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Recently, pharmaceutical scientists’ interest has increased to find novel pharmaceutical natural sub-
stances with potent antioxidant capacity and very low side effects to be used safely in preventive med-
icine. One of the most common types of diseases with a large spread globally is cardiovascular diseases,
which cause a high rate of deaths annually. The present study evaluated the use of Artemisia herba alba
leaves’ extract (AHALE) and AHALE zinc oxide nanoparticles (AHALE–ZnONPs) against isoproterenol (ISO)
inducing myocardial infarction (MI) in male rats. Several groups of Wistar male rats fed a high-fat diet
(HFD) were pretreated with several doses of AHALE or AHALE–ZnONPs for one month followed by expo-
sure to ISO for two days. After treatment, samples of the rats’ heart tissues and blood were collected for
several molecular biological and biochemical analyses. Heart enzymes, antioxidant enzymes, lipid perox-
idation compounds, lipid markers, activities, ROS generation, apoptosis, DNA damage and expression of
lipid metabolism genes were analyzed in rats pretreated with AHALE or AHALE–ZnONPs followed by
exposure to ISO. The results showed an increase in the levels of AST, ALT, LDH, CK, CK-MB, and cTnT
(heart markers), elevation in TG, TC, and LDL levels (lipid profile markers), levels of TBARS and LOOH
(lipid peroxidation products), ROS generation, DNA damage, apoptosis, and upregulation of PPAR-a,
ADD1, FASN, and ACC genes in animals exposed to ISO in comparison with the control animals.
Moreover, a decrease in antioxidant enzyme activities, including GPx, GRx, and GST, was observed in ani-
mals exposed to ISO in comparison with control rats. In male rats pretreated with AHALE or AHALE–
ZnONPs followed by exposure to ISO, the oxidative stress induced by ISO was prevented. The results sug-
gest that Artemisia extract could be considered for use as one of the natural compounds for prevention of
atherosclerosis and heart diseases due to its high antioxidant and hypolipidemic activities. The reduced
oxidative stress of Artemisia extract may be a result of the existence of flavonoids and phenolic
substances.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Heart disease is very common and a major cause of death
worldwide. Myocardial infarction (MI) is the most serious heart
problem. It is common in patients with ischemic heart disease.
Its occurrence is attributed to the sudden and continuous interrup-
tion of the blood supply to the heart muscle, which leads to necro-
sis of the heart muscle (Anversa and Sonnenblick, 1990; Sandoval
and Jaffe, 2019). An MI is often responsible for many other health
problems as a result of pathophysiological and biochemical alter-
ations including high blood sugar, peroxidation of lipids, high
blood lipids, etc. (Anversa and Sonnenblick, 1990). Among several
drugs dangerous for the heart, isoproterenol (ISO), a synthetic cat-
echolamine causes an MI when used in high doses. The ISO causes
cardiac damage as a result of its participation in the generation of
free radicals that are highly toxic to heart cells, through the self-
oxidation of catecholamines. It was also found that the excessive
production of ROS may lead to a loss of the integrity and role of
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the myocardial membranes (Biemond et al., 1986; Iqbal et al.,
2019; Iqbal et al., 2019).

Measurements of cardiac marker enzymes are an important
method for detecting cardiac injury. The most important markers
are cardiac creatine kinase (CK), CK-MB, lactate dehydrogenase
(LDH), aspartate transaminase (AST), and alanine transaminase
(ALT) found in patients’ blood materials (Mair, 1997). One of the
important and sensitive indicators for detecting the status of MI
is Toponin-T (cTnT). cTnT is a protein that is released from the
heart to cause contractions when myocardial necrosis occurs, so
it is not normally found in blood serum (Katus et al., 1991).

The lipid oxidation process, (the oxidative degradation of
polyunsaturated fatty acids, PUFAs) normally occurs by changing
the structure of cell membranes and inhibiting antioxidant
enzymes. It has been found that at the initial stage of cell and tis-
sue oxidation, there is an increase in lipid oxidation levels in the
form of TBARS (thiobarbituric acid reactive substances) and LOOH
(lipid hydroperoxides). On the other hand, there is a functional cor-
relation between antioxidants and free radical generation, where
antioxidants play an important role in effectively removing ROS
from cells by antioxidant enzymes removing free radicals (Liu
et al., 2021). The important antioxidants in this function are GRx
(glutathione reductase), GPx (glutathione peroxidase), and GST
(glutathione-S-transferase) (Harrison et al., 2003). They are consid-
ered the first line of defense for the cells against oxidative damage.
However, it was found that the higher the lipid peroxidation pro-
cess, the lower the activity level of these enzymes.

