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ABSTRACT

Purpose: The aim of this study was to investigate the effects of a six-week intake of Berberis vulgaris L in combination with
resistance and aerobic exercise on the lipid profile, metabolic parameters, and liver enzymes of obese male rats. Methods: 56
male Wistar rats were divided into seven groups: 1) healthy control (n = 8); 2) hypercaloric fatty-food-based diet (n = 8); 3) aerobic
exercise (AE, n = 8); 4) resistance exercise (RE, n = 8); 5) black Berberis vulgaris L extract intake (n = 8); 6) Berberis intake
combined with aerobic exercise (BAE, n = 8); and 7) Berberis intake combined with resistance exercise (BRE, n = 8). All the rats
(except the controls) were induced fatty liver by six weeks of a hypercaloric diet before the intervention. After six weeks of
intervention, blood samples were taken to obtain cholesterol, triglycerides, high-density lipoprotein cholesterol (HDL), low-density
lipoprotein cholesterol (LDL), glucose of c-reactive protein (CRP), alanine aminotransferase (ALT), aspartate aminotransferase
(AST), and urea. Differences between groups were evaluated using the Kruskal Wallis test with post-hoc pairwise comparisons.
Results: All the intervention groups significantly (p < .05) improved the parameters compared to the hypercaloric group in almost
all the assessed parameters, reaching in many cases significantly better values than the healthy group (control). Similar results
were obtained between the experimental groups; however, the outcomes were slightly better (non-significant differences) for the
combination of the Berberis extract and both exercise methodologies. Conclusion: The use of herbal medicines such as Berberis
vulgaris L in combination with aerobic or resistance exercises may be useful in the prevention of cardiovascular disease by
improving risk factors such as blood lipid levels.
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INTRODUCTION

According to the latest report from American Heart Association, cardiovascular disease (CVD) is one of the
leading causes of mortality worldwide, accounting for 30% of deaths caused annually (Mazidi & Speakman,
2018). Obesity and overweight are among the most important risk factors for CVD. Previous studies have
reported that mortality from CVD is more than three times higher in obese people than in normal-weight
people (Aslani et al., 2016). Excessive adipose tissue increases obesity, overweight, and also CVD risk
factors (Atkins et al., 2014). Increasing liver enzymes as a result of obesity and overweight may lead to liver
cirrhosis and hepatocellular carcinoma associated with non-alcoholic fatty liver disease (NAFLD) (Maliakkal,
2020).

Due to these facts, it is necessary to continue the efforts to control NAFLD and CVD risk factors such as
obesity and overweight (Liu et al., 2019). Low concentration of high-density lipoprotein (HDL) and high levels
of total cholesterol, triglycerides, very-low-density lipoprotein, low-density lipoprotein (LDL), and increased
body mass index (BMI) are associated with CVD (Yang et al., 2011). One of the best ways to reduce obesity
and control blood lipoproteins is a proper diet and regular exercise (Wood et al., 1991; Shamsoddini et al.,
2015). The use of medicinal herbs is one of the new approaches in the treatment of many diseases (Zhan et
al., 2017). Diet, lifestyle, and genetic and environmental factors can increase obesity and chronic diseases.
Behavioural interventions and healthy lifestyles are the best ways to lose weight; however, lifestyle changes
could be difficult and challenging for many obese people (Haselgribler et al., 2019). Over the years, many
strategies such as drug treatments have been used to lose weight and control obesity. However, several anti-
obesity drugs have serious adverse effects such as anxiety, depression, and increased CVD risk. Therefore,
some medicinal herbs could be used as an alternative strategy to manage obesity with less toxic side effects
than chemical medicine (Haselgribler et al., 2019; Kang & Park, 2012).

