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Abstract

The present investigation aims to evaluate the effect of cocoa
powder on serum lipids profile and antioxidant status in normal and
hypercholesterolemic rats. Twenty four adult albino Rats were
randomly divided into two main groups. Group I: negative control (6
rats) was fed on standard diet . Group II: hypercholesterolemic groups
(18 rats) were divided into equal three sub groups, the first: positive
control group, the second and the third groups were fed on standard
diet containing 2.5 and 5% of cocoa powder respectively. The results
indicated that the consumption of cocoa led to decrease the levels of
blood cholesterol,LDLc and VLDLc as compared with the positive
control group. On the other hand, the treatments significantly p<0.05
increased the glutathione transferase and catalase level activities
compared with the positive control group, while the malonaldehyde
content had the opposite trend. In conclusion, this study indicated that
cocoa used effectively in reducing the levels of lipid profile in
hypercholesterolemic rats.
Keywords: cocoa, hyperlipidemia ,flavanoids, lipid profile.

Introduction

Hypercholesterolemia is the presence of high levels of cholesterol in
the blood (Durrington,2003). The high low density lipoprotein
cholesterol (LDLc) level frequently gives rise to xanthiums, deposits of
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cholesterol in peripheral tissues, and accelerated atherosclerosis
resulting from cholesterol deposition in the arterial wall that can lead to
accelerated atherosclerosis and premature cardiovascular disease
(Soutarand noumara , 2006). Typically, approximately 45% of male
and 20% of female patients suffer from coronary artery disease (CAD)
by the age of 50 (Emily et al., 2006).

Cocoa is widely consumed as chocolates and in desserts, and used
to produce beverages, cosmetics, pharmaceuticals and toiletries
(Castell et al., 2015).Cocoa products are major sources of antioxidants,
which have been shown to have protective effects against heart disease
(Ding et al., 2006). It has been known for its good taste and its
beneficial effects on health. The health benefits associated with cocoa
consumption have been related to their protective effect mainly against
cardiovascular diseases, but also in other diseases such as age-related
cognitive decline (Castell, 2015).These effects are due to antiradical
properties of cocoa phenolics which increase the plasma level of
antioxidants to prevent the oxidation of LDL-cholesterol (Andujar et
al., 2012).Also cocoa polyphenols (flavanols) have been reported to
have a wide range of biological properties including modulating
eicosanoid synthesis, increasing nitric oxide synthesis, lowering the
rate of LDL-C oxidation, inhibiting platelets activation, stimulating
the production of antiinflammatory cytokines among others(Wollgast
and Anklain, 2000). The present study aims to evaluate the effect of
cocoa powder on serum lipids profile, liver, kidney function and
antioxidant status on hypercholesterolemic rats.

Materials and methods
Materials

The cocoa beans (Theobroma cacao L.) were obtained from
Haraz shops Cairo, Egypt. All analysis kits were purchased from Bio
diagnostic Co., Giza, Egypt. Other chemicals used throughout the
experiments were purchased from EI-Nasr Pharmaceutical Chemicals,
El-Ameriea, Cairo, Egypt. Twenty four adult albino male rats Sprague —
Dawley strain were purchased from the Medical Insects Research
Institute, Doki, Cairo, Egypt.
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Methods
Preparation of cocoa powder
Cocoa beans were cleaned manualy to remove foreign materials. The
beans were dried at 40°C in an electric draught oven and ground to pass
through a 60 mesh sieve then kept in cold for analysis.
Chemical composition and bioactive compounds of cocoa powder

Moisture, fat, protein, fiber and ash contents were determined in
cocoa powder according to AOAC, (2005). The carbohydrate was
calculated by difference. The antioxidant activity and the total phenolic
of cocoa powder were determined according to Velioglu et al ., (1998)
andoband and owuor , (1997) respectively.
Biological investigations
Induction ofhypercholesterolemic rats

Eighteen rats fed on hypercholesterolemic diet (1.5 % cholesterol
and 5% tallow) for 3 weeks, then fasting blood serum obtained, total
cholesterol (TC), triglyceride (TG), (HDL-C), (LDL-C) and very low
density lipoprotein (VLDL-C), levels estimated.
Experimental design

Adult male rats Sprague Dawley weighting (150£5 g) were used

in this study. The animals were housed individually in well aerated
cages under hygienic laboratory condition and fed standard diet
according to AIN-93 guidelines (Reeves et al., 1993) for 7 days as an
adaptation period.The standard diet comprised of casein 85% (120
g/kg), corn starch (677g/kg), cellulose (50g/kg), corn oil (100 g/kg),
mineral mixture (40g/kg), vitamins mixture (10g/kg) and DL-
methionine ( 3g/kg).Rats were randomly divided into two main groups
and fed standard diet. Group I: negative control (6 rats). Group II:
hypercholesterolemic groups (18 rats) which were divided into equal
three sub groups, the first: positive control group and the second and
the third group fed on standard diet containing 2.5 and 5%of cocoa
powder, respectively.
Blood sampling

