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Abstract: Mulberry belongs to the Morus genus of the Moraceae family. There are 24 species of Morus, with
at least 100 known varieties. Mulberry leaves, bark and branches have long been used in Chinese medicine.
In most European countries mulberries are grown for fruit production. Mulberry are a good source of
polyphenols, especially anthocyaning and micronutrients. In epidemiological and clinical studies, these
constituents have been associated with improved cardiovascular risk profiles. Human intervention studies
using (either fresh, or as juice, or freeze-dried), or purified anthocyanin extracts have demonstrated
significant improvements in LDL oxidation, lipid peroxidation, total plasma antioxidant capacity, dyslipidemia
and glucose metabolism. Benefits were seen in healthy subjects and in those with existing metabolic risk
factors. The present study was performed to determine the natural antioxidants content of black and white
mulberry fruits (Maorus nigra and Morus alba L) in Egypt and study the effects of different levels different levels
of black and white mulberry fruits on lipid profile and oxidative stress in hypercholestrolemic rats. Forty adult
male albino rats Sprague Dawley strain with an average weight of (100+120 g) randomly divided into 8
groups (each of 5 rats), Group 1: Control negative, rats fed on basal diet, Group 2: Control positive, rats fed
on hypercholesterolemic diet composed of basal diet +2% cholesterol. Others groups (3-8), rats fed on
hypercholestrolemic diet supplemented by different levels of black or white mulberry dry fruits (2.5, 5 and
10%) for four weeks. Results observed that rats fed on hypercholestrolemic diet without supplementation
{control positive) had significant increase in malonaldhyde (MDA), nitric oxide (NO), total cholesterol,
triglycerides (T.G), low density lipoprotein (LDL) and very low density lipoprotein (VLDL) while it had
significant decrease in total antioxidant capacity (TAC) and high density lipoprotein (HDL) comparing with
rats fed on basal diet {control negative). Moreover, The group administrated with Morus nigra L. 10% had
lowest value in malonaldhyde (MDA) and nitric oxide (NO) followed by the group administrated with Morus
alba L. 10%. In addition, all hypercholestrolemic groups administrated with different levels (2.5, 5 and 10%])
of black and white mulberry fruits (Morus nigra and Morus afba L.) had significant increase in total antioxidant
capacity (TAC). The group administrated with Morus nigra L. 10% had highest value in total antioxidant
capacity (TAC) followed by the group administrated with Morus alba L. 10%. In addition, all
hypercholestrolemic groups administrated with different levels (2.5, 5 and 10%) of black and white mulberry
fruits (Morus nigra and Morus afba L.) had significant decrease in total cholesterol, triglycerides (T.G), low
density lipoprotein (LDL) and very low density lipoprotein (VLDL). and significant increase in high density
lipoprotein (HDL),comparing with rats fed on hypercholestrolemic diet (control positive). It concluded that,
consumption of black and white mulberry fruits (Morus nigra and Morus alba L) my modify the risk of
hypercholesterolemia and it have more potential as a health supplement rich in natural antioxidants.
Moreover, mulberries are emerging as a dietary source of multiple compounds and nutrients, including
anthocyanins, flavonoids, vitamins and fiber, that reduce CVD risk. While limited epidemiological data
inversely associate consumption of berries with inflammation and CVD, these conclusions need to be
strengthened in future case-control or cohort studies investigating the long-term health benefits of berries
in specific populations.
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INTRODUCTION

Raised serum lipid levels, particularly of cholesterol
along with generation of Reactive Oxygen Species
(ROS), play a key role in the development of Coronary
Artery Disease (CAD) and atherosclerosis, (Ross, 1999)
Coronary artery disease is a serious medical problem
that affects millions of people annually throughout the
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world. People who are predisposed to a combination of
risk factors (dietary habits, genetic susceptibility, etc.,)
are more prone to develop atherosclerosis and CAD.
Besides stress, sedentary habits such as use of
tobacco and alcohol are reported to have an additive
effect in contributing to the development of
atherosclerosis and CAD, {Ashakumary, 1993) Dietary
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modifications, physical exercise, abstinence from
tobacco and alcohol and changes in lifestyle have been
proposed to reduce the incidence of CAD and other
cardiac maladies by the medical fraternity all over the
world. Phytosterols and natural antioxidants have also
been shown to be effective in reducing lipid profiles and
also mitigate peroxidative modification of lipoproteins
and atherosclerosis, (lkeda, 1998). Free radicals are
atoms or molecules containing unpaired electrons. The
chain reaction caused by free radicals can lead to cross-
linking of atomic structures. In cases where the free
radical induced chain reaction involves base pair
molecules in a strand of DNA, the DNA can become
cross-linked. DNA cross-linking can in turn lead to
various effects of aging, especially cancer. Other cross
linking can occur between fat and protein molecules,
which leads to wrinkles. Free radicals can oxidize LDL
and this is a key event in the formation of plagque in
arteries, leading to heart disease and stroke. These are
examples of how the free-radical theory of aging has
been used to neatly "explain” the origin of many chronic
diseases, (Richter, 1988) Phenol compounds, as
antioxidants, may affect in various ways: direct reaction
with free radicals, scavenging of free radicals, growing
dismutation of free radicals to the compounds with
much lower reactivity, chelatation of pro-oxidant metals
{mainly iron), delaying or strengthening many enzymes.
Fresh fruit extracts are an excellent source of
polyphenolic compounds which exhibit antioxidant
activity (Ozgen et al., 2009). The mulberry belongs to the
Morus genus of the Moraceae family. There are 24
species of Morus, with at least 100 known varieties
(Orban, 2010). Mulberry leaves, bark and branches have
long been used in Chinese medicine (Zhishen, 1999).
In most European countries mulberries are grown for
fruit production, (Ercisli, 2004; Gerasopoulos, 1997).
Plants of the genus Morus are known to be a rich source
of flavonoids including quercetin 3-(-malonyl glucoside),
rutin, isoquercitin (Katsube ef af, 2006), cvanidin 3
rutinoside and cyanidin 3-glucoside (Chen et al., 2006;
Kang ef al, 2006). Different researchers investigated
certain properties of whole mulberry fruit, leaves, bark,
root and extracts of part of mulberry trees. Few species
of mulberry were evaluated for their edible fruits.
Previously, some authors (Ozgen ef af, 2009;
Gerasopoulos, 1997; Gunes, 2004; Ercisli, 2007; Ercisli,
2008). studied the quality, nutritional potentials and
chemical composition of some of the Morus species.
Lee et al (2004) and Du et al. (2008) found that
mulberries have cyanidin-based anthocyanins. In recent
studies, Naderi ef a/. (2004) found that extract of M. nigra
fruits have protective action against peroxidative damage
to biomembranes and biomolecules. Memon et af
(2010) studied antioxidant properties of various extracts
of mulberry leaves. Gecgel ef al (2011) investigated
phytochemical properties and fatty acid composition
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of black mulberry seed cil. As mulberry can grow in a
wide range of climatic, topographical and soil
conditions, this may affect the chemical composition and
nutritional status of plant. The present study was
performed to determine the natural antioxidants content
of black and white mulberry fruits in Egypt and it's
effects on lipids profile and oxidative stress in
hypercholestrolemic rats.

