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The cytotoxic effect of betulinic acid (BA), isolated from Melaleuca cajuput a Malaysian plant and its
four synthetic derivatives were tested for their cytotoxicity in various cell line or peripheral blood
mononuclear cells (PBMC) by 3-[4,5-dimethylthizol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) assay.
Betulinic acid acetate (BAAC) was most effective than other betulinic acid derivatives. It had most
active cytotoxic activity against human myeloid leukemia (HL-60), human T4-lymphoblastoid (CEM-SS),
BALB/c murine myelomonocytic leukemia (WEHI-3B) and human cervical epithelial carcinoma (HeLa)
but not on normal human lymphocytes (PBMC), suggesting its action is specific for tumor cells. BA and
BAAC inhibit HL-60 cell line at low concentration after 72 h with IC50 values at 2.60 and 1.38 g/mL,
respectively. DNA fragmentation analysis showed ladder formation in the 100 - 1500 bp region in HL-60
cell lines after 24 h of treatment with IC50 values. The induction of apoptosis was also confirmed by flow
cytometric analysis of cell cycle. BA and BAAC have been shown to induce a time dependant increase
in the sub G1 peak indicating apoptotic phenomenon as obtained from the DNA content histogram
analysis. Thus, betulinic acid isolated from Malaysia plant showed good potential as an anti-cancer
compound with less toxicity to human normal cells.
Key words: Betulinic acid, HL 60, cytotoxicity, MTT assay, DNA laddering, Cell cycle PI
INTRODUCTION
Betulinic acid (3β-hydroxy-lup-20(29)-ene-28-oic acid), an
example of a pentacyclic triterpene is widely distributed in
plant kingdom (Maurya et al., 1989). This compound can
be chemically derived from betulin, a substance found in
the outer bark of white birch tree Betula alba (Pisha et al.,

*Corresponding
author.
E-mail:
noorjahan@biotech.upm.edu.my or noorjahan@gmail.com. Tel:
+603-8946 7471. Fax: +603-8946 7510.

1995). Some biological activities have been ascribed to
betulinic acid, includes anti-inflammatory, anti-tumor
(Mukherjee et al., 1997; Liu et al., 2004), anti-angiogenesis (Mukherjee et al., 2004), anti-viral (De Clercq,
1995; Baltina et al., 2003; Parlova et al., 2003), anti-HIV
(Hashimoto et al., 1997; Huang et al., 2006; Qian et al.,
2007), anti-neoplastic (Fulda et al., 1999) and antiplasmodial (Ziegler et al., 2004).
Betulinic acid exerts a selective anti-tumor activity on
cultured human melanoma (Pisha et al., 1995), neuroblastoma (Schmidt et al., 1997), malignant brain tumor
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Figure 1. Chemical structure of betulinic acid and its derivatives.

(Fulda et al., 1999) and leukemia cells (Hata et al., 2003).
This compound showed inhibitory effect on leukemia
(HL60, U937 and K562) and neuroblastoma (GOTO and
NB-I) cell growth (Hata et al., 2003). It was reported
selective against neuroblastoma cells and lacked sideeffects. Moreover, its activity against neuroectodermal
has been reported and related to the induction of
apoptosis via direct mitochondrial alterations (Fulda et al.,
1998). The anti-tumor activity of betulinic acid has been
reported to other human neoplastic cell lines including
lung, ovarian, cervical, colorectal, breast, and prostate
cancer (Zuco et al., 2002; Kessler et al., 2007). Besides,
Raghuvar Gopal et al. (2005) reported that betulinic acid
had cytotoxic effect on human chronic myelogenous
leukemia (CML) cells. Currently, betulinic acid is
undergoing phase II clinical trials to treat melanoma
(Gauthier et al., 2009). Betulinic acid was known to
induce apoptosis selectively in tumor cells lines, but not
on normal cell lines (Zuco et al., 2002). The favorable
therapeutic index from the lack of toxicity towards normal
cells suggested betulinic acid to be an attractive and
promising anti-tumor agent (Pisha et al., 1995). This
feature makes betulinic acid unique in comparison to
compounds that are currently used in cancer therapy,
such as taxol, camptothecin, elipticine, etoposide, vinblastine and vincristine. All these anti-tumor compounds
are very toxic and inhibit replication of both cancer and
normal cells (Zuco et al., 2002). In this project, the potential of betulinic acid isolated from Malaysian plant as anticancer agent on human myeloid leukemia will be
investigated. Here, the in vitro cytotoxic activity of betulinic acid and its potent derivatives will be assessed using
leukemic cell lines and compared with conventional antineoplastic drug (doxorubicin).

The cancerous cell lines (anchorage-dependent and suspensions
cells) were obtained from the American Type Culture Collection
(ATCC), the National Cancer Institute (NCI) and the RIKEN Cell
Bank (RCB). The suspensions cell lines were human myeloid
leukemia (HL-60), human T4-lymphoblastoid (CEM-SS) and
BALB/c murine myelomonocytic leukemia (WEHI-3B) whereas the
anchorage-dependent cell lines were human cervical epithelial
carcinoma (HeLa), human breast adenocarcinoma (MCF-7), human
glioblastoma (DBTRG0.5MG) and mouse skin melanoma (B16).
The human myeloid leukemia (HL-60), human T4-lymphoblastoid
(CEM-SS), BALB/c murine myelomonocytic leukemia (WEHI-3B),
human cervical epithelial carcinoma (HeLa), human breast
adenocarcinoma (MCF-7) and mouse skin melanoma (B16) were
maintained in RPMI 1640 medium (Sigma, USA) supplemented with
10% foetal calf serum (GIBCO, UK) and antibiotics (100 units/ml
penicillin and 100 µg/ml streptomycin) (GIBCO, UK). Human
glioblastoma (DBTRG0.5MG) were maintained in RPMI 1640
medium (Sigma, Germany) supplement with 1% HT (Flowlab,
Australia), 1% L-glutamine 200 mM (Flowlab, Australia), 0.5%
sodium pyruvate 100 mM (Flowlab, Australia), 10% foetal calf
serum (GIBCO, UK) and antibiotics (100 units/ml penicillin and 100
µg/ml streptomycin) (GIBCO, UK). All type of cells was incubated
under 37oC, 5% CO2.

Isolation of peripheral blood mononuclear cells (PBMC) from
human peripheral blood
Blood samples were collected by venepuncture in 5 ml lithium
heparin coated Vacutainers. Blood 20 to 25 mL was diluted 1:1 with
phosphate buffered saline (PBS) and layered onto Ficoll-paque plus
(Amersham) by using Pasteur pipette and centrifuged at 400 x g
(1500 rpm) for 40 min at 18 to 20oC. The lymphocyte layer was
transfered using a clean Pasteur pipette to a clean centrifuge tube
and washed three times in balanced salt solution. The lymphocytes
suspended in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10% foetal calf serum (GIBCO, UK) and antibiotics
(100 units/ml penicillin and 100 µg/mL streptomycin) (GIBCO, UK).
The lymphocytes were diluted to 1.0 x 106 cells/ml in DMEM and
used immediately for MTT assay experiment.

