
Quercetin protects against heat stroke-induced myocardial injury in
male rats: Antioxidative and antiinflammatory mechanisms

Xiaojing Lin a, Cheng-Hsien Lin b, Tingbao Zhao c, *, Dan Zuo d, Zhujun Ye d, Lin Liu e,
Mao-Tsun Lin f, **

a Department of Spinal Cord Injury and Repair, Trauma and Orthopedics, Institute of Chinese PLA, General Hospital of Jinan Military Region, Shandong,
China
b Department of Leisure and Tourism Management, Southern Taiwan University of Science and Technology, Tainan, Taiwan, ROC
c Department of Orthopedics, Shandong Cancer Hospital, Shandong University, Shandong, China
d Trauma and Orthopedics Center of Chinese PLA, General Hospital of Guangzhou Military Region, Guangdong Province, China
e Sanatorium of Guangzhou Military Region, Guangzhou, China
f Department of Medical Research, Chi Mei Medical Center, Tainan, Taiwan, ROC

a r t i c l e i n f o

Article history:
Received 13 September 2016
Received in revised form
10 January 2017
Accepted 13 January 2017
Available online 16 January 2017

Keywords:
Heat stroke
Myocardial injury
Quercetin
Oxidative stress
Inflammation

a b s t r a c t

Heat stroke is characterized by hyperthermia, systemic inflammation, and multiple organ failure
including arterial hypotension. This definition can be fulfilled by a rat model of heat stroke used in the
present study. Anesthetized animals were exposed to heat exposure (43 �C for 70 min) and then returned
to room temperature (26 �C) for recovery. One hour before heat exposure, an intraperitoneal dose of
quercetin (30 mg/kg) or vehicle (normal saline 1 ml/kg) was administered to the experimental groups of
rats. Additional injection was administered immediately after the onset of heat stroke. Immediately after
the onset of heat stroke. Vehicle-treated rats displayed (i) hyperthermia; (ii) suppressed left ventricular
function; (iii) decreased contents of cardiac total antioxiant capacity (e.g., superoxide dismutase,
glutathione peroxidase, catalase); (iv) increased contents of cardiac oxidative capacity malondialdehyde
and thiobarbituric acid reactive substances; (v) increased cardiac levels of pro-inflammatory cytokines
tumor necrosis factor-a and interleukin-6; and (vi) decreased cardiac levels of an anti-inflammatory
cytokine interleukin 10. Histopathologic and survival observation provided supportive evidence for
biochemical analyses. These heat stroke reactions all can be significantly attenuated by quercetin ther-
apy. Our data suggest that quercetin therapy might improve outcomes of heat stroke in rats by atten-
uating excessive hyperthermia as well as myocardial injury. The protective effects of quercetin could be
attributed to anti-lipid peroxidative, anti-oxidant, and anti-inflammatory properties.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Heat stroke is characterized by both arterial hypotension (due to
subcutaneous vasodilation and splenic ischemia) and decreased
cerebral perfusion (due to intracranial hypertension and arterial
hypotension) [1,2]. Both arterial hypotension and myocardial
infarction have been observed in heat stroke patients [3e5] and
rodents [1,6]. Recent studies provide evidence that oxidative stress
and inflammation plays a significant role in the pathogenesis of
myocardial ischemia injury [7e9]. It is not known whether oxida-
tive stress and inflammation is also involved in the genesis of hy-
potension and suppressed left ventricular function in heat stroke
rats [6].

Quercetin, a natural flavonoid found in high quantities in fruits
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and vegetables, is a potential antioxidant and free radical scavenger
[10,11]. Quercetin protects against oxidative stress associated
damages in a rat model of transient cerebral ischemia and reper-
fusion [12], spinal cord injury [13], and traumatic brain injury
[11,12]. However, the role of this flavonoid on heat stroke-induced
left ventricular dysfunction as well as myocardial oxidative injury
and inflammation remains unclear. Therefore, in the present study,
we investigated the cardioprotective effects of quercetin an acute
myocardial injury rats by exposing them to heat stress. On the basis

of this investigation, the possible mechanism of quercetin was
elucidated.

2. Materials and methods

2.1. Animals

Adult male Sprague-Dawley rats (236e314 g, Bio LASCO Taiwan
Co., Ltd., Taipei, Taiwan) were used. According to guidelines of the

Fig. 1. Time course of change of ambient temperature, colonic temperature and mean arterial pressure in normothermic control rats (NC; room temperature exposure) (�), in rats
pretreated with vehicle solution (V) received heat stress (HS) (43 �C for 70 min) (V þ HS) (C), and in rats pretreated with quercetin (30 mg/kg) received heat stress (43 �C for
70 min) (:). Data are means ± SD of 10 rats per group. *P < 0.05, V þ HS vs. NC; þP < 0.05, Q þ HS vs. V þ HS. The ambient temperature was increased from 25 �C to 43 �C within
5 min by the heat (started from time “0” minute).
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