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Abstract 
Punicalagin and punicalin, isolated from the leaves of Terminalia catappa L., are used to 
treat dermatitis and hepatitis. Both compounds have strong antioxidative activity. The anti- 
hepatotoxic activity of punicalagin and punicalin on carbon tetrachloride (CC14)-induced 
toxicity in the rat liver was evaluated. 

Levels of serum glutamate-oxalate-transaminase and glutamate-pyruvate-trans-aminase 
were increased by administration of CC14 and reduced by drug treatment. Histological 
changes around the liver central vein and oxidation damage induced by CC14 also benefited 
from drug treatment. 

The results show that both punicalagin and punicalin have anti-hepatotoxic activity but 
that the larger dose of punicalin induced liver damage. Thus even if tannins have strong 
antioxidant activity at very small doses, treatment with a larger dose will induce cell 
damage. 

Terminalia catappa L. is a combretaceous plant 
widely distributed on tropical and subtropical 
beaches. The leaves of this plant have been used as 
a folk medicine for treating dermatitis and hepatitis 
in Taiwan, India, the Philippines, Malaysia and 
Indonesia (Perry 1980). Previous studies showed 
that Terminalia catappa L. had antioxidative, anti- 
inflammatory, and hepatoprotective activity, and 
also modulated mitomycin C-induced clastogeni- 
city (Liu et a1 1996; Lin et a1 1997). The con- 
stituents of the leaves of this plant are chiefly 
hydrolysable tannins such as punicalagin, punica- 
lin, chebulagic acid and geraniin, etc. (Tanaka et a1 
1986). Punicalagin and punicalin are the most 
abundant components and have the strongest anti- 
oxidative activity of this group of tannins. In rela- 
ted research they were shown to have anti-HIV 
replication effects (Nonaka et a1 1990) and activity 
against carbonic anhydrase (Satomi et a1 1993). 

The hepatoprotective effect of punicalagin and 
punicalin has been investigated against the liver 
injury induced by carbon tetrachloride (CC14), a 
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chemical often used in studies in the search for 
hepatoprotective agents (McCay et a1 1984). 

Active oxygen molecules such as the superoxide 
radical play an important role in the inflammation 
process after intoxication by CC14 (Slater & Sawyer 
1971a, b). These radicals, which react with cell 
membranes and induce lipid peroxidation, have 
been implicated as important pathologic mediators 
in many clinical disorders (Slater 1984). A major 
defence mechanism is the antioxidant enzymes 
(especially superoxide dismutase, catalase and 
glutathione peroxidase) which convert active oxy- 
gen molecules into non-toxic compounds. In this 
study we were interested in evaluating the rela- 
tionship between the hepatoprotective and anti- 
oxidant enzyme activity of punicalagin and 
punicalin. 

Materials and Methods 
Materials 
Punicalagin and punicalin (Figure 1) were isolated 
from the dried leaves of T. catappa obtained 
commercially in Taiwan. The leaves were identi- 
fied by comparative anatomical studies and repre- 
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Figure 1 .  
calin. 

The chemical structures of punicalagin and puni- 

sentative specimens were preserved in the Kaoh- 
siung Medical College Herbarium, and authenti- 
cated by c .  c. Lin, School of Pharmacy, Kaohsiung 
Medical College. The isolation methods were 
modifications of those reported by Tanaka et a1 
(1986) and by Lin (1992). 

Reagents and enzymes for antioxidant enzyme 
assays were purchased from Sigma (St Louis, MO). 
Kits B 8 120 and B 8 1 10 for measurement of serum 
glutamate-pyruvate-transaminase (GPT) activity 
were purchased from Menarini Industrie Farm- 
aceutiche Riunite Divisione Diagnostici (Italy). 
Silymarin as reference drug was obtained from 
Aldrich (Milwaukee, WI). All other chemicals were 
of reagent grade and were used without 
further purification. 

Animals, drug administration protocols and tissue 
collection 
Male Wistar Albion rats, 4-6 weeks, 180-230 g, 
were housed in an air-conditioned room at 
22f3"C,  55 f5% humidity, 12-h light, and fed 
with a standard laboratory diet and tap water. 