Betulinic acid and its derivatives
Betulinic acid (BA), betulinic acid acetate (BAAC), 3-O-(2’,2’dimethylsuccinyl)-betulinic acid (BAES) and 3-O-succinyl-betulinic
acid (BASUC) were kindly donated by Dr. Faujan B.H. Ahmad,
while betulinic acid benzoate (BCL) was donated by Dr Yamin B.
Yassin, both from the Department of Chemistry, Faculty of
Science, University Putra Malaysia. Doxorubicin (DOX) was obtained from Sigma Aldrich, USA. These compounds (Figure 1) were
used for the screening experiments however only betulinic acid,
betulinic acid acetate and doxorubicin were used for further detail in
cytotoxicity studies.
Betulinic acid
The pure compound of betulinic acid appears as a white solid,
malted at 295 - 297oC. It was isolated from Melaleuca cajuput and
was chromatographed on a silica gel column using chloroform as
eluent (Ahmad et al., 1997).
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Betulinic acid acetate
Betulinic acid acetate was prepared by refluxing betulinic acid (1.0
g) with acetic anhydride and pyridine in dichloromethane for several
hours. After cooling to room temperature, water was then added
and the white crystal was filtered off. Betulinic acid acetate appears
as a pale yellow solid crystal. It also can be prepared by enzymatic
reaction of betulinic acid and acetic anhydride in the present of
lipase (Ahmad et al., 2005).
The compounds were dissolved in dimethylsulphoxide (DMSO)
(Sigma, USA) at concentration of 10 mg/ml as a stock solution. It
was then diluted further to a concentration of 60.0 µg/ml in RPMI
1640 by diluting 18.0 µl of the stock solution into 2982.0 µl RPMI
1640 as a working stock. The stock solution and working stock were
both stored at 4oC.
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decanting the supernatant, 600 µl 70% ethanol was added and
centrifuged at 13000 x g for 1 min. Then, the ethanol was aspirated
using pipette and dried the pellet for 15 min. 100 µl of DNA
Rehydration Solution and incubated for 1 h at 65oC. The DNA was
stored at 4oC.
Agarose gel (1%) was prepared. The gel was then submerged
into running buffer (TBE buffer). Subsequently, 8 µl of DNA mixed
with 2 µl loading dye (80% glycerol, 0.25% bromophenol blue and
0.25% xylene cyanol) was loaded on 1% agarose gel. Samples
were loaded into the wells and were run at 40 V for 12 h. The
agarose gel was then stained with ethidium bromide (Sigma, USA)
(0.5 µg/ml in running buffer) for 30 min and destained with distilled
water for an hour. DNA was visualized by UV illuminator (245 nm).
Flow cytometric propidium iodide cell cycle analysis

MTT cytotoxic assay
MTT colorimetric assay was developed for measuring cell survival
and proliferation. The principle behind this assay is that the
tetrazolium ring in MTT is cleaved by dehydrogenases present in
active mitochondria, resulting in the formation of an insoluble MTT
formazan product (Mosmann, 1983). Briefly, 100 µl of RPMI-1640
or DMEM media with 10% of FBS was added into all the wells
except row A in the 96 well plate (TPP, Switzerland). Then, 100 µl
of diluted compound at 60 µg/ml was added into row A and row B.
A series of two fold dilution of extract was carried out down from
row B until row G. The row H was left untouched and the excess
solution (100 µl) was discarded and 100 µl of cell line or PBMC with
cell concentration at 1 X 105 cells/ml was added into all wells in the
96 well plate and incubated in 37oC, 5% CO2 and 90% humidity
incubator for selected period (24, 48, 72 h). After the corresponding
period (either 24, 48 or 72 h), 20 µl of MTT (Sigma, USA) at 5
mg/ml was added into each well in the 96 well plate and incubated
for four hours in 37oC, 5% CO2 and 90% humidity incubator. Then,
the plate was centrifuged at 200 x g for 5 min and 170 µl of medium
with MTT was removed from every well. 100 µl DMSO (Fisher
Scientific, UK) was added to each well to extract and solubilize the
formazan crystal by incubating for 20 min in 37oC, 5% CO2
incubator. Finally, the plate was read at 570 nm wavelength by
using µ Quant ELISA Reader (Bio-Tek Instruments, USA). The
results of the compounds were compared with the result of
Doxorubicin and without drug by using the same method. Each
compound and control was assayed in triplicate for three times. The
percentage of proliferation was calculated by the following formula:
Proliferation (%) = [(OD sample – OD control) / OD control] X 100.

DNA fragmentation assay
The HL-60 cells at concentration 1 x 105 cells/ml were treated with
doxorubicin, betulinic acid and betulinic acid acetate with IC50 and
30 µg/ml concentration in 6 well plates. The triplicate samples were
incubated for 24, 48 and 72 h at 37oC, 5% CO2, 90% humidity. The
treated cells were collected by centrifugation at 300 x g for 10
second and the DNA was isolated from cells for each treatment
using The Wizard Genomic DNA Purification Kit (Promega, USA).
After harvesting, the cells were washed with 200 µl phosphate
buffer saline (PBS). The cell pellet was then resuspended in 600 µl
Nuclei Lysis Solution in the presence of 3 µl RNase and incubated
for 30 min at 37oC. Then, the sample was allowed at room
temperatures for 5 min. After 5 min, 200 µl of Protein Precipitation
Solution was added to sample and vortex for 20 s. The sample
chilled on ice for 5 min and centrifuged at 13000 x g for 4 min. The
supernatant was removed to clean microcentrifuge tube contain
600 µl isopropanol and centrifuged at 13000 x g for 1 min. After

The HL-60 cells at concentration 1 x 106 cells/ml were treated with
doxorubicin, betulinic acid and betulinic acid acetate with IC50
values in 6 well plates. The triplicate samples were incubated for
24, 48 and 72 h at 37oC, 5% CO2, 90% humidity. The treated cells
were collected by centrifugation at 2000 rpm for 10 min and the
pellet was fixed in 500 µl ice-cold ethanol 70% at -20oC for 2 h.
Then, the cell suspension was centrifuged, washed twice with 1 ml
of PBS solution containing 0.06% sodium azide and resuspended in
1 ml of PBS solution containing 0.1% triton X-100, 100 mM EDTA,
50 µg/ml RNase (Sigma, USA) and 2 µg/ml propodium iodide (PI)
(Sigma, USA). The tubes were placed on ice in the dark until the
red fluorescence of DNA-bound PI in individual cells was measured
by Beckman Epics Ultra flow cytometer and the results were
analyzed using Expo32 software (Beckman Coulter, USA).

