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ABSTRACT 
Dyslipidemia is a prevalent disease among the international population that has substantially increased, which can 
be treated with several hypolipidemic drugs such as rosuvastatin. Artichoke is a plant that is commonly used to treat 
high levels of cholesterol and lipids in the blood (hyperlipidemia). This study was performed to evaluate the drug-herb 
interaction due to the simultaneous use of artichoke leaves extract (ALE) with both doses of rosuvastatin. Furthermore, 
the effect of (ALE) on the pharmacokinetic profile of rosuvastatin in rat plasma was evaluated. Invivo studies were 
carried out on 56 laboratory rats. Dyslipidemia was induced by intragastric cholesterol intake (2 g/kg) every day 
for 4 weeks. After inducing dyslipidemia, rats were separated into seven study groups. All treatment protocols were 
efficacious in curing dyslipidemia, all of which significantly decreased total cholesterol, triglyceride, low-density 
lipoprotein, and very low-density lipoprotein levels and significantly raised high-density lipoprotein cholesterol (p 
≤ 0.05). Moreover, a significant pharmacokinetic interaction was noticed when combining ALE with rosuvastatin on 
Cmax and Area under the curve (AUC) (p ≤ 0.01) of rosuvastatin along with decreasing its concentration in the serum 
blood from 755 to 388 ng/ml. All treatment protocols of rosuvastatin, ALE, or their combination and chlorogenic acid 
had a hypolipidemic activity that altered all lipid profile parameters.

INTRODUCTION 
Dyslipidemia or hyperlipidemia is a condition 

characterized by rising total cholesterol (TC), the “bad” low-
density lipoprotein (LDL) cholesterol, and the triglyceride 
(TG) concentrations and decreasing of the “good” high-density 
lipoprotein (HDL) cholesterol concentration in the blood, such 
that they lose their normal levels and result in an imbalance of their 
levels (Qinna et al., 2012). Therefore, dyslipidemia is considered 
hypercholesterolemia when the rate of TC exceeds more than 

240 mg/dl and it is combined dyslipidemia when the TC is around 
240–260 mg/dl, TG around 200–400 mg/dl, and LDL cholesterol 
above 190 mg/dl (Agarwal and Parsad, 2016; Ashavaid et al., 2000; 
Tai et al., 2017). Furthermore, a condition where HDL cholesterol 
is lower than 35 mg/dl is called hypoalphalipoproteinemia, while 
it will be known as hypertriglyceridemia if the fasting serum TG 
ratio is above 200 mg/dl (Corris, 2001; Berglund et al., 2012).

High cholesterol levels are considered a common 
modifiable hazard factor of hyperlipidemia, and treatment can 
be done through changes in lifestyle along with lipid-regulated 
pharmacotherapy, which mainly involves statins which are 
considered the top-tolerated medications in lowering the TC 
and LDL cholesterol concentrations, through blocking the rate-
limiting enzyme of cholesterol synthesis (HMG-CoA) reductase 
(Gotto, 2002; Liu et al., 2010).
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Rosuvastatin (known as ZD4522) is a fully synthetic 
compound that consists of a single enantiomer that has the 
empirical formula (C22H27FN3O6S)2Ca; it can be obtained on 
the market under “Rosuvastatin Calcium” with 1,001.14 g/mol of 
molecular weight (McTaggart et al., 2001; Olsson et al., 2002). 
Comparable to other statins, rosuvastatin was alleged to be a 
“super-statin” in lowering LDL cholesterol along with raising HDL 
cholesterol levels, taken orally once daily (Shahin et al., 2020). 

Rosuvastatin treatment might be progressed to muscle spasms, 
pain, and feebleness in around 5%–10% of the sick people, and 
in acute conditions, symptoms such as myalgia, myopathy, and 
rhabdomyolysis probably occur (McTaggart et al., 2001).

Artichoke is an edible plant that is commonly used in 
treating high levels of cholesterol or any other fats (lipids) in 
the blood, where its leaves include diverse phenolic compounds 
including cynarin (1.62%), chlorogenic acid (CGA) (4.71%), 
cymaroside (0.25%), luteolin (0.42%), and 1-caffeoylquinic 
acid (0.13%) (Negro et al., 2012; Sánchez-Rabaneda et al., 
2003). According to a previous clinical study, using artichoke 
leaves extract (ALE) in patients diagnosed with elementary 
mild hypercholesterolemia for 2 months resulted in effectively 
lowering T-C and LDL-C and raising HDL-C levels (Rondanelli 
et al., 2013). Therapeutically, artichoke is used in food as it is 
a fundamental agent for reinforcement diuresis, as well as an 
antiseptic for the care of gout and rheumatism. Leaf extracts of 
the artichoke are used in herbal medicines like hepatoprotective 
and choleretic and have also recently been reported to act as 
antibacterial, antioxidative, anticarcinogenic, and antihuman 
immunodeficiency virus (Macua, 2007; Negro et al., 2012).

However, there are few studies that evaluated the 
combined effect of artichoke with conventional drugs. For 
example, the study of Crevar-Sakac et al. (2016) examined the 
combined effect of artichoke on lipid levels with atorvastatin in 
experimental hypercholesterolemic conditions and concluded that 
the combination of them has a small effect on the baseline lipid 
parameters for Wistar albino rats and the artichoke is less efficient 
when used in combination with atorvastatin.

