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ABSTRACT
Background: Hepatic steatosis is the second most prevalent liver disease following viral hepatitis, and its incidence is 
increasing rapidly, posing a significant threat to human health.
Aim: This research aimed to identify natural treatment methods that reduce the risk of experimental hepatic steatosis 
with triton by answering the following questions:
1. Do polyphenols extracted from strawberries reduce the risk of experimental hepatic steatosis in rabbits?
2. Do omega-3 extracted from almonds reduce the risk of experimental hepatic steatosis in rabbits?
3. Is giving Omega-3, Vit. E considered the optimal treatment for hepatic steatosis?
Methods: This study aimed to assess the effects of strawberry polyphenols, omega-3 from almonds, omega-3, and 
vitamin E on reducing the risk of Triton-induced liver steatosis. The experiment involved 100 male rabbits (10–12 
months old, 1,150–1,350 g) divided randomly into the following 10 groups: control group, Triton (300 mg/kg body 
mass) group, strawberry polyphenols group, strawberry polyphenols with Triton group, almond Omega-3 group, 
almond Omega-3 with Triton group, strawberry polyphenols with almond Omega-3 group, strawberry polyphenols 
with almond Omega-3 with Triton group, Omega-3, Vit. E group, and Omega-3, Vit. E with Triton group. Dosing 
occurred daily for 4 months. 
Results: The results of the study indicated a significant increase in the levels of Triglycerides, Total cholesterol, Low-
density lipoprotein-cholesterol, and Very low-density lipoprotein-cholesterol in the group of rabbits treated with Triton 
compared with the other groups, while these parameters decreased in the groups treated with strawberry polyphenols, 
omega-3 from almonds, omega-3, and vitamin E. In addition, the levels of High-density lipoprotein-cholesterol, 
Paroxinase-1 activity, and apelin concentration decreased in the group treated with Triton but increased in the groups 
receiving strawberry polyphenols, omega-3 from almonds, omega-3, and vitamin E, at a probability level (p ≤ 0.01).
Conclusion: These results suggest that polyphenols extracted from strawberries, Omega-3 extracted from almonds, 
and Omega-3, Vit. E is a suitable treatment for hepatic steatosis. 
Keywords: Almond, Apelin, Fatty liver, PON-1, Strawberry, Triton.

Introduction 

Liver steatosis is the second most prevalent liver 
condition following viral hepatitis. The incidence of 
hepatic steatosis is rising sharply, presenting a major 
health risk. Hepatic steatosis encompasses various 
pathological issues, including cirrhosis and liver 
cancer, and can progress to steatohepatitis. Fortunately, 
hepatic steatosis is typically regarded as a reversible 
disease, as it is often possible to return the liver to its 
normal condition (Khan and Khan, 2022).
Hepatic steatosis is a major public health concern, 
impacting 25% of the global population (Teng et al., 
2023). Hepatic steatosis can progress from fat buildup 
in the liver to more serious conditions, such as 
nonalcoholic steatohepatitis, cirrhosis, and potentially 