Medical and pharmacologists have discovered in recent years
that there is a link between eating foods that contain antioxidants,
such as fresh vegetables, fruits and medicinal herbs, and the pre-
vention of cardiovascular diseases (Argolo et al., 2004; Román
et al., 2019). The protective roles of these natural materials could
be attributed to their content of anthocyanins, phenolic com-
pounds, and flavonoids (Sanchez-Moreno et al., 1998; Zhang and
Wang, 2002).

One of the most important medicinal plants that is abundant in
Arabian countries is Artemisia herba alba, which is used in tradi-
tional medicine against many diseases (Radulović et al., 2013). This
plant contains a high concentration of antioxidants, cineole, arte-
misia ketone, and camphene (Skowyra et al., 2014). As a result of
containing a high percentage of phenolic compounds and flavo-
noids, it has a high ability to prevent the generation of ROS
(Agate et al., 2009). In order to achieve the most benefit from the
extract of the plant Artemisia herba alba, it has been converted into
nanoparticles coated on Zno nanoparticles, which are the nanopar-
ticles used in the manufacture of cosmetic creams that protect the
skin from carcinogens (Shalyapina et al., 2012). Recently, use of
herbal remedies may have an important role in improving car-
diomyopathy. Atale et al. (2017) investigated the protective effects
of AgNPs + extract of S. cumini seeds on cardiac cells of rats. The
results showed the ability of AgNPs + extract of these seeds to
reduce lipid peroxidation and cellular stress, more effectively than
using the extract alone. The ability of AgNPs + extract of S. cumini
seeds is attributed to the presence of polyphenolic compounds
with strong antioxidant activity (Neha et al., 2013). Thus, the main
aim of this study was to investigate the protecting role of AHALE
and AHALE–ZnONPs against ISO inducing myocardial infarction
in rats.
2. Materials and methods

2.1. Sampling of plant materials

A. herba alba leaves were collected from the Tabuk region, Saudi
Arabia. After the process of collecting and transferring the samples
2337
to the laboratory, the plant materials were dried using solar
energy.

2.2. Plant extract preparation

Dry leaves of the plant (100 g) were used to obtain the plant
extract from each group collected separately by using ethyl alcohol
(70%) in a volume of 500 ml. The samples were placed with the
alcohol solution in a shaker at room temperature for three days.
Then, a centrifugation was carried out to obtain the precipitate
containing the plant extract. The upper phase containing the sus-
pended residues in the alcohol solution was used several times
after centrifugation to separate the extract again. The collected
materials after centrifugation were then mixed and concentrated
at 40 �C under reduced pressure. Ethanol alcohol was evaporated
and the dried extracts were collected in sterile tubes and kept at
4 �C until use (Alshehri et al., 2019).

2.3. ZnO nanoparticles biosynthesis

To prepare ZnO-NPs in a concentration of 1 mMwith AHALE, an
aqueous extract solution of fresh AHALE was added to the ZnO-NPs
at a ratio of 9:1 (v:v). The mixture of ZnONPs and AHALE solution
was placed in a shaker at 28 ± 3 �C for several hours with constant
rotation (Prasannaraj and Venkatachalam, 2017).

2.4. AHALE–ZnONPs characterization

Using UV–visible spectrophotometry, the prepared AHALE–
ZnONPs were characterized. To demonstrate the biosynthesis of
AHALE–ZnONPs, UVD 3200-UV–visible spectrophotometry
(Labomed, Los Angeles, CA 90034 U.S.A) was utilized. An X-ray
diffraction meter (Equinox 3000) was used to evaluate the X-ray
diffraction of AHALE–ZnONPs. Moreover, to analyze the size and
shape of AHALE–ZnONPs, Hitachi electron microscopy (S-4160)
was used. Finally, the Nno-z 590 Malvern–Zetasizer was used to
measure the particle sizes of the prepared AHALE–ZnONPs.

2.5. Induction of myocardial infarction in experimental animals

A solution of isoproterenol (ISO) was prepared in which ISO was
dissolved in saline solution. The animals were injected subcuta-
neously with a concentration of 100 mg/kg b.wt. once daily for
two days to induce an experimental MI.

2.6. Experimental animals

Animals (adult Wistar male rats, n = 80, 145–160 g), were fed a
regular diet and placed into eight groups (10 rats each) in separate
plastic cages. Following the animal care guidelines in accordance
with the Committee of Ethics at the College of Science of Tabuk
University, Saudi Arabia, an experimental protocol was applied
through which the rats did not suffer at any time during the exper-
iment. All protocols and procedures concerning animal handling
and care of animals (NIH guidelines) followed to the ARRIVE guide-
lines (Kilkenny et al., 2010) were taken into consideration.

