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Background. Atherosclerosis is a serious chronic disease that affects many people 
of all ages and requires continuous medication. To reduce the risk of side effects from 
these medications, the search for a less harmful natural treatment continues.

Materials and Methods. This study was designed to isolate an alcoholic extract from 
the fruit Opuntia ficus-indica (prickly pear), which was analyzed using high-performance 
liquid chromatography (HPLC). Silver nanoparticles were also prepared by loading silver 
nitrate onto the alcoholic extract, and their formation was verified by monitoring colour 
change, FESEM, and FT-IR, respectively. The effects of these extracts were studied in 
male atherosclerotic rats by assessing glucose, lipid profile, liver, and kidney function as 
well as troponin, myoglobin, and creatine kinase. 

Results. HPLC analysis of the alcoholic extract showed polyphenol compounds: 
gallic acid, quercetin, ferulic acid, rutin, kaempferol, cinnamic acid, Tannic acid at 
concentrations of 88.9, 80.6, 45.2, 74.6, 50.6, 12.6, 20.7 μg/kg of prickly pear fruit, 
respectively. Green synthesis of silver nanoparticles produced a distinct colour change 
when the mixture was kept in a cold, dark place. FESEM indicated the presence of 
spherical nanoparticles with a size of 25 nm. The FT-IR also showed peak shifts when 
comparing the alcoholic extract with the nano-extract. The alcoholic extract produced  
a lower effect on lipid profiles, cardiac markers, creatinine levels, liver functions, and lipid 
peroxidation compared to the atherosclerotic control. Also, the nano-extract reduced 
the levels of kidney and liver function tests, as well as lipid peroxidation, lipid profiles, 
troponin, and creatine kinase-MB. The results also showed an increase in glutathione 
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levels in atherosclerotic rats treated with the extracts compared to the untreated athero-
sclerotic control group.

Conclusion. High levels of polyphenol compounds were found in the alcoholic 
extract of prickly pear fruit. The results demonstrated that silver nanoparticle extract 
was more effective than the alcoholic extract in most parameters. These findings sug-
gest that such extracts may reduce symptoms or complications of this disease.

Keywords: atherosclerosis, nanoparticles, troponin I, creatine kinase, myoglobin

INRODUCTION
Atherosclerosis is the primary cause of heart disease and strokes, making it the 

main underlying factor in the leading causes of deaths worldwide. Although its risks 
can be reduced by lowering cholesterol levels, current treatments do not adequately 
address the role of inflammation, which is equally important in the development of heart 
and vascular diseases (Charo & Taub, 2011). The number of people affected by arterio-
sclerosis increases with age, meaning this disease is more common among the elderly. 
Therefore, doctors consider it a disease of aging (Tohirova & Shernazarov, 2022). When 
low-density lipoprotein cholesterol accumulates in the inner wall of the vessels in the 
form of plaques, the walls of the blood vessels harden, lose their elasticity, and eventu-
ally narrow due to the accumulation of fats and deposits. This makes it difficult for blood 
to flow to organs, and in severe cases, the blood vessels may become completely 
blocked. Cholesterol is primarily stored in the artery’s inner lining as low-density lipo-
protein (LDL). This deposit causes the arteries to constrict over time, severely reducing 
blood flow and, as a result, causing tissue oxygen deprivation (Wolf & Ley, 2019). The 
accumulation of fat inside cells is one of the early causes of atherosclerosis develop-
ment. The formation of foam cells from macrophages is associated with the effect on 
LDL receptors, allowing these cells to absorb fats containing low-density lipoprotein. 
LDL is the main source of cholesterol accumulation in foam cells (Poggio et al., 2014).

Inflammation plays a role in atherosclerosis from the earliest stages to the develop-
ment of complications, making it a leading and growing cause of death and disability 
globally (Soehnlein & Libby, 2021).