MATERIALS AND METHODS

Preparation of materials: Black and white mulberry
fruits (Morus nigra and Morus alba L.) were obtained
from local market Cairo, Egypt. The fruits were stored at
-20°C, dried in freezdryer until Iyophilization.
Lyophilished samples are ground into fine powder with
mortar and pestle.

Chemical determination

Extraction of phenolic compounds: The total phenolic
compounds (TP) of black and white mulberry fruits
(Morus nigra and Morus alba L.) were extracted using
methanol solvent at solvent to samples ratio of 10:1.
Extraction was carried out using a shaking incubator at
room temperature for 24 h followed by filtration through
whatman No.1 filter paper. The residue was re-extracted
in the same manner and the two filtrates were combined
(Sobhy ef al., 2009).

Estimation of total phenolics: Total phenolic content of
methanol extract was determined by the Folin-Ciocalteu
micro-method (Slinkard and Singleton, 1977). Briefly,
20 pL of extract solution were mixed with 1.16 mL
distilled water and 100 pL of Folin-Ciocalteu reagent,
followed by addition of 300 pL of Na:COs solution (20%)
after 1 min and before 8 min. Subsequently, the mixture
was incubated in a shaking incubator at 40°C for 30 min
and its absorbance was measured at 760 nm. The
phenolic content was expressed as gallic acid
equivalents using the following linear equation based on
the calibration curve:

A =0.98C+9.925x10~", R” = 0.9996

where, A is the absorbance and C is concentration as
gallic acid equivalents (pg/g).

Determination of total flavonoids: Total flavonoids
content were determined using the method of Ordon ez
et al. (2006). of sample solution. A volume of 0.5 mL of
2% AIClz in ethanol solution was added to 0.5 mL of
methanolic extract. After one hour at room temperature,
the absorbance was measured at 420 nm. A yellow
color indicated the presence of flavonoids. Extract
samples were evaluated ata final concentration of
0.1 mg/mL. Total flavonols content were calculated as
quercetin (mg/g) using the following equation based on
the calibration curve:
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y = 0.0255x, R = 0.9812

where, x was the absorbance and y was the quercetin
equivalent (pg/g).

Experimental animal design: Forty adult male albino
rats Sprague Dawley strain with an average weight of
(100£120 @) obtained from the Experimental Animal
House of Helwan, Egypt. The rats were housed in
stainless steel cages with wire mesh bottoms and
maintained in temperature and humidity control with
12 h light/dark cycle. All rats were allowed to free access
drinking of water and basal diet for seven days
adjustment to the laboratory environment. Then rats
were randomly divided into 8 groups (each of 5 rats) as
follow:

Group (1): Control negative (C-); rats fed on basal diet,
the standard casein diet was prepared
according to Reeves ef al. (1993), protein
(13%), fat (4%), salt mixture (3.5%), vitamin
mixture (1%), choline (0.2%), cellulose (5%)
and the remainder was starch

Group (2): Control  positive (C+);, rats fed on
hypercholesterolemic diet composed of
basal diet+2 % cholesterol

Group (3): Rats fed on hypercholesterclemic
Morus alba 2.5%

Group (4):Rats fed on hypercholesterclemic
Morus alba 5%

Group (5): Rats fed on hypercholesterclemic
Morus alba 10%

Group (6): Rats fed on hypercholesterclemic
Morus nigra 2.5%

Group (7): Rats fed on hypercholesterclemic
Morus nigra 5%

Group (8): Rats fed on hypercholesterolemic
Morus nigra 10%

diet+
diet+
diet+
diet+
diet+

diet+

Each diet was prepared with equal in nutritional value to
control casein diet. Food consumption was recorded
every other day and body weight was recorded weekly
throughout the feeding period which lasted for four
weeks. At the end of the experiment rats (4 weeks)
fasted overnight and Blood samples were collected from
the aortic vein into clean dry centrifuge tubes and were
stored at room temperature for 15 min, put into a
refrigerator for 2 h, then centrifuged for 10 min at 3000
rpm to separate serum. Serum was carefully aspirated
and transferred into dry clean Wasserman tubes by
using a Pasteur pipette and kept frozen at (-20°C) {ill
analysis, while organs was removed then washed in
saline and weighed after dried with filter paper.

