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1.  Introduction 
The mortality rate caused by Cardiovascular Disease  
(CVD) is a big concern all over the world1. Cardiovascular 
disease involves heart and circulation dysfunctions2. 
Circulatory disorders include angina, heart attack, 
atherosclerosis, hypertension, stroke, and peripheral 
vascular disease3. Saturated fat, cholesterol, stress, 
cigarette use, physical inactivity, metabolic syndrome, 

atherosclerosis and hypertension all contribute to 
cardiovascular disease4-6. Metabolic syndrome is 
caused by abnormal cholesterol levels, elevated glucose 
levels, glucose intolerance, elevated blood pressure, fat 
accumulation, and obesity7. Several risk factors raise the 
risk of cardiovascular disease or stroke7. Oxidative stress 
from metabolic disorders causes CVD (i.e., increased 
generation of free radicals or a shortage of enzymatic 
or non-enzymatic antioxidants). Most CVD risk factors 
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increase ROS8. ROS oxidize low-density lipoproteins, 
forming arterial plaques9. Humans have several 
antioxidant enzymes10; a reduction in an endogenous 
antioxidant enzyme has been linked to heart disease11. 
Reducing oxidative stress improves CVD treatment since 
ROS is critical to heart pathophysiology.

Atherosclerosis causes most CVD12. Atherosclerosis 
is coronary artery plaque accumulation. Endothelial 
dysfunction, vascular inflammation and fat, cholesterol, 
calcium, and cellular debris in big and medium-
sized artery intima characterize this multifactorial 
inflammatory disease13. In early atherosclerosis, pro-
inflammatory cytokines raise the risk of cardiovascular 
disease14,15. HFD patients had elevated CRP levels and 
several other inflammatory markers16. The development 
and progression of atherosclerosis, as well as higher 
C-reactive protein levels and CVD, have all been linked 
to metabolic syndrome and upregulation of inflammatory 
markers such as TNF-α, and others17,18. TNF-α decreases 
NO bioavailability and NOS levels, thereby reducing 
endothelium-mediated vasorelaxation19,20. IL-1 increases 
the rates at which matrix metalloprotease enzymes cause 
plaque to rupture, which can contribute to cardiovascular 
events21. These cytokines cause inflammatory cells to 
release IL-6, which raises hepatic CRP generation and 
accelerates the arterial wall inflammatory cascade22. 
Inflammation increases the risk of cardiovascular illness, 
so treating it may reduce the chance of sudden cardiac 
arrest.

Because atherosclerotic CVD develops in childhood, 
screening and early detection are possible. Several CVD 
biomarkers and inflammatory biomarkers have been 
reported so far23. We evaluated three biomarkers for 
cardiovascular disease: Creatine Kinases (CK), Cardiac 
Troponin I (CTN-I), and Natriuretic Peptides (NPs). 
These indicators help diagnose and treat different cardiac 
conditions24. CK fuels the brain, heart, and skeletal 
muscles. Hypertension increases due to increased 
ADP consumption and CK inhibition, which lowers 
blood pressure25,26. High serum CK levels are also 
correlated with dyslipidemia (hypercholesterolemia, 
hypertriglyceridemia, and low-HDL cholesterolemia). 
Hence, increased blood CK levels may better predict MI 
in dyslipidemia27. The actin and myosin binding activity 
of the skeletal and cardiac muscle is inhibited by troponins 
T, I and C. Troponin C is expressed in both skeletal and 
cardiac muscle, making it a less useful cardiac-specific 
marker than troponin T and I. However, CTN-I may aid 

in infarction detection because to its high sensitivity and 
specificity for myocardial injury28-30. Cardiomyocytes 
release cardiac troponin into the bloodstream 
proportionally to heart injury (by ischemia or a variety of 
other reasons)31,32. Mammals have three NP genes: NPPA 
(ANP), NPPB (BNP), and NPPC (CNP)33,34. The atria 
express the most NPPA and NPPB genes35. This study 
focused on NPPA and ANP because of their stronger 
physiological influence on cardio-renal function. ANP 
activates cGMP-dependent Protein Kinases (PKGs) to 
enhance natriuresis and diuresis, block juxtaglomerular 
cell renin secretion, and decrease proximal tubule and 
collecting duct salt and water reabsorption36,37. Hence, 
NPs play a crucial role in controlling blood pressure 
and can act as biomarkers for hypertension, a risk factor 
for CVDs. ST2 (Suppression of Tumorigenicity 2), a 
recently discovered biomarker can accurately predict the 
outcome for patients with CVDs38. Cardiac myocytes and 
fibroblasts express two types of ST2, one transmembrane 
or cellular (ST2L) and one soluble and blood-circulating 
(sST2)39. Like IL-1, damaged cells release IL-33, a 
cytokine with an ST2 receptor. Recent research shows that 
IL-33 protects against atherosclerosis, Type 2 diabetes, 
obesity, and cardiac remodeling40. IL-33’s IL-5 and 
ox-LDL antibody stimulation reduces atherosclerosis. 
IL-33 reduced body fat, fasting glucose, insulin, and 
glucose tolerance in animals41. In animal studies, IL-33 
and ST2L reduce myocardial fibrosis, hypertrophy, and 
apoptosis and increase function42. IL-33 with sST2 
loses its cardioprotective function43. During oxidative 
stress or injury, cardiac fibroblasts, cardiomyocytes, 
and endothelial cells may generate sST244,45. Hence, 
myocardial infarction and heart failure biomarkers 
include bloodstream sST242. Serum Paraoxonase 1 also 
indicates cardiovascular disease (PON1). The three 
Paraoxonases in human serum - PON1, PON2 and 
PON3 - are most investigated46. It is predominantly 
generated in the liver and circulates in serum with 
HDL (HDL)47. PON1 inhibits LDL oxidation in vitro48. 
PON1 defends against free radicals, inflammation, 
cell death, clot formation, platelet adhesion, and lipid 
modification49. PON1 deficiency increases cardiovascular 
disease risk48.  While PON1 synthesis protects against 
atherosclerosis in animals, PON1 deficiency increases 
the risk of atherosclerosis50. Hence, CVD treatment 
requires endothelium-protecting, anti-inflammatory, 
and antioxidant substances.
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Avoiding risk factors prevents CVD. Dietary and 
herbal treatments for cardiovascular disease are becoming 
more popular. Several herbal supplements lower LDL 
cholesterol and increase HDL “good cholesterol” while 
protecting against lipid oxidation51. Traditional, herbal, 
and alternative medicine has identified about two 
thousand cardiovascular disease-treating plants52. Apium 
graveolens is a herb. It belongs to the Apiaceae family,  
Apium genus, Apium species (gravolens), and 
Magnoliophyta division (Plantae). Celery - Apium 
graveolens - has various names in many languages (E.g., 
in Persian: Karaf; Spanish: Apio; German: Sellerie; Arabic: 
Alkarafs, etc). Celery plants grow to 100 centimeters. 
It’s strong-smelling and durable. Triangular diamond 
or spear-shaped leaves with saw teeth or lobe-shaped 
margins are 5-50 mm long. Although it’s European, it’s 
everywhere. Celery has well-known antioxidant, anti-
inflammatory, and antifungal properties53. In mice, Apium 
graveolens protects various tissues and organs from free 
radical damage. Nonetheless, celery’s cardioprotective 
potential and effects on cardiovascular risk factors and 
inflammatory biomarkers are the focus of the current 
research.

2.  Materials and Methodology
2.1  Chemicals
TCA, TBA, MDA, and HCl were acquired from 
Sisco Research Laboratories (SRL), Bombay, India, 
as were hydrogen peroxide, Bradford reagent, 
potassium dichromate, DTNB (Ellman’s reagent), and 
hydroxylamine. The Coral clinical system was used 
to acquire assay kits for measuring blood glucose, 
cholesterol, triglycerides, creatine kinase, creatine 
phosphokinase-MB, alanine aminotransferase, gamma 
glutamic acid, uric acid, bilirubin, lactate dehydrogenase, 
and high-density lipoprotein cholesterol. Wuhan Fine 
Biotech Co., Ltd., was where we got our ELISA kits for 
ANP and CTN-I.

2.2  Plant Material
Celery leaves (Apium graveolens) were obtained fresh 
from the market in Iewduh, Shillong, Meghalaya, India. 
Following washing in distilled water and drying at 25°C, 
the leaves were chopped and dried in a 40°C  oven for 
three days. The dried leaves were then powdered using an 
electric blender and stored at 4°C in an airtight vial.

2.3  Preparation of Extract
The plant powder was extracted with distilled water at 
1:10 (powder/solvent) with occasional shaking for 24 
hrs. First, the extract was filtered using a muslin cloth, 
and then, after that, it was filtered through Whatman 
No. 1 filter paper. The filtrate was lyophilized using a 
rotary evaporator. Using sterile water, the leftovers were 
refrigerated at 4°C.

2.4  Experimental Animals
The Pasteur Institute in Shillong, Meghalaya, India, 
provided adult Swiss albino mice weighing 20-30 g. 
Five mice were housed in each polyacrylic cage under 
controlled laboratory settings. They were given distilled 
water and a regular dry pellet meal (both sourced 
from Hindustan Lever in Kolkata, India). Mice were 
introduced to the controlled environment of the 
laboratory seven days before the experiment began. 
The procedures involving animals in the experiments 
met the standards set by the Institutional Animal Ethics 
Committee (IAEC).

