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Abstract: Hyperthyroidism increases the vulnerability of the heart to ischemia-reperfusion (I/R) injury. Regarding the 

fact that diazepam also aff ects cardiac I/R injury, the current study was conducted to investigate the eff ect of diazepam on 

ischemia-reperfused isolated hyperthyroid rat heart. Th e animals were divided into 6 groups: the control, hyperthyroid, 

control diazepam (1 mg/kg), hyperthyroid diazepam (1 mg/kg), control diazepam (5 mg/kg), and hyperthyroid 

diazepam (5 mg/kg) groups. Langendorff -perfused rat hearts underwent 40 min of global ischemia and 45 min of 

reperfusion. Diff erent cardiac parameters, including the left  ventricular developed pressure, heart rate, coronary fl ow, 

and rate pressure product (RPP), were measured. Lactate dehydrogenase (LDH) release was determined in reperfusion 

to evaluate the severity of the myocardial injury. Th e results showed that the RPP recovery percentage signifi cantly 

decreased in the hyperthyroid group compared with control group, whereas comparison of the hyperthyroid diazepam 

(1 mg/kg) with the control and control diazepam (1 mg/kg) groups did not reveal a signifi cant diff erence. Th ese results 

were confi rmed by LDH test, demonstrating that administration of diazepam (1 mg/kg) protected the heart against I/R 

injury in the hyperthyroid group and signifi cantly decreased the I/R injury, which was probably due to the function of 

diazepam as a phosphodiesterase 4 inhibitor.
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Introduction

Normal heart structure and function are dependent 

on normal thyroid hormone levels (1). Changes 

in thyroid hormone levels alter the vulnerability 

of the heart against ischemia-reperfusion (I/R) 

injury (2). For instance, it has been found that 

in hyperthyroidism, the susceptibility of the 

myocardium to I/R injury increases due to 

mitochondrial respiration dysfunction (2), H
2
O

2
 

production, and higher oxidative damage (3). 

Furthermore, thyroid hormone can aff ect peripheral 

benzodiazepine receptor (PBR) density (4). 

Th e PBR is an 18-kDa protein, consisting of 169 

amino acids and located in the outer mitochondrial 

membrane (5). It has been suggested that PBRs are 

involved in several processes, including the regulation 

of the opening of the mitochondrial permeability 

transition pore (MPTP), cell necrosis (6,7), apoptosis, 

respiratory chain, and ion channel activity (8,9). 

Meanwhile, cellular resistance to oxidative stress has 

been shown to be related to the expression of these 

receptors in cells (10). 

It has been shown that chronic diazepam 

administration regulates PBR density in the peripheral 
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organs (11). For example, it was demonstrated 

that a 14-day diazepam administration produced 

upregulation of heart PBR density (12). Th erefore, 

cardiac resistance to I/R injury might be aff ected by 

chronic diazepam administration. Th e protective 

eff ects of diazepam have also been reported (13). For 

example, it was indicated that diazepam, as a selective 

type-4 phosphodiesterase inhibitor, leads to cyclic 

adenosine monophosphate (cAMP) enhancement 

in cardiac tissue (14). In vitro and in vivo studies 

have demonstrated that an increase of cAMP inhibits 

apoptosis in cardiomyocytes and reduces mortality in 

acute myocardial infarction (13). Moreover, studies 

have shown that diazepam is able to aff ect cells by 

paths related (8) or unrelated (15) to PBR.

 According to the dual eff ects of diazepam on cells, 

it is not clear how it can aff ect the hyperthyroid heart 

during I/R. Th is is a point that has not been reported 

in previous studies. Th erefore, regarding the positive 

and negative eff ects of diazepam on I/R injury and 

the common clinical use of benzodiazepines, the 

current study was conducted to investigate eff ects 

of diazepam on ischemia-reperfused isolated 

hyperthyroid rat heart.

Materials and methods 

Materials

All of the chemicals (Merck, Darmstadt, Germany) 

were of the highest grades available. Lactate 

dehydrogenase (LDH) was assessed using a cell 

cytotoxicity kit (Roche, Mannheim, Germany). 

