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Abstract 

Background: Non-alcoholic fatty liver disease (NAFLD) is a condition resulting from fat aggregates in liver cells and is 
associated with metabolic syndrome, obesity, and oxidative stress. The present work was designed to investigate the 
role of celery and curcumin against high-fructose–high-fat (HFHF) diet-induced NAFLD in rats. Thirty male rats were 
classified into five groups:  GP1: control group (rats were fed a normal control diet),  GP2: HFHF group as a positive con-
trol (rats were fed a HFHF diet) for 20 weeks,  GP3: HFHF + sily group,  GP4: HFHF + celery group, and  GP5: HFHF + cur 
group (rats in 3, 4, and 5 were treated as in the HFHF group for 16 weeks, then combined treatment daily by gavage 
for 4 weeks with either silymarin (as a reference drug, 50 mg/kg bw) or celery (300 mg/kg bw) or curcumin (200 mg/
kg bw), respectively. The progression of NAFLD was evaluated by estimating tissue serum liver enzymes, glycemic 
profile, lipid profile, oxidative stress markers in liver tissue, and histopathological examination. Moreover, DNA frag-
mentation and the released lysosomal enzymes (acid phosphatase, β-galactosidase, and N-acetyl-B-glucosaminidase) 
were estimated.

Results: Our results showed that HFHF administration for 16 weeks caused liver enzymes elevation, hyperglycemia, 
and hyperlipidemia. Furthermore, increased hepatic MDA levels along with a decline in GSH levels were observed in 
the HFHF group as compared to the control group. The results were confirmed by a histopathological study, which 
showed pathological changes in the HFHF group. DNA fragmentation was also observed, and the lysosomal enzyme 
activities were increased. On the other hand, oral supplementation of celery and cur improved all these changes 
compared with positive control groups and HFHF + sily (as a reference drug). Moreover, celery, as well as curcumin 
co-treatment, reduced HFHF-enhanced DNA fragmentation and inhibited elevated lysosomal enzymes. The celery 
combined treatment showed the most pronounced ameliorative impact, even more than silymarin did.

Conclusion: Our findings suggest that celery and curcumin consumption may exhibit ameliorative impacts against 
NALFD progression, while celery showed more ameliorative effect in all parameters.
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Background
Food and beverages rich in energy, fat, and/or sugar are 
now commonly consumed in modern societies. The large 
consumption of added sugar with low calories in pro-
cessed or prepared foods, soft drinks, and colas is a phe-
nomenon used in abundance recently [1].
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The usage of fructose with high amounts as a sweeten-
ing substitute (fructose corn syrup) in the preparation of 
desserts and carbonated beverages may contribute to a 
high prevalence of type 2 diabetes (T2D) and metabolic 
syndrome around the world [1, 2]. Metabolic syndrome 
is a multifactorial disease and has risk factors related to 
hyperinsulinemia, hyperglycemia, overweight, oxida-
tive stress, and dyslipidemia [1]. Zarghani et al. [3] study 
reported that HFHF diet for 40 and 60 days induced non-
alcoholic fatty liver disease in rats. Nowadays, functional 
foods, nutraceuticals, and medicinal herbs are used as 
an alternative to chemical drugs to decrease metabolic 
syndrome. It is considered as the source of natural active 
products that are different in mode of action and biologi-
cal properties, antioxidant activity, and has a low level of 
side effects than chemical drugs [4–6].

Non-alcoholic fatty liver disease (NAFLD) is a spec-
trum of hepatic diseases associated with metabolic and 
cardiovascular disorders [3]. NAFLD is also character-
ized by atherogenic dyslipidemia, postprandial lipemia, 
and high-density lipoprotein (HDL) dysfunction [7]. If 
this benign form of simple hepatic steatosis is not treated, 
it can progress to cirrhosis, which can lead to liver failure 
and the development of hepatocellular carcinoma.

Dyslipidemia is manifested as increased serum triglyc-
eride and low-density lipoprotein cholesterol levels and 
decreased high-density lipoprotein cholesterol levels 
[8]. Controlled dyslipidemia in early stages resulted in a 
decrease in the occurrence of hepatic steatosis. Although 
a wide range of lipid-lowering agents are available, the 
metabolic complications associated with dyslipidemia 
persist [9].