The prickly pear Opuntia ficus-indica (OFI), a local variety from Mexico, is now 
widely distributed in many geographic regions around the world. The Opuntia ficus-
indica cactus is a plant that contains many beneficial properties, as it is a source of 
dietary fiber and vitamins, as well as many other bioactive compounds with anti-dia-
betic, anti-inflammatory, and antimicrobial properties. Total phenolic and total flavonoid 
content were found to be significantly present in the OFI fruit extract after qualitative 
and quantitative phytochemical screening in vitro (Soehnlein & Libby, 2021). Scientific 
studies have shown that different parts of this plant, including the seeds, pulp, peel, 
and leaves, have therapeutic potential and are safe for human use. Publications since 
2020 have addressed many aspects of the Opuntia ficus-indica cactus in the field of 
pharmacy (Al-Naqeb et al., 2021; Kaur et al., 2012). 

OFI shows several important biological activities for its high content of antioxidants, 
flavonoids, ascorbate, carotenoids, and phenolic acids. In addition to phytochemical 
components, bio-peptides and soluble fiber have been identified that contribute to the 
medicinal properties of this plant. OFI has been reported to be effective against diabe-
tes, high blood pressure, tumours, dermatosis, prostatitis, rheumatism, stomach ache, 
wounds, colitis, and some viral diseases (Rasoulpour et al., 2017).
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MATERIALS AND METHODS
Plant Collection and Preparation
Opuntia ficus-indica
Kingdom:	Plantae
Clade:	 Tracheophytes
Clade:	 Angiosperms
Clade:	 Eudicots
Order:	 Caryophyllales
Family:	 Cactaceae
Genus:	 Opuntia
Species:	 O. ficus-indica (Aruwa et al., 2018)

Firstly, 1000 grams of fresh prickly pear fruit were collected from the Mosul local 
market in Iraq (imported from India). The fruit was crushed in a blender (Magic Bullet 
600-Watt) with a 4:1 ratio of distilled water. The mixture frozen and thawed three times, 
followed by ultrasonic treatment for 60 min, and finally stored at -4 °C. It was then fil-
tered and separated using a refrigerated centrifuge, and finally dried with a lyophilizer 
to obtain the crude extract.

Extraction of polyphenols. Polyphenol compounds were extracted from the resi-
due of the previous step using a Soxhlet extraction system with ethanol as solvent at 
70 °C for 12 h (Sridhar et al., 2021).

Preparation of AgNO3 solution. A stock solution was prepared by dissolving 
16.98 g of silver nitrate in 100 mL of deionized water (DW). From this, 1 mL was diluted 
with 1000 mL of DW to yield a 1 mM solution (Alnuaimi et al., 2019).

Green synthesis of silver nanoparticles. Five milliliters of prickly pear alcoholic 
extract were added to 95 mL of AgNO3 solution (1 mM). The solution was subjected to 
ultrasonication, followed by mixing with a magnetic stirrer and storage in dark vials for 
24 h. To obtain a clear supernatant, the mixture was centrifuged for 10 min at 10000 rpm 
and 4 °C, yielding a colloid preparation that was stored in dark vials. The color change 
of the solution was monitored for five days.

Characterization and examination of silver nanoparticles. The solution was 
centrifuged for 10 min at 5000 rpm to remove any precipitate. After obtaining a stable 
color, the supernatant was centrifuged for 30 min at 12,000 rpm. To remove any residual 
plant extract, the pellet was washed with deionized water. The final pellet was resus-
pended in DW before identification.

Identification of the polyphenol compounds in the extraction. Polyphenols 
were quantified individually through reversed-phase HPLC analysis using a SYKAM 
HPLC system with a UV detector.

Nano-extract. The field-emission scanning electron microscope (FE-SEM) was 
used to diagnose and confirm the green synthesis of silver nanoparticles from the alco-
holic extract of prickly pear fruit. Also, the FT-IR technique was used. The color change 
of the extract from yellow to brown indicated the initial formation of nanoparticles.

Experimental animals. Twenty male albino rats, aged 2–3 months, were bred in 
a laboratory setting. The animals were housed in regular cages with a 12 h dark/12 h 
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light cycle at a controlled temperature of 25 °C. The Animal Ethics Committee at the 
University of Mosul approved the study protocol on 15/2/2023 (Ref: UM.VET.2023.065).

