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ABSTRACT: 
Introduction: Biomarkers of oxidative stress and endothelial dysfunction play an 

important role in the pathogenesis of type II Diabetes Mellitus (DM). The present 

study was planned to compare the effect of highly standardised aqueous extract of 

Phyllanthus emblica, Withania somnifera and their combination on endothelial 

dysfunction and biomarkers of oxidative stress in patients with type II DM. 

Methods: After taking IEC approval and written informed consent, eligible patients 

were randomized to receive either one of the three treatments, one capsule of 

Phyllanthus emblica 500 mg twice daily, one capsule of Withania somnifera 500 mg 

twice daily or one capsule of combination of Phyllanthus emblica 250mg+Withania 

somnifera 250mg twice daily for a duration of 12 weeks. Efficacy end points were 

change in endothelial function, change in biomarkers of oxidative stress and 

systemic inflammation measured at baseline and after 12 weeks of treatment.  

Results: Thirty patients completed the study. Twelve weeks treatment with 

Phyllanthus emblica, Withania somnifera and their combination produced significant 

reduction in Reflection index (RI) compared to baseline, (-2.17±0.72% Vs -

10.09±0.86), (-2.29±0.91% Vs -9.4±1.80%) and (-2.18±1.01% Vs -9.21±1.22%) 

respectively, suggesting improvement in endothelial function. There was also 

significant reduction in the biomarkers of oxidative stress and systemic 

inflammation. All three treatments were well tolerated. 

Conclusion: Phyllanthus emblica and Withania somnifera and their combination 

have shown significant improvement in endothelial function, reduction in 

biomarkers of oxidative stress and systemic inflammation in patients with type II 

DM. On further analysis, Phyllanthus emblica has shown a better response compared 

to other treatment groups. 

INTRODUCTION: Diabetes has emerged as a 

major healthcare problem in India. According to 

Diabetes Atlas published by the International 

Diabetes Federation (IDF)
 1

, there were an 

estimated 40 million persons with diabetes in India 

in 2007 and this number is predicted to rise to 

almost 70 million people by 2025. 
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The real burden of the diabetes is however due to 

its associated complications which lead to 

increased morbidity and mortality among which 

cardiovascular disease is the major cause 
2
.  

Endothelial dysfunction is believed to be important 

in the pathogenesis of microvascular and 

macrovascular disease especially leading to a 

marked increase in atherosclerotic vascular disease 
3
. Endothelial dysfunction, present at disease onset, 

may be the cause of atherogenesis that is present 

throughout the course of diabetes mellitus (DM) 

and associated with late-stage adverse outcomes 
4
.
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This endothelial dysfunction results from reduced 

bioavailability of the vasodilator nitric oxide (NO) 

mainly due to accelerated NO degradation by 

reactive oxygen species 
5
. A currently favored 

hypothesis is that oxidative stress, through a single 

unifying mechanism of superoxide production, is 

the most common pathogenic factor leading to 

insulin resistance, β-cell dysfunction, impaired 

glucose tolerance (IGT) and ultimately to type II 

DM.  

Furthermore, this mechanism has been implicated 

as the underlying cause of both the macrovascular 

and microvascular complications associated with 

type II DM. It follows that therapies aimed at 

reducing oxidative stress would benefit patients 

with type II DM and those at risk for developing 

diabetes 
6, 7

.
 
High-sensitivity C-reactive protein (hs-

CRP) is a predictor of early atherosclerotic damage 

and is related to increased adiposity (mainly 

abdominal), insulin resistance, and dyslipidemia 
8
. 

hs-CRP also directly impairs production of nitric 

oxide, resulting in endothelial dysfunction 
9
. 

Many herbs possess potent antioxidant, anti-

inflammatory and cardio-protective properties and 

are used by patients with increased risk of 

cardiovascular morbidity and mortality. Amla 

(Phyllanthus emblica) is widely used in Indian 

medicine for the treatment of various diseases. 

There is some published evidence that Phyllanthus 

emblica has significant hypoglycemic and lipid 

lowering affects in diabetic patients 
10, 11, 12

.
  

In vitro and animal studies have indicated that 

Phyllanthus emblica has potent antioxidant effects 

on superoxide and hydroxyl radicals, scavenging 

activity, and an ability to augment antioxidant 

enzymes 
10, 13

.
 
