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ABSTRACT

Background: Diabetes mellitus (DM) is one of the oldest common metabolic disorders characterized by hyperglycemia, 
hyperlipidemia, negative nitrogen balance, and ketonemia. It is a one of the most important pathological conditions associated 
with dyslipidemia that affects the whole body system. Several types of DM exist and result by a complex interaction of genes 
and drugs, gestational diabetes, environmental factors such as stress and sedentary lifestyle choices. DM is the leading cause 
of end-stage renal disease, coronary artery disease, cerebrovascular disease, nontraumatic lower extremity amputations, and 
adult blindness. Aims and Objectives: This study was conducted to evaluate the hypolipidemic effect of stem part of Berberis 
aristata in patients of Type 2 DM with dyslipidemia as add on therapy. Materials and Methods: A prospective randomized 
open parallel group study was conducted in total 90 patients having high fasting blood sugar (FBS) and dyslipidemia of either 
sex in the age group of 30-60 years attending of outpatient/indoor Department of Medicine of Muzaffarnagar Medical College 
and Hospital, Muzaffarnagar, Uttar Pradesh, India. A total of 103 each Group 1 (N = 30) was taken as control while Group 2 
(N = 30) and Group 3 (N = 30) was taken as study group who had received 1.5 and 3 g of B. aristata, respectively, as add on 
therapy along with their conventional antidiabetic and antihyperlipidemic (in certain number of patients) treatment. During 
the study, 13 patients (8 male and 5 female) did not complete the study and reason of premature withdrawal included protocol 
violation. Results: In our study, there were a statistically a highly significant improvement and stabilization of glycemic control 
in test Groups 2 and 3 when compared with control group (P < 0.01). In Groups 2 and 3, reduction of FBS level from 1 month 
onward. The mean high density lipoprotein level improved significantly in the Group 2 (P < 0.01) and highly significantly 
in Group 3 (P < 0.001) as compared to control. The mean total cholesterol level decreased no significantly in the Group 2 (P 
> 0.05) and highly significant in Group 3 (P < 0.001) as compared to control. The mean triglyceride level decreased highly 
significantly in the Group 2 and Group 3 (P < 0.001) as compared to control. The mean low density lipoprotein level decreased 
highly significant in the Group 2 and Group 3 (P < 0.001) as compared to control. Conclusion: It can be concluded that B. 
aristata as an add on therapy in Type 2 DM patients has a beneficial role with regard to the hyperglycemia and dyslipidemia 
very safe as no major side effects were observed affecting morbidity and mortality. Hence, B. aristata as an add on therapy 
could represent a good treatment option before initiating insulin and hypolipidemic therapy in diabetic patient with suboptional 
glycemic and lipideimic control to avoid unwanted adverse effects and can cut down cost of treatment.
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INTRODUCTION

In both developed and underdeveloped countries, the 
prevalence of noncommunicable diseases is gaining more 
significance among the adult population. Globally, deaths of 
many people yearly are caused by cardiovascular diseases 
(CVDs) than any other causes.[1] Dyslipidemia is elevation 
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of plasma cholesterol, triglycerides (TGs), or both, or a low 
high-density lipoprotein (HDL) level that contributes to 
the development of atherosclerotic CVD, including acute 
coronary syndrome, stroke, transient ischemic attack or 
peripheral arterial disease presume caused by atherosclerosis. 
The primary (genetic) causes and secondary (lifestyle and 
other) causes contribute dyslipidemia in very degrees. The 
primary causes are single or multiple gene mutation that 
results in either or production or defective clearance of TG 
and low density lipoprotein (LDL) cholesterol, or in under 
production or excessive clearance of HDL while secondary 
causes contribute to many cases of dyslipidemia in adults. The 
most important secondary cause in developed countries is a 
sedentary lifestyle with excessive dietary intake of saturated 
fat, cholesterol, and trans fats. Other common secondary causes 
include diabetes mellitus (DM), alcohol overuse, chronic 
kidney disease, hypothyroidism, primary biliary cirrhosis, 
and other cholestasis liver diseases, drugs such as thiazides, 
β-blockers, retinoids, and highly active antiretroviral.

Secondary causes of low levels of HDL cholesterol include 
cigarette smoking, anabolic steroids, HIV infection, and 
nephrotic syndrome.[2]

The effects of unhealthy diet and physical inactivity may show 
up in individuals such as elevated blood pressure, increased 
blood glucose, raised blood lipids, and overweight and obesity.[1] 
Advancing technology and drastic lifestyle changes have been 
associated with rise in various noncommunicable disorders, 
including DM.[3] It is a metabolic disorder characterized by 
hyperglycemia, glycosuria, hyperlipidemia, negative nitrogen 
balance, and sometimes ketonaemia. Symptoms of marked 
hyperglycemia include polyuria, polydipsia, weight loss, 
sometimes with polyphagia, and blurred vision. Impairment 
of growth and susceptibility to certain infections may also 
accompany chronic hyperglycemia. Acute, life-threatening 
consequences of diabetes are hyperglycemia with ketoacidosis 
or the nonketotic hyperosmolar syndrome.[4] Diabetes is an 
especially significant secondary cause because patients tend 
to have an atherogenic combination of high TGs; high small, 
dense LDL fractions; and low HDL (diabetic dyslipidemia, 
hypertriglyceridemic hyperapo B). Patients with Type 2 
diabetes are especially at risk. The combination may be a 
consequence of obesity, poor control of diabetes, or both, 
which may increase circulating free fatty acids, leading to 
increased hepatic very LDL (VLDL) production. TG-rich 
VLDL then transfers TG and cholesterol to LDL and HDL, 
promoting formation of TG-rich, small, dense LDL, and 
clearance of TG-rich HDL. Diabetic dyslipidemia is often 
exacerbated by the increased caloric intake and physical 
inactivity that characterize the lifestyles of some patients with 
Type 2 diabetes. Women with diabetes may be at special risk 
of cardiac disease from this form.[5]