Atherosclerosis induction. Cholesterol (Sigma-Aldrich) was dissolved in coco-
nut oil, and the doses were determined according to the body weight of the animals 
at 500 mg/kg. Lipid profiles were measured for 25 days after atherosclerosis was con-
firmed (Ram et al., 2014). 

Animal experimental protocol. The animals were divided into four groups 
(n = 5 each). Group 1 received oral doses of cholesterol (500 mg/kg; positive control). 
Group 2 consisted of healthy animals (negative control). The animals in groups 3 and 4 
were administered polyphenol and nano-extracts, respectively, at a dose of 39.78 mg/kg 
body weight for 30 days (Taha, 2022).

Blood sample collection. All animals were anesthetized with ether, and blood 
was collected from the orbital sinus puncture into EDTA test tubes, then centrifuged at 
4000 rpm (4 °C) for 10 min immediately after collection. The serum was stored in a deep 
freeze until analysis. The aortic and heart tissue samples were collected at the end of 
the experiment and preserved in a 0.9% physiological saline solution (Kassim, 2012). 
Atherosclerosis induction was confirmed by taking tissue samples from the heart and 
coronary arteries for each group.

Parameters analysis. All parameters were measured in the serum sample. 
Lipid profile. Total cholesterol (T-Cho) and triglycerides (TG) were measured using 

an enzymatic method with a commercial kit (Biolabo, France). High-density lipoprotein 
(HDL-C) was also measured using an analysis kit (Kostner, 1976). VLDL-C and LDL-C 
were calculated according to the equation (Friedewald et al., 1972).

Glutathione (GSH). Antioxidant glutathione was measured using the modified 
method of Ellman’s reagent [5.5′-dithiobis (2-nitrobenzoic acid), DTNB]. DTNB, as  
a reagent, interacts with glutathione (GSH) and is reduced by the thiol group (-SH) to 
form a colored compound measured at 412 nm (Sedlak & Lindsay, 1968).

Malondialdehyde (MDA). The amount of MDA produced was estimated as an indi-
cator of lipid peroxidation. The process is based on the interaction of lipid peroxides 
(MDA) with thiobarbituric acid (TBA) in an acidic medium. The product’s absorbance 
was measured at 532 nm (Muslih et al., 2002).

Creatinine and urea. The levels of creatinine and urea were estimated enzymati-
cally using a Biosystems analysis kit (Spain) (Burtis et al., 1999).

Transaminase enzymes. The activity of AST and ALT was measured by the enzy-
matic method using a ready-made assay kit (Bio Labo, France).

Troponin I (cTnI), creatine kinase (CK-MB), and myoglobin. Cardiovascular 
markers were measured using a kit from Life Sign MI (United States) (Adams et al., 1993).

Statistical analysis. Statistical analysis was performed using IBM SPSS Statistics, 
version 27.0.1.0. A Duncan one-way analysis of variance (ANOVA) was applied. The 
results were presented as mean (X) ± standard deviation (SD), and comparisons were 
made between treatment and control groups. Statistical significance was set at p ≤0.05 
(George & Mallery, 2024). 
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RESULTS AND DISCUSSION
Phenolic and flavonoid compounds in the alcoholic extract were identified and 

quantified using HPLC analysis, based on comparison with standard compounds 
(Table 1, Fig. 1). The contents of polyphenol compounds were as follows: gallic acid 
(88.9 μg/kg), quercetin (80.6 μg/kg), ferulic acid (45.2 μg/kg), rutin (74.6 μg/kg), kaemp-
ferol (50.6 μg/kg), cinnamic acid (12.6 μg/kg), and tannic acid (20.7 μg/kg) in prickly 
pear fruit. These results were obtained by comparing the retention time of the standard 
polyphenol peaks, as shown in Table 1 and Fig. 2.

Table 1.	Standard phenolic compounds and phenolic compounds identified in the raw 
alcoholic extract

Peaks 
No.

