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Abstract

The study objective of this research is in order to investigate the hepatoprotective and therapeutic effects of propolis ethanol
extract (PEE) on acute econazole-induced liver injury. Positive control of various concentrations of PEE on liver function and the
dose-response relationship of liver injury induced by various doses of econazole were firstly observed from biochemical assay of
serum level of aspartate transaminase (SGOT) and serum alanine transaminase (SGPT) and histopathological microscopic exam
ination. The hepatoprotective effects of various concentration of PEE on liver damage induced by hepatotoxic dose (300 mg/kg)
of econazole were observed by the obvious decrement of SGOT and SGPT level and further confirmed by hepatohistological
microscopic examination. The inhibitory effects of PEE on Rd@dluced (in vitro) or econazole-induced (in vivo) lipid per-
oxidation were investigated from the measurement of the formed malonic dialdehyde (MDA) level in the rat liver homogenate.
The 1G5, (M) of various concentrations of PEE in the superoxide scavenging activity in econazole (300 mg/kg)-damaged rat
liver homogenate were assessed by cytochromegluction method and compared with that ¢){alpha-tocopherol. It could
be postulated that the hepatoprotective effect of PEE may be, at least in part, due to their inhibitory ability on membrane lipid
peroxidation and free radical formation or due to their free radical scavenging ability.
© 2003 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Propolis is made up of a mixture of gums, resins
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+886-2-27253536 (H); fax:-886-2-27253536 (H). in certain parts (bUdS and bark, malnly) of vegeta-
E-mail address: songchow@tmu.edu.tw (S.-C. Lin). bles (especially coniferous trees) and gathered by

0300-483X/$ — see front matter © 2003 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.tox.2003.11.007



88 C.-F. Liu et al. / Toxicology 196 (2004) 87-93

honeybees. They bring it back to the hive, where 2.3. Preparation of propolis ethanol extract

it is modified and mixed with other substances (es-

sentially their own wax and salivary secretions). Take one or two parts propolis which has been

Propolis were found to have the medical properties cleaned and removed of impurities. It was preferably

of anti-inflammatory, anti-viral, immunostimulatory, crushed, for 10 parts 35 proof ethanol. It was then

anti-carcinogenic activity Hladon et al., 198pand placed in an opaque and closed container. It was mac-

hepatoprotective activityL{n et al., 1997, 199p erated at room temperature for several days (usually
Antifungal drugs abuse is a serious clinical prob- 8-10 days), with regular shaking the mixture at 2—-3

lem in Taiwan, especially econazole. Acute econazole times a day. On the last day, the solution was filtered

abuse in curing tinea pedis athlete’s foot or gray through with great care. The filtrate was collected for

fingers often lead to tissue damage, especially to study while the residue was discarded.

liver (Raab and Hogl, 1982 For this reason, trying

to find some effective methods for the treatment of 2.4. Positive control

econazole-induced liver injuries are considered very

important in health care priorities. In this study, the In order to investigate whether the propolis ethanol

influences of PEE on SGOT, SGPT and superox- extract itself can damage the liver. The rats were

ide level after acute econazole administration was p.o. administrated with PEE (10, 30, 100%) in the

investigated. absence of econazole. Serum biochemical assay and
liver histopathological microscopic examination were
conducted.

2. Materials and methods
2.5. Assessment of liver function
2.1. Animals
All blood sample were collected by carotid artery

Male Wistar strain rats (110-130gm) were pur- cut, and then allowed to coagulate in room temperature
chased from the animal center, College of Medicine, for 1 h. Serum was separated by centrifugationa@ 4
National Yang-Ming university. They were kept 15,000 rpm for 10 min. Determination of SGOT and
at least 1 week on commercial diets (Fu-So Co., SGPT levels were assayed according to the method
Taipei) under environmentally control conditions described byBergmeyer et al. (1938using a CH100
(25+ 1°C, 55+ 5% humidity) with free access to  photometer (Texas International Laboratory).
food and water. A 12h light/dark cycle was main-
tained and hard wood chips was used as bedding.2.6. Econazole-induced liver injury
In this study, animal were randomly divided into

