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Abstract: Hepatosteatosis represents a severe health hazard to humans due to its prevalence in last time. Therefore, the present study 

was designed to evaluate the effect of phosphatidylcholine (PC), C. arietinum-enriched PUFA (CAP), and its prepared phytosome form 

(CAPP) against non-alcoholic fatty liver disease (NAFLD) in rats. Forty-eight rats were randomly divided into eight experimental 

groups. Control groups including normal, PC, CAP, and CAPP. Normal group received normal diet and distilled water for 45 days. 

Other control groups received normal diet and administered distilled water for 15 days then administered 500 mg/kg b.wt of PC, CAP, 

and CAPP, respectively for another 30 days.  NAFLD group, rats received a high fat diet (HFD) and injected tamoxafene (TAM) (200 

mg/kg body weight) intraperitoneally for 15 consecutive days, then administered distilled water for another 30 days. NAFLD + PC, 

NAFLD + CAP, and NAFLD + CAPP groups received HFD and injected with tamoxafene for 15 days, then administered PC, CAP, and 

CAPP, respectively for an additional 30 consecutive days. The results revealed that NAFLD elicited oxidative stress which was evident 

due to the significant increase of s-LPO, and significant decrease of s-GSH, s-SOD, s-GPx, and s-GRD. However, treatment with PC/ 

CAP/ CAPP ameliorates the oxidative changes caused by NAFLD. CAPP showed the best regimen which may be due to its phytosome 

form that allows bioavailability of CAP.  
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1. Introduction 
 

Non-alcoholic fatty liver disease (NAFLD) is the most 

public chronic liver challenging that increased worldwidely 

with high prevalence of obesity and type - 2 diabetes (Mitra 

and Chowdhury, 2020). NAFLD or hepatic steatosis is 

characterized by accumulation of triglycerides in the 

hepatocytes without a history of alcohol (Mahmoud et al., 

2016). Some drugs potentiate the onset of hepatic steatosis 

via overproduction of reactive oxygen species (ROS) which 

create a pro-oxidant state that activate stellate cells to 

produce  hepatic fibrosis (Janevski et al., 2011; Aguirre et 

al., 2014). In fact,NAFLD frequently overexpressed in obese 

patients (Divella et al., 2019). Furthermore, increased insulin 

level due to insulin resistance of obese patients inhibits the 

synthesis of hepatic apolipoprotein β-100 and increase 

synthesis of hepatic fatty acids. Consequently, the levels of 

synthesis and stored triacylglycerols increase in liver 

(Kawano and Cohen, 2013). Unfortunately, the long chain 

fatty acids are metabolized by beta-oxidation process 

resulted in lipid peroxidation and production of ROS such as 

hydrogen peroxide and hydroxyl radicals in liver (Quijano et 

al., 2015). The increased hepatic lipid peroxidation induces 

severe hepatocellular degeneration and necrosis ends by 

generation of more and more ROS due to mitochondrial 

lesion (Chen et al., 2020). Further, malondialdehyde and 4-

hydroxynonenal, the end products of lipid peroxidation, 

activate proinflammatory cytokines and stellate cell that 

ends by severe hepatocyte degeneration, necrosis, fibrosis, 

inflammatory infiltrates, and steatosis (Sánchez et al., 2020). 

 

Animal models of NAFLD reflect correctly both the 

histopathology and pathophysiology of human NAFLD 

(Takahash et al., 2012). Tamoxifen (TAM), adjuvant 

hormonal therapy that has been widely used for many 

decades as the “gold standard” treatment for patients with 

breast cancers (Johnston and Cheung, 2018). However, 

prolonged TAM treatment associated with various 

complications, including hypoglycemia, 

hypertriglyceridemia, changes in plasma cholesterol levels 

and liver diseases such as NAFLD (Lee et al., 2018). It has 

been shown that 43% of breast cancer patients treated with 

TAM develop steatosis within the first two years of 

treatment (Zhao et al., 2014). TAM caused oxidative liver 

damage due to overproduction of oxygen radical during its 

metabolism; as it impair β-oxidation process of fatty acids 

which leads to overgeneration of reactive oxygen species 

(ROS) (Cole et al., 2010). Currently, the only effective 

therapy to treat NAFLD is to decrease body weight in obese 

individuals, improve insulin sensitivity and decrease 

oxidative damage through the use of antioxidants (Pydyn et 

al., 2020). 

