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Abstract: Objectives: To investigate the effect of food on the bioavailability of a combination of monacolin and berberine in 

healthy volunteers. Methods: Eighteen male volunteers received a single recommended oral dose of the combination under fasted 

conditions (reference) and fed conditions (high fat meal; test), in a randomized, open label, crossover fashion. Plasma 

concentrations of berberine, monacolin and its metabolite were measured by LC-MS/MS. Pharmacokinetic parameters were 

determined by non-compartmental analysis. No effect of food was assumed if the 90% CIs (confidence intervals) for estimated ratio 

test/reference was included in the acceptance limits 0.80-1.25 for phenotyping metrics AUCt and Cmax. Key findings: For berberine, 

the Cmax and AUCt test/reference ratios were 2.97 and 2.69, respectively, and relevant 90% CIs (2.25-3.91 and 2.15-3.36, 

respectively) were above the acceptance limit. For lovastatin hydroxy acid, the active metabolite of monacolin, the test/reference 

ratios were 1.18 (Cmax) and 0.98 (AUCt). The 90% CIs fell entirely within the acceptance limit for AUCt, (0.85-1.13), whereas the 

upper bound of the 90% CIs for Cmax (1.01-1.37) was just above the predefined interval. Conclusions: Food intake significantly 

increases berberine bioavailability and does not significantly affect monacolin bioavailability when these two extracts are 

administered in combination. 
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1. Introduction

 

Hypercholesterolemia is a well-known risk factor 

for coronary artery, cerebrovascular and peripheral 

artery diseases [1, 2]. There is general agreement on 

the need for therapeutic interventions in the secondary 

prevention of cardiovascular disease, whereas the cost 

effectiveness and societal impact of primary 

prevention therapy remains controversial, being the 

cost/benefit ratio less favorable [3]. The revised 

guidelines on dyslipidemia provide expanded 

recommendations that health behavior interventions 

remain the cornerstone for the prevention of 
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cardiovascular disease [4]. However, to be effective, 

therapeutic life-style changes, including exercise and 

diet, must be followed without derogations for the 

whole life, an extremely difficult task in the present 

society. To achieve this goal, food supplements, 

containing herbal products that could integrate 

imperfect therapeutic life-style changes obtaining a 

satisfactory control of cardiovascular risk factors [5], 

are becoming increasingly popular. 

Use of these products to maintain healthy status has 

risen considerably and it is estimated that not less than 

80% of the world’s population relies on herbal 

remedies as a moderate approach to healing and as a 

source of healthcare [6]. Despite this importance and 

the widespread use, data on the bioavailability of 

D 
DAVID  PUBLISHING 



Effect of Food on the Oral Bioavailability of Berberine and Monacolin Administered 
in Combination in Healthy Male Volunteers 

  

704 

herbal extracts are scarse [7], preventing correlation 

between effects and exposure and thus the optimal 

consumption of these products. 

Berberine hydrochloride and fermented red yeast 

rice extract (Monascus purpureus) which contains 

monacolin are the herbal products objective of the 

present investigation. They are marketed in several 

European countries not only as single ingredients, but 

also in combination and they are well described for 

their lipid-lowering properties [8-10]. Berberine, a 

natural plant extract from Berberis aristata bark, 

reduces serum cholesterol by increasing LDL receptor 

on the liver cell surface, and inhibits triglycerides 

biosynthesis via the activation of AMP-activated 

proteokinase [11]. Monacolin, also known as 

lovastatin lactone, lowers cholesterol by inhibiting the 

activity of HMG-CoA 

(3-hydroxy-3-methylglutaryl-coenzyme A) reductase, 

the rate limiting step for cholesterol synthesis in the 

liver [12]. In clinical studies red yeast rice reduced 

significantly total and LDL cholesterol [13], and 

berberine improved also triglycerides profile [14]. 

Further and recent data showed that also their 

combination significantly improved the lipid profile in 

subjects with altered cholesterol and/or triglycerides 

[10], and in subjects intolerant to statins [15, 16]. In 

another clinical study [17], the combination showed 

that the favorable metabolic response could also yield 

improvements in the cardiovascular risk profile. The 

study was the first documenting that the combination 

of berberine and monacolin with dietary counseling 

decreases the prevalence of metabolic syndrome and 

reduces the risk of coronary heart disease, calculated 

using the Framingham Risk Score [17]. The benefits 

of recommending the combination of berberine and 

monacolin with diet and lifestyle changes versus diet 

alone have been further confirmed in another extended 

multicenter-randomized clinical trial enrolling 

dyslipidemic subjects [18]. Moreover, a recent clinical 

study excluded the potential for the combination of 

berberine and monacolin to generate clinically 

relevant inhibition of the activities of CYP1A2, 2D6, 

2C19, 3A4 and 2C9 [19].  

