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Abstract

Plant triterpenes, such as oleanolic acid and betulin were described as hepatoprotectants active against cytotoxicity of

acetaminophen or cadmium. The aim of this paper is to compare the cytoprotective activity of betulin, betulinic acid and oleanolic

acid against ethanol-induced cytotoxicity in HepG2 cells. The influence of three triterpenes on ethanol-induced production of

superoxide anion and hydrogen peroxide was also examined. Among the examined triterpenes, betulin was the most active

protectant of HepG2 cells against ethanol-induced cytotoxicity. Betulin and betulinic acid significantly decreased ethanol-induced

production of superoxide anion. Oleanolic acid inhibited only ethanol- and phorbol ester-induced production of hydrogen peroxide.

The results indicate that cytoprotective or antioxidative activity of triterpenes depends on their chemical structure.
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Abbreviations: DMSO – dimethylsulfoxide, FCS – fetal calf

serum, HBSS – Hanks’s Balanced Salt Solution, HRPO –

horseradish peroxidase, MTT – 3-(4,5-dimethylthiazo-2-yl)-2,5-

diphenyl-tetrazolium bromide, PMA – phorbol 12-miristate

13-acetate, ROS – reactive oxygen species, SDS – sodium do-

decyl sulfate, SOD – superoxide dismutase,

Introduction

Herbal medicines derived from plant extracts are be-

ing increasingly utilized to treat a wide variety of dis-

eases, despite relatively little knowledge of their

modes of actions.

Triterpenes are aliphatic polycyclic compounds

based on a skeleton of 30 carbon atoms, and they are

synthetized in plants from squalene as the precursor

[16]. Triterpenes have multiple biological effects, in-

cluding anti-inflammatory, antitumor and immu-

noregulatory activities [25].

Oleanolic acid has been described to be protective

against acute hepatotoxicity of carbon tetrachloride

and acetaminophen [6, 7]. Several studies have dem-

onstrated that hepatotoxicity of cadmium can be re-

duced by plant triterpenes such as oleanolic acid [10],

ursolic acid [5] and betulin [13]. The exact mecha-

nism of hepatoprotective activity of triterpenes has

not yet been described, but it may be connected with

induction of metallothioneins or mediated by un-

known proteins newly synthetized in cells under
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triterpene induction [8]. Moreover, this protective ef-

fect seems to be, at least partially, dependent on the

cytotoxic factor, as ethanol or cadmium [19, 20]. One

may speculate that all above-mentioned hepatotoxic

agents may act, at least in part, by generation of reac-

tive oxygen species. The results of Yamashita’s et al.

[24] experiments, in which lupeol, betulin and betu-

linic acid were potent inhibitors of stimulus-induced

superoxide anion generation in human neutrophils,

seem to confirm this supposition. To test the hypothe-

sis that plant triterpenes may induce in cells a mecha-

nism leading to reduced production of reactive oxy-

gen species the cytoprotective effect of three plant

triterpenes, such as betulin and its oxidized form, be-

tulinic acid and also oleanolic acid was compared.

The latter differs from betulin and betulinic acid in

chemical structure and biological activity. Except for

the protective effect of triterpenes on ethanol-induced

cytotoxicity in HepG2 cells their influence on

ethanol-induced generation of superoxide anion and

hydrogen peroxide in HepG2 cells was estimated.

Materials and Methods

Chemicals and cells

Betulin, betulinic acid, oleanolic acid, dimethylsul-

foxide (DMSO) were purchased form Sigma-Aldrich

(Steinheim, Germany). All terpenes were prepared as

10 mM stock solutions in DMSO.

The human hepatoma cell line HepG2, obtained

from American Type Culture Collection (Manassas,

VA, USA) was cultured in Eagle’s Medium (MEM),

supplemented with 10% heat-inactivated fetal calf se-

rum (FCS), 2 mM L-glutamine, 1.5 g/l sodium bicar-

bonate and 1% nonessential amino acids, 100 U/ml

penicillin and 100 �g/ml streptomycin, pH 7.4. Cells

were seeded in tissue culture flasks (Falcon, Bedfors,

MA, USA) and incubated at 37°C in a humidified at-

mosphere of 5% CO�.

