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Adriamycin (Adr) is a cytotoxic anthracycline agent that is utilized to manage many types of tumors, but its clinical use is
undesirable due to severe cardiotoxicity. The present study aimed to investigate the cardioprotective effect of Achillea fragrantissima
(A. fragrantissima) against Adr-induced cardiotoxicity through the antioxidant and anti-inflammatory metabolic pathways. A single
dose of Adr was injected in rats to induce cardiotoxicity. Rats are divided into 5 groups, control, A. fragrantissima 800, Adr,
A. fragrantissima 400 + Adr, and A. fragrantissima 800 + Adr. 72 h after Adr administration, electrocardiographic (ECG) study
was performed for all rats. Serum and hearts were then collected for biochemical and histopathological studies. A. fragrantissima
ameliorated Adr-induced ST-segment elevation. It reduced Adr-induced elevation in lactate dehydrogenase (LDH), creatine kinase-
MB (CK-MB), thiobarbituric acid reactive substance (TBARS), tumor necrosis factor-alpha (TNF-«), interleukin-1beta (IL-13), and
IL-6. It also protected against Adr-induced histopathological changes. Pretreatment with the extract increased heart tissue contents
of glutathione peroxidase (GSH-PX) and reduced glutathione (GSH). Phytochemical analysis of the extract revealed that it is rich
in phenolic and flavonoid active constituents. The results of this study revealed that A. fragrantissima extract ameliorates Adr-
induced cardiotoxicity via an antioxidant and anti-inflammatory mechanisms. Further studies are warranted in order to recognize

the precise active constituents of this natural extract which are responsible for the antioxidant and anti-inflammatory actions.

1. Introduction

Adriamycin (Adr) is a cytotoxic anthracycline antibiotic
that is used to treat a wide variety of cancers including,
leukaemia and lymphoma, besides breast, lung, and other
solid cancers. However, its clinical application is restricted
due to its dangerous cardiotoxicity that may be aggravated
to heart failure [1-3]. The underlying mechanism of Adr-
induced acute cardiotoxicity is based on the production
of free radicals and reactive oxygen species (ROS) that
damage the cell membrane lipids and caused the liberation
of lipid peroxides products [4, 5]. Moreover, there is growing
evidence that Adr also elicits inflammatory effects in the
vasculature and the myocardium that subsequently induces
the production of several proinflammatory mediators such as
tumor necrosis factor-alpha (TNF-«) [6]. Interleukin-1 beta
(IL-1p) is an initiator cytokine that exhibits a great function

asaregulator of the immunoinflammatory pathway. IL-18 has
been disclosed to contribute to the Adr-induced rises in the
levels of IL-6 and perform a very distinct role in Adr-induced
cardiotoxicity [7]. Research has found that cardiac toxicity of
Adr is also associated with an increase in IL-1f3 production. I1-
1B causes cardiomyocytes apoptosis by increasing the calcium
storage of the heart muscle cells [8].

Recently, many studies documented that natural products
rich in antioxidants have an effective role in the prevention
of cardiac toxicity of Adr [9]. The preventive mechanism for
natural remedies against Adr-induced cardiotoxicity is still
unclear. However, research has shown that the mechanism
may be limited to the elimination of ROS or prevention
against the harmful cardiovascular effects of the metabolic
syndrome [10-12]. A. fragrantissima is one of the desert herbs
belonging to the family Asteraceae. Historically, the herb
is used in the Arab region as an alternative treatment for
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diabetes, gastrointestinal diseases, and respiratory diseases
[13-16]. A. fragrantissima contains a high percentage of phe-
nolic and flavonoid active constituents such as achillolide A,
swertisin 2" -arabinosideafroside, cirsimaritin, chrysoplenol,
cirsiliol, eupatilin-7-methyl ether, and isovitexin 4'- methyl
ether [17-19]. Sesquiterpene lactones are a group of active
substances, which have shown a great biological efficacy as
anti-inflammatory, antioxidant, and neuroprotective com-
pounds [20-23]. Achillolide A, a sesquiterpene lactone, is
one of the most effective substances separated from many
of the Asteraceae family, which has shown a strong anti-
inflammatory effect and sweeping ROS and also prevents the
formation of nitric oxide (NO) [18].

Since oxidative stress and inflammation have become
accepted as a suitable target for early therapeutic intervention
in Adr-induced cardiotoxicity, the present study addressed
the cardioprotective effect of A. fragrantissima against Adr-
induced cardiotoxicity through the antioxidant and anti-
inflammatory metabolic pathways.