liver cancer. Moreover, it increases the likelihood of 
developing a condition characterized by high blood 
glucose levels and heart-related conditions, contributing 
to a high overall mortality rate (Ghazanfar et al., 2024). 
Although insufficient physical exercise, excessive fat 
accumulation in the abdominal area, insulin resistance, 
and associated immune response are considered 
major causes of hepatic steatosis development, our 
understanding of the causes of this disease and the 
mechanisms underlying its development remains 
incomplete, limiting the available therapeutic options 
(Jeong, 2020).
Although only a small percentage (5%) of patients 
with fatty liver progress to cirrhosis, hepatic steatosis 
is recognized as the most prevalent underlying factor 
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for chronic liver disorders, largely as a result of the 
widespread increase in obesity (Han et al., 2023). 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, leading to the formation of 
hepatic steatosis (Heeren and Scheja, 2021).
In relation to liver diseases, oxidative stress-induced 
loss of liver function encompasses various conditions, 
including hepatotoxicity (Ramachandran and Jaeschke, 
2018), liver ischemia-reperfusion injury (Forman 
and Zhang, 2021), nonalcoholic fatty liver disease 
(NAFLD) (Gonzalez et al., 2020), and hepatocellular 
carcinoma (Li et  al., 2023). These conditions are 
linked to excessive free radical production, which can 
cause systemic imbalances and disruptions in organ 
communication, potentially leading to severe outcomes 
or even death (Asrani et al., 2019).
PON1 exhibits lactonase and ester hydrolase activities, 
has the ability to hydrolyze a variety of organic 
molecules such as thiolactone, unsaturated aliphatic 
esters, aromatic carboxylic esters, and carbamates, and 
has important roles in various biochemical pathways 
such as protection against oxidative damage and 
lipid peroxidation, contribution to innate immunity, 
detoxification of reactive molecules, bioactivation of 
drugs, modulation of endoplasmic reticulum stress, 
and regulation of cell proliferation/apoptosis. Due to 
its ability to perform multiple independent and often 
unrelated functions, it is considered a “satellite protein” 
(Kulka, 2016; Taler-Verčič et al., 2020).
Apelin is a peptide released from fat tissue that 
contributes to maintaining energy homeostasis, glucose 
metabolism, and insulin sensitivity. Recent studies 
have suggested that apelin could serve as a biological 
marker for diagnosing or tracking the development of 
these conditions. It might also be the focus of upcoming 
treatments intended to enhance metabolism and reduce 
inflammation associated with NAFLD and diabetes 
(Murali and Aradhyam, 2023).

Materials and Methods
The study involved 100 male rabbits obtained from 
local markets in the Kogjali area of Mosul. Their health 
and disease-free status were verified through periodic 
examinations by veterinarians. The rabbits were 
housed in locally made cages measuring 100, 75, and 
65 cm in length and width. Ten groups were formed out 
of them, each consisting of 10 rabbits. The temperature 
in the environment was maintained between 26°C and 
29°C with, a 14-hour light cycle each day. The cages 
were well-ventilated, and the floors were covered 
with coarse sawdust to absorb moisture. The sawdust 
was replaced daily, and continuous sterilization was 
performed to ensure that the cages remained clean and 
free from contamination and disease.
Rabbits underwent a 1-month acclimation period to 
adjust to their new environment and the standard rabbit 

feed. Feed was provided in equal quantities and a fixed 
sequence, with regular water in special containers fixed 
to the cage to prevent water leakage. The rabbits were 
given unrestricted access to food and water. Green, feed 
was provided continuously throughout the treatment 
period.
Plants used in the study
1. Strawberry fruits: Strawberry 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, dried with a piece of cloth, left for half an hour 
to dry well at room temperature, cut into thin slices, 
placed on special paper for drying, placed in an electric 
oven with a warm air current at a temperature of 
27ºC–30ºC and turned from time to time for 24 hours, 
ground to obtain strawberry powder, and placed in a 
glass container away from moisture and sunlight until 
needed.
Identification of standard phenolic compounds by high-
performance liquid chromatography (HPLC)
From the chromatographic analytical charts obtained, 
the retention time of each of the standard compounds 
was determined for six compounds including gallic 
acid with a standard retention time of 4.028 minutes; 
quercetin with a standard retention time of 4.839 
minutes; caffeine with a standard retention time of 
5.790 minutes; kaempferol with a standard retention 
time of 7.925 minutes; L-rutin with a standard retention 
time of 2.252 minutes; and apigenin with a standard 
retention time of 3.044 minutes at a wavelength of 280 
nm.
Table 1 displays the presence of several phenolic 
compounds in the extract, including Gallic acid with 
a height of 78.13, Quercetin at 1,113.54, Caffeine at 
1,083.032, Kaempferol at 124.587, L-Rutin at 21.71, 
and Apigenin at 94.22. These measurements highlight 
the extract’s quantitative and qualitative composition.
Identification of a number of standard phenolic 
compounds from strawberry fruits, quantitatively and 
qualitatively
Figure 1 displays the phenolic components of 
strawberry fruits in an ethyl acetate extract. It should be 
noted that the reference concentrations of the phenolic 
compounds used in this study are 1,000 ppm. 
2. Almonds: Almonds were sourced from the Choman/
Haj Omran area in Erbil Governorate. They were 
ground into powder and stored in a glass container until 
needed.
Preparation of plant extracts
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 used throughout 
the procedure of separation and by using the sequence 
of solvents system extraction, as ethyl acetate was 
used in the extraction process for strawberries, while 
petroleum ether was used for almonds. Then, a rotary 
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vacuum evaporateator was used to concentrate the 
extracts at 20ºC lower than the boiling point of each 
solvent used.
Separation and purification of phenols from strawberry 
fruits by acid hydrolysis
Phenolic compounds are typically not present in their 
free form but are bound to sugars such as glycosides 
within plants. To obtain pure phenols and accurately 
identify them, an acid hydrolysis process is necessary 
to break glycosidic bonds, releasing the phenols 
from sugar (Arthur, 1972; Al-Daody, 1998). Using 
this process, phenols isolated and purified from 
strawberries, and polyphenols were identified using 
HPLC technology, following the method described by 
Harborne (1998); Behbahani et al., (2011); Al-Lahibi 
(2022). The concentration of the phenolic compound is 
separated by the following law:

