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Abstract 

Dyslipidemia is a chronic disease characterized by elevated blood lipid levels treatable with statins. 
However, long-term statin use may have adverse effects, such as liver damage and memory loss. 
Nevertheless, plants and their active compounds effectively and safely improve lipid profiles. This 
review aims to update information on the genus Berberis as a hypolipidemic agent, assess the effects of 
these extracts on organisms and provide evidence supporting the use of these natural products in 
pharmaceutical drugs. Berberis species with therapeutic potential include B. vulgaris, B. integerrima, B. 
aristata, B. lycium, B. orthobotrys, and B. calliobotrys, which have shown promising results in reducing 
lipid levels in humans and other animals. In addition, combining berberine with nutraceuticals may 
improve its intestinal absorption, enhancing its lipid-lowering effect. Herbal medicine studies suggest 
that Berberis has a high potential for the management of hyperlipidemia. 
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INTRODUCTION 
 

Dyslipidemia is a chronic metabolic disease 
characterized by increased total cholesterol (TC) 
and low-density lipoprotein (LDL-C) cholesterol 
and triglyceride (TG) levels, as well as decreased 
high-density lipoprotein cholesterol (HDL-C) 
levels [1,2]. Currently, lovastatin and atorvastatin 
statins are used as the first-line treatment to 
improve lipid profiles (Total cholesterol, Low-
density lipoprotein cholesterol, High-density 
lipoprotein cholesterol, Triglycerides) [3]. 
However, long-term, high-dose statin use has 
mild (such as headache, nausea, constipation 

and muscle pain) and severe (including liver 
damage, rhabdomyolysis, kidney failure, and 
memory loss or damage) side effects [4–6]. 
Considering these complications, researchers 
must identify alternative treatments for 
dyslipidemia. 
 
Plants and their active compounds effectively 
and safely improve lipid profiles [7–10]. Several 
studies on plant extracts with lipid-lowering 
activity have highlighted their ability to improve 
lipid profile parameters and fatty liver [11–13]. 
Therefore, this review aims to update information 
on the genus Berberis as a hypolipidemic agent, 
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assess the effects of these extracts on various 
organisms and promote the application of these 
natural products in pharmaceutical drugs. 
 

METHODS 
 
A comprehensive review of the scientific 
literature on Berberis species and their 
hypolipidemic effects was conducted. The search 
utilized databases such as Scopus, PubMed and 
Google Scholar, employing keywords including 
Berberis, dyslipidemia, obesity, hypolipidemic, 
ethnopharmacology, ethnobotany, metabolic 
diseases, metabolic syndrome and diabetes. No 
restrictions were applied regarding the language, 
publication year, or type of articles (original 
research, review articles). Additionally, the 
reference lists of the selected articles were 
examined to identify further relevant studies. It is 
important to note that this review does not 
constitute a systematic review. 
 
Using plants of the genus Berberis to treat 
diseases 
 
The family Berberidaceae encompasses 
approximately 650 species and 17 genera of 
plants used in folklore and in various traditional 
medicine systems, including the genus Berberis 
[14]. Berberis stands out for its use in traditional 
medicine in eastern countries, such as China, 
India, Turkey and Iran, to treat diseases 
associated with kidney stones, rheumatism, 
fever, morning sickness, jaundice and 
cholecystitis, as well as other diseases [15–17]. 
Thus, while this genus is distributed worldwide, 
the main pharmacological applications of 
Berberis have been studied with species 
distributed in Asia [18]. 
 
Several Berberis (B.) species with medicinal 
uses are found in the literature. However, the 
most prevalent species with lipid-lowering activity 
are B. vulgaris, B. integerrima, B. aristata, B. 
lycium, B. orthobotrys and B. calliobotrys. These 
species have other medicinal uses, as B. vulgaris 
plants are widely used to treat bile and liver 
diseases [19] and B. integerrima plants are used 
to treat fever, diabetes, jaundice and high blood 
pressure [20]. Berberis aristata plants are used 
as antihepatotoxic, antibacterial, 
antihyperglycemic, antioxidant, antimicrobial, 
antipyretic, anticancer and antilipidemic agents 
[21]. Furthermore, B. lycium plants have 
antihyperlipidemic, antidiabetic, antibacterial and 
antifungal properties [22], B. orthobotrys plants 
show antihypertensive and lipid-lowering activity 
[23] and B. calliobotrys plants are used to treat 
pharyngitis, fever, back pain and jaundice [24]. 
Among the studies on Berberis species, lipid-

lowering activity has been examined in two 
humans and other animals. 
 