Withania somnifera (Ashwagandha) 

is widely used in Ayurvedic medicine for its cardio 

protective potential due to its therapeutic potential 

as antioxidant, hypoglycemic and hypolipidemic 

agent 
14, 15

.
 

The present study was thus undertaken to evaluate 

and compare the effect of highly standardised 

aqueous extracts of Phyllanthus emblica, Withania 

somnifera and their combination on endothelial 

function and biomarkers in patients with type II 

diabetes mellitus and further study its probable 

mechanism of action.  

MATERIALS AND METHODS: The present 

study was a prospective, randomized, double 

blinded and parallel group study conducted in the 

Department of Clinical Pharmacology and 

Therapeutics, Nizam’s Institute of Medical 

Sciences, Hyderabad. Forty two patients were 

enrolled in the study which was approved by the 

Institutional Ethics Committee. All subjects gave 

written informed consent prior to participation in 

the study.  

Patients of either sex, aged 18-65 years, fasting 

blood glucose of ≥110 mg/dL, a glycosylated 

haemoglobin (HbA1c) between 6.5 to 8.0 % and 

taking stable dose of anti-diabetic treatment 

(Metformin 1500-2500 mg/day) for the past 8 

weeks prior to the screening visit; and having 

endothelial dysfunction defined as ≤ 6% change in 

reflection index (RI) on post salbutamol challenge 

test were included in the study. Patients with severe 

uncontrolled hyperglycemia, uncontrolled 

hypertension, cardiac arrhythmia, impaired hepatic 

or renal function, history of malignancy or stroke, 

smoking, chronic alcoholism, any other serious 

disease requiring active treatment and treatment 

with any other herbal supplements were excluded 

from the study.  

After screening, all the eligible subjects were 

randomized to receive either one of the three 

treatments as per prior randomization schedule for 

a total duration of 12 weeks i.e., one capsule of 

Phyllanthus emblica (CAPROS
®
) 500 mg twice 

daily; one capsule of Withania somnifera 

(SENSORIL
®

) 500 mg twice daily; or one capsule 

of a combination of Phyllanthus emblica and 

Withania somnifera (CAPSORIL
®

 500 mg - 

CAPROS
®
 250 mg +SENSORIL

®
 250 mg) twice 

daily. CAPROS
®
 is an aqueous extract  of the 

edible fruits of Phyllanthus emblica (Amla), 

containing not less than 60% of low molecular 

weight hydrolysable tannins (LMwHT) comprising 

Emblicanin-A, Emblicanin-B, Punigluconin and 

Pedunculagin as the bioactives and is highly 

standardized by high-performance liquid 

chromatography (HPLC).  

SENSORIL
®

 is an aqueous extract of the roots plus 

leaves of Withania somnifera (Ashwagandha), 

containing not less than 10% withanolide 

glycosides, not more than 0.5% of Withaferin-A 
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and not less than 32% of oligosaccharides and is 

highly standardized by HPLC. The HPLC 

Chromatograms for both Phyllanthus emblica and 

Withania somnifera are shown in Figure 1a and 

Figure 1b respectively. 

 
FIGURE 1A: HPLC CHROMATOGRAM OF PHYLLANTHUS EMBLICA SHOWING PEAKS FOR EMBLICANIN-

A, EMBLICANIN-B, PUNIGLUCONIN AND PEDUNCULAGIN  

 
FIGURE 1B: HPLC CHROMATOGRAM OF WITHANIA SOMNIFERA SHOWING PEAKS FOR WITHANOLIDE 

GLYCOSIDES AND WITHAFERIN-A 

Subjects were reviewed at 4 weeks, 8 and 12 weeks 

of therapy. Pharmacodynamic evaluation for 

endothelial function was conducted at baseline and 

after 12 weeks of therapy. Blood samples were 

collected for evaluation of biomarkers before and at 

the end of treatment. Safety lab investigations for 

haematological, hepatic and renal biochemical 

parameters were conducted before and at the end of 

the study and also as and when required (in case of 

any adverse drug reaction (ADR). Subjects were 

enquired for the presence of ADR and the same 

was recorded in the case report form. Compliance 

to therapy was assessed by pill count method. 

Primary and Secondary Efficacy Parameters: 

The primary efficacy measure was a change in 

endothelial dysfunction as assessed by more than 

6% change in reflection index (RI) at 12 weeks in 

all the treatment groups. Secondary efficacy 

parameters include change in biomarkers of 

oxidative stress, systemic inflammation, changes in 

lipid profile and HbA1c levels in all the treatment 

groups.  