DM is one of the oldest common metabolic disorders that 
affect the whole body system. Several types of DM exist and 

result by a complex interaction of genes and drugs, gestational 
diabetes, environmental factors such as stress and sedentary 
lifestyle choices. DM is the leading cause of end-stage renal 
disease, nontraumatic lower extremity amputations, and 
adult blindness. With increasing incidences worldwide, DM 
will likely continue to be a leading cause of morbidity and 
mortality for the foreseeable future.[4]

According to the World Health Organization (WHO), Type 2 
diabetes is the World’s fifth leading cause of death and it 
is estimated that it will be surpass 366 million by the year 
2030.[6]

The standard therapy for this epidemic disease includes 
diet, exercise, use of oral hypoglycemic agents such 
as sulfonylureas, biguanides, phenyl alaninne analogs, 
thiazolidinediones, and α-glucosidase inhibitors are available 
along with insulin and lipid lowering drugs for the treatment 
of DM.[7] Several multicenter trials have demonstrated that 
different pharmacological agents can successfully lower 
blood glucose, lipids and lipoproteins reduce the risk of 
developing microvascular and macrovascular diabetic 
complications. However, the large number of limitations and 
unwanted side effects that still exist limit their use in clinical 
practice.[8]

From the ancient time, various ethnic and traditional plant 
medicines have been used to treat this metabolic disorder, 
and some of them were clinically proven by various 
medicinal systems such as Ayurveda and Chinese medicines. 
These herbal drugs were found to be effective in controlling 
blood glucose levels after thorough investigations and 
provide active hypoglycemic principles.[9] The WHO has 
also recommended the evaluation of the effectiveness for 
various plants’ treatments of disease conditions where we 
lack safe modern drugs.[10] Plants have long been a principal 
source of drugs and now many of the available drugs have 
been derived directly or indirectly from plants. More than 
800 plants may possess antidiabetic potential according to 
ethnobotanical information reports.[11] Consequently, a small, 
albeit significant, and proportion of diabetic patients are also 
advised to resort to complementary and alternative medical 
therapies. Among the effective herbal derivatives, Berberis 
aristata has aroused great interest for its glucose-lowering 
and lipid-lowering activity.

This study was conducted with the aim to evaluate the effect 
of B. aristata on lipid profile including fasting sugar level in 
Type 2 DM in human beings.

MATERIALS AND METHODS

Study Design

This 9 months study was prospective, randomized, open 
parallel group study conducted on patient having high fasting 
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blood sugar (FBS) and dylipidemia attending the outpatient/
indoor Department of Medicine of Muzaffarnagar Medical 
College and Hospital, Muzaffarnagar to evaluate therapeutic 
efficacy of B. aristata in Type 2 DM. The protocol was 
approved by the Institutional Ethical Committee before 
starting the study. It was carried out between April 2013 and 
October 2014 (April 29, 2013 - October 01, 21014). The 
informed consent was obtained from each patient, and they 
were fully informed about the aims of the study and about the 
drug to be given.

Selection of Subjects

Suitable patients were contacted in the Department of 
Medicine. 103 patients diagnosed with Type 2 DM were 
enrolled. All patients provided their written informed consent 
to participate in this study after full explanation of the study 
had been given. 90 patients completed the study. The patients 
were divided into three groups. One group was given only 
antidiabetic treatment (control group) and other Groups 2 
and 3 had received 1.5 and 3 g of B. aristata, respectively, 
as add on therapy along with their conventional antidiabetic 
treatment.

Inclusion Criteria

Both male and female patients of the age group between 30 
and 60 years of Type 2 DM who were on oral antidiabetic 
therapy only were selected randomly for the study.

Exclusion Criteria

The patients having a history of coexisting heart, liver, 
kidney, lung or thyroid disorder, etc., pregnant women and 
nursing mothers, female patients taking oral contraceptive 
pills, patients on steroids, patients with other types of DM, 
e.g., gestational diabetes, drug-induced diabetes.

Materials

B. aristata

Dried stem powder of B. aristata was obtained from Bhartiya 
Ayurvedic Pharmacy, Delhi. This dried power form of 
B. aristata was given to the patients in a dose of 1.5 and 3 g 
in two divided doses daily, to be given empty stomach at least 
30 min before breakfast and dinner. This dried powder form 
of B. aristata was stored in room temperature in an airtight 
container. The hypoglycemic symptoms were explained to 
the patients, and the emergency precautionary measures were 
also explained to overcome it.

Study Protocol and Treatments

All participants were instructed to follow their usual 
hypocaloric, low-glycemic, and low-lipidemic index diet 
throughout the study. The controlled-energy diet (a daily 

caloric deficit of about 600 kcal) was based on the National 
Cholesterol Education Program Adult Treatment Panel III 
recommendations 26 and contained 50% of calories from 
carbohydrates, 30% from fat (7% saturated fat, up to 10% 
polyunsaturated fat, and up to 20% monounsaturated fat), 
and 20% from proteins, with a maximum cholesterol content 
of 300 mg/day and 35 g/day of fiber. Standard diet advice 
was provided by a dietician and/or specialist physician. 
The participants were also encouraged to maintain their 
usual standard physical activity (riding a stationary bike for 
20-30 min, 3-4 times a week or brisk walking for 30 min 
sessions, 3-4 times a week). All the enrolled patients were 
randomized to either of three groups, Group 1 received 
conventional oral antidiabetic while Groups 2 and 3 received 
1.5 and 3 g of stem powder of B. aristata in two divided 
doses (before breakfast and dinner) with oral antidiabetic 
drugs as add on therapy respected for the whole length of the 
study (9 months).[12]

Concomitant Antidiabetic and Hypolipidemic Therapies

The glycemic control of the participants of all groups was 
suboptimal despite a prescribed diet, physical exercise, 
and hypoglycemic drugs. In Group 1 (control), 8 were on 
metformin mono therapy, three were on sulfonylureas, and 
22 were on oral combination therapy (17 with metformin 
and sulfonylureas and three with metformin plus dipeptidyl 
peptidase-4 (DPP-4) inhibitors and two with metformin plus 
sulfonylurea and pioglitazone). 19 patients in the Group 1 
were on statin monotherapy. 14 participants were not taking 
any hypolipidemic treatment.