Curcumin (Cur), a golden spice extracted from Cur-
cuma longa, is the most active component of turmeric 
and is commonly used as a spice, food coloring agent, 
and in its application to improve the taste, color, and 
therapeutic properties in oral administration without any 
toxicity [10]. The desirable therapeutic traits of Cur are 
due to its antioxidant, anti-inflammatory, antibacterial, 
antiviral, antifungal, and hypoglycemic properties [9, 11, 
12]. It also acts as a free radical scavenger, so it helps in 
inhibiting lipid peroxidation, and oxidative DNA damage.

Celery (Apium graveolens L., Apiaceae) is a yearly or 
perennial umbelliferous plant that is widely distributed 
throughout Europe and the tropical and subtropical 
regions of Africa and Asia [13]. Celery is considered an 
important source of phytochemicals such as phenolic 
acids, five flavonoid components (apigenin, hesperidin, 
luteolin, quercetin, and rosmarinic acid), and vitamins 
such as vitamin C and beta‐carotene (Pro-vitamin A) 
[14]. In addition, it contains folic acid, minerals (includ-
ing sodium, potassium, calcium, and magnesium), silica, 
fiber, chlorophyll, and about 95% water and manganese. 

Many of the phytochemical compounds of celery have 
a role in decreasing oxidative damage because it is con-
sidered an antioxidant [15]. Celery phthalides lead to 
smooth muscle expansion in the blood vessels and lower 
blood pressure [16]. Additionally, it is used in dieting and 
weight loss programs [17]. Its leaves, roots, and seeds 
are used as food, seasoning in a daily diet, and as natural 
medicinal remedies around the world. The studied organs 
of A. graveolens (leaves, roots, seeds, and stalks) showed 
that the seeds contain the highest concentration of active 
compounds compared to other parts of the celery [13].

In this study, we sought to evaluate the potency of cel-
ery seeds extract and curcumin and compare between 
their impacts as dietary supplement in modulating bio-
chemical markers of oxidative stress, hyperlipidemia, and 
hyperglycemia in a high-fat–high-fructose diet-induced 
rodent model of NAFLD.

Methods
Chemicals
All were purchased from a local pharmacy, including 
curcumin 95% capsules (21st Century HealthCare, Inc., 
USA), celery seed extract (Natural Factors Nutritional 
Products Ltd., USA), fructose sugar (Unifructose, Unip-
harm, Egypt), and silymarin tablets (SIDECO, Egypt).

Animals
Thirty male rats (Sprague Dawley) were utilized in this 
work and were brought from the National Organization 
of Drug Control and Research (NODCAR), Egypt. The 
rats had an initial weight 120 ± 20  g. They remained in 
wire-bottomed cages made of stainless steel in the ani-
mal facility, where the temperature was maintained at 
approximately 24–25  °C with 12-h dark/light cycle. All 
animal experimentation protocols were carried out under 
the supervision of the Ethics Committee of the national 
organization of drug control and Research (NODCAR), 
Egypt, after the agreement of the general assembly of bio-
logical control and research. 

Induction of NAFLD method
NAFLD was induced by feeding rats with a high-fat–
high-fat diet (HFHFD) with the following macronutri-
ents composition: containing 21.4% fat, 17.5% protein, 
50% carbohydrate, 3.5% fiber, and 4.1% ash, concurrently 
with 20% of fructose in drinking water for 16  weeks as 
described by Lozano et al. [1].

Experimental design
After 1 week on a based diet, the experimental animals’ 
body weight was classified into five groups, with six ani-
mals per group for a study period of 20 weeks. The first 
group had free access to a standard diet “Normal Diet” 
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(con), with the following macronutrient composition: 
3.1 % fat, 16.1 % protein, 3.9 % fiber, and 5.1 % ash (min-
erals), while the second group “High Fructose–High Fat” 
(HFHF), as described before, for 16 weeks, followed by 
0.5% carboxymethyl cellulose (CMC) for 4 weeks. The 
third group (HFHF+sily), fourth (HFHF+Celery), and 

fifth (HFHF+Cur) were treated as in the HFHF group 
for 16 weeks and then combined treatment for 4 weeks 
with either silymarin (as a reference drug) (50 mg\kg bw) 
orally per day [18] or celery seed extract (300 mg/kg bw) 
[15] orally per day, or curcumin (200 mg\kg.bw) all dis-
solved in 0.5% CMC [19].

Body weight, liver weight, and liver index
At the termination of the experiment, all rats were 
weighted and then anesthetized with ketamine hydro-
chloride (100  mg/kg b.w.) and killed. Initial and final 
body weights were reported, and body weight gain was 
calculated by the difference between the initial and final 
weights.

