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Summary

The pharmacological effects of Boebmeria nivea and B. nivea subsp. nippononivea were
studied against carrageenan-induced paw edema, acetaminophen (APAP) and D-galactosamine
(D-GalIN) induced hepatotoxicity in rats, respectively. Water extracts of B. nivea and B. nivea
subsp. nippononivea roots were found to maintain significant antiinflammatory activity against
carrageenan-induced edema. Moreover, the water extracts of B. nivea and B. nivea subsp. nip-
pononivea significantly decreased the acute increase in serum GOT and GPT levels caused by
APAP and D-GalN-intoxication. The histopathological changes of hepatic lesions caused by these
hepatotoxicants were improved by treatment with B. nivea and B. nivea subsp. nippononivea,
which were compared with silymarin as a standard.
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Introduction

Boebmeria nivea (L.) Gaud. and B. nivea (L.) Gaud.
subsp. nippononivea (Koidz.) Kitam. (Urticaceae) are wide-
ly distributed in China and Taiwan. Boebmeria nivea has
been used traditionally for diuretic and antipyretic purpos-
es and B. nivea subsp. nippononivea has been used to elim-
inate inflammation, neutralize poison and to dissipate heat.
Recently, B. nivea subsp. nippononivea has also been used
locally as a remedy for hepatitis in Taiwan. However, the
pharmacological effects of these species are obscure. (Kan,
1986)

The components of B. njvea subsp. nippononivea have
been studied. Behenic acid, palmitic acid, stearic acid, ursol-
ic acid, 190-hydroxyursolic acid, B-sitosterol, B-sitosteryl-
B-D-glucoside, a hydroxyaliphatic acid ester and two unsat-
urated aliphatic alcohols were isolated from the roots of B.
nivea subsp. nippononiveg (Matsuura and Lee, 1974). In
Taiwan, people use the aqueous extracts from the roots of
B. nivea and B. nivea subsp. nippononivea as a remedy for
disease. So we selected the roots of these plant in this study.

The aim of the present study is to clarify the antiinflam-
matory and hepatoprotective effects of these two crude
drugs. The pharmacological studies were evaluated in car-
rageenan-induced paw edema; acetaminophen (APAP) and
D-galactosamine (D-GalN) induced hepatotoxicity in rats,
respectively. Liver damage was assessed by means of bio-
chemical studies (sGOT and sGPT) and by histopathologi-

cal examination.

Materials and Methods

Test animals

Male Wistar albino rats were purchased from the Na-
tional Laboratory Animal Breeding and Research Center,
National Science Council, and were maintained for one
week on a commercial diet under environmentally con-
trolled conditions (room temperature 22 =+ 3 °C, relative
humidity 55 = 5%) with free access to food and water. A
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controlled 12 h light/dark cycle was maintained. Rats
weighing 150-180 g were used for carrageenan-induced
edema and D-GalN-induced hepatotoxicity, respectively;
rats weighing 120-150 g were used for APAP-induced he-
patotoxicity.

Preparation of crude extracts

Dried roots of B. nivea (200 g) or B. nivea subsp. nippon-
onivea (200 g) were decocted for 1 hr with 1 L of boiling
water three times. The decoction was mixed, filtered, con-
centrated and lyophilized. The crude drug powder was dis-
solved in normal saline to make a solution (100, 300, 500
mg/ml/kg in rats) prior to intragastric administration to the
experimental animals. These plant materials were identified
by C. C. Lin, School of Pharmacy, Kaohsiung Medical Col-
lege, and their voucher specimens were deposited at the
Herbarium of the School of Pharmacy, Kaohsiung Medical
College.