Concentration of standard × 
Hieght of sample

Hieght of standard  = 

(ppm/ml) Conc. of sample
Fatty acid extraction from almonds using saponification
Saponification was performed for extraction-free fatty 
acids (Omega-3) following the method described 
by Al-Jaghfi (2022). Omega-3 fatty acids were then 
diagnosed and purified using HPLC according to the 
technique outlined (Al-Daody, 1998). 
Experimental design
This is a preliminary study to determine the optimal 
and most effective dose of polyphenols extracted from 
strawberries and Omega-3 extracted from almonds 
daily. We used 100 male Oryctolagus cuniculus rabbits 
in this research, and they were randomly divided into 
10 groups, with each group including 10 rabbits. Triton 
was acquired from the central store of the University 

Fig. 1. HPLC chromatography of the ethyl acetate extract of strawberry fruits, which is characterized by distinct 
peaks corresponding to gallic acid, quercetin, caffeine, kaempferol, l-rutin, and apigenin, where the peak heights 
and concentrations (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.

Table 1. Height and concentrations of phenolic compounds identified using HPLC analysis of strawberry fruit.

Polyphenols Standard height
Ethyl acetate extract

Heights Conc. (ppm/ml)
1 Gallic acid 2,323.380 78.13 33.627
2 Quercetin 100.5238 1,113.54 1,107.737
3 Caffeine 1,328.621 1,083.032 815.155
4 Kaempferol 447.562 124.587 278.368
5 L-Rutin 466.175 21.71 46.570
6 Apigenin 1,839.380 94.22 51.223
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of Mosul, and a Triton solution was prepared at a 
concentration of 300 mg/kg of body mass.
•	 The control group was given water to equalize the 

stress of holding the rabbit (Verwer et al., 2009).
•	 The second group was injected with Triton at a 

dosage of 300 mg\kg of body mass, and injection 
was performed subperitoneally for these rabbits 
(A-Ani, 2023).

•	 The third group was administered polyphenols 
extracted from strawberries at a dosage of 0.2 ml\
kg of body mass.

•	 The fourth group was dosed with polyphenols 
extracted from strawberries at a dosage of 0.2 
ml\kg of body mass, followed by the injection of 
Triton at a dosage of 300 mg\kg of body mass.

•	 The fifth group received Omega-3 extracted from 
almonds at a dosage of 0.14 ml\kg of body mass.

•	 The sixth group received Omega-3 extracted from 
almonds at a dosage of 0.14 ml\kg of body mass 
with an injection of Triton at a dosage of 300 mg\
kg of body mass.

•	 The seventh group was administered polyphenols 
extracted from strawberries at a dosage of 0.2 ml\
kg of body mass and Omega-3 extracted from 
almonds at a dosage of 0.14 ml\kg of body mass.

•	 The eighth group was dosed with polyphenols 
extracted from strawberries at a dosage of 0.2 ml\
kg of body mass and Omega-3 extracted from 
almonds at a dosage of 0.14 ml\kg of body mass 
with an injection of Triton at a dosage of 300 mg\
kg of body mass.

•	 The ninth group was administered Vit. E at a 
dosage of 0.2 ml\kg of body mass and Omega-3 at 
a dosage of 0.14 ml\kg of body mass.

