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Summary. Background: Berberine, an alkaloid with both glucose- and cholesterol-lowering action, is also char-
acterized by an anti-diarrheal effect. Consequently, berberine-based therapies are recommended for diabetic 
patients with irritable bowel syndrome (IBS) or gut discomfort caused by metformin. Aim: As the anti-glycemic 
and cholesterol-lowering action of berberine is improved by co-administration with P-glycoprotein inhibitors 
and naturally derived statins, we have analyzed the effect of the food supplement Berberol®K (hereafter referred 
to as BSM) containing, berberine, silymarin, and a highly standardized red yeast rice containing monacolins K 
and KA in the ratio 1:1 but no secondary monacolins, dehydromonacolins, or citrinin (Monakopure™-K20). 
Methods: We retrospectively evaluated the effects of BSM in 59 diabetic patients with dyslipidemia and com-
pared the results to those obtained in patients without treatment. Enrolled subjects had a diagnosis of IBS (and 
diarrhea), had diarrhea caused by metformin, or were statin intolerant. Results: After 6 months of BSM treat-
ment, significant reductions of approximately 5%, 23%, 31%, and 20% were observed in glycated hemoglobin 
(HbA1c), total cholesterol (TC), low density lipoprotein-cholesterol (LDL), and triglyceride (TG) levels, 
respectively, and only five of the 31 treated subjects reported diarrhea compared with 22 of the 28 untreated 
patients. Regarding safety, treatment with BSM did not significant modify creatine phosphokinase (CPK), 
creatine, aspartate aminotransferase (AST) or alanine aminotransferase (ALT). Conclusion: BSM is a safe and 
effective food supplement likely useful as add-on therapy in diabetic subjects with dyslipidemia, especially if 
they are statin intolerant or with diarrhea caused by IBS or metformin. (www.actabiomedica.it)
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O r i g i n a l  a r t i c l e

Introduction

The prevalence of diabetes mellitus is increasing 
globally with almost 400 million individuals affected 
and approximately 5 million deaths reported annually. 
Type 2 diabetes mellitus (T2DM) is the most common 
form of the disease (1). Diet and physical exercise are 
initially used to treat T2DM, followed by oral hypo-
glycemic agents and then insulin injections (2). De-

spite their effectiveness, oral antidiabetic drugs have 
many limitations, with metformin, commonly used for 
T2DM, associated with a high incidence of gastroin-
testinal side effects, mainly diarrhea (3). Berberine, a 
natural isoquinoline alkaloid derivative endowed with 
both glucose- and cholesterol-lowering properties 
(4, 5), has a strong anti-diarrheal effect in both gut 
microbial infection (6) and irritable bowel syndrome 
(IBS) (7), and also reduces metformin gastrointestinal 
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side effects (8). Consequently, berberine-based thera-
pies are suggested by physicians for diabetic patients 
with IBS or gut discomfort caused by metformin. The 
oral bioavailability of berberine is poor due to the in-
hibitory action of P-glycoprotein (P-gp) (9), but the 
pharmacological and clinical effects of berberine may 
be enhanced by the use of P-gp inhibitors (10) or by 
chemical modification of berberine allowing it to over-
come P-gp antagonism (11). Indeed, the combined use 
of berberine and silymarin, a P-gp inhibitor (12), has 
been shown to be more effective than berberine alone 
in treating hypercholesterolemia and hyperglycemia 
(13-18). Moreover, the cholesterol-lowering proper-
ties of berberine are thought to be enhanced when it is 
associated with chemically or naturally derived statins, 
likely due to its opposite effect on proprotein con-
vertase subtilisin/kexin type 9 (PCSK9) (19). As with 
synthetic statins, naturally derived statins, such as the 
monacolins found in Monascus purpureus-fermented 
rice, may also cause common side effects like myalgia 
or myopathy (20). However, due to the low dosage used 
in association with berberine, their tolerability profile 
should improve with few adverse events or impair-
ment of liver transaminases or creatine phosphokinase 
(CPK) observed (21). Recently, a highly standardized 
food supplement containing berberine, silymarin, and 
monacolins K and KA from Monascus (with the other 
monacolins being below the detection limit) has been 
developed (22). We have therefore retrospectively ana-
lyzed its cholesterol-lowering and anti-hyperglycemic 
action in diabetic and dyslipidemic subjects with IBS, 
gastrointestinal discomfort due to metformin, or in 
statin-intolerance subjects with suboptimal lipid con-
trol despite the use of ezetimibe or fenofibrate.