four groups, including control (vehicle treated), Econazole was dissolved in normal saline, and then
econazole-treated, propolis ethanol extract (PEE)- administrated p.o., at doses of 100, 200 and 300 mg
treated groups. per 10 mi/kg body weight to rats. The hepatoprotective
effect was investigated by administering the PEE (10
2.2. Drugs and chemicals and 30%, diluted from the original 35% ethanol solu-

tion which will be considered as 100%) three times,

Econazole, glutamic-pyruvic transaminase (GPT) that were at 2, 4 and 8h after p.o. administration of
kit, glutamic oxaloacetic transaminase (GOT) kit, thio- econazole. Before the rats were killed, they were fasted
barbituric acid (TBA), xanthine oxidase, cytochrome for 24 h after the administration of econazole.
¢, sodium dodecyl sulfate, ferric chlorida;butanol
were all purchased from Sigma (St. Louis, MO 63178, 2.7. FeCl,-Stimulated lipid peroxidation in rat liver
USA). Acetic acid was obtained from Yon-Chi chem- homogenate (in vitro)
ical company in Taipei, Taiwan. Propolis ethanol ex-
tract was a gift of Meei-Jaw Life Enterprises Ltd., The effect of PEE on rat liver homogenate with
Taipei, Taiwan. FeCb and lipid peroxidation was determined by the



C-F. Liu et al. / Toxicology 196 (2004) 87-93

MDA-TBA adduct according to the modified method
described byyuda et al. (1991 A mixture contain-
ing 0.5ml of liver homogenate, 0.1 ml of Tris—HCI
buffer (pH 7.2), 0.05ml of 4mM FeGland 0.05ml

of 4mM of various concentrations of PEE (1, 5 and
10%) were incubated for 1 h at 3C. After incuba-
tion, 9ml of distilled water and 2ml of 0.6% TBA
were added to 0.5ml of the incubated mixture and
were shaken vigorously. The mixture was heated for
30 min in a boiling water bath. After cooling, 5ml of
n-BuOH was added and the mixture was again shaken
vigorously. Then-BuOH layer was separated by cen-
trifugation at 1000x g. for 10 min. The malonic di-
aldehyde (MDA) production was measured at 532 nm
(Wong et al., 198y

2.8. Assessment of lipid peroxidation activity (in vivo)

In order to evaluate the inhibitory activity of PEE
on lipid peroxidation generated assay system, a por-
tion of rat liver tissue was sliced and homogenated
(13,000 rpm, 3 min) with 25 mM Tris—HCI buffer (pH
7.2) (10%, w/v). In a glass test tube, 0.1 ml of the
liver homogenates was incubated with shaking for 1 h
at 37°C, in Tris—HCI buffer (pH 7.2), in the presence
of various concentrations of PEE (1, 5 and 10%). Af-
ter 1.5ml of 1.0% TBA and 1.5 ml of 20% acetic acid
were added, the mixture was further incubated for 1 h
at 95°C. The upper layer of the mixture was collected
and measured at 532 nm.

2.9. SOD-like (sscavenging of free radical) test

To evaluate free radical scavenging activity of PEE

in econazole generated superoxide anion assay Sys{c) pee (30%)

tem, a cytochrome reduction method described by
McCord and Fridovich (1968yas used. Xanthine oxi-
dase converts xanthine to uric acid to yield the byprod-
uct: superoxide anions, followed by directly reducing
ferri-cytochromec to ferro-cytochromec, which has

a UV-absorbance at 550 nm. When a substance shows() Econazole (300 mg/kg)

superoxide scavenging activity, there is a decrease in
the ferri-cytochromec, and hence the production of
ferro-cytochromes and a lower UV-absorbance peak.

2.10. Histopathological examination

After blood sample was collected, part of the hepatic
tissue was excised immediately from the same lobe of
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the liver and fixed in 10% neutral formalin solution for

at least 1 week. Subsequently, the hepatic tissue was
dehydrated with a series of ethanol solution from 75
to 100% before embedding in paraffin. Cross-sections
(5 pm thick) were stained with hematoxylin and eosin
(H.E.) for photomicroscopic assessment.

