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INTRODUCTION 

 

Hepatic steatosis is the second most prevalent liver 

condition following viral hepatitis. Its occurrence is ris-

ing sharply, presenting a major health risk. Hepatic ste-

atosis encompasses various pathological issues, in-

cluding cirrhosis and liver cancer, and can progress to 

steatohepatitis. Fortunately, hepatic steatosis is typical-

ly regarded as a reversible disease, as it is often possi-

ble to return the liver to its normal condition (Khan and 

Khan,2022). 

About 25% of people worldwide suffer from hepatic 

steatosis, a serious public health concern (Teng et al., 

2022). Fatty liver disease can advance from straightfor-

ward hepatic fat buildup to more serious disorders like 

steatohepatitis in nonalcoholics, cirrhosis, and poten-

tially liver cancer. It also raises the risk of developing 

diabetes and cardiovascular diseases, contributing to a 

high overall mortality rate (Ghazanfar et al.,2024) . 

While insulin resistance, abdominal obesity, physical 

inactivity, and related inflammation are thought to be 

the main contributors to Nonalcoholic Fatty Liver Dis-

ease (NAFLD) development, understanding of the 

causes of this disease and the mechanisms underlying 

its development remains incomplete, limiting the availa-

ble therapeutic option (Jeong, 2020) . 

Although only a small percentage (5%) of hepatic stea-

tosis patients advance to cirrhosis, NAFLD is recog-

nized as the most common reason for long-term liver 

damage, largely due to the widespread increase in 

obesity (Han et al., 2022). The liver stores energy as 

glycogen and triglycerides, but in situations of obesity, 

overnutrition, or liver-damaging medications, excess fat 

builds up in liver cells from prolonged fat storage, re-

sulting in the creation of NAFLD (Heeren and Scheja, 

2021). 

Regarding liver diseases, oxidative stress-induced loss 

of liver function encompasses various conditions, in-

cluding hepatotoxicity (Ramachandran and Jaeschke, 

2018), liver ischemia-reperfusion injury (LIRI) (Forman 
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and Zhang, 2021), NAFLD (Gonzalez et al., 2020), and 

hepatocellular carcinoma (Li et al., 2023). These condi-

tions are linked to excessive free radical production, 

causing systemic imbalance and disrupting inter-organ 

communication, which can potentially result in death 

(Asrani et al., 2019). 

Natural products have a long history of medicinal use 

and are still widely used in alternative therapies 

(Chaachouay and Zidane, 2024). Extracts from natural 

products are multi-component and possess properties 

that enable them to target multiple proteins. In light of 

these properties, extracts derived from natural products 

exhibit various physiological activities such as anti-

inflammatory, antioxidant, and immunomodulatory ef-

fects. These inherent attributes make them invaluable 

in the prevention and treatment of a variety of condi-

tions, ranging from tumors and cardiovascular diseases 

to metabolic disorders and respiratory diseases   (Wang 

et al., 2021). Thus, natural products are emerging as a 

safer and more effective alternative to pharmaceutical 

agents (Villarroel-Vicente et al., 2021). Several studies 

have investigated natural compounds as alternatives to 

pharmaceutical agents as metabolic regulators. 

In light of the rising number of men and women experi-

encing hepatic steatosis, The present study aimed to 

conduct this investigation to determine the natural ther-

apy approaches that lower the risk of experimental he-

patic steatosis with Triton by responding to the following 

queries: i). Do polyphenols extracted from strawberries 

reduce the risk of experimental hepatic steatosis in rab-

bits?, ii). Does Omega-3 extracted from almonds re-

duce the risk of experimental hepatic steatosis in rab-

bits? iii). Can Omega-3,Vit. E be considered the optimal 

treatment for hepatic steatosis? 

 

MATERIALS AND METHODS 

 

Ethical approval 

Mosul University, Veterinary Medicine College, Institu-

tional Animal Ethics Committee (IACUC) approved the 

research vide no. UM.VET.2023.064.   