The retention time for 
standard substances

The retention time for 
the polyphenol extract Analysis of peaks Concentration, 

µg/gm

1 3.80 3.80 Ferulic acid 45.2

2 4.15 4.15 Gallic acid 88.9

3 4.88 4.88 Cinnamic acid 12.6

4 5.33 5.33 Quercetin 80.6

5 6.09 6.12 Rutin 74.6

6 7.35 7.45 Kaempferol 50.6

7 8.00 8.04 Tannic acid 20.7

Fig. 1. HPLC chromatogram: illustrates polyphenolic compounds in the alcoholic extract
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Fig. 2.	 HPLC chromatogram for standard poly-
phenol compounds

Green Synthesis of Silver nanoparticles using prickly pear alcoholic extract. 
OFI alcoholic extract was used to synthesize AgNPs. The color change of the reaction 
mixture was monitored visually. Following the addition of 1 mM AgNO3 solution to the 
prickly pear fruit extract, the solution initially exhibited a yellowish color. Color intensity 
gradually deepened to dark brown as the incubation time increased (Kalimuthu et al., 
2008), as shown in Fig. 3.

Characterization of silver particles by FESEM. The image in Fig. 4 shows that  
the silver nanoparticles were spherical (nano-spherical). This shape is considered one of 
the most effective chemically and biologically in nanotechnology, with applications as an 
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anti-tumor and antibacterial agent. The nanoparticles were uniform and narrowly distri
buted, indicating that the synthesis method used was highly successful in obtaining well-
organized silver nanoparticles with a sharp distribution coefficient. In our study, nanoparti-
cles with sizes less than 100 nm were obtained, with an average size of 25.52 nm (Fig. 4). 
Therefore, the silver particles prepared in this study are classified as nanoparticles, as 
they fall within the range of 1–100 nm, but outside the range of 1–15 nm, which cor-
responds to quantum particles that can cause complications in biological applications. 
Moreover, their spherical size was within the effective range for silver nanoparticles 
(Salih et al., 2019). 

Fig. 3. The colors changed to silver particles after adding the extract (A) and after five days (B)

Fig. 4. FESEM images of silver nanoparticle extract: A – at 200 nm and B – at 100 nm
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FT-IR spectral analysis of AgNPs. The FT-IR spectral analysis confirmed the for-
mation of silver nanoparticles in the alcoholic extract of OFI fruit. The FT-IR spectrum 
of the alcoholic extract obtained from the prickly pear fruit appears in Fig. 5A, while the 
spectrum of AgNPs is shown in Fig. 5B. The FT-IR spectrum of AgNP clusters exhibited 
peaks at 3327, 2845, 2112, 1637, 1451, 1411, 1112, and 1016 cm-1. It is worth noting that 
the peak at 3327 cm-1 represents the O–H vibrations of carboxyl and phenol functional 
groups. The peak at 2112 cm-1 suggests the binding of AgNPs to CH. The peak visible in 
the 1727 cm-1 region is attributed to the C=O ester peak in the extract. The peak shift of 
the extract in the O–H vibration is observed, and a peak appears at 1041 cm-1 due to the 
bending of C=O, which disappears, and a sharp alcohol peak appears at 1016 cm-1. The 
peak at 1637 cm-1 is attributed to the C=C of the alkene (Bin Bakri et al., 2021).

Fig. 5.	 A – values of the bands that appeared in FT-IR and belong to the nano-alcoholic extract; B – values 
of the bands that appeared in FT-IR and belong to the alcoholic extract
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Biochemical parameters
Total cholesterol. As shown in Table 2, cholesterol levels were significantly 

increased (p ≤0.05) in the atherosclerosis-induced group (+ve) compared with the 
healthy control (-ve). The development of atherosclerosis is closely linked to accumu-
lation of fats in the arteries, especially cholesterol. Inflammatory cytokines of the IL-1 
type, produced by the arteries, stimulate the generation of molecules that adhere to fatty 
substances in the blood vessel lining (Sprague & Khalil, 2009). Treatment of animals 
with alcoholic and nano-extracts of prickly pear fruit significantly reduced (p ≤0.05) cho-
lesterol levels compared with the atherosclerotic control group. Gallic acid is considered 
one of the most important polyphenolic compounds in the extract that reduce fat levels, 
and may influence lipase activity (Jang et al., 2008).