 

Recent researches favor to use the medicinal plants instead 

of using chemical compounds to support liver functions and 

treat diseases in the liver because they are inexpensive and 

have few side effects compared to chemical compounds 

(Helal et al., 2011). Therefore, the discovery of nutrients that 

ameliorate fatty liver is one of the requirements worldwidely 

(Yoshitomi et al., 2012).  Chickpea (Cicer arietinum L.) is 

one of the most important pulse crop that contain a high 

amount of polyunsaturated fatty acids (PUFA) (66%) 

(Jukanti et al., 2012). Specifically, it contains linoleic and 

oleic acids that are known with their anti-fatty liver effects 

by inhibition of fat deposition in hepatocytes (Daley et al., 

2010), (Jukanti et al., 2012). Additionally, C. arietinum is 

cholesterol free (Jukanti et al., 2012), thereby it is difficult to 

induce fatty liver. The present work utilizes the yellow split-

desi chickpea type known as Chana Dal. 

 

One of the most important limitations of herbal extract is 

their destruction by the digestive secretion. Therefore, 
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phytosome technology is a new trend of drug delivery 

system that enhances the bioavailability of herbal agents by 

protecting them from the digestive destruction and bacterial 

gut (Rahman et al., 2020). In phytosomes technology, the 

herbal extract is bound to phosphatidylcholine producing a 

lipid compatible molecular complex (Bhattacharya and 

Ghosh, 2008). As the absorption of active constituent(s) is 

improved, its small dose can produce desired results. 

Phytosomes are better able to transition from a hydrophilic 

environment into the lipid-friendly environment of the 

enterocyte cell membrane and from there into the cell, and 

thus can be used for systemic targeting (Gandhi et al., 2012). 

 

It is interesting in the present study to use the phytosome as 

a drug delivery system to study the effect of C. arietinum 

extract against hepatosteatosis. Again, the current work 

selects the novel drug delivery system (Phytosome) rather 

than conventional drug delivery system (Liposome), as it is 

better than the later. Where, in the phytosome it is an 

integral part of the membrane, being the molecules anchored 

through chemical bonds to the polar head of the 

phospholipid. This difference results in phytosomes 

being much better absorbed (Bhattacharya and Ghosh, 

2008). Therefore, the present study investigates the potential 

ameliorative roles of Cicer arietinum enriched 

polyunsaturated fatty acids (CAP) and Cicer arietinum 

enriched polyunsaturated fatty acids phytosome (CAPP) to 

suppress the NAFLD induced by high fat diet (HFD) and 

tamoxifen side effects. 

 

2. Materials and Methods 
 

Identification and classification of Cicer arietinum 

(Chickpea) 

The chickpea (Hummus) is a member of the Fabaceae 

(Leguminosae) family (table 1). The ongoing study worked 

on the yellow split-desi chickpea (Fig. 1). Seeds were 

cleaned and freed from broken seeds and other foreign 

materials. Cicer arietinum enriched polyunsaturated fatty 

acids (CAP) and its phytosome (CAPP) were prepared 

according to Salama et al. (2018) with some modification 

and Amit et al. (2013), respectively (Fig. 2). 

 

Table 1: Taxonomy of Cicer arietinum L. 
Scientific classification  

Kingdom  Plantae 

Subkingdom Tracheobionta 

Class   Magnoliopsida 

Order   Fabales 

Family   Fabaceae  

Genus  Cicer L. 

Species  Cicer arietinum L. 