2.7. Treatment protocol

Eight groups of animals (10 rats each) were used in this study.
The experimental groups were designed as follows: Group 1: Nor-
mal untreated rats were fed ad libitum. Group 2: Rats were fed a
high-fat diet (HFD, containing 3% cholesterol for four weeks) (El-
Tantawy, 2015) followed by treatment with isoproterenol (ISO,
100 mg/kg b.wt.) to induce MI (Priscilla and Prince, 2009). Groups
3–5: Rats fed an HFD were pretreated with AHALE (50, 150, and



Table 1
Sequences of primers used in the gene expression analysis.

Gene Sequence of Primers (50–30) Accession No.(GenBank)

PPAR-a F- AGC CTC TTT GCC CAG ATC TT
R- GCA ATC CGT CTT CAT CCA CC

NM_031347.1

ADD1 F- CCC ACC TCA AAC CTG GAT CT
R- TCA GTG CCA GGT TAG AAG CA

L16995.1

FASN F- TGG TGA TAG CCG GTA TGT CC
R- TCA GCT TTC CAG ACC GCT TA

NM_017332.2

ACC F- ATG TGC AAT GAG ACC CCT GA
R- AGG AAT CCA AGA TGA GCC CC

AI716652.1

b-actin F- AGG GTG TGA TGG TGG GTA TG
R- TCA TCT TTT CACGGT TGG CC

C06968.1

F: forward primer; R: reverse primer; Lipid metabolism-related transcriptional
regulators: PPAR-a, ADD1, FASN, and ACC.
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300 mg/kg b.wt., respectively) orally for four weeks and then
injected with ISO for two days (AL-Ibrahemi et al., 2020). Groups
6–8: Animals fed an HFD were pretreated with AHALE–ZnONPs
(with similar doses to those in groups 3–5, respectively) orally
for four weeks and then injected with ISO for two days (AL-
Ibrahemi et al., 2020). Several doses of nanoparticles plus plant
extracts were used to assess the best dose for therapy of cardiomy-
opathy with low side effects.

One day after the final ISO exposure, animals were anesthetized
and euthanized. Blood samples were taken and immediately used
for separation of serum samples. Heart samples were collected
instantly and placed in fresh prepared saline solution. The heart
tissues were divided into (a) one part for estimation several bio-
chemical parameters including antioxidant enzymes, lipid peroxi-
dation compounds, lipid markers, ROS generation, and apoptosis;
and (b) the second part stored at �80 �C for determination of
DNA damage and expression of lipid metabolism genes analyses.

2.8. Biochemical analyses

2.8.1. Analysis of heart marker enzymes
Using commercial kits for heart markers, the activities of CK and

CK-MB were measured in rat serum samples. According to Reitman
and Frankel (1957), serum ALT, AST, and LDH activities were colori-
metrically measured using the Quimica Clinica Aplicada kit (Spain).

2.8.2. Lipid profile assessment
Serum samples were used to determine the total cholesterol

(TC) amounts, triglyceride (TG) levels, and high density lipoprotein
(HDL) values in all treated groups. Levels of HDL were estimated
using Biodiagnostic kits, KSA. HDL levels were colorimetrically
measured at a wavelength of 500 nm.

2.8.3. cTnT estimation
A chemiluminescence immunoassay standard kit (Roche Diag-

nostics, Switzerland) was used to determine the levels of cTnT in
the serum samples of treated groups.

2.8.4. Antioxidant and lipid peroxidation product estimation
Lipid peroxidation substances (TBARS) in the heart tissues were

determined according to Fraga et al. (1988). Moreover, levels of
LOOH were estimated according to Jiang et al. (1992). GST, GRx,
and GPx activities were analyzed according to the methods of
Habig and Jakoby (1981), Horn and Burns (1978), and Rotruck
et al. (1973), respectively.

2.8.5. Comet assay
DNA damage estimation in the treated rats’ heart tissues was

carried out using comet analysis according to Blasiak et al.
(2004). The class of the damaged DNA in the tail was evaluated
in three categories from class 1 to class 3.

2.8.6. Determination of apoptotic cells
Measurement of apoptosis was conducted according to Villalba

et al. (1992). The heart tissues were homogenized to make the
single-cell suspensions necessary to measure the apoptosis for
individual cells. To determine the apoptosis levels in the suspen-
sions of treated cells through flow cytometry, an Annexin V/PI
apoptosis detection kit was used.

2.8.7. ROS generation assessment
ROS formation determination in the heart samples of treated

animals was evaluated with a flow cytometer using a fluorescent
probe according to, Khalil et al., 2018. Assessment of the signals
of ROS formation was carried out at 525 nm emission and
488 nm excitation.
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2.8.8. Expression profile of lipid related genes
TRIzol� reagent was used to extract the total RNA of heart tis-

sues according to the isolation manual of the reagent. The isolated
RNA was kept in DEPC water and was stored in aliquots at �80 �C
(Salem et al., 2018). A kit for cDNA Synthesis was utilized to syn-
thesize the cDNA copy using the template RNA via reverse tran-
scription reaction (Khalil, et al.,2019. The former copies of
synthesized cDNA were used for a real-time reaction using the
SYBR� Premix Ex TaqTM kit. The obtained CT values from qRT-
PCR reactions using specific primers for the PPAR-a, ADD1, FASN,
and ACC genes (Table 1) were normalized on the CT values of b-
actin gene using the 2�DDCT method.