One of these herbs with antioxidant properties is Berberis vulgaris L, a shrub of the genus Berberis, which is
mainly cultivated in the region of South Khorasan in Iran and is one of the few plants whose root, peel, stem,
leaves, flower, and fruits are used for various nutritive and medicinal purposes (Taheri et al., 2012). This
plant is cultivated in many regions of the world and has a long history of use in traditional medicine (Duli¢ et
al., 2019; Tabeshpour et al., 2017). Some of the alkaloids in black barberry when chemically analysed include
berberine, palmatine, oxyaconthine, and berbamine, having each medicinal benefit. Berberine, the most
significant compound of all, has a plethora of therapeutic benefits, including antibacterial, anti-tumoral, and
anti-inflammatory properties, ameliorative effect on neural disorders, and preventive effect in coronary artery
disease (Cao et al., 2020; Imenshahidi et al., 2019; Zarei et al., 2015).

On the other hand, recent reviews and meta-analyses have shown that physical exercise (both aerobic and
resistance) has a significant effect on CVD (MacDonald et al., 2016). It has also been shown to reduce
cardiac morbidity by 5%, stroke by 8-14%, and all-cause mortality by 4% in the average population
(Schroeder et al., 2019). Improving metabolically active lean muscle mass is important for improving glucose
metabolism (Kamada et al., 2017; Yang et al., 2014). Short-term randomized trials reported that resistance
training reduces weight and also plays a role in improving CVD risk factors such as lipid profile (Miyachi,
2013). According to the current physical activity guidelines, it is recommended to perform resistance and
aerobic exercises more than two times per week (Kamada et al., 2017; World Health Organization, 2017).
Therefore, physical exercise is considered effective in weight loss and maintaining a reduced weight (Wang
& Xu, 2017). They may also be effective in reducing lipid aggregation in fatty liver disease. Exercise leads to
increased functional levels of glucagon (a stimulant for glucose production pathways) in the liver. The
increased functional level of glucagon caused by exercise can lead to changes in the expression of this
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particular gene corresponding to increased fat oxidation (Bernhardt et al., 2016; Torkamaneh et al., 2016).
Exercise leads to a decrease in body fat levels and leads to long-term improvement in fatty liver disease. The
combination of herbs having antioxidant properties and some exercises could likely reduce cardiovascular
risk factors.

Therefore, the present study aimed to investigate the effects of a six-week daily intake of black Berberis
vulgaris L, physical exercise (aerobic and resistance training), and their combination on the lipid profile
(triglycerides, HDL, LDL, cholesterol), metabolic parameters (glucose, creatinine, c-reactive protein [CRP],
urea), and liver enzymes (alanine aminotransferase [ALT], aspartate aminotransferase [AST]) in obese male
rats. We hypothesized that the combination of physical exercise and black Berberis vulgaris L extract will
improve to a greater extent the assessed parameters, with no big difference between the aerobic and
resistance exercise.

MATERIAL AND METHODS

Participants

In this study, 56 male Wistar rats (age: six weeks; average weight: 200g) were selected and divided into
seven groups: 1) control following a normocaloric diet and no treatment (n = 8); 2) hypercaloric (n = 8)
following a fatty-food-based diet and no treatment; 3) aerobic exercise (AE, n=8); 4) resistance exercise (RE,
n = 8); 5) ingestion of black Berberis vulgaris L extract (B, n = 8); 6) ingestion of Black Berberis in combination
with aerobic exercise (BAE, n = 8); and 7) ingestion of Black Berberis in combination with resistance exercise
(BRE, n = 8). All the groups were homogeneous in terms of number, breed, age, and weight. All ethical
considerations and working protocols of this study were approved by Shahrekord's committee for monitoring
Laboratory Animal Rights in Medical Sciences University with code 2-1-94.

The rats were kept for 12 weeks in the Shahrekord University Animal Laboratory Medical Sciences at a
temperature between 22 and 27°C. The room was illuminated in a controlled manner (12 hours off and 12
hours on). Six weeks were used to induce hyperlipidemia and hypercholesterolemia in the rats and six weeks
to carry out the intervention. The hypercaloric, AE, RE, B, BAE, and BRE groups (n = 48) were induced with
hyperlipidemia and hypercholesterolemia by diet (see below “Diet formulation” section) and 8 control rats
remained healthy following a normocaloric diet.