Triglycerides (TG). The results showed a significant increase in the level of TG in 
the +ve group compared with the -ve group. This may result from triglycerides serving 
as precursors to inflammatory mediators such as prostaglandins and leukotrienes, with 
a decrease in the enzyme lipoprotein lipase responsible for the decrease in TG in LDL, 
its major carrier (Gabani et al., 2023). Treating animals with the extract and nano-extract 
led to a significant reduction in triglyceride levels (p ≤0.05) compared with the +ve group. 
This may be due to improved insulin receptor sensitivity, linked to quercetin – a flavo-
noid present in the extract (Adefegha et al., 2025) a decreasing transfer of TG from fatty  
tissues, and stimulation of lipoprotein lipase activity in cellular tissues. In addition,  
lipoxygenase plays a significant role in the lipolysis dysfunction process. 

High-density lipoprotein cholesterol (HDL-C). The results showed a significant 
decrease in HDL-C levels in the +ve group compared to the -ve group. The develop
ment of atherosclerosis leads to a disruption in lipid metabolism, increasing the transfer 
of cholesterol esters from HDL-C to VLDL-C, which enriches HDL-C with triglycerides 
and accelerates its degradation. Additionally, the fatty substance Apo-A is destroyed 
with important implications for the construction of HDL-C (Pikto-Pietkiewicz et al., 2005). 
These effects may be attributed to a decrease in the activity of the LP-lipase enzyme 
and inhibition of the lecithin-cholesterol acyltransferase enzyme (LCAT), which is neces
sary for HDL-C (Arnold et al., 2021). Treatment of animals with alcoholic extracts led to 
a significant increase in HDL-C levels (p ≤0.05) compared with the +ve group. This may 
be attributed to flavonoids in the fruit extract that increase LCAT enzyme levels, thus 
raising HDL-C levels (Roghani & Baluchnejadmojarad, 2010).

Low-density lipoprotein cholesterol (LDL-C). The results in Table 2 illustrate 
a significant increase in LDL levels in the +ve group compared to the -ve group. This 
is my be attributed to reduced clearance from the blood serum by macrophages and 
hepatocytes, or to a defect in the synthesis of particles on its surface or their receptors 
(Apo-B) (Haas et al., 2013). When the animals were treated with OFI pear fruit alcoholic 
extract and nano-extract, the results showed a significant decrease (p ≤0.05) in LDL-C 
levels, except for the nano-extract, which showed a non-significant decrease compared 
to the atherosclerosis control group. The reduction of LDL-C levels by the extracts may 
be related to their antioxidant activity, which protects LDL-C in the liver from oxidation. 
This plays an important role in removing excess cholesterol from cells and returning it 
to the liver until needed. The extracts also help prevent the deposition of fatty particles in 
the blood vessels, as cholesterol is transferred from LDL-C after esterification to HDL-C, 
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thus facilitating the removal of free cholesterol through metabolic pathways. This leads to 
a reduction in Apo-B particles and an increase in Apo-AI particles. Furthermore, unsatu-
rated fatty acids enhance esterification (Shrestha et al., 2018). 

Very low-density lipoprotein cholesterol (VLDL-C). The results showed a sig-
nificant increase in VLDL levels in the atherosclerosis control group compared to the 
healthy control, as its concentration depends on the level of TG. This increase may be 
attributed to a defect in some receptors, such as Apo-B. When animals were treated 
with OFI alcoholic extract and nano-extract, the results showed a significant decrease 
(p ≤0.05) in VLDL levels. Some polyphenols are able to alter Apo-B secretion and hepatic 
enzyme activity, which can reduce the release of VLDL particles (Zern et al., 2003). 

