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Aim: To evaluate the effects of Berberis aristata combined with Silybum marianum in dyslipidemic pa-
tients intolerant to statins at high doses.
Methods: 137 euglycemic, dyslipidemic subjects, with previous adverse events to statins at high doses,
were enrolled. Statins were stopped for 1 month (run-in), then they were re-introduced at the half of the
previously taken dose. At randomization, patients tolerating the half dose of statin, were assigned to add
placebo or B. aristata/S. marianum 588/105 mg, 1 tablet during the lunch and 1 tablet during the dinner,
for six months. We evaluated lipid profile and safety parameters variation at randomization, and after 3,
and 6 months.
Results: B. aristata/S. marianum reduced fasting plasma glucose (�9 mg/dl), insulin (�0.7 mU/ml), and
HOMA-index (�0.35) levels compared to baseline and also to placebo. Lipid profile did not significantly
change after 6 months since the reduction of statin dosage and the introduction of B. aristata/S.
marianum, while it worsened in the placebo group both compared to placebo and with active treatment
(þ23.4 mg/dl for total cholesterol, þ19.6 mg/dl for LDL-cholesterol, þ23.1 mg/dl for triglycerides with
placebo compared to B. aristata/S. marianum). We did not record any variations of safety parameters in
nether of groups.
Conclusions: B. aristata/S. marianum can be considered as addition to statins in patients not tolerating
high dose of these drugs.

© 2014 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

Statins, also known as 3-hydroxy-3-methylglutaryl-coenzyme A
(HMG-CoA) reductase inhibitors, are effective medications for
reducing the risk of death and future cardiovascular disease [1]. In
the latest years, however, statin intolerance (including adverse ef-
fects related to quality of life, leading to decisions to decrease or
stop the use of an otherwise-beneficial drug) has come to the
forefront of clinical concern, whereas the safety of statins has come
to be regarded as largely favorable [2]. Statin intolerance is defined
as any adverse symptoms, signs, or laboratory abnormalities
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attributed by the patient or physician to the statin and inmost cases
perceived by the patient to interfere unacceptably with activities of
daily living, leading to a decision to stop or reduce statin therapy.
The physician might also decide to stop or reduce statin therapy on
the basis of clinical/laboratory assessment [abnormal liver function
tests, creatine phosphokinase values (CPK)] suggesting undue risk
[2]. Adverse events are more common at higher doses of statins,
and often contribute to patients low adherence to treatment. For
this reason, researchers are testing alternative strategies for lipid
treatment when statin intolerance is recognized. One strategy to
reduce the risk of statin-induced adverse events includes using a
low-dose of statin combined with nonstatin drugs in order to
achieve the goals of therapy. Nonstatin drugs include nutraceut-
icals; in the latest years relatively large number of dietary supple-
ments and nutraceuticals have been studied for their supposed or
demonstrated ability to reduce cholesterolemia in humans [3], in
particular Berberis Aristata, has been studied in randomized clinical
trials and proved to be effective in improving lipid profile, both
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Table 1b
Dosage of statins taken at the study enrollment in the group treated with placebo.

Dosage Lovastatin Pravastatin Simvastatin Atorvastatin Rosuvastatin

10 mg (n) 3
20 mg (n) 4 3 7 12 11
40 mg (n) 2 8 9 3

n: number of patients.
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alone [4,5] and in combination with Silybum Marianum [6,7]. In
particular, B. aristata acts up-regulating LDL-receptor (LDL-R)
expression independent of sterol regulatory element binding pro-
teins, but dependent on extracellular signal-regulated kinases
(ERK) and c-Jun N-terminal kinase (JNK) activation leading to total
cholesterol (TC) and LDL-C reduction of about 30 and 25%,
respectively [8]. Nevertheless of its biological functions, B. aristata
is anyway rather defective in terms of oral bioavailability [9],
affected by a gut extrusion process P-glycoprotein (P-gp) mediated
[10]. P-gp seems to reduce by about 90% the amount of B. aristata
able to cross the enterocytes and this suggests that the use of a
potential P-gp inhibitor [11] could ameliorate its oral poor
bioavailability improving its effectiveness. Among the potential P-
gp inhibitors, silymarin from S. marianum, herbal drug traditionally
used as liver protectant [12], could be considered a good candidate
[13] due its very poor oral bioavailability and its very high safety
profile [14].

