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Abstract. The effect of dietary tocotrienols and a-tocopherol acetate supplementation on paraquat-induced
lung toxicity was investigated in rats. The administration of a single dose of paraquat (20 mg/kg, i.p.) to rats
increased lung malondialdehyde (MDA) levels and produced lung edema. Tocotrienols (150 mg/kg pellet)
or a-tocopherol (34 mg/kg pellet) supplementation of two months significantly reduced lung MDA levels
in rats exposed to paraquat but lung edema was unaffected. However lower doses of tocotrienols in the
diet did not significantly lower lung MDA levels compared with the unsupplemented controls. Our results
showed that dietary supplementation of tocotrienols and a-tocopherol provides protection against paraquat

toxicity possibly through their antioxidant property.
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Introduction

Paraquat (PQ), a widely used herbicide, is extremely
toxic to plants and animals. PQ poisoning, whether
occurring accidentally or intentionally may affect the
lungs, liver, brain, kidneys and other organs (Smith and
Heath, 1976). Early mortality of patients with PQ
poisoning occurs as a result of vascular collapse, and
delayed morality is mainly due to progressive
pulmonary fibrosis (Rivero ef al, 1992, Hong et al.,
2000; Koo ef al., 2002)

PQ toxicity has been found to be mediated by the
production of free radicals (Kappus, 1986), which
resulted in oxidative damage to cells. PQ is reduced to
cation radicals, which are reoxidized by molecular
oxygen to the superoxide anion (Tampo et af, 1999;
Margolis ef al., 2000). This resulted in the production of
other reactive oxygen species that are highly reactive to
cellular macromolecules, leading to oxidative stress
(Bus and Gibson, 1984).

Since PQ toxicity involves free radicals, it can be
attenuated by antioxidants such as vitamin C and E,
melatonin and iron chelators and antioxidative enzymes
such as superoxide dismutase (Suntres, 2002).
Vitamin E is one of the important lipid soluble
antioxidants that scavenge free radicals (Burton, 1994).
There are two types of naturally occurring vitamin E,
which are the tocopherols and the tocotriencls. The
latter can be found abundantly in palm oil. It has been
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reported that tocotriencls have a higher antioxidant
activity than a-tocopherol (Kamat and Devasagayam,
1995; Kamat et af., 1997).

Under oxidative stress conditions, vitamin E
concentration in the lungs is increased (lkeda ef af,
2003), which implies mobilization of the vitamin E to the
lungs (Elsayed et al, 1990). It has alsc been
demonstrated that tocopherol protects against acute
effects of PQ induced lung injuries (Suntres and Shek,
1996). So far, studies using tocopherol or tocotriencls
on the chronic effects of PQ induced lung injuries are
limited. Therefore, in this study we investigated the
outcomes of dietary a mixture of tocotriencls and a-
tocopherol supplementation on acute and the chronic
effects of PQl induced lung injury.

Materials and Methods

Animals, reagents and diet: Male Wistar rats, weighing
200-250 g were obtained from Laboratory Animal
Resource Unit, Faculty of Medicine, Universiti
Kebangsaan Malaysia. The rats were kept in
polycarbonate cages and food and water ad libffum. o-
Tocopherol acetate and paraquat dichloride (methyl
viologen) were purchased from Sigma Chemical Co.
(St Louis, MO). The tocotriencls (T) used was a mixture
of 57% y-tocotrienol, 16% o-tocotrienol and 27% &-
tocotrienol supplied by the Malaysian Palm Qil Board.
All other reagents were the highest grade available
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commercially.

Tocotrienols- and tocopherol-enriched diets were
prepared by dissolving the appropriate doses of the
vitamin E in acetone and then adding drops of the
acetone onto the pellet, after which it was evaporated
under vacuum. Control pellets were added acetone
without vitamin E.

Experimental design: Two hundred and ten rats were
divided into six groups and fed either normal rat diet
{control), a-tocopherol-enriched diet (TF, 34 mg/kg food)
or three different doses of tocotrienols-enriched diets
(T1, 30 mg/kg food; T2, 80 mg/kg food; or T3, 150 mg/kg
food) for two months. At the end of the feeding period,
half of the rats from the control group (PQ)) and all the
rats in the vitamin E-supplemented groups were
exposed to a single dose of paraquat (PQ, 20 mg/kg
body weight, intraperitoneally). The remaining half of the
control group (C) was only given normal saline. The
rats were then sacrificed on days 1, 3, 7, 14 and 28
post-PQ exposures. The lungs were removed for
malondialdehyde (MDA) (Ledwozyw ef al., 1986) and
relative water content (Pearce ef af, 1965)
determinations. The animal care and handling, as well
as experimental procedure were approved by the
faculty’'s animal ethics committee.

Statistical analysis: Results were expressed as mean
+ standard error. Statistical comparison was made by
one-way ANOVA and followed by Least Significant
Difference (LSD). P < 0.05 was considered significant.