Materials and methods

Study 

Our study is a retrospective and controlled analy-
sis of a 6-month supplementation period with a nutra-
ceutical compound with possible cholesterol-lowering 
and anti-hyperglycemic properties, in diabetic subjects 
with a diagnosis of dyslipidemia. The trial and retro-
spective analysis were conducted in accordance with 

the principles stated in the Declaration of Helsinki 
and were consistent with Good Clinical Practice, as 
defined by the International Conference on Harmo-
nization and in accordance with the ethical principles 
underlying European Union Directive 2001/20/EC 
and the United States Code of Federal Regulations, 
Title 21, Part 50 (21CFR50) (23). Data analysis, sub-
ject consent, and privacy forms were approved by the 
ethics boards before the study began. We analyzed 
food supplement use in patients attending a hospital 
(Bologna) in Italy between October 2015 and June 
2016. 

Patients

Potential patients, identified from a review of case 
notes and/or computerized clinic registers, were con-
tacted by the investigators in person or by telephone. 
A total of 59 patients with T2DM and dyslipidemia 
were enrolled for this retrospective analysis. Of these, 
28 served as untreated controls, while 31 received the 
food supplement. 

Criteria

European subjects aged ≥18 years of both sexes 
and with T2DM were considered eligible for our ret-
rospective analysis if they had a diagnosis of hypercho-
lesterolemia and/or hypertriglyceridemia according 
to the ESC/ESH 2016 guidelines criteria (24). Sub-
jects in the untreated group were considered eligible 
if their cholesterol and triglyceride levels were <240 
mg/dL and <250 mg/dL, respectively. Of the 59 en-
rolled subjects with diabetes, 9 were statin intolerant, 
10 had IBS, and 40 had metformin-related gastroin-
testinal discomfort. Patients with a diagnosis of sta-
tin intolerance were considered eligible for our study 
if, following correct statin use, they showed a CPK 
increase that was 3-10 times higher than the upper 
laboratory limit (ULL) and/or a rise in transaminase 
values 3-5 times higher than the ULL and/or asthe-
nia or myalgia. All subjects included in our study were 
overweight or obese with a body mass index (BMI) 
of 25-40. Patients were excluded from our analysis if 
they had secondary dyslipidemia, impaired hepatic or 
renal function, an endocrine (except for diabetes) or 
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gastroenterological disorder, current or previous heart 
disease or stroke, malignancy or suspected malignancy, 
neurological or psychiatric disease, or a history of alco-
hol and/or drug abuse.

Product

We retrospectively analyzed the effect of the con-
sumption of a finished food supplement, Berberol®K 
hereafter referred to as BSM, in form of a tablet and 
containing 500 mg/dose of berberine from Berberis 
aristata (extract tritation: 96% as berberine), 105 mg/
dose of silymarin from Silybum marianum (extract 
tritation ≥60% as flavanolignans), and 50 mg/dose of 
Monakopure™-K20, hereafter referred to as MKP, 
from M. purpureus fermented rice extract (RYR; ex-
tract tritations: 20% monacolins K and KA in the ra-
tio 1:1; secondary monacolins J, JA, M, MA, L, LA, 
X, and XA, plus dehydromonacolins DMK, DMJ, 
DMM, DML, and DMX <0.2% in total; and citrinin 
<50 ppb) (22). The finished product, BSM, was noti-
fied to the Italian Ministry of Health by Pharmextrac-
ta (Pontenure, PC, Italy) according to the provisions of 
law No. 169 of 2004, on May 2015 (notification num-
ber: 77055). BSM is a food supplement manufactured 
by Labomar (Istrana, TV, Italy) using food-grade ac-
tive ingredients and excipients. The B. aristata and S. 
marianum extracts were provided by Labomar, and 
MKP by Labiotre (Tavarnelle Val di Pesa, FI, Italy). 
BSM was administered once a day after the main meal.