2. Methods

2.1. Drugs. Drugs included are Adr (Adriamycin®)
50 mg/25ml, EBEWE Pharma, Austria, Urethane (Sigma
Aldrich Inc., USA).

2.2. Collection of A. fragrantissima. The plant was collected
from Al-Jawf in Northern Saudi Arabia. The taxonomic
identification of the plant was confirmed by botanists in
Pharmaceutical and Phytochemistry Department, Faculty of
Pharmacy, KAU, Jeddah, Saudi Arabia.

2.3. Preparation of Plant Extract. The aerial parts of A.
fragrantissima were dried at 40°C and grinded. 500 g of A.
fragrantissima powder was then extracted with methanol and
water mixture (80%). The final collected extract was filtrated
and concentrated to dryness under reduce pressure at <
35°C using a rotary evaporator (Rota vapor R-215, Biitchi,
Switzerland). Finally, the dried extract was transferred to a
Gamma 2-20 freeze dryer (Christ, Osterode i. H., Germany)
for 48 h, at — 20°C to yield a solid extract (100 g yield 4.27 g),
and then stored at 4°C until further use. 100 mg of dried A.
fragrantissima extract was dissolved in 200 ml distilled water
to yield a solution with a final concentration of 0.5 mg/ml,
centrifuged to remove any undissolved component [24].

2.4. Phytochemical Analysis. The phytochemical screening
of A. fragrantissima extract has been performed to find
the presence of the major chemical constituents, including
alkaloids, flavonoids, glycosides, saponins, tannins, resins,
and triterpenoids using standard procedures of analysis [25].

2.5. Experimental Design. In this study, 50 adult male Wister
rats (180-200 g body weight) were divided into 5 groups (n =
10). The rats were obtained from King Fahd medical research
center, KAU, Jeddah, Saudi Arabia. They handled according
to the roles and rights of animal research, KAU. The rats
housed at 22 + 3°C and maintained free axis to food and water.
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The study groups were as follows: Group (I) (control), the
rats injected with normal saline; Group (II) (A. fragrantissima
800), the rats orally injected with A. fragrantissima extractata
dose of 800 mg/kg/day; Group (III) (Adr), the rats injected i.p.
with Adr (10 mg/kg) [26]; Group (IV) (A. fragrantissima 400
+ Adr), the rats orally injected with A. fragrantissima extract
at a dose of 400 mg/kg/day for 2 weeks [27] and then injected
with Adr (10 mg/kg); Group (V) (A. fragrantissima 800 +
Adr), the rats orally injected with A. fragrantissima extract at
a dose of 800 mg/kg/day for 2 weeks and then injected with
Adr (10 mg/kg).

2.6. Electrocardiography (ECG) Assessment. 72h after Adr
injection, the PowerLab system (ADI Instruments) con-
nected to a PC running LabChart professional software
(version 7.3) containing an ECG module was used to conduct
the standard limb lead II of the surface ECG for each rat
separately [28].

2.7. Samples Collection. 72h after Adr injection, rats were
anesthetized with ether, blood samples were collected, and
serum was separated and kept frozen at -80°C for the bio-
chemical determination of the cardiac enzymes and inflam-
matory cytokines (IL-13, TNF-«, and IL-6). The rats were
then decapitated, and the hearts were collected and main-
tained either frozen at -80°C for the ELIZA determination of
thiobabituric acid reactive substances (TBARS), glutathione
peroxidase (GSH-PX), and reduced glutathione (GSH) or
in 10% buffered formalin solution for the histopathological
study.

2.8. Determination of Serum Creatine Kinase-MB (CK-MB)
and Lactate Dehydrogenase (LDH). Serum CK-MB and LDH
activity were determined using ELISA kits obtained from
MyBiosource, San Diego, California, USA, according to the
manufacture instructions.

2.9. Preparation of Heart Tissues Homogenate. The heart
tissues were homogenized in PBS (1:9) using a Teflon pestle
(Ultra-Turrax, IKA: T25 digital, Germany) and centrifuged
at 12000 g for 15 min at 4°C (Centurion, K280 R, UK). The
supernatants were used for the estimation of TBARS, GSH-
PX, and GSH.

2.10. Determination of Heart Tissue TBARS, GSH-PX, and
GSH Concentration. TBARS, GSH-PX, and GSH were deter-
mined using ELISA kits obtained from MyBiosource, San
Diego, California, USA, according to the manufacture
instructions.

