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ABSTRACT

The increasing incidence of heart disease due to an unhealthy diet rich in fats has encouraged the use of plant
extracts, which have shown efficiency in improving body immunity and promoting human health. The current study
was designed to investigate the effect of anthocyanin cyanidin-3-glucoside on some physiological and histological
parameters related to the heart in white male rats exposed to oxidative stress with hydrogen peroxide. The study
included 48 adult male white rats with a weight range of 200-300 g, and an ages range of 8-12 weeks. The rats were
randomly divided into six groups of eight rats per group. Group 1 was considered a negative control group supplied
with water and the basal diet for 30 days. Group 2 was a positive control group in which the rats were given drinking
water containing hydrogen peroxide at a concentration of 1%. The third group orally received cyanidin-3-glucoside
at a concentration of 50 mg/kg. The fourth group received both cyanidin-3-glucoside compounds at a concentration
of 70 mg/kg and drinking water containing hydrogen peroxide at a concentration of 1%. The fifth group was dosed
orally with a cyanidin-3-glucoside only at a concentration of 50 mg/kg, and the sixth group was dosed orally with a
cyanidin-3-glucoside at a concentration of 70 mg/kg. At the end of the experiment, the animals were anesthetized,
then blood samples were collected from the heart directly to obtain serum for measuring the levels of troponin,
lactate dehydrogenase (LDH), and creatine kinase (CK-MB). The results showed a significant increase in troponin,
LDH, and CK-MB levels in the positive control group compared to the negative control group. However, there was a
significant decrease in the level of these enzymes in the third and fourth groups, compared to the positive control
group. The fifth and sixth groups demonstrated a significant decrease, compared to the positive control group.
However, they revealed a nonsignificant difference in the levels of these parameters, compared to the negative
control group. The obtained results indicated that the cyanidin-3-glucoside compound positively prevented heart
muscle damage caused by oxidative stress.
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INTRODUCTION

The composition of diet plays a key role in the initiation and development of cardiovascular diseases and also acts as an
important factor in lifestyle to prevent these and other diseases. Cardiovascular diseases (CVD) are disorders that affect
the heart and blood vessels and represent the main cause of disease and mortality worldwide (Libby et al., 2011; Bokov
et al., 2022; Hafsan et al., 2022). Data from epidemiological and clinical studies have shown a negative relationship
between the development of CVD and diets rich in fruits and vegetables (Tang et al., 2017; Zhao et al., 2017; Ansari et
al., 2022).

Numerous reports have indicated that fruits and vegetables rich in flavonoids contribute to cardiovascular health as
these compounds can exhibit anti-inflammatory, anticoagulant, and antioxidant activities through complex mechanisms
(Cassidy et al., 2011; Tang et al., 2017; Zhao et al., 2017). Flavonoids can interact with cell membranes, which leads to
changes in their structure and physical and chemical properties (Oteiza et al., 2005). This can alter cell function, interfere
with and modulate the activities of enzymes and transcription factors, and affect gene expression (Krga et al., 2016; Krga
et al., 2018; Huldani et al., 2022).

Epidemiological evidence suggests that dietary intake of flavonoid-rich foods is associated with a lower incidence
of CVD (Hooper et al., 2008; Dohadwala and Vita, 2009; Zadeh et al., 2022). An imbalance of oxidative stress and
cellular reduction is believed to cause endothelial dysfunction (Paravicin and Touyz, 2006). Therefore, the protective
properties of flavonoids for the cardiovascular system are mainly related to their antioxidant activities (Perez-Vizcaino et
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al., 2006; Perez-Vizcaino et al., 2009) directly by scavenging free radicals or indirectly as inducers of antioxidant
enzymes (Schewe et al., 2008).

Flavonoids include most of the biologically active molecules found in fruits and vegetables, such as anthocyanins,
which are water-soluble pigments responsible for giving the red, blue, and purple color to fruits, flowers, seeds, and
vegetables (Khaki et al., 2010; Khoo et al., 2017; Zainab and Qasim, 2021). Anthocyanin is one of the natural and
effective colors in reducing the danger of free radicals. It is a natural alternative to industrial antioxidants, which raised
many doubts about its health safety (Yang et al., 2011).