 

 
Figure 1: Cicer arietinum L. (Yellow split-desi chickpea, 

Chana Dal). 
 

 
 

 

 

 
Figure 2: Representative diagram shows the preparation of CAPP 
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Experimental Animals and design  

Adult male albino rats (Rattus norvegicus, 150–170 g) used 

as animal model. Rats were purchased from the animal 

house of the National Research Center (NRC), Egypt and 

housed for one week before the beginning of the main 

experiment in the animal room of the Faculty of Science, 

Cairo University, Egypt to adapt the new animal room. The 

caring of animals obeys the recommendations for the proper 

care and use of laboratory animals of Institutional Animal 

Care and Use Committee (IACUC) (CUFS/F/PHY/16/15) of 

the Faculty of Science, Cairo University, Egypt.  

 

3. Experimental Design 
 

Forty-eight rats were divided randomly into eight groups (6 

rats/ group) as follows: 

 

Normal group: Rats received normal diet and administered 

distilled water orally for 45 days.  

PC group: Rats received normal diet and administered 

distilled water for 15 days, then administered PC (500 

mg/kg body weight, p.o) for another 30 days. 

CAP group: Rats received normal diet and administered 

distilled water for 15 days, then administered CAP (500 

mg/kg body weight, p.o) for another 30 days. 

CAPP group: Rats received normal diet and administered 

distilled water for 15 days, then administered CAPP (500 

mg/kg body weight, p.o) for another 30 days. 

NAFLD group: Rats received high fat diet (HFD) and 

injected tamoxafene (TAM) (200 mg/kg body weight) 

intraperitoneally for 15 consecutive days, then administered 

distilled water for another 30 days.  

NAFLD + PC group: Rats received HFD and injected with 

tamoxafene for 15 days, then administered PC for an 

additional 30 consecutive days. 

NAFLD + CAP group: Rats received HFD and injected with 

tamoxafene for 15 days, then administered CAP for an 

additional 30 consecutive days. 

NAFLD + CAPP group: Rats received HFD and injected 

with tamoxafene for 15 days, then administered CAPP for 

an additional 30 consecutive days. 

 

Twenty-four hour after the last treatment, rats were 

euthanized using sodium pentobarbital (50 mg/kg body 

weight) after being fasted overnight. Blood samples were 

withdrawn by the heart puncture in centrifuge tube and 

centrifuged at 3000 rpm for 20 min. The serum obtained was 

stored at -20 
o
C until used for the determination of different 

oxidative/antioxidative markers. 

 

4. Determination of some Oxidative/ 

Antioxidative Levels 
 

Determination of serum lipid peroxidation (s-LPO) 

Serum lipid peroxidation (s-LPO) concentration was 

estimated colorimetrically according to Buege and Aust 

(1978). This method depends on the generation of 

thiobarbituric acid reactive substance (TBARS) that 

produced by the reaction between thiobarbituric acid (TBA) 

and malondialdehyde (MDA) in acidic medium at 95°C. 

Briefly, 200 µL serum was added to a 1.0 mL TBA and kept 

for 30 minutes in a boiling water bath, then cooled and 

measured at 535 nm.  

 

Determination of serum glutathione reduced (s-GSH) 
Serum GSH (s-GSH) estimation depends on the reduction of 

DTNB [5, 5`dithiobis (2-nitrobenzoic acid)] (Elman’s 

component) with GSH. A 100 µL serum was added to 500 

µL of trichloroacetic acid (TCA), then centrifuged at 3000 

rpm for 15 minutes. The obtained supernatant was added to 

1.0 mL Tris buffer (pH 8.5) and 100 µL DTNB. The whole 

mixture was allowed to stand at room temperature for 10 

minutes and then the absorbance of the sample was read at 

405 nm against blank reagent (Beutler et al., 1963). 