Carrageenan induced rat paw edema

Edema in the left hind paw of each rat was induced by in-
jection of 0.05 mL of 1% (w/v) carrageenan (Sigma Chem-
ical Co., USA)} in saline according to the method described
by Winter et al. (1962). The animals received the crude
drugs or 10 mg/kg of indomethacin (Sigma Chemical Co.,
USA) suspended in 1% CMC s.c., respectively 1 hr before
carrageenan injection. The paw volume was measured with
a Plethysmometer 7150, UGO Basil (Italy) before and at 1,
2, 3, 4, and 5 hr after injection of the irritant, The edema
and inhibition rates of each group were calculated as fol-
lows:

Vt-Vo
(o}

x 100

Edema rate (E) % =

Inhibition rate (I) % = x 100

Ec - Et
Ec

Vo = The volume before carrageen injection. (ml)

Vt = The volume t-hour after carrageen injection. (ml)
Ec = Edema rate of control group.

Et = Edema rate of treated group.

APAP-induced hepatotoxicity in rats

A method of acute hepatotoxicity induction was used
based on our previous report {Lin et al., 1995). Animals
were fasten for 16 hr, then divided into nine groups of six
rats each. Group 1 was given normal saline (10 ml/kg, i.p.)
as a normal control group. Group 2 was injected with
APAP alone (500 mg/kg, in 25% P.E.G. 400) (Sigma Chem-
ical Co., USA). Groups 3-9 were intragastricly (i.g.) admin-
istered tested drugs and silymarin (25 mg/10 ml suspended
in 1% CMC) (G & F Hanse Biopharma), once 2 h before
the injection of APAP and twice at 2 and 6 h after injection,
respectively.

D-GalN induced hepatotoxicity in rats

Animals were divided into nine groups of six rats each.
Group 1 was administered i.g. with saline (10 ml/kg) as
normal controls. Group 2 was injected i.p. with D-GalN
alone (Sigma Chemical Co., USA; 400 mg/ml/kg in saline)
(Lin et al., 1993). Groups 3-9 were administered with dif-
ferent doses of test drugs (i.g.) or silymarin 2 h prior to the
injection of D-GaIN. Furthermore, two additional treat-
ments of test drugs were given i.g. at 2 h and 6 hr after D-
GalN administration.

Table 1. Antiinflammatory activity of the aqueous extracts from the roots of B. nivea (BN) and indomethacin on carrageenan-induced

paw edema in rats.

Groups Dose Edema rate (E%) after carageenan administration (hours)
(mgfke) 1 2 3 4 s
Control - 18.0«1.15 39.85£0.73 58.37 +2.04 51.52 £ 0.42 39.27 £1.96
Indomethacin 10 13.38 + 0.40° 22.42 +1.132 27.33 + 1.452 20.98 = 0.852 19.27 + 1.962
(25.6) (43.8) (53.3) (59.3) (50.9)
BN 100 14.95 = 0.582 26.68 +1.55° 31.3 £0.832 28.77 = 1.09? 25.72 = 1.69?*
(16.9) (33.0) (46.4) (44.1) (34.5)
300 13.88 = 0.75° 27.77 £ 1.877 30.92 £ 2.067 21.17 = 2.022 17.2 = 2.6%
(22.8) (30.3) (47.1) (59.0) (56.2)
500 13.7 = 0.8 29.62 = 1.942 32.17 = 2.98% 25.38 =+ 1.56% 18.7 £ 2.22
(23.9) (25.7) (45.0) (50.7) (52.4)

Values represent the mean = S.E. of 6 animals each group.
2p < 0.01;" p <0.05 (Student’s ¢-test), significantly different from control group.
Values within parentheses indicate the inhibition percentage (1%).
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Table 2. Antiinflammatory activity of the aqueous extracts from the roots of B. nivea subsp. nippononivea (BF) and indomethacin on

carrageenan-induced paw edema in rats.

