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ABSTRACT
Cardiovascular diseases from the primary death causes worldwide. Doxorubicin (DOXO) consider one from
the most widely and potent anticancer drugs. Free radicals are responsible for cardiotoxicity induced by
DOXO. Hawthorn leaf has potent antioxidant, anti-cardiac remodeling, vasodilating, anti-inflammatory and
anti-reperfusion/ischemia injury. The current work was aimed to investigate the possible action of hawthorn
leaves methanolic extract (HLME) on the damage effects of DOXO in heart tissue. Adult male rats (n=40)
were equally divided into 4 groups; Control (Con), DOXO, HLME and HLME+ DOXO groups. The HLME (400
mg/kg) was administrated for 3 weeks before intraperitoneal (i.p) injection with DOXO (20 mg /kg, single
dose). Serum cardiac function enzymes, cardiac antioxidant biomarkers and serum inflammatory biomarkers were determined. As well as the cardiac muscle in all groups were histopathologically examined.
Pre-treatment with HLME significantly lowered the elevated serum cardiac function activities and inflammatory cytokine biomarkers, as well as ameliorated cardiac antioxidant biomarkers via decreasing oxidative
stress and increasing antioxidant status. The histopathological examination of cardiac muscle tissue confirmed these results. Therefore, the HLME has cardio protection effect against DOXO induced cardiotoxicity
in rats, this effect could be explained via antioxidant and anti-inflammatory properties.
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ostasis, changes in sarcomere composition,
modulation of gene expression, and apoptosis.[3].
Different strategies including adrenergic receptor and iron-chelating antioxidants have
been developed to protect the heart during cancer treatment. [4] However, the use of these
drugs is limited due to their side effects, as well
as the loss of useful heart effects years after the
end of the treatment [5]. Therefore, the creation
of other therapies was a significant challenge.
Several medicinal plants have successfully prevented DOXO-related cardiotoxicity exploring
more plant-derived natural compounds that
prevent DOXO cardiotoxicity and enhance its
chemotherapeutic efficacy [6-8].

INTRODUCTION
The first liposomal encapsulated anticancer
drug was Doxorubicin hydrochloride liposomal
injection. It has activity against a number of malignancies including solid tumors, transplantable
leukemias, and lymphomas [1]. The DOXO has
sever adverse effect such as cardiomyopathy,
this disease is known to have a significant impact on the quality of life for patients who have
survived cancer, particularly kids [2]. Several
molecular processes is used to know the acute
and chronic pathogenesis effect of DOXO that
caused cardiotoxicity including oxidative stress,
metabolism of iron, deregulation of Ca2+ home-
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Crataegus, monogyna (Hawthorn) play an important role for folk medicine. Its flower buds,
leaves and flowers are used to treat some diseases such as insomnia, irritability, loss of
memory and confusion [9]. Hawthorn is used for
cardiotonic, coronary vasodilatonic and hypotensive treatments [10]. The antioxidant property of hawthorn as one of the medicinal plants
can be linked to its content of polyphenolic
compounds including flavonoids [11]. The hawthorn contains bioactive compounds such as
proanthocyanidins, phenolic acids, the essential
oils, aromatic amines, and flavonoids (quercetin,
hyperin, rutin, apigenin and spirein) [12]. Therefore, the current research aims to assess the effect of HLME in suppression the cardiotoxicityinduced by DOXO in rats.

groups; Cont group (n=10) rats injected with
normal saline, HLME group (n=10) which injected orally with HLME (400 mg/kg), while cardio
group were subdivided into Cardio (DOXO)
(n=10) and cardioprotective (n=10) model
group (HLME + DOXO) which injected orally
with HLME (400 mg/kg) for 21 days, then injected with DOXO. Cardiotoxicity was induced
via i.p. injection with DOXO (20 mg /kg, single
dose) [16].

MATERIAL AND METHODS

Serum biochemical measurements
Cardiac function enzymes (creatinine kinase
(CK-MB) activity and lactate dehydrogenase
(LDH) activity) were measured in serum using
ELISA kits purchased from My Biosource, San
Diego, USA according to the instructions of the
manufacture.

Blood and Heart samples collection
Three days after DOXO injection, the rats fasted
12 hrs before anaesthetized, the blood and tissue samples were collected. Serum samples
were isolated for biochemical tests. The cardiac
tissue samples were processed for histological
and biochemical examinations.

