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Abstract

Cardiac contusion is a potentially fatal complication of blunt chest trauma. The effects of a combination of quercetin and

methylprednisolone against trauma-induced cardiac contusion were studied. Thirty-five female Sprague-Dawley rats were

divided into five groups (n=7) as follows: sham, cardiac contusion with no therapy, treated with methylprednisolone (30 mg/kg on

the first day, and 3 mg/kg on the following days), treated with quercetin (50 mg?kg–1?day–1), and treated with a combination of

methylprednisolone and quercetin. Serum troponin I (Tn-I) and tumor necrosis factor-alpha (TNF-a) levels and cardiac

histopathological findings were evaluated. Tn-I and TNF-a levels were elevated after contusion (P=0.001 and P=0.001). Seven

days later, Tn-I and TNF-a levels decreased in the rats treated with methylprednisolone, quercetin, and the combination of

methylprednisolone and quercetin compared to the rats without therapy, but a statistical significance was found only with

the combination therapy (P=0.001 and P=0.011, respectively). Histopathological degeneration and necrosis scores were

statistically lower in the methylprednisolone and quercetin combination group compared to the group treated only with

methylprednisolone (P=0.017 and P=0.007, respectively). However, only degeneration scores were lower in the combination

therapy group compared to the group treated only with quercetin (P=0.017). Inducible nitric oxide synthase positivity scores were

decreased in all treatment groups compared to the untreated groups (P=0.097, P=0.026, and P=0.004, respectively). We

conclude that a combination of quercetin and methylprednisolone can be used for the specific treatment of cardiac contusion.
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Introduction

Cardiac contusion is a potentially fatal complication of

blunt chest trauma (1). Motor vehicle accidents are the

most common cause of cardiac contusions (2), and the

frequency of cardiac contusion ranges from 8% to 76%

depending on the diagnostic criteria used after trauma (3).

The Centers for Disease Control and Prevention (USA)

reports approximately 30,000 patients with blunt cardiac

trauma per year (4).

Blunt chest trauma may lead to cardiac injury including

myocardial contusion, hematoma, ventricular rupture,

ventricular septal defect, and valvular damage, or a

decrease in coronary blood flow associated with vascular

lesions, subintimal hemorrhage, intraluminal thrombosis,

or vasoconstriction (1,5). Because cardiac contusion may

potentially cause severe hemodynamic compromise and

life-threatening arrhythmias (3,6), its accurate manage-

ment is very important. However, current therapy for

cardiac contusion is mainly supportive and includes fluid

replacement and inotropic and anti-arrhythmic drugs (7);

no specific treatment for myocardial injury has yet been

established.

Steroids have anti-inflammatory activity and they have

been shown to be beneficial in the treatment of

myocardial injury associated with ischemia, cardiac

surgery, and cyclosporin A (8-10). Quercetin is an

antioxidant flavone, which has been found to inhibit
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ischemia-reperfusion-induced gene and protein expres-

sion of nicotinamide adenine dinucleotide phosphate

oxidase 2 (NOX2) and inducible nitric oxide synthase

(iNOS) and to have beneficial effects on myocardial injury

(11,12). Although the combination of glucocorticoids and

antioxidants has been studied in the management of

various organ injuries (13-15), there are a limited number

of investigations evaluating their effectiveness in cardiac

lesions (16). Moreover, to date, no study has used this

combination in the treatment of cardiac contusion.

This study aimed to evaluate the consequences of

separate and combined use of methylprednisolone and

quercetin in a rat model of myocardial injury associated

with cardiac contusion.

Material and Methods

The experimental protocol was approved by the

Experimental Animal Studies Ethics Committee of

Ondokuz Mayis University, Samsun, Turkey.

Animals and experimental protocol
All rats were provided by the Experimental Research

Center of the Medical Faculty of Ondokuz Mayis

University. Thirty-five female Sprague-Dawley rats weigh-

ing 250-300 g were used as experimental subjects. They

were kept under standard experimental laboratory condi-

tions (246C, 12:12-h dark-light cycle, free access to food

and water, and 60% relative humidity).