Biological Determination: Determination of food intake,
body weight gain and feed efficiency ratio: Food Intake
(FI) was calculated every other day, The biclogical value
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of the different diets was assessed by the determination
of its effect on Body Weight Gain (BWG) and Feed
Efficiency Ratio (FER) at the end of the experimental
period using the following formulas:

BWG = Final body weight-Initial body weight
FER = BWG (g)/Food consumed (g)

Analytical methods of blood serum

Determination of total cholesterol: Serum cholesterol
was determined according to the enzymatic method
described by Allain ef al. (1974).

Determination of triglycerides: The triglycerides in
serum were colorimetrically determined according to
(Wahlefeld, 1974).

Determination of high density lipoprotein {HDL)
cholesterol: The HDL-c was determined according to
(Albers ef af., 1983).

Determination of very low density lipoprotein {VLDL)
cholesterol: The concentration of VLDL-c was estimated
according to the Fridewald’'s equation (Fridewald et af.,
1972):

VLDL-c = triglycerides/5

Determination of low density lipoprotein (LDL)
cholesterol: According to (Fridewald ef ai, 1972), low
density lipoprotein cholesterol can be calculated as
follows:

LDL-c = Total cholesterol-{HDL-c)-{VLDL-c)

Determination of malonaldhyde (MDA): Serum MDA
level, as a marker of lipid peroxidation and oxidative
stress  was measured through reaction with
thiobarbituric acid (TBA) as a TBA reactive substance
(TBARS) to produce a pink colored complex. Then, its
fluorescence intensity was measured at 547 nm with
excitation at 525 nm by a spectrofiuorimeter (Del et af,,
2003).

Determination of nitric oxide {(NO): Serum nitric oxide
was determined indirectly by the measurement of stable
decomposition product (NO,-), employing the Griess
reaction according to the modified method of Mathew et
al. (1996).

Determination of total antioxidant capacity (TAC):
Measurement of TAC in serum was performed by
colorimetric method with commercial kits (RANDOX kits)
on an automatic analyzer, USA.

Statistical analysis: The obtained data were statistically
analyzed according to (SAS, 1996).
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RESULTS AND DISCUSSION

Many reports have revealed that the physiological
function of natural foods can be attributed to the
antioxidative capacity of their phenolic components.
(Ness, 1997; Halliwell, 1999). Table 1 shows the
extraction yield of methanol solvents, total phenolic,
flavonoids content, as well radical scavenging activity
of white and black mulberry species fruits grown in
Egypt (Morus nigra and Morus alba L.). The yield of
extractable components, expressed as (wfw) (mg/g dry
materials) was ranged from 187.22+3.08 (mg/g) Morus
alba L. to 230.08x2.76 (mg/q) Morus nigra L. The
mulberry extracts were a rich source of phenclics, with
the high level of these compounds detected in dry
fruits extracts of Morus nigra (169.08+4.12mg/g) and
the low level was detected in dry fruits extracts of
Morus alba (129.14+1.38 mg/g). Also, high flavonoids
shown extracts of Morus nigra (16.67£0.185 mg/g). The
lowest flavonoids shown extracts of Morus alba
(12.8940.18 mg/g).

The results are agreement with some authors (Ozgen et
af., 2009; Ercisli, 2007, 2008; Lin, 2007) studied the
phenoclic content of Morus species. Total phenolic
content of Morus nigra L. were 17.66-34.88 in Turkey
(Ozgen, 2009), 14.22 in Turkey (Ercisli, 2007), 19.43-
22.23 in Turkey (Ercisli, 2008) and 8.80 in Pakistan
(Imran, 2010) (mg phenolic content/g fresh fruits
material), while the total phenolic content of Morus alba
L. were 1516 mg in Taiwan (Lin, 2007), 1.81 mg in
Turkey (Ercisli, 2007) and 16.50 mg in Pakistan {Imran,
2010) as (mg phenolic content/g fresh fruits material).
Dietary supplementation with fruits rich in antioxidants is
associated with inhibition of atherogenic modifications
to LDL, macrophage foam cell formation and
atherosclerosis. The present study was performed to
determine the natural antioxidants content of black and
white mulberry fruits in Egypt and it's different levels
effects on lipids profile and oxidative stress in
hypercholestrolemic rats. Feed intake, body weight gain,
feed efficiency ratio, organs to hody weight ratios, total
cholesterol, triglycerides, low density lipoprotein LDL,
high density lipoprotein HDL, very low density lipoprotein
VLDL, malonaldhyde (MDA), nitric oxide (NO) and total
antioxidant capacity (TAC).

From the data in Table 2, it could be observed that, rats
fed on hypercholestrolemic diet without supplementation
(control positive) had significant decrease in feed intake,
body weight gain ratio and feed efficiency ratio
comparing with rats fed on basal diet (control negative).
Moreover, all hypercholestrolemic rats administrated
with different levels (2.5, 5 and 10%) of black and white
mulberry fruits (Morus nigra and Morus alba L) had
significant difference values in feed consumption, while
all hypercholestrolemic groups administrated with
different levels (2.5, 5 and 10%) of black and white
mulberry fruits (Morus nigra and Morus alba L) had
significant increase in body weight gain ratic and
markedly increase in feed efficiency ratio comparing with
control positive group.

