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SHORT COMMUNICATIONS

Effect of tocotrienol on the activities of cytosolic glutathione-dependent enzymes
in rats treated with 2-acetylaminofluorene

(Received 1 September 1992; accepted 21 January 1993)

Abstract—The effect of tocotrienol on the activities of glutathione S-transferases (GSTs), glutathione
reductase (GR) and glutathione peroxidase (GPx) in rats given 2-acetylaminofluorene (AAF) was
investigated over a 20 week period. Liver and kidney GST and liver GR activities were significantly
increased after AAF administration. Kidney GPx activities were significantly affected; activity assayed
with cumene hydroperoxide (cu-OOH) was increased but activity assayed with H,O, was reduced.
Supplementation of the diet with tocotrienol in the AAF-treated rats reduced the increase in enzyme
activities. Tocotrienol on its own had no effect on the enzyme activities.

A number of glutathione (GSH*)-dependent enzymes
notably glutathione reductase (GR), glutathione peroxidase
(GPx) and glutathione S-transferases (GSTs) have been
reported to correlate closely with the occurrence and stages
of neoplasia [1,2]. It has been reported that the severity
of carcinogenesis is moderated by vitamin E [3].
Tocotrienol, a form of vitamin E, has been reported to
exhibit antitumour activity against several transplantable
murine tumours {4]. It was also reported that tocotrienol
reduces the severity of hepatocarcinogenesis in the rat
induced by 2-acetylaminofluorene (AAF) [5]. We report
here the effect of tocotrienol purified from palm oil on the
activities of GSTs, GPx and GR in the livers, lungs and
kidneys of rats treated with AAF.

Methods and Results

Animal treatment was carried out essentially like Wan
Ngah et al. [5] except that the animals were killed at 3, 8,
12 and 20 weeks. The liver, lungs and kidneys were then
removed and weighed, and cytosolic enzyme extraction
was carried out following the procedure of Speier and
Wattenberg [6].

GST activities were assayed following the method of
Habig et al. [7] using 1-chloro-2,4-dinitrobenzene (CDNB)
and 3,4-dichloro-nitrobenzene (DCNB) as the second
substrates. GR activity was assayed according to the
method of Racker [8). GPx activity was assayed
spectrophotometrically according to the method of Paglia
and Valentine [9] with slight modifications; to 0.8 mL of
the reaction mixture containing 55 mM phosphate buffer
pH 7.0, 0.84 mM NADPH, 11.25mM NaN;j and 0.5 mM
reduced GSH, 0.1 mL of the cytosolic fraction was added.
The reaction was started by the addition of 0.1 mL 2.5 mM
H,0; 0r 0.1 mL 2.2 mM cumene hydroperoxide (cu-OOH).

The protein concentrations of the cytosolic fractions
were determined by the method of Sedmark and Grossberg
[10]. The results obtained in the experiment (Table 1) were
analysed by Student’s t-test and the value of P < 0.05 was
considered as significant.

AAF treatment significantly increased liver and kidney
GST and liver GR activities. Kidney GPx (cu-OOH)

* Abbreviations: GST, glutathione S$-transferase (EC
2.5.1.18); GR, glutathione reductase (EC 1.6.4.2); GPx,
glutathione peroxidase (EC 1.11.1.9); AAF, 2-acetyl-
aminofluorene; cu-OOH, cumene hydroperoxide; CDNB,
1-chloro-2,4-dinitrobenzene; DCNB, 3,4-dichloronitro-
benzene; GSH, glutathione.

activity was increased while GPx (H,0,) activity was
reduced. Liver GPx and kidney GST (CDNB) and GR
activities, as well as all the enzyme activities in the lung,
werenotaffected. The enzyme activitiesin the treated organs
were significantly affected 3 weeks after administration of
AAF or the AAF-tocotriecnol mixture and remained
elevated for up to 20 weeks. Tocotrienol moderated the
increase in the enzyme activities brought about by AAF.
However, on its own it had no effect on any of the enzyme
activities determined in all the organs tested of normal rats
(data not shown).