The rats were allocated to five groups (n=7) as

follows: S, sham; Cont, cardiac contusion; Cont++MP,

Cont group treated with ip methylprednisolone (Prednol-L;

Mustafa Nevzat, Turkey) (17); Cont++QC, Cont group

treated with oral gavage administration of quercetin

(Sigma Chemical Co., USA) (18); Cont++MP++QC, Cont

group treated with methylprednisolone and quercetin

combined. All drug dosages used are shown in Table 1.

The rats were anesthetized with 100 mg/kg ketamine

hydrochloride (ip) and 10 mg/kg xylazine (ip) and then

placed in a supine position on plexiglass boards. A blunt

chest trauma model was induced applying 1.96 J of

impact energy (19). The impact energy (E) of the falling

weight was calculated from the equation: E=mgh (20),

where m is the mass of the falling aluminum weight

(0.4 kg), g is gravitational acceleration (9.8 m/s2), and h is

the height of the weight above the study platform (50 cm).

The rats were observed following the procedure, and all of

them survived.

At the end of the seventh day, all of the rats were killed

following an ip ketamine hydrochloride injection. After the

thoracic procedure, the hearts were removed from the

thorax for histopathological and immunohistochemical

investigation. Histopathological assessments were

blinded and performed by an experienced pathologist.

Morphological and histopathological studies of
myocardial contusion

The effects of contusion on heart tissue were

evaluated by histopathological and immunohistochemical

studies. The hearts were rapidly excised and fixed in 10%

buffered formalin for 24-72 h and embedded in paraffin

following a routine procedure. Sections 5-mm thick were

prepared from the blocks and stained with hematoxylin

and eosin for routine microscopic examination.

Subsequently, a blinded pathologist examined all micro-

scopic slides. Necrosis, degeneration, hemorrhage, and

calcification in myocardial tissue were scored from 0 to 3

as follows: 0, negative; 1++, weak; 2++, moderate; and

3++, severe.

Immunohistochemistry procedure for myocardial
contusion

Heart tissue samples were fixed in 10% neutral

buffered formalin and embedded in paraffin. All samples

were sectioned at a thickness of 5 mm, then deparaffin-

ized and rehydrated. The streptavidin-biotin-peroxidase

complex technique (Histostain Plus Kit; Zymed, cat.

No. 85-8943, USA) was used for the immunohistochem-

ical study.

Endogenous peroxidase activity was removed by

incubation with 2% hydrogen peroxidase in methanol for

30 min at room temperature. Antigen retrieval was

performed by microwave treatment for 15 min in citrate

buffer, pH 6.0. Rabbit polyclonal anti-iNOS antibody

(1/250; Abcam, cat. No.: ab3523, UK) was used as

primary antibody. Aminoethyl carbazole was used as the

Table 1. Treatment protocols in the study groups.

Study groups 1st day (single dose, 5 min after contusion) 2nd -7th days (once a day)

S No treatment No treatment

Cont No treatment No treatment

Cont++MP MP (30 mg/kg bolus, ip) MP (3 mg/kg, ip)

Cont++QC QC (50 mg/kg, po) QC (50 mg/kg, po)

Cont++MP++QC MP (30 mg/kg bolus, ip)
QC (50 mg/kg, po)

MP (3 mg/kg, ip)
QC (50 mg/kg, po)

S: Sham; Cont: cardiac contusion; MP: methylprednisolone; QC: quercetin.
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chromogen in hydrogen peroxide for 10 min, which was

controlled by visual observation with a microscope. The

sections were counterstained with Lillie Mayer’s hematox-

ylin for 1 min and rinsed with tap water. Subsequently, the

sections were mounted with an aqueous mounting

medium.

All morphological images were acquired using a light

microscope (Nikon Eclipse E600, Nikon Corporation,

Japan). Immunohistochemical iNOS staining of the heart

tissue samples was evaluated semiquantitatively accord-

ing to the intensity of the staining, which was scored as

faint (––/++), mild (1++), moderate (2++), and strong (3++).

Evaluation of immunostaining was performed in at least

eight randomly selected areas per heart section, using

two sections from each animal at 4006 magnification.

The final score calculated in each category for each rat

was the mean of the scores from the heart sections

examined.

Biochemical procedure
Blood samples taken from rat hearts 7 days after

contusion were put into potassium EDTA tubes. They

were centrifuged at 1500 g for 10 min in order to obtain

the serum. Plasma samples were kept frozen at ––406C

initially and brought to ++46C one night before the study.

