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ABSTRACT
The effects of triterpene compounds on cadmium toxicity were
investigated in HepG2 cells. Ten triterpene compounds were
examined, namely, betulin, soyasapogenol A, soyasapogenol
B, ursolic acid, uvaol, oleanolic acid, friedelin, glycyrrhizin, 18a-
glycyrrhetinic acid, and 18b-glycyrrhetinic acid, and betulin,
soyasapogenol A, and uvaol were found to reduce the toxicity
of CdCl2. In particular, betulin almost completely abolished the
cytotoxicity of CdCl2 at concentrations as low as 0.1 mg/ml. The
effects of betulin were particularly apparent when added to the
culture medium before the addition of CdCl2. Moreover, when
HepG2 cells were incubated with betulin and then incubated in
fresh betulin-free medium before the addition of CdCl2, the
toxic effects of cadmium were reduced. Betulin had no signif-
icant effect on the intracellular accumulation of cadmium, nor

did it bind to cadmium, at least not in a test tube. When HepG2
cells were treated first with cycloheximide or actinomycin D, the
subsequent protective effect of betulin against cadmium tox-
icity was significantly reduced, suggesting that betulin might
protect cells against cadmium toxicity by inducing the synthe-
sis of a certain protein or proteins. The synthesis of metallo-
thionein, a protein that is known to reduce the toxicity of heavy
metals, was not induced by betulin. However, using the differ-
ential display method, we confirmed that betulin promoted the
expression of several genes. Our findings suggest that betulin
might reduce cadmium toxicity by promoting the synthesis of
certain proteins that protect cells against the toxic effects of
cadmium.

When cadmium is administered as CdCl2 to animals, most
of the cadmium accumulates initially in the liver (Webb,
1979). Accordingly, the acute toxic effects of cadmium are
observed mainly in the liver (Webb, 1979). It has been re-
ported that the hepatotoxicity of cadmium can be reduced by
plant triterpenes, such as oleanolic acid (Liu et al., 1993b,
1994b), ursolic acid (Liu et al., 1994b), a-hederin (Liu et al.,
1993a, 1994b), and glycyrrhizin (Shaikh et al., 1999). Triter-
penes are aliphatic polycyclic compounds based on a skeleton
with 30 carbon atoms, and they are synthesized from
squalene as the precursor (Mahato et al., 1988). Triterpenes
are present in all parts of plants, such as the roots, pollen,
fruits, and seeds (Mahato et al., 1988). Anti-inflammatory
effects, antitumor effects, protective effects on the liver, and
immunoregulatory effects have all been reported as biological
effects of triterpenes (Ma et al., 1986; Tokuda et al., 1986;
Price et al., 1987; Mahato et al., 1988). In particular, the
protective effects on the liver are of major significance, and
some triterpenes have been shown to reduce the hepatotox-
icity of carbon tetrachloride and acetaminophen (Hikino,
1985; Liu et al., 1994a,b). However, there is as yet no full
understanding of the mechanism of protection of the liver by
triterpenes. Therefore, in the present study, to obtain infor-
mation about the mechanisms whereby triterpenes reduce

cadmium toxicity, we investigated the effects of triterpenes
on the cytotoxicity of CdCl2 using a line of cells derived from
human liver, namely, HepG2 cells. We found that betulin, a
triterpene that is present at high levels in the bark of white
birch (Betula alba L.), very considerably reduced the cytotox-
icity of cadmium. We also obtained evidence that suggests
that the effect of betulin results from the induction of the
synthesis of certain intracellular proteins that is caused by
the enhanced expression of certain, as yet unidentified,
genes.

