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Juglans mandshurica Maxim extracts exhibit
antitumor activity on HeLa cells in vitro
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Abstract. The present study examined the potential appli-
cation of Juglans mandshurica Maxim extracts (HT) for
cancer therapy by assessing their anti-proliferative activity,
reduction of telomerase activity, induction of apoptosis and
cell cycle arrest in S phase in HeLa cells. From the perspec-
tive of using HT as a herbal medicine, photomicroscopy and
florescent microscopy techniques were utilized to charac-
terize the effect of the extracts on telomerase activity and
cell morphology. Flow cytometry was employed to study
apoptosis and cell cycle of HeLa cells, and DNA laddering
was performed. The results showed that HT inhibited cell
proliferation and telomerase activity, induced apoptosis and
caused S phase arrest of HeLa cells in vitro. HT inhibited
HeLa cell proliferation significantly, and the highest inhibi-
tion rate was 83.7%. A trap-silver staining assay showed that
HT was capable of markedly decreasing telomerase activity
of HeLa cells and this inhibition was enhanced in a time- and
dose-dependent manner. Results of a Hoechst 33258 staining
assay showed that HeLa cells treated by HT induced cell death.
Through DNA agarose gel electrophoresis, DNA ladders
of HeLa cells treated with HT were observed, indicating
apoptosis. In conclusion, the present study demonstrated that
HT exhibited anti-tumor effects comprising the inhibition of
growth and telomerase activity as well as apoptosis and cell
cycle arrest in HeLa cells.

Introduction
The World Health Organization has reported that cancer is a

primary factor of mortality worldwide with the rate increasing
daily. It is estimated that the overall number of cases is likely
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to increase by >11 million until 2030. Cervical cancer is a
type of cancer which is expected to increase in frequency,
and is caused by the human papilloma virus that forms warts
in the throat and genital area (1). Cervical cancer and other
types of cancer-related mortality in females of the developing
countries contribute to >85% of the global disease burden (2).
In response to this imminent challenge, a number of investiga-
tions have focused on the use of traditional medicine for cancer
treatment. By developing genomic and proteomic technologies
in recent years, cancer research studies have entered to a new
era, and cancer is currently thought to be a genetic disease.
This novel point of view requires novel diagnosis and treat-
ment approaches. It is commonly accepted that the anti-tumor
effect of cancer drugs is primarily based on the induction of
apoptosis. Thus, it is of importance to determine mechanisms
leading to apoptosis to investigate responses of tumor cells to
herbal drugs.

Scientific investigations have indicated that the bioac-
tive components of medicinal herbs may reduce the risk
of cancer through their anti-microbial, anti-oxidant and
anti-tumorigenic activity, and through their ability to directly
suppress carcinogenic bioactivities (3). Juglans mandshurica
Maxim is a member of the Juglandaceae plant family, has
bitter bark, and is pungent. Its primary chemical constituents
include juglones, flavonoids, tannins and gallic acid (4,5).
The bark of Juglans mandshurica Maxim exhibits detoxi-
fying effects, improves eyesight, restores consciousness and
has anti-tumor properties (6,7). A previous study showed that
under in vitro conditions, aqueous extracts of bark directly
kill mouse sarcoma 180 (S180) cells and significantly inhibit
the growth of mouse hepatoma 22 cells (8). It has been
reported that juglones, some of the primary components in
Juglans mandshurica Maxim extracts (HT), may extend
the life of HepA mice by 95% and inhibit the growth of
S180 cells by 50% in vivo. Kim et al (9) reported that bark
extracts from Juglans mandshurica Maxim exhibit cytotoxic
effects on the human colon cell line HT-29 and the human
lung adenocarcinoma cell line A599. However, no conclusive
evidence of the effect of HT on cell proliferation, activity
of telomerase, apoptosis induction and cell cycle arrest of
HelL a cells in vitro, or its anti-tumor mechanisms, have been
reported to date. The present study aimed to investigate the
anti-tumor effects and mechanisms of HT by assessing its
effect on the cell cycle and apoptosis in HeLa cells.
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Materials and methods

Reagents. HT were provided by the Pharmacy Department
of the School of Life Science, Beijing Institute of Technology
(Beijing, China), Dulbecco's modified Eagle medium
(DMEM) was purchased from GIBCO-BRL (Invitrogen
Life Technologies, Carlsbad, CA, USA), fetal calf serum was
obtained from Sijiqing Biological Engineering Material Co.
Ltd. (Hangzhou, China) and Trypsin (1:250) and MTT were
supplied by Amresco Company (Solon, OH, USA).