Drug and chemicals
Doxorubicin (Adriamcyin®, 50 mg Adr/25 ml)
DOXO, EBEWE, Pharma Company, Austria, was
bought from Sigma Co. (Aldrich Inc). All chemical with high grade were bought from Sigma
(Aldrich chemical Co.) St. Louis, MO.

Cardiac antioxidant markers
Superoxide dismutase (SOD) and glutathione
reductase (GR) activities, as well as the malonaldehyde (MDA) and nitric oxide (NO) levels
were measured in cardiac tissue homogenate
using ELISA kits purchased from My Biosource,
San Diego, USA according to the manufacturer’s
instructions.

Preparation of Hawthorn leaves extraction
Hawthorn (Crataegus spp.) leaves Rosacease L.
was purchased from the organic store Abazeer,
Jeddah, KSA. The leaves of hawthorn was authenticated and identification in faculty of
Pharmacy, KAU. KSA. Dried powdered of hawthorn leaves (500 g) was soaked in methanol 70
% (1 L) and mixed by magnetic stirrer (100
rpm) on a shaker for 48 h at 25°C . The resulting
extract was then concentrated by rotary evaporator under vacuum at 37 °C after filtration then
completely dried by freeze dried. Hawthorn
leaves methanolic extract (HLME) was stored at
-20°C until used for preparation the required
concentration [13]. The HLME was given to the
rats orally via gastric tube at 400 mg /kg b.wt
[14] for 3 weeks [15].

Serum inflammation markers
Interleukin-1 beta (IL-1 β) and Interlukin-6 (IL6) were measured in serum using ELISA kits
purchased from My Biosource, San Diego, USA
according to the instructions of the manufacture.
Histopathological examination
Cardiac tissue samples were processed and
stained with haematoxylin and eosin ( H&E) for
histopathological studies [17].

Experiment protocol
Male rats (n=40) (200-220 g) were bought from
the animal unit of King Fahd Center, KAU. Rats
were adhering under the rules of Canadian Ethical that approved from Biomedical Ethical
Committee, KAU. Rats fed standard pellet diet
with free water. They were left 7 days to acclimatize. The animals were divided into control
(Con), HLME and cardiotoxic (cardio) model

Statistics
The data were represented as (mean ± SE). Statistics was analyzed by ANOVA (one-way analysis of variance) using SPSS ver. 24 (p≤ 0.05 consider significant).
RESULTS
Cardiac function enzymes
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The The HLME (400 mg/kg) group revealed no
significant difference on cardiac enzymes (CKMB and LDH) compared with Con group. Injection of rats with DOXO showed significant
(p< 0.001) elevation on cardiac function en-

zymes (CK-MB and LDH) compared with Con
rats. While administration of HLME (400 mg/kg)
pre-injection with DOXO exert significant decline on CK-MB and LDH activities compared
with
DOXO
group
Table
1.

TABLE 1: Effect of HLME on cardiac function enzymes CK-MB and LDH in DOXO- induced cardiotoxic in
rats.
Animal groups
CK-MB
LDH
Con
251.21 ± 11.73
244.05 ± 10.60
&
DOXO
452.18 ± 11.54
534.17 ± 15.93 &
HLME
249.39 ± 9.75
243.49 ± 6.30
#
HLME+ DOXO
272.94 ±8.39
260.89 ±6.74 #
Cardiac antioxidant markers
The HLME (400 mg/kg) group showed improvement in cardiac antioxidant biomarkers,
however there were no significant difference
compared with Con group. Injection the rats
with DOXO exerted exhaustion in cardiac antioxidant biomarkers, there were significant (p<
0.001) decline on cardiac enzymatic activities
(SOD and GR) with significant (p< 0.001) elevation on non-enzymatic levels (MDA and NO)

compared with Con rats. While administration
of HLME (400 mg/kg) pre-injection with DOXO
showed marked improvement on cardiac antioxidant biomarkers, there were significant (p<
0.001) elevation on cardiac enzymatic activities
(SOD and GR) with significant (p< 0.001) decrease on non-enzymatic levels (MDA and NO)
compared with DOXO
group Figures 1-4.