The liver was removed and weighed; the liver index 
was calculated by the equation (liver weight/body 
weight) × 100).

Blood sampling and tissue preparation
Blood was collected from the retro-orbital vein, left for 
30  min at room temperature, and then centrifuged at 
2000g for 15 min at 4  °C for serum separation to use in 
biochemical examinations.

Small pieces (about 0.5 cm in thickness) from the liver 
of each group were kept in fixative for histological exami-
nation; some pieces were subjected to DNA fragmenta-
tion and for lysosomal enzyme activities. The remaining 
tissue was homogenized in 10% Kcl on the ice by an 
electric homogenizer and then centrifuged at 4  °C by a 
cooling centrifuge. The supernatant is then collected to 
perform oxidative stress examinations.

Biochemical examinations
Biochemical examinations estimated serum glutamic 
oxaloacetic transaminase (GOT) and glutamic pyruvic 
transaminase (GPT) by using kinetic commercial kits 
(Spinreact©, Spain) according to Burtis et al. [20]. Lipid 
profile parameters were estimated by commercial kits 
(Bio Diagnostic, Egypt); total cholesterol (S.TC) was eval-
uated according to Allain et al. [21]; triglycerides (S.TG) 
were estimated according to Fossati et al. [22], and high-
density lipoprotein (HDL) was measured by using colori-
metric kit (Bio Diagnostic, Egypt) [23].

Glycemic parameters
Fasting blood glucose (FBG) was assessed by a colorimet-
ric kit (Bio Diagnostic, Egypt), and fasting blood insulin 
(FBI) using Rat ELISA Kits (Novus Biologicals, USA) 
according to the manufacturer’s guide.
HOMA-IR calculated from equation = FBG\FBI× 22.5 

[24]

Oxidative stress parameters
MDA and GSH in liver tissue were performed by HPLC 
according to the methods of Karatas et  al. [25] and 
Appala et al. [26].
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Preparation of lysosomal fraction
Lysosomal fraction was prepared according to the 

method of Tanaka and Iizuka [27]. The activities of 
three lysosomal acid phosphatase (ACP), N-acetyl-β-
glucosaminidase (B-NAG), and β-galactosidase (B-GAL) 
were measured according to the method described by 
Ahmed et al. [28].

DNA fragmentation assay using agarose gel electrophoresis
DNA extraction and detection of apoptosis (DNA frag-
mentation assay) were done according to the “salting out 
extraction method” of Aljanabi and Martinez [29] with 
some modifications of Hassab El-Nabi et al. [30].

The isolated genomic DNA of the experimental animals 
was fractionated on 1.8% agarose gel electrophoresis [31]; 
about 15 μg of the sample with 5 μl of the loading dye and 
marker DNA were loaded carefully into the respective 
wells without disturbing the gel. After conducting the 

electrophoresis at 50 mV, agarose gel was photographed 
using a gel doc.

Histopathological examination
The tissue that is kept in 10% formalin is processed 
according to the Bancroft technique [32] and then exam-
ined under a light microscope.

Statistical analysis
GraphPad Prism software (San Diego, CA 92108) ver-
sion 6.05 was used to analyze the data. Results were pre-
sented as the mean ± standard error (SE). The statistical 
analyses were performed by one-way analysis of variance 
(ANOVA) test followed by Tukey’s multiple range tests to 
compare between different groups corresponding to the 
control group and in-between. P value ≤ 0.05 was con-
sidered significant, while P value > 0.05 was considered 
insignificant.

Table 1 The effect of HFHF alone or in combination with silymarin, curcumin, and celery on body weight, body weight gain (BWG), 
liver weight, and liver index

Data represented by mean ± SE
ɑ p significant difference from control at P < 0.05
b p significant difference from HFHF at P < 0.05
c p significant difference between HFHF + Cur and HFHF + Celery groups at P < 0.05