Intervention

Diet formulation

During the six weeks before the intervention, Persintra-M emulsion was included in the diet of the 48 selected
rats to induce them with hyperlipidemia. This emulsion was prepared from egg yolk and contained 1g of
cholesterol, palm oil of 80% purity, and intralipid liquid per 100g of egg yolk. To produce
hypercholesterolemia, 25mg of cholesterol were concentrated on 2ml and daily administered to the rats. In
addition, palm oil, sugar, and cow fat were added to the rat's meal to bring it to 1% cholesterol and 20%
sugar.

During the intervention period (six weeks) only the hypercaloric group continued with the above explained
hypercaloric diet and the rest of the groups switched to a normocaloric animal diet. The controls remained all
the 12 weeks with a normocaloric diet. Food and water was freely available to all the rats throughout the
study.
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Aerobic training program

The six-week (three sessions per week) aerobic training program was performed on a treadmill and was
divided into three phases (two weeks of adaptation, two weeks of overload, and two weeks of
maintenance/consolidation). A familiarization period was carried out before the aerobic training program (see
Table 1) to familiarize the rats with the materials and the procedures. All the phases used no inclination (0°).
A 5-minute walk at 10m/min was used as a warm-up and cool-down in every session. The control group
walked five minutes once per week at 10m/min and 0° during the six weeks of the intervention.

To stimulate the rats to walk, an auditory stimulus (tapping on the wall of the treadmill) was used. For this
purpose, a low-voltage electrical stimulus was initially used together with an audio stimulus. After the rats
were conditioned to two stimuli simultaneously, the single audio stimulus was used in later sessions to comply
with the ethics of animal experimentation.

Table 1. Aerobic training program.

Adaptation phase Overload phase Maintenance phase
Firstweek ~ Secondweek  Third week  Fourth week Fifth week  Sixth week
Speed 8 m/min 12 m/min 18 m/min 20 m/min 20 m/min 20 m/min
Time 10 min 20 min 30 min 40 min 40 min 40 min

Resistance exercise

A one-meter ladder with 50 steps separated by 2cm, a width of 50cm, and an inclination of 85° was used for
the resistance training. A load pouch attached to the proximal portion of the rats’ tail (1-2cm after the hair
growth point) was used as resistance. Prior to the six weeks of the resistance training program, a
familiarization period without external weight was carried out. The number of repetitions of the training
program (see Table 2) in each session ranged from 8 to 12 repetitions, with a two-minute rest in between;
each repetition had to be completed in 8 seconds. At the beginning and end of the exercise, 5 repetitions
without weight were used as a warm-up and cool-down. The rats were placed at the bottom of the ladder and
were motivated to climb the ladder by gently pushing on their backside. No rewards or abnormal stimuli such
as electrical stimulation, cold water, or air pressure were used in this study.

Table 2. Resistance training program.

Adaptation phase Overload phase Maintenance phase
First Second Third Fourth Fifth Sixth
week week week week week week
Rats’ weight average 2409 2529 2609 2669 2779 2879
bRat'O overioad per 50% 75% 85% 95% 110%  120%
odyweight
Average weight used 1209 189¢ 2219 2539 3059 3449

Black Berberis vulgaris L extraction and use

Samples of black Berberis vulgaris L extract were prepared and used after confirmation from the University’s
Center for Herbal Medicine Research. The Berberis root was pulverized using a mechanical mill (Moulinex,
Osaka, Japan) and the powder was dissolved in 2 litres of 70% alcohol and 30% water. The solution was
kept at laboratory temperature for 72 hours. It was then filtered and condensed in a rotary apparatus and
kept in an incubator at a temperature of 37°C for three days. A dosage of 400 mg/kg was administered daily
to the rats by gavage.
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Measures