2.5  Dosage Selection
In the first study, which was titled “Determination of 
the safe dose of aqueous extract of Apium graveolens 
L. by acute and sub-acute toxicity study,” three doses 
of aqueous extract of Apium graveolens were selected 
for this study based on serum levels of liver enzyme 
markers. These doses were 50 mg/kg b.w, 100 mg/kg b.w 
and 200 mg/kg b.w.

3.  Cardiovascular Diseases 
Induction

A total of 40 male BALB/c mice, all of which were Swiss 
albino and used in the study, were allocated at random 
into eight groups of four mice each, as follows:

Group 1- Normal pellet.
Group 2 (50 mg/kg b.w)- Normal pellet + Apium 

graveolens aqueous extract.
Group 3 (100 mg/kg b.w)- Normal pellet + Apium 

graveolens aqueous extract. 
Group 4 (200 mg/kg b.w)- Normal pellet + Apium 

graveolens aqueous extract. 
Group 5- High-fat diet (0.15% cholesterol, 0.5% 

sodium cholate and 21% fat: 91% saturated fat, 7% 
monounsaturated fat, and 2% polyunsaturated fat)54. 
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Group 6 (50 mg/kg b.w)- High-fat diet + Apium 
graveolens aqueous extract.

Group 7 (100 mg/kg b.w)- High-fat diet + Apium 
graveolens aqueous extract. 

Group 8 (200 mg/kg b.w)- High-fat diet + Apium 
graveolens aqueous extract. 

The extract was given to each group orally by gavage 
for a total of 12 weeks.

4.  Collection of Samples
On the last day of treatment, after the animals had fasted 
for 18 hours, they were put to death, and their blood was 
drawn via a retro-orbital sinus puncture while they were 
administered a small dose of anesthesia. Biochemical 
markers such as AST, ALT, LDH, uric acid, and Fasting 
Lipid Profile (FLP) were determined by separating serum 
at 3000 rpm for 10 minutes at 4°C in the control, HFD, and 
extract-treated groups. After separating the liver, brain, 
kidney, heart, and spleen, each organ was weighed using an 
analytical weight balance. After determining and comparing 
the relative organ weights of all of the groups, all of the 
significant organs were promptly frozen at -80°C so that 
they could be examined at a later time. The Relative Organ 
Weight (ROW) was calculated as ROW equals the absolute 
weight of the organs (gram) divided by the total body weight 
of the mice on the day of sacrifice multiplied by 10055.

5.  Biochemical Analysis
5.1  Serum Analysis
Using enzyme kits as directed by the manufacturer, lipid 
profile test and liver function test were measured in serum 
(Coral clinical system, India). The Friedewald56 method 
was used to estimate the amount of VLDL-C and LDL-
C. VLDL-C was found by dividing TAG by 5 and LDL-C 
was found by subtracting TC from (HDL+VLDLc). The 
following formulas were used to find the Atherogenic 
Index (AI), the Cardiac Risk Ratio (CRR), and the 
Atherogenic Coefficient (AC)57.

AI = LogTG/HDL-C
CRR-I = TC/HDL-C
AC = TC-HDLc/HDLc

5.2  Tissue Oxidative Stress Markers
We made a homogenate of the liver, heart, brain, and 
kidney (1g) by using a Teflon homogenizer and mixing 

it in 0.1M Tris HCl buffer that had a pH of 7.3. The 
supernatant obtained after centrifugation at 4°C (3000 
rpm) for 20 mins was examined to assess CAT58, GSH59, 
lipid peroxidation product (MDA)60, and total protein61. 
This was done following the procedure.

5.3  Cardiac Gene Expression  
Analysis

TRIzol was employed to isolate total RNA (Life 
Technologies, USA). For each sample’s total RNA 
analysis, we utilized the Qubit RNA Assay Kit. 
Following the manufacturer’s instructions, cDNA was 
generated with an oligodT18 primer and M-MLV 
reverse transcriptase (Invitrogen, USA). qPCR was 
utilized to compare the levels of mRNA expression in 
the various treatment groups. With a 7500 Fast qPCR 
machine, the PowerUp SYBR Green Master Mix was 
utilized (Applied Biosystems). In the procedure, 1 µl 
of cDNA, 0.25 µl of reverse and forward primers, 6.25 
μL of PowerUp SYBR Green Master mix, and the total 
volume was adjusted to 12.5 μL with nuclease-free 
water solution was used. The mRNA levels of the target 
gene were normalized to those of the housekeeping 
gene β-ACTIN in the same sample. Compared to the 
baseline of control mice, fold changes are presented. As 
shown in Table 1, we created primers using a verified 
online tool, Primer 362,63. 

5.4  Cardiac Protein Analysis
Pre-cooled 0.01M PBS buffer (pH 7.4) was used to 
homogenize the heart and kidney. The supernatant was 
obtained by centrifuging the homogenates for 5 minutes 
at 5000×g after homogenization. To measure the total 
protein concentration, the Bradford assay was performed. 
The ELISA kit manufacturer’s instructions were followed 
to determine the amounts of cardiac-specific proteins 
like ANP and CTN-I in control, HFD and treated mice 
(Wuhan Fine Biotech Co., Ltd).

6.  Statistical Analysis 
GraphPad Prism 8.0 was used for statistical analysis. 
The mean and standard deviation summarized the data 
(SEM). Unpaired t-tests assessed group differences. (p < 
0.05) was significant.
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7.  Results
7.1  Effect of Oral Administration of an 

Aqueous Extract of Apium graveolens 
on Body Weight in Control, HFD and 
Treated Mice

The measures of weight that were obtained before, 
throughout, and after the treatment period are given in 
Table 2 and Figure 1, respectively, while the initial weight 
and final weight are shown in Figure 2.

When weights were taken on day 1, they were 
compared to the weights taken at the end of each animal’s 

treatment period (12 weeks). The control (p = 0.0004), 
50 mg/kg (p = 0.001), and 100 mg/kg (p = 0.027) groups 
all gained significant amounts of body weight (4.8 ± 0.1 
gram), (2.1 ± 0.1 gram), and (1.4 ± 0.4 gram) throughout 
treatment (Figure 2), whereas the extract at a dose of 200 
mg/kg resulted in an insignificant (p = 0.6086) weight 
loss (-0.5 ± 0.9 gram) depicted in Table 1. Similarly, it 
was observed that in HFD (p = 0.0004) treated group, 
the body weight significantly increased (5.4 ± 0.1gram) 
in mice during the experimentation (Figure 2). However, 
12 weeks of oral treatment of Apium graveolens aqueous 
extract at doses of 50 mg/kg (4.3 ± 0.1 gram) and 100 mg/

Table 1.  Characteristics of primers

Genes                                                Primers    Size (bp)
Name Forward sequences (5' to 3') Reverse sequences (3' to 5') No. of bases 

CRP TCTGCACAAGGGCTACACTG AAACATTGGGGCTGAGTGTC 20
TNF-α TCTCATCAGTTCTATGGCCC GGGAGTAGACAAGGTACAAC 20

IL-6 GTTCTCTGGGAAATCGTGGA TGTACTCCAGGTAGCTATGG 20
IL-1β TTGACGGACCCCAAAAGATG AGAAGGTGCTCATGTCCTCA 20
ST-2 CCAGCCAGAGTGGAAGACTC CAGGTCAATTGTTGGACACG 20
IL-33 ATCACGGCAGAATCATCGAG CTTATGGTGAGGCCAGAACG 20

PON-1 CAGCCTGTCCATCTGTCTCA CACCCGTCTCGATTCCTTTA 20
CK-M GCTTCGCGATAAGGAGACAC GGATGATGGGATCAAACAGG 20
CK-B CCCTTCTCCAACAGCCATAA CGGATTGTCTACGCCAGTCT 20
CTN-I TAAGATCTCCGCCTCCAGAA CGGCATAAGTCCTGAAGCTC 20
ANP ATCTGCCCTCTTGAAAAGCA ACACACCACAAGGGCTTAGG 20

β-ACTIN TGTTACCAACTGGGACGACA GGGGTGTTGAAGGTCTCAAA 20
CRP=C-Reactive protein,TNF-α= Tumor necrosis factor, IL-6/1β= Interleukine, ST-2= Soluble
transmembrane, Il-33=  Interleukine,PON-1=  Paraoxonase,CK= Creatine kinase, CTN-I= Cardiac 
Troponin,ANP=  Atrial Natriuretic peptide.