2.11. Determination of Serum TNF-a, IL-18, and IL-6 Con-
centration. TNF-a, IL-18, and IL-6 were determined using
ELISA kits obtained from MyBiosource, San Diego, Califor-
nia, USA, according to the manufacture instructions.

2.12. Histopathological Examination. The formaldehyde fixed
hearts were paraffin-embedded, cut into sections, and then
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stained with Hematoxylin-Eosin (H & E). The slides were
then examined microscopically.

2.13. Statistical Analysis. Results were presented as mean
+ SE. The means were compared by one-way analysis of
variance (ANOVA), followed by Tukey’s HSD, to determine
the statistical significance of the difference using SPSS version
22. P <£0.05 indicate significance difference.

3. Results

3.1. Phytochemical Analysis of A. fragrantissima Extract. Phy-
tochemical analysis of A. fragrantissima extract indicated
that it contains adequate amounts of flavonoids, phenolics,
glycosides, lignans, and terpenes (Table 1).

3.2. Effects of A. fragrantissima on Adr-Induced Changes in
ECG Tracing Pattern and Parameters. The ECG of the control
and A. fragrantissima 800 groups presented a normal-pattern
(Figures 1(a) and 1(b)). Injection of rats with Adr (10 mg/kg)
induced remarkable ST-segment elevation (Figure 1(c)). Pre-
treatments of rats with A. fragrantissima extract at both
400 and 800 mg/kg ameliorated Adr-induced ST-segment
elevation (Figures 1(d) and 1(e)). In addition, injection of rats
with Adr (10 mg/kg) significantly (p < 0.05) increased heart
rate and QT interval compared to the control group (Table 2).
Pretreatments of rats with A. fragrantissima extract at both
400 and 800 mg/kg had no effect on Adr-induced increase in
both heart rate and QT interval (Table 2).

3.3. Effects of A. fragrantissima on Serum CK-MB and LDH
Measured in Adr-Induced Cardiotoxicity in Rats. Injection
of rats with Adr (10 mg/kg) significantly elevated (p < 0.05)
both serum CK-MB and LDH levels compared to the control
group. Pretreatments of rats with A. fragrantissima extract at
both 400 and 800 mg/kg significantly reduced (p < 0.05) both
serum CK-MB and LDH levels compared to the Adr group.
However, rats pretreated with 800 mg/kg A. fragrantissima
showed significantly lower (p < 0.05) serum CK-MB and
LDH levels compared to 400 mg/kg A. fragrantissima + Adr
group (Table 3).

3.4. Effects of A. fragrantissima on Heart Tissue Concentration
of TBARS, GSH-PX, and GSH Measured in Adr-Induced
Cardiotoxicity in Rat. Injection of rats with Adr (10 mg/kg)
significantly elevated (p < 0.05) heart tissue TBARS concen-
tration compared to the control group. Pretreatments of rats
with A. fragrantissima extract at both 400 and 800 mg/kg
significantly reduced (p < 0.05) heart tissue TBARS concen-
tration compared to the Adr group. However, rats pretreated
with 800 mg/kg A. fragrantissima showed significantly lower
(p < 0.05) heart tissue TBARS concentration compared to
400 mg/kg A. fragrantissima + Adr group (Table 4).
Injection of rats with Adr (10 mg/kg) significantly reduced
(p <0.05) both heart tissue GSH-PX and GSH concentration
compared to the control group. Pretreatments of rats with A.
fragrantissima extract at both 400 and 800 mg/kg significantly
elevated (p < 0.05) both heart tissue GSH-PX and GSH
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TaBLE 1: Phytochemical analysis of A. fragrantissima extract.
Phytochemical compounds Inference
Flavonoids +++
Phenolic +++
Glycosides +++
Terpenoids ++
Tannins ++
Alkaloids ++
Lignans +++
Steroids ++
Terpenes +++
Saponins +
Anthraquinone +
Triterpenes -
Resins

The intensity of compounds: - absence, + minute, ++ small, and +++ large.

concentration compared to the Adr group. However, rats
pretreated with 800 mg/kg A. fragrantissima showed signif-
icantly higher (p < 0.05) both heart tissue GSH-PX and GSH
concentration compared to 400 mg/kg A. fragrantissima +
Adr group (Table 4).