 

Procurement and acclimatization of rabbits 

This study involved 100 male rabbits (Oryctolagus ca-

niculus Albino New Zealand rabbits) obtained from local 

markets in the Kokjali area of Mosul. Veterinarians peri-

odically examined them to ensure their health and ab-

sence of sickness. Cages constructed locally were uti-

lized to house the rabbits. Ten groups (Groups 1 to 10) 

were formed, each with ten rabbits. The temperature 

was maintained between 26 and 28°C, with a 14-hour 

daily light cycle. The flooring of the cages was covered 

with coarse sawdust to absorb moisture with good ven-

tilation. To keep the cages clean and free of pollution 

and disease, sawdust was changed daily, and continual 

sterilization was performed. 

Rabbits underwent a one-month acclimation period to 

adjust to their new environment and the standard rabbit 

feed with equal quantities and in a fixed sequence, with 

regular water in special containers fixed to the cage to 

prevent water leakage. Throughout the treatment peri-

od, the rabbits had easy access to food and water with 

green feed. 

 

Material used  

Strawberry fruits 

 Fragaria X ananassa fruits were collected from the 

nurseries of Agriculture and Forestry College / Mosul 

University in February 2024, washed with tap water to 

get rid of dust with the addition of a little vinegar, then 

dried with a piece of cloth and left for half an hour to dry 

well at room temperature, then cut into thin slices and 

placed on special paper for drying, then placed in an 

electric oven with a warm air current at a temperature 

of (27-30°C ) and turned from time to time for 24 hours, 

then ground to obtain strawberry powder and placed in 

a glass container away from moisture and sunlight until 

needed. 

 

Almonds 

 The Prunus amigdalus were sourced from the Cho-

man/Haj Omran area in Erbil Governorate. They were 

ground into powder and stored in a glass container until 

needed. 

 

Preparation of plant extracts using a Soxhlet  

Plant extracts were prepared following the method 

mentioned by (Al-Lahibi, 2022; Zidane, 2023), based 

on the characteristics of compounds extracted from the 

plants as well as the kind of solvent utilized throughout 

the procedure of separation and by utilizing the se-

quence of solvents system extraction, as ethyl acetate 

was used in the extraction process for strawberry, while 

petroleum ether was used for almonds. Then, a Rotary 

Vacuum Evaporator (RVE) was used to concentrate the 

extracts at 20 °C lower  For about 48 hours than the 

boiling point of each solvent used. 

 

Separation and purification of polyphenols from 

strawberry fruits 

Phenolic compounds are typically not present in their 

free form but are bound to sugars as glycosides within 

plants. To obtain pure phenols and accurately identify 

them, an acid hydrolysis process is necessary to break 

the chemical bond, releasing the phenols (Al-Daody, 

1998). Using this process, phenols were isolated and 

purified from strawberry, and polyphenols were identi-

fied using High Performance Liquid Chromatography 

(HPLC) technology, following the method described 

earlier (Harborne,1998: Behbahani et al., 2011:Al-

Lahibi,2022). 
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Identification of standard phenolic compounds by 

High Performance Liquid 

Chromatography (HPLC) 

Through the chromatographic analytical charts ob-

tained, the retention time of each of the standard com-

pounds was determined for six compounds (Gallic acid, 

Quercetin, Caffeine, Kaempferol, L-Rutin, Apigenin), 

including Gallic acid with a standard retention time of 

4.028 min, Quercetin with a standard retention time of 

4.839 min, Caffeine with a standard retention time of 

5.790 min, Kaempferol with a standard retention time of 

7.925 min, L-Rutin with a standard retention time of 

2.252 min, and Apigenin with a standard retention time 

of 3.044 min at a wavelength of 280 nm. 

The concentration of the phenolic compound was sepa-

rated as follows (Robert et al.,2003) 

(ppm/ml)  Conc. of sample   =   ×  

           concentration of standard    Eq.1 

Figure 1 displays the phenolic components of strawber-

ry fruits in an ethyl acetate extract. It should be noted 

that all reference concentrations of phenolic com-

pounds employed in research were 1000 ppm. 