Materials and Methods
Chemicals and Cells. Triterpene compounds were provided by

Meiji Seika Kaisha Ltd. (Tokyo, Japan) and were dissolved in di-
methyl sulfoxide (DMSO; Nacalai Tesque, Kyoto, Japan) before use.
HepG2 cells were cultured in Dulbecco’s modified Eagle’s medium
supplemented with kanamycin sulfate (60 mg/ml; Life Technologies
Inc., Rockville, MD), NaHCO3 (0.1%; Nacalai Tesque), L-glutamine
(316 mg/ml; Nacalai Tesque), and FBS (10%; JRH Biosciences, Le-
nexa, KS) in an atmosphere of 5% CO2 in air at 37°C. Alamar Blue
was obtained from Alamar Biosciences Inc. (Sacramento, CA). All
other reagents that were used were of the highest grade available
commercially.

ABBREVIATIONS: DMSO, dimethyl sulfoxide; MT, metallothionein.
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Cytotoxicity of Cadmium. HepG2 cells were seeded onto 96-
well microplates at a cell density of 1 3 104 cells/well, and the
solutions of individual triterpenes were added 24 h later. Cadmium
chloride was added 24 h after the addition of individual triterpenes,
and the cells were cultured for an additional 24 h. For estimation of
the rate of cell survival, Alamar Blue was added to the medium, and
absorbance was monitored at 570 and 620 nm after culture for 3 h as
described. To control for the effects of DMSO, we adjusted the final
concentration of DMSO in the medium to 1% (v/v) in all cultures,
including the controls.

Determination of Accumulation of Cadmium. HepG2 cells
were seeded onto 6-well plates at a cell density of 4 3 105/well. After
culture for 24 h, betulin was added, and the cells were cultured for an
additional 24 h. Each culture was supplemented with [109Cd]CdCl2
(20 mCi; NEN Life Science Products, Boston, MA) to give a final
concentration of 20 mM, and then cells were incubated for 3 or 24 h.
The medium was removed, and the cells were rinsed twice with

PBS(2) that contained 1 mM EDTA to remove any cadmium that
had bound nonspecifically to cell surfaces. Then, the radioactivity of
109Cd that had accumulated in the cells was determined with a
gamma counter.

Effects of Inhibitors of Protein and RNA Synthesis. HepG2
cells were seeded onto 96-well microplates at a cell density of 1 3 104

cells/well. After culture for 18 h, the inhibitor of protein synthesis
cycloheximide (2 mg/ml) or the inhibitor of RNA synthesis actinomy-
cin D (0.05 mg/ml) was added. Six hours later, betulin (0.5 mg/ml) was
added to each culture. Because cycloheximide and actinomycin D
have cytotoxic effects when cells are cultured with these compounds
for a prolonged period, the medium was replaced with fresh drug-free
medium 4 h after the addition of betulin. Cadmium chloride was
added 20 h later, and the rate of cell survival was determined 24 h
after the addition of CdCl2 with Alamar Blue, as described above.

Quantification of Metallothionein (MT). HepG2 cells were
seeded onto 6-well plates at a cell density of 4 3 105/well. After

Fig. 1. Structures and molecular weights of betulin, soyasapogenol B, and uvaol.

Fig. 2. Effects of three triterpenes on the toxic-
ity of CdCl2 in HepG2 cells. HepG2 cells were
treated with betulin, uvaol, or soyasapogenol B
for 24 h, and then CdCl2 (Cd) was added to the
culture medium at indicated concentrations. Af-
ter incubation for 24 h, cell survival was deter-
mined with Alamar Blue as described in the
text. Each point represents the mean value of
results from three cultures with S.D. (bars).
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culture for 24 h, betulin (0.5 mg/ml) or a strong inducer of the
synthesis of MT, ZnCl2 (150 mM; as a positive control), was added,
and cells were cultured for an additional 24 h. The cells were rinsed
twice with PBS(2), removed from the plates, and collected by cen-
trifugation at 1500 rpm for 5 min. The amounts of MT in the pelleted
cells were determined by HPLC with detection of fluorescence, as
described by Miyairi et al. (1998).

