OPEN ACCESS

International Journal of Dairy Science
ISSN 1811-9743
DOI: 10.3923/ijds.2020.10.21

Research Article
Hepatoprotective Effect of Casein Glycomacropeptide as
Compared to Pterostilbene and Curcumin
1

Mohamed M.E. Metwally, 1Alaa Abdel-Fattah, 2,3Hossam S. El-Beltagi and 1Mostafa A. Ameen

1

Department of Dairy Science, Faculty of Agriculture, Cairo University, 12613 Giza, Egypt
Department of Agricultural Biotechnology, College of Agriculture and Food Sciences, King Faisal University, P.O. Box 420, 31982 Al-Ahsa,
Saudi Arabia
3
Department of Biochemistry, Faculty of Agriculture, Cairo University, Giza, Egypt
2

Abstract
Background and Objective: Liver injury becomes a health threatening problem which needs the search for safe and effective natural liver
protection agents. The purpose of this study was to evaluate the hepatoprotective effect of casein glycomacropeptide (CGMP) which
contains branched amino acids against oxidative stress induced in liver damage by CCl4. This was compared with two known polyphenols
namely pterostilbene and curcumin. Materials and Methods: Two experiments were carried out. In the first, feeding the additives with
different concentrations coincided with CCl4 injection for 5 weeks. In the second, rats were injected with CCl4 for 5 weeks to develop
liver fibrosis before starting feeding CGMP and then both feeding CGMP and CCl4 injection were continued for another 5 weeks.
Results: Feeding CGMP (100 mg kgG1) and pterostilbene (40 mg kgG1) significantly improved liver functions. In the second trial, CGMP
(150 mg kgG1) significantly improved the functions of fibrotic liver and greatly increased the antioxidant enzymes catalase (CAT),
superoxide dismutase (SOD) and glutathione peroxidase (GPx) than the polyphenols ingredients. CGMP also restored the kidney normal
functions after CCl4 treatment. Conclusion: CGMP which is a fraction of milk casein alleviated the rat's oxidative stress caused by CCl4
injection in both experiments. CGMP greatly increased the antioxidant enzymes compared with the two polyphenols and proved to be
a hepatoprotective product at 100-150 mg kgG1 that can be used to alleviate liver injury at any stage.
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formed of five saccharides. Most important functional group

INTRODUCTION

is sialic acid (N-acetyl neuraminic acid) which constitutes 4.7%
Oxidative stress, which is caused by number of risk factors

of CGMP. This bioactive peptide has a wide range of

such as viruses, drugs and alcohol, causes chronic diseases

biofunctional and health promotion aspects as reviewed by

such as atherosclerosis, types of cancers, diabetes 2,

Córdova-Dávalos et al.11. It helps in immune system

cardiovascular diseases and strokes and contributes to

maturation in infants, modulates the defense system in vivo,

initiation and progression of liver injury . Dietary antioxidants

inhibits virus and bacterial adhesion to cells, inhibits

such as polyphenols are used for combating oxidative stress

gastrointestinal secretion, promotes the growth of beneficial

through removal of free radicals, scavenging reactive oxygen

bacteria (e.g., Bifidobacteria), inhibits cholera and E. coli

species (ROS) and metal ions catalyzing oxidation and

enterotoxin cell binding12. CGMP prevents colorectal cancer in

regulating CYP 450 enzyme1. They are considered a safe

rats, protects the weaning piglets against E. coli infection

treatment compared to drugs which have problems of

causing diarrhea and enhances calcium absorption causing

efficacy, safety and price. Plant polyphenols are divided into

the increase of calcium content of femur in low calcium

1

two major classes, namely flavonoids and non-flavonoids . The

diet13,14. CGMP has hypoallergenic effect and since it is low in

non-flavonoids are formed of aromatic ring with one or more

methionine and high in branched valine and isoleucine amino

of hydroxyl groups (-OH), curcumin and pterostilbene are

acids make it a candidate to be used for control of liver

members of this class. Curcumin (diferuloylmethane (is a

diseases15. Hydrolyzed CGMP with papain enzyme showed

hydrophobic polyphenol naturally present in turmeric which

hepatoprotective effects

2

in vitro

by protecting human

is a rhizome from the herb Curcuma longa and is usually

hepatic carcinoma (HepG2) cells from oxidative stress initiated

used as a spice, giving flavor and natural coloring to food.