 

Fatty acid extraction from almonds using saponifi-

cation 

Saponification procedure was performed to extract free 

fatty acids(Omega-3) following the method described 

by (Al-Jaghfi, 2022). The Omega-3 fatty acids were 

then diagnosed and purified using HPLC technology 

according to the technique outlined (Al-Daody, 1998).  

 

Experimental design 

This was a preliminary study to determine the optimal 

and most effective dose of polyphenols extracted from 

strawberries and Omega-3 extracted from almonds 

daily. 100 male rabbits were used in this study and ran-

domly divided into 10 groups (Group I to Group 10) ; 

each group included 10 rabbits. Triton was acquired 

from the central store of the University of Mosul, and a 

Triton solution was prepared with a concentration of 

300 mg/kg of body mass. 

First group ,Control was given water to equalize the 

stress of holding the rabbit (Verwer et al., 2009). 

Second group was injected with Triton in a dosage of 

300 mg\kg  of body mass and injection was performed 

subperitoneally for these rabbits. 

Third group was dosed with polyphenols extracted from 

strawberry in a dosage of 0.2 ml\kg of body mass. 

Fourth group was dosed with polyphenols extracted 

from strawberry in a dosage of 0.2 ml\kg of body mass, 

with injection of Triton in a dosage of 300 mg\kg of 

body mass. 

Fifth group was dosed with Omega-3 extracted from 

almonds in a dosage of 0.14 ml\kg of body mass. 

 Sixth group was dosed with Omega-3 extracted from 

almonds in a dosage of 0.14 ml\kg of body mass with 

injection of Triton in a dosage of 300 mg\kg of body 

mass. 

Seventh group was dosed with polyphenols extracted 

from strawberry in a dosage of 0.2 ml\kg of body mass 

and Omega-3 extracted from almonds in a dosage of 

0.14 ml\kg of body mass. 

Eighth group was dosed with polyphenols extracted 

from strawberry in a dosage of 0.2 ml\kg of body mass 

and Omega-3 extracted from almonds in a dosage of 

0.14 ml\kg of body mass with injection of Triton in a 

dosage of 300 mg\kg of body mass. 

Ninth group was dosed with Vit. E in a dosage of 0.2 

ml\kg of body mass and Omega-3 in a dosage of 0.14 

ml\kg of body mass. 

 Tenth group was dosed with Vit. E in a dosage of 0.2 

ml\kg of body mass and Omega-3 in a dosage of 0.14 

ml\kg of body mass with injection of Triton in a dosage 

of 300 mg\kg of body mass. 

 

Sample collection 

After 4 months of treatment, blood samples were col-

lected from rabbits by performing a cardiac puncture 

with a 6 ml medical syringe. Blood was put into tubes 

without anticoagulant ingredients and sealed with tight 

yellow caps. The tubes were then kept at room temper-

ature for 20 min. or until blood clotted  (Wilson et al., 

1972). 

 

Hematological Tests                                                    

Blood tests were performed on the treated rabbits and 

the control group, including Haemoglobin (Hb), Red 

Blood Cell (RBCs) count, Packed Cell Volume (PCV)  

and White Blood Cell (WBCs) count. Blood samples 

were analyzed using a Complete Blood Count (CBC) 

for the veterinary device from GP animal Getein Animal 

Medical (BHA-5000Vet) of German origin. 

 

 Determination of Total Antioxidant Capacity (TAC) 

The concentration of TAC in rabbit serum was estimat-

ed using a ready-made analysis kit from Bioassay 

Technology Laboratory (BT LAB) using the Enzyme-

Linked Immunosorbent Assay (ELISA) technique. 

