
FFHD          Functional Foods in Health and Disease. 2022; 12(8): 442-454

Research Article

Page 442 of 454 

Open Access 

Effect of spinach-derived glutathione against carbon 
tetrachloride-induced stress in rats 

Enas Abdulkareem Abdulrazak, Qaswaa Yousif Jameel* 

Department of Food Science, Colleges of Agricultural and Forestry, University of Mosul, Mosul, Iraq 

*Corresponding author: Qaswaa Yousif Jameel, PhD, Department of Food Science, Colleges of Agricultural and Forestry, 
University of Mosul, Mosul, Iraq

Submission Date: June 29th, 2022; Acceptance Date: August 1st, 2022; Publication Date: August 5th, 2022

Please cite this article as: Abdulrazak E., Jameel Q. Effect of spinach-derived glutathione against carbon tetrachloride-

induced stress in rats. Functional Foods in Health and Disease. 2022; 12(8): 442-454. DOI: 10.31989/ffhd.v12i8.972 

ABSTRACT 

Background: Increased consumption of natural antioxidants found in vegetables and fruits has been linked to a lower 

risk of disease caused by oxidative stress.

Objective: The current study's focus was to compare the antioxidant properties of synthetic glutathione and glutathione 

derived from spinach against CCl4-induced stress in female albino rats. 

Materials and Methods: Cold chloroform extraction was used to prepare the spinach leaf extract. Glutathione was 

then extracted from the spinach leaf extract using preparative HPLC afterward when the concentration of glutathione 

was measured in the extract. Biological preventive and therapeutic experiments were conducted, where laboratory 

rats were divided into 6 groups, the first group G1 (positive control group), the second group G2 (negative control 

group), the third group G3 preventive experiment 1 (group glutathione extracted from spinach + CCl4),  the fourth 

group G4 therapeutic experiment 1 (Group  CCl4+ Glutathione extracted from spinach), the fifth group G5 Preventive 

experiment 2 (Group of synthetic glutathione + CCl4), the sixth group G6 therapeutic experiment 2 (Group CCl4+ 

Glutathione extracted from spinach).  

Results: Treatment of rats with spinach-derived synthetic glutathione, before or after they were given CCl4 

subcutaneous, improved the values of parameters near to normal levels in the positive control animals in groups treated 

with spinach-derived glutathione (G3 and G4) compared to treatment with synthetic glutathione (G5 and G6). 

Administration of milk with glutathione derived from Iraqi spinach leaves exhibited favorable effects on oxidative stress, 

greatly enhanced the antioxidant system, and protected rats from liver damage brought on by carbon tetrachloride 

compared to milk with synthetic glutathione. 
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INTRODUCTION 

With extensive use and repeated exposure to toxic 

chemicals in everyday life, the human body absorbs 

exotoxins through drinking, the skin, and respiration [1], 

those toxins get into the bloodstream, causing oxidative 

stress [2]. Carbon tetrachloride appears as a colorless and 

volatile liquid, the hepatotoxic effect of CCl4 is largely due 

to its active metabolites, trichloromethyl free radicals 

such as CCl3 and CCl3OO− [3]. Subsequent damage caused 

by CCl4 has been linked to many mechanisms, including 

the disruption of redox equilibrium and the induction of 

programmed cell death and liver cirrhosis in 

experimental animals and humans [4]. Functional foods 

are vegetables, fruits, and foods that offer health 

benefits, that contain vitamins, amino acids, fatty acids,  

fiber, antioxidants, minerals, and probiotics, which has 

been thought to reduce oxidative stress in the body, 

enhance immune function, and improve human health 

[5]. Antioxidants may provide some protection against 

oxidative stress by neutralizing free radicals and 

suppressing lipid peroxidation [5_ 6]. The antioxidant 

properties of the phytochemicals in our health foods are 

gaining more attention [8]. Spinach (Spinacia oleracea L.) 

as a functional food is an important food vegetable and a 

commonly used feedstock in the food industry [9]. While 

glutathione is synthesized by the body, the majority of 

antioxidants are present in the diets we eat [10]. The 

three amino acids cysteine, glycine, and glutamine make 

up the majority of glutathione, which is one of the body's 

most significant and potent antioxidants [10_11]. 
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Glutathione levels in the body can decrease for a variety 

of reasons, such as oxidative stress [10]. Numerous 

disorders linked to oxidative stress may be prevented or 

treated with glutathione supplementation [13]. While 

several studies have been conducted with respect to 

antioxidant activity, a review of published articles 

revealed that there is a need to investigate the effect of 

spinach-derived glutathione against CCl4-induced 

damage to bridge the gap between studies in recent 

years, especially since spinach leaves are used in food 

processing. The current study was designed to know the 

preventive and therapeutic effect of synthetic and 

spinach-derived glutathione against the harmful effects 

of carbon tetrachloride in female laboratory rats by 

measuring a number of biochemical and histological 

variables in the blood serum and liver. 

MATERIALS AND METHODS 

Chemicals and reagents: We obtained Iraqi spinach from 

a local supermarket in Erbil, Iraq. Malondialdehyde, 

thiobarbituric acid, and Ellman's reagent were all bought 

from Sigma Company (USA). All additional chemicals, 

including CCl4, were purchased from Scharlab Company 

(Spain), and synthetic glutathione was bought from 

America Medic and Science Company (USA). 

Preparation of spinach leaf extract: The extraction of 

spinach leaf was conducted according to the method 

provided by Susanti et al. with some modifications [20]. 

Fresh spinach leaves obtained from the local 

supermarket were dried for 4-5 hours at a temperature 

of 35–40 °C. Following crushing, 100 g of the sample 

powder was macerated for 24 hours in 1000 mL of 80 % 

chloroform before being shaken with a magnetic stirrer 

for the same amount of time. Following that, Whatman 

filter paper (Size 0.15 cm) was used to filter the solution. 

Using a rotary evaporator and a vacuum, the obtained 

clear solution was concentrated to dryness at 

temperatures below 40 °C. The concentrated extract was 

stored in vials for later application. 