Additionally, safety and tolerability assessment of 

the test medications were also done. 
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Assessment of Endothelial Function: New non-

invasive methods can detect endothelial function by 

indirect measure such as Reflection Index (a 

Pharmacodynamic biomarker of vascular 

dysfunction) to enable the detection, prevention, 

and treatment of diabetes and its complications. A 

salbutamol challenge test employing digital volume 

plethysmography was used to assess endothelial 

function as reported by Chowienczyk et al 
16

 and 

Naidu et al 
17

.  

Patients were examined in supine position after 5 

minutes of rest. A digital volume pulse (DVP) was 

obtained using photo plethysmograph (Pulse Trace 

PCA2, PT200, Micro Medical, Kent, UK) 

transmitting infra-red light at 940 nm, placed on the 

index finger of right hand (fig. 2).  

The signal from the plethysmograph was digitized 

using a 12 bit analogue to digital converter with a 

sampling frequency of 100 Hz. DVP waveforms 

were recorded over 20 seconds and the height of 

the late systolic / early diastolic portion of the DVP 

was expressed as a percentage of the amplitude of  

DVP to yield the reflection index (RI) as shown in 

Figure 2, as per the procedure described in detail by 

Millasseau et al 
18

 After the DVP  recordings were 

taken, three measurements of reflection index (RI) 

were calculated and the mean value was 

determined.  

Patients were then administered 400µg of 

salbutamol by inhalation. After 15 minutes, three 

measurements of RI were obtained again and the 

difference in mean RI before and after 

administration of salbutamol was used for assessing 

endothelial function. A change of ≤ 6% in RI post 

salbutamol was considered as endothelial 

dysfunction. 

 

FIGURE 2: PULSE ANALYZER (MICRO MEDICAL) 

WITH PHOTO PLETHYSMOGRAPH (PPG) 

TRANSDUCER AND A DIGITAL VOLUME PULSE 

(DVP) WAVEFORM 

Evaluation of Biomarkers and Safety 

Parameters: Nitric oxide 
19

,
 

MDA 
20

 and 

Glutathione (GSH) levels 
21

 were estimated using 

UV spectrophotometer and hs-CRP (high 

sensitivity C-reactive protein) by enzyme-linked 

immunosorbent assay (ELISA) method. Lipid 

profile is a biomarker for hyperlipidemia induced 

cardiovascular morbidity and mortality. All the 

subjects underwent complete physical examination, 

safety lab evaluations at baseline and at the end of 

treatment. Samples were collected after an 

overnight fast of 12 hours after the last dose of 

medication for determination of haemoglobin, 

blood urea and serum creatinine, liver function 

tests, lipid profile [Total cholesterol, High density 

lipoprotein cholesterol (HDL-C), low density 

lipoprotein cholesterol (LDL-C)] using appropriate 

standard techniques. 
 

Data Analysis: Data is expressed as Mean ±SD. 

ANOVA and paired and unpaired t- test were 

performed for within group and between groups 

analysis respectively. A p-value < 0.05 was 

considered to be statistically significant. All 

statistical analysis was performed using the Graph 

pad Prism, Version 4, USA. 

RESULTS: A total of 36 subjects were screened 

and 30 eligible subjects have completed the study. 

Ten subjects each in Phyllanthus emblica 500 mg, 

Withania somnifera 500 mg and combination of 

P.emblica and W.somnifera 250+250 mg groups 

have completed the study. Detailed demographic 

characteristics of the three study groups are shown 

in Table 1. There was no significant difference 

between treatment groups with respect to 

demographic variables.  
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TABLE 1: DEMOGRAPHIC CHARACTERISTICS OF ALL STUDY GROUPS 

Parameter Phyllanthus emblica Withania somnifera Combination of P.emblica and W.somnifera 

Total No. 10 10 10 

Age 58.60±10.54 60.10±6.471 57.30±9.23 

Sex (M/F) 9/1 8/2 9/1 

Weight 67.93±6.35 70.10±5.64 68.95±6.625 

BMI (kg/m
2
) 24.83±2.20 25.65±3.517 24.97±2.65 

 

RI was used to assess endothelial function. As seen 

from Figure 3A, compared to the pre-treatment 

value, a significant improvement in RI was 

observed in all the three treatment groups after 12 

weeks (p<0.001). Although the absolute change in 

RI was apparently high with Phyllanthus emblica, 

there was no significant difference between the 

three treatment groups. The comparison of absolute 

change in RI with all the three treatments is shown 

in Figure 3B.  