Results

Lung malondialdehyde  concentration: PQ
administration increased lung malondialdehyde (MDA)
concentrations at all time points determined (Fig. 1).
However, supplementation of TF and tocotrienols at the
dose of 150 mg/kg food (T 3) were able to prevent this
increase. A significant reduction in MDA concentrations
was also observed at smaller doses of tocotrienols (30
and 60 mg/kg food) groups after 7 days exposure to PQ,
but not after 14 days.

Relative water content: Exposure to PQ significantly
increased lung water content at days 1 and 3 but not at
days 7, 14 and 28 (Fig. 2). Supplementation with TF and
all doses of tocotrienols did not have any effect on the
lung water content at all time points studied.

Discussion

The main target organ in PQ toxicity is the lung. As
expected, PQ caused an increase in lung MDA levels,
indicating an increase in lipid peroxidation in the lungs.
Our results showed that the MDA levels were remained
high even after 28 days post-PQ exposure. Other
researchers have also shown similar findings where
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Fig. 1. The effect of dietary supplementation of
tocotrienols (30, T1; 60, T2 or 150, T3 mg/kg
food) or a-tocopherol (34 mg/kg food, TF) for
two months on lung malondialdehyde (MDA)
concentration in rats at days 1, 3, 7, 14 and 28
post-exposure to paraquat (PQ, 20 mg/kg body
weight). Each bar represents mean * standard
error (h = 6-8). *Significantly different from
control (P<0.05). #Significantly different from PQ
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Fig. 2. The effect of dietary supplementation of
tocotriencls (30, T1; 60, T2 or 150, T3 mg/kg
food) or a-tocopherol (34 mg/kg food, TF) for
two months on lung relative water content (%) in
rats at days 1, 3, 7, 14 and 28 post-exposure to
paraquat (PQ, 20 mg/kg body weight). Each bar
represents mean t standard error {n = 6-8).
*Significantly different from control (P<0.05).

PQ administration increased lipid peroxidation in the
lungs (Melchiorri ef al,, 1996; Mustafa et al, 2002).
However, these studies only measured lung MDA levels
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24 hours post-PQ exposure. Since we used a lower
dose of PQ (20 mg/kg body weight) compared to other
studies (50 mg/kg body weight) (Melchiorri et af., 1996;
Cheng et al, 1999), we were able to study the chronic
effect of the oxidant up to 28 days post-exposure. The
dose was selected based on our preliminary study
(unpublished results) to ensure prolongation of the
rats’ survival.

Dietary supplementation of TF (34 mg/kg food) and
tocotrienols at the dose of 150 mg/kg (T3) were able to
prevent the increase in MDA levels due to PQ at all time
points. The protective effect of tocopherol on PQ toxicity
has been reported previously (Suntres and Shek, 1996;
Cheng et af, 1999), but studies involving tocotrienols
are limited. The protective effects of tocotrienol against
oxidant-induced injuries in other organs such as liver
(Kamat et al., 1997), heart (Kamisah et a/.,, 2000) and
bone (Soelaiman ef af., 2004) have been documented.
Lung MDA levels tend to decrease in groups receiving
lower doses of tocotrienols (30 and 60 mg/kg food) at
days 1 and 3, even though the reduction was not
significant. The antioxidative effects of tocotrienols at
these doses might be overwhelmed by PQ toxicity. At
day 7, the deleterious effect of PQ was overcome by the
tocotrienols which is reflected by the low MDA levels.
However at days 14 and 28, these doses of tocotrienol
were no longer able to reduce the MDA levels. The rapid
clearance of tocotrienol from the plasma (Fairus ef af.,
2004) may be the reason for this observation.
Edematous lung is reflected by relative water content. In
this study, lung water content was increased as early
as day 1 after PQ administration but returned to normal
at day 7. This suggested that edema is an early
response to PQ, ie. within 24 hours after PQ
administration, which has also been shown in other
studies (Greenberg ef al, 1978; Suntres and Shek,
1996). Our findings also suggest that the animals
recovered from lung edema on day 7 even if left
untreated.

Dietary vitamin E pretreatment (tocotrienols and -
tocopherol) of two months did not appear to reduce the
edema in the rats. A study by Suntres and Shek (1996)
also showed that pretreatment of animals with -
tocopherol liposomes did not alter significantly the PQ-
induced changes in lung weight. PQ-induced lung
edema could be due to mechanisms other than direct
injury of pulmonary endothelial cells which could not be
prevented by antioxidants.

In conclusion, a high dose of tocotrienols (150 mg/kg
pellet) and a-tocopherol (34 mg/kg pellet) are effective
in reducing lipid peroxidation process caused by PQ up
to 28 days post-exposure.

Acknowledgement

This study was funded by a grant from Malaysian
Ministry of Science, Technology and Innovations {(IRPA
Grant No. 03-07-03-089).

99

References

Burton, G.W. 1994. Vitamin E: molecular and biological
function. Proc. Nutr. Soc., 53: 251-262.

Bus, J.S. and J.E. Gibson, 1984. Paraquat. Model for
oxidant-initiated toxicity. Environ. Health Perspect.,
55: 37-48.

Cheng, W.H., B.A. Valentine and X.G. Lei, 199. High
levels of dietary vitamin E do not replace cellular
glutathione peroxidase in protecting mice from
acute oxidative stress. J. Nutr., 129: 1951-1957.