by H2O2. The effect was done by activating Nrf2 and heme

Pterostilbene (trans-3,5-dimethoxy-4-hydroxystilbene) is a

oxygenase-1 (HO-1) expression in the cells16.

phytoalexin found in grapes, blueberries and peanuts. It

Though the known beneficial effect of polyphenols in

present in Vitis vinifera and Pterocarpus santalinm leaves

treating liver fibrosis, they have number of limitations which

and also in extract of the heartwood of Pterocarpus

limit their therapeutic application. They have poor solubility

marsupium. Both compounds were used in number of

and bioavailability and they oxidize fast which limits their

researches to combat rats liver fibrosis which was developed

effect17,18. Their concentration determines their reaction, so

by number of methods. Curcumin was used to treat liver

they

fibrosis developed by Dioxin, CCl4, dimethylnitrosamine (DMN)

pro-oxidants at high concentration because of its fast

or by bile duct ligation3-6. Pterostilbene was also experimented

oxidation19. Therefore, this study was carried out to determine

to overcome rats liver fibrosis developed by DMN,

the hepatoprotective effect of CGMP against oxidative stress

acetaminophen and by CCl47-9.

in rat's liver developed by CCl4 injection and be compared with

act as antioxidants at low concentration and as

the effect of the two polyphenols, pterostilbene and curcumin.

Milk proteins are rich source of bioactive peptides (BAPs).
Many BAPs resist degradation by intestinal proteases in the

MATERIALS AND METHODS

intestinal membrane, survive gastrointestinal and plasmic
degradation reaching human blood circulation and to reach
their target organ intact. Milk peptides have been identified

Chemicals: Lacprodan® CGMP-20 product containing 95%

in gastrointestinal tract (GIT) and human blood as they

CGMP with above 78% protein concentration, was a gift from

emerged intact in the human circulation to reach the

Arla Foods Ingredients Group P/S Company (Sønderhøj,

required organ10. Casein glycomacropeptide (CGMP) has a

Denmark). Pterostilbene (pTeroPure®) is a product containing

unique structure since it is rich in branched amino acids and

99% of pure pterostilbene and was obtained from Source

poor in aromatic amino acids which makes it very proper to

Naturals®,

treat liver aliment.

curcumin was purchased from local market. Chemical kits

CGMP constitutes 20-25% of milk whey proteins. CGMP is

Inc.

(Santa Cruz, California). A commercial

were purchased from The Egyptian Company for
Biotechnology (SAE), which were imported from MDSS
GmbH-Schiffgraben 41 30175 Hannover, Germany. Carbon
tetrachloride was obtained from Merck Company (Darmstadt,
Germany) with 99.8% purity. All laboratory chemicals used
were of analytical grade.

a heterogenous peptide formed of 64 amino acids, high in
branched amino acids valine and isoleucine, low in
methionine and free from aromatic acids. The peptide
contains phosphorylation and glycosylation sites. About
50-60% of CGMP composition is carbohydrate moieties
11
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15 min, then the clear serum was stored at -20EC until analysis.
The animals were sacrificed by cervical dislocation after
collection of blood. The liver, kidney and spleen were
dissected out, rinsed with distilled water, blotted dry on a filter
paper, weighed and stored at -20EC for histological
examination.

Determination of curcumin purity: Purity of curcumin sample
was determined by HPLC according to Wichitnithad et al. at
Food Safety and Quality Control lab (FSQC), Faculty of
Agriculture, Cairo University, Egypt. The eluent was monitored
with a fluorescence detector with excitation at 374 nm.
20

Animal treatments: The study was carried out in January and
Biochemical analysis in the serum: Concentration of serum

February during 2019 at Experimental Surgery and Biological
Center, Faculty of Medicine, Cairo University, Egypt. Eighty
eight male adult Wistar albino rats weighing 200-210 g were
used. Animals had free excess to the rodent chow diet which
consisted of 23% protein, 3.73% fat and 3.58% fibers and
water. The followed experimental protocol was approved by
Cairo University Ethics Committee for the Care and Use of
Experimental Animals in Education and Scientific Research
(Protocol number: CU-II-F-106-18). Animals were maintained
at 25±2EC and 50-60% relative humidity under a 12 h
light-dark cycle. All rats were adapted for 3 days before the
beginning of the experiments.