Treatment of HepG2 cells with alcohol and triter-

penes

HepG2 cells grown in 96-well plastic plates (Falcon,

Bedfors, MA, USA) at 4 × 10� cells/well were treated

with different triterpene concentrations and different

ethanol concentrations. Several wells were not treated

with triterpenes or ethanol, and they served as control

ones. The toxicity of ethanol and triterpenes was de-

termined by 3-(4,5-dimethylthiazo-2-yl)-2,5-diphenyl-

tetrazolium bromide (MTT) assay. For further experi-

ments three ethanol concentrations (50, 10 and 5 mM)

and a nontoxic 1 �M triterpene concentration were

chosen. The cells treated with ethanol (ethanol con-

trol) and betulin, betulinic acid or oleanolic acid

added together with ethanol were incubated for 24 h

in a humidified atmosphere with 5% CO� at 37°C. Af-

ter incubation, cell viability was estimated by MMT

assay. MTT was metabolized by viable, metabolically

active cells to purple formazan crystals, which were

solubilized overnight in SDS buffer, and the product was

quantified spectrophotometrically by measuring absor-

bance at 570 nm in a microtiter plate reader (E-max,

Molecular Devices Co, Menlo Park, CA, USA).

Measurement of superoxide anion (O


�) pro-

duction by cytochrome C reduction assay [12]

HepG2 cells were grown in 96-well plastic plates (4 ×

10� cells/well) without or with 1 �M betulin, betulinic

or oleanolic acid. After 24 h of incubation at 37°C in

a humidified atmosphere of 5% CO�, cultures were

washed twice with Hanks’s Balanced Salt Solution

(HBSS) and an assay for superoxide anion was per-

formed. Briefly, HBSS (207.5 �l), 12.5 � l of cyto-

chrome C solution in HBSS (final concentration of

75 �M), 5 �l of either superoxide dismutase (SOD)

solution (final concentration of 60 U/ml) or 5 �l of

distilled water, and 25 �l ethanol solution in HBSS

(final concentration of 50, 10 or 5 mM) or phorbol

12-miristate 13-acetate (PMA) (final concentration of

1 �g/ml) were added into each well on a 96-well plate.

There were also control wells, in which cells were incu-

bated without ethanol. The microplate was incubated at

37°C for 60 min and transferred to the microplate

reader. The absorbance values at 550 nm (the differ-

ences in OD between samples with and without SOD)

were converted to nanomoles of O�
� based on the ex-

tinction coefficient of cytochrome C: E��� = 21 × 10�

M��cm��. The results were expressed as nanomoles of

O�
� per 1 × 10� cells per 60 min. All chemicals were

purchased from Sigma – Aldrich (Steinheim, Germany).

Measurement of hydrogen peroxide (H


O


)

production [17]

HepG2 cells were grown in 96-well plastic plates (4 ×

10� cells/well) without or with 1 �M betulin, betulinic
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or oleanolic acid. After 24 h of incubation at 37°C in

a humidified atmosphere of 5% CO�, cultures were

washed twice with HBSS and the medium was re-

placed by HBSS (100 �l/well) with addition of etha-

nol (final concentration of 50, 10 or 5 mM) or PMA

(final concentration of 1 �g/ml) for 60 min at 37°C.

There were also control wells, in which cells were in-

cubated without ethanol. Next, wells were washed

twice with HBSS and the measurement of intracellu-

lar hydrogen peroxide was performed. The assay was

based on horseradish peroxidase (HRPO)-dependent

reaction of phenol red and H�O� leading to the forma-

tion of a compound that exhibited absorbance at 600 nm.

Briefly, the cells were covered with 100 �l/well of the

assay solution, which was prepared on the day of the

experiment and consisted of HBSS, phenol red

(Sigma, final concentration of 0.56 mM), HRPO

(Serva, Heidelberg, Germany, final concentration of

20 U/ml). Then 10 �l/well of 1M NaOH was added.

After 3 min of incubation, the plate was read at 600 nm

in the microplate reader.

The results were expressed as nanomoles of H�O�

per 10� cells per 60 min based on the phenol red ex-

tinction coefficient (�E��� = 19.8 × 10� M��cm��).

Measurement of triterpenes’ ability to scavenge

superoxide anion (O


�) (our modification of

method by Mayo et al. [12])

HepG2 cells were grown in 96-well plastic plates (4 ×

10� cells/well) for 24 h at 37°C in a humidified atmos-

phere containing 5% CO�. Next, the cultures were

washed with HBSS and the following reagents were

added to each well: HBSS (182.5 �l), 12.5 �l of cyto-

chrome C solution in HBSS (final concentration of

75 �M), 5 �l of either SOD solution (final concentra-

tion of 60 U/ml) or 5 �l of distilled water, and 25 �l of

ethanol solution in HBSS (final concentration of 50,

10 or 5 mM). After 30 min of incubation at 37°C,

25 �l of 10 �M triterpene solution (in HBSS) was

added (final concentration of 1 �M). There were also

control wells with either ethanol or triterpenes as well

as control wells without treatment (cell control). After

another 30 min of incubation at 37°C, the plates were

transferred to the microplate reader. The absorbance

values at 550 nm (the differences in OD between sam-

ples with and without SOD) were converted to nano-

moles of O�
� based on the extinction coefficient of

cytochrome C: �E��� = 21 × 10� M��cm��.