Anthocyanins have been widely used in food manufacturing. Studies have focused on biological activities and their
health effects through medical applications since they are important sources of antioxidants, besides having a high
inhibitory ability against microorganisms, which increase the duration of food preservation (Pazmino-Duran et al., 2001;
Kuntz et al., 2014; Martin et al., 2017). Numerous studies have also been conducted on its health effects on humans in
reducing cardiovascular diseases and anti-carcinogen factors and inflammation (Cassidy et al., 2011). In addition to
having good color ability due to its high stability in storage conditions, it has been used as a safe and effective food
coloring (Strack and Wray, 1994).

Due to an unhealthy diet rich in fats, there has been an increase in the incidence of CVD among individuals. On the
other hand, there has been a growing interest in using plant extracts to improve the body immunity and human health
since they contain phytochemical compounds in high concentrations, especially anthocyanin pigment. With this in mind,
the current study aimed to evaluate the ability of an anthocyanin type (cyanidin-3-glucoside) to reduce the oxidative
stress induced by hydrogen peroxide at a concentration of 1% in adult male albino rats.

MATERIALS AND METHODS

Experimental animals

Ethical approval

This study was confirmed by the ethical committee of the University of Al-Qadisiyah, Irag. The authors followed
the rules related to the rights of animals during the study. In the present experiment, 48 male Albino rats of the Rattus
norvegicus strain were used. The rats were within the age range of 8-12 weeks and had a weight range of 200-300 g.
They were placed in plastic cages; each cage had a metal cover, a clamp fitted with a water bottle, and a place to put
food. The cage floor was covered with sawdust, which was replaced periodically to maintain the cleanliness of the rats
while cleaning the litter of cages was done three times a day. The high-protein ration was used to feed the rats freely. The
animals were subjected to controlled laboratory conditions for water, ventilation, and lighting for 12 hours of light and
12 hours of dark under temperature (26+2) for 30 days.

Study design

In the current study, 48 male adult white rats were used, randomly divided into six groups and two replicates for
each group (Four rats in each replicate). The first group (G1) was a negative control group that received water and food
ad libitum for 30 days. The rats in the second group (G2), the positive control group, received the rations but drinking
water containing hydrogen peroxide at the concentration of 1% using special drinking bottles. The third group (G3)
received drinking water containing hydrogen peroxide at a concentration of 1% and Cyanidin-3-glucoside at a
concentration of 50 mg/kg (Chayati et al., 2019). The fourth group (G4) took orally drinking water containing hydrogen
peroxide at a concentration of 1% and Cyanidin-3- glucoside at a concentration of 70 mg/kg (Chayati et al., 2019). The
fifth group (G5) was given Cyanidin-3-glucoside orally at a concentration of 50 mg/kg. Finally, the rats in the sixth
group (G6) received Cyanidin-3-glucoside compound at the concentration of 70 mg/kg.

At the end of the experiment, the animals were anesthetized using chloroform, and then blood samples were taken
immediately from the heart directly through a sterile 2-ml syringe; then it was placed in clean test tubes free of
anticoagulant and left for 15-20 minutes at laboratory temperature. Therefore, the samples were centrifuged at 3000 rpm
for 15 minutes the serum. The serum was kept at -20°C to measure enzyme levels.

RESULTS

Troponin level

Regarding troponin changes, the results of the current study indicated a significant increase in the G2-positive
group treated with 1% hydrogen peroxide compared to the G1-negative control group (p < 0.05; Table 1). Moreover,
there was a significant decrease in G3, compared to the G2-positive group, G1-negative control, and other experimental
groups (p < 0.05). On the other hand, G4 showed a significant decrease, compared to G2, G1, and G5 (p < 0.05). A
significant decrease was also observed in the G5 in comparison with the positive control group (p < 0.05), while no
difference was observed when compared to the negative control (p > 0.05). In G6, there was a significant decrease in
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troponin level compared to the positive control group (p < 0.05), and there was no significant difference when compared
to G1 and G5 (p > 0.05).