As data on bioavailability and plasma concentrations 

of berberine and monacolin when they are 

administered in combination provide important 

information to establish correlations between these 

and the clinical effects observed in the aforementioned 

studies, they were determined in this study.  

In addition, since the bioavailability of products 

administered orally may be affected by the intake of 

food, current guidelines [20, 21] recommend to assess 

the effects of food on the rate and extent of absorption 

for oral products. Food effects indeed can have 

clinically significant consequences, altering 

bioavailability by several means, including delay in 

gastric emptying, stimulation of bile flow, changes in 

gastrointestinal pH, physical or chemical interaction 

(e.g., non-specific binding, stability, sequestration) 

[20]. This approach is well known and applied during 

the different phases of drug development, whereas it is 

yet poorly considered in the field of herbal products 

where food effect is very often unknown. Therefore, 

with the aim to make progress in this area, the 

objective of the present clinical investigation was to 

compare the bioavailability of berberine and 

monacolin administered in combination at 

recommended dose in fasting condition and after a 

high fat meal in healthy male volunteers. 

2. Materials and Methods 

2.1 Materials 

In order to study a marketed combination of 

berberine and monacolin that is fully characterized for 

its content (active ingredients and excipients), and for 

which safety and efficacy data are available from 

clinical trials aimed at evaluating its lipid-lowering 

activity, the food supplement ArmoLIPID PLUS, 

obtained from Rottapharm|Madaus (Monza, Italy), 

was used in the present investigation. The analytical 

standards berberine and lovastatin lactone were 

purchased from Sigma-Aldrich (St. Louis, MO, USA), 
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and lovastatin hydroxy acid from Cayman Chemical 

(Ann Arbor, MI, USA). Solvents were obtained from 

standard sources and were of HPLC grade. 

2.2 Clinical Study Design 

A single center, randomized, open-label study was 

conducted in healthy male volunteers in both fasted 

and fed conditions according to a single-dose, 

two-treatment, two-period, and two-sequence, 

crossover design. 

The study was carried out at Eurofins Optimed 

(Gieres, France) in accordance with the Declaration of 

Helsinki as modified in Seoul (2008), the 

recommendations on Good Clinical Practice (ICH E6) 

and any applicable local regulatory requirements
 

(Code de la Santé Publique). The study obtained the 

approval of the local Ethics Committee (CPP n°: 

2014-015 B, 26 March 2014) and the national Health 

Authorities “ANSM”, Agence Nationale de Sécurité 

du Medicament et des produits de santé (140230B-81, 

31 March 2014). Prior to initiation of study 

procedures, all volunteers gave their written informed 

consent. 

2.3 Study Population 

Eighteen healthy male volunteers, aged between 18 

and 45 years and with mean body mass index between 

18 and 28 kg/m
2
, were included in the study. All 

subjects were in good health conditions on the basis of 

medical history, physical examination and blood tests. 

They were not receiving any known enzyme inducing 

or inhibiting drugs or herbal products. All volunteers 

completed the study according to the protocol and 

were included in the analysis.  

2.4 Dosage, Administration and Plasma Sampling 

Volunteers received orally one tablet (the 

recommended dose) of the combination containing 

500 mg of berberine, 200 mg of red yeast rice extract 

(Monascus purpureus) equivalent to 3 mg of 

monacolin, 10 mg of policosanol, 0.2 mg folic acid, 

2.0 mg coenzyme Q10 and 0.5 mg astaxanthin 

(ArmoLIPID PLUS, Rottapharm|Madaus, Monza, 

Italy). All treatments were administered in sitting 

position with 240 mL of tap water.  

Subjects received the combination on day 1 in two 

different study periods, according to a randomization 

list, with at least 7 days washout between each period. 

Under fasting condition (reference period) the 

administration was after 10 h fasting, whereas in fed 

conditions (test period) the administration occurred 

within 5 minutes after the completion of the 

standardized high fat meal that was consumed in no 

more than 25 minutes. The subjects refrain from food 

for at least 4 hours after dosing. The composition of 

the standardized high-fat meal contained 

approximately 870 kcal with 16% from proteins, 58% 

from fat and 26% from carbohydrates, as 

recommended by current guidelines [20, 21]. 