2.11. Satistical analysis

Statistical significance was calculated by one-way
analysis of variance coupled with Dunnett’s teBt.
value less than 0.05 was taken as significance.

3. Results
3.1. Positive control of propolis ethanol extract

Propolis ethanol extract (10, 30 and 100%) could
has significant improvement on the normal liver
function. From Table 1 both SGOT and SGPT

Table 1

Positive control of the p.o. administration of propolis ethanol
extract (PEE) (10, 30 and 100%), dose-response relationship of
econazole-induced liver injury, and hepatoprotective effect of var-
ious concentrations of PEE (10, 30 and 100%) on the elevation
of serum aspartate transaminase (SGOT) and alanine transami-
nase (SGPT) levels induced by hepatotoxic dose of econazole
(300 mg/kg)

Groups Transaminases
SGOT SGPT

(A) Normal saline p.o. 404.@- 12.6 115.4+ 4.3
(B) PEE (10%) 276.4- 14.9*  88.0+ 7.1**

315.3t 3.9 69.0 + 4.6
(D) PEE (100%) 320.2t 3.7 42.0+ 2.7+
(E) Econazole (100 mg/kg) 8934 28.6* 201.8+ 5.7
(F) Econazole (200mg/kg) 14458 80.5* 283.0+ 3.9
(G) Econazole (300mg/kg) 19556 63.4* 348.6+ 17.8*
(H) Econazole (300 mg/kg) 601.8+ 28.6% 163.6+ 5.5%

+ PEE (10%)

520.54 26.1% 120.0+ 10.7%
+ PEE (30%)

(J) Econazole (300 mg/kg)

+ PEE (100%)
Serum was collected at 24h after the last p.o. administration
of various doses of TMP or econazole. Values are presented as
meant S.E. (» = 10). One-way analysis of variance coupled with
Dunnett’s test.

** P < 0.01, significantly different from the A group.

# p < 0.01 significantly different from the G group.

451.2+ 23.7# 119.0+ 6.1%#
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concentrations of PEE treated groups were less thanzole (100, 200 and 300 mg/kg) intoxicated rat liver,
those of normal control group; the hepato-histological a different degree of hepatic tissue changes, namely
microscopic examination did also show more clear coagulative necrosis, lytic change, cloudy swelling or
and more health histological architecture in PEE liver hydropic degeneration, microvesicular (fatty) degen-

than in normal control liver (data not shown). eration, focal necrosis, inflammatory cell infiltration,
and mitotic figures increase were noted. Econazole

3.2. Hepatoprotective effect of propoalis ethanol at 300 mg/kg Fig. 1B1), coagulative necrosis, lytic

extract on econazole-induced acute hepatotoxicity change could be obviously observed, but did not ap-

pear in any special area, whereas cloudy swelling

P.O. administration of econazole significantly and and hydropic degeneration appeared most easily in
dose-dependently increase the concentration of serumthe periportal area, and more obviously appeared in
transaminases (SGOT, SGPTable 1. Nevertheless, = 300mg/kg than in 200 and 100 mg/kg; foamy ap-

both 10, 30 and 100% of PEE significantly decrease pearance was often observed, microvesicular change
the level of econazole-induced serum transaminasesand focal necrosis could also be observed at all liver

(SGOT, SGPT)Table ). parenchyma.
In econazole 200 mg/kgF{g. 1B2, coagulative
3.3. Histopathological assessment necrosis and lytic change were few observed, but

cloudy swelling was often observed, and mainly ap-
Fig. 1A shows the histopathological observation peared in the periportal area, hydropic degeneration
of normal control rat liver, of which no necrosis and foamy appearance could be observed occasion-
and no inflammation could be observed. In econa- ally, other changes was not obviously observed.