RESULTS
MTT cytotoxic effect of betulinic acid, betulinic acid
derivatives and doxorubicin on various cancer cell
lines
The cytotoxic effect of betulinic acid (BA), betulinic acid
acetate (BAAC), 3-O-(2’,2’-dimethylsuccinyl)-betulinic
acid (BAES), 3-O-succinyl-betulinic acid (BASUC), betulinic acid benzoate (BCL) and doxorubicin (DOX) obtained against human myeloid leukemia (HL-60), human T4lymphoblastoid (CEM-SS), murine myelomonocytic
leukemia (WEHI-3B), human cervical epithelial carcinoma
(HeLa), human breast adenocarcinoma (MCF-7), human
glioblastoma (DBTRG0.5MG) and mouse skin melanoma
(B16) cell lines was determined by a rapid colorimetric
assay, using 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl
tetrazolium bromide (MTT).
The cytotoxic activity of BA and its derivatives were
tested using different cell lines and the cytotoxicity data of
these compounds on HL-60 (human myeloid leukemia),
CEM-SS (human T4-lymphoblastoid), WEHI-3B (BALB/c
murine myelomonocytic leukemia), HeLa (human cervical
epithelial carcinoma), MCF-7 (human breast adenocarcinoma), DBTRG0.5MG (human glioblastoma) and
B16 (mouse skin melanoma) were summarized in Table
1.
The cytotoxic effects of betulinic acid and its derivatives
were examined in HL-60 leukemia cell line after 72 h
treatment. The IC50 values for betulinic acid (BA),
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Table 1. The cytotoxicity data of betulinic acid (BA) and betulinic acid derivatives (BAAC, BAES, BASUC and BCL) against
various cell lines. The inhibition concentration of 50% (IC50) value was measured by MTT assay after 24, 48 and 72 h
treatment.

Cell line

Time (h)

IC50 value (µ
µg/ml)
BA

BAAC

BAES

BASUC

BCL
>30.0
>30.0

24
48
72

20.70 ± 5.39
14.60 ± 2.31
2.60 ± 1.50

15.10 ± 2.57
4.20 ± 1.67
3.50 ± 1.03

>30.0

>30.0

HL-60

18.70 ± 6.47
1.38 ± 0.50

2.00 ± 1.00
1.45 ± 1.06

CEM-SS

24
48
72

5.40 ± 1.06
2.30 ± 1.14
2.10 ± 0.52

9.20 ± 2.19
8.90 ± 3.55
3.60 ± 0.53

>30.0
>30.0
>30.0

>30.0
>30.0

WEHI-3B

24
48
72

HeLa

MCF-7

24
48
72

DBTRG0.5MG

24
48
72

13.70 ± 1.21
16.60 ± 3.65
3.90 ± 2.45
>30.0
3.0 ± 1.10
3.1 ± 0.92
>30.0
>30.0
10.5 ± 1.03
>30.0
>30.0
>30.0

>30.0
>30.0

24
48
72

18.90 ± 1.65
15.50 ± 6.87
2.10 ± 1.03
>30.0
16.8 ± 0.60
2.5 ± 3.70
>30.0
>30.0
20.4 ± 2.91
>30.0
>30.0
>30.0

B16

24
48
72

>30.0
>30.0
>30.0

>30.0
>30.0
>30.0

betulinic acid acetate (BAAC), 3-O-(2’,2’-dimethylsuccinyl)-betulinic acid (BAES), 3-O-succinyl-betulinic
acid (BASUC) and betulinic acid benzoate (BCL) against
HL-60 cell lines were 2.60 ± 1.50, 3.50 ± 1.03, 1.38 ±
0.50, 1.45 ± 1.06 and 2.10 ± 1.01 g/ml, respectively.
Amongst the leukemia cell lines, BAAC was the most
toxic than other betulinic acid derivatives after 24 h
treatment on HL-60, CEM-SS and WEHI-3B cell lines
with the IC50 values of 15.10 ± 2.57, 9.20 ± 2.19 and
13.70 ± 1.21 g/ml, respectively. Higher IC50 values were
observed when BAES, BASUC and BCL were tested
against HL-60, CEM-SS and WEHI-3B after 24 hours
with IC50 values more than 30.00 g/mL for all the cell
lines. The sensitivity of HL-60, CEM-SS and WEHI-3B
cell lines treated with BAAC at 72 h were almost similar
resulting in the IC50 value of 3.50 ± 1.03, 3.60 ± 0.53 and
3.90 ± 2.45 g/ml, respectively.
The results indicate that both BA and BAAC showed
cytotoxic activity against HL-60, CEM-SS and WEHI-3B
cell lines after 24 h treatment. The IC50 values of BA
against HL-60, CEM-SS and WEHI-3B were 20.70 ±
5.39, 5.40 ± 1.06 and 18.90 ± 1.65 while the IC50 values
for BAAC were 15.10 ± 2.57, 9.20 ± 2.19 and 13.70 ±1.21
g/ml, respectively. BA showed strong cytotoxicity
against HL-60, CEM-SS and WEHI-3B after 72 h

22.0 ± 2.16
>30.0
22.7 ± 0.42
10.5 ± 2.53
>30.0
>30.0
20.3 ± 2.14
>30.0
25.9 ± 2.97
10.1 ± 1.87
>30.0
>30.0
>30.0

1.60 ± 0.81
>30.0
>30.0
>30.0
>30.0
27.4 ± 1.83
22.8 ± 3.55
>30.0
>30.0
>30.0

2.10 ± 1.01
>30.0
>30.0
>30.0
>30.0
>30.0
>30.0
>30.0
>30.0
>30.0

>30.0
>30.0
>30.0

>30.0
>30.0
10.4 ± 1.05
>30.0
>30.0
>30.0

>30.0
>30.0
>30.0

>30.0
>30.0
>30.0

treatment with IC50 value of 2.60 ± 1.50, 2.10 ± 0.52 and
2.10 ± 1.03 g/ml, respectively.
In HeLa cancer cell line, BA was the best compound for
cytotoxic activity followed by BAAC, BAES and BASUC.
The results showed that both BA and BAAC exhibited the
most cytotoxic to HeLa cell line after 72 h treatment with
the IC50 values of 2.50 ± 3.70 and 3.10 ± 0.92 g/ml,
respectively. BAES showed the low cytotoxic effect
against HeLa and DBTRG0.5MG after 72 h treatment
with the IC50 value of 10.5 ± 2.53 and 10.1 ± 1.87 g/ml,
respectively.
In MCF-7 cancer cell line, BA and its derivatives
showed less cytotoxic activity with IC50 values more than
10.00 g/mL, each. The IC50 values of HL-60 after
treatment with BA, BAAC, BAES and BCL for 72 h were
20.4 ± 2.91, 10.5 ± 1.03, 20.3 ± 2.14 and 10.4 ± 1.05
g/ml, respectively. Betulinic acid and all its derivatives
did not show a significant cytotoxicity against DBTRG0.
5MG and B16 cell lines with their IC50 values were more
than 30.00 g/ml. The screening results for cytotoxic
activity showed that HL-60 was the most sensitive cell
line towards betulinic acid and its derivatives after 72 h
treatment.
Betulinic acid and its derivatives were also screened for
cytotoxicity on other cancer cell lines such as the
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Table 2. The cytotoxicity data of doxorubicin (DOX) betulinic acid (BA) and betulinic acid acetate (BAAC) against
human myeloid leukemia (HL-60) and normal human lymphocytes (PBMCs). The inhibition concentration of 50%
(IC50) value was measured by MTT assay after 24, 48 and 72 h.
Cell line