In Group 2, six were on metformin mono therapy, two were on 
sulfonylureas, and 28 were on oral combination therapy (23 
with metformin and sulfonylureas and two with metformin 
plus sulfonylureas and DPP-4 inhibitors and three with 
metformin plus sulfonylurea and pioglitazone). 21 patients 
in the Group 2 were on statin mono therapy. 15 participants 
were not taking any hypolipidemic treatment.

In Group 3, seven were on metformin mono therapy, one 
were on sulfonylureas, and 26 were on oral combination 
therapy (19 with metformin and sulfonylureas and two with 
metformin plus sulfonylureas and DPP-4 inhibitor, two 
with metformin plus α-glucosidase inhibitors and 11 with 
metformin plus sulfonylurea and pioglitazone. 16 patients 
in the Group 3 were on statin mono therapy. 18 participants 
were not taking any hypolipidemic treatment.

Collection of Sample

All plasmatic variables were determined after a 12 h 
overnight fast. Venous blood samples were drawn from all 
patients between 8:00 and 9:00 am for FBS, HDL, LDL, TG 
were drawn for investigation.
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Investigations

All estimations were done in the Biochemistry Department 
of Muzaffarnagar Medical College and Hospital, 
Muzaffarnagar. Estimation of FBS Levels was done 
initially on alternate days and then weekly by glucose 
oxidase method/peroxidase method.[13] Estimation of lipid 
profile was done initially and then every 3 months as 
follows:
•	 HDL by phosphotungstate method,[14]

•	 Total cholesterol (TC) by enzymatic method,[15]

•	 TG by enzymatic method,[16]

•	 LDL by Friedewald method.[17]

Treatment tolerability was assessed in the patients and the 
comparison of clinical and laboratory values with baseline 
levels. Safety monitoring included physical examination, 
vital sign assessment, weight, electrocardiogram, and adverse 
event recording.

Treatment tolerability was assessed in the patients and the 
comparison of clinical and laboratory values with baseline 
levels. Safety monitoring included physical examination, 
vital sign assessment, weight, electrocardiogram, and adverse 
event recording.

Statistical Analysis

The data obtained were statistically analyzed using unpaired 
t-test.

RESULT

A prospective, randomized, open parallel group study was 
conducted in total 90 patients of either sex in the age group 
of 30-60 years attending the outpatient/indoor Department of 
Medicine, Muzaffarnagar Medical College, Muzaffarnagar. 
A total of 103 patients were enrolled in the trial. Of these 
90 patients completed the study. A total of 90 patients were 
randomized into three groups of 30 each, Group 1 (N = 30) 
was taken as control while Group 2 (N = 30) and Group 3 
(N = 30) was taken as study group who had received 1.5 and 
3 g of B. aristata, respectively, as add on therapy along with 
their conventional antidiabetic and hypolipidemic (in number 
of patients) treatment. During the study 13 patients (8 males 
and 5 females) did not completed the study and the reason for 
premature withdrawal included protocol violation, failure to 
follow-up or noncompliance.

Effect on Blood Glucose Level

In our study, baseline mean FBS at day 1 in Group 1 
(control), Group 2, and Group 3 was 164.97 ± 17.14, 164.40 
± 13.78, and 160.97 ± 14.90. There was no significant 
difference between the FBS level of the three groups. After 
1 month, the mean FBS of patients in Group 1, Group 2, and 

Group 3 was 146.0 ± 14.88, 139.23 ± 17.30, and 133.83 ± 
15.34, respectively. There was a highly significant reduction 
in the FBS levels in Group 2 and Group 3 (P < 0.001) as 
compared to their initial value before starting the B. aristata 
administration. After 2 months, the mean FBS of patients 
in Group 1, Group 2, and Group 3 was 136.97 ± 10.58, 
119.37 ± 13.62, and 109.20 ± 11.86, respectively. The FBS 
reduced highly significantly in the Group 2 and Group 3 
(P <0.001) as compared to control. After 3 months, the 
mean FBS of patients in Group 1, Group 2, and Group 3 
was 134.73 ± 10.12, 108.83 ± 18.30, and 95.73 ± 15.06, 
respectively. The FBS levels reduced highly significantly in 
the Group 2 and Group 3(P < 0.001) as compared to control. 
After 4 months, the mean FBS level of patients in Group 1, 
Group 2, and Group 3 was 134.63 ± 9.74, 104.63 ± 18.00, 
and 89.67 ± 16.24, respectively. The FBS levels reduced 
highly significantly in the Group 2 and Group 3 (P < 0.001) 
as compared to control. After 5 months, the mean FBS of 
patients in Group 1, Group 2, and Group 3 was 135.20 ± 
9.02, 100.73 ± 12.86, and 86.97 ± 11.22, respectively. The 
FBS reduced highly significantly in the Group 2 and Group 3 
(P < 0.001) as compared to control.

After 6 months, the mean FBS of patients in Group 1, 
Group 2, and Group 3 was 133.67 ± 9.88, 99.53 ± 18.32, 
and 85.77 ± 13.52, respectively. The FBS levels reduced 
highly significantly in the Group 2 and Group 3 (P < 0.001) 
as compared to control. After 7 months, the mean FBS of 
patients in Group 1, Group 2, and Group 3 was 134.70 ± 
9.82, 97.27 ± 15.42, and 86.30 ± 13.80, respectively. The 
FBS levels reduced highly significantly in the Group 2 and 
Group 3 (P < 0.001) as compared to control. After 8 months, 
the mean FBS of patients in Group 1, Group 2, and Group 3 
was 132.77 ± 7.74, 97.10 ± 11.14, and 86.80 ± 12.46, 
respectively. The FBS levels reduced highly significantly in 
the Group 2 and Group 3 (P < 0.001) as compared to control. 
After 9 months, the mean FBS of patients in Group 1, 
Group 2, and Group 3 was 131.70 ± 9.64, 92.50 ± 13.14, and 
81.30 ± 8.48, respectively. The FBS levels decreased highly 
significantly in the Group 2 and Group 3 (P < 0.001) as 
compared to control (Tables 1 and 2).