enzymes of alanine transaminase (ALT) was determined
according to Van der Sluijs Veer and Soons21, aspartate
transaminase (AST) was according to Young22 and alkaline
phosphatase (ALP) was according to Belfield and Goldberg23.
Total, direct and indirect bilirubin were determined according
to Walters and Gerarde24. Creatinine, urea and uric acid
were colorimetrically determined in the serum25,26. Lactate
dehydrogenase (LDH) activity was determined using the
kinetic ultraviolet method of Van der Heiden et al.27.
Preparation of liver homogenate: Before dissection, the liver
tissue was rinsed with a phosphate buffered saline (PBS)
solution at pH 7.4 containing 0.16 mg mLG1 heparin. One gram
of the tissue was homogenized in 10 mL cold buffer (50 mM
potassium phosphate, pH 7.5) using ART-MICCRA D-8
homogenizer, Germany. The homogenate was then
centrifuged at 8210 rpm for 4 min at 5EC by Sigma laboratory
centrifuges, Germany. The content of malondialdehyde (MDA)
in the liver homogenate was measured at 534 nm using
UV2300 spectrophotometer (Techcomp, Shanghai, China)
according to the method of Ohkawa et al.28. The activity of
glutathione peroxidase (GPx) was measured according to the
method of Paglia and Valentine29, superoxide dismutase (SOD)
was according to the method of Nishikimi et al.30 and
catalase was according to the method of Aebi31. Other rat's
organs, after rinsing were weighed.

Experimental design: The study was carried out in two
experiments9:
C

C

The first experiment was carried out by simultaneously
injecting rats with CCl4 and feeding the tested product
for 5 weeks. First experiment included 56 rats divided
into 7 groups (8 rats per group). The tested products
were curcumin (100 mg kgG1 b.wt.), pterostilbene (15 and
40 mg kgG1 b.wt.) and CGMP (50 and 100 mg kgG1 of rat's
body)
The second experiment was carried out by first
developing liver fibrosis in the experimental rats (32 rats
divided into 4 groups, 8 rats/group) by their injection
with CCl4 for 5 weeks before starting feeding then the
rats were fed on150 mg kgG1 b.wt., of CGMP with the
continuation of CCl4 injection for another 5 weeks.
This was compared with feeding rats with 150 mg kgG1
of CGMP coincided with CCl4 injection. Each experiment
included 8 rats/group

Histopathological examination: Liver samples were fixed in
10% buffered neutral formaldehyde solution and embedded
in paraffin wax for histological examination. Sections of
5-6 µm in thickness were stained with hematoxylin and eosin
stain8 and examined with a light electric microscope with a
magnification power of 400 X.
Hepatosomatic index was calculated according to the
following equation32:

The injected CCl4 was a mixture of CCl4 and olive oil at a
ratio of 1:4. The rats were intraperitoneally injected twice a
week with CCl4 mix at a dose rate of 1 mL kgG1 b.wt. The tested
ingredients were given daily to rats by oral gavage with the
specific concentration. Results were compared with a negative
control and with CCl4 injected rats.
At the end of the experiment, rats were fasted overnight.
Blood samples were collected from the retro-orbital venous
plexus puncture into eppendorf tubes. Serum was separated
from the clotted samples by centrifugation at 3000 rpm for

Hepatosomatic index (HSI) =

Statistical

analysis:

A

Liver weight (g)
 100
Body weight (g)

randomized

complete

block

design with one factor was used for analysis all data with
3 replications for each parameter. The results were expressed
12
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as mean±standard deviation and the treatments means were
compared by least significant difference (LSD) test using
Assist at program33,34.

values and elevated indirect and total bilirubin by 1.65 and
1.94 factors, respectively. On the other hand, CCl4 reduced the
antioxidant enzymes GPx, CAT and SOD by 0.38, 0.45 and
0.21 factors. CCl4 increased LDH and MDA by a ratio of 1.9 and
9.24, respectively. Feeding additives overcame the adverse
effects of CCl4, particularly pterostilbene (40 mg) and CGMP
(100 mg) which resulted in values better than the other
additives which showed moderate improvements.
Table 2 shows the effect of ingredients feeding of rats
with fibrosed liver. Feeding CGMP (150 mg) by both methods
of feeding greatly overcame the adverse effect of CCl4
injection. Both reduced liver enzymes, LDH and MDA and
increased the antioxidant enzymes GPx, CAT and SOD.
Table 3 presents the effect of CCl4 on kidney activity and
the improvement obtained by additives feeding. CCl4 caused