Our research team previously studied the combined 
effect of rosuvastatin drug with a number of natural herbs such 
as milk thistle and flaxseed (Abdullah, 2019; Shahin et al., 2020), 
where the results showed a significant reduction in lipid profile 
parameters in rats suffering from dyslipidemia. Therefore, our aim 
in this research is to examine the effect of ALE administration 
on serum lipid levels when used alone or in synergism with both 
doses of rosuvastatin (10 and 20 mg/kg). We also added CGA 
to the experiment, one of the main constituents in the artichoke, 
so that we could know if it was the ingredient responsible for 
lowering cholesterol lipids in ALE.

MATERIALS AND METHODS

Chemicals
Rosuvastatin drug powder was acquired from Dar Al 

Dawa Company (Jordan). ALE was purchased from Gehrlicher 
Pharmaceutical Extract (Gmbh) Company (Eurasburg, Germany). 
Cholesterol was purchased from Biosynth Carbosynth® (USA). 
Biochemical reagents and the necessary buffers were obtained 
from AWDT Company (Netherlands). Trifluoroacetic acid was 
obtained from Tedia company (CA, USA). Corn oil was sourced 
from the domestic market. 

Instruments
This study was divided into two major parts: 

pharmacodynamics interaction of ALE with rosuvastatin and 
pharmacokinetics interactions. Biochemical quantitative analysis 
was performed to study the pharmacodynamics of each rat 
using a fully automated chemical analyzer (Snibe® Biossays 240 
Plus) manufactured by Shenzhen New Industries Biomedical 
Engineering Company, China.

A pharmacokinetic study analysis was performed using 
high-pressure liquid chromatography (HPLC) (FINNIGAN 
SURVEYOR) equipped with UV-VIS plus detector (ChromQuest 
software 4.2.3.4), solvent delivery system pump (LC Pump Plus), 
and an automatic sampling system (Autosampler Plus).

Preparation of stock solutions

Rosuvastatin solution
The stock solution of rosuvastatin was primed weekly. 

About 200 mg of drug powder was dissolved in 100 ml of distilled 
water to obtain a 0.2% (w/v) concentration of drug solution, which 
is equivalent to 2 mg/ml per rat (Dizaye and Chalaby, 2015; Susic 
et al., 2003). 

ALE and CGA extract solutions 
Artichoke leaves standardized extract (1.4% m/m CGA, 

Gehrlicher Pharmaceutical Extracts GmbH, Germany) stock 
solution was prepared by dissolving 700 mg of artichoke extract 
in 100 ml distilled water to obtain a concentration of 0.7% (w/v) of 
extract solution, which is equivalent to 7 mg/ml per rat. The daily 
dose of ALE was calculated in accordance with the EMA (2018) 
Cynara scolymus L. monograph. 

A CGA solution was prepared by dissolving 10 mg of 
CGA (Sigma-Aldrich, USA) in 100 ml distilled water to obtain a 
concentration of 0.01% (w/v), which is equivalent to 0.1 mg/ml 
per rat. The dose of CGA was equivalent to that calculated amount 
in the standardized extract (i.e., 7 mg/ml ALE contains 0.1 mg/
ml CGA). 

Cholesterol stock solution
Cholesterol oily solution was primed every week. 

About 40 g of cholesterol amount was dissolved in 100 ml 
of corn oil to be strenuously mingled in a blender, in order to 
obtain a homogeneous oily solution of 40% (w/v) of cholesterol 
concentration, tantamount to 400 mg/ml per rat (Hirunpanich 
et al., 2006).

Preclinical study

Animal handling and study protocol of pharmacodynamic study
Both genders of Wistar albino laboratory rats (5 weeks 

old, weighing 110–140 g at the beginning of the experiment) were 
used for the experiment. Animals were obtained from the ASPU 
University (Amman, Jordan), in which they were housed and 
divided into groups of seven in a monitored environment with 12-
hour light and dark cycles and free access to food and water.

Rats were separated into seven groups: group #1 included 
the rats of the control group, which were fed with a normal diet 
and 1 ml of cholesterol solution at a dose of 2g/kg for 8 weeks 
(Hirunpanich et al., 2006).
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In order to induce dyslipidemia, rats in the other six 
groups (2, 3, 4, 5, 6, and 7) were fed a normal diet with 1ml 
of cholesterol oily solution per rat daily for 4 weeks. After 4 
weeks, dyslipidemia was induced in all rats that were given the 
cholesterol solution. Subsequently, for another 4 weeks, the rats 
were therapeutic with either rosuvastatin, artichoke extract, or a 
combination of the two, and CGA. All these groups of rats with 
their treatment regimens are briefly described in Table 1.

Samples collection
After 14 hours of fasting, blood samples were drawn 

through the rat’s optic vein and left in labeled Eppendorf tubes 
for around 1 hour in order to separate the serum from other blood 
contents very well. Then, immediate centrifugation was performed 
at 5,000 rpm for 10 minutes to obtain a clear, impurity-free serum 
blood sample which was transferred to further labeled Eppendorf 
tubes where it is stored at −20°C until biochemical analysis. 
These samples were collected at time zero to determine zero-line 
measurements, then on every week for monitoring and assessment 
of the induction and treatment of dyslipidemia.

Quantitative biochemical analysis
Lipid profile parameters were quantified for each 

individual rat including TC, TG, and HDL, while LDL and very 
low-density lipoprotein (VLDL) concentrations were calculated 
by applying the modified Friedewald formula, as follows (Chen 
et al., 2010):

 LDL-Cholesterol = Non-HDL-Cholesterol × 90% –  
TG × 10% (1)

Non-HDL-Cholesterol = TC – HDL-Cholesterol (2)

 However, the VLDL concentration was estimated  
by being the fifth of TG concentration:

VLDL = TG/5 (3)

Animal handling and study protocol of pharmacokinetics study
The pharmacokinetic effect was studied in two separate 

groups without cholesterol by a daily intragastric administration 
of ALE for 3 days in the second group (ALE + RL) only. On 
the fourth day, a low dose of 10 mg/kg rosuvastatin solution 
was administered to both groups. Both rat groups (7 weeks old, 

weighing 140–160 g) along with their therapeutic regimens are 
described briefly in Table 2.