Screening by Differential Display Method. HepG2 cells were
seeded onto 10-cm dishes at a cell density of 3 3 106 cells/dish. After
culture for 24 h, betulin was added at a final concentration of 4
mg/ml. Total RNA was extracted with Isogen (Nippon Gene, Tokyo,
Japan) 4 or 8 h after the addition of betulin. Differential display
(Liang and Pardee, 1992) was archived with RNA Image Kits 1 and
2 (GenHunter, Nashville, TN). Single-stranded cDNA was synthe-
sized by reverse transcription from the total RNA (0.1 mg) using
anchored oligo(dT) primers (H-T11G, H-T11A, and H-T11C; Gen-
Hunter) and Moloney murine leukemia virus reverse transcriptase.
The cDNAs were mixed with the reaction solution for PCR [Ampli
Taq Gold (0.5 U; PE Applied Biosystems, Tokyo, Japan), 2.5 mM
concentrations of dNTPs, and [a-32P]dCTP (0.05 mCi; NEN Life Sci-
ence Products) that contained one of the above-mentioned anchored
oligo(dT) primers and arbitrary primers (arbitrary 13-mers, H-AP
primers 1–16; GenHunter). After heating at 95°C for 10 min in a
thermal cycler, the reaction mixture was subjected to 40 cycles of
amplification that each consisted of incubation at 94°C for 30 s, 40°C
for 2 min, and 72°C for 30 s. Amplification was followed by one cycle
of elongation at 72°C for 5 min. The products of polymerase chain
reaction were fractionated by electrophoresis on a 6% polyacryl-
amide gel that contained urea. The gel was dried and exposed to
radiographic film at 280°C for 15 to 25 h for autoradiography.

Results and Discussion
To our knowledge, the effects of triterpenes on cadmium

toxicity have not previously been investigated in cultured
cells. Therefore, we investigated the effects of 10 triterpenes
(betulin, soyasapogenol A, soyasapogenol B, ursolic acid,
uvaol, oleanolic acid, friedelin, glycyrrhizin, 18a-glycyrrhet-
inic acid, and 18b-glycyrrhetinic acid) on the cytotoxicity of
CdCl2 in HepG2 cells. Triterpenes were tested at concentra-
tion ranges at which each individual compound was not toxic
to cells (rate of cell survival were 95% or higher). Triterpenes
were added to the culture medium 24 h before the addition of
CdCl2. Under these conditions, betulin, soyasapogenol B, and
uvaol (their structures are shown in Fig. 1) markedly reduced

the toxicity of CdCl2. Most HepG2 cells that had been treated
with these compounds survived subsequent exposure to
CdCl2 at a concentrations close to the 100% lethal concentra-
tion (Fig. 2). By contrast, oleanolic acid, glycyrrhizin, or ur-
solic acid had no significant effects, even though they were
reported previously to reduce the hepatotoxicity of cadmium
(Liu et al., 1994a,b; Shaikh et al., 1999). Soyasapogenol A,
friedelin, 18a-glycyrrhetinic acid, and 18b-glycyrrhetinic
acid also had no protective effects. Liu et al. (1994a) reported
that uvaol reduced cadmium-induced hepatopathy in mice,
but there have been no reports, to our knowledge, that bet-
ulin and soyasapogenol B reduce cadmium toxicity. We found
that betulin, in particular, very strongly reduced the cytotox-
icity of CdCl2 at concentrations as low as 0.5 mg/ml. There are
no reports, again to our knowledge, of any compound that
reduces the cytotoxicity of cadmium as effectively as betulin.
A protective effect of betulin against cadmium toxicity was
observed in NIH3T3 and P388 cells, as well as in HepG2
cells, but not in mouse L and colon 26 cells (data not shown),
suggesting that the protective effect may be cell-type depen-

Fig. 3. Effects of the timing of treatment with betulin on the toxicity of
CdCl2 in HepG2 cells. Betulin (BT) was added to cultures of HepG2 cells
24, 6, and 0.5 h before and 2 and 6 h after the addition of CdCl2 (Cd) at
120 mM. Cell survival was determined with Alamar Blue after an addi-
tional 24-h incubation. Each point represents the mean value of results
from three cultures with S.D. (bars).