From the data in Table 3, it could be observed that, rats
fed on hypercholestrolemic diet without supplementation
(control positive) had significant increase in organs/
body weight gain ratio (liver, heart, spleen and kidney)
comparing with rats fed on basal diet {control negative).
Moreover, all hypercholestrolemic groups administrated
with different levels (2.5, 5 and 10%) of black and white
mulberry fruits (Morus nigra and Morus alba L) had
markedly decrease in liver, heart, spleen and kidney/
body weight gain ratio comparing with control positive
group.

Data in Table 4, it could he observed that rats fed on
hypercholestrolemic  diet without supplementation
(control positive) had significant increase in
malonaldhyde (MDA) and nitric oxide (NO) and
significant decrease in total antioxidant capacity (TAC)
comparing with rats fed on basal diet {control negative).
Moreover, hypercholestrolemic groups administrated
with different levels (2.5, 5 and 10%) of black mulberry
fruits (Morus nigra L.) and (5 and 10%) white mulberry

Table 1: The vyield methanol extraction, total phenoclic and
flavonoids contents of black and white mulberry fruits
(Morus nigra and Morus alba L.)

Fruits Morus nigra L. Morus alba L.
Extraction yield 230.0812.76 187.22+3.08
Total phenolic 169.08+4.12 120.14+1.38
Flavonoids 16.67+0.185 12.89+0.18

Results calculated as mg/g dry weight basis

Table 2: Effect of different levels of black and white mulberry fruits (Morus nigra and Morus alba L.) on feed intake, body weight gain

and feed efficiency ratio

Feed efficiency ratio

Body weight gain (%)

Body weight gain (g) Feed intake (g/day)

Treatments MeanSD Mean+SD Mean+SD Mean+SD
Cantral (-) 0.11£0.03¢0¢ 80.66+9.01° 36.3315.06° 14.50+1.00°
Control (+) 0.06+0.02¢ 37.00£3.00¢ 24.00£3..00° 10.69+0.99°
Morus alba 2.5% 0.14+0.03c0 45.004£7.53° 32.4514.05° 11.09+1.00=0
Morus alba 5% 0.18+0.11° 61.331£8.012 41.731+5.91°2 10.96+1.00°
Morus alba 10% 0.27+0.03° 64.5015.97¢2 47.75+4.348 9.1441.63"
Morus nigra 2.5% 0.06£0. 02 38.33+2.30¢ 20.334£3.78° 8.46+1.00¢
Morus nigra 5% 0.06+0.03"¢ 48.33£3.78°F 20.00+5.56" 9.1941.00%¢
Morus nigra 10% 0.050.02¢ 41.3343.51° 28.33+4.50° 7.70+1.00°

Values in the same column sharing the same superscript letters are not statistically significant
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Table 3: Effect of different levels of black and white mulberry fruits (Morus nigra and Morus alba L.) on organs / body weight ratio

Kidney Spleen Heart Liver

Treatments Mean+SD Mean+SD Mean+SD MeanzSD
Contral (-) 0.51+0.064>¢ 0.2240.033¢ 0.26+0.123° 1.95+0.20%°
Caontrol (+) 0.55+0.036° 0.35+0.066° 0.35+0.114° 2.55+0.14*
Morus alba 2.5% 0.5440.105°° 0.26+0.04435¢ 0.32+0.012° 2.37+0.125%F
Morus alba 5% 0.51+£0.104>¢ 0.23+0.054"°¢ 0.30+0.115° 2.31+0.110%0
Morus alba 10% 0.50+0.054° 0.32+0.036%° 0.29+0.015° 2.40+0.108%
Morus nigra 2.5% 0.58+0.041%% 0.34+0.076° 0.34+0.055° 2.14+0.214>
Morus nigra 5% 0.49+0.033° 0.36+0.110¢# 0.29+0.032¢ 1.92+0.317°
Morus nigra 10% 0.534+0.031°° 0.3120.0113°¢ 0.32+0.047° 2.10+0.215%F

Values in the same column sharing the same superscript letters are not statistically significant

Table 4: Effect of different levels of black and white mulberry fruits ( Morus nigra and Morus alba L. ) on malonaldhyde (MDA), nitric

oxide (NO) and total antioxidant capacity (TAC)

Treatments TAC (mg/dl) MeantSD NO (mg/dl) MeantSD MDA (mg/dL) MeanzSD
Control (-) 2.20+0.80° 1.37+0.63® 1.65+0.10°
Caontrol (+) 0.76+0.09° 5.61+16.48° 4.11£2.427
Morus alba 2.5% 1.331£0.03530 4.2110.8630 3114053
Morus alba 5% 1.39+0.06%° 3.4240.983%0¢ 2.3340.79°¢
Morus alba 10% 1.97+0.08° 3.24+1.09%8 217+0.71%¢
Morus nigra 2.5% 1.1840.25%*¢ 3.0141.420 3.13+0.06°
Morus nigra 5% 1.40£0.23%¢ 3.4241.22°¢ 2.6840.31%¢
Morus nigra 10% 2.20+0.01° 2.2441.48% 1.86+0.99¢