2.9. Statistical analysis

The biochemical and genetic parameters data obtained in this
study were statistically analyzed using GLM (General Liner Mod-
els) from the software of SAS (Statistical Analysis System). More-
over, the Scheffé test was used to assess the considerable
differences between treatments. The data obtained from the ana-
lyzed parameters are illustrated as the average ± SEM. Further-
more, a probability of P < 0.05 was used to estimate the
significance statements between treatments.

3. Results

3.1. Characterization of ZnO-NPs

The morphological and structural properties of the as-prepared
ZnO-NPs were confirmed by using TEM and XRD as shown in Figs. 1
and 2, respectively. TEM micrograph shows that ZnO-NPs are
quasi-spherical shape with a relatively narrow size distribution.
The average particle size of the as-prepared ZnO-NPs is distributed
in the range from 25 ± 5 nm, as shown in Fig. 1. In addition, XRD
patterns as depicted in Fig. 2 showed that ZnO-NPs exhibited per-
fect Zancite (i.e., Hexagonal) crystallographic structure. Further-
more, the hydrodynamic diameter (HD) in a vehicle solution, for
as-prepared ZnO-NPs was about 114.8 ± 16.12 nm with high poly-
dispersity index (PDI) 0.89, as shown in Fig. 3.

3.2. Estimation of cardiac markers

Serum ALT, AST, LDH, CK, and CK-MB activities in rats pre-
treated with AHALE and AHALE–ZnONPs followed by ISO induction
are presented in Table 2. ISO treatment exhibited high activities of
serum cardiac markers of the male rats compared to the control
rats. However, pretreatment of male rats with AHALE at medium
and high doses decreased considerably the activities of heart mark-
ers in MI rats induced by ISO exposure in comparison with rats
exposed to ISO only. Moreover, pretreatment of male rats with



Fig. 1. TEM image of ZnO nanoparticles at different scale (20 ± 5 nm).

Fig. 2. XRD Patterns of ZnO NPs.

Fig. 3. DLS data of ZnO nanoparticles with hydrodynamic diameter (HD) = 114.8 ± 16.12 nm, and polydispersity index (PDI) is 0.89.
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Table 2
Effect of AHALE and AHALE-ZnONPs on heart markers levels in MI induced rats.

Treatment ALT (U/L) AST (U/L) LDH (U/L) CK (U/L) CK-MB (U/L)

Control 25.18 ± 2.2 d 36.11 ± 4.7c 81.52 ± 9.1 e 158.14 ± 13.2 e 79.52 ± 8.4 d

Isoproterenol 48.12 ± 3.9 a 58.19 ± 6.3 a 159.26 ± 15.4 a 291.18 ± 17.6 a 186.63 ± 12.5 a

AHALE50 + ISO 44.16 ± 5.8 a,b 54.32 ± 5.2 a,b 153.40 ± 12.8 a 275.16 ± 18.2 a 169.72 ± 14.7 a

AHALE150 + ISO 38.92 ± 7.6b 49.94 ± 6.3b 136.27 ± 13.2b 237.11 ± 14.3b 148.55 ± 9.2b

AHALE300 + ISO 31.50 ± 3.7c 42.35 ± 4.8b,c 120.34 ± 10.9c 219.22 ± 15.8c 121.40 ± 8.8c

AHALE-ZnONPs 50 + ISO 39.22 ± 5.2b 48.53 ± 5.9b 142.70 ± 11.7b 251.13 ± 16.4 a,b 158.73 ± 10.6 a,b

AHALE-ZnONPs 150 + ISO 33.41 ± 4.5c 43.62 ± 4.1b,c 121.51 ± 8.5c 214.91 ± 13.6c 122.46 ± 9.2c

AHALE-ZnONPs 300 + ISO 27.22 ± 2.8 d 39.25 ± 4.6c 102.77 ± 6.1 d 186.72 ± 11.4 d 93.22 ± 6.5 d

MI: Myocardial infarction; AHALE: A. herba alba leaves extract; ZnONPs: Zinc Oxide nanoparticles; 50, 150, and 300: doses of AHALE or AHALE-ZnONPs; Data are presented as
mean ± SEM. a,b,c,d,e Mean values within treatment with different superscript letters were significantly different (p < 0.05).
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all three doses of AHALE–ZnONPs significantly decreased the activ-
ities of heart markers in MI rats induced by ISO in comparison with
rats exposed to isoproterenol only.

