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ABSTRACT

Atherosclerosis, a major contributor to cardiovascular disorders, marked by the
accumulation of plaques within arterial walls, potentially resulting in heart attacks or
strokes. Considering its widespread impact, the present study explores the potential
of Zinnia elegans extract in mitigating atherosclerosis in a murine model. Five groups
of BALB/c mice were established: a control group, a positive control group receiving
a high-fat diet (1ml/day), a drug-treated group administered Lipiget (0.2ml/day), an
extract-treated group receiving Zinnia elegans (0.2ml/day), and a combined-
treatment group receiving both Lipiget (0.1ml/day) and Zinnia elegans (0.1ml/day).
Following a six-week induction of atherosclerosis via high-fat diet, treatments were
administered for four weeks. Notably, biochemical analysis revealed significant
reductions in triglyceride levels (134.5 £ 0.5 mg/dL, p < 0.05) and weight gain in the
extract-treated and combined-treatment groups. Histopathological examination
revealed normal tissue morphology in the plant extract treated group. These findings
suggest that Zinnia elegans extract exhibits anti-atherosclerotic properties,
warranting further investigation into its therapeutic potential for managing
hyperlipidemia and preventing atherosclerosis.
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INTRODUCTION

Cardiovascular diseases (CVDs) are a group of disorders of the heart and blood

vessels. These are indeed a major global health concern, responsible for a
OPEN 8 ACCESS significant number of deaths each year. CVDs encompass a range of heart and blood

vessel disorders, including coronary heart disease, cerebrovascular disease,

Correspondence rheumatic heart disease, and other related conditions. Among the leading causes of
Sania Riaz CVD-related deaths, heart attacks and strokes are prominent, and unfortunately, a
sania.riaz@cust.edu.pk substantial proportion of these fatalities occur prematurely in individuals younger
Article History than 70 years of age (WHO, 2021; Dichgans et al., 2019).
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clearance and metabolic processing. When apolipoprotein E is dysfunctional, it can't

attach to these receptors and in turns, initiates the disease (National Center for

Ev Biotechnology Information, 2011). The onset of atherosclerosis begins with damage
Copyright: © 2025 by the authors. to the endothelium, the artery's inner lining (Poznyak et al., 2020).

Eggthie: Roots Press, Rawalpindi, oyidized LDL triggers an inflammatory response, attracting monocytes that

' differentiate into macrophages within the arterial wall. These macrophages engulf
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distributed under the terms and atherosclerosis. This process releases various cytokines and growth factors,
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antihypertensive, and antidiabetic agents. Additionally, anti-inflammatory drugs are prescribed to mitigate atheroma
formation. Among these, low-dose colchicine has been found to be effective in reducing the adverse effects of
cardiovascular disease in individuals with stable atherosclerosis (Ridker, 2023). The Lipid lowering drug is actually the
statin-based drug with addition to fibrates. Whereas, the anti-hypertensive drugs are composed of agents which are
NO donators, B-blockers, Ca*? channel blockers, and ACE inhibitors. The agent present in anti-platelet clotting drug is
acetylsalicylic acid which acts on COX-1 receptor.

The Asteraceae family, also known as the sunflower family, reigns supreme as the largest flowering plant family on
Earth. Asteraceae members have spread far and wide across the globe, with a particular fondness for South Asia,
South Africa, and South America. The family, additionally, claims a dazzling array of ornamental plants, including
Cosmos sulphureus and the ever-popular Zinnia elegans (Gomaa et al., 2019). Zinnia itself is a genus within
Asteraceae, comprising about 20 species of annual and perennial plants native to South America and Mexico. Zinnia
elegans, commonly known as common zinnia or simply zinnia or Gul-e-zar is likely found throughout Pakistan wherever
ornamental flowers are grown (Gomaa et al., 2019).

Studies have shown that Zinnia species contain a rich variety of secondary metabolites, falling into several chemical
classes. These include flavonoids, sesquiterpenes, sterols, and anthocyanins. Among these, sesquiterpene lactones
stand out as the most abundant compounds isolated from Zinnia (Gomaa et al., 2019).

Zinnia elegans demonstrated a notable protective effect against ethanol-induced gastric mucosal damage in mice.
Ethanol-induced stomach mucosal injury is associated with increased levels of TNF and IL-1. However, pre-treatment
with Zinnia elegans resulted in a significant reduction of IL13 and TNFa levels, indicating its anti-inflammatory effects
against gastric mucosal damage (Hameed et al., 2022).