After six weeks, blood samples were taken in a single session. The rats were anesthetized by intraperitoneal
injection of ketamine (70mg/kg) and xylazine (3-5mg/kg). Blood samples were taken from the rats’ hearts
and placed in a Sigma centrifuge (Rontgen Co., Remscheid, Germany) at 5000 revolutions. The serum was
separated using Pars Azmoon kits (Pars Azmoon Co., Tehran, Iran) and transferred to a BT3000 analyser
(Biotecnica Instrument S.p.A., Rome, Italy). Values of the lipid profile (triglycerides, HDL, LDL, cholesterol),
metabolic parameters (glucose, creatinine, CRP, urea), and liver enzymes (ALT, AST) were calculated.

Data analysis

After a basic data curation, the normality of the distribution and homogeneity of variances of each variable
was assessed through the Shapiro-Wilk and Levene tests, respectively. None of the variables complied with
normality and homoscedasticity assumption among the seven groups. Therefore, Kruskal Wallis testing was
conducted. The effect size was reported as the eta squared (n?) where 0.01 < n? < 0.06 constitutes a smalll
effect, 0.06 <n? < 0.14 a medium effect and n> > 0.14 constitutes a large effect. After this, paired post-hoc
tests with no adjustment evaluated significant differences. A 95% confidence level (significance p <.05) was
accepted as statistically significant. Statistical analysis was carried out using commercial software IBM SPSS
Statistics for Macintosh (Version 26.0; IBM Corp., Armonk, NY). All data are reported as the means + the
standard deviations and the 95% confidence interval.

RESULTS

Twelve weeks of fatty food diet were enough to significantly worsen almost all the variables in the hypercaloric
group compared to the controls. The Kruskal Wallis test indicated that significant differences existed among
the groups in all the study variables, with AST: H(6) = 36.37, p <.001, W2 = 0.62; ALT: H(6) = 18.83, p = .004,
n?=0.26; CRP: H(6) = 28.07, p < .001, n?= 0.45; creatinine: H(6) = 35.51, p < .001, n? = 0.60; urea: H(6)
=35.50, p <.001, n?= 0.60; cholesterol: H(6) = 38.31, p < .001, n? = 0.66; glucose: H(6) = 22.22, p = .001,
n?=0.33; triglycerides: H(6) = 20.62, p =.002, n?>= 0.30; LDL: H(6) = 28.10, p <.001, n?= 0.45; HDL: H(6)
=19.15, p =.004, n>=0.27. Tables 3 and 4 present the outcomes of the intervention in the liver enzymes
and metabolic parameters.

DISCUSSION

The purpose of the present study was to analyse the effects of physical exercise (aerobic and resistance) in
combination with black Berberis vulgaris L extract on the blood parameters (lipid profile, liver enzymes, and
metabolic parameters) of obese male rats. To assess this, a control group was kept healthy and the other six
groups were fed with a hypercaloric diet for six weeks. After this period, one group continued with the
hypercaloric diet and the other five switched to a normocaloric diet and different treatment programs (aerobic
or resistance exercise, Berberis vulgaris L extract intake, and aerobic or resistance exercise combined with
the intake of Berberis vulgaris L extract). The most noteworthy findings were that a six-week treatment
program was enough to significantly (p < .05) revert the negative values raised by the hypercaloric diet,
showing all the treatments improvements in almost all the assessed variables. The combination of the
exercise with the ingestion of the Berberis extract provided slightly better results, although the differences
between the treatments were not significant, which partially supports the study hypothesis. Concemning the
comparison between aerobic and resistance training in improving the assessed parameters, not many
significant differences were encountered. It is worth highlighting that none of both training methodologies
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significantly improved the cholesterol after six weeks and that the aerobic training did not improve urea levels
compared to the hypercaloric-diet group.

Table 3. Levels of liver enzymes (AST/GOT and ALT/GPT) and metabolic parameters (CRP, creatinine, and
urea) in all experimental groups (all n = 8).

