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role in the insulin resistance, systemic hypertension, 
diabetic neuropathy, and nephropathy.[3,5] Primary 
pathway of MGO biosynthesis remains elusive, 
but a variety of sources is implicated. It is not only 
the glucose and but also the hyperglycemia that 
causes MGO formation.[3,6] Raised blood MGO levels 
are reported in the type 2 DM patients.[3] Plasma 
MGO‑derived hydroimidazolone‑free levels are 
reported elevated in the diabetics compared to 
nondiabetic participants.[7] High baseline serum 
levels of MGO‑derived hydroimidazolone type 
of AGE‑modified proteins are reported to be 
associated with more chances of mortality due to 
the cardiovascular disease.[8] Previous studies[9,10] 
reported that elevated intracellular MGO levels 
following postprandial hyperglycemia are a risk for 

INTRODUCTION

Diabetes mellitus (DM) is a chronic disorder of 
glucose metabolism. Chronic rise in blood glucose 
levels is termed as the hyperglycemia.[1,2] Chronic 
hyperglycemia associated with oxidative stress in DM 
produces a variety of glucose‑derived toxic agents 
called the “α‑oxoaldehydes.” The α‑oxoaldehydes 
react with N‑terminal amino group of proteins to 
form the advanced glycation end products (AGEs).[3] 
Methylglyoxal (MGO) is one of the α‑oxoaldehydes 
which interferes with cell functions, insulin signaling, 
and β‑cell functions.[3,4] The MGO has been implicated 
in the pathogenesis of micro‑ and macrovascular 
complications of DM. The MGO interferes with 
vascular endothelial cell functioning and plays a 

Background: Diabetes mellitus is a chronic metabolic disorder of hyperglycemia. Chronic hyperglycemia produces advanced glycation 
end products such as the methylglyoxal (MGO) which interferes with cell functions, insulin signaling, and β‑cell functions. The 
present study was conducted to determine the effects of berberine (BBR) therapy on serum MGO and insulin resistance in newly 
diagnosed type 2 diabetic patients. Materials and Methods: The present case–control study was conducted at the Department of 
Medicine, Liaquat University of Medical and Health Sciences, Jamshoro/Hyderabad, from March 2016 to January 2017. A sample 
of 200 newly diagnosed type 2 diabetic patients was divided into two groups. Group 1 received metformin 500 mg (×3 daily) and 
Group 2 received BBR 500 mg (×3 daily) for 3 months. Blood samples were collected at baseline and after 3 months to analyze 
biochemical parameters on Roche biochemical analyzer. MGO was assayed by ELISA kit and homeostasis model assessment of insulin 
resistance (HOMA‑IR) model. SPSS version 23.0 (IBM, Incorporation, USA) analyzed the data at 95% confidence interval (P ≤ 0.05). 
Results: Baseline HOMA‑IR (% IR) and MGO were found elevated in metformin and BBR groups. After 3 months of metformin and 
BBR therapy, the HOMA‑IR (% IR) and MGO were decreased to 3.69 ± 1.13 and 2.64 ± 0.76 and 35.84 ± 12.56 and 26.64 ± 10.73 ng/
dl, respectively (P = 0.0001). HOMA‑IR (% IR) was improved by 40% and 73% (P = 0.0001) and MGO by 43% and 56% in metformin 
and BBR groups, respectively (P = 0.0001). Conclusion: BBR is more effective in decreasing the serum MGO levels and insulin 
resistance through improved glycemic control in newly diagnosed type 2 diabetic patients.

Key words: Berberine, diabetes mellitus, insulin resistance, metformin

Address for correspondence: Dr. Muhammad Ayoob Memon, Government Civil Hospital, Dadu, Sindh, Pakistan. E-mail: mailbox9xm@gmail.com
Received: 05-03-2018; Revised: 30-05-2018; Accepted: 17-09-2018

Access this article online
Quick Response Code:

Website:  

www.jmsjournal.net

DOI:  

10.4103/jrms.JRMS_1078_17

How to cite this article: Memon MA, Khan RN, Riaz S, Ain QU, Ahmed M, Kumar N. Methylglyoxal and insulin resistance in berberine-treated type 2 
diabetic patients. J Res Med Sci 2018;23:110.