In a related study, the effects of Zinnia elegans leaves were examined both in vitro and in vivo as a treatment for CCl4-
induced toxicity in albino rats. The findings demonstrated that the leaves contain a high level of total phenols.
Additionally, the Zinnia elegans leaf extract improved NO, Hydrogen peroxide, alanine transaminase (ALT),
malondialdehyde (MDA), urea, creatinine, glutathione S-transferase (GST), and superoxide dismutase (SOD) levels
(Mohamed et al., 2015).

The mice/rats and rabbits are commonly used as animal models in this case because of quick lesion formation; ease
in maintenance and breeding of mice and rabbits; transgenic and genetic flexibility. Thompson used an inbred strain
of mice, known as (C57BL/6) and fed them with high-fat diet and it was concluded that this mice strain developed
atheroma in aortic valve region. So, in this way, this strain of mice has been commonly used for genetic, biochemical,
and lipoprotein profile analysis after induction with atherosclerosis (Zhang et al., 2021).

The purpose of this study is to develop atherosclerosis-induced mice model via high fat diet and then evaluate the
potential of Zinnia elegans extract against atherosclerosis and to also compare those effects with that of a standard
treatment. The parameters for evaluation were serum triglyceride levels, body weight, and histopathological changes
in mice model. This study would pave a way for the development of herbal drugs against the atherosclerosis disease.

MATERIALS AND METHODS

Animal Model Selection

Ten adult male BALB/c mice were utilized each varying between 25 to 28 g and aged 3 to 4 weeks were used in this
study. These mice were obtained from the Animal House of the Department of pharmacy, Capital University of Science
and Technology. After retrieving, the mice were acclimatized to the surrounding environment for a period of one week.
They were divided into two groups: a control group and an experimental group given unrestricted access to food and
water, and housed in a controlled environment with proper temperature, humidity, and natural light-dark cycles. After
this acclimatization phase, the animals were treated according to the protocols assigned to each group. This ethical
research work on mice model received ethical approval from Ethical Review Committee of the Department of
Bioinformatics and Biosciences, Capital University of Science and Technology, Pakistan.

Normal Dietary Components

The typical diet consisted of various components, including vitamins, powdered milk and chokar (wheat bran), flour,
and appropriate amount of dried fish powder. These ingredients were mixed to create a required amount of feed, which
was later portioned into smaller portions. Each piece weighed around fifty grams and subsequently, a single mouse
consumed around a gram of portion on daily basis.
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Fat-Rich Diet Composition

Over the course of six weeks, a high-fat diet was orally administrated to the mice, comprising the mixtures of coconut
and vegetable oil in a 2:1 ratio. A total of 50ml of this mixture was made and then stored in a bottle. Initially, each
mouse received a daily dose of 0.2ml of this composition for the period of a week on the basis of weight. This dose
was then increased to 0.3ml and then to 0.4ml in the next two weeks. Thus, 0.3 to 0.4ml of diet was then orally
administrated to experimental mice group daily for the remaining three weeks, approximating six weeks of the fat-rich
diet administration (Amjad et al., 2023).

Zinnia elegans Extract Preparation

The fresh leaves of Zinnia elegans locally named as “dreamland” in mix and scarlet color was obtained from a nursery
at Tulsa Road, Rawalpindi, and was sterilized, washed, and leaves were obtained. These leaves were air dried for two
days, away from sunlight and then these dried leaves were ground to powder. The green powder was then weighed
on a digital scale. The powder weighed 8.75 grams. This powder was then macerated with 80% ethanol (comprising
80 mL ethanol and 20 mL distilled water) and kept on rotary shaker for 48 hours. Extract was filtered, and the filtrate
was then dried in petri plate for the purpose of obtaining the dried powder. The dilutions of dried plate powder were
prepared by adding distilled water for oral administration. Each mouse received 3.8 mg of plant powder in these
dilutions (Misra et al., 2018).

FTIR Analysis

The FTIR (Fourier Transform Infrared Spectroscopy) was performed on the powdered plant leaves and the subsequent
results were analyzed. The main purpose of this analysis was to identify and analyze the functional groups present in
the Zinnia elegans leaf powder. This analysis confirmed the chemical composition of the extract, revealed bioactive
compounds that contributed to the plant’s therapeutic properties. Specifically, FTIR identified the different bonds and
molecular structures in the plant extract, which are linked to its potential antioxidant, anti-inflammatory, and lipid-
lowering effects (Pharmawati and Wrasiati, 2020).

Drug Preparation

Atorvastatin, commonly recognized as Lipiget, was procured from a local pharmacy and employed as the standard
medication in this study. Ten tablets, each containing 10mg of Atorvastatin, were crushed, and subsequent dilutions
were prepared using distilled water. The dilutions were prepared by crushing half of a tablet (i.e., 5mg) and dissolving
the powder in 50ml distilled water.