Samples collection
Blood samples were drawn through the rat’s optic vein 

after 12 hours of fasting at different times (0 hour, 30 minutes, 1 
hour, 2 hours, 2.5 hours, 3.5 hours, 5 hours, 8 hours). Then, the 
same procedures in the pharmacodynamic study were applied to 
these samples until quantitative analysis by HPLC. The full HPLC 
conditions used in the experiment are described in Table 3.

Sacrificing the rats
For the purpose of sacrifice, rats were anesthetized with 

10% of chloral hydrate by injecting it into the abdomen of the rat.

Statistical analysis
Statistical analysis was conducted by using Statistical 

Package for the Social Sciences statistics software (version 23), 
including an independent t-test, in which each data point represents 
the mean ± the standard error of the mean (M ± SEM). Each 
probability value equal to 0.05 or lower was deemed significant 
(p-value ≤ 0.05).

RESULTS

Dyslipidemia inducement
The following results were based on the parameters of 

the zero line before the start of the study and were then compared 
with the parameters after 4 weeks of cholesterol induction, in 
which TC, TG, HDL, LDL, and VLDL levels were measured for 
all rats to evaluate their lipid profile. After 4 weeks of intragastric 
intake of cholesterol oily solution (2 g/kg) per day, dyslipidemia 
was induced in 56 rats.

The data showed that this paradigm was efficient in 
causing dyslipidemia in all experimental rats by significantly  
(p ≤ 0.01) increasing the TG from 66.1 to 107.3 and VLDL from 
13.2 to 21.4, along with significantly (p ≤ 0.05) increasing the 
TC from 52.1 to 69.8 and LDL from 2.3 to 15.5. However, no 
significant effect on HDL was noticed (Table 4). 

Treatment of dyslipidemia
The treatment was given as either rosuvastatin, ALE, or 

a combination of the two, and CGA. The results of all rats were 

Table 1. Preclinical study design and rats grouping.

Group # Summary Period

Control  
group 1 # Eight rats; they were given 1 ml of the (2 g/kg) oily cholesterol solution with free access 

to food and water. 8 weeks

Treatment 
Groups

2,3,4,5,6,7 Each group consisted of eight rats; they were given 1 ml of cholesterol oily solution daily, 
with free access to food and water.

8 weeks; 4 weeks of induction 
and 4 weeks of treatment

2; RL RL; 1 ml of drug solution (2 mg/ml) was administered as a low dose of rosuvastatin. 4 weeks of treatment

3; RH RH; 2 ml of drug solution (2 mg/ml) was administered as a high dose of rosuvastatin. 4 weeks of treatment

4; ALE + RL Combined treatment 1; 1 ml of (7 mg/ml) ALE solution was administered along with 1 ml 
of (2 mg/ml) of rosuvastatin solution. 4 weeks of treatment

5; ALE + RH Combined treatment 2; 1 ml of (7 mg/ml) ALE solution was administered along with 2 ml 
of (2 mg/ml) rosuvastatin solution. 4 weeks of treatment

6; CGA CGA; 1 ml of (0.1 mg/ml) CGA solution was administered. 4 weeks of treatment

7; ALE ALE; 1 ml of (7 mg/ml) artichoke extract solution was administered. 4 weeks of treatment
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Table 2. Pharmacokinetics study design and rats grouping.

Group # Summary Number of rats

1; RL RL; 1 ml of drug solution (2 mg/ml) was administered in the fourth day only. Eight rats

2; ALE + RL Combined Treatment; 1 ml of (7 mg/ml) ALE solution was administered for 3 days. Then, 1 ml of (2 mg/ml) of 
rosuvastatin solution was administered in the fourth day. 

Eight rats

Table 3. The HPLC conditions used in the experiment.

Mobile phase composition 0.5% of acetic acid contains (1 ml TFA per 1 l): 40% acetonitrile.  
The pH 3 adjusted by TFA.

Column type HYPERSIL™ Thermo Electron Corporation, BDS C18  
(250 × 4.6 mm, 5 μm)

HPLC conditions

Wavelength 242 nm

Pump flow rate 0.9 ml/minute

Auto-sampler injection volume 50 μl

Auto-sampler temperature 5°C

Column oven temperature 25°C

Table 4. Effect of cholesterol administration on lipid profile parameters of all rats, at the zero line and after 4 weeks of dyslipidemia  
induction (mean ± SEM).

TC TG HDL LDL VLDL

Zero line 52.1 ± 2.2 66.1 ± 8.3 42.1 ± 2.7 3.2 ± 1.0 13.2 ± 1.6

4 weeks *69.8 ± 5.1 **107.3 ± 10.9 40.6 ± 2.4 *15.5 ± 3.3 **21.4 ± 2.1

* p ≤ 0.05. 
** p ≤ 0.01. 
All concentrations are in mg/dl.

statistically analyzed and compared before (BT) and after (AT) 
treatment.

Rosuvastatin therapy
Both doses of rosuvastatin were significantly efficacious 

in curing dyslipidemia (p ≤ 0.05), where the low dose of rosuvastatin 
10 mg/kg decreased the TC from 66.8 to 52.8 with no significant 
effect on TG, HDL, LDL, and VLDL, while the high dose of 
rosuvastatin 20 mg/kg reduced the TG from 142.1 to 102.5 with no 
significant effect on other lipid profile parameters (Table 5).