 
FIGURE 3A: EFFECT OF PHYLLANTHUS EMBLICA 500mg, WITHANIA SOMNIFERA 500mg AND 

COMBINATION OF P. EMBLICA AND W. SOMNIFERA ON RI AFTER 12 WEEKS OF TREATMENT (All Values 

expressed as Mean ± SD) 

 
FIGURE 3B: COMPARISON OF ABSOLUTE CHANGE 

IN RI WITH ALL THE THREE TREATMENTS 

Nitric oxide, malondialdehyde and glutathione 

levels were used to assess oxidative stress. As seen 

from Table 2, treatment with Phyllanthus emblica
 

500 mg, Withania somnifera
 

500 mg and 

combination of P. emblica and W. somnifera 

250+250 mg has shown statistically significant 

improvement in the levels of oxidative stress 

biomarkers such as nitric oxide (NO) & glutathione 

(GSH) and significant reduction in the levels of 

MDA after 12 weeks of treatment when compared 

to pre-treatment levels.  

The p value compared to baseline with Phyllanthus 

emblica
 
500 mg, Withania somnifera

 
500 mg and 

combination of P. emblica and W. somnifera 

250+250 mg for NO were <0.001, <0.05 and 

<0.001 respectively, and the same for MDA and 

GSH levels in all the three treatment groups was 

<0.01.  

The mean percentage change for biomarkers of 

oxidative stress was shown in Figure 4. The mean 

percent improvement was seen for NO and GSH 

levels whereas mean percent reduction was 

observed for MDA. On comparison of absolute 

change in biomarkers of oxidative stress between 

the three treatment groups, statistical significance 

was achieved only for NO with Phyllanthus 

emblica 500 mg when compared to Withania 

somnifera
 
500 mg and combination of P. emblica 

and W. somnifera
 
250+250 mg (p<0.01) as shown 

in Table 2. However, statistical significance was 

not achieved for MDA and GSH when compared 

between the three treatment groups (p=NS). 
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TABLE 2: EFFECT OF PHYLLANTHUS EMBLICA 500mg, WITHANIA SOMNIFERA 500 MG AND COMBINATION 

OF P. EMBLICA AND W. SOMNIFERA ON BIOMARKERS OF OXIDATIVE STRESS AFTER 12 WEEKS OF 

TREATMENT 

Biomarkers of 

Oxidative Stress in 

different groups 

Pre 

treatment 

Post 

treatment 

Absolute 

Change 

Mean % 

Change 

p Value 

compared 

to baseline 

p Value for 

absolute change 

compared between 

the groups 

Phyllanthus emblica 

group 

NO   (µM/L) 

24.68±2.21 44.71±4.56 20.03±4.34 82± 20.48 p<0.001 

p<0.01 compared to 

W somnifera & 

combination 

Phyllanthus emblica 

group 

MDA (nM/ml) 

3.27±0.91 2.18±0.92 -1.08±0.72 -32.67±19.58 p<0.01 NS 

Phyllanthus emblica 

group 

GSH (µM/L) 

363.7±130.3 541.6±154.4 178.0±137.8 62.70±61.32 p<0.01 NS 

Withania somnifera 

group 

NO (µM/L) 

27.85±4.68 37.13± 10.63 9.27±10.37 35.32± 40.02 p<0.05 NS 

Withania somnifera 

group 

MDA (nM/ml) 

3.32± 1.31 2.13± 0.94 -1.18±1.10 -32.47±25.45 p<0.01 NS 

Withania somnifera 

group 

GSH (µM/L) 

352.8± 91.6 503.61±113.60 150.79±127.59 61.08± 90.05 p<0.01 NS 

Combination of 

P. emblica and W. 

somnifera group 

NO (µM/L) 

28.45± 5.11 39.26± 4.44 10.81±6.73 41.35±26.80 p<0.001 NS 

Combination of 

P. emblica and 

W.somnifera group 

MDA (nM/ml) 

3.02± 1.04 2.25± 0.91 -0.77±0.64 -24.63±17.80 p<0.01 NS 

Combination of 

P. emblica and 

W.somnifera group 

GSH  (µM/L) 

365.6±186.5 534.9±160.8 169.27±155.29 62.32±60.69 p<0.01 NS 

(All Values expressed as Mean ± SD). NS – Non Significant. 