On the basis of what reported above, the aim of this studywas to
evaluate the effects of a combination of B. aristata/S. marianum on
lipid profile in dyslipidemic patients not tolerating high doses of
statins.

2. Methods

2.1. Study design

This 6-months, double-blind, randomized, placebo-controlled,
clinical trial was conducted at the Department of Internal Medi-
cine and Therapeutics, University of Pavia (Pavia, Italy). The study
protocol was approved by the institutional review board and was
conducted in accordance with the Declaration of Helsinki [15] and
its amendments and the Code of Good Clinical Practice. All patients
provided written informed consent to participate in this study after
a full explanation of the study had been given.

2.2. Patients

Caucasian patients aged �18 of either sex, were eligible for
inclusion if they had a condition of euglycemia (fasting plasma
glucose < 100 mg/dl), hypercholesterolemia according to National
Cholesterol Education Program (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults
(ATP III) criteria [16]. We enrolled patients whose LDL cholesterol
levels were not adequately controlled, and that were found
intolerant to statins at high doses. The list of statins dosage taken
by patients at the enrollment is listed in Table 1a and 1b. Subjects
were considered intolerant if, on actual statin dosage, they have
experienced: an increase of CPK greater than 3 until 10 times the
upper limits of the laboratory (ULN), and/or a rise in the value of
transaminases greater than 3 until 5 times the ULN, and/or the
onset of asthenia, myalgia or rhabdomyolysis. Type of adverse
events recorded before enrollment for patients by subgroup of
statins are listed in Table 2. Patients were overweight [17], and
also normotensive according to the World Health Organization
Table 1a
Dosage of statins taken at the study enrollment in the group treated with Berberis
aristata/Silybum marianum.

Dosage Lovastatin Pravastatin Simvastatin Atorvastatin Rosuvastatin

10 mg (n) 4
20 mg (n) 3 2 8 11 10
40 mg (n) 3 9 12 4

n: number of patients.
criteria (Systolic Blood Pressure [SBP] < 140 mmHg and Diastolic
Blood Pressure [DBP] < 90 mmHg) [18]. Furthermore, they had
normal thyroid function, none of the selected subjects were taking
diuretics or b-blockers.

Suitable patients, identified from review of case notes and/or
computerized clinic registers, were contacted by the investigators
in person or by telephone.

Patients were excluded if they had secondary dyslipidemia;
impaired renal function (defined as serum creatinine level higher
than the ULN for age and sex); gastrointestinal disorders; weight
change of >3 Kg during the preceding 3 months; malignancy; and
significant neurological or psychiatric disturbances, including
alcohol or drug abuse. Patients with serious cardiovascular disease
(CVD) (eg, New York Heart Association class I-IV congestive heart
failure or a history of myocardial infarction or stroke) or cerebro-
vascular conditions within 6 months before study enrollment were
also excluded. Excluded medications (within the previous 3
months) were anorectic agents, laxatives, b-agonists (other than
inhalers), cyproheptadine, anti-depressants, anti-serotoninergics,
phenothiazines, barbiturates, oral corticosteroids, and anti-
psychotics. Women who were pregnant or breastfeeding or of
childbearing potential and not taking adequate contraceptive pre-
cautions were also excluded.

2.3. Diet and physical activity

During the study all patients followed an adequate diet and
practiced physical activity. The controlled-energy diet (~600 kcal
daily deficit) was based on NCEP-ATP III recommendations [19],
that contained 50% of calories from carbohydrates, 30% from fat
(<7% saturated, up to 10% polyunsaturated, and up to 20% mono-
unsaturated), and 20% from proteins, with a maximum cholesterol
content of 300 mg/d, and 35 g/d of fiber. Standard diet advice was
given by a dietician and/or specialist physician. Dieticians and/or
specialists each two weeks provided instruction on dietary intake-
recording procedures as part of a behavior-modification program
and then from month 1 used the patients' food diaries for coun-
seling. Individuals were also encouraged to increase their physical
activity and we standardized the same physical aerobics exercise
program by riding a stationary bicycle for 20e30 min, 3 to 4 times
per week.

