
Abstract. Background/Aim: Betulinic acid (BA) and betulin
(BT) exhibit a variety of pharmacological properties including
anti-cancer, anti-inflammatory and anti-oxidant ones. Canine
lymphoma and osteosarcoma have a high mortality rate and
need more effective therapeutic approaches. In this study, the
anti-proliferative and pro-apoptotic effects of BA and BT were
investigated in canine T-cell lymphoma (CL-1), canine B-cell
lymphoma (CLBL-1) and canine osteosarcoma (D-17) cell
lines. Materials and Methods: The cultured cells were treated
with several concentrations of BA or BT for 24, 48 and 72 h,
and cell proliferation was assessed by the MTT assay. Cell
apoptotic rate and cell cycle were analyzed using flow
cytometry. Results: Anti-proliferative effect of BT and BA was
concentration- and time-dependent. Moreover, BA and BT
arrested cell cycle in S phase in CL-1 and D-17 cells, and in
G0/G1 phase in CLBL-1 cells. Conclusion: Both compounds
showed an antitumor activity, and the effects of BA were
stronger than that of BT. 

Canine non-Hodgkin’s lymphoma (NHL) shares some
molecular and clinical features with human NHL (1-3).
Malignant canine lymphoma and osteosarcoma are common

and severe disorders, and their incidence is increasing
rapidly (3, 4). Traditionally, surgery, chemotherapy and
radiation have been the main treatments but they are
associated with serious side-effects and long treatment cycle.
Still, the survival of dogs with lymphoma remains brief –
10% survival rate ranges from 12 to 24 months (5).
Therefore, new drugs and therapies with lower toxicity and
higher anticancer activity are being constantly looked for.

Herbal and natural products with antitumor activities are
used in cancer treatment (6). Pentacyclic lupane-type
triterpenoids are abundant in fruits, acuminatissima leaves,
white birch bark, and are popular in dietary supplements (7,
8). Betulinic acid (3β-hydroxy-lup-20(29)-en-28-oic acid,
BA, Figure 1A) and betulin (3β-lup-20(29)-en-3,28-diol,
BT, Figure 1B), belong to pentacyclic triterpenes
commonly found in the bark of birch trees (Betula L.). BA
and BT have a variety of beneficial activities, e.g. antiviral,
anti-inflammatory, anti-malarial, anti-HIV and anti-cancer
effects (9-13).

BA and BT selectively affect various tumor cells and are
poorly toxic to normal cells (14). These two compounds
inhibit proliferation of over 20 different cancer cell lines,
including melanoma, lung cancer, and lymphoma cells.
Proposed mechanisms of their anti-tumor action include
induction of apoptosis, inhibition of cell viability, anti-
angiogenesis, cell-cycle arrest, and inhibition of
invasion/migration (15).

Normally, cell proliferation and cell death are a result of
a dynamic balance. Tumor formation is caused by excessive
proliferation and differentiation of cells or apoptosis
disturbances. Therefore, inducing apoptosis of tumor cells is
a useful cancer treatment. Triterpenoids may selectively
inhibit human DNA topoisomerases (16), important enzymes
of the cell cycle, and thus exert anti-cancer effects (17). The
aim of this study was to investigate the anti-tumor effects of
BA or BT and compare their therapeutic potential in canine
T-cell lymphoma (CL-1), canine B-cell lymphoma (CLBL-1)
and canine osteosarcoma (D-17) cell line.
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Materials and Methods
Chemicals and reagents. BA, BT with a purity of ≥98% by HPLC,
fetal bovine serum (FBS), penicillin and streptomycin solution, 
L-glutamine, ribonuclease (RNase) A and propidium iodide (PI)
were purchased from Sigma-Aldrich (Steinheim, Germany).
Annexin V FITC was bought from Immunostep (Salamanca, Spain).
Dimethyl sulphoxide (DMSO) was acquired from POCh (Gliwice,
Poland). Phosphate buffered saline (PBS) and RPMI 1640 culture
medium were obtained from the Institute of Immunology and
Experimental Therapy (Wroclaw, Poland).