Table 2. Lipid profile in serum of the atherosclerotic, healthy, and treated animals

Groups
No = 4

Lipid profile, mg/dL

Mean±SD Triglyceride
mean±SD

HDL-C
mean±SD

LDL-C
mean±SD

VLDL-C
mean±SD

Control +ve 106.88±8.62
a

161.96±14.20
a

41.02±14.88
a

34.53±15.98
a

30.46±5.00
a

Control -ve 58.57±0.75
b

68.44±8.61
b

67.02±7.77
b

20.23±12.36
b

12.16±3.73
b

Alcoholic extract 64.39±11.72
c,d,b

101.50±17.33
c

79.9±11.8
c,b

14.08±3.09
c,b

22.05±4.92
c

Nano-extract 67.28±10.13
d,c,b

69.52±13.44
d,b

23.22±1.48
d

25.79±2.81
d,a

13.90±2.68
d,c,b

Note:	 the difference are significant (p ≤0.05): a – vs group “Control +ve”; b – vs group “Control -ve”; c – vs 
group “Alcoholic extract”; d – vs group “Nano-extract”

Creatinine and urea. The results in Table 3 show a significant increase in the levels 
of both creatinine and urea levels in the +ve group compared to the -ve group. It has 
been hypothesized that dyslipidemia damages the kidneys and contributes significantly 
to the development of renal failure. Dyslipidemia may damage glomerular capillary 
endothelial and mesangial cells, as well as podocytes. Mesangial cells express recep-
tors for LDL and oxidized LDL (Cases & Coll, 2005). The results in the table showed 
a significant decrease (p ≤0.05) in urea levels when animals were treated with the 
nano-extract compared to the +ve group. The extended bioavailability effect of the nano-
loaded extract, which ensures its delivery to the target damaged tissue, potentially plays 
a protective role in kidney tissue repair by removing free radicals, inhibiting inflamma-
tory reactions, and improving kidney function (Huang et al., 2025). The alcoholic extract 
showed a non-significant decrease in urea levels compared to the atherosclerotic control 
group. However, creatinine levels decreased significantly when animals were treated 
with the alcoholic and nano extracts. This may be attributed to the antioxidant and anti-
inflammatory properties of these extracts, which may have a positive protective effect on 
kidney tissues by scavenging free radicals, thereby reducing or preventing kidney toxicity 
resulting from free radical accumulation that can cause functional and structural kidney 
damage (Yokoyama et al., 2022). 
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Transaminases ALT and AST. Table 3 shows a significant increase in the con-
centration of both AST and ALT in the +ve group compared to the -ve group. Arterial 
stiffness causes an increase oxidative stress on blood vessel walls, leading to plaque 
rupture, and these enzymes are also linked to lipid metabolism risks (Deb et al., 2018). 
The results in the table show a significant decrease (p ≤0.05) in AST and ALT levels 
compared to the atherosclerotic control group when animals were treated with prickly 
pear fruit alcoholic extract and nano-extract. This may be attributed to the antioxidants 
contained in the extracts that limit the formation of free radicals, and possess anti-
inflammatory properties.

Malondialdehyde (MDA). The results in Table 3 indicate a significant increase 
in MDA levels in the +ve group compared to the -ve group. This increase may be due 
to the enhanced lipid peroxidation resulting from oxidation of unsaturated fatty acids 
with carbon-carbon double bonds, which is associated with atherosclerosis, as well as 
decreased antioxidant levels in heart and artery diseases, especially glutathione (Iftikhar 
et al., 2023). Treatment with prickly pear fruit alcoholic and nano-extracts significantly 
decreased (p ≤0.05) MDA levels compared to the atherosclerotic control group. This 
may be attributed to the compounds with antioxidant activity, present in these plants, 
that help in treating diabetes, cancer, arterial stiffness, oxidative stress, epilepsy and 
cardiovascular problems (Al-Bajari et al., 2019; Pizzino et al., 2017).