After the samples were thawed, biochemical analyses

were performed. Plasma tumor necrosis factor-alpha

(TNF-a; Cat. No. KRC3011, Invitrogen, USA) and serum

troponin I (Tn-I; Cat. No. CK-E30258, Hangzhou

Eastbiopharm Corporation, China) levels were measured

using sandwich ELISA. All biochemical results were

represented as picograms per milliliter.

Statistical analysis
All measurements were analyzed with the SPSS 21.0

package software (USA). Measurements obtained were

reported as median (minimum/maximum) or means±SD.

All values were compared with a Mann-Whitney U-test.
The statistical significance level was P,0.05.

Results

Biochemical findings
Following blunt chest trauma, serum Tn-I levels were

significantly increased in the Cont group compared to the

S group (P=0.001), and Tn-I levels in the treatment

groups (Cont++MP, Cont++QC, and Cont++MP++QC)

were lower than in the Cont group (P=0.073, P=0.710,

and P=0.001, respectively; Table 2). Likewise, serum

TNF-a levels were also significantly increased after chest

trauma in the Cont group compared to the control (S

group; P=0.001), and TNF-a levels in the treatment

groups (Cont++MP, Cont++QC, and Cont++MP++QC)

were lower than in the untreated group (Cont; P=0.097,

P=0.259, and P=0.011, respectively; Table 2). Serum

levels of both Tn-I and TNF-a were significantly lower in

the Cont++MP++QC group than in the Cont++QC group

(P=0.011 and P=0.038, respectively); serum Tn-I and

TNF-a levels in the Cont++MP++QC group were also

lower than in the Cont++MP group, but the difference was

statistically significant only for Tn-I (P=0.011; Table 2).

Histopathological findings
All findings from histopathological scores in study

groups are represented in Figure 1A-D. Scores for

hemorrhage, degeneration, necrosis, and calcification in

myocardial tissue were greater in the Cont group than in the

S group (P=0.001, P=0.001, P=0.208, and P=0.026,

respectively; Table 3). Although the only significant

decrease observed in animals treated with methylpredni-

solone compared with the Cont group was in hemorrhage

scores (P=0.026) and none of the histopathological

parameters changed significantly in the Cont++QC group

compared to the Cont group, simultaneous treatment of

contused animals with methylprednisolone and quercetin

resulted in a significant decrease in degeneration, necrosis,

and calcification scores compared to the Cont group

(P=0.001, P=0.007, and P=0.026, respectively; Table 3).

Degeneration and necrosis scores were statistically

lower in the Cont++MP++QC group compared to the

Cont++MP group (P=0.017 and P=0.007, respectively).

However, only degeneration scores were lower in the

Cont++MP++QC group compared to the Cont++QC group

(P=0.017; Table 3).

Immunohistochemical results
The iNOS myocardial expression score was signifi-

cantly higher in the Cont group (median 3++) than in the S

group (median ++/––; P=0.001; Figure 2A and B). iNOS

positivity scores were decreased in the treatment groups

(Cont++MP, Cont++QC, and Cont++MP++QC; median

2++, median 2++, and median 1++, respectively) compared

to the Cont group (median 3++; P=0.097, P=0.026, and

P=0.004, respectively; Table 4, Figure 2).

Between treatment groups, iNOS expression scores

were lower in the Cont++MP++QC group (Figure 2E)

compared to the other treatment groups [Cont++MP

(Figure 2D) and Cont++QC (Figure 2C)], but these

differences were not statistically significant (P=0.165

and P=0.208, respectively; Table 4).

Discussion

Cardiac contusion is an important condition, which

may cause myocardial injury and associated morbidity or

mortality. A variety of anti-inflammatory and antioxidant

agents have been studied in the management of various

cardiac injury conditions (8,9,21-23). The current study

investigated the single and combined effects of methylpred-

nisolone and quercetin in myocardial injury caused by

cardiac contusion and found that combined use of these

agents resulted in a more pronounced improvement in the
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markers of inflammation and myocardial damage than

monotherapy.