Table 2.  Effect of HFD and oral administration of an aqueous extract of Apium graveolens on body weight (g) in 
Swiss albino mice for 12 weeks

  Treatment Weekly weight of BALB/c mice (g)
mg/kg b.w. Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Week 10 Week 11 Week 12 Weight gain or loss

Control 20.9 ± 0.61 21.1 ± 0.58 21.5 ± 0.5 21.9 ± 0.4 22.6 ± 0.6 23.2 ± 0.4 24.03 ± 0.5 24.6 ± 0.7 24.8 ± 0.8 25.1 ± 0.8 25.4 ± 0.7 25.8 ± 0.7 ↑4.8 ± 0.1
50 21.7 ± 0.2 21.8 ± 0.3 22.7 ± 0.4 23.2 ± 0.4 22.9 ± 0.4 23.1 ± 0.5 23.1 ± 0.3 23.1 ± 0.3 23.3 ± 0.4 23.5 ± 0.3 23.8 ± 0.3 23.9 ± 0.4 ↑2.1± 0.1

100 21.2 ± 0.7 21.7 ± 0.4 21.9 ± 0.5 22.03 ± 0.4 22.1 ± 0.3 22.2 ± 0.4 22.2 ± 0.3 22.06 ± 0.3 22.1 ± 0.5 21.8 ± 0.2 21.9 ± 0.2 22.6 ± 0.2 ↑1.4±0.4
200 23.06 ± 0.6 23.03 ± 0.7 23.0 ± 0.6 23.1 ± 0.6 23.1 ± 0.5 23.1 ± 0.5 22.8 ± 0.6 22.5 ± 0.5 22.6 ± 0.6 21.9 ± 0.5 22.6 ± 0.3 22. 5 ± 0.8 ↓0.5± 0.9
HFD 22.4 ± 0.7 22.4 ± 0.8 22.9 ± 0.8 23.7 ± 0.4 24.1 ± 0.5 24.8 ± 0.5 25.2 ± 0.5 26.2 ± 0.4 26.6 ± 0.61 27.03 ± 0.6 27.5 ± 0.6 27.8 ± 0.6 ↑5.4 ±0.1

HFD +50 23.8 ± 0.2 23.9 ± 0.2 24.06 ± 0.2 24.3 ± 0.3 24.2 ± 0.6 24.2 ± 0.6 24.8 ± 0.4 25.6 ± 0.4 26.1 ± 0.4 26.8 ± 0.2 27.3 ± 0.1 28.1 ± 0.3 ↑4.3± 0.1
HFD +100 23.5 ± 0.6 24.1 ± 1.1 24.3 ± 1.05 24.2 ± 1.12 23.8 ± 1.1 23.9 ± 1.04 24.7 ± 1.6 24.3 ± 1.4 24.2 ± 1.3 23.8 ± 1.2 23.5 ± 1.2 25.3 ± 0.6 ↑1.8 ±0.01
HFD +200 22.8 ± 1.2 23.2 ± 0.8 23.6 ± 0.7 23.8 ± 0.7 23.8 ± 0.6 24.06 ± 0.4 23.8 ± 0.7 23.2 ± 0.7 23.0 ± 0.7 22.8 ± 0.6 22.6 ± 0.7 23.4 ± 0.5 ↑0.6 ±0.1

The data are expressed as mean ± SEM (n = number of animals in each group = 4).↑↓ indicate gain or loss in body weight
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kg (1.8 ± 0.01 gram) resulted in a progressive decrease in 
body weight. However, the HFD+200 mg/kg (p = 0.6077) 
group did not display statistically significant changes in 
body weight (0.6 ± 0.1 gram) at the end of the treatment 

period (Figure 2). Thus, both the control and HFD 
groups gained weight during the treatment period, and 
all interventions resulted in a consistent weekly weight 
decrease following the treatment period. 

Figure 1.  Effect of HFD and oral administration of an aqueous extract of Apium graveolens on body weight (g) in Swiss 
albino mice for 12 weeks.

Figure 2.  Effect of HFD and oral administration of an aqueous extract of Apium graveolens on initial and final body weight 
(g) in Swiss albino mice for 12 weeks. (Analyzed by multiple t-tests).
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7.2  Effect of Oral Administration of an 
Aqueous Extract of Apium graveolens 
on Absolute Organ Weight and 
Relative Organ Weight in Control, 
HFD and Treated Mice

The absolute organ weight of each organ was determined 
after the end of the treatment period is shown in Table 3 
and Figure 3.

Mice given 200 mg/kg experienced a significant 
decrease in liver weight (p = 0.0207), while mice given 
an HFD experienced a significant increase in liver weight 
(p = 0.0005). However, compared to both the control 
and HFD groups, there is a significant reduction in liver 
weight in the HFD + 200 mg/kg group (p < 0.0001) (p < 
0.0191) as shown in Figure 3. When comparing the 200 
mg/kg (p = 0.1733), HFD (p = 0.0826), HFD + 200 mg/kg 
(p = 0.7259), and HFD + 200 mg/kg (p = 0.2232), HFD + 
200 mg/kg (p = 0.6190) groups to the control group, there 
were no statistically significant differences in the weights 
of the kidney, heart, brain, or spleen (Figure 3). Similarly, 
the kidney (p = 0.1299), heart (p = 0.1489), brain (p = 
0.2005), and spleen (p = 0.6190) of the HFD + 200 mg/
kg group are not significantly different from those of the 
HFD group.

The relative change in organ weight (Absolute organ 
weight (g)/Mice body weight on sacrifice day 100) 
is depicted in Figure 4 and Table 3. Liver weight was 
significantly higher in the 200 mg/kg (p = 0.0115) and 
HFD (p = 0.0016) groups compared to the control group, 
but in the HFD + 200 mg/kg (p = 0.0191) group, the 
opposite was the case. However, there are no statistically 

significant differences (p = 0.3393) in liver weight between 
the HFD + 200 mg/kg group and the control group. 
When comparing the 200 mg/kg (p = 0.0702), HFD (p = 
0.8324), HFD + 200 mg/kg (p = 0.3476), HFD + 200 mg/
kg (p = 0.9837), HFD + 200 mg/kg (p = 0.8861), and HFD 
+ 200 mg/kg (p = 0.1372) groups to the control group, 
no statistically significant differences were seen in the 
kidney, heart, brain, or spleen (Figure 4). The kidneys (p 
= 0.4356), hearts (p = 0.9064), brains (p = 0.2330), and 
spleens (p = 0.3320) of those on the HFD + 200mg/kg diet 
show no statistically significant differences from those on 
the HFD control diet.

7.3  The Antihyperlipidemic and Anti-
Atherogenic Activity of Apium 
graveolens in Control, HFD and 
Treated Mice

The results of the serum fasting lipid profile are 
summarized in Table 4 and Figure 5.

In HFD-fed mice, blood cholesterol (p = 0.0003), 
LDL-C (p = 0.0003), VLDL-C (p = 0.0139), triglyceride (p 
= 0.0194), AI (p = 0.0020), CRR (p = 0.0001) and AC (p < 
0.0001) levels increased considerably, whereas HDL-C (p 
= 0.0523) declined dramatically as compared to the control 
group. Cholesterol (p < 0.0001), LDL-C (p < 0.0001), 
VLDL-C (p = 0.0012), triglyceride (p = 0.0022), AI (p = 
0.0123), CRR (p < 0.0001), and AC (p < 0.0001) were all 
reduced by oral therapy with the aqueous extract at a dose 
of 200 mg/kg, whereas HDL-C (p < 0.0001) was increased 
(Figure 5). Similarly, the HFD + 200 mg/kg treated group 
showed significantly lower total cholesterol (p = 0.0115), 

Table 3.  Effect of HFD and oral administration of an aqueous extract of Apium graveolens on organ weight and 
relative organ weight (grams) in Swiss albino mice for 12 weeks

ORGANS ABSOLUTE ORGAN WEIGHT (g)
TREATMENT CONTROL 50 mg/kg bw 100 mg/kg bw 200 mg/kg bw HFD HFD + 50 mg/kg bw HFD + 100 mg/kg bw HFD + 200 mg/kg bw

Liver 1.4 ± 0.01 1.41 ± 0.03 1.36 ± 0.08 1.34 ± 0.05 1.78  ± 0.02 1.49  ± 0.22 1.33  ± 0.08 1.33  ± 0.11
Kidney 0.25  ± 0.04 0.25  ± 0.04 0.24  ± 0.08 0.23  ± 0.07 0.27  ± 0.08 0.26  ± 0.07 0.26  ± 0.08 0.24  ± 0.01
Heart 0.33  ± 0.03 0.32  ± 0.24 0.32  ± 0.12 0.32  ± 0.17 0.35  ± 0.09 0.3  ± 0.03 0.3  ± 0.01 0.3  ± 0.27
Brain 0.35  ± 0.02 0.37  ± 0.02 0.37  ± 0.02 0.36  ± 0.02 0.34  ± 0.01 0.33  ± 0.02 0.35  ± 0.01 0.32  ± 0.01

Spleen 0.12  ± 0.06 0.12  ± 0.05 0.12  ± 0.07 0.12  ± 0.08 0.14  ± 0.01 0.13  ± 0.08 0.139  ± 0.04 0.13  ± 0.07
ORGANS RELATIVE ORGAN WEIGHT (g) 

Liver 5.45 ± 0.01 5.9 ± 0.05 6 ± 0.14 5.95 ± 0.01 6.4 ± 0.05 5.32 ± 0.15 5.27 ± 0.17 5.68 ± 0.18
Kidney 0.97 ± 0.01 1.07 ± 0.01 1.09 ± 0.03 1.05 ± 0.02 0.98 ± 0.03 0.94 ± 0.02 1.02 ± 0.05 1.05 ± 0.07
Heart 1.3 ± 0.05 1.35 ± 0.12 1.44 ± 0.04 1.44 ± 0.76 1.28 ± 0.04 1.09 ± 0.12 1.2 ± 0.04 1.3 ± 0.12
Brain 1.38 ± 0.1 1.57 ± 0.08 1.63 ± 0.09 1.6 ± 0.08 1.24 ± 0.06 1.2 ± 0.11 1.41 ± 0.06 1.37 ± 0.05

Spleen 0.49 ± 0.02 0.53 ± 0.02 0.55 ± 0.03 0.53 ± 0.03 0.5 ± 0.04 0.48 ± 0.03 0.54 ± 0.02 0.57 ± 0.03
The data are expressed as mean ± SEM (n = number of animals in each group = 4).
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Figure 3.  Effect of oral administration of Apium graveolens on absolute organ weight (grams) in control, HFD, and celery-
treated Swiss albino mice for 12 weeks.