Key Berberis species that improving lipid 
profile in humans 
 
Berberis vulgaris, B. integerrima and B. aristata 
are the most commonly used Berberis species in 
critical trials. As reported in a meta-analysis of 5 
randomized controlled trials with 339 
participants, supplementation with B. vulgaris 
significantly decreased TC (23.58 mg/dL), TG 
(29.16 mg/dL) and LDL-C (13.75 mg/dL) levels, 
albeit with no significant change in HDL-C (3.40 
mg/dL). Most likely, B. vulgaris extracts activate 
peroxisome proliferator-activated receptor alpha 
(PPAR-α). This nuclear receptor protein 
functions as a transcription factor and is mainly 
expressed in tissues that metabolize fatty acids 
(the liver, heart, kidney, and muscles). 
Accordingly, B. vulgaris-induced PPAR-α 
activation may decrease serum TG levels and 
increase HDL-C levels [25]. 
 
Another lipid-lowering mechanism of B. vulgaris 
may involve berberine, a secondary metabolite 
that decreases lipid droplet accumulation in 
preadipocytes and inhibits terminal adipocyte 
differentiation. These effects are associated with 
PPAR-γ2 mRNA downregulation, which 
decreases TG and lipid storage [25]. In a clinical 
trial involving patients with type 2 diabetes 
mellitus (DM-2), variations were observed in the 
treatment group before and after the intervention 
with the extract. However, the results showed 
that TC and LDL-C levels significantly decreased 
by 9.44 % and 8.65 %, respectively, and the 
HDL-C levels increased by 5.23 %. The 
berberine concentration was estimated at 78.65 
mg/500 mg of dry extract. Therefore, lipid profiles 
may improve because B. vulgaris extracts 
contain berberine, which lowers TG, TC, and 
LDL levels [26]. 
 
According to Kermani and co-workers, B. 
vulgaris fruit extracts may improve some 
metabolic syndrome parameters by significantly 
decreasing the systolic blood pressure and waist 
circumference of patients when comparing these 
parameters before and after treatment. However, 
no significant differences were found in lipid 
profiles when the parameters were compared 
between the same study groups. Also, the TG, 
TC, LDL and HDL levels increased after 
treatment with the extract. Moreover, a significant 
decrease in serum cholesterol levels was 
observed in the placebo group but not in the 
treatment group. Nevertheless, the authors 
flagged some study limitations, such as the small 
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sample size (n = 50) and short study period (21 
days). 
 
Another species used to control lipid profiles is B. 
integerrima. This species is crucial in lowering 
TG levels and improving fatty liver disease, as 
shown in a previous study [27]. The authors 
conducted a clinical trial with patients that had 
hypertriglyceridemia and fatty liver and assessed 
the effect of B. integerrima extracts for 45 – 60 
days. After this period, they observed a 
significant decrease in blood TG levels in 31.50 
and 32.17 % of men and women, respectively. 
As for fatty liver disease, enzyme levels 
improved after the treatment in 21 patients [27]. 
Also, in patients with nonalcoholic fatty liver, the 
authors demonstrated that B. integerrima (fruit) 
extracts significantly decreased TC, TG and LDL-
C levels by 17.81, 13.28 and 15.57 %, 
respectively, when comparing patients before 
and after the treatment. In addition, they 
recorded a significant increase in HDL-C levels 
of 18.17 %, potentially due to the increase in total 
antioxidant capacity and the levels of the enzyme 
glutathione peroxidase contained in the extract 
[28]. 
 
