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Potential Effect of Mulberry Leaves on Obesity

in Experimental Rats

Abstract.

Obesity is an increasingly primary health concern and one of the
leading causes of declining quality of life . The study was conducted to
evaluate the effect of the mulberry leaves (ML) on obesity in
experimental rats. Sixty adult males albino rats, which were divided
into (1) groups each group (1 +) rats. Group ()): normal control, Group
(Y): positive control group , Group (¥): a healthy group fed on the basal
diet plus °7 mulberry leaves powder , Group (£): a healthy group fed
on basal diet and Y+ % mulberry leaves powder, Group (°): rats
induced obesity fed on basal diet and ©% mulberry leaves powder |,
Group (1): rats induced obesity fed on basal diet and Y+ % mulberry
leaves powder .The results showed that mulberry leaves contain
moisture , ash ,protein fat ,and total
carbohydrates¢,V¢7, Y,V 1/ VY, ¢07 Y ¢,07 V¢,0 0 andY Y, + 2 7;respectiv
ely. Moreover, mulberry leaves Y phenolic compounds ; the results
releaved a significant decreases in serum cholesterol, triglycerides,
glucose and LDL-C and an increased in serum HDL-C in rats induced
obesity and treated with ¢% and ) +7 mulberry leaves. In addition , a
significant decreased serum ALT, AST, ALP, GGT and LDH, activities
at (p<-,+9), also, there was a significant reduced serum creatinine, urea
and in uric acid levels, when compared with group(¢), So this study
recommended to use mulberry leaves in diets for it is many benefits.
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Introduction

Globally, obesity is a serious health problem due to its strong
association with increased dyslipidemia, cardiovascular disease
(including hypertension, stroke, and myocardial infarction), insulin
resistance, glucose metabolism disorders, osteoarthritis and some
cancers. This trend will have a significant impact on world health and
the economy. (Haslam and James,Y+«+«°; Despres and
Lemieux, ¥+« 1),

Obesity a part of metabolic syndrome is a major lifestyle disorder
throughout the world. The main causes of obesity are the delicious and
energetic diets rich in fat, consumption imbalances, low momentum,
fat, sugar and salt (Brown etal., Y+1¢).

Claudia et al.,(Y+ Y¢) showed that the complex pathogenesis of
obesity indicates the need of different intervention strategies to confront
this problem. Herbal supplements and diet-based therapies for weight
loss are among the most common complementary and alternative
medicine modalities. As an alternative treatment for obesity and its
complications, in the market are a variety of natural products that
includes medicinal plants, either as pure compounds or as extracts.

Edeoga et al., (v..+0) related that medicinal plants have always

been considered as a healthy source of life for all people due to their
rich therapeutic properties and being \..7 natural. The majority of

populations widely use medicinal plants to cure various diseases and
illness and have a high impaction the world's economy.

Twani and Melody (Y+Y1) reported that among the plants
circulated since passing ages is the mulberry(Morus alba L.), which
belongs to the Moraceae family. The mulberry was found in the tombs
of Hawara and was used by the Pharaohs as food and in therapeutic
recipes. Currently it is grown all over the world because of its
importance in breeding silkworms Mulberry trees are grown to take
advantage of their fruits and leaves. They are also planted in public
gardens to beautify the city and provide shade in the streets where Tree
wood is used in the manufacture of furniture and musical instruments,
and the manufacture of boats and supports for wooden houses.In
traditional chinese herbal medicine, Mulberry fruit was used to treat
diabetes, high blood pressure, arthritis, anemia, and others. Recently, it
was found that mulberry leaves are anti-inflammatory, ulcerative,
laxative, and anthelmintic. It was also found that it treats cancer and
strengthen the immune system because it contains various antioxidants.
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Correspondingly, mulberry (Morus alba L.) leaves are a
nutritional supplement that has long been widely used for health
purposes. Owing to its nutritional value in many Asian countries, it has
been widely used as a functional food, including beverages, noodles,
and herbal tea. Mulberry leaves contain numerous bioactive
compounds, such as flavonoids and phenolic acids, which are

responsible for their antioxidant activity (Wang et al., Y. A and
Zhang et al., v.y¥). Therefore, the present study amis to show the
potential effect of mulberry leaves on obesity in experimental rats.