 
FIGURE 4: Mean percentage change in nitric oxide, MDA, and glutathione levels with phyllanthus emblica 500 mg, 

withania somnifera 500 mg and combination of p. emblica and W. somnifera at the end of 12 weeks treatment 
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hs-CRP was used as an inflammatory biomarker. 

As seen from Figure 5A, treatment with 

Phyllanthus emblica
 
500 mg, Withania somnifera

 

500 mg and combination of P. emblica and W. 

somnifera 250+250 mg has shown significant 

reduction in hs-CRP levels after 12 weeks of 

treatment when compared to pre-treatment levels 

(p<0.001). The mean percentage reduction in hs-

CRP levels for all the three treatment groups was 

shown in Figure 5B. Comparison of absolute 

change in hs-CRP levels was found to be non-

significant between the three treatment groups 

(p=NS). 

 
FIGURE 5A: EFFECT OF PHYLLANTHUS EMBLICA 500 mg, WITHANIA SOMNIFERA 500 MG AND 

COMBINATION OF P. EMBLICA AND W.SOMNIFERA ON INFLAMMATORY BIOMARKER hs-CRP (mg/l) 

AFTER 12 WEEKS OF TREATMENT. (All Values expressed as Mean ± SD) 

 
FIGURE 5B: MEAN PERCENTAGE CHANGE IN hs-

CRP LEVELS FOR ALL THE THREE TREATMENT 

GROUPS 

Both Phyllanthus emblica and Withania somnifera 

are reported to have potent hypolipidemic activity. 

In the present study, we demonstrated their lipid-

lowering effect individually and in combination in 

type II diabetics. The results on the lipid profile are 

shown in Table 3. Treatment with Phyllanthus 

emblica 500 mg, Withania somnifera 500 mg and 

combination of P. emblica and W. somnifera 

250+250 mg significantly reduced the levels of 

total cholesterol, low-density lipoprotein (LDL) 

cholesterol and triglycerides and increased high-

density lipoprotein (HDL) cholesterol levels 

compared with baseline at the end of 12 weeks. 

Though there was an apparent reduction in mean 

percentage change of total cholesterol and 

triglycerides in all the three treatment groups, the 

difference among the groups was however not 

statistically significant.  

The mean percentage increase in HDL cholesterol 

was found to be significant for Phyllanthus emblica 

500 mg when compared to Withania somnifera 500 

mg and combination of P. emblica and W. 

somnifera 250+250 mg (p<0.05).  

The mean percentage reduction in LDL cholesterol 

was found to be significant for Phyllanthus emblica 

500 mg when compared to Withania somnifera 500 

mg and combination of P. emblica and W. 

somnifera 250+250 mg (p<0.001 between 

Phyllanthus emblica and combination of P. emblica 

and W. somnifera; p<0.05 between Phyllanthus 

emblica and Withania somnifera).  

 

 



Usharani et al., IJPSR, 2014; Vol. 5(7): 2687-2697.                                   E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              2694 

TABLE 3: EFFECT OF PHYLLANTHUS EMBLICA 500 MG, WITHANIA SOMNIFERA 500 mg AND 

COMBINATION OF P.EMBLICA AND W.SOMNIFERA 250+250 mg ON LIPID PROFILE 

Parameter 

P. emblica 500 mg 

n=10 

W. somnifera 500 mg 

n=10 

Combination of P emblica and   

W somnifera (250+250) 

n=10 

Pre treatment Post treatment Pre treatment Post treatment Pre treatment Post treatment 

Total 

Cholesterol 

(mg/dl) 

195.8±29.4 158.2±23.7 
#
 194.1±21.1 163.8±13.4 

$
 188.9±17.5 160.3±17.9 

$
 

HDL-C 

(mg/dl) 
40.70±7.04 50.80±5.9 

#
 41.50±7.5 45.30±6.7 * 39.00±7.9 42.10±5.8 * 

LDL-C 

(mg/dl) 
127.3±17.3 72.60±6.2

 #
 123.7±17.6 90.90±21.04 

#
 118.8±20.9 96.40±16.3 

$
 

Triglycerides 

(mg/dl) 
163.6±78.7 117.6±43.6 

$
 166.6±57.4 122.3±29.2

$
 164.5±44.4 125.4±35.9 

#
 

*- p<0.05 compared to baseline. $-p<0.01 compared to baseline. #-p<0.001 compared to baseline 

There were no significant changes in laboratory 

safety parameters (haematological, renal and 

hepatic parameters) in all the three treatment 

groups. All the three study medications were well 

tolerated by the subjects. There were no serious 

adverse events recorded in the study except for 

dyspepsia reported by three patients in the 

Phyllanthus emblica 500 mg group. None of the 

subjects discontinued the study prematurely 

because of these adverse events. 