 

Statistical analysis 

The statistical analysis was made to find the mean and 

standard deviation using the simple experimental sys-

tem and the Complete Randomized Design (CRD). The 

comparison involving treated rabbit groups and control 

group, Applied Duncan's Multiple Range Test was 

donewith the aid of the Statistical Analysis System 

(SAS) program, as the coefficients took different signifi-

cant letters at the probability level (P≤0.01) (Antar and 

Al-Wakaa, 2017). The graphs were drawn using the 

Excel 2010 statistical program. 
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RESULTS  

 

Omega-3 concentration in almonds  

Unsaturated fatty acids were easily broken down by the 

solvent used (petroleum ether). Chromatographic anal-

ysis (HPLC) charts were obtained, and the retention 

time of fatty acid (Omega-3) in the study sample was 

determined and compared to the retention time of the 

standard sample. The diagnosis showed that the Ome-

ga-3 of the sample was almost identical to the standard 

fatty acid, as shown in Figure 2,). Omega-3 appeared 

with a standard retention time of 2.493 minutes, while 

the retention time of Omega-3 in the study sample was 

2.456 min in the petroleum ether extract at a wave-

length of 254 nm. The omega-3 concentration of the 

study sample was found to be 40.34 mg/ml compared 

to concentration of standard solution 54 mg/ml. 

 

Estimation of blood hemoglobin Hb gm/100ml  

From Table 2, the study noticed a significant increase 

in the concentration of hemoglobin for groups (3,5,7,9), 

with means of 15.11±0.16, 15.01±0.11, 15.08±0.07, 

and 15.10±0.19 gm/100 ml, respectively, compared to 

the rest of the groups and at a probability level of 

(P≤0.01). There were no significant differences be-

tween these groups. 

The mean of group (1)was (8.37±0.30) gm/100ml, while 

the mean of groups (4,6,8,10) were 8.08±0.07, 

8.07±0.12, 8.00±0.17, and 8.04±0.12 gm/100 ml, re-

spectively, and there were no significant differences 

between these groups, while the lowest mean was for 

group(2), which amounted to 6.42±0.16 gm/100 ml. 

 

Estimation of red blood cell count RBCs million 

cells/mm3 

From Table 2, it was noticed that there was a significant 

increase in the number of red blood cells in the group 

(7), with an arithmetic mean of 7.69±0.05 million glob-

ules /mm3 compared to the rest of the groups and at a 

probability level of P≤0.01, followed by the group (3) 

with an arithmetic mean of 7.41±0.08 million globules /

mm3, while the arithmetic mean of the group (5) was 

7.25±0.22 million globules /mm3, and the arithmetic 

mean of the group (9) was 6.75±0.03 million globules/

Fig. 1. HPLC chromatography of ethyl acetate extract of strawberry fruits,  characterized by distinct peaks corresponding 

to Gallic acid, Quercetin, Caffeine, Kaempferol, L-Rutin and Apigenin, respectively where the peak heights and concen-

trations (ppm/ml) are provided, which illustrates the quantitative and qualitative characteristics of the extract composition; 

1.L-Rutin  2. Apigenin   3.Gallic acid   4.Quercetin   5.Caffiene   6.Kaempferol 

Numbers Polyphenols 
Standard 

height 

Ethyl acetate extract 

Heights Conc. (ppm/ml) 

1 Gallic acid 2323.380 78.13 33.627 

2 Quercetin 1005.238 1113.54 1107.737 

3 Caffeine 1328.621 1083.032 815.155 

4 Kaempferol 447.562 124.587 278.368 

5 L-Rutin 466.175 21.71 46.570 

6 Apigenin 1839.380 94.22 51.223 

Table 1. Height and concentrations of phenolic compounds identified using HPLC technology for strawberry fruits 
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mm3, while the arithmetic mean of the group (8) was 

6.54±0.03 million globules/mm3. 

The arithmetic mean of the group (1,10) was 

(6.42±0.23) and (6.39±0.04) million globules/mm3, re-

spectively, and there were no significant differences 

between these two groups. The arithmetic mean of 

group (4,6) was (6.09±0.02) and (6.08±0.03) million 

globules/mm3, respectively, and there were no signifi-

cant differences between these two groups, while the 

lowest arithmetic mean was for group (2), which was 

(3.52±0.08) million globules/mm3. 