3.5. Effects of A. fragrantissima on Serum TNF-e, IL-1f,
and IL-6 Measured in Adr-Induced Cardiotoxicity in Rats.
Injection of rats with Adr (10 mg/kg) significantly elevated (p
<0.05) serum TNF-a, IL-1f3, and IL-6 levels compared to the
control group. Pretreatments of rats with A. fragrantissima
extract at both 400 and 800 mg/kg significantly reduced (p
< 0.05) serum TNF-a, IL-18, and IL-6 levels compared to
the Adr group. However, rats pretreated with 800 mg/kg A.
fragrantissima showed significantly lower (p < 0.05) serum
TNF-«, IL-1f, and IL-6 levels compared to 400 mg/kg A.
fragrantissima + Adr group (Figures 2, 3, and 4).

3.6. Effects of A. fragrantissima on the Heart Tissue Histopatho-
logical Changes Detected by H & E Staining in Adr-Induced
Cardiotoxicity in Rat. Figures 5(a) and 6(a) showed control
heart with normal histology. Figures 5(b) and 6(b) showed
A. fragrantissima 800 heart with nearly normal histology.
Injection of Adr (10 mg/kg) resulted in focal areas of necrosis,
perivascular edema around a coronary blood vessel, marked
disorganization of the thin degenerated fibers (Figures 5(c)
and 5(d)). The high-power examination revealed a marked
focal aggregation of inflammatory mononuclear cells in
Adr-treated rats (Figure 6(c)). The heart tissue of the rats
treated with A. fragrantissima extract at 400 mg/kg before
Adr showed focal areas of necrosis (Figures 5(e) and 6(d)).
On the other hand, pretreatment of Adr injected rats with A.
fragrantissima extract at 800 mg/kg resulted in nearly com-
plete protection from Adr-induced histopathological changes
(Figures 5(f) and 6(e)).
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FIGURE 1: Effects of A. fragrantissima on Adr-induced changes in ECG tracing pattern. (a) Control group, (b) A. fragrantissima 800 group, (c)
Adr group, (d) A. fragrantissima 400 + Adr group, and (e) A. fragrantissima 800 + Adr group.

4. Discussion

Adriamycin is one of the most effective chemotherapeutic
agents which is widely used in the treatment of many tumors.
The clinical uses of Adr are hampered by many associated
toxicities, such as cardiac, renal, and pulmonary toxicity
[29]. Adr administration may cause acute cardiac toxicity,

which ranges from both ventricular and atrial arrhythmia
to congestive heart failure [30, 31]. This study aimed to
investigate the possible protective effect of A. fragrantissima
extract against Adr-induced acute cardiotoxicity in rats.

The results of this study revealed that pretreatment of
Adr injected rats with A. fragrantissima extract protected
the rats against Adr-induced cardiotoxicity as manifested
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TaBLE 2: Effects of A. fragrantissima on control and Adr-induced changes in EGG parameters.

Experimental Groups Heart Rate QT interval
(beat/min) (s)
Control 251+13 0.052 + 0.003
A. fragrantissima 800 255 +15 0.05 £ 0.001
Adr 39+19° 0.071+0.004 *
A. fragrantissima 400 + Adr 328 +10 0.069 + 0.005
A. fragrantissima 800 + Adr 316 £ 12 0.071 £ 0.002

Data are represented as mean + SE (n = 10). *Significant versus control group. p < 0.05.

TaBLE 3: Effects of A. fragrantissima on serum CK-MB and LDH measured in control and Adr-induced cardiotoxic rats.

. CK-MB LDH
Experimental Groups
(U/L) (U/L)
Control 257.27 £10.87 249.29 £ 11.74
A. fragrantissima 800 253.4+9.95 24796 +12.10

Adr
A. fragrantissima 400 + Adr
A. fragrantissima 800 + Adr

438.52 + 15.87 *
306.01 +10.75° 316.28 +£14.91°
276.40 + 8.09 >¢ 271.78 + 8.10 >°

Data are represented as mean + SE (n = 10). *Significant versus control group, bsigniﬁcemt versus Adr group, and Csignificant between low and high dose
group. p < 0.05.

529.89 +14.72*
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A. fragrantissima 400 + Adr
Control

A. fragrantissima 800 + Adr

A. fragrantissima 800 =

FIGURE 2: Effects of A. fragrantissima on serum concentration of
TNF-« measured in control and Adr-induced cardiotoxic rats. Data
are represented as mean + SE (n = 10). "Significant versus control
group, “significant versus Adr group, and ®significant between low
and high dose group. p < 0.05.