Table 1. The effect of Cyanidin-3-glucoside on the levels of troponin, creatine phosphokinase, and lactate
dehydrogenase enzymes in male rats exposed to oxidative stress

Groups Parameters LDH (U /1) CK-MB (ng/ ML) Troponin (ng / ML)
Gl 209.4 +21.2™ 2.76 + 0.73° 3.67 +0.73

G2 277.7 + 1857 4.43 + 155 4.1+ 0.18%

G3 211.4 +45.1% 3.07 +0.74° 2.34 +1.02¢

G4 234.2 +54.2° 1.72 + 0.60° 2.73 +0.56°

G5 198.0 + 22.5™ 3.05 +0.51° 3.12 + 0.45°

G6 183.7 +41.3° 3.17 +0.70° 3.01+0.77™
L.S.D 4251 0.835 0.31

The values represent the mean =+ standard error. LDH: Lactate dehydrogenase, CK-MB: Creatine kinase, G1: A negative control group in which they
received water and food ad libitum, G2: A positive control group that received the drinking water containing hydrogen peroxide at the concentration of
1%. G3: Received drinking water containing hydrogen peroxide at a concentration of 1% and Cyanidin-3-glucoside at a concentration of 50 mg/kg,
G4: Received drinking water containing hydrogen peroxide at a concentration of 1% and Cyanidin-3- glucoside at a concentration of 70 mg/kg, G5:
Received Cyanidin-3-glucoside at the concentration of 50 mg/kg, G6: Received Cyanidin-3-glucoside compound at the concentration of 70 mg/kg.
Different letters within the same column indicate significant differences at the probability level p < 0.05.

Creatine kinase level

As can be seen in Table 1, there was a significant increase in the level of creatine kinase (CK-MB) in G2, compared
to G1 and other groups (p < 0.05). The rats in G3 did not differ significantly from those in G1, G5, and G6 (p > 0.05) and
recorded a significant decrease when compared to G2 (p < 0.05). There was a significant decrease in the level of creatine
kinase (CK-MB) in G4 when compared to other groups (p < 0.05). Regarding G5, no significant was observed compared to
G1, G3, and G6 (p < 0.05), while a significant decrease was recorded when compared to G2 (p < 0.05), and there was a
significant increase (p < 0.05) in the level of CK-MB, compared to the fourth group treated with hydrogen peroxide and
C3G dye at a concentration of 70 mg/kg. The rats in G6 did not differ from those in G1 and G3 in terms of CK-MB level (p
> (0.05), while there was a significant decrease in the level of CK-MB level in compared to G2 (p < 0.05).

Lactate dehydrogenase level

Table 1 shows the results of the lactate dehydrogenase (LDH) enzyme in the six groups of this experiment.
Accordingly, there was a significant increase in G2, compared to all groups (p < 0.05), while no significant difference
was observed in G3 when compared with G1, G4, and G5 (p > 0.05). A significant decrease in LDH level was recorded
in G3 when compared to G2 (p < 0.05). Moreover, G4 recorded a significant decrease in the level of LDH enzyme
compared to G2 (p < 0.05); however, no significant difference was recorded when compared to G1, G3 and G5 (p >
0.05). As for G5 there was a significant decrease, compared to G2 (p < 0.05), while no significant difference was
indicated compared to G1, G3, and G4 (p > 0.05). The results indicated a significant decrease when comparing G6 with
G2 G3, and (p < 0.05), although no significant difference was shown in the level of the enzyme when comparing G1
with G5 (p > 0.05).

Histological changes in heart

The tissue sections of G1 taken from the heart showed normal cardiac muscle fibers with elongated nuclei and
regular transverse layout Figure 1. As G2 was treated with 1% hydrogen peroxide, the histological sections of the heart
showed clear pathological changes. The expanded space between the muscle cells, bleeding, and congestion are
illustrated in Figure 2. The cardiac tissue section of G3 and G4 treated with C3G compound at a concentration of 50
mg/kg and 70 mg/kg and hydrogen peroxide 1%, respectively, showed a significant improvement in tissue with the
spaces between the muscle cells figures 3 and 4. The tissue sections of the heart taken from G5 and G6 treated with C3G
compound at a concentration of 50 mg/kg, and 70 mg/kg indicated the normal cardiac tissue in figures 5 and 6.