2.4. Treatment

During the run-in period, patients underwent a 1 month wash-
out period during which statins were stopped. At the end of the
wash-out period, if safety parameters returned into the normal
range, statin was re-introduced at the half of the previously taken
dose. After one month since the statin re-introduction, patients
which did not experience adverse events, were randomized to
take placebo or B. aristata/S. marianum, 1 tablet during the lunch
and 1 tablet during the dinner, for six months, in a double-blind,
placebo-controlled design (Fig. 1). B. aristata/S. marianum combi-
nation is a patented nutraceutical association in tablet form
(Berberol®, EP 2149377, traded in Italy by PharmExtracta, Ponte-
nure, Italy) containing 588 mg/tablet of B. aristata extract titrated



Table 2
Type of adverse events recorded for enrolled patients at baseline.

Statins Lovastatin Pravastatin Simvastatin Atorvastatin Rosuvastatin

n 7 10 32 44 35
ALT increase �3 � ULN (n) 2 1 4 5 3
[m ± SD (U/L) 155 ± 16 159 ± 18 152 ± 15 157 ± 17 150 ± 14
ALT increase � 5� ULN (n) 0 1 2 6 4
[m ± SD (U/L)] 238 ± 23 226 ± 19 233 ± 20 235 ± 22
AST increase � 3� ULN (n) 0 3 6 4 4
[m ± SD (U/L)] 132 ± 14 137 ± 16 129 ± 12
AST increase � 5� ULN (n) 0 2 2 5 4
[m ± SD (U/L)] 227 ± 20 230 ± 24 222 ± 18 228 ± 22
ALT and AST increase � 3� ULN (n) 1 2 4 3 5
[m ± SD (U/L)] 165 ± 23 and 134 ± 15 157 ± 17 and 128 ± 11 160 ± 21 and 130 ± 13 163 ± 22 and 128 ± 11 152 ± 15 and 138 ± 17
ALT and AST increase � 5� ULN (n) 0 2 5 2 2
[m ± SD (U/L)] 233 ± 20 and 228 ± 22 239 ± 24 and 232 ± 26 239 ± 25 and 230 ± 24
CPK increase � 3� ULN (n) 1 2 5 9 8
[m ± SD (U/L)] 632 ± 32 701 ± 43 671 ± 38 609 ± 24 652 ± 35
CPK increase � 10� ULN (n) 0 0 0 0 0
Asthenia (n) 1 4 6 8 5
Myalgia (n) 2 2 3 6 4
Rhabdomyolysis (n) 0 0 0 0 0

AST: alanine aminotransferase; AST: aspartate aminotransferase; CPK: creatinine phosphokinase; ULN: upper limit of normal; m ± SD: means ± standard deviation.

Fig. 1. Design of the study.
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as 85% of berberine along with 105 mg/tablet of S. marianum
extract titrated as > 60% in flavanolignans. The product, in
agreement with the Italian law number 169/2004, has been
notified to the Minister of Health in 2010 (Registration number:
E10 40753Y) and registered as food supplement being both its
actives (B. aristata and S. marianum standardized extracts)
belonging to the positive list of botanicals admitted as nutra-
ceuticals and its excipients all food grade. B. aristata/S. marianum
were manufactured in SIIT (Trezzano S/N, Milan, Italy). The two
actives of the active product were provided respectively by SIIT (B.
aristata extract) and by Indena (S. marianum extract) both from
Milano, Italy. Both B. aristata/S. marianum and placebo were sup-
plied as identical, opaque, white capsules in coded bottles to
ensure the blind status of the study. Randomization was done
using a drawing of envelopes containing randomization codes
prepared by a statistician. Medication compliance was assessed by
counting the number of pills returned at the time of specified
clinic visits. Throughout the study, we instructed patients to take
their first dose of new medication on the day after they were given
the study medication. At the same time, all unused medication
was retrieved for inventory. All medications were provided free of
charge.
2.5. Assessments

Before starting the study, all patients underwent an initial
screening assessment that included a medical history, physical
examination, vital signs (blood pressure and heart rate), a 12-lead
electrocardiogram, measurements of height and body weight,
calculation of body mass index (BMI), abdominal circumference
(Abd. Cir.), waist circumference (Waist Cir.), and hip circumference
(Hip Cir.), assessment of fasting plasma glucose (FPG), fasting
plasma insulin (FPI), HOMA index, TC, LDL-C, high density
lipoprotein-cholesterol (HDL-C), and triglycerides (Tg).