The diagnosis of cardiac contusion after blunt chest

trauma is difficult due to the lack of standard diagnostic

criteria and its varied manifestations (3). Cardiac contusion

is diagnosed by a combination of medical history regarding

the mechanism of trauma, together with clinical findings and

diagnostic tests (3,6). Blunt cardiac trauma may lead to

contused myocardium (showing muscle necrosis, edema,

and hemorrhage), complex arrhythmia, cardiac rupture,

coronary artery laceration, pericardial laceration, shock, and

sudden death (4,24). The pathophysiological and molecular

changes of cardiac contusion after blunt chest trauma

remain unclear, and there is no specific drug for use in this

condition; therefore, the current treatment strategy following

cardiac contusion involves supportive and symptomatic

therapy. It is thought that histopathological and molecular

designed studies may play a role in the development of

therapeutic strategies for cardiac contusion.

iNOS is an enzyme expressed in various tissues,

including the heart, only during pathological and inflamma-

tory conditions. Although nitric oxide generation is stated to

be an adaptive mechanism against ischemia-reperfusion

injury, in the presence of oxidative stress it augments the

stressful condition via oxidative or nitrosative species,

inhibits mitochondrial respiration, and results in deleterious

effects on the myocardium (25-27). TNF-a is a mediator

released in any inflammatory process. It has a depressor

effect on the heart and causes stimulation of iNOS

expression (26,28). Therefore, these markers and histolo-

gical findings were thought to be appropriate tools in the

evaluation of recovery from myocardial injury.

In the present study, all the markers of inflammation and

myocardial damage that were investigated, including TNF-

a, Tn-I, and iNOS expression, and myocardial hemorrhage,

degeneration, necrosis, and calcification scores were

significantly lower in rats treated with combined methyl-

prednisolone and quercetin compared to the Cont group.

However, the animals treated solely with methylpredniso-

lone had statistically lower levels of Tn-I and myocardial

hemorrhage scores, whereas the only significant change

provided by isolated quercetin therapy was a decrease in

iNOS expression. It was found that a combination treatment

with methylprednisolone and quercetin provided a more

explicit decrease in indicators of inflammation and myocar-

dial injury than separate use of these medications. It is thus

Table 2. Comparison of serum troponin I and TNF-a levels in experimental groups.

S Cont Cont++MP Cont++QC Cont++MP++QC

Tn-I (pg/mL) 223.02±30.98 412.65±33.631 342.61±63.10 368.51±91.06 214.67±78.91+*#

TNF-a (pg/mL) 14.55±1.09 17.64±1.681 16.42±5.48 16.55±0.96 14.56±2.05+#

Data are reported as means±SD. S: Sham; Cont: cardiac contusion; MP: methylprednisolone; QC: quercetin; Tn-I: troponin I; TNF-a:
tumor necrosis factor-alpha. 1P,0.05 compared to S group; +P,0.05 compared to Cont group; * P,0.05 compared to Cont++MP

group; #P,0.05 compared to Cont++QC group (Mann-Whitney U test).

Figure 1. Histopathological evaluation of heart

tissues. A, Degeneration and severe necrosis

(thick arrow) of cardiac muscle with abundant

karyopyknosis in Cont group. B, Longitudinal

view of cardiac fibers, separated heart muscle

due to excessive bleeding (star) and necrotic

myofibers (arrow) in Cont group. C, Transverse
view of cardiac muscle with dense eosinophilic

cytoplasm and pyknotic nuclei (arrowhead) and

excessive bleeding between the muscle fibers in

Cont++MP group. D, Calcification area (arrow-

head) surrounded with degenerative and necro-

tic myofibers in Cont++QC group. Cont: cardiac

contusion; Cont++MP: Cont group treated with

methylprednisolone; Cont++QC: Cont group

treated with quercetin. Hematoxylin and eosin

staining, 206 magnification.
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Table 3. Comparison of groups according to histopathological findings.