Materials and Methods
Materials

Plant materials

One kilogram of mulberry leaves was obtained from a local supplier
(Abd EI-Rahman Harraz, Bab El-Khalk zone, Cairo, Egypt).

Methods

Preparation of Mulberry leaves

Collection of mulberry leaves, washed and dried under vacuum to
maintain active compounds and saved in glassware sealed until used.

Chemical methods

Kits were used to determine total cholesterol (T.C), triglycerides
(T.G), high-density lipoprotein cholesterol (HDL- C ), low-density
lipoprotein-cholesterol (LDL-C), alanine aminotransferases (ALT),
aspartate aminotransferases (AST), alkaline phosphatase (ALP), lactate
dehydrogenase (LDH), gamma-glutamyl transaminase (GGT), Glucose,
urea, creatinine and uric acid were obtained from Sigma Aldrich (St.
Louis, MO, USA)

Determination of the chemical composition of Mulberry
leaves

Moisture, ash, protein, crude fat and crude fiber were
determined according to the method outlined by (A.O.A.C., Y+ \+).

Carbohydrate content

The total carbohydrate content of the studied mulberry leaves
sample was calculated by difference Y++ - ( other nutrients
composition) according to the method described in (A.O.A.C., Y+ ).

¢
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Caloric value

The caloric value was calculated according to the methods of
Seleet, (Y+V+).

Determination of phenols content

HPLC analysis was carried out using an Agilent YY1+ series
and was determined using the method of (Kujalaetal., Y+ ++).

Experimental design

Sixty adult male Wistar albino rats (Rattus norvegicus)
weighting (Ye++YV+g) were obtained from Animal Colony, National
Research Centre, Cairo, Egypt. The animals were housed in suitable
plastic cages for one week for acclimation before the experimental
study. Excess tap water and standard rodent food pellets [Y +,Y7 protein
(Y+7 casein and +,Y7 DL-Methionine), ©7 fat (corn oil), °’ fibers, ¥,V
salt mixture and 7 vitamin mixture; obtained from Meladco company
for animals and rodents food pellets, EI-Obour City, Cairo, Egypt] were
always available, they received human care in compliance with the
standard institution’s criteria for the care and use of experimental rats
according to ethical committee of Faculty of Science, Al-Azhar
University, Assuit, Egypt; however, this study was approved by the
same ethical committee(AZHAR YY\Y:YY), After the rats were
acclimatized to experimental room conditions, they were divided
randomly into six groups () + rats each). Depending on the duration of
treatment, the rats were randomly divided into the following groups:

Group (V): Rats was fed on a standard diet as a negative control group.

Group (Y): Comprise of healthy rats that were subjected to feed on
mulberry leaves © % for six weeks.

Group (¥): Comprise of healthy rats was subjected to feed on
mulberry leaves )+ %.

Group (¢): Comprise of high-fat diet as a positive control group.

Groups (°): Comprise of a high-fat diet by oral administration and
mulberry leaves © %.

Groups (1): Comprise of a high-fat diet by oral administration and
mulberry leaves \ + %.

Blood sampling

At the end of the study period, rats fasted overnight, and
following diethyl ether anesthesia, about +,® ml of blood sample was

o
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collected into heparinized vacutainer tube immediately for the
hematological investigations; while non-heparinized blood specimens
(¥-V ml) from each rat) were drawn from the retro-orbital plexus using
sterile glass capillary (single draw vacutainer needle) into open
vacutainer collecting tubes. The non-heparinized blood specimens were
left for Y+ minutes to clot, then centrifuged at ¥+++ rpm for V.
minutes using a cooling centrifuge (IEC centra-¢R, International
Equipment Co., USA). The sera were separated, divided into aliquots
and stored at -A+°C until biochemical measurements could be carried
out as soon as possible.

Biochemical determinations
Lipids profile

Serum, total cholesterol (T.C), triglycerides (T.G), high-density
lipoprotein—cholesterol (HDL-c) and low-density lipoprotein—
cholesterol (LDL-c) were determined according to (Cole et al., Y44YV;
Artiss and Zak, Y44V; Lopes-Virella et al., Y4VYY and Wieland and
Seidel, Y4AY); respectively.