Figure 1. ‘Normal heart of a healthy rat. 40X Figure 2. The heart tissue of a rat treated with 1%
(H&E) hydrogen peroxide. The congestion hemorrhage, and an
expansion of the space between muscle cells are shown. 40X
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(H&E)

Figure 3. The heart tissue of a rat treated with
Cyanidin-3-glucoside at a concentration of 50 mg/kg
and hydrogen peroxide. The expansion of the space
between muscle cells is obvious. 40X (H&E)

Figure 5. The heart tissue of a rat treated with
Cyanidin-3-glucoside at a concentration of 50% mg/kg.
40X (H&E)

Figure 4. The heart tissue of a rat treated with
Cyanidin-3-glucoside at a concentration of 70% mg/kg
and hydrogen peroxide. The expansion of the space
between the muscle cells is obvious. 40X (H&E)

Figure 6. The heart tissue of a rat treated with
Cyanidin-3-glucoside at a concentration of 70% mg/kg.
40X (H&E)

DISCUSSION

Troponin, CK-MB, and LDH are the enzymes related to cardiac activity. The increased level of each enzyme in the
positive control group treated with hydrogen peroxide at a concentration of 1% could be evidence of damage to the heart
muscle due to oxidative stress caused by free radicals. This risk may increase or develop into cardiomyopathy and heart
failure later (Nimse and Pal, 2015). Membrane damage and leakage of Troponin, CK-MB, and LDH into cardiac tissue
induced by hydrogen peroxide are prominent signs of experimentally induced myocardial infarction (Padmanabhan and
Prince, 2006).

There was a significant decrease in the levels of CK-MB, Troponin, and LDH in the G3 and G4 groups compared
to the positive control group. This could support reflect the positive role of Cyanidin-3-glucoside in terms of the ability
to protect the heart and resist stress. Treatment with cyanidin extracted from red cabbage protected the heart through
what was observed in the percentage of heart weight, a decrease in the level of CK-MB, troponin, and LDH an
improvement in the levels of the antioxidant enzymes Superoxide Dismutase Catalase. In a study conducted by (Li et al.,
2018), rats treated with cyanidin at a concentration of 5 mg/kg for five days before treatment with (LPS) for 18 hours
showed a significant reduction of 30.4% and 30.6% in the levels of CK-MB and LDH, respectively.

Another study showed an improvement in cardiac function by treatment with cyanidin in rats that induced heart
failure with doxorubicin (Petroni et al., 2017). Several reports have also indicated a protective role of cyanide against
oxidative stress that induces myocardial and endothelial cell damage (Serraino et al., 2003; Qian et al., 2018).

Previous studies reported that the natural food component (cyanidin) plays an important role in the pre-death effect
of oxidative cells in the heart muscle (Akhlaghi and Bandy, 2012), and they also reported that flavonoids reduced heart
damage (Elberry et al., 2010; Hao et al., 2013). In another study by Mahmmoud (2013) on the profile of lipids and
oxidative stress in animals treated with a high-calorie diet and with different concentrations (2.5%, 5%, 10%) of two
types of blackberries, namely Morus albal and Morus nigra 4four weeks, they noticed a decrease in the levels of Nitric
Oxide (NO) and Malondialdehyde (MDA) in Morus albal (10%, 5%) and Morus nigra group (2.5%, 5%, 10%). These
fruits also increased the total antioxidant capacity at all used concentrations. The same results were obtained for fats.
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Compared to the control group, there was a significant decrease in total cholesterol, triglycerides, LDL, and VLDL and
an increase in HDL in plasma. Consuming blackberries, which are rich in natural antioxidants, can prevent the risk of
developing vascular diseases and reduce lipids and oxidative stress.

In a study by Sankhari et al. (2012), it was found that animals using an atherosclerosis-inducing diet plus red
cabbage extract (rich in anthocyanins) showed a decrease in GSH, an increase in HDL-C and a decrease in liver enzymes
(alanine transaminase and aspartate aminotransferase), compared to the group of animals in which atherosclerosis was
induced arteries.

