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Abstract

Introduction and purpose :

Type 2 diabetes is currently a serious problem worldwide. Each year, the number of
individuals with carbohydrate metabolism disorders is increasing. This is due to an unhealthy
lifestyle, lack of physical activity, and a diet rich in highly processed foods. Currently, the
treatment of type 2 diabetes is based on the use of oral antidiabetic medications, with the first
choice often being a derivative of biguanides, such as metformin. Berberine has been used in
China for many years as a hypoglycemic agent, and its efficacy is compared to metformin
preparations. This paper focuses on the benefits of using berberine in patients with
prediabetes or type 2 diabetes and compares the effects of berberine preparations to classical

medications used in diabetes treatment.

Material and methods :

The literaue was reviewed in PubMed and Google Scholar scientific database in 2013-2023
using the following keywords : berberine, diabetes mellitus type 2, hyperlipidemia,
hyperglicemia

Conclusions :

The studies included in this manuscript have shown that berberine is a promising agent for
adjunctive treatment in type 2 diabetes. It exhibits a range of positive effects such as lowering
blood glucose levels, improving lipid profile, with no serious adverse effects reported.
However, further research is needed to confirm these findings and develop an effective

treatment plan.

Keywords: Berberine; diabetes type 2; hyperglicemia; hyperlipidemia



Berberine in the treatment of type 2 diabetes — literature review

Type 2 diabetes represents one of the most serious health challenges in contemporary society,
evolving into a global health issue with increasing prevalence. It is anticipated that by the year
2054, approximately 783 million individuals will be afflicted with this condition. (1) Type 2
diabetes is a chronic metabolic disorder characterized by disturbances in glucose metabolism.
This condition arises from abnormal insulin secretion and cellular insulin resistance, leading
to excessive accumulation of glucose in the bloodstream. (2) Characteristic symptoms include
polyuria, excessive thirst, fatigue and increased appetite (3). In recent years, there has been a
significant increase in the incidence of type 2 diabetes, which is associated with unhealthy
lifestyles, lack of physical activity, excessive body weight, and the aging of populations (1).

Berberine is a plant-derived alkaloid exhibiting both biological and pharmacological activities.
Presently, it is gaining significant popularity due to its promising anticancer effects,
cholesterol-lowering properties in the blood, and hypoglycemic action (4). As part of these
efforts, attempts are being made to incorporate berberine into the treatment of patients

diagnosed with type 2 diabetes, prediabetes, and insulin resistance.

Results

Typically, oral hypoglycemic drugs are used in the treatment of type 2 diabetes, with
metformin, a derivative of biguanides, being the first-line agent of choice. (3) It demonstrates
glucose-lowering effects in the blood, reduces insulin resistance in cells, and improves lipid
profile in patients with hypercholesterolemia, thus contributing to a decreased risk of

cardiovascular events. (5) (6)
The bioavailability and mechanism of action of berberine

Berberine has been used in China for many years as a hypoglycemic drug, with its
effectiveness comparable to metformin. Berberine is commonly administered orally in the
form of sulfates and chlorides. Studies (7,8) (8) have shown that the bioavailability of
berberine preparations after oral administration is low due to poor absorption in the
gastrointestinal tract and the first-pass effect in the liver and intestine. It is metabolized in the
liver by cytochrome P450, mainly by CYP2D6, and its metabolites are excreted in urine, feces,

and bile (9) (10) (11) (12). Berberine lowers blood glucose levels by increasing the expression
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of insulin receptors, elevating the levels of glucagon-like peptide-1 (GLP-1), which in turn
stimulates insulin secretion from pancreatic beta cells, and participating in the activation of
adenosine monophosphate-activated protein kinase (AMPK), leading to increased glucose
uptake from the blood (13) (14).