Rats were divided into seven groups of eight. 
Group 1 served as a control group, receiving 
normal saline only (10 mL kg-', i.p.). CC14 
(3 mL kg-' 50% in olive oil) was administered to 
animals of the other six groups by back sub- 
cutaneous injection. Punicalagin and punicalin 
(12.5 or 25.0 mg kg-', as 1.25 or 2.50 mg mL-' 
solutions in normal saline, i. .) and the reference 
drug silymarin (25.0 mg kg-q as a 2.50 mg mL-' 
solution in 1% carmellose, i.p.) were administered 
to groups 3, 4, 5,  6 and 7, 2 h before and 24 and 
48 h after CC14 administration. The remaining two 
groups, i.e. one given CC14 and one given vehicle 
only, were given no treatment. All animals were 
killed 72 h after CC14 administration, blood was 
drawn from the carotid artery and serum was 
separated for the different assays. Liver tissues 
were removed, liver sections were taken from each 

lobe of the liver and fixed in 10% neutral formalin; 
the remaining livers were cut into approximately 
50-100 mg portions on ice and stored separately at 
- 70°C in plastic vials. 

Assessment of liver finction 
After blood collection, the blood samples were left 
to coagulate at room temperature for 1 h. Serum 
was separated by centrifugation at 3000 rev min-' 
and 4°C for 20 min. Serum glutamate-oxalate- 
transaminase (GOT) and GPT values were mea- 
sured as described by Bergmeyer et a1 (1978). 

Histopathological observation 
After one week of fixing in 10% neutral formalin 
solution, the tissues were dehydrated with a 
sequence of aqueous solutions containing from 50-  
100% ethanol, embedded in paraffin, cut into 5-pm 
sections, stained with haematoxylin-eosin dye and 
observed under a photomicroscope. The morpho- 
logical changes investigated were cell necrosis, 
fatty change and infiltration of lymphocytes and 
Kupffer cells. 

Homogenate preparation 
The frozen liver samples were homogenized in 
Tris-HC1 or phosphate buffer solution to give a 
20% homogenate. To measure lipid peroxidation 
levels homogenate was centrifuged at 1700 
rev min-' and 4°C for 10 min. For assay of cata- 
lase activity the homogenate was centrifuged at 
3000 rev min-' and 4°C for 15 min, then diluted to 
0.5%. After centrifugation at 3000 rev min-' for 
15 min, the supernatant was again centrifuged 
either at 10000 rev min-' for 1 min and diluted to 
2% for measurement of glutathione peroxidase 
activity or at 30000 rev min-' for 10 min before 
extraction of tissue superoxide dismutase activity 
with 20% ethanol. 

The protein content of liver tissue was deter- 
mined by the method of Lowry et a1 (1951); the 
result was correlated with the A280 curve, a stan- 
dard calibration curve. 

Measurement of tissue lipid peroxidation levels 
Lipid peroxidation was quantified by measurement 
of thiobarbituric acid-reactive substances by spec- 
trophotometric assay (Hitachi U-2000 spectro- 
photometer) as described by Ohkawa et a1 (1979). 
The level of lipid peroxides, expressed as nmol 
malondialdehyde (mg protein)-', was calculated 
from the absorbance at 532 nm using tetra- 
ethoxypropane as external standard. This method is 
an indirect measure of lipid peroxidation which is 
susceptible to interference by endogenous and exo- 
genous substances; it should be regarded as an 
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indication rather than as an absolute measure of total 
tissue lipid peroxide levels (Draper & Hadley 1990). 

Tissue enzyme activity assays 
Superoxide dismutase activity was measured by the 
nitroblue tetrazolium reduction procedure (Beau- 
champ & Fridovich 1971) using 150 pL homogenate 
supernatant in a final assay volume of 3.0 mL. The 
units of enzyme activity were calculated from the 
absorbance at 560 nm using standard enzyme as a 
standard curve. The assays for catalase or glutathione 
peroxidase were performed by the methods of Aebi 
(1984) and Flohe & Gunzler (1984), respectively. 
Assays on a given sample were performed in tripli- 
cate, and enzyme-specific activities were expressed 
in units of activity (mg protein)-'. 

Results 
Effects of drug administration on serum GOT and 
GPT levels 
The results from examination of the effects of 
punicalagin and punicalin on this liver-injury 
model are summarized in Table 1. The results 
indicate that 72 h after CC14 injection there were 
significant increases of serum GOT and GPT 
compared with the control group but that the GOT 
and GPT levels were significantly ( P  < 0.005 
compared with the CC1,-treated control) lower 
when the rats were given punicalagin (12.5 and 
25 mg kg-'). High serum GOT and GPT levels 
were, however, measured when rats were given 
25 mg kg-' punicalin. 