•	 The tenth group was administered Vit. E at a 
dosage of 0.2 ml\kg of body mass and Omega-3 

at a dosage of 0.14 ml\kg of body mass with an 
injection of Triton at a dosage of 300 mg\kg of 
body mass.

Sample collection
After 4 months of treatment, blood samples were 
collected from rabbits by performing a cardiac puncture 
with a 6 ml medical syringe. Blood was placed into 
tubes without any anticoagulant ingredients and sealed 
with tight yellow caps. The tubes were then maintained 
at room temperature for 20 minutes or until blood was 
clotted (Wilson et al., 1972).
Biochemical tests
The total lipid profiles were measured using an 
automatic chemistry analyzer (Smart-120) at 450 
nm for male rabbit blood serum samples, including 
Triglycerides (TG), Total cholesterol (TC), Low-
density lipoprotein-cholesterol (LDL-c), Very low-
density lipoprotein-cholesterol (VLDL-c), and High-
density lipoprotein-cholesterol (HDL-c).
Estimation of PON-1 enzymatic activity
The concentration of Paroxinase-1 (PON-1) enzyme 
in the serum of treated and untreated rabbits (male) 
was estimated using a readymade analysis kit from Rel 
Assay Diagnostics (Clinical chemistry solutions) based 
on the colorimetric method mentioned in Marchegiani 
et al. (2008).
Hormonal tests
The concentration of apelin in rabbit blood serum 
was measured using a premade analysis kit from the 
Chinese BT LAB Bioassay Technology Laboratory, 
using the ELISA technique.
Analytical statistics
The outcomes of all laboratory examinations were 
studied to determine the mean and standard deviation 
according to the simple experimental system and use 
the complete randomized design. The comparison 

Fig. 2. Standard curve of Omega-3, as determined by HPLC.
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involving the treated rabbit groups and the control group 
applied Duncan’s multiple range test with the aid of the 
statistical analysis system program, as the coefficients 
took different significant letters at the probability level 
(p ≤ 0.01) (Antar and Al-Wakaa, 2017). The graphs 
were drawn using Excel 2010 software.
Ethical approval
The research was approved by the Institutional Animal 
Ethics Committee (IACUC) at the Mosul University, 
Veterinary Medicine College, UM.VET.2023.064.

Results
Omega-3 concentration in almonds was determined 
using HPLC to determine its quantity and quality
Unsaturated fatty acids are easily degraded by the 
solvent used (petroleum ether). Chromatographic 
analysis charts were obtained in which the retention 
time of fatty acid (Omega-3) of the study sample was 
determined compared with the retention time of the 
standard sample. The diagnosis showed that Omega-3 
in the sample was almost identical to the standard fatty 
acid as in Figures 2 and 3. Omega-3 appeared with a 
standard retention time of 2.493 minutes, whereas 
the retention time of Omega-3 in the study sample 
was 2.456 minutes in the petroleum ether extract at a 
wavelength of 254 nm.
The Omega-3 concentration of the study sample was 
40.34 mg/ml compared with the standard solution 
concentration of 54 mg/ml.
Estimation of TC levels in the blood of white rabbits 
Table 2 shows a significant increase in TC concentration 
of TC in the group of rabbits treated with Triton, with 
an arithmetic mean of (250.11 ± 0.10) mg\100 ml 
compared to the other groups at a probability degree of 
p ≤ 0.01, whereas the mean of the rabbits group treated 
with polyphenols extracted from strawberries with 