Effect on Lipid Profile

The lipid profile was measured at every 3 months interval up 
to 9 months. Initially, baseline mean HDL levels at day 1 in 
Group 1 (control), Group 2, and Group 3 were 39.43 ± 4.58, 
39.57 ± 4.28, and 39.70 ± 3.90, respectively. After 3 months, 
the mean HDL levels of patients in Group 1 and Group 2, 
Group 3 were 41.93 ± 3.92 and 42.40 ± 4.08, 42.67 ± 3.90, 
respectively. The mean HDL level improved no significantly 
in the Group 2 and Group 3 (P > 0.05) as compared to 
control. After 6 months, the mean HDL levels of patients in 
Group 1 (control) and Group 2, Group 3 were 43.47 ± 3.70 
and 44.17 ± 3.94, 45.37 ± 4.42, respectively. The mean HDL 
level improved no significantly in the Group 2 (P > 0.05) and 
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highly significantly in Group 3 (P < 0.001) as compared to 
control. After 9 months, the mean HDL levels of patients in 
Group 1 and Group 2, Group 3 were 43.73 ± 4.06 and 44.90 
± 3.76, 46.43 ± 4.36, respectively. The mean HDL level 
improved significantly in the Group 2 (P < 0.01) and highly 
significantly in Group 3 (P < 0.001) as compared to control 
(Tables 3 and 6).

The TC level initially in Group 1, Group 2, and in Group 3 
was 204.90 ± 44.88, 217.87 ± 37.34, and 219.90 ± 13.52, 
respectively. While at 3 months, the mean TC levels of 
patients in Group 1, Group 2, and Group 3 were 198.63 ± 
19.56, 201.77 ± 20.12, and 201.90 ± 13.66, respectively. The 
mean TC level decreased no significantly in the Group 2 and 
Group 3 (P > 0.05) as compared to control. After 6 months, 
the mean TC levels of patients in Group 1 (control), 
Group 2, and Group 3 were 189.13 ± 19.06, 189.80 ± 
19.24, and 184.43 ± 14.30, respectively. The mean TC level 
decreased no significantly in the Group 2 (P > 0.05) and 
significantly in Group 3 (P < 0.01) as compared to control. 

After 9 months, the mean TC levels of patients in Group 1, 
Group 2, and Group 3 were 185.87 ± 18.74, 184.37 ± 17.40, 
and 176.37 ± 15.92, respectively. The mean TC level 
decreased no significantly in the Group 2 (P > 0.05) and 
highly significantly in Group 3 (P < 0.001) as compared to 
control (Tables 8 and 10).

The mean TGs levels at day 1 in Group 1, Group 2 and in 
Group 3 was 179.70 ± 16.84, 184.47 ± 15.66, and 192.13 
± 11.64 but at 3 months the mean TG levels of patients in 
Group 1, Group 2, and Group 3 was 170.43 ± 14.50, 169.73 
± 15.58, and 168.87 ± 11.76, respectively. The mean TG 
level decreased no significantly in the Group 2 and Group 3 
(P > 0.05) as compared to control. After 6 months, the mean 
TG levels of patients in Group 1, Group 2, and Group 3 
was 161.87 ± 14.70, 157.70 ± 16.86, and 146.27 ± 13.66, 
respectively. The mean TG level decreased significantly in 
the Group 2 (P < 0.01) and highly significantly in Group 3 
(P < 0.001) as compared to control. After 9 months, the 
mean TG levels of patients in Group 1, Group 2, and 

Table 1: Unpaired t‑test between Group 1 (control) and Group 2 of FBS parameter
Mean±2SD CI % df Calculated t-value P value

Group 1
(control) (N=30)

Group 2
(N=30)

On 1st day 164.97±17.14 164.40±13.78 95 58 0.284 P>0.05 (N/S)
After 1st month 146.00±14.88 139.23±17.30 95 58 3.251 P<0.001 (H/S)
After 2nd month 136.97±10.58 119.37±13.62 95 58 11.184 P<0.001 (H/S)
After 3rd month 134.73±10.12 108.83±18.30 95 58 13.574 P<0.001 (H/S)
After 4th month 134.63±9.74 104.63±18.00 95 58 16.048 P<0.001 (H/S)
After 5th month 135.20±9.02 100.73±12.86 95 58 24.046 P<0.001 (H/S)
After 6th month 133.67±9.88 99.53±18.32 95 58 17.958 P<0.001 (H/S)
After 7th month 134.70±9.82 97.27±15.42 95 58 22.428 P<0.001 (H/S)
After 8th month 132.77±7.74 97.10±11.14 95 58 28.831 P<0.001 (H/S)
After 9th month 131.70±9.64 92.50±13.14 95 58 26.343 P<0.001 (H/S)

HS: Highly significant, S: Significant, NS: Not Significant, C.I.: Confidence interval, d.f.: Degree of freedom, SD: Standard deviaion

Table 2: Unpaired t‑test between Group 1 (control) and Group 3 of FBS parameter
Mean±2SD CI % df Calculated t-value P value

Group 1
(Control) (N=30)

Group 3
(N=30)