CON HFHF HFHF + Sily HFHF + CUR HFHF + Celery

IBW (g) 128.00 ± 1.2 127.00 ± 0.9 130.00 ± 1.11 129.70 ± 0.98 132.70 ± 1.25

FBW (g) 312.00 ± 6.8 372.50 ± 8.5a 365.00 ± 6.2a 349.17 ± 5.9ab 325.83 ± 2.1*abc

BWG 184 ± 12.8 245.5 ± 10.3a 235 ± 13.1a 219.47 ± 11.9ab 193.13 ± 12.6abc

Liver weight (g) 7.22 ± 0.8 9.75 ± 0.6a 8.89 ± 0.7ab 8.68 ± 0.6ab 8.52 ± 0.4abc

Liver index % 2.32 ± 0.5 2.62 ± 0.3a 2.44 ± 0.4a 2.49 ± 0.2ab 2.54 ± 0.6a

Table 2 The effect of HFHF alone or in combination with silymarin, curcumin, and celery on serum liver enzymes, glycemic profile, 
lipid profile, and hepatic MDA and GSH

Data represented by mean ± SE
ɑ p significant difference from control at P < 0.05
b p significant difference from HFHF at P < 0.05
c p significant difference between HFHF + Cur and HFHF + Celery groups at P < 0.05

Parameters Control HFHF HFHF + Sily HFHF + Cur HFHF + Celery

Liver enzymes GPT U/L 25.67 ± 1.27 59.32 ± 2.94a 40.17 ± 1.23ab 46.67 ± 1.23ab 41.17 ± 2.4abc

GOT U/L 47.17 ± 1.7 78.01 ± 2.1a 55.50 ± 1.12b 56.67 ± 1.4ab 49.00 ± 1.2bc

Glycemic profile FBG mg/dl 67.13 ± 2.1 176.5 ± 2.7a 152.5 ± 2.3a 85.41 ± 1.2b 72.5 ± 1.3b

FBI Um/ml 10.5 ± 0.7 7.8 ± 0.2a 9.5 ± 0.4ab 11.8 ± 0.6ab 10.9 ± 0.5b

HOMA-IR 1.74 ± 0.02 3.38 ± 0.04a 2.4 ± 0.02ab 2.28 ± 0.05ab 2.11 ± 0.07ab

Lipid profile S.CH mg/dl 163.17 ± 1.6 227.18 ± 2.4a 194.88 ± 1.7ab 184.88 ± 1.04ab 168.45 ± 1.4bc

S.TG mg/dl 53.50 ± 2.72 152.12 ± 1.1a 125.23 ± 1.23ab 64.44 ± 1.7ab 59.4 ± 2.1b

HDL mg/dl 28.5 ± 0.20 17.8 ± 0.11a 18.9 ± 0.14a 24.5 ± 0.15ab 29.12 ±  017bc

Oxidative stress MDA µmol/g.wet.tissue 1.47 ± 0.04 2.01 ± 0.1a 1.71 ± 0.03ab 1.68 ± 0.07b 1.57 ± 0.06b

GSH µmol/g.wet.tissue 25.7 ± 0.24 14.47 ± 0.1a 18.44 ± 0.09ab 19.71 ± 0.08ab 21.22 ± 0.12ab
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Results
Effect of HFHF alone or in combination with silymarin, 
curcumin, and celery on body weight, body weight gain, 
liver weight, and liver index
The data given in Table  1 reported that the HFHF diet 
exhibited a significant increase in weight gain, liver 
weights, and liver index as compared to the control 
group, while co-treatment with either curcumin or celery 

showed a significant reduction in body weight gain, liver 
weight as compared to the HFHF group.

On the other hand, curcumin co-treatment showed 
a significant reduction in liver index rather than the 
HFHF–celery group, due to the fact that the reduction in 
body weight was higher than the reduction in liver weight 
in the celery group.

Data represented by mean ±SE

p significant difference from control at P < 0.05
bp significant difference from HFHF at P < 0.05
c p significant difference between HFHF+Cur and HFHF+Celery groups at P < 0.05

Fig. 1  The effect of HFHF alone or in combination with celery, curcumin, and silymarin on three marker lysosomal enzymatic activities (ACP, acid 
phosphatase; β-GAL, β-galactosidase; and β-NAG,N-acetyl-B-glucosaminidase) in rat liver lysosomes. Data represented by mean ± SE. ɑp significant 
difference from control at P < 0.05. bp significant difference from HFHF at P < 0.05. cp significant difference between HFHF + Cur and HFHF + Celery 
groups at P < 0.05
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Effect of HFHF alone or in combination with silymarin, 
curcumin, and celery on the activities of serum levels 
of GPT and GOT
Table  2 shows that the levels of serum GPT and GOT 
were all significantly elevated by HFHF (P < 0.05) in 
comparison with normal group, while the combined 
treatments of sily, cur, and celery against HFHF showed 
significantly reduced levels of GPT and GOT (P < 0.05) 
regarding the rats fed with HFHF. Meanwhile, the dif-
ferences were significant between sily, cur, and celery-
treated HFHF groups as compared with the normal 
control group (P < 0.05). As shown by the data, celery has 
a better effect than other treatments.