Elsayed, N.M., M.G. Mustafa and J.F. Mead, 1990.
Increased vitamin E content in the lung after ozone
exposure: a possible mobilization in response to
oxidative stress. Arch. Biochem. Biophys., 282:
263-269.

Fairus, 5., M.N. Roshah, H.M. Cheng and K. Sundram,
2004. Metabolic fate of palm tocotrienols in human
postprandial plasma model. Asia Pac. J. Clin.
Nutr., 13 (Suppl.): S77.

Greenberg, D.B.,, S.A. Lyons and J A Last, 1978.
Paraquat-induced changes in the rate of collagen
biosynthesis by rat lung explants. J. Lab. Clin.
Med., 92: 1033-1042.

Hong, SYY., DH. Yang and KY. Hwang, 2000.
Associations between laboratory parameters and
outcome of paraquat poisoning. Toxicol. Lett., 118:
53-59.

lkeda, K., Y. Kumagai, Y. Nagano, N. Matsuzawa and S.
Kojo, 2003. Change in the concentration of
vitamins C and E in rat tissues by paraquat
administration. Biosci. Biotec. Biochem., 67: 1130-
1131.

Kamat, J.P. and T.P. Devasagayam, 1995. Tocotrienols
from palm oil as potent inhibitors of lipid
peroxidation and protein oxidation in rat brain
mitochondria. Neurosci. Lett., 195: 179-182.

Kamat, JP., HD. Sarma, T.P. Devasagayam, K
Nesaretham and Y. Basiron, 1997. Tocotrienocls
from palm oil as effective inhibitors of protein
oxidation and lipid peroxidation in rat liver
microsomes. Mol. Cell Biochem., 170: 131-137.

Kamisah, Y., A. Adam, W.Z. Wan Ngah, A. Gapor, B.A K.
Khalid and A. Marzuki, 2000. Tocotrienol and
tocopherol were protective against xanthine plus
xanthine oxidase induced oxidative stress. Asia
Pac. J. Pharmacol., 14: 111-116.

Kappus, H., 1986. Overview of enzyme systems
involved in bio-reduction of drugs and in redox
cycling. Biochem. Pharmacol., 35: 1-6.

Koo, J.R., J.C. Kim, JW. Yoon, G.H. Kim, R.W. Jeon,
H.J. Kim, D.W. Chae and J.W. Noh, 2002. Failure of
continuous venovenous hemofiltration to prevent
death in paraquat poisoning. Am. J. Kidney Dis.,
39: 55-59.

Ledwozyw, A., J. Michalak, A. Stepien and A. Kadziolka,

1986. The relationship between plasma
triglycerides, cholesterol, total lipids and lipid
peroxidation products during human

atherosclerosis. Clin. Chim. Acta, 155; 275-284.



Asmadi et al.. Vitamin E, paraquat and lipoperoxidation

Margolis, A.M., S. Porasuphatana and G.M. Rosen,
2000. Role of paraguat in the coupling of nitric
oxide synthase. Biochim. Biophys. Acta, 1524: 253-
257.

Melchiorri, D., R.J. Reiter, E. Sewerynek, M. Hara, L.
Chen and G. Nistico, 1996. Paraquat toxicity and
oxidative damage: Reduction by melatonin.
Biochem. Pharmacol., 51: 1095-1099.

Mustafa, A., A M. Gado, O.A. Al-Shabanah and A.M. Al-
Bekairi, 2002. Protective effect of aminoguanidine
against paraquat-induced oxidative stress in the
lung of mice. Comp. Biochem. Physiol., 132: 391-
397.

Pearce, M.L., J. Yamashita and J. Beazell, 1965.
Measurement of pulmonary edema. Circ. Res.,
1965; 16: 482-8.

Rivero, C., E. Martinez, R. Martinez, E. Gonzalez, O.B.
Espinoza and M.S. Ramirez, 1992. Paraquat
poisoning in children: survival of three cases. Vet
Hum. Toxicol., 34: 164-165.

100

Smith, P. and D. Heath, 1976. Paraquat. Crit. Rev.
Toxicol., 4: 411-445.

Soelaiman, |.N., N.S. Ahmad and B.A.K. Khalid, 2004.
Palm oil tocotrienol mixture is better than alpha-
tocopherol acetate in protecting bones against
free-radical induced elevation of bone-rescrbing
cytokines. Asia Pac. J. Clin. Nutr,, 13 (Suppl):
S111.

Suntres, Z.E. and P.N. Shek, 1996. Alleviation of
paraquat-induced lung injury by pretreatment with
bifunctional liposomes containing «-tocopherol
and glutathione. Biochem. Pharmacol., 52: 1515-
1520.

Suntres, Z.E., 2002. Role of antioxidants in paraquat
toxicity. Toxicol., 180: 65-77.

Tampo, Y., M. Tsukamoto and M. Yonaha, 1999.
Superoxide production from paraquat evoked by
exogenous NADPH in pulmonary endcthelial cells.
Free Radic. Biol. Med., 27: 588-595.



	PJN.pdf
	Page 1