Diet and lifestyle

At the beginning of treatment all participants 
were instructed to follow a hypocaloric, low-glycemic-
index diet. The controlled-energy diet (a daily caloric 
deficit of about 500-600 kcal) was based on NCEP-
ATP III recommendations (24) with 50% of calories 
provided by carbohydrates, 30% by fat (<7% saturated, 
up to 10% polyunsaturated, and up to 20% monoun-
saturated fat), and 20% by protein, with a maximum 
cholesterol content of 300 mg/day, and 35 g/day of fib-
er. Participants were also encouraged to perform regu-
lar physical activity three or four times a week (riding 
a stationary bike for 20-30 minutes or walking briskly 
for 30 minutes).

Anti-diabetic therapies

The untreated and BSM-treated groups were pre-
scribed a hypocaloric, low-glycemic-index diet, physical 
exercise, and hypoglycemic drugs. Eight of the untreat-
ed group were on metformin monotherapy, five were 
on sulphonylurea monotherapy and 15 were on combi-
nation therapy. Out of these 15, three were with met-
formin and sulphonylureas, two with metformin and 
dipeptidyl peptidase-4 (DPP-IV) inhibitors, two with 
metformin plus pioglitazone, one with metformin plus 
pioglitazone and acarbose, and seven with antidiabetic 
oral drugs plus injectable insulin. Two patients in the 
untreated group were also on ezetimibe (10 mg/day) 
monotherapy, while two were on fenofibrate (200 mg/
day) monotherapy. Eight of the patients in the BSM-
treated group were on metformin monotherapy, five 
were on sulphonylurea monotherapy, and 18 were on 
combination therapy. Out of these 18, four were with 
metformin and sulphonylurea, three with metformin 
and DPP-IV inhibitors, four with metformin and pi-
oglitazone, one with metformin plus pioglitazone and 
acarbose, and six with oral antidiabetic drugs plus in-
jectable insulin. Two patients in the BSM-treated group 
were also on ezetimibe (10 mg/day) monotherapy and 
three were on fenofibrate (200 mg/day) monotherapy.

Outcomes

The aim of our study was to retrospectively evalu-
ate the following clinical outcomes in diabetic pa-
tients with dyslipidemia: BMI (calculated as weight 
in kilograms divided by the square of height in me-
ters), fasting blood glucose (FG), glycated hemoglobin 
(HbA1c), total cholesterol (TC), low density lipo-
protein-cholesterol (LDL), high density lipoprotein-
cholesterol (HDL), triglycerides (TG), CPK, creati-
nine, aspartate aminotransferase (AST), and alanine 
aminotransferase (ALT). Treatment tolerability was 
assessed through patient interview and comparison of 
final clinical and laboratory values with baseline levels. 

Statistical analysis

B-W-Subject Design Anova and Ancova were 
used for analysis depending on the variables being con-
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sidered. A multiple comparison test (Tukey’s HSD) 
was used to analyze possible differences between aver-
age values during the observation period. The α level 
was set at 0.05 and values were considered significant 
at P<0.05. NCSS 8 (NCSS, Kaysville, UT, USA) and 
JMP 10 (SAS Institute, Cary, NC, USA) software 
packages were used for analysis. 

Results

Our study is a retrospective analysis of changes in 
clinical outcomes following 6-month treatment with 
BSM, a food supplement taken as a daily tablet and 
providing berberine (500 mg), silymarin (105 mg), 
and monacolins K and KA (10 mg) from RYR in the 
ratio 1:1, with all secondary monacolins and dehyd-
romonacolins combined present at <0.2% (the HPLC 
detection limit). We analyzed 59 diabetic subjects with 
dyslipidemia, of whom 28 served as untreated con-
trols, while 31 were treated with BSM. Nine subjects 
overall were statin intolerant and had been receiving 
treatment with ezetimibe (10 mg/day) or fenofibrate 