&significant

difference versus Con group. $ Significant difference versus DOXO group. (n=10 rats/group)
Figure1. Effect of HLME on cardiac SOD (U/g tissue) activity in DOXO- induced cardiotoxic in rats.

&significant

difference versus Con group. $ Significant difference versus DOXO group. (n=10 rats/group)
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Figure 2. Effect of HLME on cardiac GR (U/g tissue) activity in DOXO- induced cardiotoxic in rats.

&significant

difference versus Con group. $ Significant difference versus DOXO group. (n=10 rats/group)
Figure 3. Effect of HLME on cardiac MDA (nmol/g tissue) activity in DOXO-induced cardiotoxic in rats.

&significant

difference versus Con group. $ Significant difference versus DOXO group. (n=10 rats/group)
Figure 3. Effect of HLME on cardiac NO (µ mol/g tissue) activity in DOXO-induced cardiotoxic in rats.

Cardiac histopathological results
cells infiltration (Figure 5 B and Figure 5 C). As
well as vacuolation of sarcoplasm of cardiac myocytes (Figure 5 D). Cardiac muscle of HLME
+DOX group showing near normal structural of
cardiac
muscles
(Figure
5
F).

Cardiac muscle of Con and HLME groups (Figures 5 A and 5 E) showing normal cardiac myocytes. Cardiac muscle of DOXO group showing
focal myocarditis with intermuscular leucocytic
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Figure 5. Effect of HLME on cardiac tissue in DOXO-induced cardiotoxic in rats (H&E x 400). Cardiac
muscle of Con and HLME groups showing normal cardiac myocytes. Note oval central vesicular nuclei
(small arrows), branching and striated muscle fiber (arrow head) and connective tissue cells with spindle
shaped (large arrows) (Figures A and E). Cardiac muscle of DOXO group showing focal myocarditis with
intermuscular leucocytic cells infiltration (small arrows), widely separated muscle cardiac (*), disorganized and degenerated cardiac fibers (arrow head) (Figure B and C). As well as vacuolation of sarcoplasm of cardiac myocytes (Figure D) (large arrows). Cardiac muscle of HLME+DOX group showing near
normal structural appearance of cardiac muscles with organized cardiac fiber (arrows head) and oval
central vesicular nuclei (arrows) (Figure F).
heart muscle compared to the control group.
DISCUSSION
The data revealed that administration of DOXO
had increased LDH, CK-MB enzymes activity,
The DOXO is an outstanding antitumor medicaMDA, NO and serum inflammatory cytokines
tion to treat multiple kinds of leukemia, lymwhile there were significant decreases in SOD
phomas and solid cancer [18]. The significant
and GR enzymes. In addition, there were major
limiting complications is acute and chronic toxhistopathological changes in the heart muscle.
iciRecently, most of the research results were in
ty.Symptoms of acute cardiotoxicity, such as arr
the same line with Atli et al. [22]. They reported
hythmias, while chronic toxicity can
advance
that DOXO caused cardiotoxicity in rats. Higher
into irreversible cardiomyopathy [19]. Doxoruconcentrations of serum biomarker proteins
bicin has a risky dose-dependent effect in the
(LDH and CK-MB) could indicate cardiotoxicity.
development of cardiomyopathy in up to twenty
These increases suggested a leakage of these
five percent of patients and life-threatening
enzymes from the cardiomyocytes which is
heart failure in about 1-4%. Doxorubicin inbacked by other studies [23-24]. The other
duced cardiotoxicity, which is linked with the
cumulative dose of doxorubicin [20]. The DOXO
constituents caused oxidative stress, which are
reason for cardiotoxicity caused by DOXO could
the major rational for cardiotoxicity [21]. The
be via free radical formation through two main
current research was performed to explore the
mechanisms: a non-enzymatic pathway using
potential protective influences of HLME against
iron and an enzymatic pathway using the rescardiotoxicity caused by DOXO in experimental
piratory chain of mitochondria [25- 26].
animals.
The DOXO-induced cardiotoxicity theory most
This study examined the impact of intraperitiowidely involved the formation of free radicals
neal injection with DOXO (20 mg /kg, single
and superoxides. In the free radical theory, the
dose) on the cardiac function enzymes, cardiac
response was initiated by the loss of a doxorubiantioxidant biomarkers and serum inflammatocin electron that caused the development of radry biomarkers as well as histology of the rat’s
ical doxorubicin semiquinone assisted by a de-