Quantification of glutathione in spinach leaf extract: 

The modified method of [21], has been used to quantify 

glutathione in the spinach extract. The sample was 

prepared by dissolving the spinach extract in ethanol at a 

concentration of 1000 μg/mL, then 20 μL of the sample 

was injected into a high-performance liquid 

chromatograph (HPLC; model SYKAM, Germany) through 

a C18 column (50 × 4.6 mm I.D., particle size 5 μm; Agilent 

Technologies, USA). The glutathione was detected at 254 

nm at room temperature and the flow rate was 0.8 

mL/min for glutathione. The mobile phase for glutathione 

consisted of 40% methanol and 60% 0.01 M KH2PO4 at 2.5 

pH, which was filtered using a 0.22 mm filter. Comparing 

unidentified extract samples to the standard glutathione 

solution given by the Sigma Company (USA). 

Separation of glutathione from spinach extract using 

preparative HPLC: The modified method of [22], has 

been used to separate glutathione from the spinach 

extract. For pre-processing, 25 g of crude sample was 

dissolved in 500 mL of a mixture that contained 20 % 

methanol, 30% acetonitrile, and 50 % water. After 

shaking for 15 minutes three times, No. 1 filter paper was 

used for filtration, and the mixture was centrifuged at 

1000 rpm for 30 minutes before being filtered with a 0.22 

m Millipore filter syringe and injected by HPLC 25 times. 

For each separation, a type 4015 pump injection was 

used, 20 μL of the sample was injected, and a YMC C18 

separation column (250 ×10.0 mm I.D., particle size 5 μm) 

was used with solvent composed of acetonitrile-water 

containing 0.1% HCOOH (25 : 75, v/v) and methanol-

water containing 0.1% HCOOH (25 : 75, v/v) at a flow rate 

of 3.0 mL/min and monitored at 280 nm; at 25 °C, the 

separation process was maintained. The effluents were 
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manually collected and continually monitored with a UV 

detector at 280 nm. 

Animals and experimental protocol: Female albino rats 

that were 12 to 14 weeks old, weighing 180–220 g, 

nulliparous, and not pregnant were obtained from Mosul 

University’s primary animal house facility. The rats were 

kept in an air-conditioned, filter-protected space that 

was constantly between (21_25C°), 50 to 60 % humidity, 

and had a 12h photoperiod. Five rats were kept in each 

cage and given unrestricted access to a normal diet. 

Throughout the experiment, all efforts were taken to 

reduce the number of animals used as well as any 

unnecessary stress or discomfort the animals 

experienced. The 30 rats were randomly separated into 

six groups after a week of acclimatization. 

Group 1: (positive control) rats served as controls . 

Group 2: (negative control) rats were given 3 

mL/kg/b.wt of CCl4  subcutaneous[23]. 

Group 3: (spinach-derived glutathione (GSD) + CCl4) 

animals received 14.2 mg/kg b.wt/day of GSD for 3 weeks 

orally with milk before being given 3 mL/kg/b.wt of CCl4 

subcutaneous. 

Group 4: (CCl4 + GSD) animals received 3 mL/kg/b.wt 

of CCl4 subcutaneous, then were treated with 14.2 mg/kg 

b.wt/day of GSD for 3 weeks orally with milk from week

4 up to the end of the study. 

Group 5: (synthetic glutathione (SG) + CCl4) animals 

received 14.2 mg/kg/day of SG for 3 weeks orally with 

milk before being given 3 ml/kg/b.wt of CCl4 

subcutaneous. 

Group 6: (CCl4 + SG) animals received 3 ml/kg/b.wt 

of CCl4 subcutaneous, then were treated with 14.2 mg/kg 

b.wt/day of SG for 3 weeks orally with milk from week 4

up to the end of the study. 

After the final treatment on day 62, all rats were 

given complete access to water while fasting for 24 

hours. Following chloroform anesthesia, blood samples 

were obtained intracardially, centrifuged for 15 minutes 

at 4000 rpm to receive the serum, and stored at -80 °C, 

after which the liver was excised to prepare for 

measuring the study's parameters. Then 0.1 g of the liver 

was then taken, along with 1.0 mL of an extract solution 

(the manufacturer is Solarbio), to fully break up the cells 

and release their component by use of an ultrasound 

and then centrifuged at 10000 rpm for 5 minutes at 4°C, 

and the supernatant was used to measure the study's 

parameters. Serum and the liver's biochemical 

parameters were then assessed. Transferring the liver to 

a 10 % formalin solution in order to prepare it for 

histology and afterward prepare the histological slices. 

Study parameters and histological preparations 

Study parameters measurement: Total protein, alanine 

aminotransferase, albumin, and aspartate 

aminotransferase concentrations were measured using 

manual kits in accordance with the manufacturer's 

instructions. (BIOLABO, France). Glutathione was 

evaluated following the method of Sedlak and Lindsay 

[24], malondialdehyde concentration was evaluated 

following the method of [25], and peroxynitrite 

determination followed the method of [26]. 

Calculation of study parameters: The following 

equations were used to estimate the globulin 

concentrations. 

𝐺𝑙𝑜𝑏𝑢𝑙𝑖𝑛(𝑔/𝑑𝐿) = 𝑡𝑜𝑡𝑎𝑙 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 −

𝑎𝑙𝑏𝑢𝑚𝑖𝑛 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 [20_21] 

Histological preparations: Rat liver tissue was processed 

for histological analysis in accordance with [29]. 

Ethical aspects: IACUC at the University of Mosul's 

College of Veterinary Medicine has approved the study 

(No. UM.VET.2021.014). Instructions were followed 

regarding the handling and usage of experimental 

animals. 

http://www.ffhdj.com/
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Statistical process: The mean ± standard deviation is 

used to express the study's results, and a probability of p 

≤ 0.05 was determined significant. One-way analysis of 

variance (ANOVA) was used to calculate the statistical 

significance of group differences. 