This is an open access journal, and articles are 
distributed under the terms of the Creative Commons 
Attribution-NonCommercial-ShareAlike 4.0 License, which 
allows others to remix, tweak, and build upon the work 
non-commercially, as long as appropriate credit is given and 
the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

O
r

ig
in

a
l
 a

r
t

ic
l

e



Memon, et al.: Methylglyoxal, insulin resistance and berberine in type 2 diabetics

Journal of Research in Medical Sciences| 2018 | 2

the diabetic macroangiopathy. Biguanides are inhibitors 
of AGE formation lower the serum MGO levels and 
suppress the microangiopathy independent of its blood 
glucose‑lowering potential.[3,5] Recent studies[11,12] have 
reported glucose‑lowering efficacy of berberine (BBR) 
which is a natural herbal alkaloid, derived from an ancient 
Chinese herb Coptis chinensis Franch. BBR is an isoquinoline 
alkaloid, a separate class of biomolecules, which differs 
from thiazolidinediones, dipeptidyl peptidase‑IV 
inhibitors, rosiglitazone, sulfonylureas, and biguanides. 
BBR has been a traditional medicine for DM in China since 
centuries back.[13,14] Previous clinical and animal studies[11,12] 
had reported efficacy of BBR for the hyperglycemia of 
DM. BBR reduces fasting and postprandial blood glucose, 
total cholesterol, and triglyceride.[11,12] As the MGO 
contributes to the diabetic micro‑ and macroangiopathy 
independently, there is a need to investigate new agents 
such as BBR of their possible MGO‑lowering potential. In 
this context, the present study was designed to analyze 
the MGO and insulin resistance ameliorating activity of 
BBR in type 2 diabetic patients at our tertiary care hospital.

MATERIALS AND METHODS

Ethical permission for the present case–control study was 
taken from the institutional research and ethical committee. 
The study was conducted at the Department of Medicine, 
Liaquat University of Medical and Health Sciences, 
Jamshoro/Hyderabad, Sindh, from March 2016 to January 
2017. The research protocol and pro forma were designed 
for data collection.

Inclusion and exclusion criteria
Newly diagnosed type 2 DM cases of age ≥25 years taking 
drug metformin were included in the study. Type 2 
DM cases taking sulfonylurea, herbal drugs, HMG‑CoA 
reductase inhibitors, and multivitamin pills and insulin; 
type 2 DM cases with diabetic complications; and type 2 
diabetics with concomitant chronic viral hepatic disorders, 
coronary ischemic heart disease, chronic kidney disease, 
and pregnancy were excluded from the study.

Patients counseling and consent form
Newly diagnosed type 2 diabetic patients were interviewed 
and asked for their willingness of study. They were 
informed of the purpose of study in detail; advantages 
and disadvantages were negotiated. It was informed 
that the new drug (BBR) is reported effective, but local 
study is lacking and the present research has to prove 
efficacy of drug in our indigenous population. Willing 
participants were asked to sign the consent pro forma 
voluntarily. Participants were informed that they have right 
to withdraw from study protocol at any time because of 
any personal issue without informing the problem. They 

were further directed that this will not affect the future 
diabetic therapy.

Study groups
About 100 newly diagnosed type 2 diabetic patients (Group 1) 
took metformin, while age‑ and gender‑matched 100 
newly diagnosed type 2 diabetic patients (Group 2) were 
prescribed BBR therapy.

Institutional Ethics Committee approval
Prior ethical approval was taken from the Institutional 
Ethics Committee. The research details and designed pro 
forma were provided to the institutional committee.

Drug therapy – Metformin and Berberine
Newly diagnosed type 2 diabetic patients were prescribed 
metformin – 500 mg × 3 daily (Glucophage, Merck 
Pharmaceuticals) and BBR – 500 mg × 3 daily. Drug therapy 
was given for 3‑month duration.

Patient examination
Diabetic patients were examined by a medical officer; 
participants who fulfilled the inclusion and exclusion 
criteria were referred to consultant physician. Demographic 
characters were entered in the pro forma.

Blood sampling and biochemical testing
Blood samples were collected for biochemical analysis 
of research variables at the baseline and end of the BBR 
therapy. Blood samples were taken at baseline and 
after 3rd month of intervention. Blood sampling area 
was cleaned with alcohol swab after tourniquet was 
applied. About 10 ml blood was taken by venesection 
into disposable syringe (BD, USA). Blood was centrifuged 
at ×3000 rpm for 10–15 min. Sera were separated and 
stored at −20°C temperature for biochemical analysis. 
Biochemical tests – blood glucose, fasting insulin, 
glycated hemoglobin A1c (HbA1c), blood lipids, 
and serum creatinine – were measured by standard 
methods. Laboratory is equipped with Roche biochemical 
analyzer (Cobas e 411 analyzer, Roche Diagnostics GmbH, 
Mannheim, Germany). Homeostasis model assessment 
of insulin resistance (HOMA‑IR) was calculated by 
fasting insulin × fasting glucose/22.5.[15] MGO (ng/dl) 
was measured by ELISA technique at 450 nm as the 
primary wavelength of absorbance on a microplate reader. 
Reference value for magnesium in serum is 0.5–1.5 ng/L.[16]