899

Journal of Natural Remedies | ISSN: 2320-3358� http://www.informaticsjournals.com/index.php/jnr | Vol 23 (3) | July 2023

Casterland Marbaniang, Rajeshwar Nath Sharan and Lakhon Kma

Figure 4.  Effect of oral administration of Apium graveolens on relative organ weight (grams) in normal, HFD, and celery-
treated Swiss albino mice for 12 weeks.
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Table 4.  The effect of HFD and oral supplementation of Apium graveolens on lipid profile, AI, CRR, and AC in Swiss 
albino mice for 12 weeks

Parameters Control 50 mg/kg 100 mg/kg 200 mg/kg HFD HFD + 50 HFD + 100 HFD + 200 
bw bw bw mg/kg bw mg/kg bw mg/kg bw

T. Cholesterol(mg/dL) 127.2 ± 4.8 132.1 ± 2.0 120 ± 6.8 89.86 ± 2.4 172.3 ± 5.9 174.9 ± 9.7 160.1 ± 5.9 148.5 ± 4.1
LDL-C (mg/dL) 70.4 ± 4.5 67.9 ± 5.0 49.7 ± 9.6 15.76 ± 1.4 102.9 ± 4.0 52.2 ± 6.9 32.4 ± 7.1 11.57 ± 1.6
TG-C (mg/dl) 91.3 ± 5.8 101.5 ± 1.7 81.21 ± 6.1 40.6 ± 3.3 182.7 ± 1.3 193.04 ± 8.1 162.4 ± 6.2 121.8 ± 1.1
VLDL-C (mg/dl) 17.2 ± 1.9 10.8 ± 3.2 12.1 ± 2.3 6.469 ± 0.9 27.5 ± 3.9 31.05 ± 3.4 28.9 ± 2.7 20.9 ± 2.2
HDL-C (mg/dl) 44.2 ± 3.0 48.9 ± 1.7 60 ± 1.2 70.6 ± 2.7 34.7 ± 1.2 81.3 ± 6.2 103.1 ± 6.8 125.5 ± 5.3
AI 0.26 ± 0.1 0.10 ± 0.07 0.06 ± 0.1 -0.37 ± 0.09 0.73 ± 0.08 0.27 ± 0.05 0.05 ± 0.1 -0.07 ± 0.08
CRR 3.14 ± 0.2 2.64 ± 0.07 1.99 ± 0.1 1.34 ± 0.05 4.90 ± 0.08 2.17 ± 0.1 1.60 ± 0.15 1.11 ± 0.03
AC 2.144 ± 0.26 1.64 ± 0.07 0.99 ± 0.10 0.349 ± 0.05 3.939 ± 0.06 1.173 ± 0.19 0.608 ± 0.15 0.116 ± 0.03
The data are expressed as mean ± SEM (n = number of animals in each group = 4). TG= Triglyceride, LDL= Low Density Lipo
protein, VLDL= Very Low Density Lipoprotein, HDL= High Density Lipoprotein, AI= Atherogenic index, CRR= Cardiac risk ratio, and AC= Athero-
genic coefficient

Figure 5 to be continued...
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Figure 5.  Effect of oral administration of Apium graveolens on lipid profile, AI, CRR, and AC in control, HFD, and celery-
treated Swiss albino mice for 12 weeks. Total cholesterol, Triglycerides, Low-Density Lipoprotein, Very Low-Density 
Lipoprotein, High-Density Lipoprotein, AI = Atherogenic Index, CRR = Cardiac risk ratio and AC = Atherogenic coefficient.

LDL-C (p < 0.0001), AI (p < 0.0001), CRR (p < 0.0001), 
and AC (p < 0.0001) compared to the HFD control group, 
except VLDL-C (p = 0.0936) and triglyceride (p = 0.0808), 
and higher HDL-C (p < 0.0001) levels. In contrast, the 
HFD + 200 mg/kg treated group showed statistically 
significant increases in HDL-C (p < 0.0001) and decreases 
in cholesterol (p = 0.0115), LDL-C (p < 0.0001), CRR (p 
< 0.0001), and AC (p < 0.0001) when compared to the 
control group, except VLDL-C (p = 0.1409), triglyceride 
(p = 0.0808), and AI (p = 0.1194).

7.4  Effect of Oral Administration of an 
Aqueous Extract of Apium graveolens 
in Serum Hepatic Markers in Control, 
HFD and Treated Mice

The effects of Apium graveolens aqueous extract on several 
biochemical parameters in the control, HFD and celery-
treated groups are summarized in Table 5 and Figure 6.

Only gamma-glutamyl transferase (p = 0.5726), total 
Bilirubin (p = 0.0813) and direct Bilirubin (p = 0.1449) 
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Figure 6 to be continued...

Table 5.  Effect of HFD and oral administration of Apium graveolens on serum enzyme levels in Swiss albino mice for 
12 weeks

Parameters Control 50 mg/kg 100 mg/kg 200 mg/kg HFD HFD + 50 HFD + 100 HFD + 200 
bw bw bw mg/kg bw mg/kg bw mg/kg bw

Glucose (mg/dL) 16.1 ± 0.3 15.8 ± 0.1 14.5 ± 0.4 11.9 ± 1.0 19.5 ± 0.4 14.8 ± 0.1 10.3 ± 1.7 7.5 ± 0.5
SGPT (U/mL) 17.03 ± 0.12 16.6 ± 0.2 16.4 ± 0.3 15.5 ± 0.3 59.4 ± 4 28.3 ± 0.7 22.4 ± 0.6 20.1 ± 0.3
SGOT (U/mL) 45.2 ± 0.6 43.2 ± 0.5 34.7 ± 1.2 27.2 ± 2.7 114.2 ± 8.7 128.7 ± 2.0 99.7 ± 4.8 75.2 ± 6.9
CK (U/L) 11.6 ± 1.0 10.3 ± 0.4 8.3 ± 1.2 7.4 ± 1.0 16.6 ± 0.4 15.8 ± 0.4 11.6 ± 0.7 9.1 ± 0.4
CK-MB (U/L) 13.3 ± 0.3 11.6 ± 0.3 10.8 ± 0.8 8.3 ± 0.6 18.3 ± 0.5 17.4 ± 1.0 14.1 ± 0.9 11.6 ± 0.9
γ-GT (U/L) 3.1 ± 0.2 2.5 ± 0.3 2.3 ± 0.2 2.3 ± 0.4 6.1 ± 1.3 2.8 ± 0.1 3.08 ± 0.2 2.1 ± 0.3
T.Bilirubin (mg/dL) 0.13 ± 0.09 0.14 ± 0.007 0.14 ± 0.003 0.11 ± 0.007 0.16 ± 0.002 0.22 ± 0.01 0.16 ± 0.007 0.15 ± 0.003
D.Bilirubin (mg/dL 0.16 ± 0.08 0.16 ± 0.01 0.16 ± 0.01 0.15 ± 0.007 0.19 ± 0.005 0.18 ± 0.007 0.15 ± 0.007 0.12 ± 0.008
Uric acid (mg/dL) 0.27 ± 0.07 0.18 ± 0.03 0.12 ± 0.01 0.09 ± 0.01 0.43 ± 0.08 0.55 ± 0.03 0.27 ± 0.03 0.19 ± 0.04
LDH (U/L) 29.9 ± 0.9 30.9 ± 1.1 19.4 ± 2.2 19.9 ± 1.8 120.5 ± 6.3 70.5 ± 8.3 48.3 ± 8.8 34.9 ± 8.2
The data are expressed as mean ± SEM (n = number of animals in each group = 4). SGPT=Serum glutamic pyruvic transaminase, 
SGOT= Serum glutamic oxaloacetic, CK= Creatine kinase, γ-GT= Gamma glutamyl transferase, Total Bilirubin, Direct Bilirubin and 
LDH= Lactate dehydrogenase.
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Figure 6.  Effect of HFD and oral administration of Apium graveolens on serum enzyme levels in Swiss albino mice for 12 
weeks. (A). Aspartate aminotransferase. (B). Alanine aminotransferase. (C). Lactate dehydrogenase. (D). CK = Creatine Kinase.
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were found to be insignificantly decreased in the groups 
treated with 200 mg/kg of Apium graveolens aqueous 
extract, while significantly decreased in glucose (p = 
0.0036), SGPT (p < 0.0001), SGOT (p = 0.0002), CK  
(p = 0.0490), CK-MB (p < 0.0001), uric acid (p = 0.0424)), 
and LDH (p = 0.0012) level when compared to the 
control group (Figure 6). When it came to the serum 
levels of glucose and liver enzymes, except for uric acid 
(p = 0.1725), all of the measured parameters increased 
considerably in mice fed HFD: glucose (p = 0.0002), 
SGPT (p < 0.0001), SGOT (p = 0.0001), CK (p = 0.0075), 
CK-MB (p < 0.0001), gamma-glutamyl transferase (p = 
0.0346), total Bilirubin (p = 0.0423) and direct Bilirubin 
(p = 0.0273), and LDH (p < 0.0001) (Figure 6). Similarly, 
as compared to the HFD control group, the HFD + 200 
mg/kg treated group revealed substantial reductions 
in glucose (p < 0.0001), SGPT (p < 0.0001), SGOT (p = 
0.0088), CK (p = 0.0004), CK-B (p < 0.0001), CK-MB  
(p < 0.0001), gamma-glutamyl transferase (p = 0.0133), 
direct Bilirubin (p < 0.0001), uric acid (p = 0.0323), and 
LDH (p < 0.0001) except in total Bilirubin (p = 0.1665). 
Apart from a significant reduction in glucose (p < 0.0001), 
SGPT (p < 0.0001), SGOT (p = 0.0012), direct Bilirubin 
(p = 0.0027), the HFD + 200 mg/kg treated group also 
retained CK-B (p = 0.0809), CK-MB (p = 0.0809), gamma-
glutamyl transferase (p = 0.1073), total Bilirubin (p = 
0.0646), uric acid (p = 0.4056) and LDH (p = 0.6194) to 
about normal level when compared to the control group 
(Figure 6).