Histopathological observation 
This phenomenon was confirmed by histological 
examination (Figure 2). Massive fatty change, 
gross necrosis, broad infiltration of lymphocytes 
and Kupffer cells around the central vein, and loss 
of cellular boundary (Figure 2B) were observed in 
the livers of CC1,-treated rats. Less damage was 
present in the livers of rats given punicalagin and 
punicalin (Figure 2D, E, and F), except for 

25 mg kg-' doses of punicalin, which caused the 
liver injury to deteriorate (Figure 2G). 

Effects of drug administration on rat liver anti- 
oxidant enzyme and lipid peroxide levels 
The results are shown in Table 2. Non-enzymatic 
lipid peroxidation was induced in the rat liver 
homogenate by FeC12-ascorbic acid and the effects 
of administration of the drugs were determined by 
assay of the malondialdehyde-thiobarbituric acid 
adduct at 532 nm (Wong et a1 1987). There was a 
significant increase of malondialdehyde level 
compared with that measured for the normal con- 
trol without FeC12-ascorbic acid. Punicalagin and 
punicalin reduced antioxidant enzyme activity, 
except for treatment with 25 mg kg-' punicalin. 

Discussion 
Reactive oxygen species such as superoxide, 
hydroxyl radical, iron-oxygen complexes, hydro- 
gen peroxide and lipid peroxides are generated by 
several reactions: metabolism of triplet oxygen 
molecules; one-electron reduction of oxygen; cat- 
alytic decomposition of hydrogen peroxide and 
lipid hydroperoxides by metal ions; attack of metal 
or of metal-oxygen complexes; light and X-ray 
irradiation; intake of exogenous radicals (Fridovich 
1976). 

These radicals react with biological molecules 
such as DNA, proteins and phospholipids and 
eventually damage membranes and other tissue 
(Vuillaume 1987). Aerobic organisms employ a 
battery of defence mechanisms such as antioxidant 
enzymes (superoxide dismutase, catalase and glu- 
tathione peroxidase) to prevent or mitigate oxida- 
tive tissue-damage (Halliwell & Gutteridge 1989). 
Superoxide dismutase removes the superoxide 
radical to prevent formation of the hydroxyl radi- 
cal. Catalase deals especially effectively with the 
large amounts of hydrogen peroxide generated in 
the peroxisomes. Glutathione peroxidase is capable 
not only of utilizing hydroperoxides but also of 

Table 1. The attenuating effects of drug treatment on serum glutamate-oxalate-trans- 
aminase and serum glutamate-pyruvate-transaminase levels in CC14-intoxicated rats. 

Treatment Serum glutamate- Serum glutamate- 
oxalate transaminase pyruvate- transaminase 

Control (NaCl) 1 2 5 f 5  2 8 f 4  
CC14-olive oil (3 mL kg-') 380f 80 83 f 22 
Silymarin (25 mg kg-') 240 f 60 5 0 f  20 
Punicalagin (12.5 mg kg-I) 190f 30* 3 8 f 7 *  

Punicalin (12.5 mg kg-') 220 f 50 5 0 f  6 
Punicalin (25 mg kg -') 390f 30 142f 2 

Punicalagin (25 mg kg -') 170f 30* 3 5 f 5 *  

*P < 0.005, significantly different from CC1,-treated rats. 
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Figure 2. 
D. punicalagin (12.5 mg kg-'); E. punicalagin (25 mg kg-I); F. punicalin (12.5 mg kg-l); G. punicalin (25 mg kg-I). 

Photomicrographs of rat liver sections. A. Control (NaCI); B. CCI4-olive oil (3 mL kg-I); C. silymarin (25 mg kg-'); 

metabolizing hydrogen peroxide in both the cyto- 
solic and mitochondria1 compartments. At other 
sites intake of compounds which induce antioxidant 
enzyme activity or scavenge free radicals both 
prevent oxidative damage (Hochstein & Atallah 
1988). 

CC14 is metabolized by the mixed-function oxi- 
dase system in the endoplasmic reticulum of the 
liver. Cleavage of the carbon-chloride bond results 
in the formation of free trichloromethyl radicals 
(CC13), which are highly unstable and immediately 
react with membrane components (Recknagel & 
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Effects of drug administration on the specific activities of liver antioxidant enzymes and on the levels of thiobarbituric Table 2. 
acid-reactive substances in CC14-intoxicated rats. 