L-thyroxine (T
4
) was purchased from Sigma 

(Steinheim, Germany) and the diazepam was from 

the Chemi Daru Company (Iran, Tehran).

Animals and their treatments

Th is investigation was approved by the ethics 

committee of the Kermanshah University of Medical 

Sciences. All of the animals used in the present 

study received humane care in compliance with the 

institutional animal care guidelines. Male Wistar 

rats (250-300 g) were obtained from the animal care 

center at the Kermanshah University of Medical 

Sciences. Th ey were maintained under standard 

laboratory conditions (controlled temperature of 21 

°C, 12-h light/dark cycle). 

Th e animals were divided into 6 groups, as follows.

1. General control group (n = 8): Th is group was 
fed normal rat pellet and normal water, and 
had an intraperitoneal (IP) injection of normal 
saline (sodium chloride) for 5 days.

2. Hyperthyroidism group (n = 8): In this group, 
hyperthyroidism was induced by adding T

4
 

(Sigma, catalog number T-2376; 12 mg/L) to 
the drinking water for 21 days (16), and the 
animals also had an IP injection of normal 
saline during the last 5 days of the treatment.

3. Control diazepam (1 mg/kg)-administered 
group (n = 8): Th is group received the same 
treatment as group 1, but received a daily IP 
injection of 1 mg/kg diazepam for 5 days.

4. Hyperthyroidism diazepam (1 mg/kg)-
administered group (n = 8): Th is group received 
the same treatment as group 2, but received a 
daily IP injection of 1 mg/kg diazepam during 
the last 5 days of treatment.

5. Control diazepam (5 mg/kg)-administered 
group (n = 9): Th is group received the same 
treatment as group 1, but received a daily IP 
injection of 5 mg/kg diazepam for 5 days.

6. Hyperthyroidism diazepam (1 mg/kg)-
administered group (n = 10): Th is group 
received the same treatment as group 2, 
but received a daily IP injection of 5 mg/kg 
diazepam during the last 5 days of treatment.

Th yroid hormone concentration

Th e animals were randomly selected, and aft er 
anesthesia, blood samples were collected from the 
abdominal aorta, placed in tubes, and immediately 
centrifuged at 1500 rpm for 5 min. Th e serum thyroid 
hormone concentration was then estimated using the 
radioimmunoassay method (17). 

Isolated heart preparation

Isolated rat hearts were perfused at a constant 
hydrostatic pressure according to the Langendorff  
technique (18,19). Th e rats were anesthetized with an 
IP administration of 60 mg/kg pentobarbital sodium 
(Sigma). Th e hearts were rapidly excised, placed 
in ice-cold Krebs buff er (4 °C), rapidly cannulated 
and retrogradely perfused through the aorta in a 
noncirculating Langendorff  apparatus (Harvard 
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Apparatus Ltd., Edenbridge, UK) with Krebs solution 

[containing sodium chloride (118 mmol/L), sodium 

bicarbonate (25 mmol/L), potassium chloride (4.8 

mmol/L), potassium dihydrogen phosphate (1.2 

mmol/L), magnesium sulfate (1.2 mmol/L), glucose 

(11 mmol/L), and calcium chloride (1.2 mmol/L)] 

at pH 7.4. Th e Krebs solution was fi ltered through 

Whatman paper No. 1002-125 and then bubbled 

with 95% oxygen and 5% carbon dioxide at 37 °C, 

and perfusion was performed under a constant 

hydrostatic pressure of 65 mmHg. Following the 

removal of the left  atrial appendage, a defl ated 

water-fi lled latex balloon was inserted through the 

mitral valve into the left  ventricle. Th is balloon was 

connected via a rigid polyethylene tube to a pressure 

transducer (MLT 844; AD Instruments, New South 

Wales, Australia), which in turn was connected via 

an ML110 BP amp (AD Instruments), an ML825 

Power Lab 2.25 (AD Instruments) system, and Chart 

5 soft ware (AD Instruments) to a computer for 

continuous monitoring of cardiac performance. At 

the beginning of the experiment, the balloon volume 

was adjusted to achieve a stable end diastolic pressure 

of 5-10 mmHg. Th is volume was then kept constant 

for the duration of the study. Diff erent indices of 

myocardial function were assessed, including left  

ventricular developed pressure (LVDP, in mmHg), 

which was defi ned as the peak systolic pressure 

minus the end diastolic pressure, and heart rate (HR, 

in beats per minute). Th e rate pressure product (RPP) 