Experimental Framework

After being weighed, documented, and tagged (by marking group number on their tails), all mice were divided into five
groups i.e., each group having two mice. All mice received ethical treatment. There may also be possibility of checking
different doses of plant extract on mice models.

1.Control Group: Animals in group 1 were provided regular feed and clean water for 24 hours, serving as the control
group.

2. Positive Control Group: Animals in group 2 were given a regular diet along with a high fat diet daily for six weeks.
3.Drug Treated Group: Animals in group 3 received a standard diet with a meal based on high-fat daily for nearly six
weeks. After this period, Lipiget dilutions were administered at a dosage of 0.2 ml per day for four weeks.

4. Extract-Treated Group: Over four weeks, animals in group 4 were fed a standard diet with a high-fat meal. Zinnia
elegans extract was given at a dosage of 0.2ml per day for nearly four weeks.

5.Combined-Treatment Group: Animals in group 5 were fed a standard diet with a daily high fat meal for six weeks’
period. Afterward, a combined treatment was administered, consisting of Zinnia elegans extract and medication
dilutions at doses of 0.1 to 0.15 ml per day for four weeks (Kumar & Sudha, 2023).

Morphological Analysis and Weight Measurement

The body weights of the mice were recorded daily via the digital scale. Each mouse was kept in the large glass beaker
and placed on digital scale to restrict its movement. Following a six-week period of feeding with a high-fat diet, a
significant increase in body weight was observed. Other morphological and physical aspects like the physical health,
movement, posture, fur etc. was observed before and after the experiment and comparison was made.

Biochemical Based Analysis

At the conclusion of the experiment, the mice were grouped, and blood was obtained via cardiac puncture. Prior to
blood collection, each mouse was anesthetized with chloroform, and the collected blood was later centrifuged to
provide serum. Serum triglycerides test was subsequently performed for each group and the results was subsequently
compared (Amjad et al., 2023).
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Histopathological Analysis

For histopathology, after obtaining of blood via cardiac puncture, dissection was done using scissors and the organs
were cut and isolated from the body using forceps. Stomach of plant treated mouse, intestines of control group mouse,
and positive control group mouse were obtained and placed in the tube containing formalin. These samples were sent
to lab for histopathology analysis (Rathnamali, 2022).

Statistical Evaluation

All the data was analyzed and presented as a mean + standard deviation in one-way ANOVA.

RESULTS AND DISCUSSION

FTIR Analysis

FTIR spectra of dried leaves powder of Zinnia elegans is shown in Figure 1. In FTIR spectra, several peaks are
observed that are at 2359.84 [cm] 7(-1), 2203 [cm] ~(-1), 2033 [cm] ~(-1), 1977 [cm] ~(-1), 1020.47 [cm] ~(-
1), 673.2 [cm] ~(-1), 531.4 [cm] ~(-1), 460.6 [cm] ~(-1) wavelength. Peak observed at 2359.84 [cm] ~(-1)
indicates an N-H bond that depicts the presence of amino acids and related compounds (Pharmawati and Wrasiati,
2020). The peak that is formed at 2203.93 [cm] ~(-1) C triple () C bond which depicts the presence of terminal
alkynes (Kainat et al., 2022). Peak formed at 2033.85 [cm] ~(-1)that represents NH3 bond which indicates the
presence of free amino acids and their hydro halides (Pharmawati and Wrasiati, 2020). Peak at 1977.16 [cm] ~(-1)
indicates C=0 bond stretch that depicts the presence of conjugate acid and aldehyde (Kainat et al., 2022). Peak
observed at 1020 [cm] ~(-1) represents the presence of C-O that are alcohols and phenols (Rani et al., 2021). Peak
formed at 673.2 [cm] ~(-1) represents the presence of C triple bond with hydrogen (C=H) that shows the presence of
vinyl hydrocarbon compounds (Rani et al., 2021). Peak observed at 531.4 [cm] ~(-1) represents C-l stretch that
indicates the presence of halo compounds (Rani et al., 2021). Peak observed at 460.6 [cm] 7(-1) indicates C-OH
bond that shows the presence of phenols (Kainat et al., 2022).
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Figure 1. FTIR spectra of dried leaves powder of Zinnia elegans.