Treatment Enzyme activity (units (mg liver protein)-') Thiobarbituric acid- 
reactive substances 

(nmol malondialdehyde 
Superoxide Glutathione Catalase (mg liver protein)-') 
dismutase peroxidase 

Control (NaCI) 75.8 1 + 1.94 0.98 1 f 0.030 296.83 f 10.05 1.2304r0.389 
CCI4-olive oil (3 mL kg-') 56.75 f 0.50 0.704 f 0.033 189.61 f5 .56  1,790 4r 0.163 
Silymarin (25 mg kg-') 68.13 4r 2.54 0.848 f 0.047 258.17f6.31 1.262 f 0.1 13* 
Punicalagin (12.5 mg kg-I) 68.10 * 0.54 0.934 f 0.032* 240.74 f 4.9 1 * 1.747 * 0.1 10 
Punicalagin (25 mg kg - I )  92.55 4r 0.73* 0.973 f 0.068* 254.28 f 4.61 1.456f 0.083 
hnicalin (12.5 mg kg-I) 67.89 f 0.56 0.879f 0.062 264.92 f 945* 1.668 4r 0.167 
hnicalin (25 mg kg-') 52.24f 0.53 0.736 f 0.046 205.15 f 4.17 1.834 f 0.242 

Specific activities of enzymes and levels of thiobarbituric acid-reactive substances in the liver are expressed as the means* s.d., 
n = 8. *P < 0.005, significantly different from CCI4-treated rats. 

Glende 1973). They form covalent bonds with 
unsaturated fatty acids or abstract a hydrogen atom 
from the unsaturated fatty acids of membrane 
lipids, resulting in the production of chloroform 
and lipid radicals which react with molecular 
oxygen; this initiates peroxidative decomposition 
of phospholipids in the endoplasmic reticulum. The 
peroxidation process results in the release of solu- 
ble products that affect other membranes, such as 
cell membranes (Packer et a1 1978). It has been 
found that microsomal oxidation of chloroform 
results in the formation of phosgene. It is thought 
that a secondary metabolite causes cell death (Shah 
et a1 1979). Thus, protective agents against CC14- 
induced liver injury exert their action by impairing 
CC14-mediated lipid peroxidation by inhibiting the 
generation of free-radical derivatives (Castro et a1 
1974) or as a result of the antioxidant activity of the 
protective agent itself (Yasuda et a1 1980). 

Shigeki et a1 (1988) investigated superoxide 
(02-) production in rat Kupffer cells in various 
pathological states. In CC14-induced liver cirrhosis, 
02- production in Kupffer cells was remarkably 
reduced, and superoxide dismutase activity in the 
liver homogenate was also reduced. 

In the current work, histological changes 
observed in the CC14 group were ballooning 
degeneration, fatty change, cell necrosis, lympho- 
cyte infiltration, and increase in Kupffer cells. 
Treatment with increasing doses of punicalagin or 
punicalin reduced ballooning degeneration, fatty 
change and cell necrosis but not (in contrast with 
Shigeki's results) lymphocyte infiltration or Kupf- 
fer-cell proliferation. Also of interest was that 
treatment with punicalagin reversed the decrease in 
rat liver superoxide dismutase activity induced by 
CCl,; treatment with 12.5 and 25 mg kg-' puni- 
calagin resulted in levels that were lower and 
higher, respectively, than that of the normal control 
group, but whereas treatment with 12.5 mg kg-' 

punicalin had the same effect as the same level of 
punicalagin, treatment with 25 mg kg-' punicalin 
resulted in a level similar to that in the untreated 
group (Table 2). 

Oelrichs et a1 (1994) reported that punicalagin 
caused slight liver lesions, results in agreement 
with ours. We therefore suggest that although these 
condensed tannins have strong antioxidative activ- 
ity in-vitro and can, in small doses, prevent CC14- 
induced liver injury, larger doses result in liver 
lesions. Measurement of CC14-induced serum GOT 
and serum GPT levels also support this suggestion. 

