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A comparative study on the effect of black cherry
powder , ethanolic extract and atorvastatin on
hyperlipidemic rats

Suzan S. Ibraheim& Wesam M. Abd-Elrahman °

Abstract

Hyperlipidemia is one of the most public health problems
in the modern era that increase the risk of several comorbidi-
ties such as cardiovascular disease and cancer. So that; this
study was intended to compare the effect of black cherry
(dried and ethanolic extract) with Atorvastatin (ator) in hyper-
lipidemic rats with hepatic injury. Thirty male albino rats
weighing 190 + 10 g used in this study and divided into equal
five groups ( 6 rats each),Group (1), as negative control
group (-v) control received basal diet throughout the experi-
ment period, while four others groups fed on high fat high
fructose diet for 4 weeks to induce hyperlipidemia and divided
into sub main groups: group (2):as positive control group (+v)
, group ( 3):received daily gavages of atorvastatin ( 5mg/kg ),
group (4):received supplemented diet with dried black cher-
ry( 10% ) and group (5): received daily gavages of ethanolic
extract black cherry ( 500 mg/kg) via a stomach tube . At the
end of the experimental period (8 weeks), the feed intake (FI),
body weight gain (gm.), feed efficiency ratio (FER) and rela-
tive liver weight were calculated. Serum liver enzymes (ALT,
AST and Alp), total cholesterol, triglycerides, HDLc and LDLc
and histopathological changes of liver were examined. Total an-
tioxidant and total polyphenols and flavonoids for black cherry
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extract were analyzed. The obtained results concluded that us-
ing black cherry (dried and ethanolic extract) improved all
above biological and biochemical parameters. Total (Phenolic,
flavonoids and antioxidant) contents were (4.39 + 0.33& 6.53
+ 0.46 and 85.94 + 1.67) in black cherry respectively .The best
results found by using ethanolic extract of black cherry that
showed results closed to atorvastatin. Total phenolic content,
total flavonoids content and antioxidant activity demonstrated
that black cherry could be considered as a good source for pol-
yphenols and other antioxidant compounds. According to the
results, black cherry (dried and extract) could be used for im-
proving lipid profile and liver functions in hyperlipedemic rats.
Key words: triglycride- total cholesterol-liver enzymes- total
antioxidant- flavonoids.
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INTRODUCTION

Hyperlipidemia is a group of metabolic disorders char-
acterized by the elevated levels of lipids that include choles-
terol, cholesterol esters, phospholipids and triglycerides
(Karam et al., 2018). Lipid disorders are not depend on total
serum cholesterol, but also on its distribution among different
lipoproteins. The low density lipoproteins (LDL) are the major
carriers of cholesterol towards tissues having atherogenic po-
tential, while the high density lipoproteins (HDL) carry choles-
terol from peripheral tissues to the liver. HDL thus gives pro-
tection against many cardiac problems and obesity. Although
genetic factors recline behind these lipid disorders (Thirumalai
etal., 2014).
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High-fat diet induces the development of metabolic
syndrome, which consists of oxidative stress, initiated athero-
genic dyslipidemia, a pro-inflammatory and pro-thrombotic
state, high blood pressure, central obesity and cardiovascular
disease (Lasker et al., 2019). Also, it has been established that
consumption high amounts of refined carbohydrates (fructose)
increases the risk of hyperlipidemia and may affect the liver
(Lozano et al., 2016).

Atorvastatin is a synthetic type of HMG-CoA analogue
that exhibits a substantial efficacy for decreasing total and
low — density lipoprotein cholesterol ( LDL) levels, triglycer-
ides and modification of lipoprotein composition (Abdelhalim
and Somaia et al., 2019).

Medicinal plants are a principal source in health care
about 80 % word’s population in the form of plant extracts or
their active components as a result of their properties
(Shorinwa and Monsi, 2020) . Several studies in animal mod-
els and in human subjects have actually confirmed that phenols
in fruits and vegetables are bioavailable and protect against
oxidative stress and free radical (Luna-Vazquez, et al., 213).

The cherry is a small nutrient-rich fruit garnering a great
deal of attention as a no pharmacologic option for the treat-
ment of a multitude of disease manifestations in recent years.
Cherries contain vitamins A, C, E, and phenolic such as antho-
cyanin (Collins et al., 2019). Black cherry (prunus serotina)
fruits possess a high content of phenolic compounds and dis-
play a significant antioxidant capacity. Phenolic composition
of fruits strongly depends on ripening, genetic, and environ-
mental factors. In the case of cherry fruits, it has been demon-
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strated that phenolic compounds contributing to their antioxi-
dant capacity differ significantly across species and variety
within species (Luna-Vazquez et al., 213).