RESULTS AND DISCUSSION 

Quantification of glutathione in spinach extract: To 

evaluate the quantity of glutathione in the spinach 

extract, HPLC analysis was carried out. The data showed 

that extracts of spinach contained 460.9 mg/g 

glutathione. Compounds such as glutathione are known 

to be involved in redox activity because they are 

hydrogen donors, reducers, and oxygen radical 

scavengers [30]. The findings demonstrate that 

compared to other vegetable sources, spinach leaf 

contains a high content of glutathione. The effect of 

chloroform upon extraction is caused by an increase in 

the polarity of the extraction solution, which separates 

and precipitates glutathione from the other compounds 

into the extraction solution. 

Effectiveness of oral dosage of glutathione spinach-

derived and synthetic on Some Oxidation Evidence in 

blood serum and liver tissue: The current study results 

revealed that giving CCl4 subcutaneous (G2) (Table 1, 

Figure 1) caused a notable decrease in glutathione levels 

in the blood serum and liver tissue, where glutathione 

was 2.223; 1.840 μmol/L, respectively in the group of 

animals that exposed to oxidative stress with CCL4 (G2). 

Glutathione is one of the natural antioxidants for the 

removal of free radicals and protecting cell membranes 

from free radical damage [31]. Numerous factors 

contribute to the decrease in glutathione levels, including 

an increase in the rate of consumption of glutathione, 

one of the most significant endogenous non-enzymatic 

antioxidants for reducing free radicals and their 

byproducts, and then converted of glutathione from its 

active form to glutathione disulfide, which is inactive 

(GSSG). Since the weak bond between sulfur and 

hydrogen (S-H) and the strong bond between carbon and 

hydrogen (C-H) in free radicals actually make the sulfur 

group in the structure of glutathione an efficient reducing 

agent that easily releases a hydrogen atom, protecting 

cell membranes from free radical damage [31-32]. The 

cause might be due to the occurrence of oxidative stress 

that leads to the oxidation of glutathione as a result of its 

antioxidant activity, and then transform it into the toxic 

oxidized form of disulfide, which helps to stimulate the 

production of new forms of free radicals. Glutathione is 

also consumed in rather high amounts due to its role in 

restoring some other antioxidants' efficacy in cases of 

oxidative stress[34–36]. When spinach-derived 

glutathione was administered to rats orally before or 

after they were given CCl4  subcutaneous (G3 and G4), 

glutathione levels were found to have significantly 

increased, where was 8.8200; 8.2113 μmol/L, in blood 

serum and 5.376; 5.503μmol/L, in the liver, respectively 

compared to the group of animals in the synthetic 

glutathione groups (G5 and G6, Where was 6.523; 5.960 

μmol/L, in blood serum and 3.370; 2.876 μmol/L, in liver 

respectively). This outcome is in conformity with Reddy 

et al. (2014) findings; they observed an increased 

glutathione level in the blood serum of male rats exposed 

to oxidative stress after treatment with ginger extracts. 

The spinach-derived glutathione is able to raise the level 

of glutathione, an exogenous food antioxidant, as it 

works to remove the constantly formed free radicals, 

which protects from the danger of these radicals as a line 

of defense against oxidative stress [38]. 

       One of the by-products of polyunsaturated fatty acid 

peroxidation in cells is malondialdehyde [39]. An increase 

in free radicals leads to an excess synthesis of 

malondialdehyde. Free radicals initiate the lipid 

peroxidation process in an organism, which results in the 

oxidative degradation of polyunsaturated fatty acids [40]. 
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The findings demonstrate a considerable impact on 

various oxidative stress parameter values in rats (p ≤ 

0.05; Table 1, Figure 1). Malondialdehyde levels 

considerably rose in the group given CCl4 beneath the 

skin (G2), where was 4.119: 6.678 μmol/L,in  blood serum 

and  liver tissue respectively compared to the value in the 

control group, which is a symptom of the oxidative stress 

of lipids in body cells. Treatment of rats with both 

spinach-derived and synthetic glutathione before or after 

they were given CCl4 subcutaneous improved the 

malondialdehyde values to significantly closer to those in 

the control group animals (G3 and G4), compared to the 

animals in G5 and G6. These results indicate that 

compared to synthetic glutathione, spinach-derived 

glutathione has a greater potential to decrease the 

imbalance caused by CCl4 by combating free radicals and 

reducing the malondialdehyde levels in G3 and G4; 

thereby, according to our findings, it can be concluded 

that the levels of malondialdehyde, which had been 

raised in CCl4 groups, can be lowered with spinach-

derived glutathione . 

       A significant member of the family of reactive oxygen 

and nitrogen species which has evolved is peroxynitrite  

(ONOO−) [41]. Tyrosine residues in proteins can be 

nitrated, and redox metal centers can be oxidized, once 

ONOO2 reacts with biological substrates [42]. Numerous 

clinical problems, such as neurological disorders and the 

activation of cancer cells, have been linked to ONOO2 

[43]. Peroxynitrite concentration, a marker of oxidative 

stress in rats, considerably increased (p ≤ 0.05; Table 1, 

Figure 1) in the group given CCl4 subcutaneous(G2) 

compared to that in the control group. Treatment of rats 

with both spinach-derived and synthetic glutathione 

before or after they were given CCl4 subcutaneous 

improved peroxynitrite values to significantly closer to 

those in the control group animals (G3 and G4), 

compared to the animals in G5 and G6. These 

results indicate that compared to synthetic glutathione, 

spinach-derived glutathione has a greater potential to 

decrease the imbalance caused by CCl4 compared with 

synthetic glutathione by combating free radicals and 

reducing the peroxynitrite levels in G3 and G4.  

Table 1. Effectiveness of oral dosage of glutathione spinach-derived and synthetic on Some Oxidation Evidence in blood 

serum. 