Effect of HFHF alone or in combination with silymarin, 
curcumin, and celery on the levels of glycemic profiles
When compared to the control rats, HFHF diet-fed rats 
reported a significant elevation in fasting blood glucose 
level (P < 0.05). However, co-treatment of HFHF with 
either cur or celery effectively suppressed the levels of 
glucose (P < 0.05), but the sily-treated HFHF group exhib-
ited an insignificant difference when compared with 
HFHF rats (Table 2). Moreover, the levels of fasting blood 
glucose returned to close to the normal level in HFHF 
rats treated with celery.

In addition, fasting blood insulin levels were meas-
ured in fasted animals after 20 weeks. One-way ANOVA 
results showed that blood insulin levels significantly 
(P < 0.05) declined in the high-fructose–high-fat group 
compared to the control group (Table  2). However, the 
reduction in the fasting blood insulin was increased in 
the HFHF group receiving sily, cur, and celery as com-
pared with the HFHF group (P < 0.05). Therefore, the 
level of fasting blood insulin reverted to close to the nor-
mal range in rats fed HFHF treated with celery.

Also, as shown in Table 2, HFHF-fed rats group showed 
significantly (P < 0.05) higher resistance in HOMA-IR in 
comparison with the control group. Moreover, sily-, cur-, 
and celery-treated HFHF groups exhibited significant dif-
ferences when compared with HFHF-fed rats (P < 0.05).

Effect of HFHF alone or in combination with silymarin, 
curcumin, and celery on the serum levels of lipid profiles 
(total cholesterol, triglycerides, and HDL)
As shown in Table  2, high-fat–high-fructose diet for 
16  weeks mediated dyslipidemia, as one of the NAFD, 
which is reflected by significant elevation of serum lev-
els of S.CH, S.TG, and significant reduction in HDL level 
when compared to the normal control rats (P < 0.05).

Oral administration of sliy has efficiently suppressed 
the serum CH and TG levels when co-treated with 
HFHF (P < 0.05), but it could not affect the serum HDL 
levels (P > 0.05). However, the administration of cur and 

celery to HFHF groups indicated that there was a signifi-
cant reduction in S.CH, S.TG, and a significant elevation 
in HDL level as compared with rats fed on HFHF diet 
(P < 0.05). Notably, celery supplementation is superior 
in the improvement in dyslipidemia as all lipid profile 
parameters were reversed close to normal control levels.

Effect of HFHF alone or in combination with silymarin, 
curcumin, and celery on the levels of oxidative stress 
parameters (MDA and GSH)
The data in Table  2 show that the parameters such as 
levels of MDA and GSH were significantly different 
(P < 0.05) overall between the groups. The level of MDA 
was significantly increased in the HFHF group compared 
with the control group. In contrast, the level of GSH is 
significantly decreased (P < 0.05) in the same group. Oral 
administration of sily, cur, and celery reduced the eleva-
tion in MDA levels in association with a significant ele-
vation in GSH levels when compared to HFHF group 
(P < 0.05). As shown, the administration of celery was a 
more pronounced effect than others on the oxidative 
parameters.

DNA fragmentation and lysosomal enzymes
The results investigated that in HFHF group, DNA dam-
age was observed compared to negative control group, 
when animal treated with curcumin and celery in the 
damage in DNA decreased as compared to positive con-
trol and it provides the same result when compared to 
silymarin. The celery shows the best result among other 
groups (Fig. 1).

The results indicated that hepatic lysosomal enzymes 
activities β-NAG, ACP, and β-GAL significantly 

Fig. 2 Genomic DNA fragmentation pattern of liver tissues on 
1% agarose gel electrophoresis. LanM: DNA ladder, Lane 1: saline 
(negative control); Lane 2: treated with HFHF (positive control); 
Lane 3: treated with HFHF + silymarin, Lane 4: treated with 
HFHF + curcumin; Lane 5: treated with HFHF + celery
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increased regarding normal control. The HFHF + celery 
group showed the best result among the other treatments 
as compared to HFHF group (Fig. 2).