Current scientific research results confirm the beneficial
properties of black cherry extracts. The black cherry prepara-
tions can be a valuable raw material used in the food, pharma-
ceutical, and cosmetics industries as a source of bioactive
compounds with multidirectional antioxidant activity (Tel-
ichowska et al., 2020).

The objective of this study was to determine the effects of
Black cherry as powder and extract on the level of serum lipid
profile, liver function markers in rats fed high-fat diet.

MEATERIALS AND METHODS
Materials

- Fruits of black cherry were obtained from local market,
Tanta, Egypt.

- Atorvastatin (Lipitor drug; LP) was obtained from Pfiz-
er Company (Cairo, Egypt). Other chemicals used in
this study were purchased from Sigma Chemical Co.

- The basal diet was prepared according to Reeves et al.,
(1993) The vitamin mixture used in the experiment ac-
cording to Campbell, (1963).Also, Composition of
mineral mixture was that of Hegsted et al., ( 1941).

- High fat high fructose diet was prepared according to
Lozano et al., (2016)
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Animals:

Thirty male albino rats of Sprague Dawley strain (190+
10 g) were obtained from the laboratory animal house of Oph-
thalmic Research Institute, Giza, Egypt.
Methods
Preparation of plant materials

Dried black cherry was prepared according to Abd El-
Gwad, Amira et al., (2018). Briefly, black cherry fruit care-
fully washed with tap water and dried in sunny oven at 50 £ 5
°C until arriving by the moisture in the final product to about
8% then minced in moulinex machine (Al Araby for Electronic
Manufacture Company, Egypt) then were put in polyethylene
bags and packed in cartoon boxes until used .
Preparation of crude ethanol plant extracts

Black berry fruits powder (60 g) were mixed with 80%
(v/v) ethanol solution (300 mL) for 1 hr at 30°C by an over-
head stirrer (Wise Stir HS-30D, Daihan Scientific, Wonju, Ko-
rea). The extract was filtered with filter paper. The filtrate was
concentrated using a vacuum rotary evaporator at low tem-
perature (40°C).

Experimental Design

Thirty matured male albino rats weighing between 190 £10 g
were kept in individual stainless steel cages under hygienic
conditions and fed one week on basal diet for adaptation.
Preparation of basal diet according to Reeves et al ., (1993)
then divided into equal five groups ( 6 rats each),Group (1),
as negative control group (v -) control received basal diet
throughout the experiment period, while four others groups
fed on high fat high fructose diet for 4 weeks to induce hyper-
lipidemia according to Lozano et al., (2016).and divided into
sub main groups: group (2):as positive control group, group (
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3): received daily gavages of atorvastatin ( 5mg/kg ) according
to Zheng et al., (2018) , group( 4 ): received supplemented
diet with dried black cherry ( 10% ) and group (5): received
daily gavages of ethanolic extract black cherry ( 500 mg/kg)
via a stomach tube . During the experimental period (eight
weeks), feed intake and body weights for every rat were rec-
orded twice weekly. At the end of the experiment, the animals
were fasted overnight, then the rats were anaesthetized and
sacrificed, and blood samples were collected from the hepatic
portal vain. Blood samples were taken and centrifuged for 10
minutes at 3000 revolutions per minute "r.p.m" to separate the se-
rum.
Chemical proximate

The antioxidant activity was evaluated same as reported
by Lissi et al.,( 1999).

Total phenolic was determined according to the meth-
od described by Ranganna (2001). Total flavonoids were de-
termined according to the procedure of Marckam( 1989).

Biological evaluation

Feed intake (FI), body weight gain (BWG gm.) and liver
organ weight per body weight were calculated according to
Chapman et al., (1959). The feed efficiency ratio (FER) was
calculated according to Hosoya (1980).

Biochemical analysis:

Serum AST and ALT were determined according to
Reitman and Frankel (1957). Alkaline phosphatase (ALP)
was performed according to the method of Roy (1970). Al-
so, serum total cholesterol (T.C), triglycerides (T.G), HDL-
cholesterol, LDL-cholesterol according to Allain et al.,



Yo¥N Ll () 0) amd) 4o 5l 5 Ay ga Al b pall A 531 Ay 31 4418 Al

(1974); Trinder and Ann (1969); Lopes - Virella et al.,
(1977) and Friedwald et al., (1972) respectively .
Histopathological examinations
The liver of sacrificed rats was taken and immersed in

10% formalin solution. The fixed specimens were then
trimmed, washed and dehydrated in ascending grades of alco-
hol. They were then cleared in xylol, embedded in paraffin,
sectioned at 4-6 microns thickness and stained with heamtoxy-
lin and eosin for examining liver parts according to Carleton
(1979).