S Cont Cont++MP Cont++QC Cont++MP++QC

HEM 0 (0++/1++) 1++ (0++/1++) 0 (0++/1++)+ 0 (0++/2++) 0 (0++/1++)

DEG 0 (0++/1++) 2++ (2++/2++)1 1++ (1++/3++) 1++ (1++/2++) 0 (0++/1++)+*#

NEC 0 (0++/0++) 2++ (1++/3++)1 2++ (1++/3++) 1++ (0++/2++) 0 (0++/1++)+*

CAL 0 (0++/0++) 1++ (0++/2++)1 0 (0++/1++) 0 (0++/2++) 0 (0++/0++)+

Data are reported as median (minimum/maximum). S: Sham; Cont: cardiac contusion; MP: methylprednisolone; QC: quercetin; HEM:

hemorrhage; DEG: degeneration; NEC: necrosis; CAL: calcification. 1P,0.05 compared to S group;+P,0.05 compared to Cont group;

* P,0.05 compared to Cont++MP group; #P,0.05 compared to Cont++QC group (Mann-Whitney U test).

Figure 2. Immunohistochemical expression of inducible nitric oxide synthase (iNOS) in the control and treatment groups of heart

muscle. A, There is no immunopositive reaction of iNOS in muscle fibers of S group. B, Strongly positive iNOS immunoreactivity of

heart muscle (arrowhead) in Cont group. C, Moderate immunopositive reaction in Cont++QC group. D, Intermediate iNOS

immunoreactivity of heart muscle in Cont++MP group. E, Weak immunopositive reaction of iNOS in Cont++MP++QC group. S: Sham;

Cont: cardiac contusion; Cont++MP: Cont group treated with methylprednisolone; Cont++QC: Cont group treated with quercetin;

Cont++MP++QC: Cont group treated with methylprednisolone and quercetin. Immunoperoxidase technique, Harris hematoxylin counter

staining, 3-amino-9-ethylcarbazole (AEC) as a chromogen, 206 magnification.
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thought that methylprednisolone and quercetin synergisti-

cally increase their effectiveness.

Steroids act as anti-inflammatory agents through the

reduction of early inflammatory processes such as

increased capillary permeability, edema formation, and

leukocyte migration, as well as suppression of stimulus-

dependent expression of many proinflammatory proteins

through the inhibition of transcriptional pathways in target

cells (29). Steroids have been found to have cardiopro-

tective effects via various mediators including heat shock

proteins, TNF-a, interleukins, and endothelial nitric oxide

synthase during inflammation (30,31). Glucocorticoids

have also been shown to be effective in recovery from

myocardial injury associated with ischemia, cardiac

surgery, and cyclosporin A (8,9,10).

Quercetin exerts its antioxidant properties by scaven-

ging reactive oxygen and nitrogen species and inhibiting

xanthine oxidase activity and lipid peroxidation (32). It

increases endothelial nitric oxide and induces vasodilata-

tion through smooth muscle relaxation (33). Quercetin has

been experimentally used in the treatment of ischemia and

myocarditis (23,34). Experimental studies have reported

that quercetin protects from ischemia-reperfusion injury

through the prevention of apoptosis and inhibition of the

mitochondria-dependent caspase pathway in animals

(35,36). A combination of glucocorticoids and antioxidants

has been used in various experimental organ injuries

including lung, nerves, and cardiac radiofrequency lesions

(13,14,16). The present study differed from earlier ones

through evaluation of the efficiency of these drugs in

myocardial injury associated with cardiac contusion and

the use of quercetin as an accompanying agent to steroids.

Cardiac contusion has a diverse clinical presentation,

ranging from asymptomatic and spontaneously recover-

ing patients to a fatal course associated with cardiogenic

shock. Cases with hypotension, cardiac failure, and

arrhythmia require treatment consisting of supportive

measures such as fluid replacement, inotropes, and

anti-arrhythmic medications (7,37). However, no specific

therapy for injury related to cardiac contusion has yet

been established. The current study showed that gluco-

corticoids and antioxidants, such as quercetin, might

improve myocardial recovery and that combination

therapy was more effective. Further animal and human

studies providing more evidence for the use of those

medications as a specific treatment option in patients with

cardiac contusion may be important because of the

potential fatality of the condition.

In conclusion, methylprednisolone and quercetin

seem to improve, to some extent, the recovery of

myocardial injury associated with cardiac contusion.

However, combined use of those agents provided a more

dramatic improvement, possibly because of their syner-

gistic effects. Therefore, it is possible that the combination

of methylprednisolone and quercetin can be used as a

specific management strategy in cardiac contusion.

Nevertheless, randomized controlled human trials are

warranted in order to assess these statements.
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