Groups Dose Edema rate (E%) after carageenan administration (hours)
(me/ke) 1 2 3 4 5
Control - 20.54 £ 1.78 40.00 = 1.86 58.31+1.72 59.47 +1.23 44.40 = 1.28
Indomethacin 10 16.02 = 1.24 20.50 = 2,202 28.76 + 2,887 29.21 + 2.41¢ 26.09 + 2.14°
{48.8) (50.7) (50.9) (41.2)
BF 100 23.58+2.42 32.07 £2.71P 36.70 = 1.802 32.05+£2.27¢ 26.30 + 0.822
(19.8) (37.1) (46.1) (40.8)
300 18.81 = 1.61 30.93 £ 1.93? 30.93 + 1.932 33.58 + 0.972 23.37 = 1.00°
(22.7) (47.0) (43.5) (47.4)
500 17.84 = 2.85 22.90 = 0.737 25.93 £ 0.99° 29.46 = 1.8° 22.61 + 1.46°
(42.8) (55.5) (50.5) (49.1)

Values represent the mean = S.E. of 6 animals each group.

4p <0.01;%p <0.05 (Student’s ¢-test), significantly different from control group.

Values within parentheses indicate the inhibition percentage (1%).

Table 3. The hepatoprotective effect of the aqueous extracts of B.
nivea (BN), B. nivea subsp. nippononivea (BF) roots and silymarin
on acetaminophen (APAP)-induced hepatitis in rats.

Table 4. The hepatoprotective effect of the aqueous extracts of B.
nivea (BN), B. nivea subsp. nippononivea (BF) and silymarin on
D-galactosamine (D-GalN)-induced hepatitis in rars.

Groups Dose (mg/kg) sGOT (IU/L) sGPT (IU/L) Groups Dose (mg/kg) sGOT (IU/L) sGPT (IU/L)
Control - 116.8+ 6.8 268+ 0.7 Control  — 64.8+ 7.1 279+ 2.4
APAD 500 7761.3 = 518.1 1989.8 = 212.0 D-GalN 400 413.9+27.8 1844+ 7.0
BN 100 2098.5 = 209.7° 499.8 + 45.8° BN 100 119.9 = 13.0° 413z 4.4
300 195.0 = 8.3% 100.6 = 3.6 300 104.9 + 7.9 36.7+ 3.1°
500 197.2 = 20.2° 903+ 9.7° 500 80.6 + 13.9% 254+ 3.5°
BF 100 236.7+ 697 156.5+ 2.8 BF 100 101.8 + 4.3° 259+ 2.5°
300 2551+ 47.32 196.6 = 31.3° 300 146.3 + 17.5° 541+ 6.6°
500 739.8 + 134.02 229.3 + 20.9° 500 381.9 + 36.8 187.1+23.4
Silymarin 25 4023+ 74.0° 138.4 = 16.17 Silymarin 25 153.4 + 20.22 47.8 + 2.4

Values represent the mean = S.E. of 6 animals each group.
2p < 0.01 (Student’s f-test), significantly different from APAP-
treated group.

Assay of serum GOT and GPT activities

All animals were anaesthetized with ether and then blood
was withdrawn from the carotid artery 24 h after APAP or
D-GalN intoxication. The blood was centrifuged with
3000 x rpm at 4 °C for 10 min to separate the serum. Glu-
tamic oxaloacetate transaminase (sGOT) and glutamic py-
ruvic transaminase (sGPT) activities were measured ac-
cording to the method previously described {Reitman and
Frankel, 1957).

Histopathological observation

After blood was collected, sections were taken from each
lobe of the liver immediately. The tissues were fixed in 10%
neutral formalin for at teast 24 hrs, dehydrated in gradients
of alcohol (50%-100%) and embedded in paraffin, cut
into 4-5 pm thick sections, and stained with haematoxylin
— eosin for photomicroscopic assessment.

Values represent the mean + S.E. of 6 animals each group.
p < 0.01 (Student’s #-test), significantly different from D-GalN-
treated group.

Statistical analysis

All serological data were expressed as means + S.E. The
student’s ¢-test was applied for detecting the significance of
difference between different groups. p < 0.05 was regarded
as significant.