On 1st day 164.97±17.14 160.97±14.90 95 58 1.929 P>0.05 (N/S)
After 1st month 146.00±14.88 133.83±15.34 95 58 6.237 P<0.001 (H/S)
After 2nd month 136.97±10.58 109.20±11.86 95 58 19.154 P<0.001 (H/S)
After 3rd month 134.73±10.12 95.73±15.06 95 58 23.550 P<0.001 (H/S)
After 4th month 134.63±9.74 89.67±16.24 95 58 25.995 P<0.001 (H/S)
After 5th month 135.20±9.02 86.97±11.22 95 58 36.695 P<0.001 (H/S)
After 6th month 133.67±9.88 85.77±13.52 95 58 31.325 P<0.001 (H/S)
After 7th month 134.70±9.82 86.30±13.80 95 58 31.305 P<0.001 (H/S)
After 8th month 132.77±7.74 86.80±12.46 95 58 34.348 P<0.001 (H/S)
After 9th month 131.70±9.64 81.30±8.48 95 58 42.981 P<0.001 (H/S)

FBS: Fasting blood sugar, SD: Standard deviation, CI: Confidence interval, df: Degree of freedom
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Group 3 were 158.37 ± 12.58, 137.50 ± 12.26, and 152.00 
± 15.06, respectively. The mean TG level decreased highly 

significantly in the Group 2 and Group 3 (P < 0.001) as 
compared to control (Tables 12 and 14).

Table 7: Measurement between Group 1 (control) and Group 2 of TC parameter
Group 1 (control) (N=30) Group 2 (N=30)

Range Mean±SD SE Range Mean±SD SE
On 1st day 192‑224 204.90±22.44 4.097 198‑239 217.87±18.67 3.408
After 3rd month 182‑216 198.63±9.78 1.785 187‑225 201.77±10.06 1.837
After 6th month 172‑205 189.13±9.53 1.740 174‑210 189.80±9.62 1.755
After 9th month 168‑201 185.87±9.37 1.710 170‑201 184.37±8.70 1.589

TC: Total cholesterol, SD: Standard deviation, SE: Standard error

Table 3: Measurement between Group 1 (control) and Group 2 of HDL parameter
Group 1 (control) (N=30) Group 2 (N=30)

Range Mean±SD SE Range Mean±SD SE
On 1st day 36‑44 39.43±2.29 0.417 36‑43 39.57±2.14 0.392
After 3rd month 39‑46 41.93±1.96 0.359 39‑44 42.40±2.04 0.373
After 6th month 40‑48 43.47±1.85 0.338 42‑46 44.17±1.97 0.359
After 9th month 40‑48 43.73±2.03 0.371 42‑48 44.90±1.88 0.344

HDL: High density lipoprotein, SD: Standard deviation, SE: Standard error

Table 4: Unpaired t‑test between Group 1 (control) and Group 2 of HDL parameter
Mean±2SD CI % df Calculated t‑value P value

Group 1
(control) (N=30)

Group 2
(N=30)

On 1st day 39.43±4.58 39.57±4.28 95 58 0.245 P>0.05 (N/S)
After 3rd month 41.93±3.92 42.40±4.08 95 58 0.910 P>0.05 (N/S)
After 6th month 43.47±3.70 44.17±3.94 95 58 1.419 P>0.05 (N/S)
After 9th month 43.73±4.06 44.90±3.76 95 58 2.316 P<0.01 (S)

HDL: High density lipoprotein, SD: Standard deviation, CI: Confidence interval, df: Degree of freedom, NS: Not significant, S: Significant

Table 5: Measurement between Group 1 (control) and Group 3 of HDL parameter
Group 1 (control) (N=30) Group 3 (N=30)

Range Mean±SD SE Range Mean±SD SE
On 1st day 36‑44 39.43±2.29 0.417 36‑43 39.70±1.95 0.356
After 3rd month 39‑46 41.93±1.96 0.359 39‑46 42.67±1.95 0.357
After 6th month 40‑48 43.47±1.85 0.338 41‑48 45.37±2.21 0.403
After 9th month 40‑48 43.73±2.03 0.371 42‑49 46.43±2.18 0.397

HDL: High density lipoprotein, SD: Standard deviation, SE: Standard error

Table 6: Unpaired t‑test between Group 1 (control) and Group 3 of HDL parameter
Mean±2SD CI % df Calculated t-value P value

Group 1
(control) (N=30)

Group 3
(N=30)

On 1st day 39.43±4.58 39.70±3.90 95 58 0.492 P>0.05 (N/S)
After 3rd month 41.93±3.92 42.67±3.90 95 58 1.466 P>0.05 (N/S)
After 6th month 43.47±3.70 45.37±4.42 95 58 3.611 P<0.001 (H/S)
After 9th month 43.73±4.06 46.43±4.36 95 58 4.965 P<0.001 (H/S)

HS: Highly significant, NS: Not significant, HDL: High density lipoprotein, SD: Standard deviation, CI: Confidence interval, df: Degree of 
freedom
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The LDL levels at day 1 in Group 1, Group 2, and Group 3 
were 102.93} 12.14, 110.07} 12.32, and 101.47}16.60, 

respectively. After 3 months, the mean LDL levels of patients 
in Group 1 (control), Group 2, and Group 3 were 95.20} 

Table 8: Unpaired t‑test between Group 1 (control) and Group 2 of TC parameter
Mean±2SD CI % df Calculated t-value P value

Group 1
(control) (N=30)

Group 2
(N=30)

On 1st day 204.90±44.88 217.87±37.34 95 58 2.434 P<0.01 (S)
After 3rd month 198.63±19.56 201.77±20.12 95 58 1.226 P>0.05 (N/S)
After 6th month 189.13±19.06 189.80±19.24 95 58 0.271 P>0.05 (N/S)
After 9th month 185.87±18.74 184.37±17.40 95 58 0.643 P>0.05 (N/S)

TC: Total cholesterol, SD: Standard deviation, CI: Confidence interval, df: Degree of freedom, NS: Not significant, S: Significant