110

Arwa M. Turkistani

Entomol. Appl. Sci. Lett., 2018, 5(3):106-113

creased flavoenzyme like NADPH-cytochrome
P450 reductase. This radical appears to be partially stable in the anoxic setting, but its unpaired electron is provided to oxygen under the
normoxic condition leading to the creation of
radicals of superoxide. The radical semiquinone
created an iron complex resulting in the free
radical doxorubicin-iron complex (Fe 2+)[27-29].
This radical harm caused extremely toxic aldehydes like malondialdehyde (MAD) to be produced. These aldehydes could readily spread
through the cell membrane into the cell and attach themselves to micromolecular objectives,
thus acting as secondary cytotoxic messengers
[30].
Interestingly, in this research that the coadministration or post-treatment of HLME improved oxidative damage and normalized
DOXO's enzymatic and non-enzymatic defense
operations, in addition to decreasing lipid peroxidation in the cardiac tissues of infected rats.
Subsequently, the treated group's cardiac enzymes and other parameter values achieved
close ordinary concentrations this may be due to
HLME antioxidant scavenging ability. Hawthorn
indicates a range of antioxidant-related polyphenols, flavonol glycosides, and C-glycosyl flavones. The HLME is modulating the toxic effect
caused by DOXO [31-32]. The histopathological
examination of cardiac tissue strongly supported these results. In the cardiac muscle, vacuolization are autophagic in nature and may rise
due to the toxicity caused by DOXO which was
depicted clearly in DOXO group. On the other
hand the group of rats co-administered or posttreated with HLME, much less vacuolization was
observed.
Hawthorn has been effectively used to treat
cardiotoxicity through various activities, including vasodilatation of coronary and peripheral
vessels by improving the endothelial release of
nitric oxide and inhibition of angiotensin conversion enzyme (ACE), improving cardiac atrophy, and potentially by antiplatelet and anticoagulant impacts [33-35]. In relation to the immediate cholinergic receptor agonist, HLME also
has a blocking effect of beta-adrenergic receptors [36]. Preliminary studies showed that the
use of ACE and beta-blocking agents improves
the cardiomyopathy caused by DOXO [37-38].

It could be concluded that HLME attenuates the
cardiac damage induced by DOXO, it improved
all biochemical parameters, as well as histopathological alterations via antioxidant and antiinflammatory pathways.

REFERENCES
1.

2.

3.

4.

5.

6.

7.

8.

111

Slingerland, M., Guchelaar, H.J. and Gelderblom, H. (2012). Liposomal drug formulations in cancer therapy: 15 years along the
road. Drug Disco, 17:160-6.
Fernandez-Chas M., Curtis M.J. and Niederer S.A. (2018). Mechanism of doxorubicin cardiotoxicity evaluated by integrating
multiple molecular effects into a biophysical model. Br J Pharmacol., 175: 763–781.
Zhu, J., Zhang,J and ,Zhang,L. (2011). Interleukin-1 signaling mediates acute doxorubicin-induced
cardiotoxicity.
Biomed
Pharmacotherapy, 65(7): 481–485.
Guo, R., Wu, K., Chen, J., Mo, L., Hua,
X., Zheng, D., Chen, P., Chen, G., Xu, W.
and Feng, J.(2013). Exogenous hydrogen
sulfide
protects
against doxorubicininduced inflammation and cytotoxicity by
inhibiting p38MAPK/NFκB pathway in
H9c2 cardiac cells. Cell Physiol Biochem.,
32(6):1668-80.
Hosseini, A., Bakhtiari, E. and Mousavi, S.H.
(2017). Protective effect of Hibiscus sabdariffa on doxorubicin-induced cytotoxicity in
H9c2 Cardiomyoblast Cells. Iran. J. Pharm.
Res., 16, 708–713.
Yilmaz, S., Atessahin, A., Sahna, E., Karahan,
I. and Ozer, S. (2006). Protective effect of
lycopene on adriamycin-induced cardiotoxicity
and
nephrotoxicity.
Toxicology, 218:164–171.
Hamza,
A.,
Amin,A and Daoud,S.
(2008). The protective effect of a purified
extract of withania somnifera against doxorubicin-induced cardiac toxicity in rats. Cell
Biol Toxicol., 42:63–73.
Li, W., Xu, B., Xu, J. and Wu, L.
(2009). Procyanidins produce significant
attenuation of doxorubicin-induced cardiotoxicity via suppression of oxidative
stress. Basic
Clin
Pharmacol
Toxicol.104:192–197.