Combined therapy: ALE and rosuvastatin (ALE + RL, ALE + RH)
The effect of combination therapy (ALE + RL) on 

serum lipid profile significantly (p ≤ 0.01) reduced the TC from 
78.6 to 60.1, TG from 111.3 to 81.2, LDL from 22.2 to 16.2, 
and VLDL from 21.3 to 7.5 with no significant effect on HDL, 
whereas the effect of combined therapy (ALE + RH) significantly 
(p ≤ 0.05) reduced the levels of the TG from 138.8 to 112.8, LDL 
from 17.7 to 7.4, and VLDL from 27.7 to 22.5 and reduced (p ≤ 
0.01) the TC from 77.1 to 54.3 with no significant effect on HDL 
(Table 6).

CGA therapy
The administration of CGA significantly (p ≤ 0.01) 

reduced the levels of the TC from 69.6 to 54.6 and LDL (p ≤ 0.05) 
from 12.6 to 3.4 with no significant effect on TG, VLDL, and HDL 
(Table 7).

ALE therapy
The effect of artichoke extract on serum lipid profile 

significantly (p ≤ 0.05) reduced the TG from 157.1 to 87.1 and 
VLDL from 31.4 to 17.4 with no significant effect on TC, LDL, 
and HDL (Table 8). 

The effect of the gender factor on the study
The results were further analyzed and divided depending 

on the gender of rats.

Effect of both doses of rosuvastatin (RL; 10 mg/kg) and  
(RH; 20 mg/kg) on gender factor

The administration of rosuvastatin 10 mg/kg in male rats 
showed a significant (p ≤ 0.05) reduction of the TC from 66.8 to 
52.8 only, while the administration of rosuvastatin 20 mg/kg in 
male rats significantly (p ≤ 0.05) reduced the TC from 78.8 to 
63.2 and LDL from 18.4 to 10.9 with no significant effect on TG, 
HDL, and VLDL. Moreover, there was no significant effect for 
both doses of rosuvastatin on female rats (Table 9).

The effect of both combination therapy (ALE + RL, ALE + RH) 
on gender factor

The administration of combined therapy (ALE + RL) in 
male rats showed a significant (p ≤ 0.05) reduction in the levels 
of the TC from 79.2 to 60.1, TG from 116.1 to 81.8, and VLDL 
from 23.2 to 16.3, with no significant effect on HDL and LDL. 
However, only LDL levels were significantly reduced (p ≤ 0.05) in 



Masalmeh et al. / Journal of Applied Pharmaceutical Science 13 (06); 2023: 179-192 183

Table 5. Effect of both doses of rosuvastatin (RL; 10 mg/kg) and (RH; 20 mg/kg) on lipid profile parameters before (BT) and after (AT)  
treatment (mean ± SEM).

TC TG HDL LDL VLDL

RL (BT) 66.8 ± 5.8 109.6 ± 10.1 37.2 ± 2.9 13.8 ± 3.1 21.9 ± 2.1

RL (AT) *52.8 ± 5.1 80.8 ± 4.9 29.6 ± 2.4 12.8 ± 2.9 16.1 ± 0.9

RH (BT) 78.3 ± 3.9 142.1 ± 13.5 41.8 ± 1.7 18.6 ± 1.1 28.4 ± 2.7

RH (AT) 68.5 ± 6.3 *102.5 ± 7.8 42.3 ± 3.3 13.3 ± 2.6 20.5 ± 1.5

* p ≤ 0.05. 
All concentrations are in mg/dl.

Table 6. The effect of both combination therapy (ALE + RL, ALE + RH) on lipid profile parameters before and after treatment (mean ± SEM).

TC TG HDL LDL VLDL

ALE + RL (BT) 78.6 ± 2.7 111.3 ± 8.4 42.5 ± 2.9 21.3 ± 1.3 22.2 ± 1.6

ALE + RL (AT) **60.1 ± 2.6 **81.2 ± 8.5 44.3 ± 2.5 **7.5 ± 2.1 **16.2 ± 1.7

ALE + RH (BT) 77.1 ± 6.8 138.8 ± 9.4 42.1 ± 3.9 17.7 ± 3.5 27.76 ± 1.8

ALE + RH (AT) **54.3 ± 2.6 *112.8 ± 4.9 33.5 ± 2.6 *7.4 ± 1.5 *22.56 ± 0.9

* p ≤ 0.05. 
** p ≤ 0.01. 
All concentrations are in mg/dl.

Table 7. Effect of CGA on lipid profile parameters before and after treatment (mean ± SEM).

TC TG HDL LDL VLDL

CGA (BT) 69.6 ± 2.9 140.8 ± 20.4 41.6 ± 3.3 12.61 ± 2.2 28.1 ± 4.1

CGA (AT) **54.6 ± 2.7 127.3 ± 7.6 36.6 ± 1.4 *3.4 ± 1.3 25.4 ± 1.5

* p ≤ 0.05. 
** p ≤ 0.01. 
All concentrations are in mg/dl.

Table 8. Effect of ALE on lipid profile parameters before and after treatment (mean ± SEM).

TC TG HDL LDL VLDL

ALE (BT) 64.2 ± 4.5 157.1 ± 32.8 39.1 ± 1.6 6.9 ± 0.9 31.4 ± 6.5

ALE (AT) 56.1 ± 9.3 *87.1 ± 25.9 47.1 ± 7.6 8.1 ± 1.6 *17.4 ± 5.1

* p ≤ 0.05. 
All concentrations are in mg/dl.