Statistical analysis
The Statist ical  Package for the Social  Sciences 
version 23.0 (SPSS ‑ IBM, Incorporation, USA) analyzed 
the data by applying Student’s t‑test and Chi‑square test 
for the continuous and categorical variables, respectively, 
at 95% confidence interval (P ≤ 0.05).
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RESULTS

Demographic characteristics and baseline biochemical 
findings of study groups are shown in Table 1. Baseline 
laboratory findings reveal nonsignificant differences 
between study groups (P > 0.05). Baseline HOMA‑IR (% IR) 
was noted as 3.73 ± 1.15 and 3.68 ± 1.30 in metformin and 
BBR groups, respectively (P = 0.85). MGO was found raised 
in both groups, 63.9 ± 16.37 and 59.92 ± 20.70 ng/dl (P = 0.28) 
at baseline [Table 1]. Findings after 3 months of BBR therapy 
show significant decrease in the body weight, systemic 
blood pressure, body weight, body mass index, blood 
glucose, cholesterol, triglycerides, low‑density lipoprotein 
cholesterol (LDLC), and fasting insulin, and HbA1c, 
while high‑density lipoprotein cholesterol (HDLC) was 
raised (P < 0.05) as shown in Table 2. HOMA‑IR (% IR) 
and MGO were decreased and noted as 3.69 ± 1.13 and 
2.64 ± 0.76 and 35.84 ± 12.56 and 26.64 ± 10.73 ng/dl in 
metformin and BBR groups, respectively (P = 0.0001). 
HOMA‑IR (% IR) was improved by 40% and 73% in 
metformin and BBR groups, respectively (P = 0.0001). MGO 
showed a 43% and 56% decrease in metformin and BBR 
groups, respectively (P = 0.0001) [Graphs 1 and 2].

DISCUSSION

This is the first case–control study being reported from 
a tertiary care hospital of Sindh. Baseline physical 
and biochemical parameters showed matched study 
participants. BBR 500 mg three times daily for 3 months 
was compared with metformin in newly diagnosed type 2 
diabetics. Diabetics treated with BBR showed statistically 
significant decrease in the systemic blood pressure, 
fasting and random blood glucose, glycated HbA1, serum 
creatinine, serum cholesterol, serum triglycerides, serum 
LDLC, serum HDLC, and fasting insulin after 3‑month 
BBR therapy (P < 0.05). These findings are consistent 
with previous studies[17,18] which have reported similar 
observations. BBR decreases blood glucose level which is in 
agreement with a previous study[19] that reported decrease 
in both fasting and random blood glucose by 21% and 27%, 
respectively. A decrease in blood lipids is supported by 
another previous study,[20] which reported the 500 mg BBR 
three times daily decreased fasting blood glucose by 31%, 
triglyceride by 40%, and cholesterol by 23%. A previous 
meta‑analysis[21] based on randomized controlled trial of 
1068 patients of type 2 diabetics treated with BBR reported 
it has antihyperglycemic and antihyperlipidemic potential. 
Similar findings are being reported by the present study 
that the BBR ameliorates the blood lipid levels, blood 
glucose, and insulin resistance. HOMA‑IR (% IR) was 
improved by 40% and 73% in metformin and BBR groups, 
respectively (P = 0.0001). These findings are supported by 
previous studies[11,12] which reported metformin decreased 

HOMA‑IR by 8.12% and BBR by 29.5%. Our findings show 
more prominent reduction compared to Almani et al.[12]

BBR was more effective than metformin in the present study 
which is in agreement with Dange et al.[22] This previous 
study[22] reported that the BBR was superior to metformin in 
ameliorating the glycemic control in type 2 diabetic patients. 
Yin et al.[23] reported similar efficacy of glycemic regulation 
in the BBR‑treated type 2 diabetics. They reported that BBR 
decreased HbA1c by 2% more than the metformin alone. 