The sampling times for determinations in plasma of 

berberine, monacolin and its metabolite (lovastatin 

hydroxy acid) were: pre dose, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 

12, 16 and 24 h. Samples were kept at -80°C pending 

analysis. 

2.5 Bioanalytical Methods 

Two different bioanalytical methods were 

developed and qualified at Eurofins ADME 

Bioanalyses (Vergeze, France) to determine the 

plasma concentrations of berberine, monacolin and its 

metabolite. 

Berberine plasma samples were spiked with 
13

C,
 

2
H3-berberine as IS (internal standard) and a plasma 

protein precipitation was performed using methanol. 

The supernatant was evaporated, redissolved and 

injected into the HPLC system (Shimadzu 

Corporation, Kyoto, Japan) interfaced to a triple 

quadrupole mass spectrometer (API5500 Qtrap 

System, AB Sciex Framingham, MA). 

Chromatographic separation was obtained using a 

Zorbax SB-C8 column, 5 µm, 2.1 × 50 mm (Agilent 

Technologies, Santa Clara, CA) with the mobile phase 
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A consisting of 10 mM ammonium formiate pH 3.5, 

and the mobile phase B consisting of 

acetonitrile/methanol (60/40). Data were acquired in 

the SRM (selected reaction monitoring) mode and the 

mass spectrometer was set to monitor berberine in the 

positive ion mode. The monitored transition was 

336.1 > 320.2 m/z. 

Monacolin (lovastatin lactone) and its metabolite 

(lovastatin hydroxy acid) plasma samples were spiked 

with the corresponding stable labelled compounds (IS), 

and acetonitrile was added to obtain a plasma protein 

precipitation. After centrifugation, the compounds 

were separated on a Zorbax SB-C18 column, 5 µm, 

2.1 × 50 mm (Agilent Technologies, Santa Clara, CA) 

and injected into the HPLC-MS/MS system 

(Shimadzu and API5500 Qtrap System). The mobile 

phases were 10 mM pH 5.5 ammonium acetate, and 

acetonitrile. The MS/MS system was set to monitor 

monacolin in the positive ion mode and lovastatin 

hydroxy acid in the negative ion mode. The monitored 

transitions were 422.2 > 199.2 and 421.2 > 101.0 m/z 

for monacolin and lovastatin hydroxy acid, respectively.  

The two developed methods were qualified. The 

qualification comprised the determination of linearity 

on three different runs, the inter- and intra-run 

precision and accuracy for four concentration levels, 

the evaluation of methods’ specificity and the 

assessment of storage stability.  

2.6 Pharmacokinetic Analysis 

Pharmacokinetic parameters of berberine, 

monacolin and lovastatin hydroxy acid were 

determined from measured plasma concentrations 

using Kinetica version 4.3 (Thermo Electron 

Corporation, Philadelphia, USA) and applying a 

non-compartmental analysis. The maximum plasma 

concentration (Cmax) and the time to reach it (tmax) 

were obtained directly from the plasma 

concentration-time data. The area under the plasma 

concentration-time curve from time 0 to the last 

measurable time point (AUCt) was calculated 

according to the linear trapezoidal rule. The AUC 

from time 0 extrapolated to infinite time (AUCinf) 

was calculated by the equation:  

AUCinf = AUCt + Ct/Ke 

Where, Ct is the last quantifiable concentration and 

Ke is the slope of the regression line of the terminal 

phase of the plasma concentration-time curve. The 

elimination half-life (t1/2) was calculated by the 

equation:  

t1/2 = 0.693/Ke. 

2.7 Sample Size Determination and Statistical 

Analysis 

Intraindividual CVs% were assumed not to exceed 

20% for Cmax and AUCt for both herbal extracts, 

allowing the assessment of the food effect with a 

sample size of 16 subjects [22]. To account for 

dropouts, 18 subjects were enrolled. 

All statistical analyses were performed using SAS 

versions 9.3 (SAS Inc., Cary, NC, USA).  