Table 9: Measurement between Group 1 (control) and Group 3 of TC parameter
Group 1 (control) (N=30) Group 3 (N=30)

Range Mean±SD SE Range Mean±SD SE
On 1st day 192‑224 204.90±22.44 4.097 210‑235 219.90±6.76 1.234
After 3rd month 182‑216 198.63±9.78 1.785 192‑217 201.90±6.83 1.247
After 6th month 172‑205 189.13±9.53 1.740 175‑197 184.43±7.15 1.306
After 9th month 168‑201 185.87±9.37 1.710 168‑190 176.37±7.96 1.454

TC: Total cholesterol, SD: Standard deviation, SE: Standard error

Table 10: Unpaired t‑test between Group 1 (control) and Group 3 of TC parameter
Mean±2SD CI % df Calculated t-value P value

Group 1
(control) (N=30)

Group 3
(N=30)

On 1st day 204.90±44.88 219.90±13.52 95 58 3.506 P<0.01 (S)
After 3rd month 198.63±19.56 201.90±13.66 95 58 1.501 P>0.05 (N/S)
After 6th month 189.13±19.06 184.43±14.30 95 58 2.161 P<0.01 (S)
After 9th month 185.87±18.74 176.37±15.92 95 58 4.232 P<0.001 (H/S)

TC: Total cholesterol, SD: Standard deviation, CI: Confidence interval, df: Degree of freedom, HS: Highly significant, NS: Not significant, S: Significant

Table 11: Measurement between Group 1 (control) and Group 2 of TG parameter
Group 1 (control) (N=30) Group 2 (N=30)

Range Mean±SD SE Range Mean±SD SE
On 1st day 160‑192 179.70±8.42 1.537 167‑195 184.47±7.83 1.429
After3rd month 155‑183 170.43±7.25 1.324 157‑186 169.73±7.79 1.421
After 6th month 150‑173 161.87±7.35 1.342 140‑162 157.70±8.43 1.539
After 9th month 144‑168 158.37±6.29 1.148 137‑153 152.00±7.53 1.374

TG: Triglyceride, SE: Standard error, SD: Standard deviation

Table 12: Unpaired t‑test between Group 1 (control) and Group 2 of TG parameter
Mean±2SD CI % df Calculated t-value P value

Group 1
(control) (N=30)

Group 2
(N=30)

On 1st day 179.70±16.84 184.47±15.66 95 58 2.272 P<0.01 (S)
After 3rd month 170.43±14.50 169.73±15.58 95 58 0.360 P>0.05 (N/S)
After 6th month 161.87±14.70 157.70±16.86 95 58 2.042 P<0.01 (S)
After 9th month 158.37±12.58 152.00±15.06 95 58 3.556 P<0.001 (H/S)

TG: Triglyceride, SD: Standard deviation, CI: Confidence interval, df: Degree of freedom
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8.92, 101.10} 11.58, and 90.17} 15.58, respectively. The 
mean LDL level decreased significantly in the Group 2 and 
Group 3 (P < 0.01) as compared to control. After 6 months, 
the mean LDL levels of patients in Group 1 (control), 
Group 2 and Group 3 was 89.90} 9.04, 92.93} 11.78 and 
84.20} 14.98, respectively. The mean LDL level decreased 
highly significantly in the Group 2 and Group 3 (P < 0.001) 
as compared to control. After 9 months, the mean LDL levels 
of patients in Group 1 (control), Group 2, and Group 3 was 
84.70} 6.98, 84.13} 11.40 and 78.70} 13.68, respectively. 
The mean LDL level decreased highly significantly in the 
Group 2 and Group 3 (P < 0.001) as compared to control 
(Tables 16 and 18).

HDL Parameter

It is protective as it facilitate removal of cholesterol from 
tissues. It’s normal plasma level must be >60 mg/dl.

TC Parameter

It’s normal plasma level must be <200 mg/dl. Above this 
value important risk factor of cardio and cerebro vascular 
disease.

TG Parameter

It is as important as cholesterol in causing atherogenic 
diseases. It’s plasma level must be <140 mg/dl.

LDL Parameter

It has the least capacity to clear the lipids from plasma. It’s 
normal level must be below 130 mg/dl.

Safety Evaluation

In all groups, 2.22% of patient reported nausea, 1.11% flatulence, 
3.33% diarrhea, 1.11% constipation, 2.22% rashes, 4.44% 
headache, 4.44% abdominal pain, and 3.33% metallic taste.

DISCUSSION

The administration of powder of B. aristata at 1.5 and 3 g daily 
dose as add on therapy in patients of Groups 2 and 3 produced 
a highly significant reduction in FBS, lipids, and lipoproteins 
level. The reduction and stabilization of fasting glycemic 
control (P < 0.001) when compared with their respective control 
were observed from 1 month onward till the end of the study 

Table 13: Measurement between Group 1 (control) and Group 3 of TG parameter
Group 1 (control) (N=30) Group 3 (N=30)

Range Mean±SD SE Range Mean±SD SE
On 1st day 160‑192 179.70±8.42 1.537 183‑205 192.13±5.82 1.062
After 3rd month 155‑183 170.43±7.25 1.324 155‑181 168.87±5.88 1.074
After 6th month 150‑173 161.87±7.35 1.342 133‑157 146.27±6.83 1.247
After 9th month 144‑168 158.37±6.29 1.148 124‑149 137.50±6.13 1.119

TG: Triglyceride, SD: Standard deviation, SE: Standard error

Table 14: Unpaired t‑test between Group 1 (control) and Group 3 of TG parameter
Mean±2SD CI % df Calculated t‑value P value

Group 1
(control) (N=30)

Group 3
(N=30)

On 1st day 179.70±16.84 192.13±11.64 95 58 6.651 P<0.001 (H/S)
After 3rd month 170.43±14.50 168.87±11.76 95 58 0.915 P>0.05 (N/S)
After 6th month 161.87±14.70 146.27±13.66 95 58 8.516 P<0.001 (H/S)
After 9th month 158.37±12.58 137.50±12.26 95 58 13.015 P<0.001 (H/S)