After treatment with B. integerrima for 3 months, 
patients with active rheumatoid arthritis showed a 
significant decrease in body fat percentage (2.96 
%). Serum parameters (TC, TG, and LDL) also 
decreased but only significantly for LDL (119.16 
vs 108.71 mg/dL). Conversely, HDL-C levels 
were significantly higher in the treatment group 
than those in the placebo group (65.97 vs 57.55 
mg/dL) [29]. The authors indicated that patients 
with rheumatoid arthritis have a normal lipid 
profile. In contrast, several studies have 
demonstrated that berberine improves 
hyperlipidemia by stimulating fatty acid oxidation 
and restoring the metabolic profile through liver 
and muscle AMP-activated protein kinase 
(AMPK) activity [30-34]. 
 
Berberis improves lipid profiles in animals 
with dyslipidemia 
 
High serum lipid levels are associated with 
diseases such as DM-2 and fatty liver. For this 
reason, most animal studies have generated a 
diabetic or hyperlipidemic model to validate 
diverse types of Berberis extracts. The Berberis 
species most commonly used in animal studies 
are B. vulgaris, B. orthobotrys, B. integerrima, B. 
lycium, B. aristate, and B. calliobotrys. Meliani et 
al conducted a study with streptozotocin-induced 
diabetic rats, noting that the group of diabetic 
rats treated with B. vulgaris root extract had 
significantly lower TG (35.61 %) and TC (49 %) 
levels than the group of untreated diabetic rats  

[35]. The authors reported that the extract also 
had significant hypoglycemic effects, possibly 
due to the activity of secondary metabolites, such 
as tannins, saponins, flavonoids, alkaloids and 
steroids. Upon treatment with B. vulgaris extract, 
TG and VLDL levels significantly decreased by 
62.9 and 62.5 % with 25 mg/kg extract, and by 
64.4 and 64.06 % with 100 mg/kg extract, 
respectively. However, TC, LDL-C and HDL-C 
levels showed no significant differences when 
comparing the treated and untreated groups at 
both concentrations. Diabetic rats treated with B. 
vulgaris also show elevated adiponectin levels at 
both extract concentrations [36]. 
 
Torkamaneh and his group demonstrated that B. 
vulgaris extract  significantly decreased lipid 
levels in diet-induced obese rats [37]. The TC, 
TG and LDL levels were 39.95, 35.88 and 37.75 
% lower in the high-calorie diet group treated 
with the B. vulgaris extract than those in the high-
calorie diet group without treatment, respectively. 
In addition, the results showed a 43.32 % 
increase in HDL levels and a significant decrease 
in aspartate (AST) and alanine (ALT) 
transaminase levels of 76.38 and 31.72 % in the 
group treated with the B. vulgaris extract. When 
assessing the combination of exercise with 
Berberis extract intake, these authors found 
slightly better results, albeit with non-significant 
differences between treatments [37]. 
 
In another report, B. vulgaris extracts was shown 
to significantly decrease the levels of rat liver 
enzymes [38]. In this study, ALT and alkaline 
phosphatase (ALP) levels were 48.10 and 61.91 
% lower in the hypercholesterolemic group 
treated with 300 mg/kg of B. vulgaris extract than 
those in the hypercholesterolemic group without 
treatment, respectively. This effect may derive 
from the antioxidant properties of this plant, 
which is a good option to improve liver function 
[38]. The lipid-lowering effect of B. vulgaris was 
also demonstrated by other authors who found 
that TC and TG levels were 22.84 and 26.69 % 
lower in hyperlipidemic rats treated with 300 
mg/kg extract for one month than in untreated 
hyperlipidemic rats, respectively [39]. 
 