Statistical analysis
Statistical analysis was carried out using one way analy-
sis of variance (ANOVA) test followed by Duncan test
through the program of statistical packages for the social sci-
ence (SPSS) version 16. Results were expressed as mean+ SD.
The differences among means at p < 0.05 are considered sig-
nificant (Snedecor and Cochran, 1989).

Results and discussion

Total phenolic, total flavonoid contents and antioxi-
dant activity

Results of total phenolic content, total flavonoids and
antioxidant capacity (ABTS) are shown in Table 1. The
amount of total phenolics and total flavonoids in black cherry
were 4.388 mg GAE/100 g and 6.533 mg QE/ 100 mg dry
weight respectively. Another stable free radical cation, ABTS,
was used to evaluate the antioxidant activity of black cherry
extract. Where, a steady increase was observed in the percent-
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age inhibition of the ABTS radicals by the black cherry extract
(table 1).

In recent years, the interesting of polyphenols in the
treatment of several diseases such as cardiovascular disease is
increased because of their antioxidant actions (Reis et al., 2016)
. Our results agree with ( Telichowska et al., 2020) who re-
ported the beneficial properties of P. serotina extracts. They
are attributed with a beneficial effect in the prevention of car-
diovascular diseases and hypertension. Their antioxidant, an-
ti-inflammatory, anti-nociceptive, antidiabetic and antimicro-
bial effects were also confirmed in the studies. Due to their
content of anthocyanins, which show strong antioxidant prop-
erties, they can also be used in the pharmaceutical industry as
a component of
creams, gels and other care and disinfection preparations. Al-
so, Luna-Vazquez, et al., 213) suggested that black cherry
fruits are a rich source of natural antioxidants. Additionally,
phenolic compounds could also exert health-promoting proper-
ties through others mechanisms besides their antioxidant activ-
ity.

Table (1): Total phenolic, total flavonoid contents and total an-
tioxidant activity in black cherry extract
Total phenolic (mg | Total flavonoid (mg | %0 Inhibition
of GAE /100g dry | of QE/ 100 mg dry | measured by

weight) weight) the ABTS
4.39 +£0.33 6.53 + 0.46 85.94 + 1.67

GAE: Gallic acid equivalent; QE: quercetin equivalents.

Biological evaluation:
Table (2) shows the mean value of body weight gain and
liver weight in all treated groups compared with (-ve) control.
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These parameters increased in (+ve) control while declined in
treated groups particularly in black cherry extract and atorvas-
tatin groups.

These results in line with Lozno et al.,( 2016) who con-
firmed that high fat diet and high fructose increase body
weight and demonstrated the role of oxidative stress in patho-
genesis as well as in complications (hepatic and vascular) .
Also , Zeng-Jie Xu et al, (2009), noticed that the high fat diet
(HFD) fed rats were observed as significantly increased in
point of body weight, epididymal fat weight and liver index
(Liver index (LI): liver weight / body weight X 100%) com-
paring to the control group rats. The decreased in weight gain
in groups treated with black cherry may be due to anthocyanin
extract that caused a decrease in body weight gain in high fat
fed rats as recorded by (Dayar et al., 2020) .Also, these results
conformed efficacy of Atorvastatin in reducing body weight
gain and liver weight as reported by Mohamed et al.,(2019).

Table (2 ): Effect of black cherry powder and ethanolic ex-
tract, and atorvastatin on body weight gain and liver weight
of different experimental groups of hyperlipidemic rats

(meanzSD)
Means in the same column with different superscript letters are
significantly different at p < 0.05.