7.5  Effect of Oral Administration of 
Aqueous Extract of Apium graveolens 
on Oxidative Stress Parameters in 
Control, HFD and Treated Mice

Catalase levels were measured in the liver, heart, 
kidney and brain, and the results of the HFD and oral 
supplementation with an aqueous extract of Apium 
graveolens are reported in Table 6 and Figure 7. 

Apium graveolens aqueous extract increased catalase 
activity at doses of 50, 100 and 200 mg/kg in a dose-
dependent manner, with the highest increase seen in 
the liver (p = 0.0459), heart (p < 0.0001), and kidney (p 
= 0.0002), with the lowest increase seen in the brain (p 
= 0.3839), at the 200 mg/kg dose (Figure 7). Mice that 
were fed an HFD had considerably lower catalase activity 
in their organs compared to the control group. This was 
seen in the liver (p = 0.0001), heart (p = 0.0037), kidney 
(p < 0.0001), and brain (p < 0.0001). Catalase activity was 
found to increase after 50, 100 and 200mg/kg of Apium 
graveolens aqueous extract were orally administered. The 
HFD + 200 mg/kg treatment group showed significantly 
higher levels of catalase activity in the liver (p < 0.0001), 
heart (p = 0.0001), and kidney (p = 0.0001), but only a 
marginally higher level in the brain (p = 0.0646), compared 
to the HFD control group. The HFD + 200 mg/kg group, 
on the other hand, showed significant increases in catalase 
activity in the liver (p = 0.0244), heart (p < 0.0001), and 
brain (p < 0.0001) while restoring the catalase activity 

Table 6.  Effect of HFD and oral administration of Apium graveolens on oxidative stress markers in the liver, heart, 
brain and kidney in Swiss albino mice for 12 weeks. (Catalase, GSH and MDA = Malonaldehyde)

Organs Parameters Control 50 mg/kg 100 mg/kg 200 mg/kg HFD HFD + 50 HFD + 100 HFD + 200 
bw bw bw mg/kg bw mg/kg bw mg/kg bw

Catalase (U/mg protein) 3.74 ±0.5 4.03 ± 0.2 3.13 ± 0.08 4.36 ± 0.07 2.21 ± 0.04 4.27 ± 0.1 4.45 ± 0.07 5.58 ± 0.1
LIVER GSH (μM/mg protein) 0.74  ± 0.06 0.81  ± 0.02 0.82  ± 0.06 1.02  ± 0.04 0.61  ± 0.05 0.99  ± 0.04 0.82  ± 0.06 0.87  ± 0.1

MDA [μM] 0.73 ± 0.09 0.77 ± 0.13 0.53 ± 0.12 0.40 ± 0.08 1.14 ± 0.07 0.59 ± 0.13 0.80 ± 0.04 0.71 ± 0.14
Catalase (U/mg protein) 10.05 ± 0.33 10.7 ± 0.14 12.3 ± 0.35 12.7 ± 0.18 7.45 ± 0.25 7.55 ± 1.0 8.90 ± 0.3 12.7 ± 0.13

HEART GSH (μM/mg protein) 2.66 ± 0.68 3.05 ± 0.51 4.46 ± 0.28 4.46 ± 0.21 0.73 ± 0.06 1.45 ± 0.14 1.91 ± 0.39 3.10 ± 0.26
MDA [μM] 1.04 ± 0.07 0.91 ± 0.06 0.89 ± 0.06 0.89 ± 0.09 1.32 ± 0.09 1.33 ± 0.12 1.31 ± 0.12 1.04 ± 0.10
Catalase (U/mg protein) 1.41 ± 0.06 1.15 ± 0.10 1.30 ± 0.01 1.39 ± 004 0.71 ± 0.02 0.70 ± 0.08 0.72 ± 0.05 0.82 ± 0.04

BRAIN GSH (μM/mg protein) 0.70 ± 0.02 0.70 ± 0.02 0.75 ± 0.06 0.77 ± 0.03 0.61 ± 0.03 0.95 ± 0.08 1.02 ± 0.08 0.95 ± 0.01
MDA [μM] 0.04 ± 0.009 0.02 ± 0.01 0.03 ± 0.01 0.02 ± 0.007 0.13 ± 0.007 0.12 ± 0.17 0.11 ± 0.01 0.103 ± 0.01
Catalase (U/mg protein) 2.45± 0.196 2.47 ± 0.208 3.13 ± 0.139 3.75 ± 0.109 0.90 ± 0.012 1.13 ± 0.05 1.7 ± 0.083 2.09± 0.116

KIDNEY GSH (μM/mg protein) 0.409 ± 0.01 0.43 ± 0.03 0.51 ± 0.04 0.48 ± 0.02 0.36 ± 0.01 0.47 ± 0.04 0.60 ± 0.02 0.64 ± 0.02
MDA [μM] 1.15 ± 0.01 1.15 ± 0.008 1.06 ± 0.02 0.85 ± 0.03 1.12 ± 0.01 1.11 ± 0.01 1.09 ± 0.009 1.04 ± 0.01

The data are expressed as mean ± SEM (n = number of animals in each group = 4). GSH = Glutathione, MDA= Malondialdehyde.
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to roughly normal level in the kidney (p = 0.3523), as 
compared to the control group (Figure 7).

The effects of an HFD and oral supplementation with 
an aqueous extract of Apium graveolens on oxidative stress 
markers in the heart, liver, kidneys and brain are reported 
in Table 6 and Figure 8. 

Apium graveolens aqueous extract was given at 50, 
100 and 200 mg/kg to increase GSH activity; however, 
significant increases in GSH activity were only seen when 
compared to the control group in the liver (p = 0.0044), 
heart (p = 0.0292), and kidney (p = 0.0509), but not in the 
brain (p = 0.2772). Liver (p = 0.0022), heart (p = 0.0166) 

Figure 7.  The effects of HFD and oral supplementation of Apium graveolens extract on catalase activity in the heart, liver, 
brain and kidney in Swiss albino mice for 12 weeks.
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and kidney (p = 0.0490). GSH activity was considerably 
lowered in HFD-fed mice compared to the control group; 
however, brain (p = 0.0632) GSH activity was not affected 
(Figure 8). Glutathione S-transferase (GSH) activity was 
gradually raised after 50, 100 and 200 mg/kg of Apium 
graveolens aqueous extract was orally administered. 
Glutathione (GSH) activity was significantly higher in the 

liver (p = 0.0229), heart (p < 0.0001), kidney (p < 0.0001) 
and brain (p < 0.0001) of the HFD + 200 mg/kg group 
compared to the HFD control group. Similarly, the HFD 
+ 200 mg/kg group showed significantly higher levels of 
GSH activity in the kidney (p < 0.0001), the brain (p = 
0.0001), the liver (p = 0.0854) and the heart (p = 0.08210), 
relative to the control group.

 

Figure 8.  The effects of HFD and oral supplementation of Apium graveolens extract on GSH activity in the heart, liver, 
brain and kidney in Swiss albino mice for 12 weeks.
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The effects of HFD and oral supplementation with 
aqueous extract of Apium graveolens on MDA levels in the 
heart, liver, kidneys and brain are summarized in Table 6 
and Figure 9.