Values in the same column sharing the same superscript letters are not statistically significant

fruits (Morus alba L) had significant decrease in
malonaldhyde (MDA) and nitric oxide (NO), while
hypercholestrolemic group administrated with 2.5%
white mulberry fruits (Morus alfba L.) had non-significant
decrease in malonaldhyde (MDA) and nitric oxide (NO)
comparing with control positive group. The group
administrated with Morus nigra L. 10% had lowest value
in malonaldhyde (MDA) and nitric oxide (NQ) followed by
the group administrated with Morus alba L. 10%. In
addition, all hypercholestrolemic groups administrated
with different levels (2.5, 5 and 10%) of black and white
mulberry fruits (Morus nigra and Morus alba L.) had
significant increase in total antioxidant capacity (TAC).
The group administrated with Morus nigra L. 10% had
highest value in total antioxidant capacity (TAC) followed
by the group administrated with Morus alba L. 10%. The
results may be due to oxidative stress and inflammation
that play a pivotal role in the initiation and progression of
atherosclerosis and CVD (Libby, 2007, Real et al,
2009). Several lines of evidence indicate a role for berry
anthocyanins in significantly decreasing oxidative
damage and inflammation in cellular and animal
models of CVD. Youdim ef a/. (2000) have reported the
incorporation of elderberry anthocyanins by endothelial
cells, following a 4-h incubation at a concentration of
1 mg/mL. In addition to the cellular bicavailability,
elderberry  anthocyanins  significantly  decreased
cytotoxicity caused by chemical inducers of oxidative
stress (Youdim et al, 2000). Anthocyanins from
blackberry extract were shown to protect against
peroxynitrite-induced oxidative damage in human
umbilical vein endothelial cells (Serraino et af., 2003).
Mulberry anthocyanins have also exhibited antioxidative
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and antiatherogenic affects, by inhibiting oxidation of
LDL and formation of foamcells, respectively, in an in
vifro model of atherosclerosis (Liu ef al, 2008).
Anthocyanins from berries commonly consumed in the
United States, such as blueberries and cranberries,
have been reported to reduce TNF-a induced up
regulation of inflammatory mediators in human
microvascular endothelial cells (Youdim et a/., 2002). In
an 8-week study, DeFuria ef al have shown the
attenuation of inflammatory gene expressions in male
C57Bl/6] mice fed a high-fat diet supplemented with
blueberry powder versus the unsupplemented group.
This study also showed the protective effects of
blueberries against insulin resistance and
hyperglycemia, thus reducing the risk factors for CVD
(DeFuria et al., 2009). In a rat model of prediabetes and

hyperlipidemia, Jurgonski et al (2008) further
demonstrated decreased activities of infitestinal
mucosal disaccharidases (maltase and sucrose)

following dietary supplementation with choke berry fruit
extract for 4 weeks. These animal and in vitro data show
the potential of berries to ameliorate inflammation,
glucose and lipid abnormalities that contribute to CVD.
Nitric oxide (NO), when formed through activation of
inducible  nitric  oxide synthase (iNOS), has
proinflammatory effects, leading to increased vascular
permeability, induction of inflammatory cytokines and the
formation of peroxynitrite, a strong oxidizing agent
(Stampler, 1992). Pergola et a/. (2006) have reported
inhibitory effects of the anthocyanin fraction of
blackberry extract on NO biosynthesis in the murine
monocyte/macrophage J774 cell line stimulated with
lipopolysaccharide. The study also reported that
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Table 5: Effect of different levels of black and white mulberry fruits (Morus nigra and Morus alba L.) on total cholesterol, triglycerides
(T.G), high density lipoprotein (HDL), low density lipoprotein (LDL) and very low density lipoprotein (VLDL)

Treatments LDL (mg/dL) V LDL (mg/dL) HDL {mg/dL) T.G {mg/dL) Cholesterol (mg/dL)
MeantSD MeantSD MeantSD MeanzSD MeantSD

Cantral (-) 26.73+0.09° 23.26+0.08" 64.33£0.09° 116.33+1.26° 114.33+£5.13°

Control (+) 80.60+0.05° 31.00£0.08° 39.33:0.09° 155.00+1.73° 154.00£0.5°

Morus alba 2.5% 70.67+0.09° 27.73+0.03%* 40.66+0.05° 138.67+1.48%F 140.00£2.42°

Morus alba 5% 60.60+0.06° 26.40+0.06%¢ 49.00+0.06%¢ 132.00+0.86" 136.00£0.79°

Morus alba 10% 45.35+0.01°¢ 24.73+0.02%¢ 53.25+0.08%* 123.6541.49"¢ 123.33£2.71°¢

Morus nigra 2.5% 65.20+0.25" 25.46+0.05%¢ 46.33+0.20%¢ 127.33+0.08"¢ 137.00£2.06"

Morus nigra 5% 60.67+0.06" 24.66+0.20%" 49 .33+0.03%" 123.3341.420¢ 127.67+0.31°

Morus nigra 10% 31.93+0.01° 24.00+0.01" 58.66+0.01% 120.0041.22"" 114.60+£0.99°

Values in the same column sharing the same superscript letters are not statistically significant

blackberry anthocyanin extract inhibited inducible INOS
protein expression, thereby decreasing the inflammatory
response in macrophages and inhibiting the formation
of foam cells (Pergola et al, 2008). While increased
iINOS expression leads to the proinflammatory effects of
NO, generation of NO by endothelial nitric oxide
synthase (eNOS) plays a crucial role in maintaining
cardiovascular homeostasis by favorably modulating
blood pressure and reducing endothelial dysfunction.
Xu et al. (2004) and Lazze ef al. (2006) have reported the
up regulation of eNOS by cyanidin-3-glucoside in bovine
artery endothelial cells and increased protein levels of
eNOS by anthocyanin treatment (cyanidin and
delphinidin) in human umbilical vein endothelial cells
(Xu ef af., 2004; Lazzé et al., 2006).