RESULTS
Purity of curcumin sample: The chromatogram of curcumin
contained 3 peaks (Fig. 1) which agrees with literature
which points out that turmeric sample constitutes of
3 components.
Effect of curcumin, pterostilbene and CGMP on liver and
kidney of CCl4-treated rats: Table 1 presents the effect of
CCl4 on liver parameters. CCl4 increased serum enzymes
ALT, AST and ALP by 4.45, 5.13 and 2.57 times the control

10.847-curcumin

Table 1: Effect of feeding curcumin, pterostilbene and CGMP on liver functions of rats injected with CCl 4
Experimental groups
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Curcumin
Pterostilbene
Pterostilbene
CGMP
CGMP
Parameters
Control
CCl4
(100 mg)
(15 mg)
(40 mg)
(50 mg)
(100 mg)
ALT (U LG1)
16.67±3.06e
74.15±5.18a
44.28±1.74bc
40.08±1.83c
29.10±3.16d
48.13±1.26b
28.83±2.40d
AST (U LG1)
11.67±1.53e
59.90±7.06a
33.30±1.62b
25.55±2.39c
14.33±2.52de
24.65±1.04c
17.78±1.33d
ALP (U LG1)
126.53±5.39e
325.25±12.11a
207.58±7.12b
193.20±2.95c
156.97±5.85d
186.70±4.47c
146.97±2.36d
Indirect bilirubin (mg dLG1)
0.40±0.10b
0.66±0.09a
0.32±0.02bc
0.40±0.02b
0.34±0.04bc
0.39±0.05b
0.29±0.02c
Total bilirubin (mg dLG1)
0.94±0.08cd
1.82±0.10a
1.06±0.01b
0.99±0.04bc
0.89±0.06d
1.06±0.07b
0.96±0.02cd
GPx (U mgG1 protein)
56.80±1.40a
21.65±2.05d
44.55±2.65b
33.65±4.55c
49.93±5.69b
46.95±2.35b
47.50±2.10b
CAT (U mgG1 protein)
123.45±1.85a
55.75±7.35d
101.90±7.40b
104.75±4.65b
107.63±8.18b
86.10±1.40c
99.90±6.10b
SOD (U mgG1 protein)
3.40±0.31a
0.72±0.19d
1.34±0.36cd
1.70±0.20c
2.37±0.55b
1.58±0.52c
2.40±0.10b
LDH (U mgG1 protein)
182.95±31.35b
349.95±62.75a
200.00±5.80b
198.90±15.80b
151.40±14.73b
180.45±11.95b
180.95±20.25b
MDA (nmol gG1 tissue)
1.18±0.22c
10.90±3.70a
3.45±0.65bc
5.77±1.27b
2.66±1.18c
3.41±0.61bc
2.95±0.65c
Means with different superscripts in the same row are significantly different at p<0.05
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Fig. 1: Chromatogram of curcumin sample
13

12

14

16

18

Int. J. Dairy Sci., 15 (1): 10-21, 2020
Table 2: Effect of feeding CGMP on liver functions of rats injected with CCl4 either for 5 weeks before feeding the glycopeptide or both coincided together
Experimental groups
------------------------------------------------------------------------------------------------------------------------------------------------------------Parameters
Control
CCl4
CGMP (150 mg)
CCl4+CGMP (150 mg)*
ALT (U LG1)
18.00±2.00b
101.00±4.00a
25.70±10.88b
25.47±4.21b
AST (U LG1)
12.00±2.00b
53.00±8.00a
18.00±7.00b
20.63±5.03b
ALP (U LG1)
124.73±3.52c
303.00±18.00a
169.33±2.90b
157.83±8.62b
Indirect bilirubin (mg dLG1)
0.29±0.02c
0.56±0.07a
0.37±0.05b
0.43±0.04b
Total bilirubin (mg dLG1)
0.97±0.05b
1.55±0.15a
0.96±0.06b
0.97±0.06b
GPx (U mgG1 protein)
66.40±1.20a
15.00±1.80c
50.10±2.50b
48.13±3.91b
CAT (U mgG1 protein)
117.85±1.45a
45.80±3.70b
113.43±8.10a
106.57±11.62a
SOD (U mgG1 protein)
3.15±0.25a
0.31±0.03c
2.54±0.46ab
2.17±0.31b
LDH (U mgG1 protein)
124.25±3.05b
328.50±13.30a
147.50±21.38b
150.50±15.46b
MDA (nmol gG1 tissue)
0.87±0.14c
9.81±1.47a
1.98±1.29bc
3.36±1.02b
Means with different superscripts in the same row are significantly different at p<0.05, *Rats were injected with CCl4 for 5 weeks before feeding the glycopeptide then
both injection and feeding continued for another 5 weeks
Table 3: Effect of feeding curcumin, pterostilbene and CGMP on kidney
functions of rats injected with CCl4
Parameters (mg dLG1)
-------------------------------------------------------------------Groups
Creatinine
Uric acid
Urea
CCl4 injection coincided with feeding
Control
CCl4
Curcumin (100 mg)
Pterostilbene (15 mg)
Pterostilbene (40 mg)
CGMP (50 mg)
CGMP (100 mg)
Fibrotic rats

