP
Urea
Creatinine

Severe Diabetes
41 (22/19)
267 ± 36
404 ± 41
9.5 ± 0.3
4.7 ± 0.6
7.3 ± 1.4
9.4 ± 0.8
39 ± 5
82 ± 11
27 ± 2
20 ± 7
16 ± 7
91 ± 18
14 ± 4
0.91 ± 0.18

Severe Diabetes after 12 weeks
36 (20/16)
164 ± 29
231 ± 39
7.5 ± 0.4
4.8 ± 0.6
6.9 ± 2.5
11.9 ± 0.7
40 ± 7
76 ±13
31 ± 3
19 ± 7
14 ± 4
94 ± 19
14 ± 5
0.98 ± 0.11

p value
0.0001
0.0001
0.0001
0.52
0.71
0.0001
0.84
0.74
0.23
0.97
0.57
0.71
0.43
0.50

Each value represents Mean ± SD. Paired‘t’ test was used to assess the values between baseline and end of the study
Serum hormones, adipokines and inflammatory cytokines
estimation
Serum insulin and c‐peptide concentrations of both MD and SD
group were decreased significantly after 12 weeks of PHP
treatment. And in estradiol levels of both MD and SD group of both
men and women did not differ from baseline to end of the study
period between the groups. Whereas serum testosterone level was

significantly increased in men of MD and SD group from baseline
to the end of the study respectively but no significant changes was
recorded in women of MD and SD group. Resistin, MCP‐1 and TNF‐
α concentration of MD and SD group at baseline of the study was
significantly decreased at 12 of PHP treatment. But adiponectin
level was significantly increased from baseline of the study to 12
weeks in MD & SD subjects are summarized in (Table 4a, 4b, 5a
and 5b).

Table 4a: Effect of PHP on Serum hormones and cytokines of Mild diabetic patient
Insulin (uIU/ml)
C‐peptide
HOMA
Adiponectin
Resistin
MCP‐1
TNFα

Mild Diabetes
15 ± 3
2.62 ± 0.43
4.7 ± 0.64
3.8 ± 0.67
21.37 ± 4.1
581 ± 62
1.66 ± 0.21

Mild Diabetes after 12 weeks
7.7 ± 0.86
1.8 ± 0.21
2.26 ± 0.51
7.6 ± 1.2
14.5 ± 5.2
398 ± 73
1.05 ± 0.25

p value
0.005
0.005
0.005
0.005
0.005
0.005
0.005

Each value represents Mean ± SD. Wilcoxon signed Ranks Test was used to assess the values between baseline and end of the study
Table 4b: Effect of PHP on Serum hormones and cytokines of Mild diabetic patient
Sex
Testosterone
Estradiol

Mild Diabetes
(male / female)
3.35 ± 1.3 / 0.43 ± 0.3
41 ± 6 / 153 ± 78

Mild Diabetes after 12 weeks
(male / female)
5.2 ± 0.7 / 0.34 ± 0.28
39 ± 16 / 158 ± 82

p value
(male / female)
0.005 / 0.67
0.82 / 0.61

Each value represents Mean ± SD. Wilcoxon signed Ranks Test was used to assess the values between baseline and end of the study
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Table 5a: Effect of PHP on Serum hormones and cytokines of Severe diabetic patient.
Insulin (uIU/ml)
C‐peptide
HOMA
Adiponectin
Resistin
MCP‐1
TNFα

Severe Diabetes
21 ± 4.3
3.4 ± 0.82
9.7 ± 0.9
2.1 ± 0.48
24 ± 5.6
642 ± 76
1.8 ± 0.26

Severe Diabetes after 12 weeks
17 ± 2.4
2.1 ± 0.4
4.6 ± 0.53
4.5 ± 0.51
17.3 ± 3.9
490 ± 77
1.2 ± 0.17

p value
0.012
0.012
0.012
0.012
0.012
0.012
0.012

Each value represents Mean ± SD. Wilcoxon signed Ranks Test was used to assess the values between baseline and end of the study
Table 5b: Effect of PHP on Serum hormones and cytokines of Severe diabetic patient.
n (male/female)
Testosterone
Estradiol