Table 9. Effect of both doses of rosuvastatin (RL, RH) on male rats before and after treatment (mean ± SEM).

TC TG HDL LDL VLDL

RH (BT) 78.8 ± 4.7 141.4 ± 16.5 42.6 ± 1.9 18.4 ± 1.3 28.2 ± 3.3

RH (AT) *63.2 ± 4.3 103.4 ± 9.5 39.6 ± 2.4 *10.9 ± 1.2 20.6 ± 1.9

RL (BT) 66.8 ± 5.8 109.6 ± 10.1 37.2 ± 2.9 15.6 ± 3.1 21.9 ± 2.1

RL (AT) *52.8 ± 5.1 80.8 ± 4.9 29.6 ± 2.4 12.8 ± 2.9 16.1 ± .0.9

* p ≤ 0.05. 
All concentrations are in mg/dl.
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female rats. While the administration of combined therapy (ALE 
+ RH) in male rats showed a significant (p ≤ 0.01) reduction of 
the TC from 81.2 to 54.1 and a reduction (p ≤ 0.05) of the TG 
from 135.4 to 116.1, LDL from 19.9 to 7.6, and VLDL from 27.8 
to 23.2, with no significant effect on HDL. On the other hand, no 
significant effect was noticed in female rats (Table 10).

The effect of CGAon gender factor
The administration of CGA in male rats showed a 

significant (p ≤ 0.05) reduction in the levels of the TC from 71.1 
to 55.1 and LDL from 11.1 to 4.2, with no significant effect on the 
TG, HDL, and VLDL. However, no significant effect was noticed 
on the lipid profile in female rats (Table 11).

The effect of ALE on gender factor
The administration of ALE in male rats only increased 

the levels of HDL (p ≤ 0.05), with no significant effect on TC, TG, 
LDL, and VLDL. On the other hand, artichoke significantly (p ≤ 
0.05) reduced levels of TG from 103.1 to 45.1 and VLDL from 
20.6 to 9.1 along with increased (p ≤ 0.01) levels of HDL from 
36.2 to 57.5 in female rats (Table 12).

Pharmacokinetics study

Quantitative analysis of rosuvastatin using HPLC
First, a calibration curve was plotted using seven 

concentrations. The calibration process was carried out regularly 
for 3 days prior to the analysis of the pharmacokinetic samples. 
R2 was within the accepted range (0.9984). Atorvastatin was used 

as the internal standard for rosuvastatin (Table 13). Furthermore, 
quality control testing procedures (high, mid, and low) were 
conducted to ensure the accuracy of the analysis process and to 
obtain more reliable results. The Appendix clearly illustrates each 
calibration curve alone and quality control (high, mid, and low) 
tests (Abdullah, 2019).

Two groups of rats were studied. Table 14 and  
Figure 1 show the sampling times and the effect of the 
pharmacokinetic study.

It was evident that Cmax and AUC were significantly 
(p ≤ 0.01) altered in group #2, where artichoke extract was 
combined with a low dose of rosuvastatin (Table 15). The 
pharmacokinetic parameters for each rat are clearly described in 
the Appendix.

The effect of gender factor on pharmacokinetics study
The results for male and female rats were separated in 

the pharmacokinetics study. Male rats were more susceptible to 
being affected by the combination treatment protocol (ALE + RL) 
than female rats as shown in Tables 16 and 17.

DISCUSSION
The experimental model was efficient in casing 

dyslipidemia in all studied rats after intragastric administration 
of cholesterol for 4 weeks, by significantly increasing TG and 
VLDL (p ≤ 0.01) and TC and LDL (p ≤ 0.05). However, there 
was a slight decrease in HDL cholesterol. Several studies have 
investigated and implemented the use of a cholesterol-rich diet 

Table 10. The effect of both combination therapy (ALE + RL, ALE + RH) on male rats before and after treatment (mean ± SEM).

TC TG HDL LDL VLDL

ALE + RL (BT) 79.2 ± 2.7 116.1 ± 11.1 44.8 ± 1.5 19.3 ± 1.2 23.2 ± 2.2

ALE + RL (AT) *60.1 ± 4.3 *81.8 ± 13.5 39.8 ± 3.4 10.1 ± 3.1 *16.3 ± 2.7

ALE + RH (BT) 81.2 ± 6.8 135.4 ± 10.7 44.1 ± 4.1 19.9 ± 3.3 27.8 ± 2.1

ALE + RH (AT) **54.1 ± 3.2 *116.1 ± 4.5 32.6 ± 3.1 *7.6 ± 1.8 *23.2 ± 0.9

* p ≤ 0.05. 
** p ≤ 0.01. 
All concentrations are in mg/dl.

Table 11. Effect of CGA on male rats before and after treatment (mean ± SEM).

TC TG HDL LDL VLDL

CGA (BT) 71.1 ± 3.1 149.5 ± 22.7 42.1 ± 4.1 11.1 ± 2.8 29.8 ± 4.5

CGA (AT) *55.1 ± 3.3 128.2 ± 9.3 36.1 ± 1.5 *4.2 ± 1.3 25.6 ± 1.8

* p ≤ 0.05. 
All concentrations are in mg/dl.

Table 12. Effect of artichoke extract (ALE) on female rats before and after treatment (mean ± SEM).