Serum glucose

Serum Glucose level was determined according to the CHOP-
PAP method by the photometric system described by Young (Y++))

Liver functions

Serum aspartate amino transferees (AST) , alanine amino transferees
(ALT), alkaline phosphatase (ALP), gamma-glutamyl transaminase
(GGT) and lactate dehydrogenase (LDH) were determined according to
(Schumann and Klauke, Y+ +Y; Moss and Henderson, Y444 IFCC,
VAAY: Trinder, Y474 and Tietz et al., Y3AY) ; respectively.

Kidney functions

Serum creatinine activity was determined according to the
kinetic method described by Young (Y« V).

Serum urea activity was determined according to the enzymatic
colormetric method described by Young (Y« V).

Statistical analysis

The obtained data were statistically analyzed by SPSS computer
software and expressed as mean +SD. Effects of different treatments
1




B2l Ryggsll dygayl (angin— augin) slgadlaa

were analyzed in one way (ANOVA) followed by Duncan’s multiple
range tests . Differences were considered significant at P<:«,.®
according to Snedecor and Cochran () 4A%),

Results and discussion

Gross chemical composition and caloric values of
Mulberry leaves on a dry weight basis

The data in Table (V): revealed that moisture, ash, protein, crude fat,
crude fiber, and total carbohydrates in mulberry leaves were £,1¢7,
YA,V VY60 Ve,0/ Ve,07 and YY, 97 while, caloric value was
Y+A1 K.Cal./Y+ +g. These results agree with Ewa et al., (Y+1Y) they
reported that moisture, protein, and ash were ©,€+£+,+V VY,Vot), VY
and YY,V+++,)Y respectively, While these results disagree with Butt el
al., (Y++A) & Monika and Ewa, (Y+ 1) they obtained that proximate
analysis in mulberry leaves was ©,Y\7 protein,¢,Y7; ash V),Y7Z A,e7
and fat Y,+% 9% ,)),VZ respectively. Variations in moisture contents,
ash, protein, crude fiber, crude fat and carbohydrate due to several
factors can these compositions such as climate, growing, postharvest
management and processing conditions.

Table (Y): Gross chemical composition and caloric values of
Mulberry leaves on dry weight basis (mg/ Y+ Q)

Total Caloric
Samole Moisture Ash Protein | Crude Crude Carbohvdrates Value
P % % % Fat% | Fiber % O/z (K.call
AR
£,64Y, | YV, VLY | VYot | Ve,e V§,0%04Y, FaoA

Mulberry + + + + + ¥y, 441040
leaves Y o4 K 1,y Yo +YeV,A

-Mean of three replicates
Phenolic constituents of Mulberry leaves

As shown in Table (Y): 'Y phenolic compounds were identified in
Mulberry leaves using High-Performance Liquid Chromatography
(HPLC) analysis. The compounds phonlic identified mulberry leaves
were found to include high contents of chlorogenic acid, gallic acid, and
rutin. while, the lowest values were in coumaric acid , methyl gallate ,
cinnamic acid, and Coffeic acid . These results disagree with Lingyu et
al., (Y+Y¥Y) who found that ° identified compounds were in ML by
HPLC, rutin, hyperoside, astragalin, luteolin, and glucoside. In this
respect Hao et al., (Y+Y)) and Huang et al., (Y+YY) found these
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compounds have been identified in Mulberry leaves and the flavonoids
were major components in ML.

Table (¥): Phenolic constituents of the Mulberry leaves (ML)

Parameters (Mg/ml)
Gallic acid 1rEAT
Chlorogenic acid Yy
Catechin N.D
Methyl gallate Y, 0
Coffeic acid Aty
Syringic acid Yeo,vy
Rutin YV, 6
Ellagic acid N.D
Coumaric acid A
Vanillin N.D
Ferulic acid YY,A4Q
Naringenin Yo VA
Rosmarinic acid an,ve
Daidzein N.D
Querectin Y o,AS
Cinnamic acid T,y

-N.D. Not detected
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Fig. (V): HPLC analysis of phenolic constituents Mulberry leaves .
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Effect of Mulberry leaves on the lipids profile of rats