Severe Diabetes
30 (15/15)
2.2 ± 0.7 / 0.40 ± 0.5
39 ± 17 / 110 ± 66

Severe Diabetes after 12 weeks
30 (15/15)
3.8 ± 0.8 / 0.27 ± 0.22
39 ± 16 / 114 ± 78

p value
(male/female)
0.012 / 0.461
0.57 / 0.77

Each value represents Mean ± SD. Wilcoxon signed Ranks Test was used to assess the values between baseline and end of the study
DISCUSSION
Diabetes mellitus is a metabolic disorder and its consequences affect
various systems of human physiology, and hence, it requires
multifunctional or synergistic effects of medicinal plants for the
management. The plant parts used in the polyherbal preparation
have been used since ancient times by the physicians of traditional
medicine including Unani system of medicine as anti‐diabetic drugs.
Since it is a polyherbal preparation it has a multiple and synergistic
effects on various systems of human body.
The mean fasting and postprandial blood glucose levels of MD
subjects after 12 weeks of polyherbal treatment were brought back
to almost normal range, however in SD subjects it was restored
partially. Sahana et al. 24 reported that the treatment with Coccinia
cordifolia extract in newly detected type‐2 diabetic patients for 90
days results in 16% decrease in fasting blood glucose level and 18%
in PP blood glucose level. Several studies of medicinal plants claimed
to have significant reduction in blood glucose level, 5 but in the
present study PHP restores the blood glucose level to normal range.
Hence, the efficiency of PHP is better than single medicinal plant
treatments. In the present study, HbA1C percentage was significantly
decreased in both mild and severe diabetic groups after 12 weeks of
polyherbal preparation (PHP) treatment suggesting that there is a
reduction of generalized glycosylation of proteins in circulation.
Glucosuric symptoms were also controlled in both mild and severe
diabetic groups. However, there were episodes of hypoglycemia
recorded often in MD group.
While screening for any toxicological effects of PHP, no change in
haematological parameters was recorded from baseline to 12
weeks of the study period except haemoglobin level which was
significantly increased in both MD & SD groups of patients.
Further, liver function test (LFT) and kidney function test (KFT)
values observed had no deviation from baseline to 12 weeks of the
study period. Thus, oral administration of PHP had no adverse
effects in diabetic patients and in our previous study, 500mg of
PHP /kg b.w. does not results in any adverse effects in the
experimental diabetic rats 15 and the same also claimed by the
pharmacology of Indian system of medicines.
In the present study serum insulin levels were significantly
decreased in both mild and severe diabetic groups after 12 weeks
of PHP treatment, thereby insulin sensitivity index also well
maintained in both groups. In accordance with this, previous
reports regarding medicinal plants and its constituents are very
well known in regulating β‐cell function and insulin levels in
experimental diabetic animals. 15,25 Previous studies have shown
that elevated serum levels of C‐reactive protein and several
cytokines are associated with obesity, insulin resistance and type‐
2 DM. In the adipose tissue, there is a local production of TNF‐α
and IL‐6 both of which have potent insulin antagonistic properties.
26 Zhuang et al. 27 reported that circulating levels of adiponectin