Discussion

The GSH-dependent enzymes, especially the GSTs, have
been reviewed in relation to carcinogenesis [11, 12]. The
GST placental form (form 7), a marker for neoplasia [2,
13-15}, isinduced in the liver by carcinogens and contributes
totheincreaseinoverall GSTlevelsin hepatocarcinogenesis.
In the kidney, the increase in GST (DCNB) activity could
be due to an increase in one or more of the isoenzyme
forms that are different from the GST placental form. The
kidney GST isoenzyme form 3 is not normally present in
the liver, is specifically very active against DCNB and is
distinct from the GST placental form.

Kitahara et al. [16] reported that GPx and GR activities
were increased in neoplasia. The increase in GPx activity
was due to the increased GPx activity of GST [17]. A GST
isoenzyme form exhibits GPx (cu-OOH) activity but not
GPx (H,0,) activity. It is possible that the GPx activity of
GST contributes to the total increase in GPx activity in the
kidneys of the AAF-treated rats since both GST (DCNB)
and GPx (cu-OOH) activities were correspondingly
increased.

We have suggested in an earlier report [5] that tocotrienol
reduces the severity of hepatocarcinogenesis in AAF-
treated rats based on gross morphology, ultrastructural and
histological studies coupled with determination of plasma
and liver y-glutamyltranspeptidase and liver UDP-
glucuronyltransferase. In the present study, we have shown
that tocotrienol supplementation in the diet reduces the
increase in GST and GPx activities, both of which have
been reported to be closely correlated to the severity of
carcinogenesis. This finding provides further evidence for
the suggestion that tocotrienol reduces the severity of
hepatocarcinogenesis.
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Table 1. Effect of AAF and AAF-tocotrienol mixture on cytosolic enzyme specific
activities in the liver and kidney of rats

Week 3 8 12 20
Liver GST {CDNB)
Control 0.71 {0.07) 0.84 (0.02) 0.65 (0.03) 0.50 (0.04)
AAF 0.94 {0.06)* 0.97 (0.12)* 1.10 (0.08)* 0.50 (0.07)
Mixture 0.99 (0.04)* 0.93 (0.03)* 0.89 (0.08)* 0.47 (0.03)
Liver GST (DCNB) (activity x 10°?)
Control 2.53 (0.21) 3.03 (0.11) 2.43 (0.20) 2.53 (0.42)
AAF 3.60 (0.20)* 3.53(0.16)* 3.90 (0.29)* 5.37 (0.12)*
Mixture 3.20 (0.21)* 3.30 (0.19) 3.48 (0.31)* 4.72 (0.30)*
Liver GR (activity x107%)
Control 4.93 (0.29) 5.15 (0.15) 5.05 (0.23) 6.10 (0.51)
AAF 6.28 (0.24)* 6.80 (0.42)* 7.17 (0.47)* 9.78 (0.25)*
Mixture 7.25 (0.45)* 6.80 (0.45)* 6.38 (0.57) 8.33 (0.57)*
Kidney GST (DCNB) (activity x107%)
Control 0.42 (0.03) 0.54 (0.06) 0.55 (0.03) 0.63 (0.14)
AAF 0.42 (0.05) 0.93 (0.10)* 1.39 (0.29)* 1.87 (0.22)*
Mixture 0.42 (0.03) 0.90 (0.09)* 1.24 (0.14)* 1.43 (0.10)*
Kidney GPx (cu-OOH)
Control 0.07 (0.01) 0.15 {(0.03) 0.12 (0.01) 0.15 (0.02)
AAF 0.13 (0.01)* 0.23 (0.01)* 0.21 (0.01)* 0.19 (0.00)*
Mixture 0.15 (0.02)* 0.15 (8.03)+ 0.21 (0.01)* 0.18 (0.01)*
Kidney GPx (H,0,)
Control 0.10 (0.01) 0.11 (0.03) 0.09 (0.01) 0.10 (0.02)
AAF 0.05 {0.01)* 0.06 (0.01)* 0.06 (0.01)* 0.06 (0.01)*
Mixture 0.11 (0.02)+ 0.10 (0.02)+ 0.06 (0.01)* 0.05 (0.01)*

Values shown are means with = SD in parentheses.
Significant values: * P < 0.05 compared to control, ¥ P < 0.05 compared to AAF.