Cell lines and cultures. Different canine cancer cell lines were used
in this study. The lymphoma cell lines included CL-1 (T-cell
lymphoma) and CLBL-1 (B-cell lymphoma cell line). CL-1 cell line
was provided by Yusuhito Fujino and Hajime Tsujimoto from the
University of Tokyo, Department of Veterinary Internal Medicine
(18), while CLBL-1 cell was obtained from Barbara C. Ruetgen,
Department of Pathobiology, Institute of Immunology at the
University of Veterinary Medicine in Vienna (19). Canine
osteosarcoma cell line (D-17) was obtained from ATCC. CL-1,
CLBL-1 and D17 cell lines were grown in RPMI 1640 culture
medium with 1% L-glutamine, 1% penicillin and streptomycin, and
10% heat-inactivated FBS. The culture was maintained under 5%
CO2 at 37˚C. The cells were cultured in 75 cm2 flasks (Corning,
USA) with fresh medium replaced every two days.

Drug preparation. BA and BT were dissolved in dimethyl sulfoxide
(DMSO) to prepare 20 mM stock solutions, and DMSO
concentration was below 0.2% in all samples.

MTT assay. Cell proliferation was measured by MTT assay (20).
Briefly, cells at a density of 1×104/well (CL-1, CLBL-1) and
1.5×103/well (D-17) were seeded in a 96-well-plate (TPP,
Trasadingen, Switzerland) and pre-incubated at 37˚C under 5% CO2

for 24 h. Then, various concentrations of BA or BT (1, 5, 10, 15,
20, 25, 30 and 40 μM) were added and the samples were further
incubated for 24 h, 48 h and 72 h. After incubation, 20 μl of 5
mg/ml MTT were added to each well and the samples were left for
4 h. After this time 80 μl of a lysis buffer (225 ml DMF, 67.5 g
SDS, 275 ml distilled water) were added. The absorbance of the
culture media in the wells was measured after 24 h with a
microplate reader (Elx800, BioTek, USA) at 570 nm. Cell viability
was calculated according to the following formula: 
%=[(average absorbance for the treated group – average
absorbance for the background)/(average absorbance for the
control group – average absorbance for the background)]*100.
IC50 for BA and BT was calculated as a mean concentration
inhibiting cell proliferation by 50% in three independent
experiments.

Analysis of cell apoptosis. Cell apoptosis was determined by flow
cytometry using annexin V-FITC and PI staining. Briefly, CL-1
and D-17 cells were seeded in 24-well cell culture plates (TPP,
Trasadingen, Switzerland) at a density of 1×105 and 8×104 cells
per well respectively, and CLBL-1 cells were seeded in 96-well-
plates at the density of 1×104 cells per well. After 24 h
incubation, the cells were treated with BA or BT for 24 h. Then,
they were washed twice with cold PBS and suspended in a
binding buffer containing annexin V-FITC for 10 min at room
temperature. After the incubation, PI (1 μg/ml) solution was
added and the cells were analyzed using a flow cytometer (FACS
Calibur, BD Biosciences, San Jose, USA). CellQuest 3.lf.
software (Becton Dickinson, San Jose, USA) was used for data
analysis.

Cell-cycle analysis. CL-1 and CLBL-1 cells were seeded in 12-well
plates (TPP, Trasadingen, Switzerland) at the density of 6×105
cells/well and D17 cells were seeded in 6-well plates (TPP,
Trasadingen, Switzerland) at the density of 4×105 cells/well and
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Figure 1. Chemical structure of BA (A) and BT (B). 



incubated at 37˚C under 5% CO2 for 24 h. Then, the cells were
treated with BA or BT for 24 h. After incubation, they were
harvested and washed twice with cold PBS. Next, they were fixed
in cold 70% ethanol and incubated overnight at 4˚C. After washing
with cold PBS, the cells were re-suspended in cold PBS containing
RNase 0.5 mg/ml, incubated for 1 h and stained with PI (final
concentration 10 μg/ml). The cells were analyzed by a flow
cytometer (FACS Calibur, BD Biosciences, San Jose, USA) and
CellQuest 3.lf. software. The presented results are means from three
independent experiments.

Statistical analysis. All the data are expressed as mean
values±standard deviations from three independent experiments.
The p-value of <0.05 was considered significant, and data for
multiple treatment groups were analyzed using Tukey’s post-test and
ANOVA with SPSS 16.0 statistical software.