Doses of 50, 100 and 200 mg/kg of Apium graveolens 
aqueous extract all had a modest effect on MDA levels 
compared to the control group, but the effect was 
statistically significant in the liver (p = 0.0448), kidney  

(p < 0.0001), and brain (p = 0.0215), but not the heart  
(p = 0.3356). Compared to control mice, HFD-fed animals 
had significantly higher levels of MDA in their liver (p 
= 0.0267), heart (p = 0.0127), kidney (p = 0.0449) and 
brain (p = 0.0003) (Figure 9). Apium graveolens aqueous 
extract at 50, 100 and 200 mg/kg orally lowered levels of 
Malondialdehyde (MDA) over time. Liver MDA levels 
in the HFD + 200 mg/kg group were significantly lower 

Figure 9.  The effects of HFD and oral supplementation of Apium graveolens extract on MDA level in the heart, liver, brain 
and kidney in Swiss albino mice for 12 weeks.
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than those in the HFD control group (p = 0.0142), kidney 
MDA levels were lower (p = 0.0008), and heart MDA 
levels were lower (p = 0.1576) and brain MDA levels were 
lower (p = 0.5012) as compared to the HFD control group. 
Similarly, the MDA levels in the liver (p = 0.0142), kidney 
(p < 0.0001) and brain (p = 0.0027) of the HFD + 200 mg/
kg group were significantly lower than those in the control 
group, but the MDA level in the heart was maintained at 
roughly normal (p = 0.2281) (Figure 9).

7.6  Effect of Oral Administration of 
Aqueous Extract of Apium graveolens 
on Cardiac Inflammatory Biomarkers 
mRNA Expression in Control, HFD 
and Treated Mice

Cardiac inflammatory biomarker mRNA expression was 
shown to be affected by both HFD and oral administration 
of Apium graveolens extract in Figure 10. The mRNA 

Figure 10.  Effects of HFD and oral administration of Apium graveolens extract on cardiac inflammatory biomarker mRNA 
expression in Swiss albino mice for 12 weeks.
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expression of TNF-α (p = 0.0069) and interleukin-1 (p = 
0.0970) was down-regulated after oral administration of 
the aqueous extract at a dose of 200 mg/kg, but changes 
in C-reactive protein (p = 0.0824) and interleukin-6 
(p = 0.2944) were not statistically significant (Figure 
10). Compared to control mice, HFD-fed mice had 
significantly higher mRNA levels of CRP (p < 0.0001), 
IL-6 (p < 0.0001), IL-1β (p = 0.0396), and TNF-α (p = 
0.0122). The mRNA expression of CRP (p < 0.0001), 
IL-6 (p = 0.0003), IL-1β (p = 0.0044), and TNF-α (p = 
0.0008) were down-regulated in the HFD group after 
oral administration of 200 mg/kg compared to the HFD 
control group (Figure 10). Comparable changes in CRP (p 

< 0.0001), IL-6 (p < 0.0001), TNF-α (p = 0.000), and IL-1β 
(p = 0.0001) mRNA expression were found in the HFD 
+ 200 mg/kg treatment group compared to the control 
group (Figure 10).

7.7 Effect of Oral Administration of 
Aqueous Extract of Apium graveolens 
on Cardiac CVD Biomarkers mRNA 
Expression in Control, HFD and 
Treated Mice

The results of Apium graveolens extract and high-fat diet 
on CVD biomarker mRNA expression are reported in 
Figure 11.
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Figure 11.  Effects of HFD and oral administration of Apium graveolens extract on cardiac CVD biomarker mRNA expression 
in Swiss albino mice for 12 weeks.

The mRNA expression of CK-M (p = 0.0139), CK-B  
(p = 0.0715), and CTN-I (p < 0.0001) was down-regulated 
after oral administration of the aqueous extract at a dose 
of 200 mg/kg, while that of PON-1 (p = 0.0001), ST2L 
(p = 0.0911), IL-33 (p = 0.0006), and NPPA (p = 0.0001) 
was up-regulated (Figure 11). Compared to control mice, 
HFD-fed mice showed down-regulation of PON-1 (p 
= 0.0777) and NPPA (p = 0.0568) and up-regulation 

of CK-M (p = 0.0071), CK-B (p = 0.0617), CTN-I (p 
= 0.0035), and ST2L (p = 0.0022) mRNA expressions 
(Figure 11). When given orally to the HFD group at a dose 
of 200 mg/kg, mRNA expression for CK-M (p = 0.0116), 
CK-B (p = 0.0024), CTN-I (p = 0.2863), and ST2L (p 
= 0.2520) was reduced, whereas expression for PON-1 
(p<0.0001), IL-33 (p = 0.0039), and NPPA (p = 0.0016) 
was increased. Similarly, the mRNA expression of CK-B 
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(p = 0.0005) and ST2L (p = 0.0112) was considerably 
lower in the HFD + 200 mg/kg treated group compared 
to the control group, although the mRNA expression 
of CK-M (p = 0.6527) and CTN-I (p = 0.3968) was not 
statistically different (Figure 11).

7.8  Effect of Oral Administration of 
Aqueous Extract of Apium graveolens 
on Cardiac Proteins in Control, HFD 
and Treated Mice

The effects of oral administration of Apium graveolens 
extract on Atria Natriuretic Peptides (ANP) in the 
heart, serum, and kidney were summarized in Table 8 
and Figure 12. When compared to the control group, 
kidney ANP levels increased significantly (p = 0.0149) 
after oral administration of the aqueous extract at a dose 
of 200 mg/kg; nevertheless, heart ANP levels increased 
insignificantly (p = 0.5363), and serum ANP levels 
increased insignificantly (p = 0.5204). The ANP levels in 
the hearts (p = 0.0654), serum (p = 0.3272), and kidneys 
(p = 0.08859) of HFD-fed mice were not statistically 
different from those in the control group (Figure 12). 
Oral treatment of 200 mg/kg to the HFD group (HFD 
+ 200 mg/kg) resulted in a substantial rise in ANP level 
in the heart (p = 0.0018) but had no effect on ANP levels 
in the serum (p = 0.3576) or the kidneys (p = 0.3123) 
as compared to the HFD control group. ANP levels were 
found to be significantly higher in the hearts of the HFD 
+ 200 mg/kg treated group compared to the controls 
(p = 0.0176), whereas serum (p = 0.9262) and kidney 
(p = 0.6536) ANP levels were not significantly different 
(Figure 12).

Apium graveolens extract’s effects on cardiac troponin-I 
(CTN-I) in the heart and serum were summarized in 
Table 7 and Figure 13. Heart CTN-I levels were not 
significantly lower (p = 0.2066), and serum CTN-I levels 
were not significantly different (p = 0.1215) after oral 
administration of the aqueous extract at a dose of 200 mg/
kg compared to the control group (Figure 13). The CTN-I 
level in the hearts of HFD-fed mice was considerably  
(p = 0.0164) and non-significantly (p = 0.3984) higher than 
in the serum of control animals. Similarly, oral treatment 
of 200 mg/kg to the HFD group (HFD + 200 mg/kg) 
resulted in a significant drop in cardiac CTN-I levels (p 
= 0.0518) and a non-significant decrease in serum levels  
(p = 0.5160) as compared to the HFD control group. 
CTN-I levels in the heart (p = 0.2587) and serum (p = 
0.9608) were not significantly different between the HFD+ 
200 mg/kg group and the control group (Figure 13).

8.  Discussion
We compared the effects of an HFD on CVD biomarkers 
and risk factors in male BALB/c mice with and without 
celery extract treatment for up to 12 weeks in the control, 
HFD, and celery treatment groups. Changes in an animal’s 
body or organ mass are usually used as a reliable predictor 
of its general health. Each animal’s weight was checked 
four times: once before acclimatization, once before 
the experiment commenced, every week throughout 
treatment, and once at the conclusion (12 weeks). Organ 
weights were also measured after the treatment period. 
Table 2 and Figure 1 show the weekly weight changes for 
all groups. There was a large disparity in the animals’ body 
weights across the different groups. Weight growth was seen 

Table 7.  The effects of oral supplementation of Apium graveolens extract on ANP and CTN-I in the heart, serum and 
kidney in Swiss albino mice for 12 weeks

Organs Parameters Control 200 mg/kg bw HFD HFD + 200 mg/kg bw
HEART ANP [ng/ml] 0.808 ± 0.09 0.922 ± 0.08 0.487 ± 0.11 1.25 ± 0.05

CTN-I [ng/ml] 0.23 ± 0.02 0.177 ± 0.02 0.315 ± 0.01 0.253 ± 0.01
SERUM ANP [pg/ml] 0.267 ± 0.03 0.317 ± 0.02 0.23 ± 0.009 0.28 ± 0.04

CTN-I [ng/ml] 0.021 ± 0.001 0.016 ± 0.001 0.025 ± 0.003 0.018 ± 0.004
KIDNEY ANP [ng/ml] 0.295 ± 0.03 0.46 ± 0.02 0.212 ± 0.02 0.274 ± 0.18
The data are expressed as mean ± SEM (n = number of animals in each group = 4). ANP = Atrial natriuretic 
peptide, cTN-I = Cardiac troponin
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in the control group throughout treatment, while low-dose 
oral administration of Apium graveolens aqueous extract 
resulted in minimal weight gain, and high-dose therapy 
resulted in substantial weight loss (Figure 1). It was also 
shown that mice fed the HFD acquired considerably more 
weight than those fed the control diet. Furthermore, it has 
been documented that cholesterol-rich diet-fed animals 
were significantly overweight58,59. In addition, it has been 
shown that HFD reduces satiety, leading to overeating 
and weight gain due to decreased leptin secretion from 
adipose tissue. It was also shown that rats given an HFD 
had lower levels of leptin secretion65. Low- and high-dose 

oral administration of the aqueous extracts from the HFD 
groups led to similar rates of weight loss. Animals given 
HFD + 200 mg/kg had surprisingly stable body weights 
when compared before and after treatment (Figure 2). 
HFD and celery extract treatment had no significant 
effect on the weight of vital organs such as the kidney, 
heart, brain, and spleen. In comparison to the control 
and HFD control groups, the 200 mg/kg group revealed a 
substantial reduction in liver weight, while the HFD group 
showed a significant rise in liver weight (Figure 3). HFDs 
increase liver weight due to increased fat consumption, 
which may lead to non-alcoholic fatty liver disease66. 