At the end of the experimental period (30 days), rats were
anesthetized with diethyl ether after fasting for 12h and blood samples
were collected by using the retro-orbital method by means of a micro
capillary glass tubes. Blood was collected into a dry clean centrifugal
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tube and left to clot in a water bath (37°C) at room temperature for half
an hour. The blood was centrifuged for 10 minutes at 3000 rpm to
separate the serum. Serum was kept in clear quit fit plastic tubes and
stored at -20°C until analysis.
Biochemical analysis
Alanine amino transferase (ALT), aspartate amino transferase (AST)
and alkaline phosphatase (ALP) enzymes activity were measured
according to the methods described by Bergmeyer and Harder
(1986), Kachmar and Moss (1976) and Varleyet al., (1980),
respectively. Urea and creatinine levels were determined according to
the method described by Houot (1985). Catalase (CAT), glutathione
transferase (GTH) and malonaldenyde (MDA) were determined
according to the methods described by Hu (1994), Aebi, (1974) and
Jentzschet al., (1996) respectively. Total cholesterol (TC),
triglycerides (T.G) and (HDL-c) were determined according
toAllain,(1974) , Fossati and Prencipe, (1982) and Schermer,
(1967) respectively. Low density lipoprotein (LDL) and very low
density lipoprotein (VLDL) were calculated according to the methods
of Lee and Nieman (1996) as follows:
VLDL=TG/5.
LDL=(Total cholesterol)- (HDL+VLDL).
Statistical Analysis
The results recorded as the mean = SD. The experimental data were
subjected to an analysis of variance (ANOVA) for a completely
randomized design using a statistical analysis system (SPSS, 1988).
Duncan’s multiple range tests were used to determine the differences
among means at the level of 5%.
Results and discussion

Table (1) showed the chemical composition, total phenols and
antioxidant activity of cocoa powder. The chemical compositions of
cocoa powder were 2.63,48.82,36.71,8.95,2.89 and 11.66 g/100 for
moisture, carbohydrate, fat, protein, ash and fiber respectively. These
findings are in accordance with Oliveira and Genovese, (2013) who
reported that the chemical compositions in cocoa were moisture(2.3—
2.6%), lipid (52-54%), and fiber (27-32%) contents of cocoa.

Castell et al., (2015) showed that cocoa powder isconsidered a good
source of fiber (26%—40%), proteins (15%—-20%), carbohydrates (about
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15%) and lipids (10%-24%). Also the results indicated that cocoa
powder had total phenols (375.6 mg/100g) andantioxidant activity
(35.74%).

Data presented in Table (2) show the effect of cocoa powder on
serum lipids profile of normal and hypercholesterolemic rats. There
were significant differences (P<0.05) in total cholesterol (TC),
triglycerides (T.G), high density lipoprotein (HDL),low density
lipoprotein (LDL) and very low density lipoprotein (VLDL) values
between negative and hypercholesterolemic rats. Supplementation of
diet rats with 2.5 and 5% of cocoa powder resulted in reducing TC, TG,
LDL and VLDL. Also no significant difference (p>0.05) was found in
HDL between rats supplemented with 2.5% of cocoa powder and
positive groups. These results are in the same trend of Lecumberri et
al., (2007) and Kheder, (2011) who found that consumption of cocoa
fiber with a hypercholesterolemia diet improved the lipid profile. In the
same table the results indicated that the highest reduction in TC, TG,
LDL and VLDL and increasing in HDL were observed in rats
supplemented with 5% of cocoa powder. This may be due to high
phenolic compounds contents in rat diets supplemented with 5% of
cocoa powder than 2.5% of cocoa powder.In the same content
Kurosawa et al., (2005) reported that ant-oxidative activity of
polyphenols rich in cocoa may be a key factor for improving the lipids
profile. Also Jia et al.,(2010) showed that polyphenols have been
shown to inhibit cholesterol absorption, decreased serum lipid
peroxidation, increased serum HDL cholesterol and decrease in LDL-
C.

Effects of cocoa powder on liver functions of normal and
hypercholesterolemic rats are shown in Table (3). Positive group had
higher significant (P<0.05) (ALT), (AST) and (ALP) activities than
negative and rats supplemented with cocoa powder (5%) groups.These
results are in agree with Khedr, (2011)who reported that there were
significant(P<0.05) increase in ALT, AST and ALP activities in
positive control rats compared with rats supplemented with cocoa
powder. Supplementation rat diets with 2.5 and 5% of CP did not differ
in their effect on ALT AST and ALP. Also no significant (P>0.05)
differences in AST and ALP activities between positive and rats
supplemented with CP (2.5%) group. These results had the same trend
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ofAbrokwahet al.,(2009) who reviewed that administration of cocoa
does not affect on liver functions (ALT, AST and ALP).