Table 3
Data of the screened population at randomization and after placebo.

Randomization 3 months 6 months

N 62 60 59
Sex (M/F) 31/31 31/29 30/29
Age (years) 57.9 ± 12.9 e e

Height (m) 1.67 ± 0.05 e e

Weight (Kg) 82.4 ± 9.8 81.9 ± 9.6 81.5 ± 9.3
BMI (kg/m2) 29.5 ± 1.3 29.3 ± 1.1 29.2 ± 1.0
Abd. Cir. (cm) 94.9 ± 3.6 94.6 ± 3.5 94.1 ± 3.3
Waist Cir. (cm) 89.8 ± 2.5 89.5 ± 2.4 89.4 ± 2.3
Hip Cir. (cm) 101.5 ± 2.3 100.9 ± 2.1 100.4 ± 1.8
FPG (mg/dl) 91.7 ± 5.9 90.9 ± 5.4 90.2 ± 5.2
FPI (mU/ml) 9.3 ± 5.3 9.1 ± 5.1 9.2 ± 5.3
HOMA index 2.10 ± 0.48 2.00 ± 0.44 2.04 ± 0.46
TC (mg/dl) 184.5 ± 28.3 205.6 ± 39.2 219.6 ± 41.2*
LDL-C (mg/dl) 124.6 ± 10.6 141.5 ± 14.8 152.4 ± 16.4*
HDL-C (mg/dl) 40.3 ± 4.4 40.8 ± 4.5 41.6 ± 4.7
Tg (mg/dl) 95.3 ± 38.2 116.3 ± 44.2 128.2 ± 47.3*
AST (U/l) 25.1 ± 12.8 25.9 ± 13.2 25.3 ± 12.9
ALT (U/l) 18.5 ± 7.8 19.3 ± 8.7 19.6 ± 9.0
CPK (U/l) 155.9 ± 40.2 159.4 ± 43.5 162.4 ± 43.6

Data are expressed as mean ± standard deviations (SD).
*p < 0.05 vs Baseline.
Abd. Cir.: abdominal circumference; Waist Cir.: waist circumference; Hip Cir.: hip
circumference; BMI: body mass index; FPG: fasting plasma glucose; FPI: fasting
plasma insulin; TC: total cholesterol; LDL-C: low density lipoprotein-cholesterol;
HDL-C: high density lipoprotein-cholesterol; Tg: triglycerides; AST: alanine
aminotransferase; AST: aspartate aminotransferase; CPK: creatinine phosphokinase.
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Changes in lipid profile were the primary efficacy factors.
Anthropometric and metabolic parameters were assessed at
randomization, at 3, and 6 months.

All plasmatic variables were determined after a 12-h overnight
fast. Venous blood samples were drawn by a research nurse for all
patients between 8:00 AM and 9:00 AM.We used plasma obtained by
addition of Na2-EDTA, 1 mg/mL, and centrifuged at 3000 g for
15 min at 4 �C. All measurements were performed in a central
laboratory.

Body mass index was calculated by the investigators as weight
in kilograms divided by the square of height in meters. Waist
circumferencewasmeasuredmidway between the lateral lower rib
margin and the iliac crest and its reduction was determined with a
Gulick anthropometric spring-loaded tape measure (Model 5829,
Bell Medical Services, Neptune, NJ, USA).

For a description of methods used to assay various parameters,
see our previous works [20,21].

2.6. Safety measurements

Treatment tolerability was assessed at each study visit using an
accurate interview of patients by the investigators, and compari-
sons of clinical and laboratory values with baseline levels. Safety
monitoring included physical examination, vital sign assessment,
weight, electrocardiogram, adverse events, and laboratory tests.
Liver and muscle function were evaluated by measurement of
transaminases [aspartate aminotransferase (AST), alanine amino-
transferase (ALT), and CPK], and all adverse events were recorded.