Triton was (130.16 ± 0.05) mg\100 ml, followed by the 
group of rabbits treated with Omega-3 extracted from 
almonds with Triton, the group of rabbits treated with 
polyphenols extracted from strawberries and Omega-3 
extracted from almonds with Triton, and the group of 
rabbits treated with Omega-3, Vit. E with Triton, with 
the arithmetic means of (125.38 ± 0.07), (125.25 ± 
0.17), and (125.17 ± 0.11) mg\100 ml, respectively, 
showing no significant differences among these groups.
The mean of the control group was (124.86 ± 0.49) 
mg\100 ml, while the mean of the rabbits group treated 
with Omega-3 extracted from almonds was (121.60 ± 
0.50) mg\100 ml, and the mean of the rabbits group 
treated with polyphenols extracted from strawberries 
was (120.17 ± 0.46) mg\100 ml. The lowest mean 
value was for the rabbit group treated with polyphenols 
extracted from strawberries and Omega-3 extracted 
from almonds and the rabbit group treated with 
Omega-3 and Vitamin E (110.05 ± 0.16) and (110.18 
± 0.05) mg\100 ml, respectively, and these two groups 
did not differ significantly from one another.
Estimation of triglyceride levels in the blood of white 
rabbits
Table 2 shows a significant increase in TC concentration 
in rabbits treated with Triton, with an arithmetic mean 
of (239.09 ± 0.47) mg\100 ml, compared to the other 
groups at a probability degree of (p ≤ 0.01). The 
mean for rabbits treated with Omega-3 extracted from 
almonds with Triton was (160.68 ± 0.56) mg\100 ml, 
whereas for rabbits treated with Omega-3 and Vit. E 
with Triton, it was (160.13 ± 0.39) mg\100 ml. The 
means for the control group and the group treated with 
polyphenols extracted from strawberries with Triton 
were (150.33 ± 0.10) and (150.50 ± 0.19) mg\100 ml, 
respectively, and there was no discernible difference 
between the two groups.