(200 mg/day) for 6 months or more. Table 1 reveals 
that the characteristics of subjects in the untreated and 
BSM-treated groups were similar. As regards glycemic 
parameters, Table 2 shows that a slight non-significant 
difference was observed in FG (-6.55% in the BSM-
treated group versus -2.06% in the untreated group), 
while a significant difference was observed in HbA1c 
(-5.18% in the BSM-treated group versus +0.89% in 
the untreated group). As regards lipid profile (Table 
2), the BSM-treated group demonstrated significant 
reductions in TC (about -23%), LDL (about -31%), 
and TG (about -20%) and a non-significant but con-
siderable improvement in HDL (about +5%). No 
changes were observed in these parameters in the un-
treated group, but there was a slight non-significant 
reduction in TG of about 7%. As regards safety (Ta-
ble 2), CPK, creatine, AST, and ALT, respectively, 
showed non-significant increases of about +16%, +3%, 
+9%, and +9% in the BSM-treated group, and non-
significant changes of about -4%, +4%, +8%, and +3% 
in the untreated group. In terms of side effects (data 
not shown), no differences in gastric pain, gastric re-
flux, insomnia, headache, or skin rash were observed 

Table 1. Numbers and characteristics of enrolled subjects

Parameter Untreated (N=28) BSM-treated (N=31) P value

Sex (M/F) 12/16 13/18 NS

Age (years) 60.9±6.3 62.7±8.2 NS

Diabetes (years)* 7.3±4.5 7.1±5.1 NS

Statin intolerant   4   5 NS

IBS diagnosed   5   5 NS

Metformin-induced diarrhea 20 21 NS

Anti-diabetic treatment   
 Metformin   8   8 NS
 Sulphonylurea   5   5 NS
 Metformin+sulphonylurea   3   4 NS
 Metformin+DPP-4 inhibitors   2   3 NS
 Metformin+pioglitazone   2   4 NS
 Metformin+pioglitazone+acarbose   1   1 NS
 Oral drugs+insulin   7   6 NS

Cholesterol-lowering treatment   
 Ezetimibe   2   2 NS
 Fenofibrate   2   3 NS 

Notes: BSM is a supplement containing berberine, silymarin, and monacolins K and KA. *Years from diagnosis. All values are ex-
pressed as median ± standard deviation. 
Abbreviations: F, females; M, males; N, number of subjects; NS, not significant. 
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between the two groups. However, a considerable 
difference was observed regarding bowel discomfort: 
moderate constipation, meteorism, and flatulence and 
diarrhea, respectively, were reported by six, eight and 
five subjects in the BSM-treated group and by two, 10 
and 22 subjects in the untreated group. Our analysis 
revealed good compliance in all groups and no signifi-
cant drop-out (data not shown).

Discussion

We have conducted a retrospective analysis in 
diabetic subjects with dyslipidemia, comparing the 
role played by a controlled diet plus physical exercise 
(lifestyle intervention) with a lifestyle intervention 
plus a food supplement containing berberine, silyma-
rin, and monacolins K and KA from RYR. The results 
of our analysis indicate the poor efficacy of the pro-
posed lifestyle intervention in contrast to the safety 
and efficacy of BSM in significantly reducing the lipid 
profile of patients. Modest CPK global increases were 
observed, so our results also suggest the possibility of 
using BSM as add-on therapy in statin-intolerant sub-
jects. Our CPK finding is likely due to the low dose 
of monacolins administered (10 mg/dose/day), so we 
presume that higher dosages would have likely gen-
erated a larger CPK increase. Treatment with BSM 

also improved the lipid profile of the statin-intolerant 
subjects. Although the very small number of subjects 
did not allow us to perform statistical analysis, our re-
sults (data not shown) demonstrate that in the BSM-
treated group, BSM administered as add-on therapy 
to ezetimibe or fenofibrate resulted in approximately 
15%, 22%, and 25% greater reductions in TC, LDL, 
and TG, respectively, than in the untreated group, 
while HDL increased by approximately 2.5% more 
than in the untreated group.