Log-transformed phenotyping metrics Cmax and 

AUClast were analyzed using PROC MIXED (SAS 

statistical package, SAS institute - Version 9.3) with 

treatment, sequence, period and subject-within 

sequence as fixed terms. The 90% CIs (confidence 

intervals) of logarithmic difference between test (fed 

condition) and reference treatment (fasted condition) 

were constructed based on the MSE (mean square 

error) from the ANOVA model. The CIs were then 

back transformed to obtain the CIs for the ratio 

fed/fasted of the original scale. According to 

regulatory guidelines [20, 23], absence of food effect 

on bioavailability is established if the 90% CIs for the 

ratio of the geometric means between fed and fasted 

treatments, based on log-transformed data, is 

contained in the equivalence limits of 0.8 to 1.25 for 

AUCt and Cmax. Differences in tmax between test and 

reference treatment were evaluated according to a 

non-parametric approach, by means of the Wilcoxon 

signed-rank test for paired samples. Statistical 

significance was set at p ≤ 0.05. 
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3. Results 

3.1 Study Population  

Eighteen healthy male subjects completed the study 

according to the protocol and were included in the 

analysis. Their mean values of age and body mass 

index were 27.9 ± 5.8 years and 22.93 ± 2.90 kg/m², 

respectively. Demographic characteristics of the 

volunteers categorized into group Fed-Fasted and 

Fasted-Fed are summarized in Table 1. The dose 

regimen was well tolerated in all volunteers. No 

TEAEs (treatment emergent adverse events) were 

reported by the enrolled volunteers during the study. 

3.2 Bioanalytical Methods 

The ranges, precision and accuracy values for the 

calibration standards are presented in Table 2. Results 

obtained from the analysis of quality controls ranges 

were within the acceptable limits, validating the 

concentrations of berberine, monacolin and its 

metabolite determined in plasma. The specificity of 

the methods was tested by the analysis of six different 

individual batches of blank human plasma spiked with 

analytes at LLOQ (lower limit of quantification), and 

then processed and compared to the corresponding 

blank plasma samples. No interference peaks were 

detected.  

All samples were analysed within the long-term 

stability period. 

3.3 Pharmacokinetic Analysis 

Mean concentration-time profiles of berberine and 

lovastatin hydroxy acid, the active metabolite of 

monacolin, after the administration of the combination 

of berberine and monacolin in fed and fasted 

conditions are shown in Fig. 1. The corresponding PK 

parameters are shown in Table 3.  

Berberine plasma concentrations were still 

measurable 24 h post-dosing, both in fasting and fed 

conditions. However, the presence of multiple peaks 

in the plasma concentration-time profile, indicating an 

enterohepatic circulation for berberine, as observed in 

other previous investigations [24, 25], prevented the 

calculation of Ke (elimination rate constant), and 

thereby of AUCinf and t1/2, (half-life). Significant 

differences between fed and fasted conditions were 

observed in the plasma concentration-time profile   

of berberine.  The mean  Cmax and  AUCt values  were 
 

Table 1  Summary of demographic data for the subjects participating in the study.  

 

Table 2  Ranges, inter-assay precision and accuracy values for each compound calibration standards.  

Drug 
Calibration range 

(ng/mL) 

Inter-assay precision 

(CV%) 

Accuracy 

(%) 

Berberine 0.02-5.00 4.52-10.57 -8.08 to 5.88 

Monacolin (Lovastatin lactone) 0.1-50.0 0.71-3.67 -1.62 to 3.06 

Monacolin metabolite (Lovastatin hydroxy acid) 0.1-50.0 0.80-3.10 -7.00 to 5.60 

 

 

Demography Statistics 
Fed-fasted Fasted-fed Overall 

(N = 9) (N = 9) (N = 18) 

Male N (%) 9 (100.0) 9 (100.0) 18 (100.0) 

Caucasian N (%) 9 (100.0) 9 (100.0) 18 (100.0) 

Age (years) 
Mean ± SD 28.3 ± 7.9 27.4 ± 3.0 27.9 ± 5.8 

Min/median/max 18/29.0/41 24/27.0/34 18/27.5/41 

Height (cm) 
Mean ± SD 180.56 ± 2.70 178.33 ± 5.05 179.44 ± 4.09 

Min/median/max 177/181/185 171/180/188 171/180/188 

Weight (kg) 
Mean ± SD 75.54 ± 9.13 72.06 ± 9.48 73.80 ± 9.20 

Min/median/max 57.7/76.3/84.9 59.0/70.6/85.4 57.7/76.1/85.4 

BMI (kg/m²) 
Mean ± SD 23.16 ± 2.70 22.71 ± 3.24 22.93 ± 2.90 

Min/median/max 18.4/24.1/26.1 18.0/21.9/26.6 18.0/23.6/26.6 
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Fig. 1   Mean (±SD) plasma concentration-time profile of berberine and lovastatin hydroxy acid in fed condition (●) and 

fasted condition (○) in healthy subjects.  
 