 

Estimation of Packed Cell Volume (PCV) % 

From the Table (2), we notice a significant increase in 

PCV% in the groups (7,9) with arithmetic averages of 

(6.08±0.03) and (6.08±0.03)% compared to the rest of 

the groups and at a probability level of (P≤0.01) respec-

tively, and there were no significant differences be-

tween these two groups. 

While the arithmetic mean of the groups (3,5) reached 

arithmetic means of (5.89±0.06) and (5.92±0.05)% re-

spectively. There were no significant differences be-

tween these two groups. In contrast, the arithmetic 

mean of groups (1,8) was (3.79±0.06) and 

(3.78±0.05)% respectively. There were no significant 

differences between these two groups, and the arith-

metic mean of the groups (4,6,10) was (3.69±0.05) and 

(3.68±0.05) and (3.65±0.03)%, respectively, and there 

were no significant differences between these groups. 

The arithmetic mean for the group (2) was the lowest 

(2.81±0.08)%. 

 

Estimation of White blood cell count (WBCs) thou-

sand cells/mm3 

Table 2. shows a significant increase in the number of 

white blood cells in the group(2) with an arithmetic 

mean of (14.77±0.04) thousand cells/mm3 compared to 

the rest of the groups and at a probability level of 

(P≤0.01), followed by the group (3) with an arithmetic 

mean of (13.25±0.08) thousand cells/mm3. In contrast, 

Fig. 2. Standard curve of Omega3, as determined by High Performance Liquid Chromatography (HPLC) 

Fig. 3. Omega3 compound of almond separated from petroleum ether extract and characterized using  High Perfor-

mance Liquid Chromatography (HPLC) 
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the arithmetic mean of the group (7) was (13.06±0.37) 

thousand cells/mm3, while the arithmetic mean of the 

group (6,8,10) was (12.60±0.02),(12.75±0.03)and

(12.10±0.02)thousand cells/mm3 respectively, and 

there were no significant differences between these 

groups. In contrast, the arithmetic mean of the group 

(4) was 12.56±0.04 thousand cells/mm3 . The arithme-

tic mean of the group (1) was (12.40±0.10) thousand 

cells/mm3.The arithmetic mean of group (9) was 

(12.77±0.04) thousand cells/mm3, While the lowest 

arithmetic mean was for group (5) and reached 

(11.61±0.05) thousand cells/mm3. 

 

Estimation of Total antioxidant capacity (TAC) con-

centration IU/ml 

Table 3 shows a significant increase in the concentra-

tion of TAC in group (9) with an arithmetic mean of 

(8.31±0.02) IU/ml compared to the rest of the groups 

and at a probability level of (P≤0.01), followed by the 

group (7) with an arithmetic mean  (8.14±0.02) IU/ml, 

then the group (3,5) with arithmetic means (7.66±0.03) 

and (7.67±0.03) IU/ml respectively, and there were no 

significant differences between these two groups. The 

arithmetic mean of the group (1,8,10) were 6.78±0.05, 

6.77±0.04, and 6.82±0.03 IU/ml, respectively. There 

were no significant differences between these groups. 

The arithmetic means of the group (4,6)were 6.57±0.09 

and 6.53±0.04 IU/ml, respectively. There were no sig-

nificant differences between these two groups, while 

the lowest arithmetic mean was for the group (2) with 

an arithmetic mean of 3.62±0.13 IU/ml. 

 

DISCUSSION 

 

The significant increase in hemoglobin concentration, 

red blood cell count, and red blood cell volume in the 

group (7), as well as group (5) as in Table (2), may be 

attributed to the role of polyphenols in activating the 

enzyme ferrochelatase. This enzyme facilitates the 

binding of ferrous ion (Fe²⁺) to protoporphyrin at the 

final stage of heme synthesis in red blood cells (Poli et 

al., 2021; Aksu et al., 2012). 