We suggest that there may be three pharma-
cological reasons for these interesting results. First, 
berberine up-regulates LDL-receptor (LDL-r) ex-
pression independently of sterol regulatory element-
binding proteins, but is dependent on extracellular 
signal-regulated kinases (ERK) and c-Jun N-terminal 
kinase ( JNK) activation, which results in a reduction 
in TC and LDL. This up-modulation occurs through 
a post-transcriptional mechanism that stabilizes the 
mRNA and makes berberine a cholesterol-lowering 
compound endowed with a mechanism of action dif-
ferent from that of statins (25). Second, monacolins 
K and KA have well-known inhibiting effects on 
3-hydroxy-3-methylglutaryl-coenzyme A (HMG-
CoA) reductase (26). Third, berberine and monaco-
lins exert a synergist effect on PCSK9. This protein 
lowers LDL-r, preventing it from internalizing LDL 
particles. It works post-transcriptionally, downregulat-

Table 2. Clinical outcomes in patients with diabetes and dyslipidemia at T=0 and after 6 months

Parameter Untreated  Untreated ∆% P value BSM-treated BSM-treated ∆% P value
 (T=0) (N=28) (T=6) (N=28)   (T=0) (N=31) (T=6) (N=31)

BMI (kg/m2) 31.2±6.8 31.3±6.7 +0.32 NS 30.9±7.5 30.8±6.9 -0.32 NS
FG (mg/dL) 126.3±12.5 123.7±12.8 -2.06 NS 129.7±9.3 121.2±9.6 -6.55 NS
HbA1c (%) 6.73±0.41 6.79±0.38 +0.89 NS 6.75±0.29 6.40±0.32 -5.18 <0.05
TC (mg/dL) 223.1±17.5 221.8±18.4 -0.58 NS 249.5±22.7 191.3±21.6 - 23.3 <0.01
HDL (mg/dL) 45.5±9.7 44.2±10.4 -2.86 NS 43.8.2±11.8 45.9±12.2 +4.79 NS
LDL (mg/dL) 129.4±23.1 131.3±19.8 +1.47 NS 175.5±26.5 121.5±22.5 -30.77 <0.01
TG (mg/dL) 175.3±42.7 162.7±49.4 -7.19 NS 166.7±43.9 135.4±42.6 -18.77 <0.05
CPK (U/L) 110.5±82.7 106.3±79.9 -3.81 NS 102.5±84.4 119.2±79.3 +16.29 NS
Cr (mg/dL) 0.77±0.2 0.80±0.5 +3.90 NS 0.88±0.8 0.91±0.9 +3.41 NS
AST (U/L) 28.8±13.5 31.1±15.3 +7.99 NS 26.9±14.2 29.3±15.8 +8.92 NS
ALT (U/L) 36.9±21.6 38.1±23.5 +3.25 NS 34.2±19.6 37.4±21.5 +9.36 NS

Note: All values are expressed as median ± standard deviation.
Abbreviations: ALT, alanine transferase; AST, aspartate transferase; BMI, body mass index; CPK, creatine phosphokinase; Cr, crea-
tine; FG, fasting glucose; HbA1c, glycated hemoglobin; HDL, high density lipoprotein; LDL, low density lipoprotein; N, number of 
subjects; NS, not significant; TC, total cholesterol; TG, triglycerides.
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ing the LDL-r by binding to the receptor’s epidermal 
growth factor-like repeat A on the cell surface and 
shuttling the LDL-r to the lysosomes for degrada-
tion. Both chemically and naturally derived statins 
increase the plasma level of PCSK9. In contrast, ber-
berine decreases PCSK9 mRNA and protein levels in 
a time- and dose-dependent manner. This is not due 
to increased degradation of PCSK9 mRNA but most 
likely to decreased transcription of the PCSK9 gene 
(19). Our analysis suggests that treatment with BSM 
also has a favorable effect on glycemic control as FG 
and HbA1c both improved, the latter significantly so. 
These observed effects are due to the content of ber-
berine plus silymarin, while the lack of a significant 
result for FG is probably due to the low dosages used 
(500 mg/dose and 105 mg/dose, respectively). Indeed, 
other researchers have reported significant reductions 
in FG after administration of 1500 mg of berberine 
alone (27) or 1000 mg of berberine plus 210 mg of 
silymarin (17).