The results were expressed as nanomoles of O�
�

per 1 × 10� cells per 60 min.

Statistical analysis

Values are expressed as the mean ± SD. The signifi-

cance of differences was determined with the use of

an analysis of variance (Statistica computer package).

The following statistical tests were used: Wilcoxon

paired test for comparisons inside groups, Anova

Friedman test, post-hoc Tukey’s test for multiple

comparisons; p values < 0.05 were considered to be

significant.

Results and Discussion

HepG2 cells that are hepatoma tumor cells were very

sensitive to cytotoxic effect of the triterpenes (Fig. 1).

It should be stressed that betulinic acid was described

as an antiproliferative agent and apoptosis inducer in

several tumor cells, especially active against neuroec-

todermal tumors [1, 2, 22]. In our study, betulinic acid

caused more significant drop in HepG2 cell viability

than betulin and oleanolic acid, and at a 50 �M con-

centration it decreased cell viability by 50%. For fur-

ther experiments on hepatoprotective activity, a 1 �M

triterpene concentration was chosen, at which all ex-

amined triterpenes were not toxic to cells (cell sur-

vival rate was above 95%). Triterpenes were added to

the culture medium together with different concentra-

tions of ethanol (50, 10 and 5 mM). Under these con-
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ditions betulin and betulinic acid (their structures are

shown in Fig. 2) markedly increased the viability of

ethanol-treated cells. Betulin was the most active cy-

toprotectant, and at a low ethanol concentration

(10 and 5 mM) it stimulated HepG2 cell growth above

the control level (Fig. 3). In contrast, oleanolic acid

had no significant effect, even though it was previ-

ously reported to reduce in vivo the hepatotoxicity of

cadmium, cisplatin, carbon tetrachloride, and aceta-

minophen [5–10]. Only when a high, 50 �M ethanol

concentration was used as cytotoxicity inducer,

oleanolic acid significantly enhanced cell viability.

These results are in agreement with observations of

Miura et al. [13], who also detected that betulin was

more active than oleanolic acid and ursolic acid in the

cytoprotection of HepG2 cells against cadmium cyto-

toxicity. It should be stressed that lupeol, structurally

related to betulin, was very active in the hepatoprotec-

tion of cadmium-treated rats [21], mainly by improv-

ing the tissue redox system in the liver, and by de-

creasing lipid peroxidation [14].

The low activity of oleanolic acid was surprising

because ursolic acid, very similar in its chemical

structure to oleanolic acid, had already been described

to exert a significant protective effect in vitro against

ethanol-induced toxicity, in isolated rat hepatocytes

[20]. It seems likely that subtle differences in the

chemical structure may influence the biological activ-

ity of triterpenes. Moreover, it has been suggested that

the hepatoprotective effect of oleanolic acid may be

connected with the inhibition of expression of
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CYP2E1 isoenzyme [4], which is the main ethanol-

induced isoform of P450 isoenzymes and the main

source of reactive oxygen species in ethanol-treated

hepatocytes [23]. CYP2E1 also displays high NADPH

oxidase activity and is very reactive in the production

of superoxide anion and hydrogen peroxide during

NADPH oxidation [3]. In human liver, microsomal

preparations of oleanolic acid did not, however,

exhibit any significant effect on CYP2E1 isoform ac-

tivity [4]. It is possible that its hepatoprotective effect

can be connected with an increase in GSH cellular

level, as was described in the literature [9]. It is also

possible that oleanolic acid changes activity of other

cellular ethanol oxidizing system components like al-

cohol dehydrogenase (ADH) or catalase.

As the protective effect of betulin against cadmium

cytotoxicity was observed by Miura et al. [13] in

HepG2 cells but not in L cells, it seems likely that the

protective effect may be cell type-dependent, and may

also depend on the inducer of cytotoxicity. Miura et

al. [13] detected that betulin, very active in protection

of HepG2 cells against cadmium cytotoxicity, was not

active against cytotoxicity caused by other heavy

metal compounds, such as mercuric chloride or cis-

platin.

To assess the mechanisms of the cytoprotective ac-

tivity of the examined triterpenes we measured their

influence on reactive oxygen species (ROS) production

induced in HepG2 cells by different ethanol concen-

trations.