Figure 12.  The effects of HFD and oral supplementation of Apium graveolens extract on ANP = Atria natriuretic peptides 
in the heart, serum, and kidney in Swiss albino mice for 12 weeks.
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Figure 13.  The effects of HFD and oral supplementation of Apium graveolens extract on CTN-I = cardiac troponin-I in the 
heart and serum in Swiss albino mice for 12 weeks.

Liver weight increased in the HFD group and decreases 
after they received oral treatment at a dosage of 200 mg/kg 
(Figure 3). Given these results, we postulated that Apium 
graveolens medicine would be useful for the treatment 
and/or prevention of fatty liver. One difficulty in reading 
organ weight data is figuring out if a chemical is having 
an immediate effect on an organ or if it’s only affecting the 
organ indirectly through weight gain or loss. The “relative 
organ weight” of each animal is obtained by dividing the 
sum of the weight of its organs by its total body weight, 
which allows us to compare the severity of the problem 
between different species. Results from this study suggest 
that both the HFD and the Apium graveolens leaf extract 
have direct impacts on liver weight by interfering with 
the liver’s lipid metabolism while having very little effect 
on the heart, kidney, brain, and spleen when compared 
to the control and HFD controls (Figure 4). Celery has 
been shown to reduce body and liver weight, which 
may be attributable to the presence of phytochemicals 
such as polyphenols, saponins, and others67. These 
phytochemicals may have inhibited lipogenesis by 
interfering with nutritional absorption in the intestine, 
thereby reducing the body’s reliance on dietary fat. Herbal 

remedies (such as herbal formulations, crude extracts, and 
pure bioactive components from medicinal plants) have 
been shown to decrease hepatic lipogenesis68. Inhibiting 
Phosphodiesterase (PDE) or boosting thermogenesis via 
Uncoupling Proteins (UCP1, 2, or 3) can also be used to 
promote lipolysis, either directly or indirectly through an 
Angiotensin-Converting Enzyme (ACE)68,69. The findings 
suggest that Apium graveolens aqueous extract might aid 
in weight reduction and fatty liver.

Dyslipidemia (hypercholesterolemia and 
hypertriglyceridemia) was indicated by elevations in lipid 
parameters, all of which increase the risk of atherosclerosis 
and CVDs70. Serum cholesterol, triglycerides, LDL-
C, and HDL-C levels were all substantially (P < 0.05) 
higher in the HFD group compared to the control group, 
indicating the development of dyslipidemia (Figure 5). 
After 12 weeks of low- or high-dose oral administration 
of Apium graveolens aqueous extract, serum levels of 
cholesterol, triglycerides, LDC-C, and VLDL-C were all 
lowered compared to the control group, while HDL-C 
levels were elevated (Figure 5). When compared to the 
HFD control group, Apium graveolens dramatically 
reduced blood levels of cholesterol, triglycerides, LDL-



914 Apium graveolens Aqueous Extract Reduced Cardiovascular Diseases...

Journal of Natural Remedies | ISSN: 2320-3358� http://www.informaticsjournals.com/index.php/jnr | Vol 23 (3) | July 2023

C, and VLDL-C while increasing serum levels of HDL-C 
(Figure 5). Apium graveolens aqueous extracts reversed 
the dyslipidemic lipid profile observed in HFD-treated 
mice, likely via inhibiting HMG-CoA reductase like 
atorvastatin71,72. The extract contains saponins, which 
may help with dyslipidemia treatment. Specifically, 
saponin-rich extracts have been demonstrated to inhibit 
pancreatic lipase, a key enzyme in lipid metabolism73. 
Flavonoids are also known to reduce atherogenic LDL-C 
oxidation74. The ability of Apium graveolens aqueous 
extracts to increase HDL may contribute to the plant’s anti-
atherosclerosis characteristics because HDL-C possesses 
anti-inflammatory and antioxidant properties75.

There is a correlation between elevated levels of lipid 
markers, such as AI, CRR, and AC, and an increased 
likelihood of developing cardiovascular illnesses12. The 
lipid-lowering effects of Apium graveolens aqueous 
extracts were further confirmed by measuring AI, CRR, 
and AC, which were all shown to be substantially (p < 
0.05) lower in the celery-treated group, especially at the 
dose of 200mg/kg. Significant (p < 0.05) elevations in 
AI, CRR, and AC were seen between HFD-fed mice and 
normal control animals (Figure 5). Treatment of HFD-fed 
animals with modest dosages of Apium graveolens aqueous 
extracts resulted in a significant reduction (p < 0.05) when 
compared to the HFD control group. A similar reduction 
in AI and a very significant (p < 0.05) reduction in CRR 
and AC were seen in mice given the HFD at a dosage of 
200 mg/kg compared to the normal control group (Figure 
5). Apium graveolens aqueous extract was shown to reduce 
AI, CRR and AC values across all treatment groups, 
suggesting it may be useful in avoiding atherosclerosis, 
coronary artery disease, and CVDs.

Serum levels of liver-derived enzymes, nonenzymatic 
proteins, and metabolites metabolized by the liver are 
commonly measured in clinical practice (colloquially 
referred to as liver function tests or LFTs). Subtle LFT 
abnormalities are common in patients at risk for or 
already suffering from CVDs. Recent research suggests 
that certain liver enzymes have been implicated with 
MetS, hypertension, and CVDs76. Increase blood glucose 
levels are a risk factor for CVDs even in those who, on 
the surface, appear to be healthy, whether or not they 
have diabetes77. Mice given an HFD for 12 weeks showed 
increases in blood glucose levels (Figure 6). There is some 
evidence to suggest that eating a lot of saturated fat and 
eating a lot of total fat both contribute to weight gain, 
which in turn increases the risk of developing diabetes78. 

Apium graveolens aqueous extract, taken orally for 12 
weeks at low or high doses, significantly reduced blood 
glucose and prevented blood glucose rise compared to 
the normal control and HFD control groups (Figure 
6). In conclusion, Apium graveolens showed promise 
as a hypoglycemic agent. Apium graveolens has been 
hypothesized to work because of its high polyphenol 
content67. Carbohydrate metabolism may be disrupted 
by polyphenols like flavonoids, phenolic acids and others 
by decreasing digestion and absorption of carbohydrates, 
increasing the production of insulin by pancreatic cells, 
decreasing gluconeogenesis from the liver, activating 
insulin receptors, and increasing glucose uptake in muscle 
and fat79. Similarly, mice given the HFD had significantly 
elevated blood levels of SGPT, SGOT, gamma-glutamyl 
transferase, direct Bilirubin, uric acid and LDH compared 
to the control group, except for total Bilirubin (Figure 6). In 
addition, oxidative stress caused by HFD has been linked 
to elevated levels of liver markers80,81. Also, it has been 
demonstrated that food rich in fat and cholesterol leads to 
an increase in liver weight, fat deposition, inflammation, 
and fibrosis, as well as an increase in liver enzyme plasma 
activity82. Hepatocellular liver damage, characterized 
by elevated SGPT and SGOT levels, is thought to result 
from inflammation and/or injury to liver cells in mice 
fed an HFD. SGPT and SGOT are two enzymes that are 
released into the circulation when the liver is damaged83. 
There are several potential molecular mechanisms linking 
elevated GGT levels to CVDs, including oxidative stress 
and lifestyle choices84. There are two types of bilirubin: 
Conjugated (direct) and unconjugated (indirect). Total 
bilirubin is the sum of conjugated and free bilirubin. In 
healthy people, conjugated bilirubin levels are quite low, 
and elevated levels point to liver disease. Total bilirubin in 
the blood is inversely connected to the risk of developing 
CHD and other CVDs, and higher total bilirubin levels are 
associated with a protective effect85. Our research revealed 
that HFD-induced liver impairment led to a rose in direct 
and conjugated bilirubin levels, despite a reduction in 
total serum bilirubin levels in the HFD-treated animals. 
Serum UA and LDH levels were similarly elevated in 
HFD-treated animals (Figure 6). The incidence of CVDs 
and cardiovascular events is substantially correlated with 
elevated serum LDH levels. This suggests that serum LDH 
levels have the potential as a new objective biological 
marker for the prediction of CVD events86. In humans, 
Uric Acid (UA) is thought to be the result of purine 
metabolism. Increases in serum UA have been linked with 
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CVD illness87. All parameters were significantly decreased 
after 12 weeks of oral administration of Apium graveolens 
aqueous extract at low or high dosages in comparison 
with the normal and HFD control groups (Figure 6). 
Total Bilirubin levels were increased, while those of uric 
acid, LDH, uric acid, and direct Bilirubin were lowered, 
confirming the hepatoprotective and cardioprotective 
properties of Apium graveolens.