Effect of cocoa powder on the kidney functions of normal and
hypercholesterolemic rats are shown in Table (4). No significant
(P>0.05) differences in createnine and urea levels were observed
between negative and hypercholesterolemic rats groups. However,
negative control had significant lower (P<0.05) uric acid than
hypercholesterolemic rats. However there were no significant in uric
acid between positive and rats supplemented with cocoa powder. These
results agree withAbrokwah et al., (2009) who found that
administration rats with cocoa had no significant effect on uric acid.

Data in Table (5) indicated that the levels of CAT and GTF in
positive control were significantly decreased after feeding on
hypercholesterolemic diet (p < 0.05), while MDA had opposite trend.
The decrease in the levels of CAT, GTF and the increase in MDA
leveles may be due to the cause of the oxidative stress resulting from
high blood fats and deposited in the walls of arteries. CAT and GTF
were significantly (p < 0.05) increased by feeding rats with cocoa
powder .These results are in agreement with Ramiro-Puiget al., (2007)
who found that cocoa diet enhances thymus antioxidant defenses and
influences thymocyte differentiation. Also cocoa diet reduced reactive
oxygen species (ROS) levels and carbonyl content in the liver Castell
et al., (2015). Moreover cocoa supplementation may enhance the
antioxidant defense system Jalil et al., (2008).

Conclusion : The results suggest that cocoa powder had
Hypercholesterolemic and antioxidant effect, which may be attributable
to flavonoids contained in cocoa.

Table (1): Chemical composition, total phenolic and antioxidant
activity of cocoa powder

Parameter value
Moisture(g/100g) 2.63 £0.02
Carbohydrate(g/100g) 48.82+0.02
Total fat (g/1009) 36.71+0.4
Protein (g/100g) 8.95+0.05
Ash (g/1009) 2.89+0.04
Fiber (g/1009) 11.66+0.06
Total phenols(mg/100g) 375.6+0.4
Antioxidant activity

(%) 35.74+0.04
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Table (2): Effect of cocoa powder on serum lipids profile of normal
and hypercholesterolemic rats

Parameters Negative _I_—|ypercho|ester|emic groups
group Positive CP 2.5% CP 5%
TC(mg/dl) | 122.0°2.6 | 184.0%3.6 | 136.67°+1.5 | 129.8°+1.6
TG (mg/dl) | 95.0°42.0 | 130.0%5.0 |112.67°+2.5 | 104.33%+2.5
HDL (mg/dl) | 43.0%+2.0 | 2470415 | 27.0°41.0 32.0°+2.0
LDL (mg/dl) | 60.0%1.2 | 133.33%2.1 | 87.03°+0.2 | 76.93°+3.9
VLDL(mg/dl) | 19.0°+0.4 26.0°%+1.0 | 22.53°+0.5 | 20.86°+0.5

Values were expressed as means + SD. Different letters in the

significantly different (P<0.05).

same row are

Table (3) :Effect of cocoa powder on liver functions of normal and
hypercholesterolemic rats

Parameters Negative Hypercholesterlemic groups
group Positive CP 2.5% CP 5%
ALT(U/L) | 44.75°+4.4 | 56.7°#2.0 | 49.67°+3.1 | 46.33°+2.1
AST (U/L) | 69.55°+1.9 | 78.97%0.5 | 77.67°°+3.05 | 72.5*+45
ALP (U/L) | 114.67°+3.8 | 126°+6.5 124*+1.0 | 116.17%+7.2

Values were expressed as means + SD. Different letters in the same
row are significantly different (P<0.05).
Table (4): Effect of cocoa powder on kidney functions of normal
and hypercholesterolemic rats

Parameters Negative Hypercholesterlemic groups
group Positive CP 2.5% CP 5%
Creatinine(mg/dl) | 0.83°+0.03 | 0.85%+0.04 0.82%+0.02 0.83%+0.03
Uric acid (mg/dl) | 3.22°+0.3 | 3.79%0.2 | 3.58®+0.4 | 3.36+0.1
Urea (mg/dl) | 34.67°+1.5 | 36.67% 1.5 | 36.0% 1.0 35°+1.0

Values were expressed as means + SD. Different letters in the same
row are significantly different (P<0.05).
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Table (5):Effect of cocoa powder on oxidative status of normal and
hypercholesterolemic rats

Parameters Negative Hypercholesterlemic groups

group Positive CP 2.5% CP 5%

MDA (nmol/dl) | 30.08°+1.9 41.82°+0.5 36.49°+1.0 | 25.49%+1.1

GTF(mg/dl) | 989.632+2.9 | 707.67°#47.5 | 891.1°+17.9 |934.5°°+39.1

CAT(unit/prot) | 29.13°+1.6 | 15.8°+0.4 | 23.7°+14 | 285%0.8

Values in the table were expressed as means + SD. Different letters in the same row
are significantly different (P<0.05).
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