As for the G5 and G6 groups, there was a significant decrease in the levels of CK-MB, LDH, and troponin
enzymes, compared with the positive control group. As an antioxidant, cyanidin, which can remove destructive
molecules generated in the body (free radicals), destroys cell membranes and causes DNA changes and cell death.
Cyanidin acts as an anti-inflammatory agent and helps protect the heart against disease (Ischizawa et al., 2011).
Therefore, flavonoid cyanidin reduces damage to cardiac muscle cells and maintains the function of mitochondria, thus
preventing heart muscle failure. Moreover, this substance can strengthen the immune system by supporting the main
enzymes in the metabolic pathways in cells and removing free radicals that affect them (Faddah et al., 2013).

A study by Cara et al. (2017) demonstrated the high antioxidant capacity of gooseberry and gon-berry, which is
consistent with studies showing that gooseberry contains high levels of anthocyanins and has antioxidant activity (Zheng
and Wang, 2003; Grace et al., 2014; Isaak et al., 2015). Numerous reports have shown that antioxidant compounds,
including anthocyanins, protect cells from apoptosis caused by oxidative stress through several mechanisms, including
induction of autoinflammatory, inhibition of mitochondrial dysfunction, and activation of antioxidant enzymes.
(Angeloni et al., 2007; Lv and Zhou, 2012; Kim et al., 2014; Lei et al., 2015).

Histological changes in heart

The tissue sections in G2 (positive control) showed an expansion in the space between muscle cells, blood
bleeding, and clear congestion. Results reflect the negative cardiac tissue changes due to oxidative stress and species
generation (Argun et al., 2015). Studies have indicated that free radicals of active oxygen species such as hydroxyl,
hydrogen peroxide, and superoxide radicals lead to nucleolytic and programmed death (Kalivendi et al., 2001; Wang et
al., 2004).

The generation of oxidative stress by hydrogen peroxide through drinking water leads to a significant increase in
the activity of AST, ALT, and CK enzymes, in addition to damaging body tissues, including endothelial cells of vessels
and cardiac muscle (Tao et al., 2006). The pathological changes in the tissue of the heart may be due to the fact that
hydrogen peroxide can break down cell walls, which leads to the release of many chemicals that work to attract
inflammatory cells to the area of injury (Zhu et al., 2018).

The tissue sections of the heart, which were taken from the third and fourth groups, showed significant
improvement and residual negative effects in the tissues. This could be evidence of the recovery state after the tissue was
exposed to hydrogen peroxide, as it is known that flavonoid intake is associated with a reduction of damage and muscle
recovery (Hollinger et al., 2015). Rahman et al. (2007) indicated that flavonoids, such as anthocyanins and quercetin
could activate the defense mechanism in cardiac cells. Flavonoids are effective in scavenging free radicals, reactive
oxygen species (ROS), and reducing oxidative stress as well as their role in preventing the biosynthesis of enzyme
proteins that contribute to reactions of oxidation-reduction where gene expression activates the synthesis of active
proteins of cardiac muscle fibers to replace damaged proteins, are indicated.

A study by Li et al. (2018) showed the role of cyanidin in inhibiting oxidative stress resulting from treatment with
the endotoxin LPS, where histological analyzes of myocardial tissues of the treated groups showed a significant increase
in protein nitration. The quantitative estimation of the mentioned study showed an increase of 5.6 times, and treatment
with cyanidin affected the decrease in LPS-induced protein nitrate by 26.6%. They also examined the state of
intracellular oxidation and reduction by determining the amount of oxidized glutathione and reduced glutathione in
myocardial tissues, where the endotoxin caused an increase in the level of oxidized glutathione up to 47.3% and also
reduced the level of reduced glutathione up to 36.9%, the oxidized glutathione increased by 17.3% and reduced
glutathione increased by 22.2%.

CONCLUSION

The treatment with H202 has led to oxidative stress in the heart tissue through indicators of cardiac parameters and
histological changes. The treatment with C3G could positively affect the biochemical parameters and heart tissues
induced by oxidative stress with hydrogen peroxide. C3G did not negatively affect the general health or the heart of the
animals used in the study. This can be inferred in particular by the results in the two groups subjected to compound
treatment. The results showed the effectiveness of C3G as an antioxidant through its ability to scavenge free radicals and
protect cells from oxidative stress.
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