3.3. Lipid profile

Table 3 shows the alteration in lipid profile (TG, TC, HDL, and
LDL) in rats pretreated with AHALE and AHALE–ZnONPs followed
by isoproterenol exposure. Rats exposed to ISO exhibited consider-
able elevation in the TG, TC, and LDL levels as well as a significant
decrease in HDL levels compared to the control animals. However,
pretreatment of rats with AHALE at a high dose followed by expo-
sure to isoproterenol decreased significantly the TG, TC, and LDL
levels and elevated the levels of HDL compared to the rats exposed
to isoproterenol only. Furthermore, pretreatment of rats with
AHALE–ZnONPs at the medium and high doses followed by expo-
sure to isoproterenol decreased significantly the TG, TC, and LDL
levels as well as elevating the levels of HDL compared to those in
animals exposed to isoproterenol only.
3.4. Cardiac troponin-T (cTnT) levels

Fig. 4 shows the cTnT levels in the serum of rats pretreated with
AHALE and AHALE–ZnONPs followed by isoproterenol. Male rats
exposed to ISO exhibited high levels (P < 0.05) of cTnT in compar-
ison with those in normal animals. In contrast, a considerable
decrease in the cTnT levels was found in ISO-exposed rats pre-
treated with medium and high doses of AHALE as well as with
all three doses of AHALE–ZnONPs compared to those exposed to
ISO only.
3.5. Peroxidated products and activity of antioxidants

Rats exposed to ISO showed high TBARS and LOOH levels in
heart tissues in comparison with normal rats (Table 4). In contrast,
rats exposed to ISO and pretreated with AHALE (at medium and
high doses) and AHALE–ZnONPs (at all three doses) showed con-
Table 3
Lipid profile in rats pretreated with AHALE and AHALE-ZnONPs followed by ISO exposure

Treatment TG (mg/dl) TC

Control 63.2 ± 3.1 d 78
Isoproterenol 95.6 ± 5.7 a 12
AHALE50 + ISO 89.2 ± 6.4 a 11
AHALE150 + ISO 81.4 ± 6.8b 10
AHALE300 + ISO 76.8 ± 4.5b,c 97
AHALE-ZnONPs 50 + ISO 83.5 ± 5.1 a,b 10
AHALE-ZnONPs 150 + ISO 74.9 ± 4.9c 95
AHALE-ZnONPs 300 + ISO 66.3 ± 2.5 d 83

MI: Myocardial infarction; AHALE: A. herba alba leaves extract; ZnONPs: Zinc Oxide nanop
mean ± SEM. a,b,c,d,e Mean values within treatment with different superscript letters we
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siderable (P < 0.05) decline in TBARS and LOOH levels compared
to those exposed to ISO only (Table 4).

The antioxidant activities of enzymes including GPx, GRx, and
GST were considerably decreased in the heart tissues of rats
exposed to ISO compared to control rats (Table 4). However, the
GPx, GRx, and GST activities in rats exposed to ISO and pretreated
with AHALE (at medium and high doses) and AHALE–ZnONPs (at
all three doses) were significantly (P < 0.05) elevated in comparison
with those treated with ISO only (Table 4).
3.6. DNA damage and apoptosis

Rats exposed to ISO exhibited significant elevation in the rate of
DNA damage in heart tissues in comparison with those in normal
animals (Table 5). In contrast, rats pretreated with AHALE (at med-
ium and high doses) and AHALE–ZnONPs (at all three doses) and
then exposed to ISO showed a significant decrease in the rate of
DNA damage compared to those exposed to ISO only (Table 5).

The apoptosis rates in rats exposed to ISO were increased
(30.2 ± 5.1) compared with those (5.6 ± 0.4) in control rats
(Fig. 5). In contrast, animals pretreated with a high dose of AHALE
and AHALE–ZnONPs followed by exposure to ISO showed a signif-
icant decrease in the rates of DNA damage (10.9 ± 0.5 and 8.1 ± 1.1,
respectively) compared to those exposed to ISO only.
3.7. ROS generation

Formation of ROS levels in the heart tissues of animals treated
with ISO was substantially (P < 0.05) increased in comparison with
those in normal rats (Fig. 3). Nevertheless, rats pretreated with
AHALE (at medium and high doses) and AHALE–ZnONPs (at all
three doses) followed by exposure to ISO showed significant
decrease in ROS generation compared to those exposed to ISO only
(Fig, 6).
.