0.20±0.08c
0.75±0.11a
0.31±0.04bc
0.39±0.03b
0.39±0.12b
0.31±0.04bc
0.28±0.05bc

6.30±0.60b
7.84±0.68a
6.29±0.16b
6.34±0.22b
6.10±0.20b
6.14±0.06b
6.17±0.12b

reducing the concentration of uric acid and urea to be close to
the normal concentrations. Once again, pterostilbene (40 mg)
and CGMP (100 mg) were the most effective. CGMP (150 mg)
showed the improved effect in both methods of feeding.
Table 4 shows the body organs weight of treated rats. Injected
CCl4 increased body organs weight. Pterostilbene (40 mg) and
CGMP (100 and 150 mg) once again recovered almost the
normal weight of body organs and the HSI (%).

34.00±9.00e
84.33±2.52a
59.00±4.58b
56.67±4.51bc
52.00±3.61bcd
48.17±0.29cd
44.67±2.52d

Histopathological examination of the liver and kidney
tissues: Light microscopic study of control rats showed

6.33±0.32b
46.67±6.66c
Control
0.12±0.02c
CCl4
0.56±0.07a
6.98±0.04a
71.50±6.50a
b
b
CGMP (150 mg)
0.34±0.06
6.20±0.18
55.33±6.11bc
CCl4+CGMP (150 mg)*
0.38±0.10b
6.10±0.09b
60.67±5.86ab
Means with different superscripts in the same column are significantly different
at p<0.05, *Rats were injected with CCl4 for 5 weeks before feeding the
glycopeptide then both injection and feeding continued for another 5 weeks

normal histology of hepatic cells with preserved nucleus,
cytoplasm and hepatocytes which were arrayed in
well-formed nucleus cords around the central vein (Fig. 2). CCl4
injection induced severe morphological and histological
deformations in the liver which revealed congestion of central
vein and hepatic sinusoids as well as focal hepatic necrosis
associated with inflammatory cells infiltration, collagen
fibers deposition, haemorrhage, inflammatory cells infiltration
in the portal triad, hyperplasia of epithelial lining bile
duct, fibroplasia in the portal triad and fatty change of
hepatocytes.
CGMP (100 mg) showed no congestion of central vein,
mild Kupffer cells activation, no focal hepatic necrosis, mild
collagen deposition, mild fibroplasia in the portal triad, mild
hyperplasia of epithelial lining bile duct and mild fatty
changes of hepatocytes. Feeding CGMP (150 mg) whether
coincided with CCl4 injection or after liver had developed
fibrosis resulted in improvements ranged from mild into
moderate without much difference between both methods
of feeding. All additives mostly alleviated the adverse effects
occurred in kidney by CCl4 injection (Fig. 3). Table 5 presents
summary of rats liver and kidney histopathology changes
occurred by CCl4 injection and the effect of feeding additives.
CGMP (100 mg) and pterostilbene (40 mg) showed the most
improvements in liver cells while all additives significantly
improved the histological structure of kidney tissues.