TC: Total cholesterol, SD: Standard deviation, CI: Confidence interval, df: Degree of freedom

Table 15: Measurement between Group 1(control) and Group 2 of LDL parameter
Group 1 (control)

(N=30)
Group 2
(N=30)

Range Mean±SD SE Range Mean±SD SE
On 1st day 94‑116 102.93±6.07 1.109 100‑122 110.07±6.16 1.124
After 3rd month 86‑104 95.20±4.46 0.814 92‑112 101.10±5.79 1.057
After 6th month 80‑104 89.90±4.52 0.825 82‑106 92.93±5.89 1.075
After 9th  month 78-92 84.70±3.49 0.636 74‑96 84.13±5.70 1.041

LDL: Low density lipoprotein, SD: Standard deviation, SE: Standard error
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(Tables 1 and 2). The hypolipidemic effect of B. aristata found 
statistically significant; however, no significant improvement 
in Group 2 HDL level up to 6th month, but significant 
improvement was noted at 9th month as compared to the control 
(P <0.01; Table 3 and 4) while in Group 3 no significant 
improvement was seen on 3rd month but a highly significant 
improvement occurred from 6th month onward (P <0.001; 
Table 5). In Group 2, no significant reduction in TC level was 
found even after 9 months of therapy but in Group 3 a highly 
significant reduction was seen from 6th month (P < 0.001; 
Tables 7 and 9). While in Group 2 TG level, no significant 
reduction was seen at 3rd month, but after 6th month onward a 
significant reduction was noted (P < 0.01; Table 11) and then 
in 9 month a highly significant reduction was seen (P < 0.001; 
Table 11) but in Group 3 no significant reduction was seen in 
3rd month, from 6th month onward a highly significant reduction 
occurred (P < 0.001; Table 13). In Group 2 and Group 3, 
a significant reduction in LDL was noted from 3rd month 
(P < 0.01; Tables 15 and 17) and highly significant reduction 
was seen from 6th month onward (P < 0.001; Table 15).

Several studies, mostly performed in the Chinese population, 
have reported the effects of berberine on the lipidic and glycemic 

profile,[18,19] but very few have reported the effect of berberine 
in Caucasians.[20-22] Conventional hypoglycemic drugs may 
produced only suboptimal control in blood sugar and lipid levels 
or unacceptable adverse effect. To establish scientific basis for 
the utility and safety of this plant in the treatment of diabetes, 
it was decided to evaluate the hypoglycemic and hypolipidimic 
activity of B. aristata DC on Type 2 DM patients as add on 
thearapy. B. aristata contains protoberberine and bisisoquinoline 
type of alkaloid. Root of plant B. aristata contains alkaloid 
which are berbamine, berberine, oxycanthine, epiberberine, 
palmatine, dehydrocaroline, jatrorhizine and columbamine 
karachine, taximaline, oxyberberine, dihyrokarachine, and 
aromoline. Four alkaloids, pakistanine, and methylpakistanine, 
pseudopalmatine chloride pseudoberberine chloride were also 
isolated from B. aristata. Asecobisbenzl isoquinoline or simple 
isoquinoline alkaloid was isolated from B. aristata. The major 
alkaloid found in B. aristata is berberine having yield of 2.23% 
followed by palamatine.[23] The antihyperglycemic effect of 
B. aristata may be attributed to the constituients berberine, 
berbamine and palmitine, among them most probably with 
berberine alkaloid, as in the previous study Yin et al. reported 
Berberine regulates glucose metabolism through multiple 
mechanisms of action: (1) Stimulation of glucose uptake by 

Table 16: Unpaired t‑test between Group 1 (control) and Group 2 of LDL parameter
Mean±2SD CI % df Calculated t‑value P value

Group 1 (control)
(N=30)

Group 2
(N=30)

On 1st day 102.93±12.14 110.07±12.32 95 58 0.467 P>0.05 (N/S)
After 3rd month 95.20±8.92 101.10±11.58 95 58 2.235 P<0.01 (S)
After 6th month 89.90±9.04 92.93±11.78 95 58 4.422 P<0.001 (H/S)
After 9th month 84.70±6.98 84.13±11.40 95 58 4.522 P<0.001 (H/S)

LDL: Low density lipoprotein, SD: Standard deviation, CI: Confidence interval, df: Degree of freedom

Table 17: Measurement between Group 1 (control) and Group 3 of LDL parameter
Group 1 (control) (N=30) Group 3 (N=30)

Range Mean±SD SE Range Mean±SD SE
On 1st day 94‑116 102.93±6.07 1.109 96‑118 101.47±8.30 1.516
After 3rd month 86‑104 95.20±4.46 0.814 88‑106 90.17±7.79 1.422
After 6th month 80‑104 89.90±4.52 0.825 81‑105 84.20±7.49 1.369
After 9th month 78‑92 84.70±3.49 0.636 76‑94 78.70±6.84 1.249

LDL: Low density lipoprotein, SD: Standard deviation, SE: Standard error

Table 18: Unpaired t‑test between group 1 (control) and group 3 of LDL parameter
Mean±2SD CI % df Calculated t‑value P value

Group 1 (control)
(N=30)

Group 3 (N=30)

On 1st day 102.93±12.14 101.47±16.60 95 58 0.778 P>0.05 (N/S)
After 3rd month 95.20±8.92 90.17±15.58 95 58 3.086 P<0.01 (S)
After 6th month 89.90±9.04 84.20±14.98 95 58 3.566 P<0.001 (H/S)
After 9th month 84.70±6.98 78.70±13.68 95 58 4.280 P<0.001 (H/S)