In a previous study (unpublished), we found that 
punicalagin and punicalin had strong activity 
against lipid peroxidation and superoxide formation 
and strong superoxide-scavenging activity, but no 
hydroxyl-radical-scavenging activity in-vitro. On 
the basis of those results, we measured the activity 
of three antioxidant enzymes and levels of thio- 
barbituric acid-reactive substances in rat-liver 
homogenate in-vitro to determine the relationship 
between the drugs and the liver antioxidant defence 
system (Table 2). The activities of all the anti- 
oxidant enzymes were reduced by treatment with 
CC14 but treatment with the drugs reduced the 
decrease. Levels of thiobarbituric acid-reactive 
substances were higher in the CC14 group but the 
increase was reduced by drug treatment. These 
results demonstrated that although punicalagin and 
punicalin do not have hydroxyl-radical-scavenger 
activity, they restore the activity of hydroxyl-rad- 
ical-scavenger enzymes (catalase and glutathione 
peroxidase). 

According to the concept of traditional Chinese 
medicine, liver disease is thought to be caused by 
the stagnation of pathogenic damp-heat and liver 
stasis or invasion of the stomach and spleen by 
hepatic Qi. Patients with liver disease might man- 
ifest different syndromes in different phases (Tsai 
et a1 1997). Therefore, one disease can be treated in 
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different ways, and the study rationalizes the tradi- 
tional use of herbal prescriptions in liver diseases. 
Furthermore, a protective mechanism not specific 
to injury induced by CC14 might be responsible for 
the hepatoprotective activity of these prescriptions. 
Experiments are now in progress to study the 
mechanisms of activity and toxicity. 

In conclusion, this study has demonstrated that 
although the leaves of this plant can be used as a 
crude hepatoprotective drug the medicine should be 
used carefully and should not be abused. 

Acknowledgements 
The authors wish to thank M. H. Yen and J. J. Yang 
for their technical assistance. We are grateful to 
The National Science Council of the Republic of 
China for financial support. 

References 
Aebi, H. (1984) Catalase in vitro. Methods Enzymol. 105: 

121-126 
Beauchamp, C., Fridovich, I. (1971) Superoxide dismutase: 

improved assays and an assay applicable to acrylamide gels. 
Anal. Biochem. 44: 276283 

Bergmeyer, H. U., Scheibe, P., Wahlefeld, A. W. (1978) 
Optimization of methods for aspartate aminotransferase 
and alanine aminotransferase. Clin. Chem. 24: 58-61 

Casto, J. A., Ferrya, G. C., Castro, C. R., Sasame, H., Fenos, 
0. M., Gillette, J. R. (1974) Prevention of carbon tetra- 
chloride-induced necrosis by inhibitors of drug metabolism. 
Further studies on the metabolism of their action. Biochem. 
Pharmacol. 23: 295-302 

Draper, H. H., Hadley, M. (1990) Malondialdehyde determin- 
ation as index of lipid peroxidation. Methods Enzymol. 186: 
421431 

Flohe, L., Gunzler, W. F. (1984) Assays of glutathione peroxi- 
dase. Methods Enzymol. 105: 114-121 

Fridovich, I. (1976) Oxygen radicals, hydrogen peroxide and 
oxygen toxicity. In: Pryor, W. A. (ed.) Free Radicals. 
Biology. vol. 1, Academic Press, New York, pp 239-271 

Halliwell, B., Gutteridge, J.  M. C. (1989) Free Radicals in 
Biology and Medicine. 2nd edn, Oxford University Press, 
Oxford 

Hochstein, P., Atallah, A. S. (1988) The nature of oxidants and 
antioxidant systems in the inhibition of mutation and cancer. 
Mutation Res. 202: 363-375 

Lin, T. C. (1992) Study on the tannins and related compounds 
in the fruit of Teminalia catappa L. J. Clin. Med. Pharm. 
Res. 14: 165-174 

Lin, C. C., Chen, Y. L., Lin, J. M., Takashi, U. (1997) 
Evaluation of the antioxidant and hepatoprotective activity 
of Teminalia catappa L. Am. J. Chin. Med. 25: 153-161 

Liu, T. Y., Ho, L. K., Tsai, Y. C., Chiang, S. H., Chao, T. W., 
Li, J. H., Chi, C. W. (1996) Modification of mitomycin C- 
induced clastogenicity by Terminalia catappa L. in vitro and 
in vivo. Cancer Lett. 105: 113-1 18 

Lowry, 0. H., Rosebrough, N. J., Farr, A. L., Randall, R. J. 
(195 1) Protein measurement with the Folin phenol reagent. 
J. Biol. Chem. 193: 265-275 

McCay, P. B., Lai, E. K., Poyer, J. L. (1984) Oxygen- and 
carbon-centered free radical formation during carbon tetra- 
chloride metabolism. J. Bio. Chem. 259: 2135-2143 

Nonaka, G. I., Nishioka, I., Nishizawa, M., Yamagishi, T., 
Kashiwada, Y., Dutschman, G. E., Bonder, A. J., Kilkuskie, 
R. E., Cheng, Y. C., Lee, K. H. (1990) Anti-AIDS agents, 
21: inhibitory effects of tannins on HIV reverse transcriptase 
and HIV replication in H9 lymphocyte cells. J.  Nat. Prod. 