Morphological Analysis

Mice subjected to a high-fat diet (HFD) exhibited a significant increase in body weight and fat mass compared to those
on a standard diet. This weight gain is primarily attributed to the accumulation of body fat, particularly noticeable in the
abdominal region. These changes render the mice visibly larger and bulkier, with pronounced fat deposits (adiposity)
that contribute to a rounded appearance. Overweight mice often struggled to reach all areas of their bodies for
grooming, leading to unkempt fur. This can result in the fur appearing dull or greasy due to reduced grooming activity
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and potential metabolic changes associated with obesity. The reduced grooming efficiency is a direct consequence of
their increased body mass and reduced flexibility. Due to the substantial weight gain, HFD-fed mice exhibited
decreased mobility and a more sedentary lifestyle. This reduced activity level was evident when these mice were
housed together, as they showed less movement and exploratory behavior compared to control group (Gao et al.,
2015). This was evidenced by a reduction in resistance to oral gavage (administration) and a general decline in mobility.
Furthermore, a decrease in the consumption of regular chow was observed. These changes are indicative of a disorder
such as obesity, or cardiovascular disease. Additionally, the high-fat diet induced a decrease in overall activity levels
and changes in sleep pattern (increased sleep duration) (Gao et al., 2015).

Behavioral Analysis

Mice on a high-fat diet were observed to be exploring their environment less, spending more time in familiar areas and
showing diminished interest in new objects. This reduced exploratory behavior is indicative of cognitive impairment,
which is acommon consequence of diet-induced obesity. There was a noticeable decrease in social interactions among
HFD-fed mice. These mice exhibited less playfulness and grooming of cage mates, indicating a reduction in social
behavior and increased immobility. These depressive behaviors are apparent during regular handling and observation,
where the mice appear less responsive and more lethargic. Such mice exhibited less interaction with other mice,
highlighting a significant change in their social behavior patterns (Leuven et al., 2020).

Body Weight Analysis

Body weight was monitored daily throughout the six-week high-fat diet intervention period. Mice in the high-fat diet
group exhibited a significant increase in weight compared to the control group. At the beginning of the study the average
body weight of the mice was approximately between 25 and 28 grams, indicating a healthy and normal weight range.
Following a one-week acclimatization period, daily oral administration of the high-fat oil resulted in an average weight
gain of 8 grams per mouse. Mice in control group were not given high fat diet.

Weight of all groups were measured using a digital weight balance. Gradual increase in the weight was observed in all
four groups. By the end of the intervention, mice in the high-fat diet group displayed an average weight of approximately
38-42 grams. The weight change for all groups is depicted graphically below in figure 4. The body weights were
analyzed via one-way ANOVA. Table 1 shows the body weights during high fat diet administration i.e., before treatment.
The body weights were not significantly different among the groups initially, except by Day 42 where significant
differences emerged. All mice were subjected to a high-fat diet regimen for six weeks, following which body weight
measurements were recorded for each experimental group. Subsequently, a four-week treatment phase commenced.
The control group received no intervention, while the positive control group continued on the high-fat diet. The plant
extract group was administered an appropriately diluted Zinnia elegans extract, the standard group received Lipiget
dilution, and the combined group was given a mixture of Zinnia elegans extract and Lipiget dilution. Body weight was
monitored daily throughout the treatment period and analyzed using one-way ANOVA as shown in Table (2).
Significant differences in body weights among the groups were observed on Days 1, 6, 10, and 16, indicating that the
treatments had a significant impact on body weight early in the treatment phase as indicated in Figure 2. This suggests
that the interventions (Lipiget, Zinnia elegans extract, or their combination) influenced body weight compared to the
control and positive control groups.
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Serum Triglycerides

Serum triglycerides are a type of fat found in the blood, and they play a significant role in the diagnosis and
management of atherosclerosis. In clinical practice, measuring serum triglycerides helps assess an individual's risk for
developing atherosclerosis and related cardiovascular events. High triglyceride levels often indicate the presence of
other lipid abnormalities, such as low high-density lipoprotein (HDL) cholesterol and small, dense low-density
lipoprotein (LDL) particles, which are more atherogenic. They are carried in the blood by lipoproteins, particularly very-
low-density lipoproteins (VLDL) and remnant lipoproteins, which can penetrate the arterial wall and promote
inflammation and plaque formation. This process is facilitated by the presence of apolipoprotein B containing
lipoproteins, which are key players in atherogenesis (Ginsberg and Hegele, 2020).

Table 1. Body weights (g; Meanx SD) during high fat diet administration P<0.05 is significant; one-way Anova.