Histopathology examination
High-fructose–high-fat diet administration (Fig.  3b, c) 
caused liver steatosis, severe ballooning degeneration of 
hepatocytes, immune cell infiltration, binuclear hepato-
cytes, glycogenated nuclei that are mainly located in the 
area surrounding the portal tract, and Kupffer cells are 
seen. On the other hand, silymarin-treatment showed 
improvement in hepatic injury but lobular inflamma-
tion is still seen. Curcumin-treated group showed hepatic 
injury improvement, but sinusoidal dilatation is detected, 
while celery treatment showed normal architecture 
almost similar to control.

Discussion
The high content of saturated fatty acids and fructose in 
the diet enhanced lipogenesis and insulin-signaling sup-
pression. Furthermore, chronic intake of fructose is cor-
related with various signs of liver damage, as increased 

lipid peroxidation, oxidative stress, inflammation, insulin 
resistance in various tissues, and cellular necrosis. The 
extensive flow of fructose in the liver prompts a meta-
bolic injury to its tissue [33].

In the current investigation, rats fed on high-fructose–
high-fat diet (HFHF) for 16 weeks which is a well-estab-
lished model for the induction of NAFLD [3]. The data 
reported in this study revealed that HFHF caused eleva-
tion in blood glucose, hypoinsulinemia, hyperlipidemia, 
and elevation of oxidative stress parameters.

The consumption of fructose molecules is rapidly 
absorbed through the glucose transporter-5 (GLUT5) 
and then absorbed by GLUT2 in the liver cells. In con-
trast, fructose actually cannot be absorbed by pancreatic 
beta cells due to the extremely low affinity of the pancre-
atic beta-cell for fructose, so fructose is unable to stimu-
late insulin secretion [34]. This finding is consistent with 
Basaranoglu et  al. [35], which found that fructose con-
sumption reduced plasma insulin by 24  h but elevated 
fasting glucose. In addition, Huang et al. [36] pointed out 
that a high-fructose diet may induce hypoinsulinemia, 
while a high-fat diet may alter the pancreatic function of 

Fig. 3 Histopathology of the liver from control rat (a) showed normal architecture of hepatocytes. HFHF diet rats (b, c) caused liver steatosis (black 
arrows), hepatocytes ballooning (b), green square boxes indicate immune cell infiltration, yellow circles indicate binuclear hepatocytes, black 
circles show that glycogenated nuclei are mainly located in the area surrounding the portal tract, and Kupffer cells (blue arrows). Silymarin-treated 
HFHF-challenged rat (d) showed normal hepatocytes but immune cell infiltration (green square) is seen, curcumin-treated HFHF-challenged rat 
showed hepatic sinusoidal dilatation (red arrows), (e) and celery-treated HFHF-challenged rat (f) normal architecture almost similar to control
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insulin secretion and glucose intolerance, stating that the 
HFHF diet can have diverging effects on glucose metabo-
lism in the rat.

Due to the severe side effects of pharmacologic agents, 
researchers are trying to use herbal extracts that have 
lower toxicity than chemical drugs in the treatment of 
various diseases.

Silymarin, a derivative of milk thistle (Silybum mari-
anum), has been used for centuries as a natural cure 
for liver and bile duct disease. Consider the therapeutic 
potential of silymarin on hepatic steatosis with a high-fat 
diet (HFD)-induced non-alcoholic hepatic steatosis [37], 
and it is used in this study as a reference drug.

Apium graveolens has different therapeutic proper-
ties such as anti-diabetic, anti-inflammatory activity, and 
antioxidant properties [5]. Flavonoids are among the sec-
ondary metabolites of compounds plant that cannot be 
synthesized by the human body and must be received 
through diet. Various plants, due to their phenolic con-
tent, are believed to enroll in the healing process of free-
radical-mediated diseases; celery is among the plants that 
are rich in flavonoids such as apigenin, luteolin, and apiin 
[14].

In the recent study, serum glucose level in group receiv-
ing Apium seed extract indicated the efficacy in lowering 
blood glucose levels. The hypoglycemic impact of Apium 
seed may be due to enhanced secretion of insulin, pro-
liferation, and repair of b-cells from free radical induced 
damage, increased glucose transport into cells and its 
utilization by tissues, increased glycogen synthesis from 
glucose in the liver, and improved oxidant–antioxidant 
balance [38].