Table 3  Mean (±SD) pharmacokinetic parameters, fed (test) to fasted condition (reference) GMR (geometric mean ratios), 

and the 90% confidence intervals (90% CIs).  

NS not significant; *tabulated values are median (range); **Wilcoxon signed-rank test.  
 

increased under fed condition from 0.24 ng/mL to 

0.59 ng/mL and from 1.97 ng/mL*h to 4.82 ng/mL·h, 

respectively (approximately 150% increase). 

Moreover, the median tmax was delayed by 2 hours 

under fed condition compared with fasting condition.  

For monacolin, only the Cmax was determined, since 

its plasma concentrations decreased rapidly and were 

often below the limit of quantification. The mean Cmax 

values resulted similar under fasted and fed condition 

(1.03 ng/mL and 0.83 ng/mL, respectively). Under 

fasted condition median tmax was 1 h compared to 2.5 

h under fed condition.  

Lovastatin hydroxy acid plasma concentrations 

were above the LLOQ under fasted condition until 16 

hours post-dosing, while in fed condition the 

metabolite was measurable until 12 hours post dosing. 

The mean peaks plasma concentrations were 2.45 

ng/mL and 2.83 ng/mL under fasted and fed condition, 

respectively. The median tmax was 3 h under fasted 

condition and 4 h under fed condition. AUCt mean 

values were 12.0 ng/mL·h and 11.3 ng/mL·h under 

fasted and fed condition, respectively.  

The rapid decrease of monacolin and lovastatin 

hydroxy acid plasma concentrations, due to their short 

PK parameters Fasted (N = 18) Fed (N = 18) GMR 90% CI CVintra% 

 
Berberine  

Cmax (ng/mL) 0.24 ± 0.2 0.59 ± 0.3 2.97 (2.25, 3.91) 50.05 

AUCt (ng/mL·h) 1.97 ± 1.2 4.82 ± 2.1 2.69 (2.15, 3.36) 39.95 

tmax* (h) 2 (0.5-6) 4 (2-8) NS 
 

 

  
Monacolin (Lovastatin lactone)  

Cmax (ng/mL) 1.03 ± 0.5 0.83 ± 0.4    

tmax* (h) 1 (0.5-2) 2.5 (1-4) p < 0.05** 
 

 

 
Monacolin Metabolite (Lovastatin hydroxy acid)  

Cmax (ng/mL) 2.45 ± 0.8 2.83 ± 0.8 1.18 (1.01, 1.37) 26.55 

AUCt (ng/mL·h) 12.0 ± 4.6 11.3 ± 3.3 0.98 (0.85, 1.13) 24.22 

tmax* (h) 3 (1-4) 4 (1.5-6) p < 0.05**    
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half-life of approximately 2 hours [26], prevented the 

calculation of Ke, and therefore AUCinf, and t1/2, for 

monacolin and its metabolite. 

3.4 Statistical Analysis 

A summary of the statistical analysis results is 

reported in Table 3.  

For berberine, the Cmax and AUCt test to reference 

GMR (geometric mean ratio) were 2.97 and 2.69, 

respectively, and relevant 90% CIs were outside 

(2.25-3.91 and 2.15-3.36, respectively) the 

equivalence limit of 0.80-1.25. For monacolin, no 

statistical analysis was conducted, whereas for 

lovastatin hydroxy acid, the test to reference GMR 

was 1.18 and 0.98 for Cmax and AUCt, respectively. 

The 90% CIs fell entirely within the equivalence limit 

for AUCt (0.85-1.13), whereas the upper bound of the 

90% CIs for Cmax (1.01-1.37) was just above the 

threshold of 1.25.  

4. Discussion 

The objective of the present study represents a 

relevant topic in the field of herbal products where 

oral bioavailability data are very often unknown [7], 

even for standardized and pharmacologically 

investigated herbal extracts [27]. Many herbal 

products are currently commercially available and 

their use continues to increase, but, even though the 

bioavailability is a key step regarding their health 

claims [28], the published studies are scarse. As a 

consequence, most of the herbal products on the 

market are not adequately characterized and their safe 

and rational use continues to be a major public health 

concern [6]. To allow the correlation between effects 

and exposure of herbal products is essential to 

investigate their bioavailability in rigorously 

conducted clinical trials [28]. This study was, 

therefore, conducted to make progress in this field 

using marketed herbal extracts and assessing the oral 

bioavailability of berberine and monacolin when they 

are administered in combination under fasting 

conditions and after a standardized high fat meal in 

healthy male volunteers. 