display a strong association with insulin resistance and body fat,
and experimental data suggest that adiponectin can reduce
hyperglycemia, insulin resistance, inflammation, atherosclerosis
and potentially adiposity.
Inflammatory cytokines like TNF α, MCP‐1 and IL‐6 are increased in
diabetes mellitus when compared with healthy subjects. 26 In the
present study, 12 weeks of PHP treated MD & SD subjects showed a
significant decrease in TNF α and MCP‐1 levels suggesting that PHP
acts as an anti‐inflammatory drug thereby reducing inflammatory
cytokines in the circulation. Circulating resistin level was
significantly increased in diabetic subjects but the adiponectin level
was reduced when compared with healthy subjects. 27 In the present
study, adiponectin and resistin were well regulated after 12 weeks
of PHP treatment in both MD & SD subjects.
It is well established that sex steroids play a vital role in glucose
homeostasis. Impotency is one of the complications in diabetic men
which sets in a large section of diabetic subjects. A systemic review
by Ding et al. 28 of 43 studies including 6427 men suggested that
higher testosterone plasma levels was associated with lower risk of
type‐2 DM and vice versa. Fukai et al. 29 demonstrated that serum
testosterone levels are lower in a large number of Japanese patients
with type‐2 DM when compared with healthy men. Grossman et al. 30
found that 43% of men with type‐2 DM have reduced total
testosterone, whereas 57% had reduced calculating free
testosterone. Testosterone production was severely hampered by
diabetes mellitus in men. In the present study, after 12 weeks of PHP
treatment there was a significant increase in serum testosterone
concentration in both mild and severe diabetic men. However, no
significant change was recorded in circulating estradiol
concenteration of both the genders of mild and severe diabetic
subjects. Since PHP contains aphrodisiac properties it may not have
an impact on sex steroidogenesis of women, hence no significant
change was recorded in serum estadiol concentrations. Both
Withania somnifera roots and Mucuna prurien seeds are potent
aphrodisiac plant parts as per the pharmacology of Indian system of
medicines.
It is proposed that the active principles, bioactive compounds and
fibers present in the medicinal plants of PHP may play a vital role in
regulating the blood glucose level by acting both at pancreatic and
extra pancreatic levels. Similarly, Flavanoids isolated from Eugenia
Jambolana seeds stimulated 16% increase in insulin release in vitro
from pancreatic cells.31 10 and 25 nM Momordin extract from
Momordica charantia significantly increased the expression of PPAR
delta mRNA 1.5 fold and PPAR delta promoter activity in a dose‐
dependant manner reaching more than 1.5 fold relative to control.32
Intestinal disaccharidase activity and glucose absorption were
decreased and gastrointestinal motility was increased by the soluble
dietary fiber fraction of Trigonella foenum graecum and thereby
suppressed the elevation of blood glucose after oral glucose
ingestion in both non‐diabetic and type‐2 diabetic rats. Activation of
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AMPK in muscle is known to increase the expression of GLUT4 and
increased plasma membrane GLUT4 has been measured in the
skeletal muscle of insulin‐resistant mice treated with Momordica
charantia extracts.33 Momordica charantia extracts administered in
insulin‐deficient rats were shown to boost hepatic activity of
glucose‐6‐phosphate
dehydrogenase,
while
reducing
the
concentration of glucose‐6‐phosphate. 34 Metformin has been
reported to have similar effect on hepatic enzyme activity. 35
Treatment with 250 and 500 mg/kg b.w. of aqueous ethanolic
extract of Tragia involucrata to type 2 diabetic rats showed
significant antidiabetic and hypolipidemic potential in dose
dependant manner which could be used as the supportive treatment
of diabetes mellitus for better glycemic control. 36 Adminsitration of
aqueous extract of Momordia charantia fruit in diabetic mice results
in decreased insulin resistance as a result of increased GLUT4
protein content in plasma membrane of muscle.37 Ethanolic extract
(200mg/kg b.w.) of Gymnema sylvestre leaves exert potent
hypoglycemic effect in experimental diabetic rats. 5 Oral
administration of aqueous extract of Mucuna pruriens seeds at a
dose of 200mg/kg b.w. significantly reduced the glucose level to
normal range in experimental diabetic rats.8 Ethanolic extract of
Withania somnifera root prevents glucose mediated collagen
glycation and cross linking in vitro suggesting its therapeutic role in
the prevention of glycation‐induced pathogenesis in diabetes
mellitus and aging.38 Since the above discussed medicinal plants are
constituents of PHP in the present study the antidiabetic properties
recorded in type‐2 diabetic subjects may be the synergistic and
cumulative effect of the medicinal plants. It is also obvious that the
effect of PHP is relatively better than the individual effect of these
plants. However, the limitation of the present study was not a
placebo controlled or randomized trial.

8.

9.
10.
11.

12.
13.

14.
15.

16.

CONCLUSION
It is concluded from the present study that polyherbal preparation
used in the present study has potential anti‐diabetic property by
reducing blood glucose level and favouring restoration of cytokine
network and serum hormones towards physiological range without
any obvious adverse effects.
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