Fig. 4. Effects of prior treatment with betulin on the subsequent toxicity
of CdCl2 in HepG2 cells. HepG2 cells were treated with betulin (BT) for
2 h, from 24 to 22 h before the addition of CdCl2 (Cd), and then cells were
transferred to betulin-free medium. After a 22-h incubation in betulin-
free medium, CdCl2 was added at indicated concentrations, and incuba-
tion was continued for 24 h. Cell survival was determined with Alamar
Blue. Each point represents the mean value of results from three cultures
with S.D. (bars). The absence of a bar indicates that the S.D. falls within
the symbol.

Fig. 5. Effects of betulin on the accumulation of cadmium in HepG2 cells.
Betulin was added to cultures of HepG2 cells 24 h before the addition of
109Cd-labeled CdCl2 (20 mM). Cellular accumulation of 109Cd was deter-
mined after a 3- or 24-h incubation with 109Cd-labeled cadmium as
described in the text. Results are mean of results from four cultures with
S.D. values (bars).
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dent. Betulin is a relatively abundant compound in the bark
of white birch (Betula alba L.). Although betulin is known to
have antimalarial (Steele et al., 1999), anti-human immuno-
deficiency virus (Sun et al., 1998a,b), and anti-inflammatory
effects (Recio et al., 1995), the mechanisms of its actions have
not yet been elucidated.

We also examined the effects of betulin on the cytotoxicity
of zinc chloride, mercuric chloride, methylmercury chloride,
and cisplatin, all of which are heavy-metal compounds, and of
hydrogen peroxide, paraquat, and Adriamycin, which are

inducers of oxidative stress. In no case did betulin have any
significant effect on toxicity. Thus, betulin appeared specifi-
cally to reduce the toxicity of cadmium.

To investigate the relationship between the timing of treat-
ment with betulin and the reduction in cadmium toxicity, we
added betulin at 24, 6, and 0.5 h (regarded as simultaneous
addition) before and 2 and 6 h after the addition of CdCl2 and
monitored its effects on cadmium toxicity. As shown in Fig. 3,
when betulin and CdCl2 were added simultaneously and
when betulin was added after CdCl2, there was almost no
reduction in cadmium toxicity. The protective effect of betu-
lin was detected only in pretreated cells. The effect tended to
increase as the interval between the start of treatment with
betulin and the addition of CdCl2 was increased (Fig. 3).
Because betulin significantly reduced cadmium toxicity only
when it was added before CdCl2, we next removed betulin
from the medium after 2 h of cell culture in the presence of
betulin and added CdCl2 22 h later; then, we measured cell
survival. We found that a mere 2-h incubation in the pres-
ence of betulin (from 24 to 22 h before the addition of CdCl2)
markedly protected cells against cadmium toxicity (Fig. 4).
These findings allow us to exclude the possibility that betulin
might react with cadmium in the medium to inhibit cadmium
toxicity. In fact, when molar equivalent amounts of betulin
and CdCl2 were mixed in the presence of culture medium in
a test tube, no binding of CdCl2 to betulin was detected, as
determined by HPLC (data not shown). The possibility re-
mains that betulin that accumulates in cells might bind
cadmium only in the presence of some factor or factors within
cells, thereby inhibiting cadmium toxicity. However, this pos-
sibility seems unlikely in view of the findings that the pro-
tective effect of betulin increased as the interval between the
start of treatment with betulin and the addition of CdCl2
became longer and that the toxicity was reduced by a mere
2-h incubation in the presence of betulin 24 h before the
addition of CdCl2. Our findings suggest that treatment with
betulin has some effect on cell functions.

Because inhibition of the incorporation of cadmium into
cells and/or promotion of the excretion of cadmium might
have been caused by betulin, we investigated the effects of
betulin on the accumulation of cadmium in cells. We found no
difference between the amounts of cadmium accumulated by
betulin-treated cells and that accumulated by DMSO-treated
control cells (Fig. 5).