Hypercholesterolemic atherogenesis is linked to an 
increase in the formation of ROS88. Mice fed a diet of 
celery or an HFD diet had their endogenous enzyme 
levels in their liver, heart, kidneys and brains measured 
and compared. CAT is mostly found in certain cells 
where its main function is to catalyze the breakdown of 
hydrogen peroxide89. Hence, the most destructive radicals 
in vivo, the hydroxyl radical, are blocked from being 
produced by hydrogen peroxide90. Protecting the reduced 
state and against oxidative stress are both dependent on 
GSH’s presence. To reduce hydrogen peroxide, GSH is 
converted to GSSG. In response to an increase in GSSG 
levels, GSH-reductase activity was activated, transforming 
GSSG into GSH91. Due to oxidative stress, the decreased 
GSH level suggests increased consumption92. The 
lipid peroxidation marker Malondialdehyde (MDA) is 
produced when oxygenated active species react with fatty 
acids in membranes93. Statistically significant decreases 
in the activities of CAT and GSH and an elevated MDA 
level indicated a higher degree of oxidative stress in the 
HFD-fed mice compared to the mice fed a normal diet in 
the current analysis (Figures 7, 8 and 9). In comparison 
to the control and HFD-fed groups, those treated with 
Apium graveolens aqueous extract at either low or high 
doses showed significantly and dose-dependently higher 
levels of CAT, GSH, and reduction in MDA level (Figures 
7, 8 and 9). This provided conclusive evidence of the anti-
oxidant capacity of an aqueous extract of Apium graveolens 
against oxygen free radicals by stimulating antioxidant 
enzymes and decreasing free radical formation, hydrogen 
peroxide breakdown, quenching active singlet oxygen, 
and trapping and quenching radicals94.

Treating inflammation may offer a unique technique 
for reducing the risk of sudden cardiac arrest and other 
cardiovascular crises since inflammation plays a significant 
role in the genesis, progression, and clinical presentation 
of CVD95. Many inflammatory markers, including CRP, 
IL-6, IL-1β, and TNF-α, were significantly up-regulated 
(p > 0.05) in the cardiac tissue of HFD-treated mice 
compared to the control group in this study (Figure 10). 

This suggests that consuming high-fat dairy products 
daily may lead to chronic low-grade inflammation. 
CRP, IL-6, IL-1β and TNF-α mRNA expression was 
significantly reduced in the Apium graveolens aqueous 
extract-treated group compared to the control group 
and the HFD control group at a dosage of 200 mg/kg 
body weight (Figure 10). Research trials have shown that 
individuals with a history of myocardial infarction and 
increased CRP levels benefit from IL-1β inhibition with 
a particular monoclonal antibody (Canakinumab) and 
that this benefit is related to a decrease in IL-6 levels96. 
Inhibiting the generation of these inflammatory markers 
demonstrated the anti-inflammatory properties of Apium 
graveolens. Phytocompounds such as tannin, phenolic, 
flavonoids and related polyphenols may be responsible 
for their anti-inflammatory effects. Though it has anti-
inflammatory qualities, further study is needed to 
pinpoint the particular mechanism and phytochemical 
components involved.

In the cardiac tissue of HFD-fed mice, mRNA 
expression of CVD biomarkers, including ST2L was up, 
whereas mRNA expression of PON-1 and IL-33 was 
lowered (Figure 11). Atherosclerosis is more common 
in people with low PON1 activity. The decrease in IL-33 
levels are also linked with a high chance of developing 
heart failure. The expression of inflammatory markers 
like TNF-α and IL-6 was correlated with the quantity of 
sST2 mRNA, as was previously mentioned97. As we found 
that TNF-α and IL-6 mRNA expression levels increased 
in our study, we hypothesize that this led to an increase 
in sST2, which then competed with ST2L and inhibited 
its binding to IL-33 (sST2/IL-33 interaction), thereby 
reducing the effectiveness of the cardioprotective IL-33/
ST2L pathway in HFD-treated mice. In this study, the 
IL-33/ST2L connection is altered in HFD-treated mice, 
which may have negative consequences for cardiac health. 
Nevertheless, PON-1, IL-33, and ST2L expressions 
were raised after being treated with Apium graveolens 
aqueous extract for 12 weeks (Figure 11). Therefore, 
mRNA expression levels showed that the IL-33/ST2L 
link was still active, which may also explain why Apium 
graveolens has cardioprotective effects. Similarly, the 
mRNA expression of CK-M, CK-B, and CTN-I in heart 
tissue, as well as the protein concentrations in the heart 
(CTN-I), serum (CK, and CK-MB), and kidney (ANP) 
were increased (p < 0.05), while the mRNA expression of 
NPPA and its protein (ANP) level decreased significantly 
in the HFD group (Figure 11). Consumption of high-fat 
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dairy products regularly has been linked to increased 
levels of these markers, which in turn increases the risk of 
myocardial infarction due to tissue injury/inflammation 
of the heart muscle (Myocarditis) (MI). Heart attacks 
are extremely unlikely to occur in people whose blood 
CTN-I levels are within the normal range; nevertheless, 
those whose CTN-I mRNA and protein expression in 
heart tissue is higher than normal are at a greater risk of 
experiencing MI in the future. Due to decreased NPPA 
expression and ANP production, mice fed an HFD have 
higher rates of hypertension and metabolic syndrome98. 
Treatment with 200 mg/kg of Apium graveolens aqueous 
extract for 12 weeks reduced mRNA expression of CK-M, 
CK-B, and CTN-I, as well as serum CK, CK-MB, and 
CTN-I, whereas it increased mRNA expression of NPPA 
in heart tissue and its protein (ANP) level in heart, serum, 
and kidney compared to the control group (Figures 11 
and 12). The fact that these markers dropped significantly 
in the celery group suggests that Apium graveolens 
has cardioprotective properties. Since ANP promotes 
lipolysis, which decreases body weight gain and fatty liver 
(as we’ve already discussed), prevents oxidative stress, and 
increases insulin sensitivity, the decrease in serum glucose 
level in the celery-treated group may be attributable to 
Apium graveolens cardioprotective effects. ANP lowers 
blood pressure, prevents atherosclerosis, and increases 
cardiac and vascular vasodilation. The kidney’s ability 
to produce natriuresis and diuresis in response to ANP, 
together with the relaxation of vascular smooth muscles, 
allows for more precise regulation of blood volume and 
pressure99. 

9.  Conclusion 
The conclusions drawn from this investigation indicate 
a high-fat diet increases body weight and organ weight, 
notably liver weight.  Apium graveolens  aqueous extracts 
administered orally lowered body weight and liver 
weight. Given this data, we postulated that  Apium 
graveolens  medicine might benefit in the prevention 
of fatty liver and may promote weight reduction. HFD 
brought about dyslipidemia (hypercholesterolemia and 
hypertriglyceridemia). The prevention of dyslipidemia 
by  Apium graveolens  aqueous extracts indicates the 
plant›s anti-atherosclerosis potential. HFD elevated 
serum glucose levels. The treatment with  Apium 
graveolens  aqueous extract decreased blood glucose 
significantly and prevented a rise in blood glucose. The 

results suggested that Apium graveolens might be used as 
an anti-diabetic medication. The increase in liver enzyme 
markers indicates that a high-fat diet caused liver damage. 
Yet,  Apium graveolens  aqueous extracts significantly 
decreased all evaluated parameters, confirming the 
plant›s hepatoprotective qualities. HFD promotes the 
generation of ROS species. This buildup causes oxidative 
stress and redox abnormalities. Apium graveolens aqueous 
extract treatment increases antioxidant enzymes and 
decreases tissue peroxidation. This conclusively showed 
the anti-oxidant capability of Apium graveolens aqueous 
extract against oxygen free radicals by increasing 
antioxidant enzymes and decreasing free radical 
production. HFD stimulated the mRNA expression of 
several inflammatory markers. Treatment with  Apium 
graveolens  aqueous extracts decreased their expression; 
this shows that Apium graveolens has anti-inflammatory 
properties due to its capacity to suppress the formation of 
these inflammatory markers. Moreover, HFD enhanced 
the mRNA expression of several CVD biomarkers. 
Yet,  Apium graveolens  aqueous extracts significantly 
reduced the expression of CVD biomarkers, confirming 
the plant›s cardio-protective properties. As a result, 
consuming Apium graveolens may aid in the prevention 
of CVDs.
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