Polyphenols exhibit antioxidant properties and enhance 

resistance to oxidative stress in red blood cells, pre-

venting membrane oxidation when exposed to oxidative 

agents. Furthermore, specific polyphenols such as L-

Omega-

3,Vit.E 

with Tri-

ton (10) 

Omega-

3,Vit.E 

(9) 

Ph & 

Omega-3 

with Tri-

ton (8) 

Poly-

phenols

& Ome-

ga-3 (7) 

Omega-3 

with Tri-

ton (6) 

Omega- 

3 (5) 

Polyphe-

nols with 

Triton (4) 

Poly-

phenols 

(3) 

Triton 

(2) 

Control

(1) 

Groups 

  Param

eters 

8.04± 

0.12c 

15.10± 

0.19a 

8.01± 

0.17c 

15.08±0.

07a 

8.07± 

0.12c 

15.01± 

0.11a 

8.08± 

0.07c 

15.11± 

0.16a 

6.42± 

0.16d 

8.37± 

0.30a 
Hb 

6.39± 

0.04f 

6.75± 

0.03d 

6.54± 

0.03e 

7.69± 

0.05a 

6.08± 

0.03g 

7.25± 

0.22c 

6.09± 

0.02g 

7.41± 

0.08b 

3.52± 

0.08h 

6.42± 

0.23f 
RBCs 

3.65± 

0.03d 

6.08± 

0.03a 

3.78± 

0.05c 

6.08± 

0.03a 

3.68± 

0.05d 

5.92± 

0.05b 

3.69± 

0.05d 

5.89± 

0.06b 

2.81± 

0.08e 

3.79± 

0.06c 
P.C.V 

12.10±0.

02d 

12.77±0.

04g 

12.75±0.

03d 

13.06±0.

37c 

12.60±0.

02d 

11.61±0.

05h 

12.56±0.0

4e 

13.25±0.

08b 

14.77±0.

04a 

12.40± 

0.10f 
WBCs 

Table 2. Effect of treatment with polyphenols extracted from strawberries, Omega-3 extracted from almonds, and Omega

-3 with Vit. E on (Hb, RBCs, P.C.V, WBCs) in serum of healthy male New Zealand white rabbits and those with experi-

mentally induced liver steatosis. 

Values are expressed as mean (±) standard deviation and number of rabbits/group = 10. ; Fig. paired with different letters indicate a 

significant difference at the probability level (P≤0.01). 

Ome-
ga3,Vit.E 
with Tri-
ton (10) 

Ome-
ga3,Vit.
E (9) 

Ph & 
Omega3 
with Tri-
ton (8) 

Polyphe-
nols& 
Omega3 
(7) 

Omega-
3 with 
Triton 
(6) 

Omega3 
(5) 

Polyphe-
nols with 
Triton (4) 

Poly-
phenols 
(3) 

Triton 
(2) 

Control 
(1) 

Groups 
Parame-
ters 

6.82± 
0.03d 

8.31± 
0.02a 

6.77± 0.04 
d 

8.14± 
0.02b 

6.53± 
0.04e 

7.67± 
0.03c 

6.57±0.09
e 

7.66± 
0.03c 

3.62± 
0.13f 

6.78± 
0.05d 

TAC 

Values are expressed as mean (±) standard deviation and number of rabbits/group = 10; Fig. paired with different letters indicate a sig-

nificant difference at the probability level (P≤0.01). 

Table 3. Effect of treatment with polyphenols extracted from strawberries, Omega-3 extracted from almonds, and Omega

-3 with Vit. E on (TAC U\L) in serum of healthy male New Zealand white rabbits and those with experimentally induced 

liver steatosis  
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Rutin, Quercetin, and Lignan stimulate and activate the 

immune system (Al-Mashhadini and Al-Hayali, 2020; 

Rudrapal et al., 2022; Shakoor et al., 2021). The com-

bined presence of several phenols and omega-3 in-

creases hemoglobin concentration and packed cell vol-

ume (PCV), while protecting cellular components and 

nucleic acids from oxidative damage. This synergy en-

hances the activity of immune receptors. Furthermore, 

the interaction between phenols and omega-3s may 

improve iron absorption from the gastrointestinal tract, 

stimulating the bone marrow to produce new red blood 

cells, thus increasing hemoglobin and PCV. A similar 

mechanism has been observed when omega-3s are 

combined with vitamin E as a therapeutic agent, where 

it protects cell membranes from apoptosis 

(programmed cell death) in blood components. Re-

search suggests that omega-3 and vitamin E are anti-

oxidants, potentially reducing the risk of fatty liver dis-

ease (Djuricic and Calder, 2021; Ricci et al.,2022). 