Berberis integerrima root extracts also have 
positive effects in improving lipid profiles. Lipid 
levels were significantly lower in streptozotocin-
induced diabetic rats after six weeks of treatment 
with 250 and 500 mg/kg of the extracts than in 
their counterparts without treatment. At 250 
mg/kg, B. integerrima root extracts significantly 
decreased TC (39.17 %), TG (29.93 %) and LDL-
C (69.63 %) levels and also significantly 
increased HDL-C (128.76 %) levels. 
Furthermore, these extracts at 500 mg/kg 
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significantly decreased TC (44.83 %), TG (39.31 
%), and LDL-C (80.02 %) levels and significantly 
increased HDL-C (157.95 %) levels. In both 
treatments, liver enzyme, including ALP, ALT 
and AST levels, decreased by 18.49 %, 26.28 % 
and 42.52 % upon treatment with 250 mg/kg and 
43.82, 50.36 and 50.71 % upon treatment with 
500 mg/kg B. integerrima root extract, 
respectively. Although the mechanism of action 
of B. integerrima extracts remains unknown, it is 
plausible that they lower lipid levels by improving 
insulin action [40]. Berberis integerrima fruit 
extracts also significantly decreased lipid levels 
in alloxan-induced diabetic rats, with TC, TG and 
LDL levels decreasing by 57.93, 42.90 and 81.58 
%, respectively [41]. 
 
Berberis lycium plants have been studied for 
their antihyperglycemic and antihyperlipidemic 
effects. In a study conducted in alloxan-induced 
diabetic rats, Ghazanfar et al observed that 
serum lipid levels were significantly lower in 
diabetic rats treated with 500 mg/kg B. lycium 
extract than in diabetic rats without treatment 
[42]. The results indicated that aqueous and 
methanol B. lycium extracts significantly 
decreased TC (36.10 and 31.76 %), TG (54.69 
and 46.20 %), VLDL-C (46.71 and 38.51 %) and 
LDL-C (48.46 and 51.29 %) levels [42]. Also, 
Zaib et al demonstrated that 500 mg/kg B. lycium 
stem extracts significantly decrease TC (11.16 
%) and TG (33.69 %) levels and increase HDL-C 
(33.15 %) levels, potentially by improving insulin 
secretion and action as the hormone decreases 
lipid levels in diabetic rats [43]. At the same 
concentration (500 mg/kg), B. lycium stem 
extracts also significantly decrease ALP (35.95 
%), ALT (40.81 %) and AST (40.47 %) levels, 
which may be attributed to liver cell regeneration 
and cell membrane maintenance [43]. 
 
Berberis aristata has hypolipidemic effects, 
improving lipid levels. In a study conducted by 
Upwar et al, B. aristata extracts were tested in 
streptozotocin-induced diabetic mice. At 500 
mg/kg, these extracts significantly decreased TC 
(45.48 %) and TG (51.09 %) levels. Even at 250 
mg/kg, these extracts also significantly 
decreased TC (37.8 %) and TG (42.58 %) levels, 
perhaps because this extract increases the 
activity of enzymes involved in the synthesis and 
excretion of bile acids [44]. Furthermore, Razzaq 
and co-workers assessed the effect of 25 mg/kg 
B. aristata extracts in rabbits fed a high-
cholesterol diet for 30 and 45 days. These 
extracts significantly decreased TC, TG and LDL-
C levels after 30 and 45 days, respectively, 
possibly because they contain berberine, a 
compound that can induce blood vessel 
relaxation [45]. This vasodilator effect is crucial in 

the treatment of metabolic diseases associated 
with stroke. 
 
Berberis orthobotrys extracts also have an 
antihyperlipidemic effect in rats. In a study with 
high-fat diet-induced hyperlipidemic rats, 
researchers assessed the effect of B. orthobotrys 
extracts at two concentrations (50 and 100 
mg/kg). When comparing groups treated with B. 
orthobotrys extracts at these doses with the 
control group (high-fat diet), they observed a 
significant decrease in lipid parameters after both 
treatments. In particular, 100 mg/kg B. 
orthobotrys extract significantly decreased TC 
(48.33 %), TG (89.35 %) and LDL-C (38.27 %) 
levels while also significantly increasing HDL-C 
levels (29.86 %) [46]. 
 
Another species with lipid-lowering potential is B. 
calliobotrys. At 600 mg/kg, B. calliobotrys 
extracts decreased lipid levels in alloxan-induced 
diabetic rats. TC (36.02 %), TG (44.33 %), and 
LDL-C (54.93 %) levels were lower and HDL-C 
(66 %) levels were higher in these diabetic rats 
than those in diabetic control rats [47]. 
 