Results
Carrageenan edema test

Table 1 and Table 2 showed the time course of edema and
inhibition rate after subplantar injection of carrageenan.
After the injection of carrageenan the paw volume in-
creased rapidly and rose to a maximum at 3 h. Treatment
with B. nivea, B. nivea subsp. nippononivea and indometh-
acin showed significant antiinflammatory effects against
carrageenan-induced paw edema at all time intervals, but it
was not significant at 1 hr. (P < 0.01, P < 0.05). Both the
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water extracts of B. nivea and B. nivea subsp. nippononiv-
ea displayed a maximum inhibition rate at 3 h or 4 h.

Effect on APAP-induced hepatotoxicity

The activities of sGOT and sGPT after administration of
APAP are summerized in Table 3; the protective effect was
compared with silymarin. The sGOT and sGPT levels were
elevated significantly after APAP injection. In contrast,
treatment with B. nivea, B. nivea subsp. nippononivea and
silymarin markedly reduced enzyme activities caused by
APAP administration (P < 0.01). According to these results,
the 300 mg/kg and 500 mg/kg doses of B. nivea showed the
best hepatoprotective effect (Newman-keuls test}. The his-
topathological changes of rat liver tissues under microscop-
ic examination in the APAP induced group are shown in Fig
1. The focal vacuolization of centrilobular hepatocytes, si-
nusoidal dilation and congestion, broad infiltration of the
lymphocytes and Kupffer cells, loss of cell boundaries and
ballooning degeneration around the central vein were mark-
edly observed in the APAP-induced group (Fig. 1-B). In con-
trast, drug-treated groups showed the moderate changes of
focal vacuolization of centrilobular hepatocytes, broad in-
filtration of the lymphocytes and Kupffer cells, and balloon-
ing degeneration around the central vein.

Effect on D-GalN-induced bhepatotoxicity

The histopathological changes of rat liver tissues under
microscopic examination in the D-GalN induced group are
shown in Fig 2. Liver damage produced by D-GalN was as-
sessed by measuring the sGOT and sGPT levels. It can be
observed from Table 4 that sGOT and sGPT levels induced
by D-GalN intoxication were elevated significantly in com-
parison with the control groups. The enzyme activities were
significantly decreased in all drug-treated groups (P< 0.01),
except the 500 mgrkg of B. nivea subsp. nippononivea. The
100 and 300 mg/kg of B. nivea and the 100 and 300 mg/kg
of B. nivea subsp. nippononivea extracts exhibited moder-
ate effects based on declining sGOT and sGPT levels (New-
man-Keuls test). On histopathological examination, in-
flammatory infiltration of the increase of lymphocytes and
Kupper cells, hyaline degeneration, necrosis, after D-GalN
administration were observed more remarkably around the
portal vein than in the central vein area (Fig 2-B). In con-
trast, extract-treated groups showed moderate changes of
hyaline degeneration and slight increases of fatty changes,
Kupffer cells and lymphocytes (Fig. 2 C-I).

< ,
Fig. 1. The photomicrographs of liver section taken from rats. A:
control group (oral); B: APAP + P.E.G. 400 (500 mg/kg, i.p.); C:
APAP + BN (100 mg/kg, oral); D: APAP + BN (300 mg/kg, oral);
E: APAP + BN (500 mg/kg, oral); F: APAP + BF (100 mg/kg, oral);
G: APAP + BF (300 mg/kg, oral); H: APAP + BF (500 mg/kg, oral);
I: APAP + Silymarin (25 mg/kg, oral).
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Discussion

The present study clearly showed that the aqueous ex-
tracts of B. nivea and B. nivea subsp. nippononivea demon-
strated significant effects against carrageenan-induced in-
flammation in rats.