Arwa M. Turkistani
9.

10.

11.

12.

13.

14.

15.

16.

17.

Entomol. Appl. Sci. Lett., 2018, 5(3):106-113

Diane, A., Borthwick, F., Wu, S., Lee, J.,
Brown, P. N., Dickinson, T. A., Croft, K. D.,
Vine, D. F. and Proctor, S. D. (2016). Hypolipidemic and cardioprotective benefits of a
novel fireberry hawthorn fruit extract in
the JCR:LA-cp rodent model of dyslipidemia
and cardiac dysfunction. Food Funct., 7:
3943–3952.
Koch, E., and Malek, F. A. (2011). Standardized extracts from hawthorn leaves and
flowers in the treatment of cardiovascular
disorders- preclinical and clinical studies.
Planta Med., 77: 1123–1128.
Dahmer, S. and Scott, E. (2010) Health effects of hawthorn. Am Fam Physician., 81:
465–468.
Chang, M. Zhu, Z. Zuo, M and Chow, W.K.
(2001). High-performance liquid chromatographic method for simultaneous determination of hawthorn active components in
rat plasma. J Chromatogr Biomed Sci Appl.,
760: 227-235.
Sowndhararajan, K. and Kang, S.C. (2013).
Free radical scavenging activity from different extracts of leaves of Bauhinia vahlii
Wight & Arn. Saudi J Biol Sci., 20(4):319-25.
Chahardahcharic, S.V. and Setorki, M.
(2018). The effect of hydroalcoholic extract
of Crataegus monogyna on hyperglycemia,
oxidative stress and pancreatic tissue damage in streptozotocin-induced diabetic rats.
J Herbmed Pharmacol., 7(4): 294-299.
Rezaei-Golmisheh, A., Malekinejad, H., AsriRezaei, S., Farshid, A.A. and Akbari, P.
(2015). Hawthorn ethanolic extracts with
triterpenoids and flavonoids exert hepatoprotective effects and suppress the hypercholesterolemia-induced oxidative stress in
rats. Iran J Basic Med Sci. 18(7):691-699
El-Agamy, D. S., Abo-Haded, H. M. and Elkablawy, M. A. (2016). Cardioprotective effects of sitagliptin against doxorubicininduced cardiotoxicity in rats. Experimental
Biol
and
Med.,
doi.org/10.1177/1535370216643418.
Bancraft, J.D., Stevens, A. and Turner, D.R.
(1996). Theory and Practice of Histological
Techniques. Fourth Ed. New York, London,
San Francisco, Tokyo: Churchill Livingstone.

18. Al-Kuraishy, H. M., Mohammed, M. A. and
Khaleel,S. (2015). Significant attenuation
and amelioration effects of labetalol in
doxorubicin induced cardiotoxicity. An animal model study. J Cardiovascular Surg, 3
(2): 25-29.
19. AlKuraishy , H. M. and Al-Gareeb, A.I.
(2015). Cardio-protective effects of cyclosporine in doxorubicin induced cardiotoxicity and assessment of Interleukin-17 as
biomarker of cardiac injury: an animal
model study. Adv. Biomed. Pharma., 2(
3):138-145.
20. Iqbal, M. K., Dubey, T., Anwer, A. and Pillai,
K. K. (2008). Protective effects of telmisartan against acute doxorubicin-induced cardiotoxicity in rats. Pharmacological Reports, 60 (3): 382-389.
21. Dragojevic-Simic, V.M., Dobric SL, Bokonjic,
D.R., Vucinic, Z.M., Sinovec, S.M., Jacevic,
V.M. and Dogovic, N.P. (2004). Amifostine
protection against doxorubicin cardiotoxicity in rats. Anticancer Drugs, 15:169–178.
22. Atli, O. S. Ilgin, H. Altuntas,O. and Burukoglu,D. (2015). Evaluation of azithromycin induced cardiotoxicity in rats. Intern
J of Clin and Experiment Med., 8( 3): 3681–
3690.
23. Bruce, J. (2010). Plasma membrane calcium pump regulation by metabolic stress.
World J Biol Chem., 1 (7): 221-228.
24. Nagi, M.N. and Mansour,M.A.( 2000). Protective effect of thymoquinone against doxorubicin-induced cardiotoxicity in rats: a
possible mechanism of protection. Pharmacol Res., 41 (3): 283-289.
25. Gianni, L., Zweier, J.L, Levy, A.and Myers,
C.E. (1985). Characterization of the cycle of
iron-mediated electron transfer from doxorubicin to molecular oxygen. J Biol Chem.,
259:6056-8.
26. Olson, R.D. and Mushlin, P.S. (1990). Doxorubicin cardiotoxicity: analysis of prevailing hypothesis. FASEB. J., 4:3076-86.
27. Alderton, P.M., Gross, J. and Green, M.D.
(1992). Comparative study of doxorubicin,
mitoxantrone, and epirubicin in combination with ICRF-187 (ADR-529) in a chronic
cardiotoxicity animal model. Cancer Res.,
52:194-201.