Combining Berberis with nutraceuticals 
improves its intestinal availability  
 
One of the main problems of Berberis extracts is 
their low intestinal availability. To improve its 
intestinal absorption and hence bioavailability, 
Berberis extracts have been combined with other 
herbal extracts. Among these combinations, 
Berberol® stands out as a commercial product 
mixing extracts of B. aristata and Silybum 
marianum. The latter species is known to 
improve the intestinal absorption of Berberis by 
inhibiting the transmembrane protein P-
glycoprotein (P-GP) [48]. 
 
In a study conducted with this nutraceutical, Di 
Pierro and his group assessed the efficacy of 
using Berberol® in comparison with B. aristata to 
treat patients with DM-2. The authors observed 
that TC, TG and LDL-C levels decreased by 
11.04, 22.58 and 16.97 % in the group treated 
with Berberol® and 11.96, 21.18 and 12.12 % in 
the group treated with B. aristata extract, 
respectively. When comparing the two 
treatments, no significant differences were seen 
in lipid levels, which may be explained by 
differences between study populations, 
treatments and inclusion criteria. Nevertheless, 
glycated hemoglobin (HbA 1c) levels were 
significantly lower in the group treated with 
Berberol® than in the group treated with B. 
aristata extract. This finding may indicate that 
Berberol® improves glycemic status in patients 
with DM-2. 
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The efficacy of Berberol® was also assessed in 
a randomized, placebo-controlled, clinical trial 
with dyslipidemic patient’s intolerant to statins at 
high dosages. Metabolic parameters were 
determined after 3 and 6 months. The trial 
demonstrated that administering Berberol® with 
statins at low dosages lowers lipid levels when 
compared to treatment and placebo groups. 
Additionally, the parameters worsened after 
decreasing the statin dosages [49]. More 
recently, as shown in a randomized controlled 
trial comparing patients with type 1 diabetes 
mellitus (DM-1) before and after treatment with 
Berberol®, the dietary supplement significantly 
decreased total insulin and glycated hemoglobin 
levels. The lipid profile recorded a significant 
decrease in TC (17.55 %), TG (19.46 %) and 
LDL-C (26.29 %) levels as well as an increase in 
HDL-C (6.18 %) levels. These results suggest 
that S. marianum helps to improve not only the 
intestinal availability of B. aristata but also 
parameters of the lipid profile, potentially through 
a synergistic effect of both extracts. Silybum 
marianum likely inhibits cholesterol 
acyltransferase, reducing cholesterol absorption 
and lipoprotein biosynthesis [50]. 
 
Other studies have also assessed the efficacy of 
Berberol® K, which consists of berberine, 
silymarin cum monacolins K and KA. Monacolins 
reversibly inhibit 3-hydroxy-3-methylglutaryl 
coenzyme A (HMG-CoA) reductase [51]. In 
patients with low cardiovascular risk, treatment 
with Berberol® K significantly decreased 
parameters of the lipid profile, namely TC (22.9 
%), TG (21.0 %) and LDL-C (31.6 %) [48]. In 
patients with dyslipidemia, Di Pierro and his 
group compared treatment using Berberol® K 
and treatment with Lovastatin [52]. The results 
showed that TC, TG and LDL-C levels were 
significantly decreased after both treatments, but 
treatment with Berberol® K led to higher 
reduction percentages (28.8, 19.05 and 28.8 % 
for TC, TG and LDL-C, respectively). Therefore, 
Berberol® K may be an alternative for patients 
who perceive statins negatively and who prefer a 
natural treatment as a complementary treatment. 
 
In another study, Berberol® K efficacy was 
retrospectively evaluated in diabetic patients with 
dyslipidemia by comparing patients at baseline 
with patients after 6 months of treatment. The 
results showed a significant decrease in TC 
(23.32 %), TG (18.77 %) and LDL-C (30.76 %) 
levels and a significant increase in HDL-C (4.79 
%). These effects may be due to an increase in 
LDL receptor expression induced by berberine 
and also to the inhibitory effect of monacolins K 
and KA on HMG-CoA reductase. Therefore, 

berberine and monacolins K and KA 
synergistically affect proprotein convertase 
subtilisin/kexin type 9 (PCSK9) [53]. 
 