The edema after carrageenan injection is believed to be
biphasic in nature, the first phase, beginning 1 hr after ad-
ministration of the irritant, is due to the release of hista-
mine and serotonin; the second phase, occurring 3 to 5 h
after the initial injection, is induced by the release of brady-
kinin, protease, prostaglandin and lysosome (Di Rosa et al.,
1968; Vinegar et al., 1969; Crunkhon et al., 1971; Flower
et al., 1972; Kubota et al., 1979; Vinegar et al., 1987). It
has been reported that the second phase of edema is sensi-
tive to most clinically effective antiinflammatory agents
such as indomethacin (Vinegar et al., 1969; Di Rosa et al.,
1971). According to our results, the inflammatory phenom-
enon peaked at 3 hr and 4 hr. The drug-tested groups
showed the best inhibition at 3 hr or 4 hr. Our results indi-
cate that all drug-treated rats showed significant suppres-
sion of edema formation as compared with controls at 2, 3,
4 and 5 hr. This indicates that the test drugs were effective
against the release of bradykinin, protease, prostaglandin
and lysosome. Statistical analysis suggested that the water
extracts of B. nivea and B. nivea subsp. nippononivea re-
duced the rat paw edema response.

Acetaminophen (APAP) is widely used as a nonprescrip-
tion analgesic. However, high doses of APAP can cause cen-
trilobular hepatic necrosis and death in experimental ani-
mals and humans (Boyd and Bereczky, 1966; Prescott et al.,
1971; Mitchell et al., 1973a, 1973b; Black, 1980). APAP is
primarily metabolized by sulfation and glucuronidation to
unreactive metabolites, and then activated by the cyto-
chrome P-450 system to produce liver injury (Moldeus,
1978). The toxicity of APAP has been related to the pro-
duction of N-acetyl-p-benzoquinoneimine (NAPQI). NAP-
QL s initially detoxified by conjugation to reduced glutath-
ione (GSH) to form mercapturic acid (Moore et al., 1985).
However, when the rate of NAPQI formation exceeds the
rate of detoxication by GSH, NAPQI covalently binds to
macromolecules, cellular proteins and also oxidizes lipids
(Mitchell et al., 1973a, 1973b) and alters homeostasis of
calcium (Nelson, 1990) after depleting of glutathione. Our
studies indicate that treatment with APAP produced severe
centrizonal hemorrhagic hepatic necrosis, ballooning de-
generation and fatty changes. It also remarkably increased
the levels of sGOT and sGPT after APAP administration.
Compared with APAP group, we found that B. nivea 300
and 500 mg/kg represented the best hepatoprotective effect
In serum enzyme examinations {Newman-Keuls test). A
dose of 100 mg/kg of B. nivea excepted, all drug-treatment
groups showed moderate inhibition. The phenomenon was
also confirmed by liver biopsy. It was found that the histo-
pathological damages induced by APAP were moderately
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improved in rat liver treated with all test drugs, but not in-
cluding 100 mg/kg of B. nivea.

D-Galactosamine has been shown to produce liver dam-
age similar to human viral hepatitis (Keppler and Decker,
1969). It was assumed that D-GalN induced UDP-galactos-
amine formation must trap many uridine phosphates (Kee-
pler, 1976; Rasenack et al., 1980), which often leads to a
marked decrease of several uracil nucleotides, including
UTP, UMP, UDP-galactose, and UDP-glucose concentration
(Decker and Keppler, 1974), and finally impairs m-RNA
and glycoprotein synthesis {Anukarahanonta et al., 1973},
and alters the composition of cellular membranes (Hendri-
na et al., 1983). In addition, intense galactosamination of
hepatocellular membrane structures may be responsible for
the impairment of the calcium pump, leading to a disrup-
tion of calcium ion homeostasis, with a consequent increase
in intracellular calcium. This leads to calcium accumulation
in the hepatocytes (De Ferreyra et al., 1985) and their even-
tual destruction, considered to be responsible for cell death
(Stinozuka et al., 1973). Our studies demonstrate that the
levels of sGOT and sGPT, increased 24 h after D-GalN in-
toxication and declined significantly in animals treated
with B. nivea (100, 300, 500 mg/kg), B. nivea subsp. nip-
pononivea (100, 300 mg/kg) and silymarin, respectively.
This observation was also confirmed by histological exam-
ination, including periportal inflammation, hyaline degen-
eration, mitoses, necrosis, as well as increased number of
lymphocytes and Kupffer cells, caused by D-GalN intoxica-
tion.