(mg/dl) HDL (mg/dl) LDL (mg/dl)

.5 ± 3.4c 31.2 ± 3.4 a 43.1 ± 2.1 e

9.6 ± 7.1 a 22.1 ± 1.8c 91.4 ± 3.5 a

8.4 ± 6.6 a 22.9 ± 2.2c 87.5 ± 2.7 a

3.1 ± 5.3b 23.7 ± 1.3b,c 78.7 ± 2.2b

.5 ± 6.1b,c 25.4 ± 2.4b 64.2 ± 1.8c

6.2 ± 5.8b 23.5 ± 3.6b,c 79.6 ± 3.4b

.1 ± 4.9b,c 27.2 ± 1.5 a,b 66.1 ± 2.6c

.6 ± 3.3c 29.7 ± 3.1 a 52.4 ± 1.3 d

articles; 50, 150, and 300: doses of AHALE or AHALE-ZnONPs; Data are presented as
re significantly different (p < 0.05).
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Table 4
Lipid peroxidation products and enzymatic antioxidants activities in rats pretreated with AHALE and AHALE-ZnONPs followed by ISO exposure.

Treatment TBARS LOOH GPx GRx GST

Control 1.72 ± 0.11 d 27.15 ± 2.4 d 6.21 ± 0.7 a 8.73 ± 0.6 a 792.53 ± 34.5 a

Isoproterenol 8.41 ± 0.84 a 69.42 ± 7.2 a 2.47 ± 0.2c 3.51 ± 0.1 d 389.42 ± 27.3 e

AHALE50 + ISO 7.63 ± 0.63 a,b 63.12 ± 6.1 a,b 2.68 ± 0.3c 3.96 ± 0.2c,d 402.31 ± 38.2 d,e

AHALE150 + ISO 6.29 ± 0.52b 57.91 ± 5.2b 3.15 ± 0.4b,c 4.59 ± 0.3c 457.82 ± 41.7 d

AHALE300 + ISO 4.88 ± 0.17c 49.27 ± 4.3c 4.52 ± 0.3b 5.79 ± 0.2b,c 525.60 ± 35.1c

AHALE-ZnONPs 50 + ISO 6.83 ± 0.40b 56.82 ± 3.3b 3.19 ± 0.2b,c 4.52 ± 0.1c 435.52 ± 46.6 d

AHALE-ZnONPs 150 + ISO 4.21 ± 0.35c 48.72 ± 4.1c 4.46 ± 0.5b 5.38 ± 0.4b,c 537.15 ± 29.4c

AHALE-ZnONPs 300 + ISO 3.11 ± 0.14c 35.65 ± 3.9 d 5.37 ± 0.6 a,b 6.51 ± 0.5b 655.91 ± 44.2b

TBARS (mmol/100 g wet tissue); LOOH (mmol/100 g wet tissue); GPx (mg of GSH oxidized/min/mg protein); GRx (nmol of NADPH oxidized/min/100 mg protein); GST (nmol
of CDNB conjugated/min/mg protein); MI: Myocardial infarction AHALE: A. herba alba leaves extract; ZnONPs: Zinc Oxide nanoparticles; 50, 150, and 300: doses of AHALE or
AHALE-ZnONPs; Data are presented as mean ± SEM. a,b,c,d,e Mean values within treatment with different superscript letters were significantly different (p < 0.05).

Table 5
The impact of AHALE and AHALE-ZnONPs on the damaged DNA in MI induced rats.

Treatment No. of Cells Class¥ of Comet DNA Damaged Cells (Mean ± SEM)

Analyzed Total Comets 0 1 2 3

Control 500 34 466 29 5 0 6.81 ± 0.67 d

Isoproterenol 500 116 384 37 38 41 23.20 ± 0.74 a

AHALE50 + ISO 500 108 392 39 35 34 21.62 ± 1.08 a,b

AHALE150 + ISO 500 91 409 34 31 26 18.24 ± 0.58b

AHALE300 + ISO 500 67 433 25 20 22 13.44 ± 0.60c

AHALE-ZnONPs 50 + ISO 500 88 412 30 32 26 17.63 ± 0.93b

AHALE-ZnONPs 150 + ISO 500 69 431 23 25 21 13.80 ± 0.92c

AHALE-ZnONPs 300 + ISO 500 48 452 19 16 13 9.64 ± 0.51 d

¥ : Class 0 = no tail; 1 = tail length < diameter of nucleus; 2 = tail length between 1X and 2X the diameter of nucleus; and 3 = tail length > 2X the diameter of nucleus. (*): No. of
cells analyzed were 100 per animal. MI: Myocardial infarction AHALE: A. herba alba leaves extract; ZnONPs: Zinc Oxide nanoparticles; 50, 150, and 300: doses of AHALE or
AHALE-ZnONPs; Data are presented as mean ± SEM. a,b,c,d Mean values within treatment with different superscript letters were significantly different (p < 0.05).
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3.8. Expression levels of genes encoding pathway of lipids