was calculated as: RPP = LVDP × HR. Coronary fl ow 

(CF) was measured by timed volumetric collection of 

the coronary effl  uent. Th e baseline data were recorded 

aft er a 20-min stabilization and equilibration period. 

Global normothermic ischemia was induced by 

clamping the aortic cannula. Th e temperature was 

maintained by immersing the heart in perfusion 

medium at 37 °C. Th e hearts were subjected to global 

ischemia for 40 min, followed by reperfusion for 45 

min. 

LDH assessment

When cells die, they release their intercellular LDH. 

Measuring this activity in the resulting supernatant 

reveals the extent of cell death. Th erefore, the level 

of I/R injury was assessed based on the functional 

recovery and the release of LDH into the effl  uent. 

In order to measure the LDH, coronary effl  uent 

was collected at the fi rst minute of reperfusion. Th e 

samples were measured using a cell cytotoxicity 

detection kit (LDH, Roche) and known quantities of 

LDH (Sigma) as a standard.

Statistical analysis

Data were expressed as mean ± standard error of the 

mean (SEM) and were compared using the unpaired 

Student’s t-test as appropriate or ANOVA and Tukey’s 

posttest, as off ered by GraphPad InStat version 3.0 

(GraphPad Soft ware Inc., La Jolla, CA, USA). P < 

0.05 was considered signifi cant.

Results

Th yroid state

Th e thyroid state of diff erent groups of animals 

was characterized by the data reported in Table 1. 

Th e values indicate a signifi cant rise in T
3
 aft er oral 

L-thyroxine administration (P = 0.004). 

Hemodynamic function

Th e data for HR, LVDP, CF, and RPP at diff erent 

periods of the experiment are summarized in Table 

2. HR, CF, and RPP during the baseline period 

were higher (P < 0.05) in the hyperthyroid and 

hyperthyroid diazepam (5 mg/kg)-administered 

groups compared with their related controls. Th e 

LVDP and RPP at minute 45 of reperfusion in the 

hyperthyroid and hyperthyroid diazepam (5 mg/kg)-

administered groups were lower than in the related 

control groups (P < 0.05).

Cardiac functional recovery percentage

Th e recovery percentage at minute 45 of reperfusion 

in the hyperthyroid group (18 ± 1.5%) was 

signifi cantly lower (P < 0.01) than in the control 

group (43 ± 3.1%), and there was also a signifi cant 

Table 1. Comparison of the thyroid function test. Value was 

expressed as mean ± SEM. 

Groups T
3
 (nmol/L)

Control (n = 6)   0.72 ± 0.048

Hyperthyroid (n = 6)   0.93 ± 0.029*

*P = 0.004 versus control (unpaired t-test). 
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diff erence between the control diazepam (5 mg/

kg)-administered group (33 ± 4.2%) and the 

hyperthyroid diazepam (5 mg/kg)-administered 

group (17 ± 3%) (P < 0.05). However, there was no 

signifi cant diff erence between the hyperthyroid 

diazepam (1 mg/kg)-administered group (40 ± 5.3%) 

and either the related control group (45.3 ± 5.5%) or 

the general control group (43 ± 3.1%). Th e recovery 

percentage in the hyperthyroid diazepam (1 mg/kg)-

administered group (40 ± 5.3%) was signifi cantly 

higher (P < 0.01) than in the hyperthyroid group (18 

± 1.5%). Moreover, there was a signifi cant diff erence 

between the control and hyperthyroid diazepam (5 

mg/kg)-administered groups (P < 0.001) (Figure 1).