Jabatan Biokimia dan NOR ARIPIN SHAMAAN

Mikrobiologi WAN ZURINAH WAN NGAR™ T
Universiti Pertanian Rusui IBRAHIM*
Malaysia ZANARIAH JARIEN*

43400 UPM Serdang

*labatan Biokimia,
§Jabatan Perubatan

Fakulti Perubatan

Universiti Kebangsaan
Malaysia

Jalan Raja Muda Abdul
Aziz

50300 Kuala Lumpur, and

tChemistry and
Technology Division

Palm OQil Research
Institute of Malaysia

Jalan Persiaran Hmu

43600 Bangi

Malaysia

ABDUL GAPCR MDD Tori
KHALID ABDUL KADIRE

REFERENCES

1. Yamamoto K, Yokose Y, Nakajima A, Nakajima A,
Eimoto H, Shiraiwa K, Tomura K, Tsutsumi M and
Konishi Y, Comparative histochemical investigation
of the glutamyltranspeptidase during N-nitrobis-(2-
hydroxypropyl)-amine induced lung carcinogenesis in
rats. Carcinogenesis 9: 399404, 1988.

2. Sato K, Kitahara A, Satoh K, Ishikawa T, Tatematsu
M and Ito N, The placental form of glutathione S-
transferase as a new marker protein for preneoplasia

+ Corresponding author. Tel. (60) 3 4405222; FAX (60)
3 2912659,

10.

11,

12.

in rat chemical hepatocarcinogenesis. Gann 75: 199-
202, 1984.

. Ura H, Denda A, Yokose Y, Tsutsumi M and Konishi

Y, Effect of vitamin E on the induction and evolution
of enzyme altered foci in liver of rats treated with
diethylnitrosamine. Carcinogenesis 8: 15951600, 1987.

. Komiyama K, lizuka K, Yamaoka M, Watanabe H,

Tsuchiya N and Umezawa I, Studies on the biological
activity of tocotrienols. Chem Pharm Bull 37. 1369~
1371, 1989.

. Wan Ngah WZ, Jarien Z, San MM, Marzuki A, Md

Top Ag, Shamaan NA and Khalid BAK, Effects of
tocotrienols on hepatocarcinogenesis induced by 2-
acetylaminofluorene. AmJ Clin Nutr §3: 1076510818,
1991,

. Speier JL and Wattenberg LW, Alterations in

microsomal metabolism of benzo(a)pyrene in mice fed
butylated hydroxylanisole. J Natl Cancer Inst 55: 469~
472, 1975.

. Habig WH, Pabst MJ and Jakoby WB, Glutathone §-

transferases. The first enzymatic step in mercapturic
acid formation. J Biol Chern 249: 7130~7139, 1974,

. Racker E, Glutathione reductase (liver and yeast).

Methods Enzymol 2: 722-725, 1955,

. Paglia DE and Valentine WN, Studies on the

quantitative and qualitative characterization of eryth-
rocyte glutathione peroxidase. J Lab Clin Med 70: 158
169, 1967.

Sedmark 1J and Grossberg SE, A rapid, sensitive and
versatile assay for protein using Coomassie Brilliant
Blue G250. Anal Biochem 79: 544-5352, 1977.
Chasseaud LF, The role of glutathione and glutathione
S-transferases in the metabolism of chemical car-
cinogens and other electrophilic agents. Adv Cancer
Res 29: 175-274, 1979.

Ketterer B, Meyer DJ, Coles B, Taylor JB and Pemble



13.

14.

15.

Short communications 1519

S, Glutathione transferases and carcinogenesis. Basic
Life Sci 39: 103-126, 1986.

Hendrich S and Pitot HC, Enzymes of glutathione
metabolism as biochemical markers during hepa-
tocarcinogenesis. Cancer Metast Rev 6: 155-178, 1987.
Sato K, Glutathione S-transferases as markers and
hepatocarcinogenesis. Jpn J Cancer Res Gann 719: 556~
572, 1988.

Board PG, Biochemical genetics of glutathione S-
transferase in man. Am J Human Genet 33: 36-43,
1981.

16. Kitahara A, Satoh K and Sato K, Properties of the

increased glutathione S-transferase A form in rat
preneoplastic hepatic lesions induced by chemical
carcinogenesis. Biochem Biophys Res Commun 112:
20-28, 1983.

17. Kitahara A, Satoh K, Nishimura K, Ishikawa T, Ruike

K, Sato K, Tsuda H and Ito N, Changes in molecular
forms of rat hepatic glutathione S-transferase during
chemical hepatocarcinogenesis. Cancer Res 44: 2668
2673, 1984.