Levels of expression of PPAR-a, ADD1, FASN, and ACC genes in
the heart tissues of animals treated with ISO were significantly
2341
(P < 0.05) increased in comparison with normal animals (Figs. 4–
7). Nonetheless, the expression levels of ADD1, FASN, and ACC
genes were considerably decreased in rats pretreated with AHALE
(at medium and high doses) and AHALE–ZnONPs (at all three



Fig. 5. Flow cytometry analysis of annexin-V-FITC of (A) control and rats treated with (B) ISO, (C) AHALE300 + ISO, and (D) AHALE-ZnONPs 300 + ISO. The upper left quadrant
(UL) represents necrotic cells, the left lower quadrant (LL) represents healthy cells, the upper right quadrant (UR) represents early apoptotic cells, and the lower right
quadrant (LR) represents late apoptotic cells. Apoptosis was calculated as summation of UR + LR. Values represent mean percentage ± SEM of at least three samples.
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doses) followed by exposure to ISO compared to those exposed to
ISO only (Figs. 7–10).

4. Discussion

The results of the current study showed an increase in the con-
centration of CK, CK-MB, AST, ALT, and LDH enzymes in the rats
treated with ISO, which are clear signs of the extent of myocardial
infarction. When the heart is not supplied with glucose or oxygen,
the heart muscle cells are damaged, and this may lead to the rup-
ture of the heart membrane, which becomes permeable. This leads
to leakage of the heart enzymes into the blood. When the infusion
of the enzymes continues for a long time, their concentrations in
the serum become high (Mathew et al., 1985; Scully et al., 2017).
It was found that pretreatment of rats with AHALE and AHALE–
ZnONPs for four weeks led to a reduction in the enzyme activity
2342
in the serum of animals exposed to ISO later. This shows the pro-
tective effect of AHALE and AHALE–ZnONPs on the heart muscle
that was exposed to the ISO and thus reduced the damage to the
heart muscle and decreased the leakage of these enzymes into
the bloodstream.

The increase in the levels of TG, TC, LDL, and troponin as well as
a decline in the levels of HDL in rats exposed to ISO in this study
elevate the risk of myocardial infarction and of subsequent cardiac
death.

The results of the current study are in agreement with those
published by Acikel et al. (2005). All tissues associated with the
metabolism of glycolysis contained the LDH enzyme. This enzyme
has several different isoforms, ranging from LDH-1 to LDH-5. Two
types LDH-1 and LDH-2 were prevalent in the heart tissues. There-
fore, when heart tissue damage occurred, the concentration of
LDH-1 and LDH-2 in the bloodstream elevated as a result of
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increased heart damage. Thus, the detection of this enzyme is con-
sidered as one of the clear diagnostic clues for heart disorders.
Moreover, one reason that explains the importance of analyzing
2343
LDH enzymes is that these enzymes increase their concentration
within a few hours after myocardial infarction (estimated from
12 to 24 h) and reach their peak after two to three days and start
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in decline after 5–14 days (Jaffe et al., 1996; Tran et al., 2015). It
was also found that the increase in the levels of this enzyme in
the heart tissues of animals exposed to ISO is an indicator for an
increase in necrosis and apoptosis in the myocardium (Priscilla
and Prince, 2009). The current results also found animals treated
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2344
with ISO exhibited high levels of apoptosis and necrosis when
compared to normal animals.

This study found that pretreatment of animals with AHALE and
AHALE–ZnONPs for several weeks and exposed later to ISO
decreased their levels of serum LDH enzyme and cTnT compared
c
b

c
d

ent

h AHALE and AHALE-ZnONPs. Data are presented as mean ± SEM. a,b,c,d,e Mean values
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to rats exposed to ISO only. This protective action of Artemisia
herba alba extract against ISO may be due to its ability to reduce
the degree of damage to the heart muscle and thus prevent the
outflow of these enzymes into the blood serum. These findings
are consistent with the reported results of Abdallah et al. (2019),
who found that pretreatment of rats with Artemisia herba alba
extract improved serum markers of cardiotoxicity, prevented
oxidative stress, and reduced cardiac abnormalities induced by
chemotherapy.