Fig. 1. (A) Normal control. (B1) Econazole 300 mg/kg:>§ coagulative necrosis with inflammatory cell infiltration. (B2) Econazole
200 mg/kg, ) swelling change with pynotic nuclei of the hepatocyte in the central part. (B3) Econazole 100 mg/kgii¢rovesicular
change of the hepatocyte (H.E. stain, ¥Q0
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In econazole 100 mg/kgF{g. 1B3, microvesicu-
lar degeneration could be observed mainly, and often
appeared in the periportal area, coagulative necrosis,
lytic change, cloudy swelling and hydropic change
were all not appeared.

Econazole-induced liver injuries could be signif-
icantly ameliorated with 10, 30 and 100% of PEE
solution (original 35% PEE solution was considered
as 100%). After the treatment of PEE, the degree
of microvesicular degeneration decreased in the or-
der of propolis 30% > propolis 100% > propolis
10%, whereas the mitotic figure numbers increased
as propolis 10% > propolis 100% > propolis 30%
(Fig. 2C-B.

3.4. Inhibitory effect of PEE on tissue lipid
peroxidation in econazole-induced acute
hepatotoxicity (in vitro)

PEE at 1, 5, and 10% inhibit dose-dependently
the FeC}-induced lipid peroxidation in rat liver ho-
mogenate Table 3. FromTable 2 it is interesting to
find that the PEE could inhibit dose-dependently the
lipid peroxidation-induced MDA formation in vitro.

3.5. Inhibitory effect of PEE on tissue lipid
peroxidation in econazole-induced acute
hepatotoxicity (in vivo)

Various concentrations of PEE (1, 5 and 10%) at
1 ml/mg inhibit dose-dependently the econazole-induced
lipid peroxidation and hence inhibit the MDA forma-
tion in rat liver homogenate in vivar@ble 3.

3.6. SOD-like (superoxide scavenging assay) test

In cytochrome ¢ test, as shown inTable 4
(+)-alpha-tocopherol (Vitamin E) was used as posi-
tive control. It has been reported to have the ability Fig. 2. (C) Econazole (300 mg/kg) propolis (10%) group (EP10).
in scavenging the econazole-induced superoxide free (—) Microvesicular change in the periportal and middle zones.
radical production $uzuki et al., 1998 Compared ?g'(t)g/t;)c fir%tre:(éigg)og)":é;ﬁ) 'ﬁg?r::lzTi’\'/eef?’oa?;?]%’h"ﬁ%’)f&(i’t'iic
with that Qf Vitamin E, 'the 1Go (MM) of various figure:iS/l% HPF. (I’E) Econa)z/ole (300 mg/lfgt)propo%is (100%)
concentrations of PEE in scavenging the econazole group (EP100), ) focal microvesicular change was noted. Mi-
(300 mg/kg)-induced superoxide free radical produc- totic figure: 10/10 HPF. No atypical mitotic figure is found in all
tion in rat liver homogenate were found all less then the live tissues (H.E. stain, 189.
that of Vitamin E. Among the different PEE concen-
trations tested, ranging from 0.223 to 0.384, PEE
at 10% exhibited the strongest scavenging activity.
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Table 2
Inhibitory effect of propolis ethanol extract (PEE) on
FeCb-induced lipid peroxidation in the rat homogenate in vitro

Groups Concentration MDA Inhibition

of PEE (%) (nmole/mg rate (%)
protein)
Normal control - 1.73+ 0.11 -
FeCb-treated - 2.63+ 0.08* -
control

FeCb + propolis 1 0.87+ 0.04% 67.06

FeCh + propolis 5 0.61+ 0.04% 76.93

FeCb + propolis 10 0.38+ 0.03* 85.72

Each value represents mearS.E. (n = 6). One-way analysis of
variance coupled with Dunnett’s test.