Oelrichs, P. B., Pearce, C. M., Zhu, J., Filippich, L. J. (1994) 
Isolation and structure determination of terminalin A toxic 
condensed tannin from Terminalia oblongata. Natural 
Toxins 2: 144-150 

Ohkawa, H., Ohishi, N., Yagi, K. (1979) Assay for lipid 
peroxides in animal tissue by thiobarbituric acid reaction. 
Anal. Biochem. 95: 351-358 

Packer, J., Slater, T., Willson, R. (1978) Reactions of the 
carbon tetrachloride-related peroxy free radical (CC1302) 
with amino acids: pulse radiolysis evidence. Life Sci. 23: 

Perry, L. M. (1980) In: Perry, L. M. (ed.) Medicinal Plants 
of East and Southeast Asia-Attributed Properties and 
Uses. The Massachusetts Institute of Technology Press, 

Recknagel, R. O., Glende, E. A. (1973) Carbon tetrachloride 
hepatotoxicity: an example of lethal cleavage. CRC Crit. 
Rev. Toxicol. 2: 263-297 

Satomi, H., Umemura, K., Ueno, A,, Hatano, T., Okuda, T., 
Noro, T. (1993) Carbonic anhydrase inhibitors from the 
pericarps of Punica granatum L. Biol. Pharm. Bull. 16: 

Shah, H., Martman, S. P., Weinhouse, S. (1979) Formation of 
carbonyl chloride in carbon tetrachloride metabolism by rat 
liver in vitro. Cancer Res. 39: 3942-3947 

Shigeki, A., Kazunobu, M., Shigeyuki, I., Tetsu, S., 
Yukihito, A,, Naomi, F., Takayoshi, T. (1988) Biological 
and clinical significance of superoxide production in the 
Kupffer cell. In: Motoharu, K., Yoshihiko, O., Toshikazu, Y. 
(eds) Free Radicals in Clinical Medicine. Japan. Vol. 3. pp 

Slater, T. F. (1984) Free-radical mechanisms in tissue injury. 
Biochem. J. 222: 1-15 

Slater, T. F., Sawyer, B. C. (1971a) The stimulatory effects of 
carbon tetrachloride and other halogenoalkanes on peroxi- 
dative reactions in rat liver fraction. J.  Biochem. 123: 805- 
814 

Slater, T. F., Sawyer, B. C. (1971b) The stimulatory effects of 
carbon tetrachloride on peroxidative reactions in rat liver 
fraction in vitro. J. Biochem. 123: 815-821 

Tanaka, T., Nonaka, G., Itsuo, N. (1986) Isolation and 
characterization of four new hydrolysable tannins, 
terflavins A and B, tergallagin and tercatain from the 
leaves of Terminalia catappa L. Chem. Pharm. Bull. 34: 

Tsai, C. C., Kao, C. T., Hsu, C. T., Lin, C. C.,Lin, J. G. (1997) 
Evaluation of four prescriptions of traditional Chinese 
medicine: Syh-Mo-Yiin, Guizhi-Fuling-Wan, Shieh-Qing- 
Wan and Siyh-Nih-Sann on experimental acute liver damage 
in rats. J Ethnopharmacol. 55: 213-222 

Vuillaume, M. (1987) Reduced oxygen species, mutation, 
induction and cancer initiation. Mutation Res. 186: 43-72 

Wong, S. H., Knight, J. A., Hopfer, S. M., Zaharia, O., Leach, 
C. N., Sunderman, F. W. (1987) Lipoperoxide in plasma as 
measured by liquid-chromatographic separation of malon- 
dialdehyde-thiobarbituric acid adduct. Clin. Chem. 33: 
2 14-220 

Yasuda, H., Izugami, N., Shimadar, O., Koba, Y., Nakanishi, 
M. (1980) The protective effect of tinoridine against carbon 
tetrachloride hepatotoxicity. Toxicol. Appl. Pharm. 52: 407- 
413 

53: 587-595 

26 17-2620 

PP 80 

787-790 

107-1 14 

1039-1049 