Group AST ALT CRP Creatinine Urea
93.50+9.943)4567  41.37+7.87 16.55+1.47 0.75+0.0734567  36.00+5.502%4
1 [85.18-101.81] [34.82-47.92]  [15.31-17.78]  [0.68-0.81] [31.35-40.46]
(Control)  Median: 97.50 Median: 43.00  Median: 17.10  Median: 0.70 Median: 34.50
IQR: 17.25 IQR: 10.50 IQR: 0.85 IQR: 0.10 IQR: 8.00
155.62+28.3734567  72.50+17.33°  22.93+0.96 0.98+0.1434567  59.50+14.66(4)567
2 [131.89-179.35] [68.00-86.99]  [22.12-23.17]  [0.86-1.10] [47.23-71.76]
(Hyper)  Median: 148.00 Median: 66.50  Median: 23.05  Median: 1.00 Median: 52.50
IQR: 52.00 IQR: 19.75 IQR: 1.50 IQR: 0.10 IQR: 19.75
55.87+24.12 48.62+15.81 17.23£1.300)  0.46+0.09 47.75+3.65567
3 [35.70-76.04] [35.39-61.85]  [16.14-18.32]  [0.38-0.53] [44.69-50.80]
(AE) Median: 51.50 Median: 44.50  Median: 17.25  Median:0.50 Median: 48.50
IQR: 36.00 IQR: 28.75 IQR: 2.63 IQR: 0.10 IQR: 6.25
38.87+12.63 50.00+8.516)  17.3240.93@  0.48+0.08 45.87+4.296)67
4 [28.31-49.43] [42.87-57.12]  [16.54-18.10]  [0.41-0.55] [42.28-49.46]
(RE) Median: 36.50 Median: 49.50  Median: 17.15  Median: 0.50 Median: 46.00
IQR: 9.50 IQR: 10.00 IQR: 1.25 IQR: 0.17 IQR: 8.50
36.75+8.04 49.50+14.186)  17.20+1.18®  0.46+0.05 40.50+5.23
5 [30.02-43.47] [37.64-61.35]  [16.20-18.19]  [0.41-0.50] [36.12-44.87]
(Berberis)  Median: 36.00 Median: 49.00  Median: 17.30  Median: 0.50 Median: 42.50
IQR: 14.25 IQR: 27.75 IQR: 1.40 IQR: 0.10 IQR: 7.75
35.75+5.14 40.25+3.95 15.87+0.90 0.48+0.13 37.50£3.89
6 [31.44-40.05] [36.94-43.55]  [15.11-16.63]  [0.37-0.60] [34.24-40.75]
(BAE) Median: 38.00 Median:40.50  Median: 15.57  Median: 0.45 Median: 37.50
IQR: 8.50 IQR: 6.25 IQR: 1.78 IQR: 0.10 IQR: 6.25
38.50+10.09 44.88+16.39 16.30+1.03 0.45£0.09 [0.37- 36.75+6.04
7 [30.05-46.96] [31.17-58.59]  [15.43-17.16]  0.52] [31.69-41.80]
(BRE) Median: 37.50 Median: 46 Median; 16.40  Median: 0.45 Median: 34.50
IQR: 12.25 IQR: 32.50 IQR: 1.75 IQR: 0.10 IQR: 8.50

Data are presented as mean + standard deviation and 95% confidence interval for the mean [lower bound-upper bound]; median
and interquartile range (IQR) are also displayed for the non-normal variables. Being *: significant difference (p < .05) with all the
rest of the groups; 1,2,3,4,5,6,7: significant difference with the group 1, 2, 3, 4, 5, 6, or 7, respectively (numbers between brackets
represent statistical tendency at the level 0.5 < p < 1.3); IQR: interquartile range; Hyper: hypercaloric group; AE: aerobic exercise
group; RE: resistance exercise group; BAE: black Berberis vulgaris extract intake in combination with aerobic exercise; BRE: black
Berberis vulgaris extract intake in combination with resistance exercise; AST: aspartate aminotransferase (also known as GOT);
ALT: alanine aminotransferase (also known as GPT); CRP: C-reactive protein.