It is well established that in hepatocytes ethanol is

predominantly metabolized by cytosolic ADH to acet-

aldehyde, which is further metabolized to acetate by

the mitochondrial aldehyde dehydrogenase (ALDH)

in the presence of NAD� as a cofactor. However, etha-

nol can be metabolized to acetaldehyde and subse-

quently to acetate by a microsomal ethanol-inducible

cytochrome P4502E1 or peroxisomal catalase. The

role of catalase in ethanol metabolism in the liver

seems to be restricted due to limited availability of

H�O�. The metabolic disturbances associated with

ethanol oxidation and oxidative stress are the most

important in hepatic injury. Some of these alterations

depend on changes in the redox state due to NADH

generation via ADH pathway. Furthermore, induction

of cytochrome P4502E1 contributes to acetaldehyde

generation, protein adduct formation, enzyme inacti-

vation, decreased DNA repair, reduced liver glu-

tathione and lipid peroxidation [3].

As shown in Figure 4, ethanol induced superoxide

anion production in HepG2 cells in a dose-dependent

manner. Triterpenes alone at the concentration used in

this experiment did not induce significant levels of su-

peroxide anion. However, when betulin or betulinic

acid were present in culture medium 24 h before addi-

tion of ethanol, they caused a significant decrease in

the amounts of superoxide anion produced by HepG2

cells. Oleanolic acid was an exception, as it even

enhanced superoxide anion production induced by

low ethanol concentration. It looks that triterpenes

examined by us may differ in their mechanism of su-

peroxide anion scavenging action from culture me-

dium. Therefore, in the following experiments they

were present in culture medium only for 30 min after

ethanol addition and then superoxide anion was meas-

ured. None of the triterpenes used at 1 �M concentra-
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tion influenced the level of superoxide anion gener-

ated by HepG2 cells after 60 min of ethanol treatment

(data not shown).

To assess whether this antioxidant effect of betulin

and betulinic acid is inducer-dependent, phorbol ester

(PMA), known as protein kinase C inducer was used

as superoxide anion inducer [18]. When triterpenes

were present in culture medium for 24 h before PMA

addition, oleanolic acid was the most effective inhibi-

tor of superoxide anion production, and betulin was

less effective than betulinic acid (Fig. 5A). These re-

sults strongly indicate that the antioxidant effect of

triterpenes depends on the inducer of superoxide an-

ion production, and partially explain why oleanolic

acid was described as hepatoprotectant in cadmium-

induced cytotoxicity in vivo, but was a poor protectant

against ethanol-induced cytotoxicity in our experi-

ments in vitro. These results strongly indicate that the

mechanisms of triterpene actions differ significantly

even in cytotoxicity mediated by ROS generation, and

confirm the results of Miura et al. [13] who detected

that betulin, very active in protection of HepG2 cells

against cadmium cytotoxicity, was not active against

cytotoxicity caused by other heavy metal compounds,

such as cisplatin, the hepatotoxicity of which is at

least partially mediated by induction of the oxidative

stress in the liver [15].

The influence of betulin, betulinic acid, and

oleanolic acid on ethanol-induced hydrogen peroxide

production also differed. Betulin and betulinic acid

were inactive, while oleanolic acid strongly inhibited

ethanol-induced hydrogen peroxide production (Fig.

6). Moreover, oleanolic acid was also the most effec-

tive in the inhibition of PMA-induced hydrogen per-

oxide production (Fig. 5B). As ethanol affects mito-

chondrial functions and membrane fluidity, alters sig-

nal transduction and redox state in cells, and by

acetaldehyde formation during ethanol oxidation in-
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duces acetaldehyde adduct formation. Its cytotoxic

mechanisms are very complex and further experi-

ments should be carried out to determine the mecha-

nisms involved in cytoprotective activity of triterpe-

nes against ethanol induced cytotoxicity. However,

the results of experiment done by Malini et al. [11] in-

dicated that betulin was able to restore the thiol status

and the antioxidant enzymes like superoxide dismu-

tase, catalase, and glutathione peroxidase in renal tis-

sue during crystal-induced damage.

Summing up, among the examined triterpenes be-

tulin was the most active in protection of HepG2 cells

against ethanol-induced cytotoxicity. Betulin and be-

tulinic acid significantly decreased ethanol-induced

superoxide anion production, while oleanolic acid de-

creased mainly ethanol-induced hydrogen peroxide

production. This antioxidant activity of triterpenes

was not connected with their ROS scavenging activity

and was dependent on the inducer of ROS production

(ethanol or PMA). Oleanolic acid, which did not in-

fluence ethanol-induced superoxide anion production,

was the most active in decreasing PMA-induced su-

peroxide anion and hydrogen peroxide production.
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