 

Determination of serum superoxide dismutase (s-SOD) 
Serum superoxide dismutase (s-SOD) was determined by 

measuring the ability of enzyme to inhibit the phenazine 

methosulphate (PMS)-mediated reduction of nitroblue 

tetrazolium (NBT) dye. A 100 µL serum was placed into a 

test tube containing a 1.0 mL of working reagent (phosphate 

buffer pH 8.5, nitroblue tetrazolium, and NADH with ratio 

of 10:1:1). The reaction was initiated by the addition of 100 

µL PMS. This procedure determines all forms of SOD 

(Cu/Zn SOD, Mn SOD, and Fe SOD) (Nishikimi et al., 

1972). 

 

Determination of serum glutathione peroxidase (s-GPx) 

Serum glutathione peroxidase (s-GPx) activity was 

measured according to the UV method described by Paglia 

and Valentine (1967). A 10 µL serum sample was added to a 

mixture of 1.0 mL buffer (pH 7.0), 100 µL nicotinamide 

adenine dinucleotide phosphate (NADPH) and 100 µL 

H2O2. The decrease in absorbance was recorded over 5 

minutes at 340 nm against deionized water.  

 

Determination of serum glutathione reductase (s-GRD) 

Serum glutathione reductase (s-GRD) activity was estimated 

independence of Goldberg and Spooner (1983) method. 

Where, a50 µl of serum was added to a mixture of 1000 µl 

of R1 (Potassium phosphate buffer (pH 7.5) and EDTA), 

100 µl of GSSG and 100 µl of nicotinamide adenine 

dinucleotide phosphate (NADPH). The decrease in 

absorbance was recorded over 5 minutes at 340 nm against  

air.  

 

5. Results 
 

Effect of CAP and CAPP on hepatosteatosis-induced 

oxidative damage 

A non-statistical alteration was recorded between each of 

PC, CAP, CAPP rats and normal group concerning the s-

LPO, s-GSH, s-SOD, s-GPx, s-GRD concentrations. 

Nonalcoholic fatty liver disease (NAFLD) stimulated 

oxidative stress, this proved by significant increment (P< 

0.05) in s-LPO level comparison to normal group. Treatment 

with PC, CAP, and CAPP after induction of NAFLD 

significantly lessened (P< 0.05) the increased s-LPO 

concentration, as compared to fatty liver group. On the other 

hand, significant decline (P< 0.05) in s-GSH, s-SOD, s-GPx 

and s-GRD concentrations was observed in NAFLD group 

compared with the normal group. Administration of PC, 

CAP, and CAPP elevated significantly (P<0.05) the activity 

of the estimated antioxidative molecules in serum in 
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comparison with hepatosteatotic rats (Table 2). Also, current 

data shown that CAPP recovers NAFLD more than PC and 

CAP. This evidenced by an improvement of the most 

important serum oxidative stress markers (LPO, GSH, GPx, 

and GRD) by percentage of -41.29 %, 65.63%, 22.64%, and 

46.16%, respectively (Figs. 3-7). However, in the case of 

SOD the PC administration shows better results by 31.1%. 

 

 

 
Figure 3: Percentage of improvement in serum LPO level of NAFLD rats post-treated with PC, CAP and CAPP. NAFLD: 

Non-alcoholic fatty liver disease, PC: Phosphatidyle choline, CAP: Cicer arietinum polyunsaturated fatty acids, CAPP: Cicer 

arietinum polyunsaturated fatty acids phytosome. *Represent the most effective treatment. 

 

 
Figure 4: Percentage of improvement in serum GSH level of NAFLD rats post-treated with PC, CAP and CAPP. NAFLD: 

Non-alcoholic fatty liver disease, PC: Phosphatidyle choline, CAP: Cicer arietinum polyunsaturated fatty acids, CAPP: Cicer 

arietinum polyunsaturated fatty acids phytosome. *Represent the most effective treatment. 