The obtained results in Table (¥) revealed that the obesity rats showed
a significant at (p<-. - 9) increased in cholesterol, triglycerides, glucose
and LDL-C matched with significant decreased HDL-C in group (%)
when compared with normal control group (V) ; however the treatment
of mulberry leaves (ML) for six weeks induced non-significant changes
in serum cholesterol, triglycerides, HDL-C and LDL-C levels.
Moreover, the obesity rats treated with ML showed at (p<-,<°)
significant decreases in serum cholesterol, triglycerides, glucose and
LDL-C matched with significant decreases in serum HDL-C and insulin
in group (°<1) when compared to group (¢).. These results agree with
(Khaled and Mohamed , Y« 14) they found that the obese rats treated
with ML showed significant at (p<-+.+°) decreases in serum
cholesterol, triglycerides, and LDL-C matched with a significant
increase in serum HDL-C when compared to obesity group. These
results agree with yinzhao et al ., (Y+Y+) they founded that serum
levels of glucose, TG, T.C and HDL were significantly increased in the
high fatty diet (HFD) group compared to the control group at (p <
«»+N. Flavonoids from Mulberry leaves(FML) administration
decreased serum levels of TG at (p < »+9) and HDL. Alkhudhayri et
al., (Y+Y)) stated that ML contains several bioactive compounds, such
as rutin, chlorogenic acid, and gallic acid, which have been shown to
have antiobesity, antihyperglycemic, and anti-inflammatory effects This
can explain the reduction TC, TG, and LDL levels in HFD-fed rats
treated with ML.
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Table (¥): Effect of Mulberry leaves (ML) on the lipids profile and
glucose in experimental rats.

The same column means that different superscript letters are
significantly different at(p<-. )

arameters
TC T.G HDL-c LDL-c VLDL-c glucose
(mg/dl) | (mg/dl) (mg/dI) (mg/dI) (mg/dl) (mg/dI)
Groups
Group ()
VEVES,Y | YeANEYY [ fi M No,04N, Y | WV VEVY | Ve eare
Control (-)
Group (Y)

. VF4,04Y,4 | VeA Y0, Y | erea 0 | NT,FEY,A | Y4NE) 0T | VY,aze,.
ML (¢7) + + + + + +
Group (%)

) VEALVEYY | OVEART N E | R, V0RY, 0V | VLR | YN Y | Ve Y
ML (1) + + + + + +
Group (¢)

ity  [fet Iy,
Obesity R CT R T P T LA R PR TR PR IR IOt R PR PR

Control (+)

Group (¢)

Obesity + ML WV,'L;M,Y‘ VYOYEA 68 | EYE 68 | TAMEN T | YO MY YE A fde, \VE
(%)

Group (1)

Obesity + ML [NYY, &Y, Y4 VYY,Yae, 84 [ S, 60 | £0,N0AM | YEIE), VM | VAN, N4

(07)

Symbol (*) is significantly different from control group; symbol (#) is
significantly different from obesity group at p< +,+° level

- (T.C) Total cholesterol

-(T.G) Triglycerides

- (HDL-c) High-density lipoprotein—cholesterol

-(LDL-c) Low-density lipoprotein—cholesterol

-(VLDL- c) Very Low density lipoprotein—cholesterol

Liver Functions

The obtained results in Table (£) revealed that the obesity rats showed
a significant  at (p<-,-9) increased in ALT, AST, ALP, GGT and
LDH activities in group (¢) when compared with the normal control
group () ; however, the treatment of ML for six weeks induced non-

AR
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significant changes in serum ALT, AST, ALP and GGT activities
respectively .Moreover, the obesity rats treated with ML showed
significant at (p<+.+°) and decreased in serum ALT, AST, ALP, GGT,
and LDH activities in group (°,%) when compared to group (). In
general, this finding pointed to that, treatment of obesity rats with ML
induced a marked amelioration serum ALT, AST, ALP, GGT and LDH
activities. These results agree with Khaled and samar , (Y+Y+) they
found that Levels of asparta amino transferees (AST) and alanine amino
transferees (ALT) in control (-) showed a highly significant decrease
(p<+,+") as compared with control (+) group.The consumption of
mulberry leaves Y, %, mulberry fruits °<vV,® % and drug showed a
significant decrease as(p<+.++ ') compared with the control (+) group,
while consumption of mulberry leaves Y., © % and mulberry fruits Y,°

% showed a significant decrease (p<--+°) as compared with of control
(+) group. Hussein et al., (Y++) studied the liver protective effect of
mulberry and calendula officinal extracts against hepatotoxicity induced
by CCL ¢-induced toxicity in isolated rat hepatocytes mulberry reduced
the levels of alanine aminotransferase (ALT) , (AST) and LDH and
maintained the integrity of isolated hepatocytes.