Table 4: Effect of feeding curcumin, pterostilbene and CGMP on the weights of
body organs and hepatosomatic index (HSI) of rats injected with CCl4
Organs weights (g)
-----------------------------------------------------------------------Groups
Liver
Kidney
Spleen
HSI (%)
CCl4 injection coincided with feeding
Control
CCl4
Curcumin (100 mg)
PS (15 mg)
PS (40 mg)
CGMP (50 mg)
CGMP (100 mg)
Fibrotic rats

6.39±0.41
9.19±1.44
8.49±0.96
8.86±1.29
6.77±0.43
7.29±1.61
6.68±0.93

1.23±0.02
2.41±0.99
1.82±0.30
2.06±0.48
1.37±0.12
1.74±0.35
1.65±0.21

0.88±0.08
1.58±0.34
1.37±0.28
1.31±0.22
1.16±0.18
1.08±0.55
0.82±0.33

2.22±0.12
3.88±0.48
3.56±0.47
3.80±0.91
2.58±0.18
3.26±0.59
2.98±0.60

Control
6.16±0.98 1.27±0.08
0.79±0.04
2.08±0.30
CCl4
9.01±1.36 1.93±0.12
1.52±0.18
3.68±0.92
CGMP (150 mg)
6.60±0.58 1.46±0.14
1.25±0.14
2.51±0.22
CCl4+CGMP (150 mg)* 6.49±0.42 1.22±0.14
0.70±0.11
2.30±0.26
PS: Pterostilbene, *Rats were injected with CCl4 for 5 weeks before feeding the
glycopeptide then both injection and feeding continued for another 5 weeks

the elevation of uric acid and urea. Feeding the various
additives restored kidney normal function with both methods
of CCl4 treatment. All additives exerted a recovery effect by
14
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(a)

(b)

(c)

(d)

(e)

Fig. 2(a-e): (a) Liver of rats from control group showing the normal histological structure of hepatic lobule, (b) Liver of rats
treated with CCl4 showing collagen fibers deposition, haemorrhage and inflammatory cells infiltration in the portal
triad, (c) Liver of rats treated with CGMP (100 mg) showing apoptosis of hepatocytes, (d) Liver of rats treated
with pterostilbene (40 mg) showing sinusoidal leucocytosis and (e) Liver of rats treated with CGMP (150 mg) after
induction of hepatic fibrosis showing appearance of newly formed bile ductuoles and fibroplasia in the portal triad
(H and E X 400)
15
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(a)

(b)

(c)

(d)

(e)

Fig. 3(a-d): (a) Kidney of rats from control group showing the normal histological structure of renal parenchyma, (b) Kidney of
rats treated with CCl4 showing hypertrophy and congestion of glomerular tuft as well as focal renal haemorrhage,
(c, d) Kidney of rats treated with pterostilbene (40 mg) and CGMP (100 mg) showing no histopathological changes
and (e) Kidney of rats treated with CGMP (150 mg) after induction of hepatic fibrosis showing focal regenerating renal
tubules (H and E X 400)
16
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Table 5: Effect of feeding curcumin, pterostilbene and CGMP on histopathological lesions of liver and kidney of rats injected with CCl4 for 5 weeks before or coincided
with the feeding
Experimental groups
-------------------------------------------------------------------------------------------------------------------------------------------------------Histopathological lesions

Curcumin

PS

PS

CGMP

CGMP

CGMP

CCl4+CGMP

(100 mg)

(15 mg)

(40 mg)

(50 mg)

(100 mg)

(150 mg)

(150 mg)*

-

Control

CCl4

Congestion of central vein

-

+++

+

-

++

-

Kupffer cells activation

-

++

++

++

++

++

Focal hepatic necrosis

-

+++

-

-

-

-

Collagen fibers deposition

-

+++

+

++

+

Fibroplasia in the portal triad

-

+++

++

++

+

Liver
++

++

+

+

+

-

-

+

++

+

+

+

++

+

++

+/++

Hyperplasia of epithelial lining bile duct

-

+++

++

++

-

+

+

+

+

Fatty change of hepatocytes

-

+++

++

++

-

+

+

+

-

Kidney
Vacuolation of renal tubular epithelium

-

++

-

++

-

-

-

-

+

Haemorrhage

-

++

-

-

-

-

-

-

+

Congestion

-

++

++

+

-

++

-

+

+

Periglomerular fibroblasts proliferation

-

++

-

-

-

-

-

-

+

-: No change, +: Mild change, ++: Moderate change, +++: Severe change, *Rats were injected with CCl4 for 5 weeks before feeding the glycopeptide then both injection
and feeding continued for another 5 weeks, PS: Pterostilbene

not clear bilirubin properly. Feeding the tested ingredients

DISCUSSION

improved the above parameters and the improvement
Curcumin sample proved to be pure and composed

varied according to type of additive and its concentration.

