Life Sciences 139 (2015) 30-39

Contents lists available at ScienceDirect

Life Sciences

journal homepage: www.elsevier.com/locate/lifescie

Molecular and biochemical evidences on the protective effects of
trilodothyronine against phosphine-induced cardiac and
mitochondrial toxicity

@ CrossMark

Amir Hossein Abdolghaffari *><4, Amir Baghaei 9, Reza Solgi ¢, Maziar Gooshe ®f, Maryam Baeeri ¢,
Mona Navaei-Nigjeh ¢, Shokoufeh Hassani ¢, Abbas Jafari ¢, Seyed Mehdi Rezayat “¢, Ahmad Reza Dehpour ¢,
Shahram Ejtemaei Mehr ¢, Mohammad Abdollahi ¢"*

2 Department of Pharmacology, School of Medicine, International Campus, Tehran University of Medical Sciences (TUMS-IC), 1417653861 Tehran, Iran

b Pharmacology and Applied Medicine, Department of Medicinal Plants Research Center, Institute of Medicinal Plants, ACECR, 141554364 Karaj, Iran

€ Department of Pharmacology, School of Medicine, Tehran University of Medical Sciences, 1417614411 Tehran, Iran

94 Department of Toxicology and Pharmacology, Faculty of Pharmacy and Pharmaceutical Sciences Research Center, Tehran University of Medical Sciences, Tehran 1417614411, Iran

¢ Experimental Medicine Research Center, Tehran University of Medical Sciences, 1417614411 Tehran, Iran

f Students' Scientific Research Center (SSRC), Tehran University of Medical Sciences, 1417614411 Tehran, Iran

& Department of Pharmacology and Toxicology, Pharmaceutical Sciences Branch & Pharmaceutical Sciences Research Center, Islamic Azad University (IAUPS), 194193311 Tehran, Iran
" International Campus, Tehran University of Medical Sciences, Tehran 1417614411, Iran

! Endocrinology & Metabolism Research Center, Endocrinology and Metabolism Clinical Sciences Institute, Tehran University of Medical Sciences, Tehran, Iran

ARTICLE INFO ABSTRACT

Aim: Aluminum phosphide (AIP) is a widely used fumigant and rodenticide. While AIP ingestion leads to high
mortality, its exact mechanism of action is unclear. There are ample evidences suggesting cardioprotective effects
of triiodothyronine (T3). In this study, we aimed to examine the potential of T3 in the protection of a rat model of
AIP induced cardiotoxicity.
Main methods: In order to induce AIP intoxication animals were intoxicated with AIP (12 mg/kg; LD50) by gavage.
In treatment groups, T3 (1, 2 and 3 pg/kg) was administered intra-peritoneally 30 min after AIP administration.
Animals were connected to the electronic cardiovascular monitoring device simultaneously after T3 administra-
tion. Then, electrocardiogram (ECG), blood pressure (BP), and heart rate (HR) were monitored for 180 min. Ad-
ditionally, 24 h after AIP intoxication, rats were deceased and the hearts were dissected out for evaluation of
oxidative stress, cardiac mitochondrial function (complexes I, Il and IV), ATP/ADP ratio, caspases 3 & 9, and apo-
ptosis by flow cytometry.
Key findings: The results demonstrated that AlP intoxication causes cardiac toxicity presenting with changes in
ECG patterns such as decrement of HR, BP and abnormal QRS complexes, QTc and ST height. T3 at a dose of 3
ve/kg significantly improved ECG and also oxidative stress parameters. Furthermore, T3 administration could in-
crease mitochondrial function and ATP levels within the cardiac cells. In addition, administration of T3 showed a
reduction in apoptosis through diminishing the caspase activities and improving cell viability.
Significance: Overall, the present data demonstrate the beneficial effects of T3 in cardiotoxicity of AIP.

© 2015 Elsevier Inc. All rights reserved.

Article history:

Received 15 April 2015

Received in revised form 12 July 2015
Accepted 26 July 2015

Available online 1 August 2015

Keywords:
Triiodothyronine
Aluminum phosphide
Phosphine gas (PHs)
Oxidative stress
Mitochondrial toxicity
Apoptosis

1. Introduction While the exact mechanism of AIP toxicity is still unclear, several

studies suggest that phosphine gas (PH3) is a key player in AlP toxicity.

Aluminum phosphide (AIP) is a commonly used insecticide, rodenti-
cide and fumigant. Poisoning by deliberate self-ingestion of AIP is a
common cause of death and socioeconomic loss worldwide, especially
in developing countries [2,13,26]. AlP is sold as pallet, tablet, porous
blister pack, sachets, and as dusts [43].

* Corresponding author at: Faculty of Pharmacy, and Pharmaceutical Sciences Research
Center, Tehran University of Medical Sciences, Tehran 1417614411, Iran.
E-mail addresses: Mohammad@TUMS.Ac.Ir, Mohammad.Abdollahi@UToronto.Ca
(M. Abdollahi).

http://dx.doi.org/10.1016/j.1fs.2015.07.026
0024-3205/© 2015 Elsevier Inc. All rights reserved.

PH3 is a highly reactive radical, which can freely diffuse into intracellular
compartments. PHj is released from AIP upon contact with water, mois-
ture or hydrochloric acid of the stomach [43]. There are ample evidences
suggesting that PH3 can initiate a nucleophilic attack and reduce vital
enzymes [3].

AIP intoxication is mostly fatal by causing multiorgan damage
through denaturation of cell membranes [53,56,57]. While AIP can
cause a wide range of clinical manifestations, circulatory failure is the
most common cause of mortality and morbidity in AIP ingested patients
[5,60]. Ventricular arrhythmias or dysfunction is a primary outcome of
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