Ann et al., (Y+Y¢) reported that mulberry leaves (ML) have beneficial
effects on obesity-related fatty liver disease by regulating hepatic lipid
metabolism, fibrosis, and antioxidant defense system. MLE
supplementation might be a potential therapeutic approach for obesity-
related diseases including non-alcoholic fatty liver disease.
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Table (¢): Effect of Mulberry leaves of serum ALT, AST,
ALP, GGT, and LDH (U\L) activities in experimental rats

ALT AST ALP GGT LDH
(UIL) (UIL) (UIL) (UL) (UL)
Group (") | oy vavve | yazven | Yroeme,oh | Aveseéd (ALAFSEE
Control (-)
Group (") L2 TR I LY PR IRET TR R WO B R WK VS IR TR TR R 1
ML (°7) oF, Y4, £, AFATH LI Vit
Group (¥)
ML () ov,exe,0 | W ALVEY | Y¥Y 04V, V \EETR YOV ALY o
Group (¢)
Obesity AFEON%  IYVE ALV, WH | FRVEYY Ax | AT ALY, V% | YEAY ey ek
Control (+)
Group (¢) R
Obesity + ML | ¥V,62",A# | V14,647, 14 | Yedxvo,v4 ' IAARFLESRY:S
(°%)
Group (V)
Obesity + ML| YA, &6, ¥84 | 11Y,020,08 | ¥ovya vy VY, Ve TRV AR
(%)

The same column, means with different superscript letters are
significantly different at(p<-. + )

Symbol (*) is significantly different from control group; symbol (#) is
significantly different from obesity group at p< *,+° level

-Alanine amino transferees (ALT)
-Aspartate amino transferees(AST)
-Alkaline phosphatase (ALP),
-Gamma glutamyl transaminase (GGT)
-Lactate dehydrogenase(LDH)
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Kidney functions

The obtained results in Table (°) revealed that group (¢) showed a
significant difference increased at (p<-+.+°) group (£) in creatinine,
urea and uric acid when in group (¢) compared with group (1) normal
control; however group())the treatment of ML for six weeks induced
non-significant changes in serum creatinine, urea, and uric acid;
respectively. Moreover, the obese rats treated with ML showed
significant at (p<-.+°) and decreased serum creatinine, blood urea and
uric acid levels in group (°<1) when compared with group (¢) . In
general, this finding pointed to the treatment of obese rats with the ML
induced a marked amelioration of serum creatinine, urea and uric acid
levels. These results agree with Olfat et al., (Y+YY) they found that
diabetic groups treated with ML (Y7 and ¢7) had decreased kidney
functions (urea, uric acid, and creatinine) compared to diabetic groups.

Table (°): Effect of Mulberry leaves on serum urea , Creatinine, and
uric acid

meters Urea Creatinine Uric acid

Grou (mgydI) (mg/dl) (mg/dl)
Group (Y)Control (-) EA LYY VL0 YAVEGNA
Group (Y)ML (¢7) £V,%41,Y VYV Y,V 0V
Group ("ML (V+7) ANFIRE AT YA E 08
Group (*) Obesity VY AL V> VY, VA S TTIY

Control (+)

Group (°) Obesity + ML (87] ¥V, &Y, Y4 OVEY, i LAETIRE:
Gm“p(ﬂ)(\op/gsnw MLy cony o NP R AERRTY

The same column, means with different superscript letters are
significantly different at(p<-. < 9)

Symbol (*) is significantly different from control group; symbol (#) is
significantly different from obesity group at p< +,+° level
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Conclusion

In conclusion, we found that Mulberry leaves induced a marked
amelioration in serum ALAT, ASAT, ALP, GGT, and LDH activities,
induced a marked amelioration in serum cholesterol, triglycerides,
HDL-C, LDL-C and glucose levels and induced a marked amelioration
serum creatinine, urea and uric acid levels . So this study recommended
to use mulberry leaves in diets for it is many benefits.

\o
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