Although it was not an aim of our retrospective 
analysis to demonstrate that add-on therapy with BSM 
can reduce metformin-induced or IBS-related diar-
rhea, we did observe a global reduction in the number 
of diarrhea-affected subjects, which finding supports 
the results of other studies (6-8). An important aspect, 
that we have been not able to properly evaluate, is the 
insulin-saving action of berberine plus silymarin ad-
ministration in patients using injectable insulin, which 
was previously reported by Derosa et al (28).

Our analysis has some limitations that could af-
fect the results. It was not a prospective study with 
endpoints declared before the study started, supple-
ments were not administered under blind conditions, 
subjects were not randomized, the overall number of 
participants was small, and the add-on effect of BSM 
to ezetimibe or fenofibrate was evaluated in only five 
subjects (compared to four in the control group).

Despite this, to our knowledge this analysis 
is the first concerning the use of a food supplement 
containing a highly modified and standardized RYR 
product in diabetic subjects with dyslipidemia. RYR is 
fermented rice on which red yeast (M. purpureus) has 
been grown. The extract mainly contains monacolin 
K (the natural equivalent of lovastatin), and its acid 
form, KA. While monacolin KA inhibits HMG-CoA 

reductase, monacolin K is a pro-drug able to reduce 
plasma cholesterol levels only after liver metabolism 
has transformed it into KA. In addition to monacolins 
K and KA, RYR extract also contains secondary mo-
nacolins J, JA, L, LA, X, XA, M, and MA and other 
degradation products, known as dehydromonacolins, 
produced during fermentation by the yeast. Some of 
the secondary monacolins have low activity, while the 
degradation products are thought to be inactive and 
likely toxic to human cells (29-31). Although MK and 
MKA are normally the most effective and abundant 
monacolins in RYR extracts, their content, as well as 
that of one of the other monacolins, is not standard-
ized and can vary considerably among extracts. Due to 
this variability, it is difficult to evaluate the biological 
effects of fermented red yeast extracts (32). Although 
RYR products are not standardized, physicians often 
recommend them as an alternative treatment for hy-
perlipidemia even though they contain statins which, 
even if of natural origin, can cause adverse side effects 
(33-36).

The citrinin content of RYR is also of concern. 
Citrinin is a secondary toxic metabolite, produced dur-
ing rice fermentation and known to be nephrotoxic, 
hepatotoxic, and possibly carcinogenic in humans and 
animals. The mechanism of citrinin toxicity is not fully 
understood, particularly whether its toxicity and ge-
notoxicity are the consequence of oxidative stress or 
of the increased permeability of mitochondrial mem-
branes. It has been also suggested that citrinin requires 
complex cellular biotransformation to exert its damag-
ing effects (37-38). Although the level of citrinin is 
regulated and set at 2 ppm in food supplements (39), 
it is thought that at least 30% of Monascus extracts are 
heavily contaminated with citrinin (30). Similarly, we 
recently demonstrated a considerable citrinin presence 
in four of 32 Chinese red yeast-fermented dried ex-
tracts (22). However, BSM contains less than 50 ppb 
citrinin so as to avoid any toxicity, as well as only mo-
nacolins K and KA in a ratio of 1:1 and less than 0.2% 
combined secondary monacolins and dehydromonaco-
lins. This means that BSM, in contrast to other food 
supplements clinically tested so far in diabetic subjects 
with dyslipidemia and claimed to contain RYR, con-
tains only 5 mg/dose of monacolin K (chemically lov-
astatin) and 5 mg/dose of monacolin KA (chemically 
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the acid form of lovastatin), guaranteeing high stand-
ardization.

In conclusion, our retrospective analysis suggests 
that BSM, a product containing food-grade berberine, 
silymarin, and monacolins K and KA, is a safe and ef-
fective cholesterol-lowering food supplement for use 
(1) in diabetic subjects with dyslipidemia; (2) as add-
on therapy in patients who are not severely statin in-
tolerant; and (3) in subjects with a negative perception 
of statins and mild dyslipidemia, who prefer a treat-
ment seen as natural.
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