In conclusion, the water extracts of B. nivea and B. nivea
subsp. nippononivea possessed marked antiinflammatory
activity against carrageenan-induced edema and exhibited
a liver protective effect against CCl, and D-GalN induced
hepatotoxicity. However, the relationship of the mecha-
nisms and activity of pure compounds from B. nivea and B,
nivea subsp. nippononivea require further study.

References

Anukarahanonta, T., Shinozuka, H., Farber, E.: Inhibition of pro-
tein synthesis in rat liver by D-galactosamine. Res. Commun.
Chem. Pathol. Pharmacol. 5: 481-491, 1973.

Black, I. M.: Acetaminophen hepatotoxicity. Gastroenterology 78:
382, 1980.

Boyd, E. M., Bereczky, G. M.: Liver necrosis from paracetamol. Br.
J. Pharmacol. Chemother. 26: 606-614, 1966.

Crunkhon, P., Meacock, S. E. R.: Mediators of the inflammation
induced in the rat paw by carrageenan. Br. J. Pharmaacol. 42:
392-402, 1971.

&
|

Fig. 2. The photomicrographs of liver section taken from rats. A:
control group {oral); B: D-GalN group (400 mg/kg, i.p.); C: D-
GalN + BN (100 mg/kg, oral); D: D-GalN + BN (300 mg/kg, oral);
E: D-GalN + BN (500 mg/kg, oral); F: D-GalN + BF (100 mg/kg,
oral); G: D-GaIN + BF (300 mg/kg, oral); H: D-GalN + BF (500
mg/kg, oral); I: D-GalN + Silymarin (25 mg/kg, oral).

307

Decker, K., Keppler, D.: Galactosamine hepatitis: key role of the
nucleotide deficiency period in the pathogenesis of cell injury
and cell death. Rew. Physiol. Biochem. Pharmacol. 71: 78-1085,
1974.

De Ferreyra, E. C., De Fenos, O. M., Castro, J. A.: Late preventive
effects of several anticalmodulin drugs on galactosamine-in-
duced liver necrosis. Res. Commun. Chem. Patrol. Pharmacol.
47:289-292, 1985.

Di Rosa, M., Sorrentio, L.: The mechanism of the inflammatory
effect of carrageenan. Eur. J. Pharmacol. 4: 340-342, 1968.

Di Rosa, M., Giroud, J. P., Willoughby, D. A.: Studies of the acute
inflammatory response induced in rats in different sites by car-
rageenan and turpentine. J. Pathol. 104: 15-29, 1971.

Flower, R., Glyglewski, R., Herbaczynska-cedro, K., Vane, J. R.:
Effects of anti-inflammatory drugs on prostaglandin biosynthe-
sis. Nature New Biol. 238: 104-106, 1972.

Hendrina, V. V., Jacobus, V. G., Lambert, L. M. T.: Galactosamine
hepatitis, endotoxemia, and lactulose. Hepatology 3: 241-247,
1983.

Kan, W. S.: Pharmaceutical Botany. National Research Institute of
Chinese Medicine. Taiwan, R, O. C, 184-185, 1986.

Keppler, D., Decker, K.: Studies on the mechanism of galactosa-
mine hepatitis: Accumulation of galactosamine-1-phosphate
and its inhibition of UDP-glucose pyrophosphorylase. Eur. |. Bi-
ochem. 10: 219-225, 1969.

Keppler, D.: Recent advances in biochemical pathology. In Toxic
Liver M. U. Dianzani, G. Ugazio, and L. M. Senta (EDS.). Mi-
nerva Medica, Torino. p. 132, 1976.

Kubota, T., Komatsu, H., Kawamoto, H., Yamada, T.: Studies on
the effects of anti-inflammatory action of benzoylhydrotropic
acid (Ketoprofen) and other drugs, with special reference to
prostaglandin synthesis. Arch. Int. Pharmacodyn. Ther. 237:
169-176, 1979.