Lactate dehydrogenase release

Th e extent of reperfusion injury in the 6 groups 

was determined based on the release of a marker 

intracellular enzyme into the effl  uent. Th e 

concentration of released LDH during the fi rst minute 

of reperfusion from the hearts in the hyperthyroid 
group (41 ± 8.14 mU/mL) was signifi cantly higher 
than that of the control group (11.45 ± 6.25 mU/mL) 
(P < 0.01); there was no signifi cant diff erence between 
the hyperthyroid diazepam (1 mg/kg)-administered 
group (20.28 ± 4.16 mU/mL) and either the related 
control group (12.86 ± 0.32 mU/mL) or the general 
control group (11.45 ± 6.25 mU/mL). Th ere was a 
signifi cant diff erence between the control diazepam 
(5 mg/kg)-administered group (37.2 ± 1.02 mU/
mL) and the hyperthyroid diazepam (5 mg/kg)-
administered group (57.95 ± 1.55 mU/mL) (P < 
0.05). Th e LDH in the hyperthyroid diazepam (1 
mg/kg)-administered group (20.28 ± 4.16 mU/mL) 
was signifi cantly lower than that in the hyperthyroid 
group (P < 0.05). Levels of LDH in the hyperthyroid 
diazepam (5 mg/kg)-administered group (57 ± 1.55 
mU/mL) were signifi cantly higher than those of the 
hyperthyroid diazepam (1 mg/kg)-administered 
group (P < 0.001).

Table 2. Cardiac parameters before and aft er exposure to 40 min of global normothermic ischemia in the groups.

Groups

Baseline values 45 min of reperfusion

LVDP

(mmHg)

HR

(beats/min)

CF

(mL/min)

RPP

(mmHg × beats/

min)

LVDP

(mmHg)

HR

(beats/min)

CF

(mL/min)

RPP

(mmHg ×

beats/min)

Control 80.20 ± 3 247 ± 6 10.3 ± 0.58 19666 ± 640 34.88 ± 2.7 247 ± 6 5.65 ± 0.57 8503 ± 475

Hyperthyroid 78.8 ± 4 275.75 ± 8* 11.75 ± 0.28* 22148 ± 960* 23.95 ± 4.1* 220 ± 37 4.68 ± 0.33 4007 ± 258*

Control 

diazepam

(1 mg/kg)

84.35 ± 5 263 ± 16 12.12 ± 0.50 21913 ± 1102 35.22 ± 7.13 252 ± 14 6.45 ± 0.47 9862 ± 1337

Hyperthyroid 

diazepam

(1 mg/kg)

80.41 ± 5 267 ± 15 12.43 ± 0.53 22386 ± 1194 32.15 ± 4.7 285 ± 16 7.17 ± 0.61 8877 ± 1117

Control 

diazepam

(5 mg/kg)

89.9 ± 4.7 208 ± 15 9.3 ± 0.61 18295 ± 1102 36 ± 5.1 199 ± 39 5.7 ± 0.6 6047 ± 829

Hyperthyroid 

diazepam

(5 mg/kg)

81.56 ± 3 254 ± 6# 13.15 ± 0.86# 21639 ± 826# 17.31 ± 2.77# 217 ± 21 7.64 ± 1.2 3684 ± 658#

LVDP: left  ventricular developed pressure (mmHg), HR: heart rate (beats/min), CF: coronary fl ow (mL/min), RPP: rate pressure product 

(LVDP × HR). Data were analyzed using unpaired t-test and expressed as mean ± SEM between the test and related control groups. Th e 

groups include: control (n = 8), hyperthyroid (n = 8), control diazepam (1 mg/kg)-administered (n = 8), hyperthyroid diazepam (1 mg/

kg)-administered (n = 8), control diazepam (5 mg/kg)-administered (n = 9), and hyperthyroid diazepam (5 mg/kg)-administered (n 

= 10). *P < 0.05 versus the control group and #P < 0.05 versus the control diazepam (5 mg/kg)-administered group (unpaired t-test). 
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Discussion 