TC TG HDL LDL VLDL

ALE (BT) 52.7 ± 5.3 103.1 ± 15.4 36.1 ± 2.7 4.7 ± 1.6 20.6 ± 3.1

ALE (AT) 67.5 ± 7.3 *45.1 ± 4.7 **57.5 ± 3.7 7.4 ± 1.1 *9.1 ± 0.9

* p ≤ 0.05. 
All concentrations are in mg/dl.
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Table 14. Sampling times for pharmacokinetics study.

Time Group 1 (G1): 
RL

Group 2 (G2): Artichoke with low dose of 
rosuvastatin (ALE + RL)

0 0.0 0.0

0.5 451.1 198.0

1 1,170.5 355.7

2 1,485.8 531.4

2.5 1,380.2 697.2

3.5 930.1 930.8

5 531.3 348.1

8 95.7 50.3

Figure 1. Effect of groups 1 and 2 in pharmacokinetics study.

for the induction of dyslipidemia (Fazio and Linton, 2001; Matos 
et al., 2005; Xie et al., 2005).

All studied therapeutic protocols had a hypolipidemic 
effect including rosuvastatin (10 and 20 mg/kg), ALE (7 mg/kg), 
or a combination of the two, and CGA (0.1 mg/kg), which reduced 
lipid profile parameters (TC, TG, LDL, and VLDL) differently in 
each protocol. Each dose of rosuvastatin (low and high) showed a 
hypolipidemic impact by reducing TC and TG cholesterol levels. 

CGA was effective in significantly reducing lipids 
profile parameters, especially TC and LDL cholesterol, which 
indicates that CGA (one of the main components in artichoke 
extract) may be responsible for reducing lipids. Chemically, CGA 
is an ester formed between caffeic acid and quinic acid and is the 

largest ingredient in artichoke leaves at 4.71% (Negro et al., 2012; 
Sato et al., 2011). CGA has been reported to be more effective 
in reducing body weight and regulating fat metabolism than 
caffeic acid, according to Cho et al. (2010), in their study on a 
high-fat-diet induced in obese mice, in which administration of 
CGA significantly reduced TG (in blood serum, heart, and liver) 
and TC (in blood serum, heart, and fatty tissue) concentrations, 
body weight, visceral fat mass, plasma leptin, and insulin levels 
compared to the high-fat control group while they increased fatty 
acid b-oxidation activity and peroxisome proliferator-activated 
receptors, causing an expression in the liver compared to the high-
fat group.

ALE was effective in the treatment of dyslipidemia, as it 
exhibits hypolipidemic impact by significantly decreasing TG and 
VLDL. Artichoke leaves are rich in diverse phytochemically active 
substances that could have contributed to controlling dyslipidemia, 
e.g., phenolic compounds includingCGA, cynarin, cynaroside, 
luteolin, and flavonoids. It may be effective as hepatoprotective, 
antioxidative, antiatherosclerotic, choleretic, antitoxicant, anti-
inflammatory, and anticancer, which may indicate an effective 
alternative treatment for dyslipidemia rather than rosuvastatin to 
some extent with fewer side effects (Ali et al., 2016; Gezer et al., 
2015).

Combining ALE with rosuvastatin showed more effective 
treatment than each alone in reducing all parameters of the lipid 
profile except HDL cholesterol, in treating dyslipidemia and lipid 
disorders. Moreover, the combined therapy (ALE + RL) has the 
most hypolipidemic effect (p ≤ 0.01) comparable to all therapeutic 
protocols in the experiment. Previous studies have reported that 
the use of natural drugs for the protection and prevention of 
conventional drugs’ associated side effects and toxicities was 
extremely essential, e.g., Baravalia et al. (2011), who studied 
the protective effect of Woodfordia fruticosa (L.) Kurz flowers 
against diclofenac sodium caused by liver toxicity in rats, which 
was shown to be effective for the treatment of liver disorders. In 
addition, other researchers investigated the nephroprotective effect 
of 16-herbal remedies such as pomegranate, garlic, grapes, and 
green tea, on the nephrotoxic effects of chemotherapeutic agents 
(Heidari-Soreshjani et al., 2017).

The pharmacokinetics study was conducted to 
evaluate the interaction effect between ALE and a low dose of 
rosuvastatin in rats’ plasma. It is known that the simultaneous 
administration of two medicinal substances increases or decreases 

Table 13. Average of the three calibrations curve data for rosuvastatin (all concentrations are in ng/ml).

Average of the three calibrations curve

# Cal Conc. (ng/ml) Rosuvastatin Atorvastatin (internal 
standard)

Area ratio

cal 1 2,000 39,619 284,800.6667 0.1391

cal 2 1,000 22,082 288,455 0.0766

cal3 500 11,613 268,667.6667 0.0432

cal 4 250 7,171 288,424.6667 0.0249

cal 5 125 3,979 280,595.3333 0.0142

cal 6 100 3,072 239,936 0.0128

cal 7 40 2,034 238,149 0.0085
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Table 15. Pharmacokinetics parameters for group #1 and group #2.

Parameters Group 1 (G1): RL Group 2 (G2): Artichoke with low 
dose of rosuvastatin (ALE + RL)

p-value

AUC 0–8 (ng.hour/ml) 5,976.7 3,441.95 **0.021

T-MAX (hour) 2.25 3.375 4.71E-06

C-MAX (ng/ml) 1,569.25 963 **0.01

Kel (hour−1) 0.530175 0.8194625 0.11

Half-life (hour) 1.4024625 1.1225875 0.31

** p ≤ 0.01.

Table 16. The effect of male rats in both groups in the 
pharmacokinetic study.