** P < 0.01, significantly different from the normal control
group.

# P < 0.01, significantly different from the Fegtreated con-
trol group.

Table 3

Inhibitory effects of propolis ethanol extract (PEE) on
econazole-induced lipid peroxidation in the rat liver homogenate
in vivo

Groups Concentration MDA Inhibition

of PEE (%) (nmole/mg rate (%)
protein)
Normal control - 1.73 011 -
Econazole-treated - 3.63+ 0.08* —
control

Econazole+ propolis 1 0.97+ 0.04% 73.3

Econazole+ propolis 5 0.71+ 0.04% 80.4

Econazole+ propolis 10 0.48+ 0.03% 86.8

Each value represents me#arS.E. (n = 6). One-way analysis of
variance coupled with Dunnett’s test.

** P < 0.01, significantly different from the normal control
group.

# p < 0.01, significantly different from the Fegtreated con-
trol group.

Table 4

The superoxide scavenging activity of various concentrations of
propolis ethanol extract (PEE) in econazole (300 mg/kg)-damaged
rat liver homogenate

Groups 1Go (M)

(A) Vitamin E (8 mg/kg) 0.244+ 0.0002
(B) PEE (1%) 0.223+ 0.0001
(C) PEE (5%) 0.202+ 0.0002
(D) PEE (10%) 0.188t 0.0001

(+)-Alpha-tocopherol (Vitamin E) was used as positive control.
Each data represents mearS.E. (n = 3).
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4, Discussion

In recent years, the biological and pharmacological
properties of propolis have reeived great attention in
the scientific community. This is mainly stemmed
from the focus that propolis could exhibit a broad
spectrum of biological activities, for instance, antibac-
terial, antifungal, anti-viral, anti-inflammatory, im-
munostimulatory, anti-carcinogenic activitydladon
et al., 1980, hepatoprotective activityL{n et al.,
1997, 1999 and anti-oxygen stress activitieRdab
and Hogl, 1982 Propolis have been reported to con-
tain cinnamic acid, benzoic acid and their esters, sub-
stituted phenolic acids and esters, flavonoid glycones,
bee wax, and caffeic acid phenethyl ester (CAPE)
(Su et al., 1994 In 1987, Giurgea et al. reported that
standardized propolis extract (SPE) possesses a re-
markable anti-oxidative and hepatoprotective activity
as good as silymarin on the ethanol-induced rat liver
damage Giurgea et al., 1987

From the positive control ofable 1 it was noticed
that various concentrations of PEE (10, 30 and 100%)
was shown to improve the liver function, even in the
normal health control rat liver. Both SGOT and SGPT
concentrations of PEE treated groups was found to be
less than those of normal control group.

From the hepatohistological microscopic examina-
tion, PEE also found to improve the liver function.
Econazole is one of the commonly used imidazole an-
tifungal drugs. Structurally, it very closely related to
another imidazole derivative called miconazadheél
et al., 1978. Econazole was previously shown to in-
crease the mitotic cross-oveiRdab and Hogl, 1982
affects chromosome segregation by an indirect mech-
anism, which is possibly related to induced structural
chromosome damage, and often lead to tissue dam-
age, especially to liverRaab and Hogl, 1982In the
present study, the hepatoprotective and therapeutic ef-
fects of propolis ethanol extract on econazole-induced
liver injury were investigated in Wistar rat. Serum
levels of transaminases (SGOT, SGPT), histopatho-
logical changes and superoxide scavenging activ-
ity were used as indicators of hepatoprotective and
therapeutic efficacy.

The acute administration of econazole (100, 200 and
300 mg/kg) to rats leads to a different degree of hep-
atic tissue changes, namely coagulative necrosis, lytic
change, cloudy swelling or hydropic degeneration,
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microvesicular (fatty) degeneration, focal necrosis, Giurgea, R., Rusu, M.A., Coprean, D., Popescu, H., Polinicencu,
inflammatory cell infiltration, and mitotic figure num- C., 1987. Biochemical effects of standardized propolis extract