Th e results of the current study demonstrate that 
diazepam modulates hyperthyroidism eff ects. 
Th ese new fi ndings are indicative of the eff ects of 
benzodiazepine on changes of heart activity caused 
by hyperthyroidism. As illustrated in Table 2, chronic 
diazepam (1 mg/kg) administration to hyperthyroid 
rats led to protection against I/R injury in the heart. 
Moreover, the exacerbated I/R injury that occurred 
in the hyperthyroid group was not seen in the 
hyperthyroid diazepam (1 mg/kg) group (Figure 
1). Th is fi nding was also confi rmed by LDH results 
(Figure 2). In fact, compared with the hyperthyroid 
group, the signifi cant reduction of released LDH in 
the hyperthyroid animals that received diazepam 
(1 mg/kg) represents decreased I/R injury in this 
group. As illustrated in Figure 1, in the hyperthyroid 

group, cardiac functional recovery following I/R was 

signifi cantly lower than that of the control group. 

Th is fi nding was confi rmed by the LDH results, 

which are presented in Figure 2. Th e increase in 

concentration of released LDH in the fi rst minutes 

of reperfusion in the hyperthyroid group versus 

the control indicates further damage to the heart 

during the I/R period. Th is observation confi rms 

previous reports indicating higher susceptibility of 

the hyperthyroid rat heart to I/R (2,20,21). Previous 

studies have revealed that mitochondrial function 

is impaired in hyperthyroidism due to the excessive 

production of reactive oxygen species, dysfunction of 

mitochondrial respiration at stage 3 (3), and increased 

H
2
O

2
 production (2). Moreover, it was reported that 

chronic thyroxine administration gives rise to rat 

PBR density (4). Enhancement of PBR density leads 
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Figure 1. Recovery percentage (in comparison with the baseline) 

of the RPP at 45 min of reperfusion following 40 min 

of global normothermic ischemia in the control group 

(n = 8), hyperthyroid group (n = 8), control diazepam 

(1 mg/kg)-administered group (n = 8), hyperthyroid 

diazepam (1 mg/kg)-administered group (n = 8), 

control diazepam (5 mg/kg)-administered group 

(n = 9), and hyperthyroid diazepam (5 mg/kg)-

administered group (n = 10). Data are expressed as 

mean ± SEM with ANOVA. **P < 0.01 versus the 

hyperthyroid diazepam (1 mg/kg)-administered 

group. $$P < 0.01 versus the hyperthyroid diazepam (5 

mg/kg)-administered group.

Figure 2. Th e concentration of LDH enzyme (mU/mL) that 

was released during the fi rst minute of reperfusion 

following 40 min of global normothermic ischemia in 

the control group (n = 8), hyperthyroid group (n = 8), 

control diazepam (1 mg/kg)-administered group (n= 8), 

hyperthyroid diazepam (1 mg/kg)-administered group 

(n = 8), control diazepam (5 mg/kg)-administered 

group (n = 9), and hyperthyroid diazepam (5 mg/

kg)-administered group (n = 10). Data are expressed 

as mean ± SEM with ANOVA. *P < 0.05 versus the 

hyperthyroid diazepam (1 mg/kg)-administered group. 

***P < 0.001 versus the hyperthyroid diazepam (5 mg/

kg)-administered group. 
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to an increase in the intramitochondrial calcium 

of cardiomyocytes, which in turn increases MPTPs 

(22), mitochondrial dysfunction, and, consequently, 

cell death (23). Th erefore, the exacerbated I/R injury 

in the hyperthyroid group can be justifi ed by these 

mechanisms. In addition, the fi ndings of the present 

study indicate cardiac protection in the hyperthyroid 

diazepam (1 mg/kg) group. Other studies have 

demonstrated that chronic diazepam administration 

can alter the vulnerability of cardiac I/R injury by the 

enhancement of PBR density (24). Th e enhancement 

of PBR density also occurs in hyperthyroidism (4). 

Th erefore, it is expected that diazepam would lead to 

negative eff ects in the hyperthyroid heart during I/R. 