Peroxynitrite

µmol/L

Malondialdehyde

µmol/L 

Glutathione

µmol/L

Groups

29.316±0.732b 1.396±0.246b 10.416±0.121a G1

69.237±0.255a 4.119±0.640a  2.223±0.591d G2

31.406±0.731b 1.450±0.030b 8.820±0.895b G3

33.733±0.596b 1.729±0.467b 8.213±0.238b G4

40.740 ±0.117ab 3.198±0.892a 6.523±0.147c G5

45.740±0.707ab 3.878±0.556a 5.960±0.510c G6

Different letter within each column indicates significant differences (p≤ 0.05), (G1) Positive Control, (G2) Negative Control, (G3) spinach-

derived glutathione + CCl4, (G4) CCl4 + spinach-derived glutathione, (G5) synthetic glutathione + CCl4, (G6) CCl4 + synthetic glutathione. 
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Figure 1. Effectiveness of oral dosage of glutathione spinach-derived and synthetic on Some Oxidation Evidence in liver 

tissue. Different letter within each column indicates significant differences (p≤ 0.05), (G1) Positive Control, (G2) Negative 

Control, (G3) spinach-derived glutathione + CCl4, (G4) CCl4 + spinach-derived glutathione, (G5) synthetic glutathione + CCl4, 

(G6) CCl4 + synthetic glutathione. 

Effectiveness of oral dosage of glutathione spinach-

derived and synthetic on total protein, globulin, and 

albumin in blood serum: It was found through the 

current study that giving the rats CCl4 subcutaneous(G2) 

caused a significant decrease in the concentration of total 

proteins, globulin, and albumin in the blood serum (Table 

2). This decrease may be explained by the fact that the 

animals under oxidative stress turned to their fat and 

protein reserves as alternate sources of energy, such as 

amino acids catabolism, which results in an increase in 

energy, as well as gluconeogenesis, the process of 

building glucose from non-carbohydrate sources [44]. 

The decrease in albumin is caused by the peptide bonds 

being broken by the impacts of oxidative stress and the 

production of free radicals, this causes albumin to 

decompose and decreases its level in blood serum [45]. 

Globulins are found in different forms, 

including alpha 1 globulins, which transport fats, steroids, 

and phospholipids in particular, and alpha 2 globulins 

which work to transport fats and hemoglobin, which is 

broken down from red blood cells, as it transports copper 

ions. Beta globulin works to transport iron ions and 

gamma-globulin and is considered an antibody which 

performs defensive functions [46]. When spinach-

derived glutathione was administered to rats orally 

before or after they were given CCl4 subcutaneous (G3 

and G4), comparing the total protein, globulin, and 

albumin levels in animals to those in the synthetic 

glutathione groups (G5 and G6), a considerable 

improvement was seen. The rise in these cases may be 

attributed to several reasons, including the effectiveness 

of spinach-derived glutathione. It inhibits protein 

oxidation and eliminates free radicals and reduces the 

filtration of proteins from the blood and their excretion 

with urine. 
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Table 2. Effectiveness of oral dosage of glutathione spinach-derived and synthetic on total protein, globulin, and albumin 

in blood serum.  

Globulin 
(g/dL)  

Albumin 
(g/dL)

Total Protein 
(g/dL)

Groups

2.206 ±0.236a 4.474±0.100a 6.680±0.233a G1

1.082±0.015d 2.776±0.491d 3.858±0.656b G2

1.936±0.383a 4.731±0.665a 6.667±0.744a G3

1.993±0.916a 4.130±0.675ab 6.123±0.355a G4

1.454±0.156c 3.108±0.126b 4.562±0.073b G5

1.283±0.359b 2.270±0.609c 3.553±0.840b G6

Different letter within each column indicates significant differences (p ≤ 0.05), (G1) Positive Control, (G2) Negative Control, (G3) spinach-

derived glutathione + CCl4, (G4) CCl4 + spinach-derived glutathione, (G5) synthetic glutathione + CCl4, (G6) CCl4 + synthetic glutathione. 

Effectiveness of oral dosage of glutathione spinach-

derived and synthetic on ALT and AST levels in blood 

serum and liver tissue: AST and ALT enzymes are 

important and necessary enzymes in biological 

processes, a rise in AST and ALT enzyme levels in blood 

serum is a sign of tissue damage that causes these 

enzymes to leak into the bloodstream [47]. The results 

showed a rise in the level of the enzymes ALT and AST in 

rats given CCl4 subcutaneous (G2) (Table 3; Figure 2). The 

free radicals formed by oxidative stress led to stimulation 

of lipid peroxidation in liver cells, causing the release of 

these enzymes into the bloodstream [48], which leads to 

an increase in their concentration compared to the 

normal levels in the standard groups. When spinach-

derived glutathione was administered to rats orally 

before or after they were given CCl4 subcutaneous (G3 

and G4), ALT and AST levels were close to normal in 

comparison to the rats in the synthetic glutathione 

groups (G5 and G6). This result is consistent with the 

findings of [49]; they observed reduced AST and ALT 

levels in the blood serum of rats exposed to oxidative 

stress by nicotine after treatment with neem leaf 

aqueous extract. These results indicate that compared to 

synthetic glutathione, spinach-derived glutathione has a 

greater potential to decrease the imbalance caused by 

CCl4 compared with synthetic glutathione by combating 

free radicals and boosting ALT and AST levels in G3 and 

G4 rats. 

Table 3. Effectiveness of oral dosage of glutathione spinach-derived and synthetic on alanine aminotransferase (ALT) and 

aspartate aminotransferase (AST) levels in blood serum. 

Aspartate aminotransferase (U/L) Alanine aminotransferase (U/L) Groups

34.912±0.928b 33.312±0.655c G1

153.102±1.071a 84.223±0.895a G2

38.718 ±0.045b 36.891±0.392c G3

43.743 ±0.792b 37.473±0.983c G4

57.802 ±0.578b 43.389 ±0.636bc G5

67.444 ±0.165b 54.649±0.394b G6

Different letter within each column indicates significant differences (p ≤ 0.05), (G1) Positive Control, (G2) Negative Control, (G3) spinach-

derived glutathione + CCl4, (G4) CCl4 + spinach-derived glutathione, (G5) synthetic glutathione + CCl4, (G6) CCl4 + synthetic glutathione. 
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Figure 2. Effectiveness of oral dosage of glutathione spinach-derived and synthetic on alanine aminotransferase (ALT) and 

aspartate aminotransferase (AST) in liver tissue. Different letter within each column indicates significant differences (p≤ 

0.05), (G1) Positive Control, (G2) Negative Control, (G3) spinach-derived glutathione + CCl4, (G4) CCl4 + spinach-derived 

glutathione, (G5) synthetic glutathione + CCl4, (G6) CCl4 + synthetic glutathione. 