112

Arwa M. Turkistani

Entomol. Appl. Sci. Lett., 2018, 5(3):106-113

28. Rossi, F., Filippelli, W., Russo, S., Filippelli,
A. and Berrino, L. (1994). Cardiotoxicity of
doxorubicin: effects of drugs inhibiting the
release of vasoactive substances. Pharm
Tox., 75:99-107.
29. Vásquez-Vivar, J., Martasek, P., Hogg, N.
and Masters, B.S. (1997). Endothelial nitric
oxide synthase-dependent superoxide generation from adriamycin. Biochem Pharmacol., 36:11293-7.
30. Luo, X., Evrovsky, Y., Cole, D., Trines, J., Benson, L.N. and Lehotay, D.C. Doxorubicininduced acute changes in cytotoxic aldehydes, antioxidant status and cardiac function in the rat. Biochim. Biophys. Acta.,
1360:45-52.
31. Cui, T., Li, J., Kayahara, H., Ma, L., Wu, L. and
Nakamura, K. (2006). Quantification of the
polyphenols and triterpene acids in hawthorn by high-performance liquid chromatography. J of Agri and Food Chem., 54(13),
4574–4581.
32. Ali,S.J. and Shapour, H.(2013). Crataegus
monogyna fruit aqueous extract as a protective agent against doxorubicin-induced
reproductive toxicity in male rats. Avicenna
J Phytomed., 3(2): 159–170.
33. Shatoor, A.S.( 2012). Cardio-tonic effect of
the aqueous extract of whole plant of Crataegus aronia syn:azarolus (L) on isolated
rabbit’s heart. Afri J Pharmacy and Pharmacol., 6 (26): 1901-1909.
34. Shatoor, A.S. (2011). Acute and sub-acute
toxicity of Crataegus Aronia Syn. Azarolus

35.

36.

37.

38.

113

(L.) whole plant aqueous extract in wistar
rats. Am J of Pharmacol and Toxicol., 6 (2):
37-45.
Shatoor, A.S., Soliman, F., Al-Hashem, B.E.,
Gamal, A., Othman, N. and El-Menshawy, A.
(2012). Effect of Hawthorn (Crataegus aronia syn. azarolus (L)) on platelet function in
albino Wistar rats. Thrombosis Res., 130
(1): 75–80.
Shatoor, A.S. (2013). In vivo hemodynamic
and electrocardiographic changes following
Crataegus aronia syn. Azarolus (L) administration to normotensive Wistar rats. Saudi Med J., 34 (2) 179-190.
Kalay, N., Basar, I., Ozdogru, O., Er, Y.,
Cetinkaya, A., Dogan, T., Inanc, A., Oguzhan ,
N.K., Eryol , R., Topsakal,d. and Ergin, A.
(2006). Protective effects of carvedilol
against anthracycline-induced cardiomyopathy. J of the Am College of Cardiol., 48
(11): 2258-2262.
Cardinale, D., Colombo, M.T., Sandri, G.,
Lamantia, N., Colombo, M., Civelli, G., Martinelli, F.,Veglia, C., Fiorentini, C.M. and Cipolla,D. (2006). Prevention of high-dose
chemotherapy-induced cardiotoxicity in
high-risk
patients
by
angiotensinconverting enzyme inhibition. Circulation,
114 (23):2474-2482.