 

Paper ID: SR201212014746 DOI: 10.21275/SR201212014746 834 



International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

SJIF (2019): 7.583 

Volume 9 Issue 12, December 2020 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

 
Figure 5: Percentage of improvement in serum GPX level of NAFLD rats post-treated with PC, CAP and CAPP. NAFLD: 

Non-alcoholic fatty liver disease, PC: Phosphatidyle choline, CAP: Cicer arietinum polyunsaturated fatty acids, CAPP: Cicer 

arietinum polyunsaturated fatty acids phytosome. *Represent the most effective treatment. 

 

 
Figure 6: Percentage of improvement in serum GR level of NAFLD rats post-treated with PC, CAP and CAPP. 

NAFLD: Non-alcoholic fatty liver disease, PC: Phosphatidyle choline, CAP: Cicer arietinum polyunsaturated fatty acids, 

CAPP: Cicer arietinum polyunsaturated fatty acids phytosome.*Represent the most effective treatment 

 

 
Figure 7: Percentage of improvement in serum SOD level of NAFLD rats post-treated with PC, CAP and CAPP. NAFLD: 

Non-alcoholic fatty liver disease, PC: Phosphatidyle choline, CAP: Cicer arietinum polyunsaturated fatty acids, CAPP: Cicer 

arietinum polyunsaturated fatty acids phytosome.*Represent the most effective treatment. 
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Table 2: Effect of CAP and CAPP on 

oxidative/antioxidative markers 
Parameters 

Groups 

s-LPO 

(nmol/ml) 

s-GSH 

(nmol/ml) 

s-SOD 

(U/L) 

s-GPx 

(U/mL) 

s-GRD 

(U/L) 

Control 
279.91± 

9.18a 
178.35± 

2.40a 
162.30± 

6.62ab 
7966.16± 

352.33a 
1427.14± 

29.50ab 

PC 
192.17± 

8.85b 
154.15± 

10.21b 
156.52± 

4.02a 
6142.40± 

452.96b 
1330.23± 

35.32ac 

CAP 
176.32± 

7.49b 
169.15± 

5.94ab 
174.71± 

2.09b 
6526.61± 

257.32b 
1418.15± 

14.13ab 

CAPP 
189.14± 

10.14b 
173.89± 

9.55a 
154.21± 

3.61a 
8481.67± 

283.82a 
1454.19± 

34.50b 

NAFLD 
358.57± 

8.77c 
111.31± 

2.96c 
113.81± 

3.05c 
6265.28± 

119.27b 
972.12± 

39.11d 

NAFLD+ 

PC 

212.15± 

7.94bd 
171.39± 

4.39b 
160.80± 

5.54a 
7596.54± 

291.56a 
1284.07± 

33.62c 

NAFLD+ 

CAP 

245.79± 

3.66d 
167.95± 

3.44ab 
156.36± 

4.01a 
7555.75± 

133.75a 
1326.27± 

54.56ac 

NAFLD+ 

CAPP 

210.53± 

3.45bd 
184.35± 

3.10a 
149.43± 

5.76a 
7683.43± 

369.65a 
1420.84± 

10.36ab 

 

Values are expressed as mean ± SEM (n=6), different bold 

superscript letters are significantly different (P < 0.05), 

CAP: Cicer arietinum PUFA-rich, CAPP: Cicer arietinum 

PUFA-rich phytosome, NAFLD: Non-alcoholic fatty liver 

disease, PC: phosphatidylcholine. 

 

6. Discussion 
 

Non-alcoholic fatty liver disease (NAFLD) is considered the 

most common cause of chronic liver disease worldwide. 

NAFLD that results by overeating of lipid-riched food or de 

novo hepatic synthesis of fatty acids increased hepatic influx 

of lipids (Jou et al., 2008; Tiniakos et al., 2010; and Vanni et 

al., 2010). Thereby, the present study focused on the 

alleviation of NAFLD by using the yellow split-desi 

chickpea (Chana Dal) phytosome to enhance the absorption 

of the proactive agents of Chana Dal.  