Group 1: RL Group 2: Artichoke with low dose 
of rosuvastatin (ALE + RL)

Time Average 
concentration Time Average 

concentration

0 0.0 0 0.0

0.5 608.7 0.5 263.5

1 1,360.9 1 388.9

2 1,696.7 2 429.7

2.5 1,397.2 2.5 520.6

3.5 1,070.4 3.5 717.0

5 665.4 5 318.2

8 119.3 8 74.1

Table 17. The effect of female rats in both groups in the 
pharmacokinetic study.

Group 1: RL Group 2: Artichoke with low dose 
of rosuvastatin (ALE + RL)

Time Average 
concentration Time Average 

concentration

0 0.0 0 0.0

0.5 293.4 0.5 132.6

1 980.1 1 322.6

2 1,274.9 2 633.1

2.5 1,363.1 2.5 873.8

3.5 789.8 3.5 1,144.5

5 397.1 5 377.9

8 72.1 8 26.5

the pharmacological potential of each other. Combinational 
therapy may sometimes produce beneficial effects via synergism 
or addition while antagonism has also been reported in a previous 
study (Asdaq et al., 2009). Like any other medicinal substance, 
herbal remedies might be harmful if used in combination 
with a possible conventional regimen without their validated 
concomitant use. Serious adverse interactions have been reported 
in several studies when herbal remedies are combined with 
conventional drugs (Asher et al., 2017; Parvez and Rishi, 2019). 
Therefore, it is necessary to determine the role of commonly used 
herbal remedies or their bioactive constituents in the presence of 
potential conventional medicines to confirm the safety index of 
their combined use. Earlier studies with drug–drug and drug–herb 
interactions with rosuvastatin had revealed mixed effects. Some 
medications such as bezafibrate, gemfibrozil, and raltegravir and 
herbs such as red yeast rice have been reported to increase the 
myopathic effect of rosuvastatin (Bajaj and Giwa, 2021), while 
flaxseed extract has been reported to increase the bioavailability 
of rosuvastatin without increasing its adverse effects (Abdullah, 
2019). Moreover, the coadministration of rosuvastatin with drugs 
that increase its bioavailability is known to lead to adverse effects 
on the kidneys (Kostapanos et al., 2010). Hence, the combination 
of ALE and rosuvastatin should be used with caution until the 
adverse effects of this combination have been determined. 

In our results, coadministration of artichoke extract 
with a low dose of rosuvastatin reduced its concentration in blood 
serum from 755 to 388 ng/ml and changed Cmax and AUCinf 
significantly (p ≤ 0.01). By correlating these findings with the 

results of the lipid profile study, we found that the combination 
of ALE and a low dose of rosuvastatin significantly affected all 
parameters of the lipid profile along with decreased rosuvastatin 
bioavailability. Thereby, their combination together may protect 
the body from the adverse effects of the drug in the body with 
a more potent impact in reducing lipid profile parameters than 
rosuvastatin alone, thereby enhancing the treatment of the disease 
besides protecting the body.

The lipid profile study highlighted the fact that all 
treatment protocols including rosuvastatin, ALE, or a combination 
of the two, and CGA did not significantly affect HDL cholesterol 
levels. These results are consistent with several studies that 
demonstrated that artichoke extract lowers lipid profile parameters 
except for HDL cholesterol (Englisch et al., 2000; Lupattelli et al., 
2004; Pittler et al., 2002; Soliman and Saad, 2009).

The effect of rats’ gender was evident in the results; male 
rats were more susceptible to all therapeutic protocols, in contrast 
to the results of female rats. None of the groups of female rats 
showed significant changes in the lipid profile parameters, except 
for the group that was administered artichoke alone, in which 
TG, VLDL, and HDL decreased significantly. These findings are 
in line with a study (Küskü-Kiraz et al., 2010) which showed 
that the use of artichoke in female Wistar rats led to a decrease 
in TC and TG. However, we found that HDL and VLDL levels 
significantly increased and TC level was not affected, which 
controverted the findings of the previous study. Also, the effect of 
the gender factor of rats on the pharmacokinetic study showed that 
the administration of rosuvastatin with artichoke decreases the 
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concentration of rosuvastatin in male rats more than in females. 
Moreover, the HDL cholesterol was significantly increased by 
using ALE alone in both males and females or in combination with 
high-dose rosuvastatin in males only, which indicated that gender 
played an important role in better determining the results and their 
accuracy.

CONCLUSION
This study has highlighted and supported the effect 

of rosuvastatin and artichoke alone and its combination in 
controlling hyperlipidemia significantly (p ≤ 0.01 and p ≤ 0.05). 
It would serve as preliminary evidence for both researchers 
and healthcare providers in combinational therapy between 
conventional and natural drugs. Furthermore, CGA has proven its 
efficiency (p ≤ 0.05) in decreasing lipids, and this indicates that 
CGA, one of the main components in ALE, may be responsible 
for reducing lipids. In addition, the pharmacokinetics study 
showed that coadministration between artichoke extract and a 
low dose of rosuvastatin decreased rosuvastatin’s bioavailability, 
and significantly (p ≤ 0.01) affected Cmax and AUC along with 
decreasing its concentration in the serum blood from 755 to 388 
ng/ml. After the separation of the results into males and females, 
the gender factor showed an important role in better determining 
the results and their accuracy.
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Table A1. Calibration curve (1) for rosuvastatin.

Calibration curve (1)

# Cal Conc (ng/ml) Rosuvastatin Atorvastatin Area ratio

cal 1 2,000 40,412 284,975 0.1418

cal 2 1,000 22,544 284,975 0.0791

Cal 3 500 11,374 254,076 0.0448

cal 4 250 7,545 299,773 0.0252

cal 5 125 4,248 288,172 0.0147

cal 6 100 3,203 222,633 0.0144

cal 7 40 2,165 225,451 0.0096

Figure A1. Calibration curve (1) for rosuvastatin.