HS: Highly significant, NS: Not significant, S: Significant, LDL: Low density lipoprotein, SD: Standard deviation, CI: Confidence interval, 
df: Degree of freedom
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glucose transporter type 4 upregulation, (2) activation of 5′ 
adenosine monophosphate-activated protein kinase (AMPK), 
as a consequence of the inhibition of mitochondrial function, 
(3) suppression of adipogenesis, by inhibiting peroxisome 
proliferator-activated receptor gamma and C-enhancer-binding 
protein alpha function, (4) stimulation of glucagon-like peptide-1 
release from ileal cells, (5) suppression of human protein 
tyrosine phosphatase 1B, (6) stimulation of the pancreatic G 
protein-coupled receptor 40, and (7) reduction of intestinal 
glucose absorption, by inhibiting α-glucosidase activity.[18] Free 
radicals of different forms are constantly generated for specific 
metabolic requirement and quenched by an efficient antioxidant 
network in body. When the generation of these species exceeds 
the levels of antioxidant mechanism, it leads to oxidative damage 
of tissues and biomolecules, eventually leading to disease 
conditions like DM. B. aristata has antioxidant property, this 
appears to be a reflection of reduced oxidative stress. In DM 
as it promotes the destruction of β-cells of pancreas thereby 
affecting the production of insulin and also attenuating the 
peripheral action of insulin on glucose transport and metabolism 
in skeletal muscle.[24] Another study also revealed that 50% 
ethanolic extracts of the root showed significant blood glucose 
lowering effect combined with increased catalase, super oxide 
dismutase, glutathione peroxidase, and glutathione reductase 
activity.[25] Patients of DM frequently have dyslipidemia which 
can be attributed to hyperglycemia and its attendant oxidative 
stress induced alteration in synthesis and metabolism of 
lipoproteins. A large body of evidence indicate that incidence 
of hyperlipidemia and its complication are growing in the 
world. Hyperlipidemia develops the risk of many diseases such 
as coronary heart disease, atherosclerosis, hypertenstion and 
Type 2 DM. The hypolipidemic effect of B. aristata may be 
due to the presence of berberine alkaloids. In previous studies, 
berberine is introduced as lipid-lowering therapeutic agent. It 
is reported that berberine down-regulated the expression of 
genes involved in lipogenesis and up-regulated those involved 
in energy expenditure in adipose and muscle tissues such as 
glycerol kinase and acyl-CoA dehydrogenase. Furthermore, 
this lipid-lowering effect of berberine has been reported 
by other investigators which shows that BBR can reduce 
metabolic disorders, including obesity, insulin resistance and 
hyperlipidemia by stimulating AMPK activity in both in vivo 
and ex vivo experiments.[26] Kong et al. have also reported that 
berberine upregulates LDL-receptor expression independent 
of sterol regulatory element-binding proteins but dependent on 
extracellular signal-regulated kinase and c-junction N-terminal 
kinase) activation, which results in TC and LDL-C reduction 
(by about 30% and 25%, respectively). This upregulation 
occurs through a posttranscriptional mechanism that stabilizes 
messenger ribonucleic acid, making berberine a cholesterol-
lowering drug endowed properties, berberine also reduces TGs 
by about 35%. These actions on the lipid profile with a different 
mechanism of action from that of statins.[27] Along with its 
cholesterol-lowering have been observed in both animals and 
humans.[28] Upwar et al. showed the potential of B. aristata in 
significantly controlling the diabetes induced hyperlipidemia. 

The levels of TC and TGs were raised in diabetic rats after 
30 days of study when compared with normal control group. 
The levels of TC and TGs were controlled significantly in the 
groups treated with 50 and 100 mg/kg body weight dose of 
the ethanol extract when compared with diabetic control.[29] 
Recently, the inhibitory effect of berberine has been reported 
on the liver phosphatidate phosphohydrolase (PAP) activity. 
catalyzes the dephosphorylation of phosphatidic acid to form 
inorganic phosphate and 1,2 diacylglycerol productions.[30,31] 
In liver tissue, PAP is an important key regulatory enzyme 
in lipid metabolism pathway especially triacylglycerol and 
glycerophospholipids. The produced diacylglycerol from 
phosphatidic acid serves as a precursor for synthesis of TG 
and other phospholipids. In organism, TG is a critical storage 
molecule for periods of food deprivations. In human, the 
regulation of TG storage is very important because both 
excessive and inadequate fat storage are accompanied with 
dyslipidemia, insulin resistance, and diabetes. Therefore, 
any alteration in PAP activity can influence lipid metabolism 
in the body.[32] Farvid et al. suggested that supplementation 
of antioxidants and trace-elements contribute to increase in 
HDL and decrease in LDL levels in diabetes patients. As 
berberine has antioxidant property so may be responsible for its 
hypolipidemic effect.[33]

It is significant to note that the B. aristata as add on therapy 
exhibited no major or life threatening adverse effect in our 
study. Minor side effects such as nausea, flatulence, diarrhea, 
constipation, rashes, headache, abdominal pain, metallic taste, 
anorexia, and weight gain are quite tolerable and pose no 
chance of withdrawl of this therapy in the light of significant 
therapeutic benefits observed. B. aristata add on therapy thus 
provided better glycemic and lipidemic control and was found 
to exhibit beneficial effects in preventing Type 2 DM. In our 
study, there were only measuring of FBS to screen the patients 
of Type 2 DM, and there is no data collected about postprandial 
sugar level so we cannot predict about its effect on postprandial 
hyperglycemia. Thus, further study required to determine the 
definite role in DM.

CONCLUSION

On the basis of our study administration of B. aristata (stem 
powder) as add on therapy is effective in improving glycemic 
control as well as lipid profile with no major adverse effects in 
Type 2 DM. Thus, the use of B. aristata as an add on therapy 
could represent a good treatment option before increasing oral 
antidiabetic and antihyperlipidemic dose or initiating insulin 
and hypolipidec therapy in Type 2 diabetic patients with 
suboptimal glycemic and lipidemic control to avoid unwanted 
adverse effects and may cut down cost of treatment.
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