IC50 value (µ
µg/ml)
BA

BAAC

20.7 ± 5.39

15.1 ± 2.57

48

0.56 ± 0.25
0.43 ± 0.06

14.6 ± 2.31

4.2 ± 1.67

72

0.21 ± 0.03

2.6 ± 1.50

3.5 ± 1.03

24
48
72

>30.0
>30.0
>30.0

>30.0
>30.0
>30.0

>30.0
>30.0
>30.0

Time (h)
24

HL-60

PBMC

DOX

cytotoxicity data of BA and its derivatives on HeLa, MCF7, DBTRG0.5MG and B16 cell lines were summarized in
Table 1.
Since BAAC exhibited strong cytotoxicity against all
leukemia cells, it was selected as the test compound in
further study. Table 2 showed the cytotoxicity data of
DOX, BA and BAAC against human myeloid leukemia
(HL-60) and normal human lymphocytes (PBMC) after
24, 48 and 72 h treatment. DOX a known commercial
drug was used as a positive control in this study.
In HL-60 cell line, DOX appeared to be the most toxic
drug with the IC50 values of 0.56 ± 0.25, 0.43 ± 0.06 and
0.21 ± 0.03 g/ml at 24, 48 and 72 h of treatment,
respectively. BAAC was more cytotoxic at 24 and 48 h
treatment compared with BA with IC50 values of 15.10 ±
2.57, 4.20 ± 1.67 and 20.70 ± 5.39, 14.60 ± 2.31 g/ml,
respectively. In the 72 h treatment, BAAC was less
cytotoxic than BA with IC50 values of 3.5 ± 1.03 and 2.60
± 1.50 g/ml, respectively.
The IC50 values of DOX, BA and BAAC on HL-60 were
also compared with PBMC cell lines. Table 2 showed the
results that DOX, BA and BAAC were not toxic to normal
human lymphocytes (PBMC) with IC50 values more than
30.00 g/ml, each.
DNA fragmentation effect of doxorubicin, betulinic
acid and betulinic acid acetate on HL-60 cell lines
The DNA fragmentation, a biochemical hallmark of
apoptosis was detected by DNA fragmentation assay.
Detection of DNA fragmentation is currently one of the
most frequently used techniques in the study of cell
death. Internucleosomal DNA fragmentation can be
visualized by gel electrophoresis as the characteristic
DNA ladder pattern. DNA from apoptotic cells display a
ladder formation by 1% agarose gel electrophoresis
analysis of DNA extracted from HL-60 cells treated with
IC50 values of doxorubicin (DOX), betulinic acid (BA) and
betulinic acid acetate (BAAC).
DNA fragmentation was observed at 24, 48 and 72 h
after exposure to 0.2 g/ml doxorubicin (Figure 2a). Cells
treated with 2.6 g/ml betulinic acid (Figure 2b) and 3.5

g/ml betulinic acid acetate (Figure 2c), demonstrated a
ladder pattern of DNA fragments were slightly detectable
after 24 h and became visible after 48 and 72 h
exposured. The patterns could not be detected in
untreated HL-60 cells as the negative control (lane 1).
The internucleosomal DNA fragmentation was confirmed
by the pattern of DNA laddering into fragments with
multiples of 180 - 220 base pairs detected in agarose gel
electrophoresis of extracts obtained at 24 h from HL-60
treated with DOX, BA and BAAC.
Flow cytometry analysis of doxorubicin, betulinic
acid and betulinic acid acetate on HL-60 cell lines
The cells with hypodiploid DNA were analyzed by
Beckman Epics Ultra flow cytometer after PI staining at
24, 48 and 72 h treatment with IC50 values of doxorubicin
(DOX), betulinic acid (BA) and betulinic acid acetate
(BAAC) to confirm the state of apoptosis. The percentage
of cells with hypodiploid (sub G1), which represent the
fraction undergoing apoptotic DNA degradation that
appeared in the cell distribution with DNA content less
than G1 was measured.
The cell cycle distribution of treated HL-60 cell lines in
both BA and BAAC was almost similar with a sub G1 of
apoptosis population. The number of apoptotic cells in
HL-60 cells increased slightly at this stage after 24, 48
and 72 h of treatment with BA and BAAC. When exposed
to 2.6 g/ml BA for 24, 48 and 72 h the apoptotic cells
was demonstrated 8.75, 9.90 and 12.21% (Table 3)
respectively. Approximately 6.20, 8.37 and 13.35%
(Table 3) of apoptotic cells after 24, 48 and 72 h of
treatment with 3.5 g/ml of BAAC.
The DNA content of HL-60 cells treated with IC50
values of doxorubicin (DOX), betulinic acid (BA) and
betulinic acid acetate (BAAC) was determined using flow
cytometer. The distribution of DNA content was expressed as sub G1, G1/G0, S and G2/M phase, inclusively to
see if there was any arrest of the growth of the treated
cells. The IC50 concentration of DOX, BA and BAAC was
used to assess the extent of the arrest of cell growth after
72 h of treatment. Table 3 shows the cell cycle
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Figure 2. DNA ladder formation following exposure of HL-60 cells to doxorubicin, betulinic acid and
betulinic acid acetate. (a) DNA fragmentation induced by untreated HL-60 cells (lane 1), HL-60 cells
treated with 0.2 g/ml doxorubicin for 24, 48 and 72 h (lane 2 - 4), (b) DNA fragmentation induced by
untreated HL-60 cells (lane 1), HL-60 cells treated with 2.6 g/ml betulinic acid for 24, 48 and 72 h
(lane 2 - 4) and (c) DNA fragmentation induced by untreated HL-60 cells (lane 1), HL-60 cells
treated with 3.5 g/ml betulinic acid acetate for 24, 48 and 72 h (lane 2 - 4). M is 1 kb ladder.

Table 3. The cell cycle distribution of doxorubicin (DOX), betulinic acid (BA) and betulinic acid acetate
(BAAC) in HL-60 cell lines. HL-60 cells were treated with 0.2 g/ml of DOX, 2.6 g/ml of BA and 3.5 g/ml
of BAAC at 24, 48 and 72 h.