Table A2. Calibration curve (2) for rosuvastatin.

Calibration curve (2)

# Cal Conc (ng/ml) Rosuvastatin Atorvastatin Area ratio

cal 1 2,000 36,544 284,975 0.1282

cal 2 1,000 20,121 284,975 0.0706

cal3 500 10,212 254,076 0.0402

cal 4 250 6,854 299,773 0.0229

cal 5 125 3,745 288,172 0.0130

cal 6 100 3,021 222,633 0.0136

cal 7 40 1,949 225,451 0.0086

APPENDIX
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Figure A2. Calibration curve (2) for rosuvastatin.

Table A3. Calibration curve (3) for rosuvastatin.

Calibration curve (3)

# Cal Conc (ng/ml) Rosuvastatin Atorvastatin Area ratio

cal 1 2,000 41,902 284,452 0.1473

cal 2 1,000 23,582 295,415 0.0798

cal3 500 13,254 297,851 0.0445

cal 4 250 7,115 265,728 0.0268

cal 5 125 3,945 265,442 0.0149

cal 6 100 2,991 274,542 0.0109

cal 7 40 1,987 263,545 0.0075

Figure A3. Calibration curve (3) for rosuvastatin.
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Table A4. QC test procedure data (high, medium, low).

QCH

Point Atorvastatin Rosuvastatin Area ratio Actual Conc. Theoretical Conc. Assay stability Average

Initial
Rep1 282,124 25,487 0.0903 1,705 1,700 100.28

98
Rep2 285,893 24,915 0.0871 1,641 1,700 96.53

12 hour
Rep1 275,421 25,042 0.0909 1,716 1,700 100.97

100
Rep2 285,421 25,456 0.0892 1,682 1,700 98.93

24 hour
Rep1 289,114 26,247 0.0908 1,714 1,700 100.81

101
Rep2 280,246 25,416 0.0907 1,712 1,700 100.70

48 hour

Rep1 279,541 23,956 0.0857 1,612 1,700 94.82

96Rep2 281,547 24,554 0.0872 1,642 1,700 96.60

Rep2 303,341 3,796 0.0125 148 150 98.85

QCM

Point Atorvastatin Rosuvastatin Area ratio Actual Conc. Theoretical Conc. Assay stability Average

Initial
Rep1 272,214 7,542 0.0277 452 450 100.47

98
Rep2 285,423 7,624 0.0267 432 450 96.05

12 hour
Rep1 280,246 7,544 0.0269 436 450 96.97

97
Rep2 275,413 7,445 0.0270 439 450 97.48

24 hour
Rep1 265,442 7,125 0.0268 435 450 96.63

97
Rep2 274,551 7,365 0.0268 435 450 96.56

48 hour
Rep1 280,241 7,356 0.0262 423 450 93.99

95
Rep2 278,554 7,412 0.0266 430 450 95.59

QCL

Point Atorvastatin Rosuvastatin Area ratio Actual Conc. Theoretical Conc. Assay stability Average

Initial
Rep1 289,180 3,685 0.0127 153 150 101.91 107

Rep2 279,867 3,778 0.0135 168 150 111.99

12 hour
Rep1 267,267 3,458 0.0129 157 150 104.51 100

Rep2 299,691 3,665 0.0122 143 150 95.06

24 hour
Rep1 269,367 3,455 0.0128 155 150 103.02 102

Rep2 282,292 3,590 0.0127 152 150 101.56

48 hour
Rep1 313,477 3,854 0.0123 144 150 95.92 97

Rep2 303,341 3,796 0.0125 148 150 98.85

Table A5. Pharmacokinetics parameters for group #1 and #2.

Group 1 (Rosuvastatin low dose)

Rat# t0.5 (hour) Kel (hour−1) Tmax (hour) Cmax (ng/ml) AUC (ng.hour/ml)

1 1.6806 0.4124 2.5 1,491 6,562.0439

2 1.4052 0.4933 2 1,650 4,653.6706

3 0.7929 0.8742 2 1,556 5,404.6646

4 1.5883 0.4364 2 2,311 11,098.8103

5 2.0137 0.3442 2.5 1,427 5,663.4953

6 1.4023 0.4943 2 2,180 7,564.8751

7 1.1768 0.589 2.5 1,202 4,310.4148

8 1.1599 0.5976 2.5 737 2,555.6697

Average 1.4024625 0.530175 2.25 1,569.25 5,976.705538

STD 0.371645265 0.163120418 0.267261242 504.8020121 2,556.689397

Continued
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Group 2 (Artichoke with rosuvastatin low dose)

Rat# t0.5 (h) Kel (hour−1) Tmax (hour) Cmax (ng/ml) AUC (ng.hour/ml)

1 2.5566 0.2711 3.5 951 4,314.9249

2 1.3672 0.507 3.5 599 2,514.0386

3 1.1445 0.6056 2.5 751 3,463.3937

4 0.4336 1.5986 3.5 825 2,222.4161

5 1.0702 0.6477 3.5 1,033 3,496.9463

6 0.4981 1.3915 3.5 1,290 3,575.7353

7 1.1773 0.5888 3.5 1,425 5,373.5413

8 0.7332 0.9454 3.5 830 2,574.6053

Average 0.318829848 0.115396389 4.71286E-06 0.010009358 0.021124093

STD 0.669622093 0.459335134 0.353553391 277.6405693 1,043.009546