2.7. Statistical analysis

An intention-to-treat (ITT) analysis was conducted in patients
who had received �1 dose of study medication and had a subse-
quent efficacy observation. Patients were included in the tolera-
bility analysis if they had received �1 dose of trial medication after
randomization and had undergone a subsequent tolerability
observation. The null hypothesis that the expected mean TC, LDL-C,
HDL-C, and Tg change from randomization would not differ
significantly between placebo, and B. aristata/S. marianum groups
was tested using analysis of variance (ANOVA) and analysis of
covariance (ANCOVA) models [22]. Similar analyses were applied to
the other variables. The statistical significance of the independent
effects of treatments on the other variables was determined using
ANCOVA. A 1-sample t test was used to compare values obtained
before and after treatment administration; 2-sample t tests were
used for between-group comparisons. Statistical analysis of data
was performed using the Statistical Package for Social Sciences
software version 11.0 (SPSS Inc., Chicago, Illinois, USA). Data are
presented as mean (SD). For all statistical analyses, p < 0.05 was
considered statistically significant.

3. Results

3.1. Study sample

A total of 137 patients not tolerating statins at high doses were
enrolled in the trial. Of these, 134 completed the one month wash-
out period, and 128 completed the onemonth period with half dose
of statin without adverse events. At randomization, 66 (51.6%) pa-
tients were randomized to B. aristata/S. marianum and 62 (48.4%) to
placebo. One hundred and twenty-four subjects completed the
study; there were 4 patients (1 males and 3 females) who did not
complete the study because of myalgia (1 female in B. aristata/S.
marianum group taking rosuvastatin 20 mg, 1 male and 1 female in
placebo group taking atorvastatin 20 mg) and ALT increase � 3 �
ULN (1 female in placebo group taking rosuvastatin 20 mg).
Considering gender distinctions, no differences between males and
females emerged in response to B. aristata/S. marianum or placebo;
for this reason we showed the results including both males and
females together.

3.2. Anthropometric parameters

Anthropometric parameters including body weight, BMI and
waist, abdominal and hip circumferences did not significantly
change during the study in neither groups (Tables 3 and 4).

3.3. Metabolic parameters

B. aristata/S. marianum reduced FPG (p < 0.05 compared to
baseline), while placebo did not. Furthermore, FPG after B. aristata/
S. marianum was lower than the one recorded with placebo
(p< 0.05). B. aristata/S. marianum decreased FPI and HOMA-IR, both
compared to baseline and to placebo that did not change these
parameters (p < 0.05 for all). Since the reduction of statin dose, TC,
LDL-C, and Tg did not change in the group where B. aristata/S.
marianum was added, while they increased in the placebo group
(p < 0.05 for all). Total cholesterol, LDL-C and Tg values recorded
after placebo addition, were significantly higher compared to the
ones obtained with active treatment (Tables 3 and 4).

3.4. Safety

No serious adverse events were recorded during the study. No
patients experienced musculoskeletal system disorders, as myop-
athy or hepatotoxicity. We did not observe any worsening of safety
biochemical measurements during the study (Tables 3 and 4).

4. Discussion

Analyzing the results of our study, it can appear, at a first glance,
that B. aristata/S. marianum has a neutral effect of lipid profile that
did not change during the study after the addition of the



Table 4
Data of the screened population at randomization and after Berberis aristata/Silybum
marianum.