Most of the administered fructose was converted rap-
idly into glucose by the liver [39]. Part of glucose reduced 
to sorbitol with aldose reductase, which cannot cross the 
cell membranes, and accumulated in cells. The increased 
accumulation of sorbitol and fructose in the rats main-
tained on a fructose-rich diet affects blood glucose level 
[40]. Therefore, apigenin and luteolin in celery seed can 
inhibit aldose reductase enzyme (the enzyme that cata-
lyzes the reduction of glucose to sorbitol in the polyol 
pathway) [38].

On the other hand, curcumin is a polyphenol isolated 
from Curcuma longa which has been used as a poten-
tial therapeutic agent in some pathological conditions 
and against many diseases such as sepsis, hepatotoxic-
ity, and neurotoxicity. In this concern, previous stud-
ies reported that administration of Curcuma longa 
improves blood glucose, insulin levels, and insulin 
resistance through several mechanisms that include the 
increased activity of glucokinase (GK) and glycogen con-
tent in the liver, the activation of glycolytic enzymes, and 
regulated the gluconeogenic enzymes by inhibition of 

glucose-6-phosphatase (G6Pase) and phosphoenolpyru-
vate carboxykinase (PEPCK) activities. Indirectly, cur-
cumin diminishes free fatty acids in the liver and so 
lowers the stimulating of glucose production by liver [41].

In this study, HFHF caused liver damage and demon-
strated considerable alternation in serum activity of liver 
enzymes. Moreover, Lemus-Conejo et al. [42] suggested 
that HFD-induced obese mice promotes a NAFLD which 
resulted in elevation in the activities of transaminases. 
Our study showed administration of celery-restrained 
GPT and GOT levels in serum as well as lysosomal 
enzymes in rats challenged by high-fructose–high-fat 
diet, which implies the repressed damage of liver cells 
and restoration of the cell membrane function. This 
may be reverted to its apigenin and lutein content which 
showed hepatoprotection, anti-oxidant, and anti-inflam-
matory [40]. Curcumin supplementation with HFHF diet 
decreased the GPT and GOT levels, so it acts as hepato-
protective prevented fructose-induced hepatotoxicity, 
leading to reducing the hepatic injury [43].

High-fructose–high-fat diet induces dyslipidemia, as 
excessive absorption of fatty acids in cells now has three 
different ways to get rid of: A portion of triglyceride dep-
osition in hepatocytes, leading to NAFLD. Another part 
binds to apolipoprotein (ApoB) to produce VLDL; or part 
of them simply diffuse as free fatty acids in the blood cir-
culation and trigger high cholesterol and dyslipidemia 
[44].

The data reported in this study showed significant ele-
vation in S.CH, S.TG, and LDL and a remarked decrease 
in HDL in group administered with high fructose in con-
current with high-fat diet.

Due to primary metabolism of fructose in the liver, it 
may induce NAFLD by its ability to up-regulate de novo 
lipogenesis (DNL) and by bypassing the major rate-lim-
iting step of glycolysis at phosphofructokinase. Fruc-
tose-induced DNL generates fatty acids that can then 
be incorporated into hepatic TGs or other lipid species. 
Fructose feeding has also been shown to induce the acti-
vation of carbohydrate-responsive element-binding pro-
tein and increase the expression of lipogenic genes such 
as fatty acid synthase, acyl coenzyme-A carboxylase and 
stearoyl-coenzyme A desaturase-1 in the fructose-fed rat 
[45].

This study indicates that celery extract markedly 
declined levels of S.CH, S.TG, and LDL, while elevated 
HDL. The phytochemical examination of A. graveolens 
indicated the presence of tannin, terpenoid, alkaloid, 
flavonoid, glycosides, and sterols, which may be respon-
sible for its hypolipidemic activities. The mechanisms 
suggested for lipid-lowering action of Apium are inhi-
bition of hepatic cholesterol biosynthesis, increasing 
fecal bile acid excretion, and enhancing plasma lecithin: 
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cholesterol acyltransferase activity and reduction of lipid 
absorption in the intestine [46]. On the other hand, blood 
lipids lowering impact was attributed to the compound 
3n butylphthalideor (3nB) isolated from Apium graveo-
lens; this results in agreement with the study of Iyer et al. 
[46]. In the recent study, curcumin supplementation to 
rats fed on HFHF diet reported significant lower levels of 
S.TC, S.TG, and LDL levels, but significant higher level 
of HDL regarding HFHF group. Our findings were in line 
with Abdel-Sattar et al. [47] who found the same results 
in fructose-fed rats with curcumin.