Day-11 Day-16 Day-21 Day-32
Control 31.35+ 32.6+ 33.06+ 34.845.8a 25.9+7.1a 28.5+ 5.8a 31.35+
2.33a 3.67a 3.87a 1.34c
Standard 34.3+ 34.9+ 34.5+ 1.69a 34.5+ 36.1+ 0.56a 36.3+0.14a 36.6+
0.282a 0.98a 0.14a 0.84b
Combined 33.35+ 34.2+ 34.2+ 0.70a 35.3+ 36.9+ 0.49a 37.4+0.56a 37.35+
0.77a 0.77a 0.14a 0.49b
Plant Extract 33.9+ 35.6+ 35.8+ 2.4a 36.6+ 38.4+ 3.11a 38.9+2.12a 39.5+
Treated 2.26a 1.97a 3.11a 2.12a
Positive 34.1+ 34.6+ 34.8+ 0.14a 35.4+ 37.05+ 36.85+ 36.25+
Control 0.282a 0.28a 0.56a 0.35a 0.63a 1.06b
P value 0.39 0.65 0.79 0.95 0.07 0.075 0.011
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Figure 3. Weights before treatment
Table 2. Body weights during treatment.
Groups Days (Treatment)
Day-1 Day-6 Day-10 Day-16 Day-22 Day-27
Control 30.55+1.62¢ 32+1.13c 33.35+0.91c 31.5+1.83c 29.6+2.26a 30.2+1.34a
Standard 37.35+£0.49ab 36.71£0.28b 36.6+0.424b  36.65+0.91b 34.4+0.56a 34.3+0.00a
Combined 35.65+0.07b 37.41+0.00b 37.351£0.49b 36.4+1.13b 34.8+0.70a 34.6+1.69a
Plant extract 39.7+2.96a 39.1+2.54a 38.5+1.83a 38+1.41a 35.6+1.91a 35+2.12a
Treated
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Positive 36.86+3.38b 35.7+0.42b 35.75+1.06b 35+1.41b 32.8+2.12a 34+1.62a
control

p value 0.017 0.018 0.032 0.033 0.079 0.121
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Figure 4. Weights during treatment.

Table 3. Mean value for triglyceride level (mg/dL) in all groups.

Parameter Groups P value
Triglycerides Control Standard Combined Plane extract Positive
control
173+l1a 155.5+0.5b 212+1e 134.5+0.5d 182.5+0.5¢c <0.001
__ 300 4
S
= ]
£ 250 | c
8 ] -
S 200 - a b
@ ] d
g 150 ;
2 ]
= 100 A
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0
Control Standard Group Positive Control Plant Extract Combination Group
Experimental groups Treated

Figure 5. Concentration of triglycerides (mg/dL) in all groups.

The positive control group has significantly higher triglyceride levels (mg/dL) compared to the control group. The plant
treated group has the lowest triglyceride levels among all groups (Figure 5). The standard group shows a reduction in
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triglyceride levels compared to the control group. The combination group shows elevated triglyceride levels (mg/dL)
compared to the standard group but lower than the positive control group. Mean values depicting triglyceride levels is
also shown in Table 3.

Histopathology Analysis

A histopathology test involves the examination of tissues and cells under a microscope to diagnose and study diseases.
This process includes obtaining a tissue sample, often through a biopsy, and then carefully examining it for cellular
changes that could indicate disease, such as cancer or inflammatory conditions (for example, atherosclerosis).
Histopathologists, who are specialized doctors, prepare and stain the tissue samples using various techniques to
highlight different cellular components. The intestine of mouse from control and positive control group in addition to the
stomach from the mouse belonging to plant extract treated group was given for histopathological analysis and the
resulting images were subsequently compared.

Figure 6. The microscopic images of the intestine of mouse from (A) control group, (B) positive control group, (C) plant
treated group.

The histopathological section of intestine from control group mouse reveals some goblet cells, absorptive cells and
enterocytes. Necrosis and degenerative changes are not seen. The histopathological section of intestine from positive
control group mouse reveals mild degeneration along with some sloughing of villi. The histopathological section of
stomach from plant extract treated mouse reveals normal structure of submucosa and mucosa along with muscularis
mucosae. Goblet cells are also normal in structure along with absorptive cells. There will be no necrosis and
degeneration seen as indicated in Figure (6).