Additionally, studies have shown that berberine inhibits adipogenesis by blocking PPARYy,
C/EBPa, and SREBP-Ic, thereby reducing cholesterol and triglyceride levels and contributing
to weight loss. Furthermore, it also attenuates oxidative stress in cells, which plays a role in
the pathogenesis of metabolic diseases (13) (15) (10) (16). Moreover, berberine demonstrates

preventive action against kidney damage due to hyperglycemia (17)(18) (19) (20).

The action of berberine in the treatment of carbohydrate metabolism disorders.

It is considered that dysfunction of pancreatic beta cells plays a crucial role in the
pathogenesis of type 2 diabetes, which in turn is impaired by oxidative stress and
inflammatory processes.

The effectiveness of berberine supplementation in combination with metformin was
investigated compared to the classical metformin intake regimen in patients with type 2
diabetes. Patients were divided into two groups of 20 individuals each, where one group
received metformin alone and the other received metformin along with the tested supplement
containing berberine, hesperidin, and chromium picolinate at a dose of 250 mg, which they
took for 12 weeks. After this period, a significant decrease in fasting blood glucose levels and
glycated hemoglobin concentrations was observed in patients receiving the additional
supplement compared to the control group receiving only metformin, where such reductions
were not recorded. No significant changes were observed in lipid profile, C-peptide levels, or
HOMA-IR index in either group, which have been reported in other studies using berberine
preparations but at higher doses. Importantly, no adverse effects were observed after the
administration of the berberine-containing supplement (21).

In a meta-analysis conducted by Yaping Liang et al., based on 208 collected studies, it was
confirmed that the inclusion of berberine in the treatment of patients with type 2 diabetes
resulted in a reduction in fasting plasma glucose (FPG), postprandial glucose (PPG), and
glycated hemoglobin (HbAlc) levels. This effect was most pronounced when berberine was
used in combination with standard hypoglycemic drugs. The data are as follows: FPG (WMD
= -0.54 mmol/l, 95% CI: -0.77 to -0.30), PPG (WMD = -0.94 mmol/l, 95% CI: -1.27 to -0.61),
and HbAlc (WMD = -0.54 mmol/l, 95% CI: -0.93 to -0.15). However, the meta-analysis

5



showed that the inclusion of berberine supplementation in the treatment with standard
hypoglycemic drugs did not yield favorable effects in patient groups over 60 years of age,
patients taking more than 2 g of berberine per day, and those undergoing treatment for longer

than 90 days. (18) (22)

In a randomized clinical trial involving a group of 34 individuals with confirmed prediabetes,
a berberine preparation was administered at a dose of 500 mg three times daily for 12 weeks.
After this period, it was observed that berberine reduced glycemic control indices in the
treated group, with this reduction being clinically and statistically significant (p<107-5). In
the treated group, fasting plasma glucose (FPG) decreased from 6.75 + 0.23 mmol/l to 5.33 +
0.28 mmol/l, fasting insulin (FI) decreased from 9.81 + 0.36 to 7.88 £+ 0.52 mmol/l, 2-hour
oral glucose tolerance test (2h-OGTT) decreased from 10.44 + 0.52 to 8.12 + 0.40 mmol/l,
glycated hemoglobin (HbAlc) decreased from 6.40% + 0.20 to 5.43% =+ 0.21%, and
homeostatic model assessment-insulin resistance (HOMA-IR) decreased from 3.61 + 0.31 to
2.41+0.14.

Additionally, individuals participating in this study did not report any serious adverse effects
after using the berberine preparation, only mildly intensified gastrointestinal discomfort. (23)
One of the fundamental mechanisms in the pathogenesis of type 2 diabetes is hyperlipidemia
and obesity, which over time leads to vascular atherosclerosis and an increased incidence of
cardiovascular complications. Therefore, in patients with metabolic disease, efforts are made
to reduce body weight and improve lipid profile. (24) (25) In a study conducted in China, the
effects of metformin and berberine in the treatment of metabolic diseases including diabetes
were compared. It was found that berberine exhibited weaker hypoglycemic effects compared
to metformin. However, both berberine and metformin significantly contributed to reducing
levels of total cholesterol, low-density lipoprotein cholesterol, and triglycerides. Furthermore,
the impact of both substances on the levels of proinflammatory cytokines present in the serum,
liver, and arteries, including TNFa, IL-6, IL-1B, and NF-«B, was assessed. It was observed
that both berberine and metformin led to a significant reduction in the levels of these
cytokines. (26)