DISCUSSION: In the present study, we evaluated 

the effects of highly standardised aqueous extracts 

of Phyllanthus emblica 500 mg, Withania 

somnifera 500 mg and combination of P.emblica 

and W.somnifera 250+250 mg on endothelial 

function and biomarkers in diabetic patients. All 

the three treatments have shown a beneficial effect 

on endothelial function, along with a significant 

improvement in biomarkers of oxidative stress and 

inflammation, including nitric oxide, glutathione, 

malondialdehyde and hs-CRP levels. Further, the 

three treatments significantly decreased total 

cholesterol, triglycerides, and low-density 

lipoprotein cholesterol, and increased high-density 

lipoprotein cholesterol. However, the combination 

does not seem to have any synergistic effect. 

Endothelial dysfunction is one of the early 

prognostic markers of atherosclerosis, and may 

eventually result in cardiovascular disease. Risk 

factors such as dyslipidemia, hypertension, 

smoking, and type II diabetes are associated with 

impaired endothelial function. Diabetes is 

associated with accelerated atherosclerosis and 

microvascular complications, which are the major 

causes of morbidity and mortality. It has been 

reported that endothelial dysfunction occurs in 

patients with diabetes much earlier than the clinical 

manifestations of vascular complications of the 

disease 
22

. In an earlier study, we reported the 

presence of endothelial dysfunction assessed by 

salbutamol challenge indicating a decrease of 6% 

in RI, which is a marker of endothelial-dependent 

vasodilatation in diabetic patients 
17, 23

.  

Endothelial cell dysfunction is emerging as a key 

component in the pathophysiology of the cardio-

vascular abnormalities associated with diabetes 

mellitus. The intact endothelium promotes 

vasodilatation principally via the release of nitric 

oxide, originally known as endothelium-derived 

relaxing factor. Nitric oxide has been recognized as 

a key determinant of vascular homeostasis, 

regulating several physiologic properties, including 

vascular permeability, and has antithrombotic 

properties.  

Decreased production or increased metabolism of 

nitric oxide may lead to inadequate amounts of 

nitric oxide within the vasculature and its patho 

biologic consequences leading to atherosclerosis.
24

 

The endothelial dysfunction associated with 

diabetes has been attributed to a lack of bio 

available nitric oxide due to reduced ability to 

synthesize nitric oxide from L-arginine.
5
 

Vascular injury in diabetes as a result of 

hyperglycemia has been associated with oxidative 

stress. Oxidative stress also plays an important role 

in the etiology of atherosclerosis and coronary 

heart disease, and is one of the main mechanisms 
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involved in endothelial dysfunction 
7
. Cellular 

enzymatic (superoxide dismutase) and 

nonenzymatic (glutathione) antioxidants act as the 

primary line of defence to counteract the 

deleterious effects of these free radical species.
13

 

Reduced GSH levels, a measure of anti-oxidant 

capacity and MDA levels, a measure of oxidative 

lipid damage are the main biomarkers for oxidative 

stress. C-reactive protein is a sensitive marker for 

systemic inflammation. A relationship between 

inflammation and development of atherosclerotic 

disease, in particular coronary heart disease, has 

recently been demonstrated in epidemiologic 

studies. Previous research suggests a positive 

relationship between diabetes and markers of 

inflammation, such as CRP in the Atherosclerosis 

Risk in Communities study,
 25

 in which there was a 

positive link found between systemic inflammation 

and the development of type 2 diabetes mellitus 

and its cardiovascular complications.  

Hypercholesterolemia along with hyperglycemia is 

a major risk factor for the development of 

atherosclerosis and is associated with coronary and 

peripheral vascular disease 
26

.
 
Reduction of hyper-

cholesterolemia has been associated with 

improvement of coronary artery disease, and 

intensive interventions, including diet, exercise, 

and use of hypolipidemic and anti-inflammatory 

drugs, are recommended. However, some patients 

cannot tolerate the adverse effects of these drugs, 

necessitating the use of safer therapeutic 

alternatives 
27

.
 