. - . ) (SPE) and of silymarin on the liver of ethyl alcohol intoxicated
bers increase within the liver, and dose-dependently rats. Agressologie 28 (8), 831-832,

caused a marked increase in the serum transaminasgyee| r.C., Brogden, R.N., Speight, T.M., Avery, G.S., 1978.
(SGOT, SGPT) levelsTable 1. This elevation of Econazole: a review of its antifungal activity and therapeutic
the transaminases levels reflects the degree of liver efficacy. Drugs 16, 177-201.
injury. Post-treatment of econazole-intoxicated rats Hladon, B., Bylka, W., Elinain-Wojtaszek, M., Skrzypczak,
with PEE significantly decreased the severity of the L Szafarek, P, Chodera, A., Kowalewski, Z., 1980. In
) . T . vitro studies on the cytostatic activity of propolis extracts.
above histopathological injuriesig. 1) and the in- Arzneimittel-Forschung 30, 1847-1848.
crease in the serum transaminases (SGOT, SGPT)Lin, S.C., Lin, Y.H., Chen, C.F., Chung, C.Y., Hsu, S.H., 1997.
levels (I'able ]) These results demonstrated that the The hepatoprotective and therapeutic effects of propolis ethanol
PEE has a remarkable hepatoprotective effect on ext:jact on chronic alcohol-induced liver injuries. Am. J. Chin.
) ) N : Med. 25, 325-332.
econazole-induced liver injuries. Frofable 2 it Lin, S.C., Chung, C.Y. Chiang, C.L.. Hsu, S.H. 1999. The
was found that the PEE exhibited a remarkable and iniyence of propolis ethanol extract on liver microsomal
dose-dependent inhibition on Fe@hduced lipid enzymes and glutathione after chronic alcohol administration.
peroxidation, which was indicated by a significant Am. J. Chin. Med. 27, 83-93.
decrease in the malonic dialdehyde formation. What Mccobrd' J-I'\k"-' F”SOViCh' C'j-' 1968. Thle rehdUC“O” of cytochrome
. . ¢ by milk xanthine oxidase. J. Biol. Chem. 243, 5753-5760.
IS mpre, in the cytochrome test, PEE Wa$ flflrther Raab, W., Hogl, F., 1982. The action of antifungal imidazole
confirmed to have the dose-dependent antioxidant ac-  gerivatives on rat liver mitochondria. Mykosen 25, 431—
tivity (Table 4. In conclusion, it could be postulated 438,
that the hepatoprotective effect of PEE may be, at Su, Z.Z, Lin, J., Grunberger, D., Fisher, P.B., 1994. Growth
least in part, due to its inhibitory ability on membrane ~ SuPpression and toxicity induced by caffeic acid phenethyl
lipid peroxidation and free radical formation or due ester (CAPE) in type 5 adenovirus-transformed rat embryo
. . . . . cells correlate directly with transformation progression. Cancer
to its free radical scavenging activity. The propolis Res. 54, 1865-1870.
ethanol extract could be benefical to apply them clin- suzuki, Y., Ishihara, M., Segami, T., Ito, M., 1998. Anti-ulcer
ically in the treatment of econazole-induced hepatitis  effects of antioxidants, quercetin, alpha-tocopherol, nifedipine

in the nearest future, although further detail study W and tsega"y}z”?ehl” Saf- JS”- fJ Phsa'r\;l“acg'-hm: 438‘4?_1- A
. ong, S.H., Knight, J.A., Hopfer, S.M., Zaharia, O., Leac
should be continuously processed. Jr., C.N., Sunderman Jr., F.W. 1987. Lipoperoxides in

plasma as measured by liquid-chromatographic separation of
malondialdehyde-thiobarbituric acid adduct. Clin. Chem. 33,
References 214-220.
Yuda, Y., Tanaka, J., Hirano, F., lgarashi, K., Satoh, T., 1991.
Bergmeyer, H.U., Scheibe, P., Wahlefeld, A.W., 1978. Optimization Participation of lipid peroxidation in rat pertussis vaccine
of methods for aspartate aminotransferase and alanine pleurisy. lll. Thiobarbituric acid (TBA) reactant and lysosomal
aminotransferase. Clin. Chem. 24, 58-73. enzyme. Chem. Pharm. Bull. 39, 505-506.
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