 

The present study revealed that oxidative injury in NAFLD 

rats was established as evidenced by increased serum LPO 

level, decreased GSH, SOD, GPx, and GRD levels. The 

current results are inconsistent with Hassanein and El-Amir 

(2018). The present study explained the increased oxidative 

damage in NAFLD group due to its injection with 

tamoxifen. TAM induces hepatosteatosis through 

impairment of mitochondrial fatty acid oxidation (FAO) as a 

primary cause of lipid accumulation in the liver (Cardoso et 

al., 2001; Letteron et al., 2007 & Zhao et al., 2014). 

Thereby, it causes inhibition of β-oxidation of free fatty 

acids, lipoprotein secretion from the liver, and hepatic 

triacylglyceride secretion leading to lipid accumulation in 

liver (Letteron et al., 2003; Letteron et al., 2007 and Zhao et 

al., 2014). Further, tamoxifen produces overproduction of 

oxidative stress during their metabolisms in the liver Lipid 

peroxidation of NAFLD group provoked by free radicals 

attack the biological structures causing severe 

hepatosteatosis. Indeed, measurement of LPO has been used 

as a sensitive assay for oxidative damages of lipids (Grotto 

et al., 2009). Additionally, oxidative damage is produced in 

NAFLD rats due to the significant decrease of the GSH 

content. GSH is a major naturally occurring non-protein 

thiol antioxidant in living organisms, which prevents 

oxidative damage by elimination of reactive intermediates 

and helps detoxification by conjugating with chemicals 

(Lushchak, 2011). Again, GSH is central to the cellular 

antioxidant defenses and acts as an essential cofactor for 

vital antioxidant enzymes (Zoidis et al., 2018). Liver injury 

has been observed when GSH stores are markedly depleted. 

The decreased GSH in the present study may be due to their 

utilization to minimize the overproduction of oxidative 

threats. 

 

The cellular antioxidant status determines the susceptibility 

to oxidative damage and is usually altered in response to 

oxidative stress. The antioxidant enzymes, including SOD, 

GPx and GRD are a mutually supportive team of defense 

against ROS. Their significant decrease in NAFLD rats 

exaggerates the oxidative stress. As the superoxide 

dismutase (SOD) is a metalloprotein that catalyzes the 

dismutation of superoxide radicals (Younus, 2018). In this 

respect, SOD accelerates the dismutation of H2O2, which 

prevents the further generation of free radicals (Liu et al., 

2010). The present study interprets the decreased SOD level 

in the NAFLD group to an excessive formation of 

superoxide anions. GPx is a selenoenzyme, two third of 

which is present in the cytosol and one third in the 

mitochondria. GPx plays a major role in the reduction of 

hydrogen peroxide and hydroperoxide to nontoxic products 

(Thirumalai et al., 2011). These enzymes work together to 

scavenge oxygen species. Glutathione reductase (GRD) is 

responsible for maintaining the supply of reduced 

glutathione; one of the most abundant reducing thiols in the 

majority of cells (Couto et al., 2016). GRD determines the 

most suitable conditions for redox control within a cell by 

recycling oxidized glutathione. Where it catalyzes the 

reduction of glutathione disulfide (GSSG) to the sulfhydryl 

form glutathione (GSH). The latter plays a key role in 

maintaining proper function to resisting oxidative stress in 

human cells by maintaining the reducing environment of the 

cell (Deponte, 2013). It can act as a scavenger of hydroxyl 

radicals, singlet oxygen, and various electrophiles. The ratio 

of GSSG/GSH present in the cell is a key factor in properly 

maintaining the oxidative balance of the cell that is critical 

for the cell to maintain high levels of the GSH and a low 

level of the GSSG. This narrow balance is maintained by 

glutathione reductase, which catalyzes the reduction of 

GSSG to GSH (Deponte, 2013). The present results 

indicated that HFD and TAM significantly decreased serum 

SOD, GPx, and GRD activities. These results were in line 

with previous studies which have shown that NAFLD 

generates lipid peroxidation and fluctuate the antioxidant 

status in rats (Aly and Kleiner, 2011). The decline in the 

antioxidant enzymes can be explained by the fact that 

excessive superoxide anions may inactivate SOD, thus, 

resulting in an inactivation of the H2O2 scavenging enzymes. 