Data in Table 5, it could be observed that rats fed on
hypercholestrolemic  diet without supplementation
(control positive) had significant increase in total
cholesterol, triglycerides (T.G), low density lipoprotein
(LDL) and very low density lipoprotein (VLDL). and
significant decrease in high density lipoprotein
(HDL),comparing with rats fed on basal diet (control
negative). It has been shown by other investigators that
an increase in dietary cholesterol intake in animals led
to hypercholesterclemia (Zulet et af., 1999; Kishida ef a/.,
2002; Czerwinski et al, 2004) as evidenced by
significant increases in plasma total cholesterol, LDL-
C,VLDL-C, ftriglycerides, plasma peroxides, liver
peroxides and LDL:HDL ratio, concomitant with
significant declines in plasma HDL-C and serum
paracxonase enzyme. These results are in close
agreement with a previous study carried out in animals
fed with different amounts of fats, in which the
hypercholestrolemic effect was also attributed to
saturated fatty acids occurring in coconut oil {Zulet, ef
al, 1999). The high levels of LDL-C found in
hypercholestrolemic rats, may be attributed to a down
regulation in LDL receptors by cholesterol and saturated
fatty acids included in the diet (Mustad et af., 1997).
From the same table, all hypercholestrolemic groups
administrated with different levels (2.5, 5 and 10%) of
black and white mulberry fruits (Morus nigra L. and
Morus alba L.) had significant decrease in total
cholesterol, triglycerides (T.G), low density lipoprotein
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(LDL) and very low density lipoprotein (VLDL). and
significant increase in high density lipoprotein (HDL),
comparing with rats fed on hypercholestrolemic diet
(control positive). Berry anthocyanins have also been
shown to affect lipid metabolism in cellular and animal
models of dyslipidemia. Administration of choke berry
juice for 30 days in rats fed a standard or 4%
cholesterol-containing  diet, showed the anti-
hyperlipidemic effects of choke berry juice in the
cholesterol-fed group (Valcheva-Kuzmanova ef af,
2007). Purified anthocyanins from blueberries and
strawberries added to drinking water were shown to
prevent the development of dyslipidemia and obesity in
mice fed a high-fat diet for a period of 90 days (Prior et
al, 2009). Anthocyanin treatment of human umbilical
vein endothelial cells was further demonstrated to
regulate cholesterol distribution by interfering with
the recruitment of tumor necrosis factor receptor-
associated factors (TRAF)-2 in lipid rafts, thereby
inhibiting CD40-induced proinflammatory  signaling
(Xia et af., 2007).

Conclusion: It suggested that, consumption of black and
white mulberry fruits (Morus nigra and Morus afba L))
may modify the risk of hypercholesterclemia and it has
more potential as a health supplement rich in natural
antioxidants. Moreover, mulberries are emerging as a
dietary source of multiple compounds and nutrients,
including anthocyanins, flavonoids, vitamins and fiber,
that reduce CVD risk. While limited epidemiological data
inversely associate consumption of berries with
inflammation and CVD, these conclusions need to be
strengthened in future case-control or cohort studies
investigating the long-term health benefits of berries in
specific populations.

REFERENCES

Ashakumary, A, and P.L. Vijayammal 1993. Additive
effect of alcohol and nicotine on lipid metabolism in
rats. Indian J. Exp. Biol., 31:270-4.

Allain, C.C., L.S. Poon and C.S. Chan, 1974. Enzymatic
determination of total serum cholesterol. Clin.
Chem., 20: 470-475.



Pak. J. Nutr., 12 (7): 665-672, 2013

Albers, N., V. Benderson and G. Warnick, 1983
Enzymatic determination of high density lipoprotein
cholesterol : Selected Methods. Clin. Chem., 10:91-
99.

Chen, P.N., S.C. Chu, H.L. Chiou, W.H. Kuo, C.L. Chiang
and Y.S. Hsieh, 2006. Mulberry anthocyanins,
cyaniding 3-rutinoside and cyaniding 3-glucoside,
exhibited an inhibitory effect on the migration and
invasion of a human lung cancer cell line. Cancer
Lett., 235: 248-259.

Czerwinski, J., E. Bartnikowska, H. Leotowicz, E. Lange,

M. Leontowicz, E. Katrich, S. Trakhtenberg and S.

Gorinstein, 2004. Oat (Avena sativa L.) and

amaranth (Amaranthus hypochondriacus) meals

positively affect plasma lipid profile in rats fed

cholesterol-containing diets. J. Nutr. Biochem., 15:

622-629.

Rio D., N. Pellegrini, B. Colombi, M. Bianchi, M.

Serafini, F. Torta, 2003. Rapid fluorimetric method to

detect total plasma malondialdehyde with mild

derivatization conditions. Clin. Chem., 49: 690-692.

, Q.. J. Zheng and Y. Xu, 2008. Composition of

anthocyanins in mulberry and their antioxidant
activity. J. Food Compos. Anal., 21: 390-395.

DeFuria, J., G. Bennett, K.J. Strissel, JW. Perfield 2nd,
P.E. Milbury, A.S. Greenberg, M.S. Obin, 2009.
Dietary blueberry attenuates whole-body insulin
resistance in high fatfed mice by reducing
adipocyte death and its inflammatory sequelae. J.
Nutr., 139:1510-1516.

Ercisli, S., 2004. A short review of the fruit germplasm
resources of Turkey. Gen. Res. Crops Evol., 51,
419-435.