Treatment

DOX (0.2 g/ml)

BA (2.6 g/ml)

BAAC (3.5 g/ml)

Cell cycle (% of total cells)
Sub G1

G1/G0

S

G2/M

Untreated

1.08

48.30

18.29

32.33

24 h

5.92

51.68

21.85

20.55

48 h

16.85

24.47

43.55

15.13

72 h

60.11

7.62

27.28

4.99

Untreated

1.08

48.30

18.29

32.33

24 h

8.75

21.78

42.54

26.93

48 h

9.90

32.77

38.35

18.98

72 h

12.21

43.67

23.15

20.97

Untreated

1.08

48.30

18.29

32.33

24 h

6.20

39.99

37.92

15.89

48 h

8.37

27.78

46.36

17.49

72 ho

13.35

33.56

40.49

12.60

distribution of HL-60 cells following exposure to 0.2 g/ml
of DOX, 2.6 g/ml of BA and 3.5 g/ml of BAAC in the
sub G1, G1/G0, S and G2/M phase. The cell cycle
distribution after 24, 48 and 72 h of treatment were
compared with untreated control cells. The distribution of
untreated HL-60 cells represented 1.08% in sub G1
population, 48.30% in G1/G0 population, 18.29% in S
population and 32.33% in G2/M population. The majority
of cells were in G1/G0 phase in untreated HL-60 cells with

48.30% of cell population. The sub G1 cell population was
increased with an accompanying significant decrease in
the G2/M population after 24, 48 and 72 h of treatment
with DOX, BA and BAAC.
The cell cycle profile in Table 3 showed an increase in
the proportion of cells in S phase with 42.54% of cells
and decrease in the proportion of cells in G1/G0 and G2/M
with 21.78 and 26.93% of cells after 24 h of treatment
with 2.6 g/ml of BA. The HL-60 cells have undergone
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arrest at S phase with 42.54 and 38.35% of cells after 24
and 48 h followed by arrest at G1/G0 phase with 43.67%
of cells after 72 h. As a result, cells were unable to enter
the subsequent G2/M phase with 20.97% cells compared
to 26.93% at 24 h. The percentage of cells population in
G2/M phase was reduced to 20.97% compared to 32.33%
of untreated HL-60 after 72 h showed that BA also inhibit
the proliferation of HL-60 cells.
On the other hand, BAAC at 3.5 g/ml also induce
G1/G0 arrest after 24 h of treatment. The cell cycle
distributions in G1/G0 phase were 39.99, 27.78 and
33.56% after 24, 48 and 72 h of treatment, respectively.
BAAC induced a significant increase in the proportion of
cells in S phase after 48 h. The percent of cells in this
phase became depreciate from 46.36% at 48 h to
40.49% at 72 h after treatment. At 72 h of treatment with
BAAC the S phase arrested cells appeared to be capable
of entering the following G2/M phase, accounting for
12.60% cells compared to 17.49% at 48 h. The cell cycle
blockage progress from G1/G0 to S and G2/M phase with
increasing the incubation time. Collectively, the data
show that in HL-60 cells, the IC50 value of BAAC
produced a cell population in which some cells were
undergoing S phase cell cycle arrest while others were
undergoing DNA degradation.
DISCUSSION
Cytotoxic has been defined as the cell killing property of a
chemical compound independent from the mechanism of
death (Graham-Evans et al., 2003). Assessment of a
compound’s toxicity to various cell types can be made
using in vitro cytotoxicity tests, which are available and
widely used. The inclusion of an in vitro cytotoxicity assay
in early discovery efforts provides an important
advantage in identifying potentially cytotoxic compounds
(Hamid et al., 2004). One effect of reactive chemicals
potentially encountered at subtoxic concentrations is the
direct interaction with DNA that will result in various types
of damage, including promutagenic lesions (Eisenbrand
et al., 2002).
Cytotoxicity data are of their own intrinsic value in
defining toxic effects (e.g. as an indicator of acute toxic
effects in vivo) and are also important for designing more
in-depth in vitro studies (Eisenbrand et al., 2002). The
effective dose for a 50% reduction in cell number for
plants products to be considered cytotoxic should be less
than 20 g/ml (Geran et al., 1972). The IC50 which is the
drug concentration that kill 50% of the cells was
determined graphically after 24, 48 and 72 h of treatment
with doxorubicin (DOX), betulinic acid (BA) and betulinic
acid derivatives on human myeloid leukemia (HL-60),
human T4-lymphoblastoid (CEM-SS), BALB/c murine
myelomonocytic leukemia (WEHI-3B), human glioblastoma (DBTRG0.5MG), mouse skin melanoma (B16) and
human peripheral blood mononuclear cells (PBMC) and
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used as a measure of cytotoxic effect.
The cytotoxic effects of four betulinic acid derivatives
compounds (BAAC, BAES, BASUC and BCL) were
examined in seven cancer cell lines. These BA and its
derivatives are the lupane triterpene with a carbonyl
group at C-17 that has been modified at C-3 hydroxy
group. In screening studies, several derivatives have
shown better cytotoxicity than BA. Betulinic acid acetate
(BAAC) had shown broad spectrum cytotoxicity than
other betulinic acid derivatives. It had most active cytotoxic activity against human myeloid leukemia (HL-60),
human T4-lymphoblastoid (CEM-SS), BALB/c murine
myelomonocytic leukemia (WEHI-3B) and human cervical
epithelial carcinoma (HeLa) but not on normal human
lymphocytes (PBMC).
It is known that the cytotoxicity of isoprenoid carboxylic
acid derivatives is often related to the presence of a free
carboxyl group in the molecule (Mutai et al., 2004). In
general, C-28 carboxylic acid group in betulinic acid and
its derivatives was found essential for providing cytotoxic
activity (Muherjee et al., 2004). Furthermore the position
of the hydroxyl on C-3 is more important than on C-28,
the presence of the conjugated carbonyl influences the
activity very slightly and finally the presence of two
hydroxyls (on C-3 and C-28) results in a reduction of
activity (Mutai et al., 2004).
The study of the relationships between structure and
activity of lupane triterpenes demonstrated that the
carbonyl group at C-17 played an important role on the
induction of melanoma cell apoptosis (Hata et al., 2003)
Lup-28-al-20(29)-en-3-one, betulinic acid (BA) and other
lupane triterpene with a carbonyl group at C-17 showed
marked cytotoxic effects on leukemia, neuroblastoma and
melanoma cells, but not on normal lung fibroblast cells
(W138). It seemed that the carbonyl group at C-17 might
be essential for the induction of cancer cell apoptosis by
these triterpenes (Hata et al., 2003).
The modification structure at C-3 hydroxy group of BA
produced potentially BAAC which may develop as
antitumor drugs. The relationships between the structure
and activities of BA and BAAC on the induction of HL-60
cell differentiation and apoptosis were studies. This study
focused on HL-60 cells, a human leukemia cell line that
readily undergoes apoptosis in response to a variety of
chemotherapeutic agents (Kaufmann, 1989). HL-60 cell
has been widely used as a model for studying premyelocytic cell differentiation and the identification of
differentiation-inducing agents (Poon et al., 2004).
In this study, BA isolated from M. cajuput a Malaysian
plant and all its derivatives have indicated significant
growth inhibition in HL-60 human leukemia cancer cell
line at low concentration of IC50 values. BA from this M.
cajuput marked the IC50 values at 2.60 g/ml (5.70 M).
This result is same as the experiment that was done
using BA from Aldrich (St Louis, MO) at the concentration
range of 1 to 12 M (0.47 to 5.47 g/ml) that showed
toxicity to HL-60 cells with IC50 value at 5.7 M and induc-
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ed apoptosis in about 10% of surviving cells. Part of the
toxic effect may be due to its inhibitory effects on
topoisomerase I and II in some cell types and therefore
may affect DNA replication (Chowdhury et al., 2003). In
other study, it was reported that the IC50 values of BA
against the cell growth of HL-60 was 6.6 M (Hata et al.,
2003).
One of the interesting findings was that DOX, BA and
BAAC showed very high IC50 values towards normal
PBMC cell lines. The IC50 values of DOX, BA and BAAC
were up to 30 g/ml. It has been reported that BA from
Sigma Chemical, St. Louis, MO, USA also showed the
IC50 values up to 50 g/ml on the peripheral blood
lymphoblast (PBL) whereas the IC50 of DOX was 0.020 ±
0.002 g/ml. Thus on normal PBL BA was at least 1000
fold less toxic than DOX (Zuco et al., 2002). This
differential cytotoxicity of BA and these compounds
towards the normal and cancerous cell, could be taken
advantage of in therapeutics.
It has been reported that the low concentrations of
several different drugs in HL-60 cells induced cell death
by apoptosis while higher concentration caused necrotic
cell death when cells were assessed morphologically and
by DNA gel electrophoresis (Lennon et al., 1991). Low
concentration of BA and BAAC took a longer time for the
degradation of large fragments of DNA to smallest
fragments of approximately 200 bp. This kind of ladder
formation was because DNA fragmentation during
apoptosis proceeds through an ordered series of stages
beginning with the production of DNA fragments of 300
kbp, which are then degraded to fragments of 50 kbp.
Fragments of this size are further degraded to smaller
fragments of 10 to 40 kbp and finally to small
oligonucleosome fragments of 180 to 200 bp that are
recognized as the characteristic DNA ladder. These
phenomena could be further confirmed using pulsed-field
gel electrophoresis (PGFE), which can detect the initial
stage of DNA fragmentation to fragments of 300 and 50
kbp (Walker et al., 1993).
The biochemical hallmark of apoptosis is the orderly
200 base pairs DNA ladder fragmentations, which have
recently been further characterized as the signature of
apoptosis from apoptosis specific endonucleolytic
cleavages (Zhang and Xu, 2002). The apoptosis signature cleavages are also suggested as the cause of 50
kilobase (kbp) high molecular weight fragmentations that
mark early or stage 1 apoptosis (Zhang et al., 2000), but
the association appears to be not an imperative correlation (Samejima et al., 2001). 50 kbp fragmentations are
known to be expressed in necrosis which has not been
shown expressing neither 200 bp ladder fragmentations
nor specific megabase level fragmentations (Bicknell and
Cohen, 1995).
In many systems, DNA fragmentation has been shown
2+
to results from activation of an endogenous Ca and
2+
Mg dependent nuclear endonuclease. This enzyme
selectively cleaves DNA at sites located between nucleo-