A. fragrantissima 400 + Adr
A. fragrantissima 800 + Adr

FIGURE 3: Effects of A. fragrantissima on serum concentration of
IL-1p measured in control and Adr-induced cardiotoxic rats. Data
are represented as mean + SE (n = 10). *Significant versus control
group, “significant versus Adr group, and significant between low
and high dose group. p < 0.05.

by the decreased cardiac enzymes, LDH and CK-MB. In
addition, the histopathological study of the heart muscle

revealed that A. fragrantissima extract improved Adr-induced
histopathological and ultrastructural damage.

In this study, we found that Adr moderately prolonged
QT interval, increased heart rate, and provoked ST-segment

elevation. These results are consistent with many previ-
ous findings which suggested QT interval, an indicator of
ventricular function to be prolonged during Adr toxicity
via an oxidative stress mechanism [29, 32]. In addition,
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TABLE 4: Effects of A. fragrantissima on heart tissue concentration of TBARS, GSH-PX, and GSH measured in control and Adr-induced

cardiotoxic rats.

. TBARS GSH-PX GSH

Experimental Groups ) . .
(nmol/g tissue) (nmol/mg tissue) (nmol/g tissue)

Control 4.76 + 0.49 27.89 +1.51 4.34 +0.08
A. fragrantissima 800 4.51 £ 0.46 28.12 £ 1.87 4.75+£0.15
Adr 916 +0.84° 1273 +1.66° 1.78 + 0.06 *
A. fragrantissima 400 + Adr 6.29 +0.53° 23.61 £1.58"° 3.61+0.12°
A. fragrantissima 800 + Adr 518 +0.44 > 2717 +1.44 °* 4.14 £ 0.09 >*

Data are represented as mean + SE (n = 10). *Significant versus control group, bsigniﬁcant versus Adr group, and Csignificant between low and high dose

group. p < 0.05.

100 =

80 -

® #*

60 4 =

20 -

IL-6 (pg/ml)

Control
Adr

A. fragrantissima 800 \\\\

A. fragrantissima 400 + Adr
A. fragrantissima 800 + Adr

FIGURE 4: Effects of A. fragrantissima on serum concentration of
IL-6 measured in control and Adr-induced cardiotoxic rats. Data
are represented as mean + SE (n = 10). "Significant versus control
group, “significant versus Adr group, and ®significant between low
and high dose group. p < 0.05.

Adr-increased ROS generation causes ST-segment elevation
which is an important marker of ischemia [33]. Pretreatment
of Adr injected rats with A. fragrantissima extract moderately
ameliorated Adr-induced ST-segment elevation. However, A.
fragrantissima extract failed to reverse Adr-induce tachycar-
dia and QT prolongation.

The imbalance between free radicals and antioxidant
enzymes is considered the most important mechanism
behind Adr-developed cardiac toxicity [30, 34]. The present
results demonstrated that, following Adr injection, cardiac
levels of TBARS were moderately increased, and that the
levels of the cardiac antioxidant GSH-PX and GSH were
moderately reduced. This information obviously points a case
of distinct oxidative stress. These data are in consistent with
the recent results of Benzer et al. [35]. A. fragrantissima

extract moderately decreased the Adr-associated elevation of
heart tissue content of TBARS, which is the product of Adr-
induced lipid peroxidation. Furthermore, A. fragrantissima
extract moderately increased the heart tissue content of GSH-
PX and GSH, which are important antioxidant defense of the
heart. Similarly, a previous study has shown that Achilloid
A, a sesquiterpene lactone, one of the most biologically
active constituents of A. fragrantissima, could resist the
oxidative stress caused by H,O, in astrocytes via scavenging
of ROS and blocking of H,0O,-induced mitogen-activated
protein kinase (MAPK) pathway [19]. This study also showed
high levels of phenolic and flavonoid compounds in the
A. fragrantissima extract. Like our results, the methanolic
extract of A. fragrantissima had a large amount of phenolic
and flavonoid compounds and exerted a strong antioxidant
activity in the diphenylpicrylhydrazyl (DPPH) free radical
scavenging assay [20, 36]. The phenolic compounds display
great ROS scavenging efficacy, via their reactivity as hydrogen
or electron-donating substances, and metal ion chelating
attributes [37, 38].

Several mechanistic pathways are probable to be impli-
cated in Adr-induced cardiotoxicity including increased
inflammatory reactions within the myocardium and pro-
moted the release of proinflammatory cytokines including
TNF-a and IL-13 [39]. In addition, novel clinical proof
props the possible impact of IL-8 in atherosclerosis, both
as a sign and as a probable medicinal goal. In the area of
interventional cardiology, it was proposed that high serum
concentration of IL-8 after percutaneous coronary interven-
tion could prognosticate the evolution of cardiac failure in
humans with acute myocardial infarction [40, 41]. NFkB
signaling is a converging point for controlling downstream
signaling cascades that include TNF-«, IL-13, IL-6, IL-8, and
transcription of other inflammatory genes [42].