However, the fi ndings of the current study suggest 

that diazepam not only improved heart function, but 

also had a nonnegative eff ect and protected the heart 

against I/R injury. Previous studies have reported that 

diazepam acts as an inhibitor of phosphodiesterase 4 

(25). Inhibition of this isoenzyme results in increased 

cAMP levels (25), and thereby suppresses tumor 

necrosis factor-alpha (TNF-α) (26). Furthermore, 

the inhibition of phosphodiesterase results in 

the blockage of TNF-α gene transcription and, 

consequently, its protein production (27). Th e 

reduction in TNF-α production could be regarded 

as an important mechanism that protects the heart 

against I/R injury (27). TNF-α is one of the cytokines 

that may contribute to cell death by apoptosis, which 

occurs during I/R injury (28). Moreover, it has been 

observed that aft er chronic thyroxine administration, 

TNF-α will increase (29). Th us, the exacerbation of 

I/R injury may have been due to increased TNF-α in 

the hyperthyroid group. It seems that in the current 

study, diazepam (1 mg/kg) was able to aff ect heart 

function through the inhibition of phosphodiesterase 

type 4, the enhancement of cAMP, and, subsequently, 

the reduction of TNF-α. Th erefore, the protective 

eff ect of diazepam in the hyperthyroid heart may be 

explained by this mechanism. However, the exact 

role of this mechanism remains to be elucidated in 

future studies.

Another valuable fi nding of the current study was 

the modulation of heart function in the hyperthyroid 

group aft er diazepam (1 mg/kg) administration.

As illustrated in Table 2, there was a signifi cant 

diff erence between the baseline heart rate in the 

hyperthyroid group and its related control group. 

Th is diff erence was not seen, however, aft er diazepam 

(1 mg/kg) administration. It has been reported that 

hyperthyroidism increases the heart rate via several 

mechanisms, such as increased L-type calcium 

channels (30,31), activity of Ca+2 ATPase (32), 

alpha-myosin heavy chain gene expression (31), and 

decreased phospholamban (33). Th e chronotropic 

eff ect of hyperthyroidism was eliminated aft er 

diazepam (1 mg/kg) administration, which represents 

the modulatory eff ects of diazepam (1 mg/kg) on 

heart function. Further studies are required to reveal 

the cellular mechanism of diazepam on the heart rate 

of hyperthyroid rats.

Th e cardioprotective eff ect of diazepam (1 mg/kg) 

was not seen aft er the administration of diazepam 

(5 mg/kg) in the hyperthyroid group. Moreover, the 

heart rate in the hyperthyroid diazepam (5 mg/kg) 

group was signifi cantly higher than that of its related 

control group (Table 2). 

Exacerbated I/R injury was seen in the 

hyperthyroid diazepam (5 mg/kg) group compared 

with the related control groups, as was the case for 

the hyperthyroid group compared with its related 

control groups. In addition, the enhancement of 

released LDH in these groups confi rmed I/R injury 

(Figure 2). In fact, diazepam (5 mg/kg) cannot protect 

from exacerbated I/R injury. Th e negative eff ects of 

diazepam (5 mg/kg) were shown in a previous study 

(11). Dose-dependent eff ects of benzodiazepines 

have also been reported (34). For example, previous 

studies demonstrated that PBR ligands could induce 

MPTP opening in a dose-dependent manner (34). 

Th erefore, the protective eff ect of diazepam is limited 

to a dosage of 1 mg/kg. Overall, the fi ndings of 

the current study reveal that diazepam modulates 

hyperthyroid cardiac function; these eff ects are dose-

dependent and are seen at 1 mg/kg.

Th e current study showed that administration 

of diazepam (1 mg/kg) signifi cantly reduced the 

exacerbated I/R injury in the hyperthyroid group. 

Th is eff ect was probably due to the eff ect of diazepam 

as an inhibitor of phosphodiesterase 4.



Cardioprotective eff ect of diazepam on ischemia-reperfused isolated hyperthyroid rat heart

604

References

1. Liu CR, Li LY, Shi F et al. Eff ect of hyper- and hypothyroid 

on expression of thyroid hormone receptor mRNA in rat 

myocardium. J Endocrin 195: 429-438, 2007.