somal units, a linker DNA generating mononucleosomal
and oligonucleosomal DNA fragments. These DNA
fragments reveal, upon agarose gel electrophoresis, a
distinctive ladder pattern consisting of multiples of an
approximately 180 base pairs subunit. This is the biochemical hallmark of apoptosis with the fragmentation of the
genomic DNA, an irreversible event that commits the cell
to die (Cohen, 1993).
Flow cytometry allows a simultaneous estimation of cell
cycle parameters and apoptosis. There is compelling
evidence that apoptotic death induced by chemopreventive or chemotherapeutic agents is closely linked
to perturbation of a specific phase of the cell cycle. The
effect of a given antiproliferative agent on cell cycle
progression appears to depend on the concentration of
the compound and also on the duration of the treatment
(Surh et al., 1999). The induction of apoptosis was also
confirmed by flow cytometric analysis of cell cycle.
Doxorubicin (DOX), betulinic acid (BA) and betulinic acid
acetate (BAAC) have been shown to induce a time
dependant increase in the sub G1 peak with the decrease
of cells in diploid regions (G1, G2 and S-phase) indicating
apoptotic phenomenon as obtained from the DNA content
histogram analysis.
Cell cycle analysis revealed that BA induced apoptosis
and cell cycle arrest at G0/G1 phase in HL-60 cell.
Approximately 8.75% of viable cell were in the sub G1
indicating the apoptotic phase was found after treatment
with 2.6 µg/ml of BA for 72 h. The G0/G1 arrest shown by
the above compounds therefore, suggest that these
agents may slow down the growth of cancer cells by
artificially imposing the cell cycle checkpoint. Among
these checkpoints, p53 is the most vital G1 checkpoint
protein that can either lead to growth arrest in G1 or
apoptosis (Dou et al., 1995).
This finding was similar with the previous report that
apoptosis towards HL-60 cell with the IC50 value of 5.7
µM induced apoptosis in cell cycle analysis with
approximately 10% of viable cells in the sub G1 phase
after exposure of the cell to 12 M of BA for 72 h
treatment (Poon et al., 2004). However, the apoptosis
rate of BA towards HL-60 is considered low if compared
to its derivatives 23-hydroxybetulinic acid. 23hydroxybetulinic acid induced apoptosis in HL-60 cells
with approximately 46.61% cells were in sub G1 after
exposure of cells to 10 M for 24 h. Subsequently, the
apoptotic events in their experiment were associated with
concurrent down-regulation of Bcl-2 and telomerase
activity (Ji et al., 2002).
It has been widely reported that DHD3 initially increases
cell proliferation, which is followed by cell differentiation
and maturation (Brown et al., 1999). DHD3 at 1 M
altered cell cycle distribution with an increased G1
population after 72 h of incubation. The addition of
various concentrations of BA (3 to 6 M) to 1 M DHD3
resulted in a does-dependent and statistically significant
increase in the G1 population with a concomitant
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reduction in the S phase population. Less than 2% of
cells were apoptotic under these conditions (Poon et al.,
2004). Arrest in S and G2/M phase as strongly evident in
etoposide-treated population may be contributed by
extensive chromosome damage (Arita et al., 1997).
Principally, it acts by inhibiting topoisomerase II that
entangles excessive twists or knots in the DNA helix
which would otherwise arise during replication. This
enzyme makes a transient double strand break in the first
duplex to create DNA ‘gate’ for the nearby second duplex
to pass through and then reseals the break (Berger et al.,
1996).
Differentiated cells are normally inactive in cell division
and arrested in G1 phase of the cell cycle. Significant G1
arrest was observed when HL-60 cells were treated with
DHD3. This G1 arresting action of DHD3 was also
enhanced with the addition of BA, but cell number was
not affected under the same conditions (Poon et al.,
2004). DHD3 initially accelerates cell proliferation, which
is followed by cell differentiation and maturation (Brown
et al., 1999). A single DHD3-treated HL-60 cell would give
rise to 10 or more matured monocytes. The action of BA
in enhancing DHD3 induced NBT reduction, membrane
marker expression and G1 cell cycle arrest provide
corroborative evidence that BA and DHD3 act synergistically in inducing differentiation in HL-60 cells (Poon et
al., 2004).
Cell cycle arrest is one of the targets of many
anticancer drugs, such as doxorubicin, cisplatin, 5fluorouracil and paclitaxel. It has been shown that the
ability of cells to arrest cell cycle in G2/M or S phase was
related to their drug sensitivity and increased with cell
resistance (Dubrez et al., 1995). Induction of apoptosis
and/or cell proliferation inhibition is highly correlated with
the activation of a variety of intracellular signaling
pathways to arrest the cell cycle in the G1, S, or G2
phase. In malignant tumors cell, population in G1 phase
appear less frequent (< 70%) than in normal tissue (>
90%). The damages that cause G1-check point arrest are
believed to be irreversible process and the cells
ultimately undergo apoptosis (Roy et al., 2004).
In summary, betulinic acid (BA) and betulinic acid
acetate (BAAC) showed selective cytotoxic towards all
HL-60, CEM-SS and WEHI-3B leukemic cell line and are
not toxic to PBMC. This study demonstrated that those
compounds are potentially good anti cancer drug since
they are non-toxic towards healthy cell.
REFERENCES
Ahmad FBH, Issak A, Basri M, Hana N, Yasin Y, Ali AM (2005).
Synthesis of 3β-acetoxy–lup -20(29)-ene-28-decanoate using lipase
as the catalyse. Chem. Environ. Res. 14(3-4): 207-213.
Ahmad FBH, Hassan VU, Zakaria R and Ali J (1997). Triterpenes from
the seed of M. Cajuput. Oriental J. Chem. 13(3): 231-233.
Arita D, Kambe M, Ishioka C, Kanamaru R (1997). Induction of p53independent apoptosis associated with G2M arrest following DNA
damage in human colon cancer cell lines. Jpn. J. Cancer Res. 88(1):
39-43.