Groups Body weight gain(gm) | liver weight
(-ve) control group 71.8+3.71° 8.88+ .161°
(+ve)control group 128.8+5.70° 14.3+.263°
atorvastatin 775+ 6.34° 10.5+.381°
dried black cherry 77.5+ 3.93° 13.4+.377"
Black cherry extract | 76.3+ 3.88" 11.7+.668°
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Table (3) indicated to significant (p <0.05 ) decrease in feed

intake ad feed efficiency ratio in (+ve) control group as com-
pared to (-ve) control group. All treated groups with herbs
showed decreased in previous parameters when compared
with (-ve) control group. Atorvastatin and black cherry extract
groups recorded the best results in feed Intake and feed effi-
ciency ratio parameters.
The provision of fructose solutions changed the food consumption
patterns through appetite suppression, where fructose content could
interfere neuropeptides ghrelin and leptin production. Additionally,
leptin secreted by white adipose tissue usually result in a decrease
in energy usage thereby increasing the body weight and fat storage
In rats as stated by Handayani et al.,(2020). All treated
groups with herbs showed decreased in previous parameters when
compared with (-ve) control group. Atorvastatin and black cherry
extract groups recorded the best results in feed Intake and feed effi-
ciency ratio parameters. These results could be due to cherries are
considered a nutrient dense food with a relatively low caloric con-
tent and a significant amount of important nutrients and bioactive
food components (Van der Werf et al., 2018).

Table (3 ): Effect of black cherry powder and ethanolic ex-
tract, and atorvastatin on total feed intake and feed efficien-

cy ratio of hyperlipidemic rats (mean+SD)

Means in the same column with different superscript letters are sig-
nificantly different at p < 0.05.

Groups Total feed intake (Q) Feed Efficiency Ratio
(-ve) control group | 1156.5+4.84 ° 107+ .004°
(+ve) control group | 1086.6+1.96 ° .064+ .005°
atorvastatin 939.6+3.20° 081+ .007%
dried black cherry |1094.3+4.41° 068+ .004°
Black cherry extract | 1058.1+4.26 ¢ .073+ .005"

AR
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Effect of black cherry powder and ethanolic extract, and
atorvastatin on lipid profile and liver enzymes of hyper-
lipidemic rats

Table (4) revealed that, significant (p < 0.05) increase in
(Cholesterol , triglyceride and LDL) in (+ve) control group
compared with ( -ve) control group. While, these parameters
decreased in all treated groups especially atorvastatin and
black extract. On the other hand, HDL parameter recorded
high increase in atorvastatin followed by black cherry extract
group .

These results agree with Munshi et al., ( 2014) who
administrated that high fat high fructose , in rats demonstrat-
ed a significant increase in serum lipids, such as total, LDL,
VLDL cholesterol, and TG along with a decrease in HDL cho-
lesterol. Atorvastatin is a standard antihyperlipidemic drug,
which is used for the treatment of dyslipidemia and the pre-
vention of cardiovasular disease so the decreased in LDL,
Cholesterol and triglyceride noted in the treated group with
atorvastatin . Also, black cherry fruits have a high content of
phenolic compounds such as chlorogenic acid, gallic acid, cof-
fee acid, catechin, epicatechin and quercetin and kaempferol
glycosides, which are directly related to the high antioxidant
activity and the resulting vasodilating effect (Telichowska et
al., 2020). Cherry consumption could
prevent alterations in lipids mobilization and utilization
thought their beneficial effect on catalase, thus avoiding
excess circulating lipids. Therefore, all these data highlight not
only the improvement of systemic oxidative balance with cher-
ry consumption but also an improvement
of lipids profiles (Van der Werf et al., 2018).
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Table (5) showed significant (p < 0.05) increase in serum liver en-
zymes ; i.e (AST, ALT and ALP) in (+ve) control group. While,
these parameters decreased in all treated groups especially at black
cheery extract group followed by Atorvastatin group . the present
study showed significant increase in serum liver enzymes ; i.e
(AST, ALT and ALP) in (+ve) control group. Our results agree
with Garcia-Berumen et al., (2015 ) who reported that diets con-
taining high fat plus fructose induce more damage in liver than a
diet containing only high fat . However, these parameters de-
creased in all treated groups especially at black cheery extract
group followed by Atorvastatin group. These results agreement
with Zarei et al., (2014) who conducted that the activity of liver
enzymes in the treatment groups receiving Atorvastatin ( 10mg / kg
) decreased significantly. Also, Martinelli et al., (2020) reported
that the cherry-enriched diet reduced the fatty liver, and that antho-
cyanin-rich extracts may exert positive effects enhancing the activi-
ty of the hepatic peroxisome proliferator-activated receptor alpha
(PPAR-a) and PPAR-a target acyl-coenzyme A oxidase mRNA.

Table (4 ): Effect of black cherry powder and ethanolic ex-
tract, and atorvastatin on lipid profile of hyperlipidemic rats

(meanzSD)

Means in the same column with different superscript let-

ters are significantly different at p < 0.05.