Ercisli, S. and E. Orhan, 2007. Chemical composition of
white (Morus alba), red (Morus rubra) and black
(Morus nigra) mulberry fruits, Food Chem., 103:
1380-1384.

Ercisli, S. and E. Orhan, 2008. Some physico-chemical
characteristics of black mulberry (Morus nigra L.)
genotypes from Northeast Anatolia region of Turkey,
Sci. Hortic-Amsterdam, 116: 41-46.

Fridewald, W.T., R.l. Leve and D.S. Fredrickson, 1972.
Estimation of the concentration of low density
lipoprotein. Clin. Chem., 18: 499-502.

Gerasopoulos, D. and G. Stavroulakis, 1997. Quality
characteristics of four mulberry (Morus spp.)
cultivars in the area of Ghania Greece. J. Sci. Food
Agric., 73. 261-264.

Gunes, M.M. and C. Cekin, 2004. Some chemical and
physical properties of fruits of different mulberry
species commonly grown in Anatolia, Turkey, Asian
J. Chem., 16: 1849-1855.

Gecgel, U., S.D. Velioglu and H.M. Velioglu, 2011.
Investigating some physicochemical properties and
fatty acid composition of native black mulberry
(Morus nigra L) seed oil. J. Am. Qil Chem. Soc., 88:
1771-17786.

De

Du

671

Halliwell, B., 1999. Antioxidant defense mechanisms:
from the beginning to the end. Free Radic. Res., 31:
261-272.

lkeda, |. and M. Sugano, 1998. Inhibition of cholesterol
absorption by plant sterols for mass intervention.
Curr. Opin. Lipido., 9: 527-31.

Imran, M., H. Khan, M. Shah, R. Khan and F. Khan, 2010.
Chemical composition and antioxidant activity of
certain Morusspecies. J. Zhejiang, Univ-Sci., B.
(Biomed. Biotechnol.) 11: 973-980.

Jurgofiski, A., J. Jucekiewicz and Z. Zduficzyk 2008.
Ingestion of black chokeberry fruit extract leads to
intestinal and systemic changes in a rat model

of prediabetes and hyperlipidemia. Plant Foods
Hum. Nutr., 63: 176-182.

Kang, T.H., J.Y. Hur, HB. Kim, J.H. Ryu and S.Y. Kim,
2006. Neuroprotective effects of the cyaniding-3-O-
a-glucopyranoside isolated from mulberry fruit
against cerebral ischemia. Neurosci. Lett., 391:
168-172.

Kishida, T., H. Nogami, H. Ogawa and K. Ebihara, 2002.
The hypocholesterolemic effect of high amylase
corn starch in rats is mediated by an enlarged bile
acid pool and increased fecal bile acid excretion,
not by cecal fermented products. J. Nutr., 132: 2519-
2524,

Lee, J.Y., S.0. Moon, Y.J. Kwon, S.J. Rhee, HR. Park and
S.W. Choi, 2004. |dentification and quantification of
anthocyanins and flavonoids in mulberry (Morus sp.)
cultivars. Food Sci. Biotechnol., 13: 176-184.

Lin, J.Y. and C.Y. Tang, 2007. Determination of total
phenolic and flavonoid contents in selected fruits
and vegetables, as well as their stimulatory effects
on mouse splenocyte proliferation, Food Chem.,
101: 140-147.

Libby P., 2007. Inflammatory mechanisms: the
molecular basis of inflammation and disease. Nutr.
Rev., 85 Suppl: S140-S146.

Liu, LK., H.J. Lee, Y. W. Shih, C.C. Chyau and C.J. Wang,
2008. Mulberry anthocyanin extracts inhibit LDL
oxidation and macrophage-derived foam cell
formation induced by oxidative LDL. J. Food Sci., 73:
H113-H121.

Lazze, M.C., R. Pizzala, P. Perucca, O. Cazzalini, M.
Savio, L. Forti, V. Vannini and L. Bianchi, 20086.
Anthocyanidins decrease endothelin-1 production
and increase endocthelial nitric oxide synthase in
human endothelial cells. Mol. Nutr. Food Res.,
50:44-51.

Memon, A.A., N. Memon, D.L. Luthria, M.I. Bhanger and
AA. Pitafi, 2010. Phenclic acid profiling and
antioxidant potential of mulberry (Morus faevigata
W. Morus nigra and Morus alba L) leaves and
fruits grown in Pakistan. Pol. J. Food. Nutr. Sci., 60:
25-32.



Pak. J. Nutr., 12 (7): 665-672, 2013

Mustad, V.A., T.D. Etherton, A.D. Cooper, A.M. Mastro,
T.A. Pearson, S.8. Jonnalagadda, P.M. Kris-
Etherton, 1997. Reducing saturated fat intake is
associated with increased levels of LDL-receptors
on mononuclear cells in healthy men and women.
J. Lipid Res., 38: 459-468.

Mathew G., J. Glenda and L. Jack, 1996. Quantitation of
nitrite and nitrate in extra-cellular fluids. Met.
Enzymol., 268: 237-246.

Naderi, G.A., 5. Asgary, N. Sarraf-Zadegan, N. Oroojy
and F. Afshin-Nia, 2004. Antioxidant activity of three
extracts of Morus nigra. Phytother. Res., 18: 365-
369.

Ness, A.R. and JW. Poweles, 1997. Fruit and
vegetables and cardiovascular disease: a review,
Int. J. Epidemiol., 26: 1-13.