6395

Baltina LA, Flekhter OB, Nigmatullina LR, Boreko EI, Pavlova NI,
Nikolaeva SN, Savinova OV, Tolstikov GA (2003). Lupane triterpenes
and derivatives with antiviral activity. Bioorg. Med. Chem. Lett.
13(20): 3549-3552.
Berger JM, Wang JC (1996). Recent developments in DNA
topoisomerase II structure and mechanism. Curr. Opin. Struct. Biol.
6(1): 84-90.
Bicknell GR, Cohen GM (1995). Cleavage of DNA to large kilobase pair
fragments occurs in some forms of necrosis as well as apoptosis.
Biochem Biophys. Res. Commun. 207(1): 40-47.
Brown G, Choudhry MA, Durham J, Drayson MT, Michell RH (1999).
Monocytically differentiating HL60 cells proliferate rapidly before they
mature. Exp. Cell Res. 253(2): 511-518.
Chowdhury AR, Mandal S, Goswami A, Ghosh M, Mandal L,
Chakraborty D, Ganguly A, Tripathi G, Mukhopadhyay S,
Bandyopadhyay S, Majumderi H (2003). Dihydrobetulinic acid
induces apoptosis in Leishmania donovani by targeting DNA
topoisomerase I and II: implications in antileishmanial therapy. Mol.
Med. Jan-Feb. 9(1-2): 26-36.
Cohen JJ (1993). Apoptosis: the physiologic pathway of cell death.
Hosp. Pract. (Off Ed). 28(12): 35-43.
De Clercq E (1995). Antiviral therapy for human immunodeficiency virus
infections. Clin. Microbial. Rev. 8: 200-239.
Dou QP, An B, Will PL (1995). Induction of a retinoblastoma
phosphatase activity by anticancer drugs accompanies p53independent G1 arrest and apoptosis. Proc. Natl. Acad. Sci. USA,
92(20): 9019-9023.
Dubrez L, Goldwasser F, Genne P, Pommier Y, Solary E (1995).
Leukemia. 9(6): 1013-1024.
Eisenbrand G, Pool-Zobel B, Baker V, Balls M, Blaauboer BJ, Boobis A,
Carere A, Kevekordes S, Lhuguenot JC, Pieters R, Kleiner (2002).
Methods of in vitro toxicology. Food Chem. Toxicol. Feb-Mar. 40(2-3):
193-236.
Fulda S, Jeremias I, Steiner HH, Pietsh T, Debatin KM (1999). Betulinic
acid: a new cytotoxic agent against malignant brains tumor cells. Int.
J. Cancer. 82(3): 435-441.
Fulda S, Susin SA, Kroemer G, Debatin KM (1998). Molecular ordering
of apoptosis induced by anticancer drugs in neuroblastoma cells.
Cancer Res. 58: 4453-4460.
Fulda S, Scaffidi C, Santos A, Susin SA, Krammer PH, Kroemer G,
Peter ME, Debatin KM (1998). Activation of mitochondria and release
of mitochondrial apoptogenic factors by betulinic acid. J. Biol Chem.
273(51): 33942-33948.
Gauthier C, Legault J, Rondeau S, Pichette A (2009). Synthesis of
betulinic acid acyl glucuronide for application in anticancer prodrug
monotherapy. Tetrahedron Lett. 50: 988-991.
Geran RI, Greenberg NH, Macdonald MM, Schumacher AM, Abbott BJ
(1972). Protocols for screening chemical agents and natural products
against animal tumors and other biological systems (3rd Edition).
Cancer Chemot. Rep. 3: 1-104.
Graham-Evans B, Tchounwou PB, Cohly HH (2003). Cytotoxicity and
proliferation studies with arsenic in established human cell lines:
keratinocytes, melanocytes, dendritic cells, dermal fibroblasts,
microvascular endothelial cells, monocytes and T-cells. Int. J. Mol.
Sci. 4: 13-21.
Hamid R, Rotshteyn Y, Rabadi L, Parikh R, Bullock P (2004).
Comparison of alamar blue and MTT assays for high through-put
screening. Toxicol in vitro. 18(5): 703-710.
Hashimoto F, Kashiwada Y, Cosentino LM, Chen CH, Garrett PE, Lee
KH (1997). Anti-AIDS-agents-XXVII.-Synthesis-and-anti-HIV-activityof-betulinic-acid-and-dihydrobetulinic-acid-derivatives. Bioorg. Med.
Chem. 5(12): 2133-2143.
Hata K, Hori K, Ogasawara H, Takahashi S (2003). Anti-leukemia
activities of Lup-28-al-20(29)-en-3-one, a lupane triterpene. Toxicol
Lett. 143(1): 1-7.
Huang L, Ho P, Lee KH, Chen CH (2006). Synthesis and anti-HIV
activity of bi-functional betulinic acid derivatives. Bioorg Med Chem.
14(7): 2279-2289.
Ji ZN, Ye WC, Liu GQ, Huang Y (2002). Inhibition of telomerase activity
and bcl-2 expression in berbamine-induced apoptosis in HL-60 cells.
Planta Med. 68(7): 596-600
Kaufmann SH (1989). Induction of endonucleolytic DNA cleavage in