three components which agreed with the number

CGMP (100 mg) reduced ALT, AST and ALP enzymes by

listed by literature35. In literature, the commercial sample

38.8, 29.6 and 45.1% of the CCl4 values and were reduced

composed of curcumin I (71-77%), mono-dimethoxycurcumin

by pterostilbene (40 mg)

(curcumin II) (17-19.4%) and bis-demethoxycurcumin

respectively. Both ingredients also reduced indirect and

(curcumin III) representing 3-9.1% of the sample. Therefore,

total bilirubin almost matching the control values. The

the chromatogram of the used sample which contained only

improvement of both pterostilbene and CGMP was

three peaks proved that the sample was pure enough for

concentration dependent.

of

to

39.2, 23.9 and 48.2%,

CCl4 injection significantly increased MDA concentration

running the experiment. The sample composed of 66.9%

in blood by ten folds of the control which resulted from lipid

curcumin I, 19.83% curcumin II and 13.25% curcumin III.
CCl4 injection caused liver bridging fibrosis and led to

peroxidation. Moreover, CCl4 increased the oxidative stress

renal damage. Injured liver released its enzymes such as ALT,

by reducing the concentration of the antioxidant enzymes

AST and ALP which are responsible for protein and amino

CAT, GPx and SOD to be 45.1, 38 and 21% of the control,

acids metabolism and gamma-glutamyltransferase (GGT)

respectively. Also, LDH enzyme concentration increased

which is responsible for transferring amino acids across

indicating severe liver cells damage e.g., hemolysis. Feeding

membrane into blood and their concentrations indicate the

the experimental ingredients effectively helped in restoring

degree of damage. On liver injury, usually ALT enzyme

the concentration of the above enzymes, particularly

which mostly presents in liver cells, is released in higher

pterostilbene (40 mg) and CGMP (100 mg) which raised CAT,

concentration than AST. Moreover, antioxidant enzymes SOD,

GPx and SOD enzymes concentrations to reach almost more

CAT and GSH-Px which are the main line of defense against

than 80% of the control and LDH decreased to its normal

oxidation stress caused by ROS components (e.g., superoxide,

concentration.

OH-radicals, H2O2) and reactive nitrogen species (RNS) (e.g.,

CCl4 injection of fibrotic rats raised the concentration of

nitrogen dioxide, nitric oxide, superoxide), decreased due to

ALT, AST and ALP enzymes and direct and indirect bilirubin.

liver injury1.

Feeding CGMP (150 mg) improved the above results by
reducing the ALT, AST and ALP. Indirect and total bilirubin

In the first experiment, CCl4 injection as compared to the
1

control caused significant increase of the concentration (U LG )

turned into almost the normal values. Feeding CGMP (150 mg)

of the enzymes ALT, AST, ALP and total and indirect bilirubin

coincided with CCl4 resulted in improvement almost similar to

in blood. This means that liver is not functioning and could

the effect on fibrotic rats. CCl4 injection of fibrotic rats reduced
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the concentration of CAT, GPx and SOD to reach 38.8, 22.6
and 9.8% but increased MDA and LDH in blood by 1127 and
264% of the control values. Feeding fibrotic rats with CGMP