Orban, E. and S. Ercisli, 2010. Genetic relationships
between selected Turkish mulberry genotypes
(Morus spp.) based on RAPD markers. Gen. Mol
Res., 9: 2176-2183.

Ordon, Ez AAL., J.D. Gomez, M.A. Vattuone, M.I. Isla,
2006. Antioxidant activities of Sechium edule
(Jacq.) Swart extracts. J. Food Chem., 97: 452-458.

Ozgen, M., S. Serce and K. Kaya, 2009. Phytochemical
and antioxidant properties of anthocyanin-rich Morus
nigra and Morus rubra fruits, Sci.Hortic., 119: 275-
279.

Ozgen, M., S. Serce and C. Kaya, 2009. Phytochemical
and antioxidant properties of anthocyanin-rich Morus
nigra and Morus rubra fruits. Sci. Hortic-Amsterdam,
119: 275-279.

Pergola, C., A. Rossi, P. Dugo, S. Cuzzocrea and L.
Sautebin, 2006. Inhibition of nitric oxide
biosynthesis by anthocyanin fraction of blackberry
extract. Nitric Oxide, 15: 30-39.

Prior, R.L., X. Wu, L. Gu, T. Hager, A. Hager, S. Wilkes, L.
Howard, 2009. Purified berry anthocyanins but not
whole berries normalize lipid parameters in mice
fed an obesogenic high fat diet. Mol. Nutr. Food
Res., 53: 1406-1418.

Ross, R., 1999. Atherosclerosis. An inflammatory
disease. N. Eng. J. Med., 340: 115-128.

Richter, C., JW. Park and B.N. Ames, 1988. “Normal
oxidative damage to mitochondrial and nuclear DNA
is extensive” "PNAS".

Reeves, P.G., F.H. Nielsen and G.G. Fahmy, 1993, AIN-
93. Purified diets for laboratory rodents : Final report
of the American Institute of Nutrition adhoc wriling
committee on the reformulation of the AIN-76 A
Rodent diet. J. Nutr., 123: 1939-151.

Real, JT., S Martinez-Hervas, M.C. Tormos, E.
Domenech, F.V. Pallardo, G. Saez-Tormo, J. Redon,
R. Carmena, F.J. Chaves, J.F. Ascaso, A.B.
Garcia-Garcia, 2009. Increased oxidative stress
levels and normal antioxidant enzyme activity in
circulatihg mononuclear cells from patients of
familial hypercholesterolemia. Metabolism,  59:
293-208.

672

Scobhy, M., Mohsen and Abdalla S.M. Ammar, 2009. Total
phenolic contents and antioxidant activity of corn
tassel extracts. J. Food Chem., 112: 585-598.

Slinkard, K. and V.L. Singleton, 1977. Total phenol
analysis; automation and comparison with
manual methods. Am. J. Enolo. and Viticulture, 28:
49-55.

SAS, 1996. Statistical Analysis System, ASA User's
Guide: Statistics. SAS Institute Inc. Editors, Cary,
NC.

Serraino, |, L. Dugo, P. Dugo, L. Mondello, E. Mazzon, G.
Dugo, A.P. Caputi, S. Cuzzocrea, 2003. Protective
effects of cyanidin-3-O-glucoside from blackberry
extract against peroxynitrite-induced endothelial
dysfunction and vascular failure. Life Sci., 73: 1097-
1114,

Stampler, J.S., D. Single and J. Loscalzo, 1992.
Biochemistry of nitric oxide and its redox-activated
forms. Sci., 258:1898-1902.

Valcheva-Kuzmanova, S., K. Kuzmanov, V. Mihova, |.
Krasnaliev, P. Borisova and A Belcheva, 2007.
Antihyperlipidemic effect of Aronia melanccarpa fruit
juice in rats fed a high-cholesterol diet. Plant Foods
Hum. Nutr., 62: 19-24.

Wahlefeld, AW., 1974. Enzymatic Determination of
Triglycerides. Methods of Enzymatic Analysis. Vol. 5,
HU. Bergmeyer, Ed. Academic Press, New York, pp:
1831-1835.

Xu, JW., K. lkeda and Y. Yamori, 2004. Upregulation of
endothelial nitric oxide synthase by cyanidin-3-
glucoside, a typical anthocyanin pigment.
Hypertension, 44. 217-222.

Xia, M., W. Ling, H. Zhu, Q. Wang, J. Ma, M. Hou, Z. Tang,
L. Li and Q. Ye, 2007. Anthocyanin prevents CD40-
activated proinflammatory signaling in endothelial
cells by regulating cholesterol distribution.
Arterioscler Thromb Vasc. Biol, 27: 519-524.

Youdim, KA., A Martih and J.A. Joseph, 2000.
Incorporation of the elderberry anthocyanins by
endothelial cells increases protection against
oxidative stress. Free Radic. Biol. Med., 29: 51-60.

Youdim, KA., J. McDonald, W. Kalt and J.A. Joseph,
2002. Potential role of dietary flavonoids in
reducing microvascular endothelium vulnerability
to oxidative and inflammatory insults. J. Nutr.
Biochem., 13: 282-288.

Zhishen, J., T. Mengcheng and W. Jianming, 1999. The
determination of flavonoid contents in mulberry and
their scavenging effect on superoxide radicals. Food
Chem., 64, 555-559.

Zulet, M.A., A. Barber, H. Garcin, P. Higueret and J.A.
Martinez, 1999. Alteration in carbohydrate and lipid
metabolism induces by a diet rich in coconut oil and
cholesterol in a rat model. J. Am. College of Nutr,,
18: 36-42.



	PJN.pdf
	Page 1