Similar results were observed in a 2023 study involving a group of 49 overweight individuals
with impaired fasting glucose (IFG), which examined the effect of berberine phospholipid
supplementation on glycemic profile. The study included 28 women and 21 men who were

randomly assigned to either the placebo group (n=25) or the group receiving berberine
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preparation at a dose of 550 mg twice daily (n=24). Results were observed after 30 and 60
days of supplementation. After 60 days, a significant decrease in glucose, total cholesterol,
low-density lipoprotein cholesterol, triglycerides, HOMA index, Apo A, and Apo B was
observed compared to the placebo group. Additionally, no negative side effects or toxic
effects on the liver or kidneys were reported in the supplementation group. (27)

In another study conducted on groups of mice with diet-induced hyperglycemia, significant
effects of berberine on increasing insulin secretion and consequently lowering blood glucose
levels were observed. However, in the group of mice with hyperglycemia induced by global
or pancreatic islet B-cell-specific Kecnh6 knockout there was no improvement in the glycemic
profile. In the same study, conducted on a group of 15 healthy men, the impact of berberine
on insulin secretion in humans was assessed. A single 1g dose of berberine tablets or placebo
was administered, and blood samples were collected. After 160 minutes, an approximately
40% increase in insulin secretion and an increase in C-peptide levels were observed in the
group receiving berberine preparations compared to the placebo group. However, this increase
was observed only in a state of hyperglycemia, and berberine did not affect fasting glucose

levels. (28)

The impact of berberine on diabetic nephropathy

In the course of type 2 diabetes mellitus and with the duration of the disease, organ
complications arise due to hyperglycemia. One of the severe complications is diabetic kidney
disease (DKD), occurring in up to 40% of patients with type 2 diabetes (29). It is caused by
damage to podocytes in the renal glomeruli, manifesting as proteinuria in patients. In 2022, in
China, guidelines for the treatment of diabetic nephropathy were released by the Chinese
Medical Association, emphasizing the beneficial effects of herbs and natural active

compounds (NACs), including berberine (30).

In one study conducted on animals with high-fat diet-induced hyperlipidemia, a berberine
preparation was administered at a dose of 150 mg/kg-d dissolved in 0.5% carboxymethyl
cellulose for 12 weeks to evaluate the kidney status and compare it to a control group that did
not receive berberine. It was found that berberine treatment significantly reduced collagen
deposition in the interstitial tubules of rats (p<0.05) and also decreased tubular atrophy and

inflammatory infiltration compared to the group not receiving berberine.
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Additionally, the levels of E-cadherin and a-SMA were assessed using immunofluorescence
and Western Blot techniques, and the expression of the NLRP3 inflammasome was examined
using Western Blot and RT-PCR methods. In the berberine-treated group, an increase in E-
cadherin expression, a decrease in a-SMA expression, and a reduction in the expression of
NLRP3, ASC, caspase-1, and IL-1p were observed. The use of berberine leads to inhibition of
interstitial fibrosis in the kidneys and increases the expression of nephrin and podocin (29)

(20).
Conclusions

Type 2 diabetes presents a significant challenge in contemporary times, leading to numerous
and serious side effects. Therefore, it is crucial to implement appropriate and, above all,
effective treatment in patients with as few adverse effects as possible. Berberine emerges as a
promising remedy due to its demonstrated positive effects such as glucose level reduction,
improved insulin sensitivity, lipid profile enhancement, and nephroprotective action, with a
lack of serious or burdensome side effects associated with its use. Nevertheless, further
studies on larger patient cohorts are necessary to confirm these reports and develop an

effective treatment plan incorporating berberine supplementation.
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