Groups Cholesterol Triglyceride HDL(mg/dl) | LDL(mg/dl)
(mg/dl) (mg/dl)
(-ve) control | 61.9+ 2.34% |74.7+ 5.32° 35.0+ 4.88" | 18.9+3.56°
group
(+ve) control | 151.4+3.84° | 175.7+6.70° 23.9+ 3.80° | 85.3+4.45°
group
atorvastatin | 97.2+ 4.06° |94.1+ 6.62° 40.0+ 3.96° |30.1+1.41°
dried black | 108.845.11° | 124.7+5.30° 30.8+ 3.15™ | 61.9+4.10°
cherry

'Y



Yo¥N Ll () 0) amd) 4o 5l 5 Ay ga Al b pall A 531 Ay 31 4418 Al

Table (3 ): Effect of black cherry powder and ethanolic ex-
tract, and atorvastatin on liver enzymes of hyperlipidemic
rats (mean+SD)
Means in the same column with different superscript letters are
significantly different at p < 0.05.

Groups ALT (U/L) AST (U/L) | ALP (U/L)

(-ve) control group | 21.7+7.71° [87.3+3.93% |127.5+3.84°

(-ve) control group | 54.0+ 4.76* | 209.9+5.18% | 286.5+4.36°

atorvastatin 39.7+4.83° [134.8 +4.13°|191.7 +4.34°¢

dried black cherry |41.2+359° |155.6+4.29° |246.8 +4.75°"

Black cherry ex-|33.1+3.95° |[136.3+4.30° |177.6+6.43"
tract

Histopathology examination results

We examined the effects of high fat high fructose on liver
tissues using histological examination. Our results indicate
that, congested central vein, diffuse hydropic degeneration
with macrovesicular steatosis in hepatocytes and occluded si-
nusoids. This results agree with Garcia-Berumen et al., (2015
) when they found The highest degree of steatosis was ob-
served in the high fat+ fructose group, with 60% of hepato-
cytes with microvesicular steatosis and 80% with macrove-
sicular steatosis (in some cases, hepatocytes displayed both
forms of steatosis).

Effect of treatment with Atorvastatin showed mild hy-
dropic degeneration (black arrow) in hepatocytes and nar-
rowed sinusoids was clear, enhances seminiferous tubule and
closed to normal control. The available data indicate that
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statins are not frequently responsible for liver injury, but there
are several

Issues related to their usage in humans that require further
research, such as Drug-drug interactions also increase the
hepatotoxicity of statins prolonged use of statins and long-term
effects of stains on hepatic histology( Jabir and Jaffat, 2018 )
. Also, effects of treatment with ( dried and extract of black
cherry ) are clear. These positive effects could be due to the
reduction of oxidative stress. Our results agree with
Martinelli et al. (2020) who demonstrated that in the liver,
cherry consumption decreased oxidative stress, through the in-
hibition of the NADPH oxidase subunit p22phox expression,
nuclear factor erythroid-2 related factor 2 (Nrf2) degradation,
and the formation of reactive oxygen species . Anthocyanins
(i.e., cyanidin-3-O-B-glucoside) may avoid the development of
liver impairment, reducing the lipid
peroxidation or the oxidative stress by the induction of anti-
oxidant enzymes.
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Photo 1: Microscopic pictures of H&E stained liver sections
show normal hepatocytes arranged in radiating plates around a

high fructose show congested central vein (red arrow), diffuse
hydropic degeneration (black arrow) with macrovesicular ste-
atosis (yellow arrow) in hepatocytes and occluded sinusoids.

4
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Photo 3: Liver sections from group treated with Atorvastatin
show mild hydropic degeneration (black arrow) in hepatocytes
and narrowed sinusoids (s).
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Photo 4: Liver sections from group treated with dried black
cherry show diffuse hepatocytes swelling with dispersed
macrovesicular steatosis (yellow arrow) and occluded sinus-

oids (s).

Photo 5: Liver sections from group treated with ethanolic ex-
tract of black cherry show diffuse moderate hepatocytes swell-
ing (black arrow) and partially occluded sinusoids (s) X: 400
bar 50

Conclusion

In conclusion, the findings of the present study con-
firmed that black cherry could be considered as a good source
for polyphenols and other antioxidant compounds. Also, etha-
nolic extract of black cherry had hypolipidemic effect, improv-
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ing serum lipid profile closed to treatment with atorvastatin
Also; black cherry could improve liver enzymes activity.
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