The use of high fat diet has been successful in inducing atherosclerosis as proven by previous researches. An increase
in weight after consumption of high fat diet shows indication of atherosclerosis (Bhandari et al., 2011). After the
introduction of high fat diet for a duration of nearly six weeks, weights of mice were documented daily and a significant
increase was observed. This weight gain was primarily attributed to the accumulation of body fat, particularly noticeable
in the abdominal region. Furthermore, a decrease in the consumption of regular chow was observed (Rosen et al.,
2014). These changes are indicative of a disorder such as obesity, or cardiovascular diseases. Pharmaceutical drug
used for the treatment of atherosclerosis included Lipiget 10mg, it was used as a standard treatment. After treating the
mice with both drug and Zinnia elegans extract, there was a gradual decrease in the weights of the mice which
confirmed the role of both the treatments in treating atherosclerosis. Similar findings have been reported in studies
examining the lipid-lowering effects of plant extracts (Wang et al., 2016).
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Biochemical analysis of triglyceride levels revealed significant differences among the groups. The positive control
group, which was subjected to a high-fat diet, exhibited significantly higher triglyceride levels compared to the control
group, indicating the adverse effects of the high-fat diet. In contrast, the plant-treated group showed the lowest
triglyceride levels among all groups, suggesting a potential protective effect of the Zinnia elegans extract against diet-
induced hyperlipidemia. In the control group triglyceride’s level was around 173 + 1 mg/dL. This group represents the
baseline triglycerides levels, mice in this group which received no treatment. In the standard group triglycerides level
was 155.5 + 0.5 mg/dL. Mice in this group received a standard treatment (Lipiget), which resulted in a reduction of
triglycerides levels compared to the control group. In positive control triglycerides Level was around 212 + 1 mg/dL.
This group represents a positive control, triglycerides level increased due to a high-fat diet. In plant treated triglycerides
level was 134.5 + 0.5 mg/dL, this group received a plant-based treatment, which resulted in the lowest triglycerides
levels among all groups, indicating a significant reduction. For combined group triglycerides Level was 182.5 + 0.5
mg/dL. This group received a combination of treatments (Plant extract and standard drug), leading to triglycerides
levels that are higher than the standard and plant-treated groups but lower than the positive control. A similar study
carried out by (Talayero and Sacks, 2011) showed that TG levels are markedly affected by overweight and body fat
distribution due to high fat diet consumption. In this study of atherosclerosis induction, levels of triglycerides were
significantly increased in the positive control group. After the administration of daily dose of drug and extract,
triglycerides levels significantly reduced, which showed that plant extract has an effective lipid lowering therapeutic
potential. The p-value indicates that the differences in triglycerides levels among the groups are statistically significant.
Overall, the plant-based treatment appears to be the most effective in reducing triglycerides levels, followed by the
standard treatment (Wang et al., 2016). The presence of certain phytochemicals such as the tannins, terpenoids,
saponins, flavonoids, alkaloids, and/or phenolic compounds in the plant extract may be responsible for such
antioxidant, anti-inflammatory, endothelial protection, and lipid metabolism regulation in the diseased mice model.
Flavonoids exhibit significant anti-inflammatory properties by inhibiting enzymes such as lipoxygenase and
cyclooxygenase involved in the inflammation. This reduces the production of pro-inflammatory mediators, thereby
mitigating inflammation associated with atherosclerosis (Rathee et al., 2009). By neutralizing free radicals, tannins help
prevent the oxidative modification of low-density lipoprotein (LDL), a critical step in the initiation of atherosclerosis.
Certain alkaloids act as vasodilators by activating the endothelial nitric oxide synthase (eNOS) pathway, leading to the
production of nitric oxide (NO) which are involved in vascular smooth muscle cells relaxation (Munteanu et al., 2024).
Along with this, the intestines of mice from the control and positive control groups, as well as the stomach from the
plant extract-treated group, were subjected to histopathological analysis. The resulting images were subsequently
compared to assess the impact of different treatments on tissue morphology. These findings highlight the efficacy of
Zinnia elegans extract in mitigating the adverse effects of a high-fat diet, as evidenced by both biochemical and
histopathological analyses. The plant extract's ability to lower triglyceride levels suggests it's potential as a therapeutic
agent for managing hyperlipidemia (Rosen et al., 2014).

CONCLUSION

Atherosclerosis-induced mice model via high fat diet was the first step in assessing the therapeutic efficacy of Zinnia
elegans having anti lipidemic potential. This was evaluated with the potential biomarkers’ serum triglyceride levels,
morphological assessment through body weight, and histopathological changes in mice model of control and treated
groups. The phytotherapy of Zinnia elegans is found to have promising impact on the disease cure and prevention.
Future scientific studies on underlying molecular mechanism involved in Atheroma progression in blood vessels and
their cure with zinnia elegans can help in revolutionizing the pharmaceutical area.

DECLARATIONS
The authors declare no conflict of interest.