Evaluation of histopathological: Histological 

examination demonstrated that carbon tetrachloride has 

an effect on the liver, it causes observed effects in the 

liver tissues that occur in cases of oxidative stress 

because the liver is the most sensitive and most affected 

organ, these changes appear as severe cloudy 

degeneration, infiltrates, or lysis and destruction of 

tissues, and as the case progresses, it results in cirrhosis 

of the liver tissues [47]. The histopathological evaluation 

in Fig. 3 demonstrates that the rats in Group 1 (positive 

control) had sinusoids, central veins, and intact 

hepatocytes; rats in Group 2 had sinusoidal congestion, 

severe cloudy degeneration, cellular swelling, and 

hepatocyte coagulative necrosis.  Free radicals increase 

the oxidation of cell wall fats, which lose their functional 

feature, this has a number of effects on cells, including 

the assembly of structural or functional proteins by 

joining proteins together at the sulphahydryl bond, it may 

interact with fats, particularly those forming cellular 

membranes, which are primarily composed of 

unsaturated fats and contain double bonds that can be 

attacked by free radicals, leading to the breakdown of 

cells and blood vessels [50–52].  Increased pressure 

inside the blood vessels causes a rupture in the vessel 

wall, which permits red blood cells to flow outside the 

blood vessels and causes cellular swelling, the cause of 

thrombosis of hepatocytes may be due to interactions 

between toxic substances and glutathione, which 

http://www.ffhdj.com/
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produce compounds that lead to thrombosis. Hepatic 

failure results in congestion of the sinusoids and hepatic 

veins, which creates pressure on hepatocytes and causes 

an imbalance in the distribution of enzymes, effecting 

hepatocyte function[53–55]. Rats in Group 3 had mild 

sinusoidal congestion with intact hepatocytes and central 

vein. Group 4 demonstrated intact hepatocytes, a central 

vein, and sinusoidal dilatation and congestion; Group 5 

demonstrated intact hepatocytes, a central venous 

congestion, and sinusoids; and Group 6 demonstrated  

the presence of cloudy hepatocyte degeneration and a 

central venous congestion. Rats given spinach-derived 

glutathione orally either before or after receiving CCl4 

subcutaneous (G3 and G4) had shown significantly 

improved liver tissue compared to the rats 

given synthetic glutathione groups (G5 and G6). This 

result can be associated with a number of factors, 

including the efficiency of spinach-derived glutathione. It 

eliminates free radicals and reduces the risk of oxidative 

stress caused by free radicals. 

Figure 3. Histopathological evaluation, G.1: Control rats showing intact hepatocytes (A), central vein (B), and sinusoids (C), G.2: showing 

severe cloudy degeneration (A), cellular swelling (B), hepatocyte coagulative necrosis (C) and sinusoidal congestion (D), G.3: showing 

intact hepatocytes (A), central vein (B) with mild sinusoidal congestion (C), G.4: showing intact hepatocytes (A), central vein (B) with 

sinusoidal dilatation and congestion (C), G.5: showing intact hepatocytes (A), with central venous congestion (B) and sinusoids (C), G.6: 

showing the existence of hepatocyte cloudy degeneration (A), with central venous congestion (B), 400XX. 
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CONCLUSION 

Glutathione was isolated from leaves of Iraqi spinach; the 

total extract of this plant possesses a powerful 

antioxidant activity. Administration of milk with 

glutathione extracts from natural sources had favorable 

effects on oxidative stress and significantly boosted the  

antioxidant system in comparison to milk with synthetic 

glutathione. Increasing the antioxidant efficiency of 

synthetic glutathione by combining it with spinach-

derived glutathione may contribute to the capture of free 

radicals caused by oxidative stress. Iraqi spinach is 

utilized as a dietary vegetable. It is important to perform 

thorough research in order to fully explore the potential 

of this plant through free radical scavenging activity, from 

the point of view of affordability and accessibility for 

individuals at all socioeconomic levels. 

Abbreviations: CCl4: Carbon tetrachloride, GSD: spinach-

derived glutathione, SG: synthetic glutathione, ALT: 

alanine aminotransferase, AST: aspartate 

aminotransferase. 

Authors Contribution: Qaswaa Yousif Jameel: Formal 

analysis; Methodology; Project administration; 

Validation; Writing-original draft. Enas Abdulkareem 

Abdulrazak: Data curation; Formal analysis; Writing-

review and editing.   

Competing Interests: The authors declared no conflict of 

interest. 

Acknowledgment/Funding: The authors received no 

specific funding for this work. 

REFERENCES 

1. Teschke R. Aliphatic halogenated hydrocarbons: Report and

analysis of liver injury in 60 patients. Journal of Clinical and

Translational Hepatology 2018; 6: 350–61. DOI:

https://doi.org/10.14218/JCTH.2018.00040

2. Wang Y, Lian F, Li J, Fan W, Xu H, Yang X, et al. Adipose derived

mesenchymal stem cells transplantation via portal vein improves

microcirculation and ameliorates liver fibrosis induced by CCl4 in

rats. Journal of Translational Medicine 2012; 10: 1–9. DOI:

https://doi.org/10.1186/1479-5876-10-133

3. Izzularab BM, Megeed M, and Yehia M. Propolis nanoparticles

modulate the inflammatory and apoptotic pathways in carbon

tetrachloride-induced liver fibrosis and nephropathy in rats. 