Supporting our results, Berberis vulgaris is recognized within the scientific body of knowledge as one of the
functional foods that could be beneficial for the management of hyperlipidemia and chronic inflammation in
humans, having a strong protective effect on the cardiovascular system (Changizi Ashtiyani et al., 2013;
Emamat et al., 2020; Fatehi et al., 2005). Previous expert literature reported that the intake of Berberis
vulgaris can reduce lipid profile and liver enzymes in serum (Changizi Ashtiyani et al., 2013; Emamat et al.,
2020; Fatehi et al., 2005; Lazavi et al., 2018; lloon Kashkooli et al., 2015; Mohammadi et al., 2014;
Mohammadi et al., 2011; Shidfar et al., 2012; Taheri et al., 2012; Vrzal et al., 2005). The antioxidant activity
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of the Berberis vulgaris and its content in berberine and polyphenolic compounds can reduce lipid
peroxidation, improve lipid profile, liver function, and acid secretion (Firouzi et al., 2018; Lazavi et al., 2018).

Table 4. Levels of lipid profile in all experimental groups (all n = 8).

Group  Cholesterol Glucose Triglycerides LDL HDL
49.25+10.112%45  126.7548.29234 64.25+17.24 10.88+3.48 37.40+4.47203)
1 [40.79-57.70] [119.83-133.68] [49.83-78.66] [7.96-13.79]  [33.65-41.14]
(Control)  Median: 49.00 Median: 128.00 Median: 62.50 Median: 10.05 Median: 37.45
IQR: 2.75 IQR: 9.00 IQR: 26.25 IQR: 6.79 IQR: 8.00
117.62+41.16567  205.75+41.71014)567  117.37426.46" 38.3045.35"  26.3845.34(314567
2 [83.20-152.04] [170.87-204.62] [95.25-139.49] [33.82-42.77]  [21.91-30.85]
(Hyper)  Median: 100.50 Median: 206.50 Median: 110.50 Median: 36.40 Median: 27.55
IQR: 77.00 IQR: 58.00 IQR: 16.50 IQR: 8.98 IQR: 9.88
85.00+15.9567 156.37+25.34( 70.75+15.74 14.55+2.93 33.15+3.480)(7)
3 [72.16-98.83] [135.18-177.56] [57.58-83.91] [12.10-17.01]  [30.23-36.06]
(AE) Median: 81.50 Median: 156.00 Median: 77.00 Median: 14.43 Median: 31.75
IQR: 13.50 IQR: 35.50 IQR: 28.50 IQR: 2.72 IQR: 6.47
80.75+14.695()  162.87+26.457 68.87+11.51 15.47+2.94 36.98+5.33
4 [68.46-93.03] [140.75-184.99] [59.24-78.50] [13.01-17.93]  [32.52-41.44]
(RE) Median: 79.50 Median: 171.5 Median: 68.00 Median: 15.80 Median: 36.15
IQR: 24.50 IQR: 34.75 IQR: 23.75 IQR: 5.25 IQR: 5.97
70.62+10.308 147.75+36.51 75.25+19.03 14.46+2.78 37.81+8.29
5 [62.00-79.24] [117.22-178.27) [59.33-91.16] [12.13-16.78]  [30.87-44.74]
(Berberis)  Median: 72.00 Median: 147.50 Median: 74.50 Median: 14.25 Median: 38.80
IQR: 19.75 IQR: 61.50 IQR: 15.50 IQR: 5.15 IQR: 14.20
50.12+8.25 149.25+17.54 66.62+11.09 12.51+2.68 34.53+2.88
6 [43.22-57.02] [134.57-163.92)] [57.34-75.90] [10.27-14.76]  [32.12-36.94]
(BAE) Median: 48.50 Median: 154.00 Median: 66.50 Median: 12.95 Median: 35.20
IQR: 9.00 IQR: 35.50 IQR: 21.75 IQR: 5.73 IQR: 5.13
63.37+12.33 131.75+17.33 70.62+16 12.76+1.32 38.256.33
7 [53.05-73.69] [117.25-146.24] [57.24-84.00] [11.65-13.86] [32.95-43.54]
(BRE) Median: 62.50 Median: 130.00 Median: 64.00 Median: 12.70 Median: 36.45
IQR: 16.00 IQR: 9.50 IQR: 32.25 IQR: 1.12 IQR: 9.85