Results

BA and BT inhibited proliferation of CL-1, CLBL-1 and D-17
cells. To investigate the effect of BA and BT on the canine
cancer cell lines, the cells were treated with increasing
concentrations of BA and BT for 24 h as shown in Figure 2A,
D, and G. Cell proliferation decreased in a concentration-
dependent manner in all three cell lines, and IC50 for BA and
BT was 23.50 μM and 27 μM for CL-1, 18.2 μM and 28.9 μM
for CLBL-1, and 18.59 μM and 22.73 μM for D-17 line,
respectively. These results suggest that BA was more effective
than BT in inhibiting the growth of cancer cells. CL-1 cell
proliferation after 24, 48 and 72 h exposure to 40 μM BA or
40 μM BT was reduced by 73.95±8.60% and 57.98±7.76%,
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Figure 2. Time- and concentration-dependent inhibition of proliferation of the canine cancer cell lines by BA and BT. (A) proliferation of CL-1 cells
treated with different concentrations of BA and BT for 24 h; (B) proliferation of BA-treated CL-1 cells after different treatment duration; (C)
proliferation of BT-treated CL-1 cells after different treatment duration; (D) proliferation of CLBL-1 cells treated with different concentrations of
BA and BT for 24 h; (E) proliferation of BA-treated CLBL-1 cells after different treatment duration; (F) proliferation of BT-treated CLBL-1 cells
after different treatment duration; (G) proliferation of D-17 cells treated with different concentrations of BA and BT for 24 h; (H) proliferation of
BA-treated D-17 cells after different treatment duration; (I) proliferation of BT-treated D-17 cells after different treatment duration. Data are shown
as the mean±SD, Analysis of variance (ANOVA): *p<0.05, **p<0.01, compared to control.



89.61±6.15% and 59.06±3.03%, 90.24±3.21% and 79±3.38%,
respectively (Figure 2B and C). Under the same condition,
CLBL-1 growth was reduced by 95.43±4.45% and
64.83±10.2%, 97.23±1.4% and 72.91±9.41%, 97.01±1.86%

and 83.39 ±3.42%, respectively (Figure 2E and F), D-17 cell
proliferation was inhibited by 91.83±3.49% and 74.20±7.31%,
98.70±0.62% and 97.69±0.64, 98.61±0.46% and
97.18±1.15%, respectively (Figure 2H and I). These results
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Figure 3. Effect of BA or BT on CL-1, CLBL-1, D-17 cell apoptosis.
Flow cytometric analysis of the apoptosis of CL-1 (A), CLBL-1 (B), 
D-17 (C) cells treated with BA or BT for 24 h and stained with annexin
V-FITC/PI. Quantitative analysis of the percentage of CL-1 (D), CLBL-1
(E), D-17 (F) cell apoptosis. Data are shown as the mean±SD, Analysis
of variance (ANOVA): *, p<0.05, **, p<0.01, compared to control.



show that both compounds inhibited cell proliferation in a
time-dependent manner, and BA was more effective in all
three cell lines. 

BA and BT induced CL-1, CLBL-1, D-17 cells apoptosis. The
effects of BA and BT on cell apoptosis were analyzed by
flow cytometry using annexin-V and PI staining. The
apoptotic cells were presented as a summary of all annexin
V-FITC positive cells. BA and BT induced CL-1 and D-17
cell apoptosis in a concentration-dependent manner. BA was
more potent in inducing apoptosis in CLBL-1 than BT, even
at high BT concentrations (Figure 3). 

After 24 h treatment with 25 μM BA or 25 μM BT, the
percentage of apoptotic cells was 45.8±4.6% and 53.5±4.7%
in CL-1 cell line (Figure 3A and D), and 73.8±9.3% and
52.8±8.8% in D-17 cell line, respectively (Figure 3C and F).
The apoptosis rate in CLBL-1 cells treated with 25 μM BA
or 25 μM BT were 51.41±8.48% and 13.08±5.66%,
respectively (Figure 3B and E). Summing up, BA and BT
triggered apoptosis, which confirmed the results of the MTT
assay in CL-1 and D-17 cell lines. 