Randomization 3 months 6 months

N 66 65 65
Sex (M/F) 32/34 32/33 32/33
Age (years) 57.8 ± 12.6 e e

Height (m) 1.68 ± 0.05 e e

Weight (Kg) 81.3 ± 9.2 80.7 ± 8.9 80.5 ± 8.8
BMI (kg/m2) 28.8 ± 1.1 28.6 ± 1.0 28.5 ± 0.9
Abd. Cir. (cm) 95.8 ± 3.9 94.6 ± 3.7 94.2 ± 3.4
Waist Cir. (cm) 90.7 ± 2.8 90.2 ± 2.6 89.9 ± 2.5
Hip Cir. (cm) 102.6 ± 2.9 101.5 ± 2.8 101.2 ± 2.6
FPG (mg/dl) 92.8 ± 6.1 88.6 ± 5.8 83.8 ± 5.1*̂
FPI (mU/ml) 8.9 ± 5.1 8.5 ± 4.8 8.2 ± 4.5*̂
HOMA index 2.06 ± 0.46 1.87 ± 0.38 1.71 ± 0.32*̂
TC (mg/dl) 188.6 ± 30.9 203.5 ± 35.7 196.2 ± 32.3^
LDL-C (mg/dl) 129.2 ± 11.5 138.0 ± 14.6 132.8 ± 12.3^
HDL-C (mg/dl) 40.8 ± 4.6 42.6 ± 5.1 42.7 ± 5.2
Tg (mg/dl) 92.8 ± 36.7 109.4 ± 43.6 105.1 ± 40.8^
AST (U/l) 24.5 ± 12.4 24.8 ± 12.1 26.1 ± 13.5
ALT (U/l) 19.8 ± 9.1 20.4 ± 9.8 20.3 ± 9.7
CPK (U/l) 158.2 ± 42.5 163.4 ± 44.3 165.8 ± 46.3

Data are expressed as mean ± standard deviations (SD).
*p < 0.05 vs Baseline; ^ p < 0.05 vs placebo.
Abd. Cir.: abdominal circumference; Waist Cir.: waist circumference; Hip Cir.: hip
circumference; BMI: body mass index; FPG: fasting plasma glucose; FPI: fasting
plasma insulin; TC: total cholesterol; LDL-C: low density lipoprotein-cholesterol;
HDL-C: high density lipoprotein-cholesterol; Tg: triglycerides; AST: alanine
aminotransferase; AST: aspartate aminotransferase; CPK: creatinine phosphokinase.
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nutraceutical combination. This lack of effect, however, is only
apparent, because, when we analyzed what happens in placebo
group, we observed a worsening of lipid profile after statin dose
reduction. In other words, the addition of B. aristata/S. marianum
neutralized the worsening of lipid profile observed with placebo
after statins dose reduction. These results are in line with what
reported by Kong et al.: these Authors evaluated the effects of a
combination of berberine and simvastatin in sixty-three out-
patients diagnosed with hypercholesterolemia [23]. As compared
with monotherapies, the combination showed an improved lipid-
lowering effect with 31.8% reduction of serum LDL-C, and similar
efficacies were observed in the reduction of TC as well as Tg in
patients. The positive effects of B. aristata on lipid profile were
already reported by our group, in a study previously published
where a fixed combination of B. aristata/S. marianum reduced lipid
profile compared to placebo; in particular, we recorded a TC
reduction of 23.2% and a LDL-C reduction of 32.2% [6]. This reduc-
tion was higher compared to berberine alone that gave a TC
reduction of 10.2% and a LDL-C reduction of 14.6% (11%), probably
due to a synergic effect with S. marianum [5].

Regarding the effects on glycemia and insulin resistance, we
observed that B. aristata/S. marianum improved them. This positive
effect of the nutraceutical combination on glycemia was already
reported by our group [7] and also by a previous study on diabetic
patients, where, in patients with suboptimal glycemic control, B.
aristata/S. marianum gave a glycated hemoglobin reduction of about
0.85% after 6 months of treatment [24]. Regarding the mechanism
thorough which this can happen, some reports showed that B.
aristata may promote insulin release acting as a glucokinase acti-
vator or insulin sensitizing and insulinotropic agent [25] or stim-
ulate glucose uptake via the MAPK pathway [26]. This positive
effect could be also due to S. marianum, which also showed to have
a beneficial effect on improving the glycemic profile in type 2
diabetic patients [27], even if the mechanism underlying the
glucose lowering effect of S. marianum is not clear.

Considering the limitations of this study, the sample is relatively
small and the follow-up period is relatively short.
5. Conclusions

Considering the results of this study, B. aristata/S. marianum can
be considered as addition to statins in patients not tolerating high
dose of these drugs.
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