Beyond their antioxidant effects, A. fragrantissima
extract has frequently been shown to possess various
anti-inflammatory and immunomodulatory effects [19].
The present study demonstrated that pretreatment with A.
fragrantissima caused significant reductions in serum TNF-
«, IL-1P3, and IL-6 levels, suggesting a reliable cytoprotective
action of A. fragrantissima against Adr-mediated release of
proinflammatory mediators. Similarly, A. fragrantissima
extract  inhibited lipopolysaccharide  (LPS)-induced
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FIGURE 5: Effects of A. fragrantissima on the heart tissue histopathological changes detected by H & E staining in Adr-induced cardiotoxicity
in rat (low power magnification x200). Photo (a) represents control group, cardiac muscle showing branching, anastomosing, and striated
muscle fibers with central oval vesicular nuclei (») and acidophilic cytoplasm. Notice the interstitial blood capillaries (—>) and spindle-shaped
connective tissue cells (thick arrow). Photo (b) represents A. fragrantissima 800 group. Photo (c) represents Adr group, cardiac muscle showing
pale cytoplasm with pyknotic nuclei (thick arrows). Focal areas of widely separated cardiac muscle fibers ranging from degenerated cytoplasm
up to necrosis. Photo (d) represents Adr group, cardiac muscle showing the perivascular edema around a coronary blood vessel (thick arrows)
together with marked disorganization of the thin degenerated fibers (). Notice the scattered pyknotic nuclei in the damaged fibers. Photo
(e) represents A. fragrantissima 400 + Adr group, showing necrosis of focal areas of degenerated cardiac muscle fiber (thick arrows). Notice
the dark small pyknotic nuclei of muscle fibers with abnormal staining (arrow head). Photo (f) represents A. fragrantissima 800 + Adr group,
showing the control appearance of the branching, anastomosing, and striated cardiac muscle.

expression of TNF-«a and IL-18 and downregulated ROS
production from primary cultures of activated microglial
cells [19]. The mechanism by which A. fragrantissima
reduced TNF-«, IL-1f3, and IL-6 concentrations following
Adr injection has not been elucidated in this work. However,
the anti-inflammatory effect of A. fragrantissima extract
may result from its antioxidant active constituents that
can cross the cell membranes and scavenge the ROS
intracellularly [19]. Therefore, the inhibitory effect of the
A. fragrantissima extract on the expression of TNF-«a and
IL-1f might be attributed to inhibition of NFkB activation
or to other signaling events leading to the production of

proinflammatory molecules in myocytes such as protein
kinase C or p38 MAPK [43].

5. Conclusion

The results of this study revealed that A. fragrantissima extract
ameliorates Adr-induced cardiotoxicity as it ameliorated ST-
segment elevation and reduced LDH and CK-MB via an
antioxidant (decreased TBARS and increased GSH and GSH-
PX) and anti-inflammatory (decreased TNF-«, IL-1f3, and
IL-6) mechanisms. Further studies are recommended to
elucidate the specified active constituents of A. fragrantissima
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FIGURE 6: Effects of A. fragrantissima on the heart tissue histopathological changes detected by H & E staining in control and Adr-induced
cardiotoxicity in rat (high-power magnification x400). Photo (a) represents the cardiac muscle of control group. Photo (b) represents the
cardiac muscle of A. fragrantissima 800 group, showing nearly normal cardiac muscle. Photo (c) represents the cardiac muscle of Adr
group, showing focal disruption of some fibers (—) with pale acidophilic sarcoplasm. Notice the marked focal aggregation of inflammatory
mononuclear cells (), interstitial fibroblasts (arrow head), and edema in between the fibers. Photo (d) represents the cardiac muscle of A.
fragrantissima 400 + Adr group, showing the widely separated degenerated myocardial fibers with pale homogenous cytoplasm (thick arrows).
Notice focal cytoplasmic vacuolization of some cardiac muscle fibers (—). Photo (e) represents the cardiac muscle of A. fragrantissima 800
+ Adr group, showing the normal branched appearance of the cardiac muscle fibers.

which are lies beneath its cardioprotective effect through the
antioxidant and anti-inflammatory actions.

Data Availability

The data and materials supporting the conclusions of this
article are included within the article.
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