AUTHOR'S CONTRIBUTION
H.S., A.T., F.A. carried out the experimental work, analyzed the data, and wrote the manuscript. S.R., supervised the
project, wrote and reviewed the manuscript. A.Z. and M.T wrote and reviewed the manuscript.

https://doi.org/10.55627/zoobotanica.003.01.1231 143


https://doi.org/10.55627/zoobotanica.003.01.1231

Shafiq et al., 2025

FUNDING
The project was supported by the Department of Biosciences and Bioinformatics, Capital University of Science and
Technology, Islamabad.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE

The study was approved by the Ethical Review Committee of the Department of Bioinformatics and Biosciences,
Capital University of Science and Technology, Islamabad, Pakistan. All the experiments were performed in the Animal
house of Department of Pharmacy according to the ethical guidelines provided by the institution.

CONSENT FOR PUBLICATION
Not applicable.

CONFLICT OF INTERESTS
Authors declare no conflict of interest.

ACKNOWLEDGEMENT
Author acknowledge Capital University of Science and Technology, Islamabad for research support.

REFERENCES

Amjad, G., Masood, A., Zahid, M., Zahra, A., Ullah, S. K., & Riaz, S. (2023). Impact of Agave extract on atherosclerosis
in rat model: Assessing its therapeutic potential, elucidating its mechanisms, implications for cardiovascular
health, and enhancing treatment options. Journal of Population Therapeutics and Clinical Pharmacology, 30(18),
2930-2941. https://doi.org/10.53555/jptcp.v30i18.3561.

Bhandari, U., Kumar, V., Khanna, N., & Panda, B. P. (2011). The effect of high-fat diet-induced obesity on
cardiovascular toxicity in Wistar albino rats. Human & Experimental Toxicology, 30(9), 1313-1321.
https://doi.org/10.1177/0960327110389499.

Dichgans, M., Pulit, S., & Rosand, J. (2019). Stroke genetics: Discovery, biology, and clinical applications. The Lancet
Neurology, 18(6), 587-599. https://doi.org/10.1016/S1474-4422(19)30043-2.

Gao, M., Ma, Y., & Liu, D. (2015). High-fat diet-induced adiposity, adipose inflammation, hepatic steatosis, and
hyperinsulinemia in outbred CDh-1 mice. PloS One, 10(3), e0119784.
https://doi.org/10.1371/journal.pone.0119784.

Ginsberg, H. N., & Hegele, R. A. (2020). Triglycerides: Role in atherosclerosis and strategies for management. Nature
Reviews Cardiology, 17(11), 651-667. https://doi.org/10.1038/s41569-020-0386-1.

Gisterd, A., & Hansson, G. K. (2017). The immunology of atherosclerosis. Nature Reviews Nephrology, 13(6), 368-
380. https://doi.org/10.1038/nrneph.2017.51.

Gomaa, A., Samy, M., Desoukey, S., & Kamel, M. (2019). A comprehensive review of phytoconstituents and biological
activities of genus Zinnia. Journal of Advanced Biomedical and Pharmaceutical Sciences, 2(1), 29-37.
https://doi.org/10.21608/jabps.2018.5599.1024.

Hameed, Z., Shareef, S., Shareef, L., & Alsaraf, K. (2022). Gastroprotective effect of Zinnia elegans extracts against
ethanol-induced gastric mucosal damage through downregulation of TLR4 and inflammatory cytokines.
F1000Research, 11, 1260. https://doi.org/10.12688/f1000research.127129.1.

Kainat, S., Gilani, S., Asad, F., Khalid, M., Khalid, W., Ranjha, M. M. a. N., Bangar, S. P., & Lorenzo, J. M. (2022).
Determination and comparison of phytochemicals, phenolics, and flavonoids in Solanum lycopersicum using
FTIR spectroscopy. Food Analytical Methods, 15(11), 2931-2939. https://doi.org/10.1007/s12161-022-02344-w.

Kumar, K. A., & Sudha, B. N. (2023). Anti-hyperlipidemic activity of Hibiscus sabdariffa flower buds in Triton-X100
induced  hyperlipidemia in rats. Journal of Survey in Fisheries  Sciences, 10(1).
https://doi.org/10.53555/sfs.v10i1.1426.

Leuven, S., Carey, A., Squiccimara, L., & Pintea, G. (2020). The impact of obesity and consumption of a high-fat diet
on anxiety-like  behavior in mice. Current Developments in  Nutrition, 4(2), 1239.
https://doi.org/10.1093/cdn/nzaa057 055.

Misra, A. K., Varma, S. K., & Kumar, R. (2018). Anti-inflammatory effect of an extract of Agave americana on
experimental animals. Pharmacognosy Research, 10(1), 104-108. https://doi.org/10.4103/pr.pr_64_17.