2. Venditti P, Agnisola C, Di Meo S. Eff ect of ischemia-reperfusion 

on heart mitochondria from hyperthyroid rats. Cardiovasc Res 

56: 76-85, 2002. 

3. Venditti P, De Rosa R, Cigliano L et al. Role of nitric oxide 

in the functional response to ischemia-reperfusion of heart 

mitochondria from hyperthyroid rats. Cell Mol Life Sci 61: 

2244-2252, 2004. 

4. Gavish M, Weizman A, Okun F et al. Modulatory eff ects of 

thyroxine treatment on central and peripheral benzodiazepine 

receptors in the rat. J Neurochem 47: 1106-1110, 1986.

5. Leducq-Alet N, Vin V, Savi P et al. TNF-alpha induced 

PMN apoptosis in whole human blood: protective eff ect of 

SSR180575, a potent and selective peripheral benzodiazepine 

ligand. Biochem Biophys Res Commun 399: 475-479, 2010. 

6. Castedo M, Perfettini JL, Kroemer G. Mitochondrial apoptosis 

and the peripheral benzodiazepine receptor: a novel target for 

viral and pharmacological manipulation. J Exp Med 196: 1121-

1125, 2002.

 7. Li J, Wang J, Zeng Y. Peripheral benzodiazepine receptor 

ligand, PK11195 induces mitochondria cytochrome c release 

and dissipation of mitochondria potential via induction of 

mitochondria permeability transition. Eur J Pharmacol 560: 

117-122, 2007.

8.  Leducq N, Bono F, Sulpice T et al. Role of peripheral 

benzodiazepine receptors in mitochondrial, cellular, and 

cardiac damage induced by oxidative stress and ischemia-

reperfusion. J Pharmacol Exp Th er 306: 828-837, 2003.

9.  Bono F, Lamarche I, Prabonnaud V et al. Peripheral 

benzodiazepine receptor agonists exhibit potent antiapoptotic 

activities. Biochem Biophys Res Commun 265: 457-461, 1999.

10.  Carayon P, Portier M, Dussossoy D et al. Involvement of 

peripheral benzodiazepine receptors in the protection of 

hematopoietic cells against oxygen radical damage. Blood 87: 

3170-3178, 1996.

11.  Shackebaei D, Kayhani B, Godini A et al. Th e eff ect of repeated 

diazepam administration on myocardial function in the 

ischemia-reperfused isolated rat heart. Saudi Med J 30: 755-

759, 2009.

12. Calvo DJ, Medina JH. Regulation of peripheral-type 

benzodiazepine receptors following repeated benzodiazepine 

administration. Funct Neurol 7: 227-230, 1992.

13. Kwak HJ, Park KM, Choi HE et al. PDE4 inhibitor, rofl umilast 

protects cardiomyocytes against NO-induced apoptosis via 

activation of PKA and Epac dual pathways. Cell Signal 20: 803-

814, 2008.

14.  Neethling WML, Hodge AJ. Th e eff ect of diazepam on 

myocardial function and coronary vascular tone aft er 

endotoxemia in the isolated rat heart model. Infl amm Res 59: 

907-913, 2010.

15. Juan-Fita MJ, Vargas ML, Hernández J. Diazepam enhances 

inotropic responses to dopamine in rat ventricular 

myocardium. Anesth Analg 102: 676-681, 2006.

16. Ashida K, Katsura T, Saito H et al. Decreased activity and 

expression of intestinal oligopeptide transporter PEPT1 in rats 

with hyperthyroidism in vivo. Pharm Res 21: 969-975, 2004.

17.  Oztay F, Ergin B, Ustunova S et al. Eff ects of coenzyme Q10 

on the heart ultrastructure and nitric oxide synthase during 

hyperthyroidism. Chin J Physiol 50: 217-224, 2007.

18.  Bell RM, Mocanu MM, Yellon DM. Retrograde heart perfusion: 

the Langendorff  technique of isolated heart perfusion. J Mol 

Cell Cardiol 50: 940-950, 2011.

