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rats with markers of oxidative stress and induction of pro-
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The investigation into the potential health risks associated with the use of engineered nanoparticles is a
major scientific interest in recent years. The present study elucidated the involvement of pro-
inflammatory cytokines, cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS) in
carboxylated multi-walled carbon nanotubes (MWCNTs)-induced hepatotoxicity. Pubertal rats were
exposed to purified MWCNTs at 0, 0.25, 0.50, 0.75 and 1.0mg/kg for 5 consecutive days. Results indicated
that exposure to MWCNTs caused liver damage evidenced by significant elevation in serum activities of
aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP) and
gamma glutamyl transferase (GGT) when compared with control. Moreover, MWCNTs significantly
decreased superoxide dismutase (SOD) and glutathione S-transferase (GST) activities as well as gluta-
thione level whereas it significantly increased catalase (CAT) and glutathione peroxidase (GPx) activities
in liver of the treated rats. Moreover, the dose-dependent increase in hepatic hydrogen peroxide (H2O2)
and lipid peroxidation levels were accompanied by marked increase in micronucleated polychromatic
erythrocytes (MNPCE) in the MWCNTs-treated rats. Administration of MWCNTs significantly increased
serum concentrations of pro-inflammatory cytokines namely interleukin-1b (IL-1b), interleukin-6 (IL-6)
and tumor necrosis factor alpha (TNF-a) in the treated rats. Immunohistochemical analysis showed
significantly increased COX-2 and iNOS protein expressions in the liver of MWCNTs-treated rats. In
conclusion, carboxylated MWCNTs induces hepatic damage via disruption of antioxidant defense sys-
tems, promotion of pro-inflammatory cytokines generation and expression of COX-2 and i-NOS in rats.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

The exceptional properties of carbon nanotubes have motivated
their incorporation into innovative products globally. Carbon
nanotubes can exist as single-walled (SWCNTs) which consists of a
single sheet of graphene rolled to form a cylinder or multi-walled
(MWCNTs) which consist of several concentric graphene tubes
with diameters of up to 100 nm [1]. Both forms of carbon nanotubes
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are widely used in medicine, nanoelectronics, engineering, agri-
culture and daily consumable products [2,3]. There is an increasing
research attention on these nanoparticles in recent years because
excessive exposure to them has been demonstrated to pose great
health risks to both animals and humans [4,5]. Indeed, exposure to
MWCNTs is a global concern due to their potential similarities to
hazardous asbestos fibers [6,7].

Previous studies have independently demonstrated several
toxicological effects of MWCNTs in different experimental models.
Moreover, research into the hepatotoxicity induced by MWCNTs is
important because the liver is the major site of xenobiotic meta-
bolism. Earlier studies on MWCNTs-induced hepatotoxicity indi-
cated that oral administration of single dose of MWCNTs at 60 and
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