Data are presented as mean + standard deviation and 95% confidence interval for the mean [lower bound-upper bound]; median
and interquartile range (IQR) are also displayed for the non-normal variables. Being *: significant difference (p < .05) with all the
rest of the groups; 1,2,3,4,5,6,7: significant difference with the group 1, 2, 3, 4, 5, 6, or 7, respectively (numbers between brackets
represent statistical tendency at the level 0.5 < p < 1.3); IQR: interquartile range; Hyper: hypercaloric group; AE: aerobic exercise
group; RE: resistance exercise group; BAE: black Berberis vulgaris extract intake in combination with aerobic exercise; BRE: black
Berberis vulgaris extract intake in combination with resistance exercise; AST. aspartate aminotransferase (also known as GOT);
ALT: alanine aminotransferase (also known as GPT); CRP: C-reactive protein.

The usefulness of combining this nutritional supplement with physical exercise is supported by the results of
our study, with significant differences (slightly better results for the combination of the extract and both
exercise methodologies) or tendencies in the ALT, CRP, urea, cholesterol, glucose, and HDL (see Tables 3
and 4). Also, several previous studies have reported a beneficial effect on weight loss, NAFLD, and CVD
after taking Berberis vulgaris and performing aerobic and resistance training (Schroeder et al., 2019;
Torkamaneh et al., 2016). It has been also reported that regular aerobic exercise improves the lipid profile
(Ghanbari et al., 2007; Kazeminasab et al., 2013; Kraus et al., 2002; LeMura et al., 2000). Regular aerobic
or resistance training with caloric restriction is a common therapy to control obesity. Although the specific
mechanisms of the exercise-induced improvement in the lipid profile remain unclear, previous research
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suggests that it is due to an increase in lipid consumption (Earnest et al., 2013; Wang & Xu, 2017). One
possible mechanism is the increased activity of lipoprotein lipase (LPL), which is responsible for the
hydrolysis of fasting triacylglycerol, ultra-low-density lipoproteins (chylomicrons), and very-low-density
lipoprotein (Calabresi et al., 2010; Miyasita et al., 2010). Exercise can strongly develop plasma LPL activity,
which promotes LPL-mediated triglycerides hydrolysis and therefore, improves the lipid profile (Kobayashi et
al.,, 2007; Miyashita et al., 2010; Wang & Xu, 2017). Another mechanism underlying the beneficial effects of
regular exercise is related to fat utilization through increased lipid oxidation during exercise (Matsuura et al.,
2001).

Taken together, all the outcomes of this research suggest that restricting the calories to a normocaloric diet,
altogether with the use of Berberis vulgaris extract and/or with aerobic and resistance training may be
effective in the treatment of CVD and also NAFLD. Both treatments (exercise and Berberis extract) proved
useful in improving the assessed parameters, however, their combination resulted in slightly better values.

CONCLUSION

In conclusion, regular exercise (aerobic and/or resistance) and Berberis vulgaris extract intake can reduce
blood lipid profile, metabolic parameters, and liver enzymes in rats with diet-induced obesity. In the present
study, the best results were obtained by combining Berberis Vulgaris L with aerobic or resistance training.
Thus, regular aerobic or resistance training in combination with the intake of Berberis vulgaris may have a
positive effect on certain risk factors to cardiovascular and fatty liver disease, such as hyperlipidemia and
obesity.
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