Environmental Toxicology 2021; 36: 55–66. DOI:

https://doi.org/10.1002/tox.23010

4. Zheng W V., Li Y, Cheng X, Xu Y, Zhou T, Li D, et al. Uridine

alleviates carbon tetrachloride-induced liver fibrosis by

regulating the activity of liver-related cells. Journal of Cellular

and Molecular Medicine 2021; 840–54. DOI:

https://doi.org/10.1111/jcmm.17131

5. Martirosyan D, Lampert T, and Ekblad M. Classification and

regulation of functional food proposed by the Functional Food 

Center. Functional Food Science 2022; 2: 25. DOI:

https://doi.org/10.31989/ffs.v2i2.890

6. Jameel QY and Mohammed NK. Protective rules of natural

antioxidants against gamma-induced damage—A review. Food

Science and Nutrition 2021; 1–16. DOI:

https://doi.org/10.1002/fsn3.2469 

7. Jameel QY, Ajeel MA, and Mohammed NK. Nutritional and anti-

gastro ulcerative role of the gum Arabic ( Acacia senegal L .)

compared to a reference drug. 2022; 12.

8. Jameel QY and Mohammed NK. Storage stability of yoghurts 

enriched with coriander (Coriandrum sativum l.) seeds extract. 

Food Research 2021; 5: 179–90. DOI:

https://doi.org/10.26656/fr.2017.5(4).748

9. Vargas L, Kapoor R, Nemzer B, and Feng H. Application of

different drying methods for evaluation of phytochemical 

content and physical properties of broccoli, kale, and spinach. 

Lwt 2022; 155: 112892. DOI:

https://doi.org/10.1016/j.lwt.2021.112892

10. Hossen SMM, Hossain MS, Yusuf ATM, Chaudhary P, Emon NU, 

and Janmeda P. Profiling of phytochemical and antioxidant

activity of wild mushrooms: Evidence from the in vitro study and

phytoconstituent’s binding affinity to the human erythrocyte 

catalase and human glutathione reductase. Food Science and

Nutrition 2022; 10: 88–102. DOI:

https://doi.org/10.1002/fsn3.2650

11. de Oliveira AC, Gomes APO, Rodrigues LC, Cunha R da S, Serra 

TM, Schincaglia RM, et al. Organic Beet Leaves and Stalk Juice

Attenuates the Glutathione Peroxidase Increase Induced by 

High-Fat Meal in Dyslipidemic Patients: A Pilot Double-Blind, 

Randomized, Controlled Trial. Applied Sciences (Switzerland)

2022; 12: 1–16. DOI: https://doi.org/10.3390/app12041973

http://www.ffhdj.com/
https://doi.org/10.14218/JCTH.2018.00040
https://doi.org/10.1186/1479-5876-10-133
https://doi.org/10.1002/tox.23010
https://doi.org/10.1111/jcmm.17131
https://doi.org/10.31989/ffs.v2i2.890
https://doi.org/10.1002/fsn3.2469
https://doi.org/10.26656/fr.2017.5(4).748
https://doi.org/10.1016/j.lwt.2021.112892
https://doi.org/10.1002/fsn3.2650
https://doi.org/10.3390/app12041973


            Page 453 of 454FFHD           Functional Foods in Health and Disease. 2022; 12(8): 442-454  

12. He W, Li P, and Wu G. Amino Acid Nutrition and Metabolism in

Chickens. Advances in Experimental Medicine and Biology 2021;

1285: 109–31. DOI: https://doi.org/10.1007/978-3-030-54462-

1_7 

13. Kumar P, Osahon O, Vides DB, Hanania N, Minard CG, and Sekhar 

R V. Severe glutathione deficiency, oxidative stress and oxidant 

damage in adults hospitalized with covid-19: Implications for

glynac (glycine and n-acetylcysteine) supplementation. 

Antioxidants 2022; 11. DOI:

https://doi.org/10.3390/antiox11010050

14. Zangeneh MM. Green synthesis and formulation a modern 

chemotherapeutic drug of Spinacia oleracea L. leaf aqueous

extract conjugated silver nanoparticles; Chemical

characterization and analysis of their cytotoxicity, antioxidant, 

and anti-acute myeloid leukemia propert. Applied 

Organometallic Chemistry 2020; 34: 1–17. DOI: 

https://doi.org/10.1002/aoc.5295 

15. Mzoughi Z, Souid G, Timoumi R, Le Cerf D, and Majdoub H. Partial

characterization of the edible Spinacia oleracea polysaccharides: 

Cytoprotective and antioxidant potentials against Cd induced

toxicity in HCT116 and HEK293 cells. International Journal of

Biological Macromolecules 2019; 136: 332–40. DOI:

https://doi.org/10.1016/j.ijbiomac.2019.06.089

16. Bano S, Iqbal S, Naqvi B, Abbasi K, Siddiqui K, Sattar H, et al.

Antioxidant Enzymes and Germination Pattern: Upshot of High

Salinity on Soluble Protein and Average Weight of Spinacia 

oleracea (Spinach) Seedlings. Asian Food Science Journal 2021;

112–22. DOI: https://doi.org/10.9734/afsj/2021/v20i330283

17. Ko SH, Park JH, Kim SY, Lee SW, Chun SS, and Park E. Antioxidant 

effects of spinach (Spinacia oleracea L.) supplementation in

hyperlipidemic rats. Preventive Nutrition and Food Science 2014;

19: 19–26. DOI: https://doi.org/10.3746/pnf.2014.19.1.019

18. Roberts JL and Moreau R. Functional properties of spinach

(Spinacia oleracea L.) phytochemicals and bioactives. Food and

Function 2016; 7: 3337–53. DOI:

https://doi.org/10.1039/c6fo00051g

19. Hatamjafari F and Tazarv M. Study of antioxidant activity of 

Spinacia oleracea L. Oriental Journal of Chemistry 2013; 29: 451–

5. DOI: https://doi.org/10.13005/ojc/290207

20. Susanti S, Dwiloka B, Bintoro VP, Hintono A, Nurwantoro N, and

Setiani BE. Antioxidant status, nutrition facts, and sensory of 

spinach extract fortified wet noodles. Food Research 2021; 5:

266–73. DOI: https://doi.org/10.26656/fr.2017.5(6).027

21. Mradu G, Saumyakanti S, Sohini M, and Arup M. HPLC profiles of

standard phenolic compounds present in medicinal plants. 

International Journal of Pharmacognosy and Phytochemical

Research 2012; 4: 162–7.