Fig. 3. Omega-3 compound of almond separated from petroleum ether extract and characterized using HPLC.
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Average of rabbits treated with polyphenols extracted 
from strawberries and Omega-3 extracted from almonds 
with Triton was (150.24 ± 0.10) mg\100 ml, the mean of 
the rabbits group treated with Omega-3 extracted from 
almonds was (146.24 ± 0.13) mg\100 ml, and the mean 
of the rabbits group treated with polyphenols extracted 
from strawberries was (145.36 ± 0.12) mg\100 ml, 
while the arithmetic mean of the group of rabbits treated 
with Omega-3,Vit. E was (136.28 ± 0.09) mg\100 ml. 
The lowest mean was for the rabbit group treated with 
polyphenols extracted from strawberries and Omega-3 
extracted from almonds at (130.32 ± 0.09) mg\100 ml.
Estimation of LDL-c in serum of white rabbits
Table 2 shows a significant increase in LDL-c 
concentration in the rabbit group handled with Triton 
at a mean of (189.80 ± 0.16) mg\100 ml compared 
with the other groups and at a probability degree (p 
≤ 0.01), followed by the group of rabbits treated with 
polyphenols extracted from strawberries with Triton 
at an arithmetic mean of (59.82 ± 0.17) mg\100 ml, 
and the mean of rabbit group treated with polyphenols 
extracted from strawberries and Omega-3 extracted 
from almonds with Triton was (49.97 ± 0.18) mg\100 
ml, while the mean of the control group and rabbit 
group treated with Omega-3 extracted from almonds 
with Triton was (49.64 ± 0.49) and (49.56 ± 0.35) 
mg\100 ml, respectively, and there were no notable 
variations between these two groups. The mean of the 
rabbit group treated with Omega-3, Vit. E with Triton 
was (47.98 ± 0.20) mg\100 ml, whereas the mean of 
the rabbits group treated with Omega-3 extracted from 
almonds was (41.82 ± 0.50) mg\100 ml.
The mean of the rabbit group treated with polyphenols 
extracted from strawberries was (40.74 ± 0.68) mg\100 
ml, while the mean of the rabbits group treated with 
polyphenols extracted from strawberries and Omega-3 
extracted from almonds was (28.48 ± 0.15) mg\100 
ml, whereas the lowest mean was in the rabbit group 
treated with Omega-3, Vit. E (26.58 ± 0.13) mg\100 
ml.
Estimation of VLDL-c levels in the serum of white 
rabbits 
Table 2 demonstrates a notable rise in VLDL-c in the 
rabbit group treated with Triton, at a mean of (47.82 
± 0.10) mg\100 ml relative to the other groups with a 
probability degree (p ≤ 0.01), followed by the rabbit 
group treated with Omega-3 extracted from almonds 
with Triton, at an arithmetic mean of (32.14 ± 0.11) 
mg\100 ml, while the mean of rabbit group treated with 
Omega-3, Vit. E with Triton was (32.03 ± 0.08) mg\100 
ml.
The mean of the control group, the rabbit group treated 
with polyphenols extracted from strawberry with 
Triton, and the rabbit group treated with polyphenols 
extracted from strawberries and Omega-3 extracted 
from almonds with Triton were (30.07 ± 0.02), (30.10 
± 0.04), and (30.05 ± 0.02) mg\100 ml, respectively, Ta
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and these groups did not differ significantly from one 
another.
The mean of the rabbit group treated with Omega-3 
extracted from almonds was (29.25 ± 0.03) mg\100 
ml, while the mean of the rabbit group treated with 
polyphenols extracted from strawberries was (29.07 ± 
0.02) mg\100 ml, whereas the mean of the rabbit group 
treated with Omega-3,Vit. E was (27.26 ± 0.02) mg\100 
ml. Finally, the lowest mean was for the rabbit group 
treated with polyphenols extracted from strawberries 
and Omega-3 extracted from almonds, where its 
amount reached (26.07 ± 0.02) mg\100 ml.
Estimation of HDL-c in serum of white rabbits
Table 2 illustrates a significant increase in HDL-c in 
rabbits treated with Omega-3, Vit. E at an arithmetic 
mean of (56.34 ± 0.10) mg\100 ml compared to 
the other groups and at a probability degree (p ≤ 
0.01), followed by the group of rabbits treated with 
polyphenols extracted from strawberries and Omega-3 
extracted from almonds at an arithmetic mean of (55.50 
± 0.03) mg\100 ml and then the rabbits group treated 
with polyphenols extracted from strawberries and 
rabbits group treated with Omega-3 extracted from 
almonds with the arithmetic means of (50.36 ± 0.42) 
and (50.54 ± 0.09) mg\100 ml, respectively, and these 
two groups did not differ significantly from one another. 
The mean of the control group and the treated group of 
rabbits with polyphenols extracted from strawberries 
and Omega-3 extracted from almonds with Triton and 
the mean of the rabbits group treated with Omega-
3,Vit. E with Triton are (45.15 ± 0.05) and (45.23 ± 
0.08) and (45.17 ± 0.16) mg\100 ml, respectively, and 
between these three groups, there were no discernible 
differences.
The mean of the rabbit group treated with Omega-3 
extracted from almonds with Triton was (43.68 ± 0.41) 
mg\100 ml, and then, the group of polyphenols extracted 
from strawberries with Triton had an arithmetic mean 
of (40.24 ± 0.22) mg\100 ml, while the lowest mean 
was in the rabbit group treated with Triton was (12.49 
± 0.07) mg\100 ml.
Estimation of PON-1 enzyme activity in the serum of 
white rabbits
Table 3 shows a significant increase in PON-1 activity 
in the rabbits group given polyphenols extracted from 
strawberries and Omega-3 extracted from almonds, 
as well as the group of rabbits treated with Omega-3, 
Vit. E, with the arithmetic averages of (35.48 ± 0.22) 
and (35.60 ± 0.10) IU\l, respectively, compared to the 
other groups at a probability degree (p ≤ 0.01), and 
there were not any notable variations between these 
two groups, followed by rabbits group given Omega-3 
extracted from almonds at an arithmetic average of 
(32.07 ± 0.44) IU\l, while the arithmetic average 
for the group of rabbits treated with polyphenols 
extracted from strawberries was (31.62 ± 0.96) IU\l. 
After that, the rabbits group treated with polyphenols 
extracted from strawberries and Omega-3 extracted Ta
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from almonds with Triton followed by the group of 
rabbits treated with Omega-3, Vit. E with Triton with 
arithmetic means (29.18 ± 0.57) and (28.95 ± 0.03) 
IU\l, respectively, these two groups did not differ 
significantly from one another, while mean of control 
group was (28.75 ± 0.14) IU\l, and mean of rabbits group 
given polyphenols extracted from strawberries with 
Triton and the group of rabbits treated with Omega-3 
extracted from almonds with Triton was (28.13 ± 0.04) 
and (28.12 ± 0.03) IU\l, respectively, these two groups 
did not differ significantly from one another, whereas 
lowest mean was in the group of rabbits treated with 
Triton an arithmetic mean of (20.41 ± 0.23) IU\l.
Apelin levels in the serum of white rabbits
Table 4 illustrates a notable increase in apelin in 
the rabbit group given polyphenols extracted from 
strawberries and Omega-3 extracted from almonds with 
an arithmetic mean of (252.35 ± 3.53) ng/l compared 
with the rest of the groups at probability degree (p ≤ 
0.01). The arithmetic mean of the control group was 
(175.82 ± 2.13) ng/l, followed by the rabbits treated 
with polyphenols extracted from strawberries, rabbits 
given omega-3 extracted from almonds, and rabbits 
given omega-3, Vit. E with means of (170.13 ± 0.80), 
(170.90 ± 0.02), and (170.34 ± 0.06) ng/l, respectively, 
between these prior groups, there were no notable 
differences, while the mean of rabbit group treated 
with polyphenols was strawberry extract with Triton 
(134.94 ± 2.38) ng/l, while the arithmetic mean in 
the rabbit group treated with Omega-3 extracted from 
almonds with Triton was (132.77 ± 1.07) ng/l. While 
the arithmetic mean for the rabbit group treated with 
polyphenols extracted from strawberries and Omega-3 
extracted from almonds with Triton was (170.13 ± 0.02) 
ng/l, the mean of the rabbit group given Omega-3, Vit. 
E with Triton was (131.83 ± 0.83) ng/l, and the lowest 
arithmetic mean was for the group of rabbits treated 
with Triton, which amounted to (130.44 ± 0.18) ng/l.