Recently, many scientists have shown great interest in the
study of apoptosis and free radical formation in the cells, which
may show marked modulation in biological molecules resulting
in various cases of diseases (Priscilla and Prince, 2009). Thus, the
use of natural antioxidants may play an important role in reducing
ROS and apoptosis in different tissues (Elhinnawi et al., 2018). In
this study, we analyzed lipid peroxide and its ability to cause dam-
age to the myocardial membranes. The results showed that expos-
ing rats to ISO induced an elevation in TBARS and LOOH levels in
cardiac tissues. The increase in these compounds may lead to dam-
age in the heart muscle. The current study showed that pretreat-
ment of rats with AHALE and AHALE–ZnONPs prior to exposure
to ISO decreased the TBARS and LOOH levels in cardiac tissues,
which were induced by ISO. Based on the fact that antioxidant
compounds are playing an important role against ISO in reducing
ROS generation and apoptosis (Sekiou et al., 2020), the current
study evaluated the potential impact of AHALE and AHALE–
ZnONPs to mitigate apoptosis and ROS generation as well as DNA
damage in heart tissues These results proved that the antioxidants
in AHALE and AHALE–ZnONPs may inhibit the ROS generation by
ISO [38]. Therefore, we have assessed in the current study the abil-
ity of AHALE and AHALE–ZnONPs to reduce apoptosis and ROS gen-
eration as well as DNA damage in heart tissues. The results found
that pretreatment of male rats with AHALE and AHALE–ZnONPs
and then exposed to ISO exhibited low levels of apoptosis, ROS
generation, and DNA damage compared to those in rats exposed
2345
to ISO only. Similarly, Mojarrab et al. (2016) found that Artemisia
extract exhibits protective effect against DOX-induced apoptosis
and DNA damage in vitro. They explained that the protecting
actions of the Artemisia extract could be due to the presence of
antioxidants reducing ROS formation.

Antioxidants are the first line of defense that reduces the forma-
tion of free radicals and thus reduces associated cellular toxicity. It
is therefore important to use natural antioxidants to balance the
antioxidants and the presence of free radicals in cellular systems
to reduce or eliminate intracellular oxidative stress. In pathological
conditions such as MI, this balance is usually disturbed as a result
of increased production of ROS within cells under the influence of
the toxicity caused by the ISO treatment. Antioxidant enzymes
such as GPx, GRx, and GST, which act as free radical scavengers
are the first step of protection for cells from oxidative damage
(Khalil et al., 2019).

The results of this study showed that the GPx and GST activities
were decreased in the rats exposed to ISO in comparison with nor-
mal animals, which may be due to a reduction in the glutathione
levels in the heart tissues. It has been reported that the lack of
GRx enzyme activity in heart tissue leads to the gathering of harm-
ful glutathione, namely GSSG (oxidized glutathione) (Ferrari et al.,
1985). Increasing the level of GSSG in the cell suppresses the func-
tion of enzymes having an SH group, which prevents protein pro-
duction (Ji et al., 1988). However, the GPx, GRx, and GST
activities were improved in animals pretreated with AHALE and
AHALE–ZnONPs followed by ISO exposure compared with rats
exposed to ISO only. This protective role of AHALE and AHALE–
ZnONPs explains the antioxidant capacity of Artemisia extract
against ROS induced heart injury.

Expression of regulator genes for lipid metabolism such as
PPAR-a, ADD1, FASN, and ACC genes were assessed to understand
the protective role of Artemisia extract against ISO induced hyper-
lipidemia (Sasikumar and Devi, 2001). Expression levels of PPAR-a,
ADD1, FASN, and ACC genes in heart samples of animals treated
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with ISO were upregulated in comparison with those in normal
rats. Nonetheless, these genes were downregulated considerably
in animals pretreated with AHALE and AHALE–ZnONPs followed
by exposure to ISO compared to those exposed to ISO only.

Feeding rats a diet rich in cholesterol and then injecting them
with isoproterenol in the current study led to an increase in lipid
markers in the lipid profile. These results are in line with the
results of numerous reports that show increased levels of TC, TG,
and LDL-c in the blood serum (Nagoor Meeran et al., 2012, Abo-
Gresha et al., 2014, Mahmoud et al., 2014), which increase the
potential for atherosclerosis and the subsequent occurrence of
heart disease (Ferdinandy et al., 2007). It is also clear that the
increase in the levels of lipid markers is correlated with the
increase in the levels of the expression of PPAR-a, ADD1, FASN,
and ACC genes. On the other hand, it was found that pretreatment
with AHALE and AHALE–ZnONPs reduced the levels of lipid mark-
ers and decreased the expression levels of the lipid metabolism
related genes. These findings suggested that the hypolipidemic
activity of Artemisia extract could be attributed to the existence
of phenolic compounds and flavonoids (El-Tantawy, 2015), which
are considered to be physically powerful antioxidants reducing
lipid profile in rats exposed to ISO.

5. Conclusion

Based on the findings obtained from this study, which exhibit
the ability of AHALE or AHALE–ZnONPs to regulate lipid markers
and genes responsible for lipid metabolism, as well as its ability
to reduce oxidative stress (decrease the ROS generation, DNA dam-
age, and apoptosis), it could be considered as one of the natural
compounds that can be used for prevention of atherosclerosis
and heart diseases. The reduced oxidative stress of Artemisia
extract may be a result of the existence of antioxidants such as fla-
vonoids and phenolic compounds.
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