The use of herbal products by practitioners of 

Ayurvedic medicine to manage the cardiovascular 

complications in diabetic patients has given a new 

lead to the use of natural products like Phyllanthus 

emblica, Withania somnifera and their combination 

to identify less expensive and safer strategies for 

managing cardiovascular disease in diabetics. The 

tannoid principles of P. emblica have been reported 

to have antioxidant activity in vitro and in vivo. In 

a study conducted in rats, it was seen that fresh P. 

emblica juice enriched with emblicanin A and 

emblicanin B showed antioxidant activity in an 

ischemia-reperfusion model of oxidative stress in 

the rat heart 
28

.
 
Phyllanthus emblica extract has also 

been reported to have cytoprotective effects on 

account of their antioxidant effects on lipid 

peroxidation 
29

.  

An earlier study by Antony et al 
13

 also 

demonstrated the beneficial antioxidant activity of 

amla fruit on atherosclerosis and dyslipidemia. In 

another study by Anila et al 
30

, the flavonoid 

content of amla was analyzed for its biological 

activity and found to have a potent hypolipidemic 

effect.  

Akhtar et al 
12

 evaluated the antihyperglycemic and 

lipid-lowering properties of amla in healthy 

volunteers and diabetic patients. Significant 

decreases in total cholesterol and triglycerides and 

improvement in high-density lipoprotein 

cholesterol were observed in both normal 

volunteers and diabetic subjects receiving 2–3 g of 

P. emblica powder per day. In their study of P. 

emblica, Antony et al 
13

 also reported a significant 

reduction in total cholesterol, low-density 

lipoprotein cholesterol, and triglycerides, as well as 

a significant elevation of high-density lipoprotein 

cholesterol.  

Although the exact mechanism by which amla 

exerts this beneficial effect is presently not clear, it 

seems likely that it brings about favorable changes 

in the lipid profile via several mechanisms, 

including interference with cholesterol absorption 
29

, inhibition of HMG-CoA reductase activity, and 

an increase in lecithin cholesterol acyl transferase 

activity 
28

. In an earlier study done by us, we have 

concluded that P. emblica significantly improved 

endothelial function and reduced biomarkers of 

oxidative stress and systemic inflammation in 

patients with type 2 diabetes mellitus 
11

. Further it 

was concluded that P. emblica extract may be a 

good therapeutic alternative to statins in diabetic 

patients with endothelial dysfunction because it has 

the beneficial effects of the statins but without the 

well-known adverse effects of these agents, 

including myopathy and hepatic dysfunction 
11

.  

A study by Shahid et al
 31

,
 
found that fasting blood 

sugar and HbA1c levels were significantly elevated 

whereas serum nitric oxide levels were 

significantly depressed in normotensive diabetics 

and hypertensive patients compared with controls.
 

In a recent study by Udaya Kumar R et al
 32

, they 

have evaluated the hypoglycaemic and 

hypolipidemic effects of extracts of Withania 

somnifera root and leaves in alloxan induced 

diabetic rats and found them to be effective.  
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In a study with W. somnifera by Anwer et al 
33

, 

animal models have shown significant reductions in 

blood glucose and HbA1c levels and Insulin 

resistance. In another study with a polyherbal 

formulation (Cardipro) in which Withania 

somnifera is an active constituent done by us, we 

concluded that there was a significant increase in 

the level of NO and decrease in RI thereby 

reflecting an improvement of endothelial function 

in patients with type II diabetes mellitus 
34

.
 

CONCLUSION: In the present study, treatment 

with highly standardised aqueous extracts of 

Phyllanthus emblica 500 mg, Withania somnifera 

500 mg and their combination (250+250 mg) for 12 

weeks produced significant improvement in 

endothelial function in diabetic patients as 

measured by RI compared to baseline. Reduction in 

the levels of biomarkers of oxidative stress and 

inflammation were observed suggesting 

improvement in endothelial function in diabetic 

patients. All the three treatment groups also showed 

significant improvement in the lipid parameters.  

All the three treatments were well tolerated. On 

further analysis, Phyllanthus emblica 500 mg has 

shown a better response in terms of improvement in 

endothelial function, reduction in the levels of 

biomarkers of oxidative stress and improvement in 

lipid profile compared to Withania somnifera 500 

mg and their combination.  It is suggested that 

further studies are needed to be undertaken for 

exploring the beneficial effects of these compounds 

in diabetic patients with endothelial dysfunction.  
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