Next, to investigate the possibility that betulin might in-
duce the synthesis of certain proteins induction in the cells,

Fig. 6. Effects of cycloheximide and actinomycin D on the protective effect
of betulin against the toxicity of cadmium in HepG2 cells. Cycloheximide
(CHX; 2 mg/ml) and actinomycin D (ActD; 0.05 mg/ml) were added sepa-
rately to cultures of HepG2 cells. Betulin (BT; 0.5 mg/ml) was added 6 h
later. The medium was replaced by drug-free fresh medium 4 h after the
addition of betulin. CdCl2 (Cd) was added at indicated concentrations
20 h after replacement of the medium. Cell survival was determined at
24 h after the addition of CdCl2. Each point represents the mean value of
results from three cultures with S.D. values (bars).

Fig. 7. Levels of MT in HepG2 cells after a 24-h incubation with betulin
(BT) or ZnCl2. Results are mean of results from four cultures with S.D.
values (bars).

Fig. 8. Differential display of
cDNAs derived from total cellular
RNA of HepG2 cells that had been
treated with betulin (4 mg/ml) for
0, 4, or 8 h. Bands of interest are
indicated by arrows.
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we investigated the effects of inhibitors of protein synthesis
and RNA synthesis on the reduction of cadmium toxicity by
betulin. When cells were treated with cycloheximide or with
actinomycin D, the extent of the reduction of cadmium tox-
icity by betulin decreased markedly (Fig. 6). These findings
suggest that betulin might promote the synthesis of a certain
protein or proteins and that cadmium toxicity might be sup-
pressed by such protein or proteins.

MT is an inducible protein that reduces heavy-metal tox-
icity (Bremner, 1987; Kägi, 1993). The synthesis of MT is
induced by oleanolic acid (Liu et al., 1993b) and a-hederin
(Liu et al., 1993a), which are known to reduce hepatotoxicity
in mice. Therefore, we investigated the effects of betulin on
the induction of MT synthesis. The concentration of MT in
HepG2 cells was not significantly affected by betulin (Fig. 7).
Zinc, which induces the synthesis of MT (Kägi, 1993), mark-
edly increased the concentration of MT in cells (Fig. 7). How-
ever, the reduction of cadmium toxicity by ZnCl2 was not as
marked as that by betulin under the experimental conditions
used in this study (data not shown). These findings suggest
that betulin might reduce cadmium cytotoxicity by promot-
ing the synthesis of some protein or proteins other than MT.

Finally, we used the differential display method (Liang
and Pardee, 1992) to investigate whether betulin affects gene
expression. Using 48 combinations of 3 anchored primers and
16 primers with arbitrary sequences, we applied the differ-
ential display method to our system and compared the pat-
tern of gene expression in untreated cells with that in cells
treated with betulin for 4 and 8 h. As shown in Fig. 8, the
intensities of four bands (G2, G4, A1, and A2) were increased
by treatment with betulin for both 4 and 8 h, and the inten-
sities of two bands (G1 and G3) were increased by the 8-h
treatment with betulin. Preliminary sequence analysis indi-
cated that G1, one of these genes, is identical with human
mitochondrial cytochrome b (Spurr and Bodmer, 1984;
Marin-Garcia et al., 1995). Thus, betulin clearly enhanced
the expression of several genes in human hepatocytes, and it
appears that betulin reduces cadmium toxicity by promoting
the synthesis of a certain protein or proteins that abolish the
toxic effects of cadmium. The identification of a common
betulin-responsive region in the promoter regions of the var-
ious genes might allow identification of the cadmium-resis-
tance gene or genes. Furthermore, identification of the gene
or genes involved in the reduction of cadmium toxicity by

betulin might provide clues to the mechanism of cadmium
toxicity, which remains unknown.
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