22. Zheng Z, Wang X, Liu P, Li M, Dong H, and Qiao X. Semi-

preparative separation of 10 caffeoylquinic acid derivatives

using high speed counter-current chromatogaphy combined 

with semi-preparative HPLC from the roots of burdock (Arctium 

lappa L.). Molecules 2018; 23: 1–11. DOI: 

https://doi.org/10.3390/molecules23020429 

23. Iahtisham-Ul-Haq, Butt MS, Randhawa MA, and Shahid M.

Hepatoprotective effects of red beetroot-based beverages

against CCl4-induced hepatic stress in Sprague Dawley rats. 

Journal of Food Biochemistry 2019; 43: 1–11. DOI:

https://doi.org/10.1111/jfbc.13057

24. Lindsay H. Estimation Sulfhydryl JOZEF. 1968; 205: 192–205.

25. Karatas F, Karatepe M, and Baysar A. Determination of free

malondialdehyde in human serum by high-performance liquid

chroma tography. Analytical Biochemistry 2002; 311: 76–9. DOI:

https://doi.org/10.1016/S0003-2697(02)00387-1

26. Serhan M, Sprowls M, Jackemeyer D, Long M, Perez ID, Maret W, 

et al. Total iron measurement in human serum with a

smartphone. AIChE Annual Meeting, Conference Proceedings

2019; 2019-Novem. DOI: https://doi.org/10.1039/x0xx00000x

27. Buzanovskii VA. Determination of proteins in blood. Part 1:

Determination of total protein and albumin. Review Journal of

Chemistry 2017; 7: 79–124. DOI:

https://doi.org/10.1134/s2079978017010010

28. Goldenberg H and Drewes PA. Direct photometric determination

of globulin in serum. Clinical chemistry 1971; 17: 358–62. DOI:

https://doi.org/10.1093/clinchem/17.5.358

29. Rivenson Y, Wang H, Wei Z, de Haan K, Zhang Y, Wu Y, et al.

Virtual histological staining of unlabelled tissue-

autofluorescence images via deep learning. Nature Biomedical

Engineering 2019; 3: 466–77. DOI:

https://doi.org/10.1038/s41551-019-0362-y

30. Dhivya H. Mini review article Dhivya H Glutathione ─ a master

antioxidant and an immune system modulator. Journal of

Biological and Information Sciences 2012; 1: 28–30.

31. Premranjan Kumar OO and RVS. Premranjan Kumar, Ob W.

Osahon and Rajagopal V. Sekhar *. nutrients Article 2022.

32. Zhao Y, Wang H, Zhou J, and Shao Q. Glutathione Peroxidase

GPX1 and Its Dichotomous Roles in Cancer. Cancers 2022; 14:

2560. DOI: https://doi.org/10.3390/cancers14102560

33. Akyla Maria Martins Alves1, Sara Pereira Menezes Reis1, Karina

Peres Gramacho2, Fabienne 5 Micheli1 3. Version of Record: 

https://www.sciencedirect.com/science/article/pii/S014181302

0343208. 2020.

34. Inaba Y, West AC, and Banta S. Glutathione Synthetase 

Overexpression in Acidithiobacillus ferrooxidans Improves

Halotolerance of Iron Oxidation. Applied and Environmental

Microbiology 2021; 87: 1–9. DOI:

https://doi.org/10.1128/AEM.01518-21

35. Herzog K, Ijlst L, van Cruchten AG, van Roermund CWT, Kulik W, 

Wanders RJA, et al. An UPLC-MS/MS assay to measure 

http://www.ffhdj.com/
https://doi.org/10.1007/978-3-030-54462-1_7
https://doi.org/10.1007/978-3-030-54462-1_7
https://doi.org/10.3390/antiox11010050
https://doi.org/10.1002/aoc.5295
https://doi.org/10.1016/j.ijbiomac.2019.06.089
https://doi.org/10.9734/afsj/2021/v20i330283
https://doi.org/10.3746/pnf.2014.19.1.019
https://doi.org/10.1039/c6fo00051g
https://doi.org/10.13005/ojc/290207
https://doi.org/10.26656/fr.2017.5(6).027
https://doi.org/10.3390/molecules23020429
https://doi.org/10.1111/jfbc.13057
https://doi.org/10.1016/S0003-2697(02)00387-1
https://doi.org/10.1039/x0xx00000x
https://doi.org/10.1134/s2079978017010010
https://doi.org/10.1093/clinchem/17.5.358
https://doi.org/10.1038/s41551-019-0362-y
https://doi.org/10.3390/cancers14102560
https://www.sciencedirect.com/science/article/pii/S0141813020343208
https://www.sciencedirect.com/science/article/pii/S0141813020343208
https://doi.org/10.1128/AEM.01518-21


            Page 454 of 454FFHD           Functional Foods in Health and Disease. 2022; 12(8): 442-454  

glutathione as marker for oxidative stress in cultured cells. 

Metabolites 2019; 9. DOI:  

https://doi.org/10.3390/metabo9030045 

36. Lener MS. 乳鼠心肌提取 HHS Public Access. Physiology &

behavior 2016; 176: 139–48. DOI:

https://doi.org/10.1080/03008207.2019.1665035.Glutathione

37. Reddy YA, Chalamaiah M, Ramesh B, Balaji G, and Indira P.

Ameliorating activity of ginger (Zingiber officinale) extract

against lead induced renal toxicity in male rats. Journal of Food

Science and Technology 2014; 51: 908–14. DOI:

https://doi.org/10.1007/s13197-011-0568-9

38. Arru L, Mussi F, Forti L, and Buschini A. Biological effect of

different spinach extracts in comparison with the individual

components of the phytocomplex. Foods 2021; 10: 1–15. DOI:

https://doi.org/10.3390/foods10020382

39. Georgescu SR, Mitran CI, Mitran MI, Nicolae I, Matei C, Ene CD,

et al. Oxidative stress in cutaneous lichen planus—a narrative

review. Journal of Clinical Medicine 2021; 10. DOI:

https://doi.org/10.3390/jcm10122692

40. Mas-Bargues C, Escrivá C, Dromant M, Borrás C, and Viña J. Lipid

peroxidation as measured by chromatographic determination of

malondialdehyde. Human plasma reference values in health and

disease. Archives of Biochemistry and Biophysics 2021; 709. DOI:

https://doi.org/10.1016/j.abb.2021.108941

41. Burtenshaw D, Kitching M, Redmond EM, Megson IL, and Cahill

PA. Reactive Oxygen Species (ROS), Intimal Thickening, and

Subclinical Atherosclerotic Disease. Frontiers in Cardiovascular

Medicine 2019; 6: 1–18. DOI:

https://doi.org/10.3389/fcvm.2019.00089

42. Raman D, Chong SJF, Iskandar K, Hirpara JL, and Pervaiz S.

Peroxynitrite promotes serine-62 phosphorylation-dependent 

stabilization of the oncoprotein c-Myc. Redox Biology 2020; 34:

101587. DOI: https://doi.org/10.1016/j.redox.2020.101587

43. Lacerda-Abreu MA and Meyer-Fernandes JR. Extracellular

inorganic phosphate-induced release of reactive oxygen species: 

Roles in physiological processes and disease development. 

International Journal of Molecular Sciences 2021; 22: 1–16. DOI:

https://doi.org/10.3390/ijms22157768

44. Grasmann G, Smolle E, Olschewski H, and Leithner K.

Gluconeogenesis in cancer cells – Repurposing of a starvation-

induced metabolic pathway? Biochimica et Biophysica Acta -

Reviews on Cancer 2019; 1872: 24–36. DOI:

https://doi.org/10.1016/j.bbcan.2019.05.006

45. Luna C, Arjona A, Dueñas C, and Estevez M. Allysine and α-

aminoadipic acid as markers of the glyco-oxidative damage to

human serum albumin under pathological glucose 

concentrations. Antioxidants 2021; 10: 1–14. DOI:

https://doi.org/10.3390/antiox10030474 

46. Cui G, Song Y, Liu K, and Tan M. Interaction of carbon dots from

grilled spanish mackerel with human serum albumin, γ-globulin

and fibrinogen. Foods 2021; 10: 1–15. DOI:

https://doi.org/10.3390/foods10102336

47. Rahmani J, Miri A, Namjoo I, Zamaninour N, Maljaei MB, Zhou K, 

et al. Elevated liver enzymes and cardiovascular mortality: A

systematic review and dose-response meta-analysis of more 

than one million participants. European Journal of

Gastroenterology and Hepatology 2019; 31: 555–62. DOI:

https://doi.org/10.1097/MEG.0000000000001353

48. Fang P, Dou B, Liang J, Hou W, Ma C, and Zhang Q. Quercetin

Reduces Oxidative Stress and Apoptosis by Inhibiting HMGB1

and Its Translocation , Thereby Alleviating Liver Injury in ACLF

Rats. 2021; 2021.

49. Bariya A, Jasani H, Baraiya J, Kuvariya U, and Mankad G. Isolation,

Characterization and Exploration of the Biological Activity of

Endophytic Bacteria From Medicinal Plants. Journal of Advanced

Scientific Research 2022; 13: 15–20. DOI:

https://doi.org/10.55218/jasr.202213203

50. Singh A, Kukreti R, Saso L, and Kukreti S. Oxidative stress: A key 

modulator in neurodegenerative diseases. Molecules 2019; 24:

1–20. DOI: https://doi.org/10.3390/molecules24081583

51. Zhao Z, Hou Y, Zhou W, Keerthiga R, and Fu A. Mitochondrial

transplantation therapy inhibit carbon tetrachloride-induced 

liver injury through scavenging free radicals and protecting 

hepatocytes. Bioengineering and Translational Medicine 2021;

6: 1–14. DOI: https://doi.org/10.1002/btm2.10209

52. Alkassar AM and Shaker Alaboudy BAA. Effect of added different 

levels of Graviola Leavs meal ( Annona muricata L) on

biochemical blood traits and bacteriological account in broilers

chicken. IOP Conference Series: Earth and Environmental Science

2021; 735. DOI: https://doi.org/10.1088/1755-

1315/735/1/012023

53. Aryana KJ and Olson DW. A 100-Year Review: Yogurt and other 

cultured dairy products. Journal of Dairy Science 2017; 100:

9987–10013. DOI: https://doi.org/10.3168/jds.2017-12981

54. Phipps MM, Barraza LH, LaSota ED, Sobieszczyk ME, Pereira MR,

Zheng EX, et al. Acute Liver Injury in COVID-19: Prevalence and 

Association with Clinical Outcomes in a Large U.S. Cohort.

Hepatology 2020; 72: 807–17. DOI:

https://doi.org/10.1002/hep.31404

55. Ganger DR, Rule J, Rakela J, Bass N, Reuben A, Stravitz R, et al.

Acute Liver Failure of Indeterminate Etiology: A Comprehensive 

Systematic Approach by An Expert Committee to Establish 

Causality. American Journal of Gastroenterology 2018; 113:

1319–28. DOI: https://doi.org/10.1038/s41395-018-0160-2

http://www.ffhdj.com/
https://doi.org/10.3390/metabo9030045
https://doi.org/10.1080/03008207.2019.1665035.Glutathione
https://doi.org/10.1007/s13197-011-0568-9
https://doi.org/10.3390/foods10020382
https://doi.org/10.3390/jcm10122692
https://doi.org/10.1016/j.abb.2021.108941
https://doi.org/10.3389/fcvm.2019.00089
https://doi.org/10.1016/j.redox.2020.101587
https://doi.org/10.3390/ijms22157768
https://doi.org/10.1016/j.bbcan.2019.05.006
https://doi.org/10.3390/antiox10030474
https://doi.org/10.3390/foods10102336
https://doi.org/10.1097/MEG.0000000000001353
https://doi.org/10.55218/jasr.202213203
https://doi.org/10.3390/molecules24081583
https://doi.org/10.1002/btm2.10209
https://doi.org/10.1088/1755-1315/735/1/012023
https://doi.org/10.1088/1755-1315/735/1/012023
https://doi.org/10.3168/jds.2017-12981
https://doi.org/10.1002/hep.31404
https://doi.org/10.1038/s41395-018-0160-2