6396

Afr. J. Biotechnol.

human acute mylogenous leukemia cells by etoposide, camptothecin
and other cytotoxic anticancer drug: a cautionary note. Cancer Res.
49(21): 5870-5878.
Kessler JH, Mullauer FB, De Roo GM, Medema JP (2007). Broad in
vitro efficacy of plant-derived betulinic acid against cell lines derived
from the most prevalent human cancer types. Cancer Lett. 251(1):
132-145.
Lennon SV, Martina SJ, Cotter TJ (1991). Dose-dependent induction of
apoptosis in human tumor cell lines by widely diverging stimuli. Cell
Prolif. 24(2): 203-214.
Liu WK, Ho JC, Cheung FW, Liu BP, Ye WC, Che CT (2004). Apoptotic
activity of betulinic acid derivatives on murine melanoma B16 cell
line. Eur. J. Pharmacol. 498(1-3): 71-78.
Maurya SK, Devi S, Pandey VB (1989). Content of betulin and betulinic
acid, antitumor agents of Zizyphus species. Fitoterapia, 60(5): 468469.
Mosmann T (1983). Rapid colorimetric assay for cellular growth and
survival: application to proliferation and cytotoxicity assays. J.
Immunol. Methods, 65(1-2): 55-63.
Mukherjee R, Jaggi M, Rajendran P (2004). Betulinic acid and its
derivatives as anti-angiogenic agents. Bioorg. Med. Chem. Lett.
14(9): 2181-2184.
Mukherjee PK, Saha K, Das J, Pal M, Saha BP (1997). Studies on antiimflammatory activity of rhizomes of Nelumbo nucifera. Planta Med.
63(4): 367-369.
Mutai C, Abatis D, Vagias C, Moreauc D, Roussakis C, Roussis V
(2004). Cytotoxic lupane-type triterpenoids from Acacia mellifera.
Phytochem. 65(8): 1159-1164.
Parlova NI, Savinova OV, Nikolaeva SN, Boreko EI, Flekhter OB
(2003). Antiviral activity of betulin, betulinic and betulonic acids
against some enveloped and non-enveloped viruses. Fitoterapia, 74:
489-492
Pisha E, Chai H, Lee IS, Chagwedera TE, Farnsworth NR, Cordell GA,
Beecher CW, Fong, HH, Kinghorn AD, Brown DM (1995). Discovery
of betulinic acid as a selective inhibitor of melanoma that functions by
induction of apoptosis. Nat. Med. 1(10): 1046-1050.
Poon KH, Zhang J, Wang C, Tse AK, Wan CK, Fong WF (2004).
Betulinic acid enhances 1alpha, 25-dihydroxyvitamin D3-induced
differentiation in human HL-60 promyelocytic leukemia cells.
Anticancer Drugs, 15(6): 619-24.
Qian K, Nakagawa-Goto K, Yu D, Morris-Natschke LM, Nitz TJ, Kilgore
N, Allaway GP, Lee KH (2007). Anti-AIDS agents 73: Structureactivity relationship study and asymmetric synthesis of 3-Omonomethylsuccinyl-betulinic acid derivatives. Bioorg. Med. Chem.
Lett. 17(23): 6553-6557.

Raghuvar Gopal DV, Narkar AA, Badrinath Y, Mishra KP, Joshi DS
(2005). Betulinic acid induces apoptosis in human chronic
myelogenous leukemia (CML) cell line K-562 without altering the
levels of Bcr-Abl. Toxicol Lett. 155(3): 343-351.
Roy MK, Thalang VN, Trakoontivakorn G, Nakahara K (2004).
Mechanism of mahanine-induced apoptosis in human leukemia cells
(HL-60). Biochem. Pharmacol. 67(1): 41-51.
Samejima K, Tone S, Earnshaw WC (2001). CAAD/DFF40 nuclease is
dispensable for high molecular weight DNA cleavage and stage I
chromatin condensation in apoptosis, J. Biol. Chem. 276: 4542745432.
Schmid I, Uittenbogaart CH, Giorgi JV (1997). Sensitive method for
measuring apoptosis and cell surface phenotype in human
thymocytes by flow cytometry. Cytometry, 15(1): 12-20.
Schmidt ML, Kuzmanoff KL, Ling-Indeck L, Pezzuto JM (1997).
Betulinic acid induces apoptosis in human neuroblastoma cell lines.
Eur. J. Cancer. 33(12): 2007-2010.
Surh YJ, Park KK, Chun KS, Lee LJ, Lee E, Lee SS (1999). Anti-tumorpromoting activities of selected pungent phenolic substances present
in ginger. J. Environ. Pathol. Toxicol. Oncol. 18(2): 131-139.
Walker PR, Kokileva L, LeBlanc J, Sikorska M (1993). Detection of the
initial stages of DNA fragmentation in apoptosis. Biotechniques,
15(6): 1032-1040.
Zhang J, Xu M (2002). Apoptotic DNA fragmentation and tissue
homeostasis. Trends Cell Biol. 12(2): 84-89.
Zhang X, Hu M, Lan Y, Yu M, Chen BD (2000). Cleavage of bcl-2
protein by activated caspase-3 is associated with inactivation of lyn
(p53/56) kinase activity in human M-07e leukemic cells during
apoptosis. Zhongguo Shi Yan Xue Ye Xue Za Zhi. 8(3): 166-175.
Ziegler HL, Franzyk H, Sairafianpour M, Tabatabai M, Tehrani MD,
Bagherzadeh K, Hagerstrand H, Stærka D, Jaroszewskia JW (2004).
Erythrocyte membrane modifying agents and the inhibition of
Plasmodium falciparum growth: structure-activity relationships for
betulinic acid analogues. Bioorg. Med. Chem. 12(1): 119-127.
Zuco V, Rhigetti SC, Cleris E, Marchesi L, Passerini CG, Formelli F
(2002). Selective cytotoxicity of betulinic acid on tumor cell lines but
not normal cells. Cancer Lett. 175(1): 17-25.