The results, obtained by qualified analytical 

methods, demonstrated that berberine and monacolin 

are absorbed and are available to the systemic 

circulation. Berberine and monacolin, reached peak 

plasma concentrations at 2 and 1 h post dosing, 

respectively. A reduction in the rate of absorption was 

observed when the combination of berberine and 

monacolin was taken with food, delaying the median 

tmax by 2-2.5 h. The plasma concentrations decreased 

thereafter and monacolin was rapidly eliminated, 

whereas berberine was still measurable at 24 hours 

post-dosing. As suggested by current guideline [23], 

due to the very low plasma concentrations of 

monacolin, the statistical analysis was conducted only 

for berberine and lovastatin hydroxy acid, the active 

metabolite of monacolin. 

In terms of exposure (AUCt), the 90% CIs of 

geometric mean ratio of lovastatin hydroxy acid was 

completely included within the predefined no-effect 

range, indicating no statistical differences in lovastatin 

exposure between fed and fasted states. Only small 

changes were observed for Cmax value of lovastatin 

hydroxy acid when the combination of berberine and 

monacolin was administered with food. The peak 

plasma concentrations under fed conditions were 

slightly greater (16%) than those measured under 

fasted conditions, and the upper value of 90% CIs 

exceeded the predefined limit (1.37 vs 1.25). However, 

taking into account that in the present study the 

inter-subjects variability calculated for Cmax was 29% 

(data not shown), the 16% increase due to the food 

can be considered negligible, being lower than the 

inter-subjects variability. It is also commonly accepted 

that single concentrations, in particular extreme 

concentrations like Cmax, generally have a larger 

variation than integrated characteristics like AUC [29]. 

Given this limited observed effect of food on the rate 

of bioavailability of lovastatin hydroxy acid and the 

lack of any effect of the extent of bioavailability, it 
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can be reasonably concluded that the 

pharmacokinetics of the active metabolite of 

monacolin is not affected by the presence of food and 

that small changes, if any, in the peak exposure are 

unlikely to be clinically relevant.  

In contrast, a significant food effect was observed 

on the bioavailability of berberine; a high fat meal 

increased approximately 2.5 folds the rate and the 

systemic exposure of berberine in comparison to 

fasted conditions. The ratios test (fed)/reference 

(fasted) differed from unity both for Cmax and AUCt 

and the corresponding 90% CIs (2.25-3.91 and 

2.15-3.36, respectively) exceeded the accepted limits 

to exclude a food interaction.  

Therefore, the data indicated that administration of 

the combination of berberine and monacolin with a 

high fat meal results in an increased exposure to 

berberine, but not to monacolin. Although the clinical 

relevance of the increased berberine bioavailability 

with food warrants investigations in further studies, 

the concomitant intake of the combination of 

berberine and monacolin with food should not result 

in reduced efficacy. 

As far as safety is concerned, in a previous study 

[30], 56 patients were enrolled and were orally treated 

with 1.2 g/day of berberine for two weeks to 

investigate the relationship between clinical effects of 

berberine and its concentrations. The plasma 

concentrations of berberine measured in this latter 

study ranged from 70 to 190 ng/mL and no apparent 

side effects were observed. These concentrations were 

hundreds of folds higher than the concentrations 

measured after the administration of the combination 

investigated in the present study with food. Therefore, 

the increased exposure to berberine when it is 

administered as a combination with monacolin at the 

recommended dose under fed conditions, is 

considered unlikely to pose any safety concerns.  

Even thought the combination of berberine and 

monacolin used in this study is well standardized and 

pharmacologically investigated, a possible limitation 

of the present study is that the findings may be 

applicable only to this specific combination. In fact, 

current guideline [21] discourages the extrapolation of 

results from one herbal product to another, because 

herbal remedies are often a combination of extracts or 

natural products and their bioavailability might be 

affected by the extraction process, presence of other 

components and/or excipients that may differ from 

one producer to another [21, 31]. Nevertheless, this 

study provides data, such as sample-size, 

intra-subjects variability and wash out period, which 

may be useful for the design of future and different 

clinical trials in the field of herbal products.  

5. Conclusions 

The present clinical study demonstrates that 

berberine and monacolin after oral administration of 

their combination at the recommended dose are 

absorbed and are bioavailable to the systemic 

circulation in healthy adult male volunteers, providing 

a benchmark of exposure in support of the observed 

clinical effects on lipid profile. In addition, it has been 

demonstrated that the intake of food increases the 

bioavailability of berberine and does not affect the 

bioavailability of monacolin when they are 

administered in combination and in fed conditions.  
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