19. Skrzypiec-Spring M, Grotthus B, Szelag A et al. Isolated heart 

perfusion according to Langendorff  - still viable in the new 

millennium. J Pharmacol Toxicol Methods 55: 113-126, 2007.

20. Masullo P, Venditti P, Agnisola C et al. Role of nitric oxide in 

the reperfusion induced injury in hyperthyroid rat hearts. Free 

Radic Res 32: 411-421, 2000.  

21. Venditti P, Masullo P, Agnisola C et al. Eff ect of vitamin E on 

the response to ischemia-reperfusion of Langendorff  heart 

preparations from hyperthyroid rats. Life Sci 66: 697-708, 

2000. 

22. Salvetti F, Chelli B, Gesi M et al. Eff ect of noise exposure on rat 

cardiac peripheral benzodiazepine receptors. Life Sci 66: 1165-

1175, 2000.

23. Obame FN, Zini R, Souktani R et al. Peripheral benzodiazepine 

receptor-induced myocardial protection is mediated by 

inhibition of mitochondrial membrane permeabilization. J 

Pharmacol Exp Th er 323: 336-345, 2007.

Acknowledgments

Th e authors gratefully acknowledge Mr Bahman 
Mehraban for his grammatical checking of the 
manuscript.

Corresponding author: 

Atefeh ASADMOBINI

Department of Biology, 

Hamadan Branch, 

Islamic Azad University, Hamadan - IRAN

E-mail: a.asadmobini@gmail.com



D. SHACKEBAEI, A. ASADMOBINI, M. HESARI, M. VAEZI, S. SHAHIDI

605

24. Weizman R, Gavish M. Chronic diazepam treatment induces 

an increase in peripheral benzodiazepine binding sites. Clin 

Neuropharmacol 12: 346-351, 1989.

25. Collado MC, Beleta J, Martinez E et al. Functional and 

biochemical evidence for diazepam as a cyclic nucleotide 

phosphodiesterase type 4 inhibitor. British J Pharmacol 123: 

1047-1054, 1998.

26.  Shivanna M, Srinivas SP. Elevated cAMP opposes (TNF-alpha)-

induced loss in the barrier integrity of corneal endothelium. 

Mol Vis 16: 1781-1790, 2010.

27. Salerno TA, Ricci M. Myocardial Protection. Blackwell 

Publishing. New York; 2004.

28.  Krown KA, Page MT, Nguyen C et al. Tumor necrosis factor 

alpha-induced apoptosis in cardiac myocytes. Involvement of 

the sphingolipid signaling cascade in cardiac cell death. J Clin 

Invest 98: 2854-2865, 1996.

29.  Makay B, Makay O, Yenisey C et al. Th e interaction of oxidative 

stress response with cytokines in the thyrotoxic rat: is there a 

link? Mediators Infl amm 2009: doi 10.1155/2009/391682, 

2009.

30. Kreuzberg, U, Th eissen P, Schicha H et al. Single-channel 

activity and expression of atrial L-type Ca2+ channels in 

patients with latent hyperthyroidism. Am J Physiol Heart Circ 

Physiol 278: 723-730, 2000.

31. Fadel BM, Ellahham S, Ringel MD et al. Hyperthyroid heart 

disease. Clin Cardiol 23: 402-8, 2000.

32. Arruda AP, Silva WS, Carvalho DP et al. Hyperthyroidism 

increases the uncoupled ATPase activity and heat production 

by the sarcoplasmic reticulum Ca2+-ATPase. Biochem J 375: 

753-760, 2003.

33. Kiss E, Jakab G, Kranias EG et al. Th yroid hormone-induced 

alterations in phospholamban protein expression. Regulatory 

eff ects on sarcoplasmic reticulum Ca2+ transport and 

myocardial relaxation. Circ Res 75: 245-251, 1994.

34. Surinkaew S, Chattipakorn S, Chattipakorn N. Roles of 

mitochondrial benzodiazepine receptor in the heart. Can J 

Cardiol 27(2): 262 e3-262 e13, 2011.