Effects of BA and BT on the cell cycle in CL-1, CLBL-1, and
D-17 cells. The effects of BA and BT on the cell cycle were
analyzed by flow cytometry using PI staining. BA and BT
treatment resulted in a significant cell cycle arrest. BA and
BT altered the cell cycle phase distribution in CLBL-1 cells
and significantly increased the number of cells in G0/G1
phase. As shown in Figure 4, G0/G1 phase was severely
limited in CL-1 and D-17 cells treated with BA and BT,
while both compounds at 10 μM significantly increased the
number of cells in S phase. 

The effects of BA and BT concentrations on individual
phases of the cell cycle were analyzed and similar effects were
found in CL-1 and D17 cells (Tables I and II). Incubation with
10 μM BA and BT altered the cell cycle, as the percentage of
cells in S phase increased from 9.41±1.04% in control to
18.3±1.06% and 21.03±2.29% for CL-1; from 10.28±2.13%
in control to 15.5±1.38% and 18.1±4.1% for D-17. The
response of CLBL-1 was unique, as the cells were arrested in
G0/G1 phase. In this cell line, 10 μM BA and 15 μM BT
significantly increased the percentage of cells in G0/G1, from
38.80±2.95% in control to 45.06±1.18% and 48.70±4.25%,
respectively (Table III).

Discussion 

The anti-tumor activity of BA and BT in three canine cell
lines derived from different cell lineages was evaluated. In
all three cell lines, BA and BT showed significant anti-tumor
effects, such as decreasing cell proliferation, inducing cell
apoptosis, and arresting cell cycle. The study confirmed
potent inhibitory effects of BA and BT on cell proliferation,

as indicated by decreased cell growth. BA and BT were
investigated in a broad range of malignant cell lines and
showed concentration-dependent effects on human
melanoma cells, with a more pronounced response to BA
(21). BA and BT exert anti-cancer and cytotoxic activity in
human carcinoma of mouth (KB), human melanoma cells
(Mel-2) and several neuroblastoma cell lines (SKNSH, IMR-
5, NBL-S, NBAS5, LAN-5) (22-23). Besides, BA and BT
inhibit growth of other neoplastic cell lines (e.g. ovarian
cancer, lung cancer, and cervical cancer) (24, 25). 

In this study, BA and BT significantly inhibited cell
growth, which is consistent with the literature (25). Cell

Zhao et al: Betulinic Acid and Betulin in Canine Cancers

1085

Table I. Effect of BA or BT on cell-cycle progression in CL-1 cells.
Quantitative analysis of the percentage of cell cycle distribution in 
CL-1 cells. Data are shown as the mean±SD, Analysis of variance
(ANOVA): *p<0.05, **p<0.01, compared to control.

CL-1                 Sub-G0                G0                       S                      G2/M

CONTROL         6.81              57.27                   9.41                    20.63
BA10                   6.80              51.53                 18.3**                  16.13
BA15                   8.50              49.5*                 15.30                    18.50
BT10                   8.60              41.43**             21.03**                18.67
BT15                 10.45              40.8**               19.33**                19.80

Table II. Effect of BA or BT on cell-cycle progression in D-17 cells.
Quantitative analysis of the percentage of cell cycle distribution in 
D-17. Data are shown as the mean±SD, Analysis of variance (ANOVA):
*p<0.05, **p<0.01, compared to control.

D17                 Sub-G0               G0                      S                     G2/M 

CONTROL         2.50              52.40                10.28                   25.60 
BA10                  4.17              47.47                15.5*                   22.70 
BA15                  5.81              44.23**            17.26*                 22.50 
BT10                  3.91              43.6**              18.1**                 23.97 
BT15                  3.67              41.63**            17*                      24.63 

Table III. Effect of BA or BT on cell-cycle progression in CLBL-1 cells.
Quantitative analysis of the percentage of cell cycle distribution in
CLBL-1 cells. Data are shown as the mean±SD, Analysis of variance
(ANOVA): *p<0.05, **p<0.01, compared with control.

CLBL-1           Sub-G0               G0                      S                     G2/M 

CONTROL         3.17              38.50                23.67                   26.47 
BA10                  4.63              45.07**            17.03**               23.20 
BA15                  5.92              41.57                19.43                   22.93 
BT10                  3.15              44.5*                18.07*                 24.83 
BT15                  4.46              48.7**              17.77*                 22.37 



proliferation after treatment with 20 μM BA or BT was
significantly limited: to 35.26±9.22% (BA) and 38.83±7.36%
(BT) in CL-1 line, 71.32±7.44% (BA) and 48.23±3.37%
(BT) in CLBL-1 line, and to 64.53±5.83% (BA) and
48.15±4.33% (BT) in D-17 line. BA was a more potent
inhibitor than BT in all three cell lines. The anti-tumor
effects of BA and BT were to some extent related to
inhibited cell proliferation. Additionally, CLBL-1 line was
the most sensitive to BA (the lowest IC50 for BA in all three
cell lines), which was concurrent with previous studies (26-
28). It was suggested that B-cell lymphoma may be more
sensitive to BA-based treatments.