Table 1: Demographic characteristics and baseline 
laboratory findings (n=100)

Study groups (mean±SD) P
Metformin Berberine

Age (years) 33.26±2.6 33.4±2.96 0.81
Body weight (kg) 60.8±8.95 64.37±11.6 0.09
BMI (kg/m2) 34.7±4.7 33.5±2.53 0.76
Systolic BP (mmHg) 153.3±22.0 151.4±19.2 0.61
Diastolic BP (mmHg) 73.57±16.02 73.36±17.65 0.95
Blood glucose (R) (mg/dl) 266.72±51.71 259.2±59.5 0.68
Blood glucose (F) (mg/dl) 164.14±47.09 162.28±41.51 0.83
Creatinine (mg/dl) 1.02±0.25 1.10±0.26 0.08
Cholesterol (mg/dl) 143.02±24.93 149.92±55.81 0.42
Triglycerides (mg/dl) 138.2±29.5 147.81±30.5 0.17
LDLC (mg/dl) 181.9±43.07 109.2±16.4 0.0001
HDLC (mg/dl) 34.5±0.47 33.65±11.36 0.04
Fasting insulin (µU/L) 27.30±6.01 26.58±8.06 0.61
HbA1c (%) 11.2±1.93 11.1±1.55 0.93
% IR (HOMA‑IR) 3.73±1.15 3.68±1.30 0.85
Methylglyoxal (ng/dl) 63.9±16.37 59.92±20.70 0.28
BP = Blood pressure; BMI = Body mass index; LDLC = Low‑density lipoprotein 
cholesterol; HDLC = High‑density lipoprotein cholesterol; % IR = Percent insulin 
resistance; HOMA‑IR = Homeostasis model assessment of insulin resistance; 
SD = Standard deviation; HbA1c = Glycated hemoglobin A1c

Table 2: laboratory findings after 3 months of metformin 
and berberine therapy (n=100)

Study groups (mean±sd) P
Metformin Berberine

Body weight (kg) 55.0±11.7 53.7±12.73 0.01
Bmi (kg/m2) 30.7±5.7 30.5±2.5 0.06
Systolic BP (mmhg) 143.3±19.0 131.4±15.2 0.001
Diastolic BP (mmhg) 72.57±11.2 70.61±13.65 0.03
Blood glucose (R) (mg/dl) 216.2±40.7 197.5±50.5 0.0001
Blood glucose (F) (mg/dl) 134.14±27.09 125.28±15.5 0.0001
Creatinine (mg/dl) 1.03±0.25 0.93±0.18 0.078
Cholesterol (mg/dl) 136.5±26.9 116.1±19.5 0.0001
Triglycerides (mg/dl) 117.96±21.40 103.4±16.5 0.0001
LDLC (mg/dl) 165.76±32.53 153.91±4.59 0.001
HDLC (mg/dl) 38.53±8.9 45.56±2.45 0.0001
Fasting insulin (µU/L) 25.25±5.11 21.55±7.16 0.0001
HbA1c (%) 10.84±1.77 9.14±2.53 0.0001
% IR (HOMA‑IR) 3.69±1.13 2.64±0.76 0.0001
Methylglyoxal (ng/dl) 35.84±12.56 26.64±10.73 0.0001
BP = Blood pressure; BMI = Body mass index; lDLC = Low‑density lipoprotein 
cholesterol; HDLC = High‑density lipoprotein cholesterol; % IR = percent insulin 
resistance; HOMA‑IR = homeostasis model assessment of insulin resistance; 
SD = Standard deviation; HbA1c = Glycated hemoglobin A1c
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These findings are in agreement to our present study. Yin 
et al.[23] treated type 2 diabetics with 500 mg BBR three times 
daily that is similar to the present study. A recent study[12] 
reported that the BBR improves blood glucose, insulin 
resistance, antioxidants, and metformin‑associated lactic 
acidosis in induced diabetic rat model. MGO was first time 
analyzed by the present study which is a marker of AGEs 
related to the diabetic microvascular and macrovascular 
complications.[3] In the present study, the MGO was 
decreased from baseline 63.9 ± 16.37 and 59.92 ± 20.70 ng/dl to 
35.84 ± 12.56 and 26.64 ± 10.73 ng/d after 3 months of metformin 
and BBR therapy, respectively (P = 0.0001). Metformin 
and BBR therapy decreased MGO by 43% and 56%, 
respectively (P = 0.0001). BBR was well tolerated by diabetic 
patients similar to the metformin; in the present study, 
these findings are in supported by previous studies.[24,25] 
Few of the limitations of present study include small 
sample size, open‑label interventional study design, and 
ethnical diversity of the study population; hence, the 
findings may not be generalized. Findings of the present 
study should be cautiously interpreted for other settings 
such as the uncontrolled diabetics, different geographical 
areas, and ethnical populations. The BBR improves insulin 
resistance (HOMA‑IR), and MGO is a new finding which 
should be further tested in large sample prospective studies.

CONCLUSION

BBR is more effective in decreasing the serum MGO levels 
and insulin resistance through improved glycemic control 
in newly diagnosed type 2 diabetic patients. BBR decreased 
MGO and insulin resistance by 56% and 73% compared to 
43% and 40% by metformin therapy, respectively. BBR was 
found superior to metformin in decreasing the MGO and 
insulin resistance.
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