Treatment efficacy was also compared between 
B. aristata/S. marianum and metformin in 
patients with DM-2 after 6 months. In both 
treatment groups, lipid parameters decreased 
significantly, especially in the group treated with 
B. aristata/S. marianum, who had lower lipid 
levels (17.87 % TC, 26.68 % LDL-C and 12.08 % 
TG) than patients treated with metformin (7.42 % 
TC, 10.85 % LDL-C and 6.43 % TG) [54]. In a 
pilot clinical trial, short-term effects of dry 
extracts of Cynara scolymus and B. aristata were 
assessed in patients with moderate 
hypercholesterolemia in primary prevention for 
cardiovascular disease. After two months of 
treatment, the nutraceutical significantly 
decreased plasma TC (19.10 %), TG (15.71 %) 
and LDL-C (15.82 %) levels in association with a 
standardized control diet [55]. 
 
Another combination of active compounds, 
primarily consisting of red yeast rice extract, 
berberine, policosanol, folic acid, coenzyme Q10 
and astaxanthin, has been tested in a multicenter 
study with 1,751 participants assessing the 
combined effect of these nutraceuticals in 
hyperlipidemic patients. After 16 weeks, the 
group of patients treated with these 
nutraceuticals in association with diet showed a 
constant and significant improvement in lipid 
parameters with TC (19.1 %), LDL-C (23.5 %), 
TG (17.9 %) in comparison with the group of 
patients receiving diet alone with TC (9.4 %), 
LDL (10.8 %) and TG (11.3 %) [56]. The same 
combination of nutraceuticals was also studied in 
hypercholesterolemic patients (˃ 75 years) for 
one year. The results showed a significant 
decrease in TC (20 %) and LDL-C (31 %) levels 
in comparison with baseline levels [57]. In 
another study, treatment with a berberine/ 
policosanol/ red yeast rice extract (BBR/P/RR) 
mixture was compared with treatment with 
ezetimibe (EZE) in hypercholesterolemic 
patients. The LDL levels decreased by 31.7 % in 
patients treated with BBR/P/RR and 25.4 % in 
patients treated with EZE [58]. 
 
A meta-analysis of 14 randomized controlled 
trials showed that the nutraceutical product, 
NComb, composed of red yeast rice extract, 
berberine, policosanol, astaxanthin, coenzyme 
Q10 and folic acid, decreased plasma TC (26.15 
mg/dL), LDL-C (23.85 mg/dL) and TG (13.83 
mg/dL) levels and increased HDL-C levels (2.53 
mg/dL) [59]. A multicenter study involving 
patients with moderate hypercholesterolemia 
also highlighted the variable LDL-C response to 
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the supplementation with Armolipid Plus 
(policosanol, red yeast rice extract, berberine, 
coenzyme Q10, folic acid and astaxanthin), which 
may be linked to three polymorphisms in the 3′ 
UTR 1944 region of LDLR and two in the 5′ UTR 
region 1944 of PCSK9 [60]. 
 

CONCLUSION 
 
In traditional medicine, Berberis species have 
been used to treat various diseases. These 
species are distributed worldwide and mainly 
used for medicinal purposes in Asian. While 
several species used in traditional medicine have 
been described in the literature, primarily six 
species are currently being tested in clinical 
trials, aimed at validating their lipid-lowering 
effect, namely B. vulgaris, B. integerrima, B. 
aristata, B. lycium, B. orthobotrys and B. 
calliobotrys.  
 
Most human and animal studies analyzed in this 
review have reported promising results, 
validating the use of Berberis species in the 
treatment of hyperlipidemia because they 
significantly decrease lipid levels. Furthermore, 
some clinical trials have combined berberine with 
nutraceuticals aimed at improving the intestinal 
availability of this extract, reporting decreased 
lipid levels. Based on this literature review, 
Berberis is a genus that offers wide range of 
opportunities and high potential in herbal 
medicine. 
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