This study indicated that the anti-proliferative effect of BA
and BT was related to apoptosis. Both compounds exerted
similar concentration-dependent inhibitory effects on cell
proliferation and induced apoptosis. Large number of studies
showed that BA and BT enhanced cell apoptosis in melanoma
and human neuroectodermal cancer cells. Compared to BT,
BA triggered stronger cytotoxic and apoptotic effects in
different cancer cells (29-35). For example, 23-hydroxy BA
induced cell apoptosis in a concentration-dependent manner
in hepatocellular carcinoma cells (21), and BA had similar
effects in human breast cancer cells (36). In our study, 24-h
treatment with BA or BT resulted in similar pro-apoptotic
effects in CL-1 and D-17 cell lines. At the same time, 25 μM
BA induced 51.41±8.48% cell apoptosis, which was less than
the results of the MTT assay in CLBL-1 cell line. BT also
inhibited proliferation to a much higher degree than it
induced apoptosis, which suggests a different mode of action
than for BA. Apoptosis induction requires higher
concentration of the compound, therefore lower concentration
of BT strongly inhibited proliferation but was too low to
trigger apoptosis. This is consistent with another study, in
which arsenic trioxide at low concentration inhibited cell
proliferation and altered DNA content in hepatic carcinoma
cells but did not induce any substantial apoptosis related
changes in cell morphology and biochemistry (37).

The occurrence and development of cancer is associated
with cell cycle, and DNA topoisomerases play a critical role
in this process, as well as in transcription, recombination and
chromosome segregation during mitosis (16). Several studies
reported that triterpenoids could selectively inhibit human
DNA topoisomerases (17), and BA and BT belong to the
pentacyclictriterpenoids that induce tumor cell apoptosis
partly by inhibition of DNA topoisomerase. 

The growth of tumor cells may be inhibited at any phase
of the cell cycle, which results in cell cycle arrest. For
example, oleanolic acid (OA), which belongs to
pentacyclictriterpenes, inhibits osteosarcoma cells MG63
and Saoa-2 and arrests a large number of cells in G0/G1
phase (38). Several studies indicated that OA could inhibit
cell proliferation by damaging the active site of
topoisomerases in cancer cells. A possible mechanism of

OA action involves inhibition of DNA synthesis and
arresting the cancer cells in S phase (39). BA and BT are
capable of altering cell cycle in human melanoma cell line,
lung cell line and breast cancer cell line (24). BA induces
cell cycle arrest in G0/G1 phase in human cervical cancer
(Hela) cells and breast cancer (6, 28). BA may arrest 
MCF-7 cells and human cervical cancer cells in G0/G1
phase, potentially by increasing the expression of p53 and
p21 or altering protein expression of related signaling
pathways (mitochondria transduction pathway, PI3K/Akt,
NF-ĸB signaling pathway) (40-42). Our study demonstrated
a significant alteration of the cell cycle following BA and
BT treatment. Both compounds considerably lowered the
percentage of CL-1 and D-17 cells in G0/G1 phase and
increased the percentage of cells in S phase, which indicated
cell cycle arrest in this phase. In CLBL-1 cell line, a huge
increase in the percentage of cells in G0/G1 phase indicated
cell cycle arrest in this phase. Thus, BA and BT exert anti-
cancer effects in canine cancer cells mainly through
inhibition of topoisomerase expression and alteration of
protein expression in related signaling pathways. BA or BT
induce apoptosis and cell cycle arrest through different
mechanisms in different types of tumor cells.

Conclusion

Τhis study demonstrated anti-cancer activity of BA and BT
in CL-1, CLBL-1, and D-17 cell lines. BA was more potent
in inducing cell death in all tested canine cancer cell lines,
but the underlying mechanisms need further investigation.
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