The decrease in red blood cell count, hemoglobin con-

centration, and packed cell volume (PCV) after Triton 

treatment in the group (2) shown in Table (2) may be 

attributed to its effect on red blood cell formation in the 

bone marrow. In addition, Triton may inhibit hemoglobin 

synthesis, accelerate red blood cell destruction, and 

expose cell membranes to oxidative damage, leading 

to increased apoptosis. This weakens the immune re-

sponse and reduces hemoglobin levels and packed cell 

volume. Triton is a toxic substance that promotes the 

accumulation of free radicals, which ultimately leads to 

cell damage and death when used at concentrations 

exceeding the critical limit (El-Aila, 2009; Al-Ani and Al-

Qattan, 2017; Tijjani et al., 2020). 

 Triton administration to male New Zealand white rab-

bits significantly increased the total white blood cell 

count, and this effect is likely due to the accumulation 

of fat in hepatocytes, which may interfere with the pro-

duction of proteins responsible for regulating the im-

mune system. As a result, the activity of white blood 

cells increases, leading to the release of large amounts 

of inflammatory cytokines, including interleukins and 

tumor necrosis factor-alpha (TNF-α), which promotes 

the production of white blood cells to repair tissue dam-

age or eliminate infected cells (Zhang et al., 2019). In 

addition, excess free fatty acids in hepatocytes affected 

by NAFLD can elevate the levels of reactive oxygen 

species, leading to lipid peroxidation, cytokine produc-

tion, and hepatitis. Increased secretion of pro-

inflammatory cytokines in hepatocytes, such as mono-

cyte chemoattractant protein-1, IL-1, IL-6, and TNF-α, 

further stimulates the production of white blood cells 

(Xia et al., 2024). The normalization of white blood cell 

count after treatment with polyphenols and omega-3 

can be attributed to their antioxidant properties, which 

help maintain cell membrane integrity and prevent the 

accumulation of free radicals (Djuricic and Calder, 

2021). 

The increase in total antioxidant capacity (TAC) ob-

served in rabbits treated with omega-3, vitamin E, and 

polyphenols extracted from strawberries and almonds 

in groups (3-10) as in Table (3) may be due to their 

antioxidant properties, which work to neutralize free 

radicals and protect against oxidative damage. Omega-

3, an essential polyunsaturated fatty acid that humans 

cannot synthesize due to a deficiency in the enzyme 

ditashorase, works synergistically with vitamin E to re-

duce fat accumulation in the liver, limit free radical ac-

cumulation, and enhance total antioxidant capacity con-

centration (Othón-Díaz et al., 2023). Vitamin E also 

enhances total antioxidant capacity levels by increasing 

lipid membrane fluidity and efficient electron acceptor 

(Galli et al., 2022: Kadhim et al., 2023). In addition, 

polyphenols present in strawberries and almond com-

pounds contributed to higher TAC levels, in contrast to 

group (2), which showed lower TAC levels. The mecha-

nism of Triton is similar to that of H2O2 and cholesterol 

in that it causes oxidative stress by directly affecting 

enzymatic and non-enzymatic antioxidants or disrupting 

their synthesis (Wang et al., 2024). 

 

Conclusion 

 

The present study concluded that treatment with Triton 

group (2) significantly contributes to developing hepatic 

steatosis, while polyphenols extracted from strawber-

ries, Omega-3 extracted from almonds, and Omega-3, 

Vit. E in groups (3-10) was key in reducing the treat-

ment effects with Triton and improving the antioxidant 

status. 
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