Lin, S. C, Lin, C. C., Lin, Y. H. and Chen, C. H.: Prorective and
therapeutic effects of Ban-zhi-lian on hepatotoxin-induced liver
injuries. Am. J. Chin. Med. 22: 29-42,1993.

Lin, C. C,, Tsai, C. C., Yen, M. H.: The evaluation of hepatopro-
tective effects of Taiwan folk medicine “Teng-khia-u”. J. Ethno-
pharmacol. 45: 113-123, 1995.

Matsuura, S., Lee, L. T.: Studies on the components of Boehmeria
sp. IL. Studies on the components of the roots of Boehmeria fru-
tescens Thunb. var. frutescens. Yakugaku Zasshi 94: 150~152,
1974.

Mitchell, J. R., Jollow, D. J., Potter, W. Z., Davis, D. C., Gillette, J.
R., Brodie, B. B.: Acetaminophen-induced hepatic necrosis. 1.
Role of drug metabolism. [. Pharmacol. Exp. Ther. 187:
185-194, 1973a.

Mitchell, J. R., Jollow, D. J., Potter, W. Z., Gillette, ]. R., Brodie,
B. B.: Acetaminophen-induced hepatic necrosis. V. Protective
role of glutathione. J. Pharmacol. Exp. Ther. 187: 211-217,
1973b.

Moldeus, P.: Paracetamol metabolism and toxicity in isolated hep-
atocytes from rat and mouse. Biochem. Pharmacol. 27:
2859-2863,1978.

Moore, M., Thor, H., Moore, G., Nelson, S., Moldeuns, P., Orren-
ius, S.: The toxicity of acetaminophen and N-acetyl p-benzoqui-
none-imine in isolated hepatocytes is associated with thio deple-
tion and increased cytosolic Ca®*. J. Biol. Chem. 260:
13035-13040, 198S.

Nelson, S. D.: Molecular mechanism of the hepatotoxicity caused
by acetaminophen. Sem. in Liver Disease 10: 267-278, 1990.
Prescott, L. F, Wright, N., Roscoe, P., Brown, S. S.: Plasma-para-
cetamol half-life and hepatic necrosis in patients with paracera-

mol overdosage. Lancet 1: 519-522, 1971.



308 C.C.Linetal

Rasenack, J., Koch, H. K., Nowack, J., Lesh, R., Decker, K.: He-
patotoxicity of D-galactosamine in the isolated perfused rat liv-
er. Exp. Mol. Pathol. 32: 264-275, 1980.

Reitman, S., Frankel, S.: A colorimetric method for the determina-
tion of sGOT and sGPT. Am. J. Clin. Pathol. 28: 56-63, 1957.

Stinozuka, H., Martin, J. T., Faber, J. L.: The induction of fibrillar
nucleoli in rat liver cells by D-galactosamine and their subse-
quent reformation into normal nucleoli. J. Ultrastruct. Res. 44:
279-292,1973.

Vinegar, R., Schreiber, W., Hugo, R.: Biphasic development of car-
rageenan edema in rats. J. Pharmacol. Exp. Ther. 166: 96-103,
1969.

Vinegar, R., Truax, J. E, Selph, J. L., Johnston, P. R., Venable, A.
L., Mekenzie, K. K.: Pathway to carrageenan-induced inflam-

mation in the hind limb of the rat. Fed. Proc. 46: 118-126,
1987.

Winter, C. A., Risley, E. A., Nuss, C. W.: Carrageenan-induced in
hind paw of the rats as an assay for antiinflammatory drugs.
Proc. Soc. Exp. Bio. Med. 111: 544-547, 1962.

Address

Chun-Ching Lin, Graduate Institute of Natural Products.
No. 100, Shih-chuan, 1St Road, School of Pharmacy,
Kaohsiung Medical College, Kaohsiung, Taiwan, R.O.C.
Fax: 886-7-3227508; e-mail: cclin@ms$8.hinet.net