Discussion
The observed increase in TG, TC, LDL-c, and VLDL-c 
but decrease in the concentration of HDL-c in rabbits 
treated with Triton at the probability degree (p ≤ 0.01) 
may be due to the mechanism by which Triton works, 
as it acts as a toxic substance for cells and works to 
accumulate free radicals. As a non-ionic surfactant, 
it accelerates cholesterol synthesis by stimulating the 
enzyme fatty acyl-CoA oxidase, initiating breakdown 
of fatty acids, and enhancing the absorption of 
intestinal fats through the emulsification process (Devi 
and Singh, 2017), As it inhibits the activity of the 
enzyme lipase and prevents lipoproteins absorption 
from the bloodstream by tissues outside of the liver 
(Kumar et al., 2010), it causes the amount of fat in the 
blood to rise. It is used to raise blood cholesterol and 
is a risk factor for vascular disorders (Berberich and 
Hegele, 2022). Ta
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The levels of TG, TC, LDL-c, and VLDL-c were 
inversely correlated with the levels of HDL-c. The 
concentration of HDL-c falls as the concentrations of 
TG, TC, LDL-c, and VLDL-c increase.
The ability of polyphenols extracted from strawberries 
to lower TG, TC, LDL-c, and VLDL-c levels while 
increasing HDL-c levels might be attributed to their 
capacity to facilitate cholesterol excretion from the 
intestine and promote the oxidation of cholesterol into 
bile acids for excretion in bile juice (Martin et al., 1996; 
Al-Saadon & Al-Hadi, 2013). A similar effect is seen 
with Omega-3 extracted from almonds, which acts as 
anticancer and anti-inflammatory agents, improving 
cardiovascular health due to their antioxidant 
properties. Omega-3 works synergistically with Vit. 
E and enhances antioxidant defense capacity. Vit. E 
and polyphenols protect LDL-c from Cu+2-induced 
oxidation to a greater extent, potentially offering 
more significant oxidative protection than anticipated 
(Singar et al., 2024).
The ability of Omega-3 and Vit. E to decrease TG, TC, 
LDL-c, and VLDL-c levels can be attributed to their 
antioxidant properties. When used together, Omega-3 
and Vit. E acts synergistically as an antioxidant that 
scavenges free radicals. Omega-3 has unique properties 
that offer significant health benefits. After esterification, 
Omega-3 can integrate into the phospholipid bilayer, 
where it interacts with surrounding phospholipids, 
leading to changes in lipid rafts, affecting oxidation 
rates and signal transduction pathways. This process 
helps reduce the accumulation of cholesterol and 
triglycerides in the cell membrane and blood serum, 
reflecting lower concentrations of VLDL-c and LDL-c. 
There is an inverse relationship between these variables 
and HDL-c, where there is a rise in HDL-c levels 
because of treatment with Omega-3 and Vitamin E 
results in decreased levels of TC, TG, LDL-c, VLDL-c, 
and Omega-3 with Vit. The function of Vit. E is similar 
to that of eicosapentaenoic acid, leading to the reduced 
levels of TG,TC, LDL-c, and VLDL-c and increased 
HDL-c (Al-Hadidy et al.,2008; Mason et al., 2016).
Vit. E also contains an unsaturated isoprenoid side 
chain, enhancing its antioxidant activity. This side 
chain allows Vit. E enables it to partially move through 
lipid membranes and accept electrons more readily 
(Galli et al., 2022).
The significant increase observed in the rabbit group 
treated with polyphenols extracted from strawberries 
as well as in Omega-3 extracted from almonds for 
the same group at a probability level (p ≤ 0.01) is that 
polyphenols play an inhibitory role in the translation 
and expression of the gene responsible for the enzyme 
in liver cells by increasing the hepatic mRNA, thus 
increasing the enzyme (PON-1) by stimulating the aryl-
hydrocarbon receptor, as it increases its concentration 
as well as increasing its effectiveness, as polyphenols 
such as quercetin, myrictin, and kaempferol and as 
substances containing an aromatic hydroxyl group, are 