Glutathione (GSH). The results in the Table 3 indicate a significant decrease  
in GSH levels in the +ve group compared to the -ve group. This decline may result 
from oxidative stress caused by reactive oxygen species, which are one of the causes  
of arteriosclerosis (Esquivel-Gutiérrez et al., 2021). Treatment with prickly pear fruit 
alcoholic and nano-extracts led to a significant increase (p ≤0.05) in GSH levels com-
pared to the control group with induced atherosclerosis. This may be due to their anti-
oxidant properties that limit the production of free radicals and play a defensive role 
in protecting tissues, including cardiovascular tissue (Degroote et al., 2019; Thygesen  
et al., 2007).

Table 3.	Effect of alcoholic and nano-extract on liver, kidney functions, and lipid peroxidation 
in atherosclerotic rats

Groups
No = 4

Parameters

Creatinine
mg/dL

mean±SD

Urea
mg/dL

mean±SD

AST
U/mL

mean±SD

ALT
U/mL

mean±SD

GSH
mmol/L

mean±SD

MDA
mmol/L

mean±SD

Control +ve 2.09±0.39
a

56.90±8.21
a

182.00±8.68
a

352.5 ±47.16
a

1.72±0.46
a

1.39±0.26
a

Control -ve 0.76±0.57
b

42.00±5.24
b

145.33±14.01
b

220.25±44.28
b

3.38±0.68
b

0.48±0.28
b

Alcoholic extract 1.42±0.34
c,d,b

54.00±4.74
c,a

126.8±9.41
d,c,b

178.5±19.73
c,d,b

4.53±0.65
c

0.71±0.26
c,d,b

Nano-extract 1.12±0.1
d,c,b

28.00±4.35
d

121.6±16.13
d,c

132.0±62.55
d,c

2.82±0.88
d,b

0.38±0.11
d,c,b

Note:	 the difference are significant (p ≤0.05): a – vs group “Control +ve”; b – vs group “Control -ve”; c – vs 
group “Alcoholic extract”; d – vs group “Nano-extract”
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Cardiac markers. Table 4 shows a significant increase in the levels of cTul, CK-MB, 
and myoglobin in the blood serum of the +ve control group compared to the -ve group. 
This is due to necrosis of the heart muscle cells, which occurs when part of the heart 
is deprived of oxygen due to the blockage of the coronary arteries that supply the heart 
muscle with oxygenated blood. Without oxygen, the cells supplied by the artery begin to 
die (Webster, 2009). When animals were treated with prickly pear fruit alcoholic extract 
and nano-extract, a significant decrease (p ≤0.05) in the levels of both cTnI and CK-MB 
was observed compared to the atherosclerotic control group. This decrease may be 
attributed to the properties of the plant compounds, which help counteract atherosclero-
sis, oxidative stress, and cardiovascular problems. In contrast, the decrease in myoglo-
bin levels was not significant.

Table 4.	Effect of alcoholic and nano-extract on blood serum cardiac marker in 
atherosclerotic rats 

Groups
No = 4

Cardiac marker, ng/mL

cTnI mean ± SD CK-MB mean ± SD Myoglobin mean ± SD

Control +ve 0.28±0.17
a

87.68±8.70
a

174.90±25.61
a

Control -ve 0.06±0.02
b

45.90±3.87
b

118.88±7.84
b

Alcohol extract 0.11±0.01
c,d,b

57.17±13.00
c,d,b

151.05±25.57
c,d,a

Nano-extract 0.12±0.04
d,c,b

69.32±10.89
d,c,b

178.92±22.25
d,c,a

Note:	 the difference are significant (p ≤0.05): a – vs group “Control +ve”; b – vs group “Control -ve”; c – vs 
group “Alcoholic extract”; d – vs group “Nano-extract”

CONCLUSION 
The alcoholic extract of prickly pear fruit was found to contain considerable levels 

of polyphenol compounds. The results demonstrated that the nano-silver extract was 
more effective than the alcoholic extract for most parameters studied. These findings 
suggest that such extracts may help reduce the symptoms or complications associated 
with atherosclerosis.
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