Mohamed, A. H., Ahmed, F. A., & Ahmed, O. K. (2015). Hepatoprotective and antioxidant activity of Zinnia elegans
leaves ethanolic extract. International Journal of Scientific & Engineering Research, 6(2), 154-161.
https://www.ijser.org/researchpaper/Hepatoprotective-and-Antioxidant-Activity-of-Zinnia-Elegans-Leaves.pdf

Munteanu, C., Popescu, C., Vladulescu-Trandafir, A. I., & Onose, G. (2024). Signaling paradigms of H,S-induced
vasodilation: A comprehensive review. Antioxidants, 13(10), 1158. https://doi.org/10.3390/antiox13101158.

https://doi.org/10.55627/zoobotanica.003.01.1231 144


https://doi.org/10.55627/zoobotanica.003.01.1231
https://doi.org/10.1007/s12161-022-02344-w
https://doi.org/10.1093/cdn/nzaa057_055
https://doi.org/

Zoo Botanica 03(1) 2025. 135-145

Pharmawati, M., & Wrasiati, L. P. (2020). Phytochemical screening and FTIR spectroscopy on crude extract from
Enhalus acoroides leaves. Malaysian Journal of Analytical Sciences, 24(1), 70-77.

Poznyak, A. V., Nikiforov, N. G., Starodubova, A. V., Popkova, T. V., Orekhova, V. A., & Orekhov, A. N. (2020).
Pathophysiology of atherosclerosis: A brief review. Experimental and Clinical Cardiology, 56(2), 1-7.
https://doi.org/10.1139/y08-059.

Rani, K., Mumtaz, M., Priyank, R., & Chandran, M. (2021). Phytochemical screening by FTIR spectroscopic analysis
of methanol leaf extract of herb Andrographis echioides. Journal of Ayurvedic and Herbal Medicine, 7(4), 257-
261. https://doi.org/10.31254/jahm.2021.7408.

Rathee, P., Chaudhary, H., Rathee, S., Rathee, D., Kumar, V., & Kohli, K. (2009). Mechanism of action of flavonoids
as anti-inflammatory agents: A review. Inflammation & Allergy - Drug Targets, 8(3), 229-235.
https://doi.org/10.2174/187152809788681029.

Rathnamali, K. G. A. (2022). Dissection of Laboratory Animal and Sample Collection for Histology. International Journal
of Scientific and Applied Research, 2(3), 1-12. https://doi.org/10.54756/13SAR.2022.V2i3.1.

Ridker, P. (2023). The time to initiate anti-inflammatory therapy for patients with chronic coronary atherosclerosis has
arrived. Circulation, 148(14), 1071-1073. https://doi.org/10.1161/CIRCULATIONAHA.123.066510.

Rosen, E. D., & Spiegelman, B. M. (2014). What we talk about when we talk about fat. Cell, 156(1-2), 20-44.
https://doi.org/10.1016/j.cell.2013.12.012.

Talayero, B. G., & Sacks, F. M. (2011). The role of triglycerides in atherosclerosis. Current Cardiology Reports, 13(6),
544-552. https://doi.org/10.1007/s11886-011-0220-3.

Wang, C., Zhang, X., Wang, S., & Chen, L. (2016). The lipid-lowering effect of traditional Chinese medicines: A meta-
analysis of randomized controlled trials. PloS One, 11(3), e0151076.

Zhang, Y., Fatima, M., Hou, S., Bai, L., Zhao, S., & Liu, E. (2021). Research methods for animal models of
atherosclerosis (Review). Molecular Medicine Reports, 24(6), 871. https://doi.org/10.3892/mmr.2021.12511.

https://doi.org/10.55627/zoobotanica.003.01.1231 145


https://doi.org/10.55627/zoobotanica.003.01.1231
https://doi.org/10.2174/187152809788681029

	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Animal Model Selection
	Normal Dietary Components
	Fat-Rich Diet Composition
	Zinnia elegans Extract Preparation
	FTIR Analysis
	Drug Preparation
	Experimental Framework
	Morphological Analysis and Weight Measurement
	Biochemical Based Analysis
	Histopathological Analysis
	Statistical Evaluation

	RESULTS AND DISCUSSION
	FTIR Analysis
	Morphological Analysis
	Behavioral Analysis
	Body Weight Analysis
	Serum Triglycerides
	Histopathology Analysis

	CONCLUSION
	DECLARATIONS
	AUTHOR′S CONTRIBUTION
	FUNDING
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	CONSENT FOR PUBLICATION
	CONFLICT OF INTERESTS
	ACKNOWLEDGEMENT
	REFERENCES