Previous study reported that curcumin enhances lipol-
ysis and β-oxidation by up-regulating the expression of 
lipases such as adipose triglyceride lipase, hormone-
sensitive lipase, adiponectin, and AMP-activated protein 
kinase [48]. In the same respect, curcumin stimulates the 
activity of hepatic cholesterol-7α-hydroxylase activity 
which promotes cholesterol catabolism [49].

Moreover, the progression of non-alcoholic steatosis to 
steatohepatitis has been linked to the action of reactive 
oxygen species (ROS) in the liver. ROS lead to an increase 
in lipid peroxidation, damage of unsaturated lipids in 
cell membrane, and reduction in endogenous antioxi-
dants, leading to liver tissue injury [50]. Moreover, fruc-
tose feeding has been shown to elevated oxidative stress 
and is associated with metabolic syndromes in rodents, 
as reviewed previously [51]. This agrees with our results 
which report that hepatic MDA was raised in rats fed on 
the HFHFD, indicating lipid peroxidation and the reduc-
tion in GSH as antioxidant.

Apium graveolens seed extract showed antioxidant 
activity represented by MDA reduction in addition to 
elevation of GSH level due to the presence of flavonoids, 
tannins, saponins, and luteolin [5]. Moreover, celery con-
tains vitamin C that is a known booster of the immune 
system and reduces free radicals in the body [15]. The 
outcomes of the current study on the impact of celery 
seed extract on the oxidative stress parameters and DNA 
injury could potentially be due to the presence of sugar or 
secondary chains of amino acids (S) compounds.

Supplementation of curcumin reduced oxidative stress 
as it markedly diminishes hepatic MDA, while raised 
hepatic GSH in the curcumin–HFHF group in compari-
son with HFHF group. The MDA depletion and oxidative 
stress attenuation of curcumin may be through scaveng-
ing of superoxide anion  (O2), hydrogen peroxide  (H2O2), 
hydroxyl radical (HO•), and peroxyl radical (ROO•), and 
the activation of the nuclear factor erythroid 2-related 
factor 2 (Nrf2), known as the master regulator of the 
endogenous antioxidant response, and downstream anti-
oxidant genes. Therefore, the antioxidant property of 
curcumin helps in scavenging free radicals generated in 

various conditions associated with metabolic derange-
ments [52].

DNA strand breaks when ROS interact with DNA 
and play an important role in initiation of apoptosis, 
which caused fragmented DNA pattern as detected by 
gel electrophoresis of liver tissue. The major lysosomal 
enzymes according to their importance as liver injury 
markers are: acid phosphatase (ACP), β-galactosidase, 
and N-acetyl-B-glucosaminidase [53]. In many patho-
logical conditions, the loss of the stability of the lysoso-
mal membrane takes place and then leakage of enzymes 
from lysosomes occurs. ACP is regarded as a hepatic lys-
osomes enzyme marker for measurement of cell viability, 
and the other lysosomal enzymes β-GAL, β-NAG, and 
β-GLU are highly important for liver lysosomal functions 
[54]. Abdel-Hamid et al. [55] investigated that lysosomal 
enzymes disorders contribute to several human diseases. 
A reduction in lysosomal stability is usually accompa-
nied by an increase in lysosomal enzymatic activity in the 
extracellular fluid.

On the other hands, histopathological examination 
indicated the development of liver steatosis after HFHF 
administration; these data are in agreement with Kohli 
et  al. [56]. However, curcumin-treated group showed 
hepatic injury improvement due to its antioxidant, anti-
inflammatory, and hepatoprotective impact as reported 
by Abdelrazek and Haredy [57]. Further, histopatho-
logical results of celery treatment group supported the 
improvement reported in biochemical examinations by 
showing normal architecture almost similar to control as 
reported previously by Cho BO et al. [14].

Conclusions
Based on the above results, it is concluded that continued 
consumption of HFHF appears to be contributing to the 
development of NAFLD and increasing the risk of pro-
gression to NASH. This is established by histopathologi-
cal examination of the liver that reveals the development 
of liver steatosis and hepatocytes injury. Apium graveo-
lens seed extract as well as curcumin co-supplementation 
ameliorated the negative influence of HFHF diet and 
recommended to be promising dietary supplementation 
against NAFLD progression. Finally, Apium graveolens 
showed more impact than curcumin, besides its low cost, 
high bioavailability, and least side effects.
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