Additionally, the present study suggests that the marked 

reduction in GPx activity, leading to reduced availability of 

substrate for GRD, thereby decreasing the activity of GRD. 

Further, may be due to the decreased synthesis of enzymes 

or oxidative deactivation of enzyme protein.  

 

The overproduction of free radicals can lead to 

hepatosteatosis. As the cell membrane is a critical barrier for 

free radicals. Free radicals need to pass through this barrier 

in order to interact with intracellular components. The 

increasing LPO and decreasing antioxidant molecules 
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resulted in damaging the liver tissue and increase the 

severity of hepatosteatosis induced by HFD and tamoxifen 

(Chang et al., 2018). Free radicals initiate lipid peroxidation 

by eliminating the hydrogen atom from alpha-methylene 

groups of polyunsaturated fatty acids in the cell membrane 

(li et al., 2015). At the end of the process, polyunsaturated 

fatty acids are hydrolyzed into biologically active 

compounds. The most important of these compounds is 

MDA which reflects lipid peroxidation in the body. 

 

Treatment of hepatosteatosis has been often expensive, 

especially in developing countries that eventually leading to 

liver cirrhosis in the population. Thereby, treatment using 

the ethnobotanical approach has gained popularity as an 

alternative cost effective approach (Saleem et al., 2010). The 

natural medicine has been widely applied. It serves as an 

alternative complementary medicine, probably due to the 

presence of the complete pharmacopeia of the herbs and 

other agents (Abd. Rahim et al., 2017). The present study 

recorded that CAP and CAPP decreased s-LPO significantly 

either directly or through increasing GSH that scavenging 

the free radicals. As well as, there was a significant increase 

in the s-SOD, s-GPx, and s-GRD in NAFLD rats treated 

with CAP or CAPP. GSH together with the antioxidant 

enzymes amplify the scavenging of ROS efficiently. They 

may protect cellular constituents from the damaging effects 

of peroxides formed during metabolism and other ROS. The 

current results evidenced that CAPP is more efficient than 

CAP in restoring the antioxidant status to near the normal 

values. Administration of CAP or CAPP to NAFLD restores 

the activity of GRD, this may accelerate the utilization of 

GSSG to form GSH and enhancing the detoxification of 

reactive metabolites by conjugation with GSH. Further, the 

proactive agents of CAP become easily absorbed when 

administered in the form of phytosome (CAPP). Moreover, 

CAPP enriched with PUFA which may protect the SH group 

of GSH from the reactive radicals (Abdou and Hassan, 

2014). The antioxidant effect of PUFA through scavenging 

of free radicals and inhibiting lipid peroxidation have been 

reported previously by Pauwels and Kostkiewicz (2008). So, 

CAPP may have a greater ability to stabilize the ROS by 

reacting with them and getting oxidized in turn to more 

stability. In consonance with the present study, Naik and 

Panda (2008) noticed the hepatoprotective activity of 

ginkgoselect phytosome (GBP) and its effect on the 

antioxidant status in rats. Tung et al. (2017) publicized that 

oral administration of 200 mg/kg of curcumin phytosome, 

four or seven days produced a significant reduction in the 

lipid peroxidation level and elevated enzymatic antioxidant 

activities. 

 

7. Conclusion 
 

The present study evaluates the effect of yellow-split C. 

arietinum-enriched PUFA (CAP) and its phytosome form 

(CAPP) against the hepatosteatosis induced by HFD and 

TAM from the side of oxidative stress. This study revealed 

that CAPP is more efficient than CAP as it has beneficial 

responses to significantly attenuate the serum oxidative 

damage of hepatosteatosis. This finding highlights the 

importance to study the more detailed mechanistic effect of 

CAPP in future study. 
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