responsible for their antioxidant activity, especially 
fats (Lv et al., 2021) by scavenging this enzyme and 
protecting it from oxidative stress, as these compounds 
give a hydrogen atom to free radicals and thus inhibit 
their effectiveness (Carrillo-Marlinez et  al., 2024) 
This applies to the group of rabbits treated with 
Omega-3, Vit. E. As for the reason for the decrease in 
the effectiveness of the PON-1 enzyme, Triton may 
have inhibited the concentration of PON-1-mRNA 
in the liver because Triton caused an increase in free 
radical production, which causes an imbalance in the 
number of HDL-c molecules associated with the PON-
1 enzyme. Consequently, these free radicals affect the 
stability of the association between PON-1 and HDL-c 
(Ikhlef et al.,2017). This enzyme is mainly produced 
in the liver, appears in blood serum, and is present in 
high-density lipoproteins. Treatment with Triton led 
to the accumulation of free radicals, which negatively 
affected the efficacy of this enzyme (Taler-Verčič et al., 
2020).
The cause of the increase in apelin in rabbits treated with 
polyphenols extracted from strawberries and Omega-3 
extracted from almonds may be due to the cumulative 
effect of these compounds for both strawberries and 
almonds, as phenols are considered antioxidants. 
They have many biological effects because they may 
scavenge free radicals and inhibit oxidation as they 
have strong antioxidant properties. These compounds 
give a hydrogen atom to the free radical, thus inhibiting 
its effectiveness (Lv et al., 2021), and in synergy with 
Omega-3 extracted from almonds, which acts as an 
antioxidant that provides protection for the membranes 
of cells secreting apelin, thus increasing its secretion. 
Treatment with Omega-3, Vit. E contributes greatly 
to increasing the concentration of hormones in serum. 
Omega-3 has a unique chemical composition that 
gives it distinctive properties that make it a free radical 
scavenger and enhance the secretion of the hormone 
apelin in synergy with vitamin E (Sherratt et al., 2021), 
which plays a major role as an antioxidant, and has 
therapeutic benefits because of its molecular mobility 
through lipid membranes and its easy acceptance of 
electrons (Galli et al., 2022).
The reduced apelin concentration in rabbits treated 
with Triton could be attributed to its tendency to 
accumulate free radicals and elevate oxidative stress 
(Al-Mashhadini & Al-Hayali, 2020). This process 
damages the cell membranes of hormone-secreting 
cells and disrupts other cellular organelles, ultimately 
inhibiting hormone secretion from fat cells. Apelin, an 
adipokine produced by fat cells, lowers sugar and fat 
levels and promotes pancreatic beta-cell production of 
insulin (Soltan et al., 2023).

Conclusion
We conclude that treatment with Triton significantly 
contributes to the development of hepatic steatosis, 
whereas polyphenols extracted from strawberries, 
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Omega-3 extracted from almonds, and Omega-3, Vit. 
E had a key influence on reducing the treatment effects 
of Triton and improving antioxidant status.
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