functions of liver and kidney and the profile of concentrations
of lipids. It almost completely reversed the enzymatic and
non-enzymatic indicators of oxidative stress in tartrazine-fed
rats.
Pterostilbene
has
strong
antioxidant
and
anti-inflammatory properties contribute to its diverse
pharmacological effects, including inhibition of hepatic
stellate cells activation and secretion of profibrogenic
cytokines during the development of liver fibrogenesis7. The
antioxidant activity of pterostilbene was proved by
Satheesh and Pari37 as the lower activities of SOD, CAT, GPx,
glutathione-S-transferase and reduced glutathione as well as
the elevated levels of lipid peroxidation were normalized in
diabetic rats after treatment with pterostilbene at a dose of
40 mg kgG1 for 6 weeks, which is compatible with our
findings in this study.
CGMP increased the antioxidant defense systems by
restoring CAT, GPx and SOD concentration with higher ratio
than polyphenols. This means that CGMP proved to be a
hepatoprotective agent at 100-150 mg kgG1 that can be used
to alleviate liver injury at any stage and be more effective and
persistent as antioxidant agent than polyphenols. Actually,
CGMP is better hepatoprotective agent than polyphenols
because it contains the branched amino acids valine (9.1%),
leucine (2-4%) and isoleucine (11.3%) and low in aromatic
amino acids. Branched amino acid (BA) was found to reduce
hepatic viral load of patients by enhancing interferon
signaling. BA decreases in serum of cirrhotic patients while
aromatic acids increase. BA in rats injected with CCl4
suppresses hepatocyte apoptosis, enhances hepatocyte
regeneration and increases hepatocyte growth factors
suppressing the oxidative stress 38.
CGMP revealed improvements compatible with many of
studies as Cheng et al.39 found that CGMP and its hydrolysate
with papain have antioxidant activity against H2O2-induced
oxidative stress in macrophages by alleviating ROS generation
and restoring the activities of endogenous antioxidants.
Song et al.40 also found a GMP-derived peptide possess potent
antioxidant and anti-inflammatory activities and ameliorates
hepatic insulin resistance and type 2 diabetes. CGMP is one of
the bioactive components of whey protein isolate which
previously showed protective effects against liver toxicity
induced by DMN in rats41. Similarly, Kume et al.42 proved a
potential whey protein as a potent nutraceutical against
hepatitis and liver fibrosis. Therefore, based on current
findings, CGMP probably has a vital role in these effects.
Polyphenols not only oxidize fast but also their
therapeutic effect depends on number of factors. Generally,
bioavailability and activity of polyphenols depend on foods

(150 mg) attenuated the adverse effect of CCl4 injection by
recovering CAT, GPx and SOD to reach 90.4, 72.5 and 68.8%
and decreased MDA and LDH to reach only 386.2 and 121.1%
of the control values. The improvement of CAT, GPx and SOD
in non-fibrotic rats fed with CGMP (150 mg) was very close to
the above improvements with values of 96, 75 and 80% of
the control. Therefore the differences were not significant
between both methods of CCl4 injection.
In another words, the percent increase of CAT, SOD and
GPx from CCl4 values were 232, 700 and 320% by CGMP
(150 mg) of fibrotic rats compared to 193, 329 and 230%
of pterostilbene (40 mg). Moreover, CGMP (150 mg) in
non-fibrotic rats resulted 247, 819 and 334% increase of CAT,
SOD and GPx, respectively. This means that CGMP restored the
concentration of the antioxidant enzymes by many folds of
pterostilbene values. Moreover, the increase of MDA and LDH
was reduced to be 34.25 and 45.8% in fibrotic rats and to
reach 20 and 44.9% of the CCl4 values with the early feeding.
Therefore, the hydrolysis step is not required for the use of
CGMP as suggested by Li et al.16.
The improvement of kidney functions varied between
the additives. Once again, CGMP (100 mg) and pterostilbene
(40 mg) significantly decreased creatinine, urea and uric acid
as both ingredients were the most effective in improvements.
In the second experiment which dealt with fibrotic rats, the
feeding on CGMP (150 mg) improved kidney's functions of
fibrotic rats by reducing their increase by 87.3, 67.8 and
84.8% of the CCl4 values for uric acid, creatinine and urea,
respectively. Similarly, CGMP (150 mg) improved kidney's
functions of rats fed the additive coincided with CCl4. These
results proved that CGMP (150 mg) improvement of liver and
kidney injury with CCl4 was almost similar whether the liver
was already fibrosed or at its initiation.
Literature pointed out that workers experimented
different

concentrations of pterostilbene and curcumin,

Lee et al.7 recommended the use of 20 mg kgG1 of
pterostilbene while El Sayed et al.8 tried 50 mg kgG1 to
overcome the effect of one injection of acetaminophen.
Curcumin was tried4-6 by 10 and 100 mg kgG1 and up to
200 mg kgG1. The

behaviour of curcumin

was

not as

expected comparing with the reported in literature as workers
pointed out that there are factors limiting curcumin effect,
namely low solubility and the fast oxidation. Although that,
the findings of curcumin in this study are significantly agreed
with El-Desoky, et al.36 as curcumin mitigated the effects on
18
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structure and their interactions with other food constituents
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