Preparation of HT. Crude HT was provided by the Pharmacy
Department of the School of Life Science, Beijing Institute
of Technology (Beijing, China). For further isolation of pure
juglone, the dry powder was extracted in 95% ethanol 3 times
for 1 h at a time and the ethanolic extract was evaporated to
dryness using a rotary evaporator at 60°C. The residue was
dissolved in a 10-fold amount of petroleum ether 3 times. To
this extract, 2% Na,CO; was added until pH 9.0 was reached,
and the mixture was filtered. Hydrochloric acid was added
to the filtrate to adjust the pH to 4.0, and the mixture was
filtered. The precipitate was collected, neutralized and dried
at 60°C. The dried product was HT. Juglone was identi-
fied as the primary active component. Chromatographic
experiments were performed on an Alltima C,4 column
(4.6x250 mm, 5 pm) where the mobile phase was methanol
and water (70:30), the detection wavelength was 261 nm,
the column temperature was 27°C and the flow rate was
1.0 ml/min.

HT extracts were purified by High-performance liquid
chromatography (HPLC). The results showed a single peak at
aretention time of 9.12 min as shown in Fig. 1B, and the purity
of the peak was determined to be 99.5%. It was compared with
standard HPLC peak of juglone as shown in Fig. 1A. Thus, the
compound was purified by HPLC separation under the afore-
mentioned, optimized conditions, and its chemical structure is
shown in Fig. 2.

Cell culture. HeLa cells were obtained from the College of Life
Science and Technology, Beijing Normal University (Beijing,
China). Cells were cultured in DMEM medium containing
10% fetal calf serum in an incubator at 37°C, with 5% CO,
and saturated humidity. The cells were studied at logarithmic
growth phase.

Inhibition of cell proliferation by HT. Cytotoxicity was
assessed using the MTT assay. HeLa cells, at logarithmic
growth phase, were counted using the trypan blue exclusion
method. The cell density was adjusted to 1.0x107 cells/l with
DMEM medium. Cells were inoculated into 96-well plates at
190 ul/well and incubated at 37°C, 5% CO, and 100% humidity
for 12 h. DMEM (10 ul) containing specific concentrations of
HT was added into each well separately, and each group was
repeated in 5 wells. A negative (cells + medium without HT)
and positive control (cisplatin) were also designed. The nine
final concentrations of HT were 10, 20, 50, 100, 200, 400, 600,
800 and 1,000 pg/ml. Cells were cultured for 24 h with HT.
Subsequently, an MTT assay (5 mg/ml, 20 ul/well for 4 h)
was used to detect the inhibitory effect of HT. Optical density
values were detected at 570 nm to obtain the IC,, value.
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Figure 1. Analytical high-performance liquid chromatography of juglone.
Chromatograms of (A) a standard sample of juglone and (B) juglone in
Juglans mandshurica Maxim extracts. Chromatographic experiments were
performed on Alltima C4 column (4.6x250 mm, 5 ym), mobile phase was
methanol and water (70:30), detection wavelength was 261 nm, column tem-
perature was 27°C and flow rate was 1.0 ml/min.
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Figure 2. Chemical structure of juglone.

-
=

Effect of HT on the necrosis of HeLa cells assessed using
fluorescence staining. HeLa cells in were seeded into 6-well
plates, allowed to attach, and treated with HT for 48 h. Cells
were fixed in 4% paraformaldehyde for 20 min at a ratio of 3:1,
followed by staining with Hoechst 33342 (10 xg/ml) for 30 min.
Following mounting with glycerol, images were captured by
fluorescent microscopy (BX60; Olympus Corporation, Tokyo,
Japan).

Assessment of apoptosis in HeLa cells using DNA agarose gel
electrophoresis. HeLa cells treated with HT for 48 h were tryp-
sinised and collected by centrifugation at 4,000 x g for 5 min
and DNA was extracted with phenol. Following the addition of
10 p1 of the sample into 1% agarose gel with ethidium bromide
(0.5 mg/ml) and electrophoresis, images were captured by
ultraviolet transillumination.

Effect of HT on the cell cycle of HeLa cells assessed using
flow cytometry. HeLa cells (2x10° cells/well) were cultured in
6-well plates for 12 h. The cells were incubated for 24 and
48 h with 300 and 600 yxg/ml HT, and were then centrifuged at
250 x g for 5 min and washed with PBS. Cells were fixed with
70% ethanol for 12 h at 4°C, and centrifugation and washing
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Table I. Inhibitory effect of HT on the proliferation of HeLa cells.

Optical density value

Inhibition rate (%)

Group Dose (ug/ml) /24 h /48 h /24 h /48 h
Control 0 0.378+0.039 0.642+0.021 - -

Cisplatin 25 0.078+0.008¢ 0.065+0.008¢ 79.6 89.9
HT 10 0.334+0.015* 0.605+0.018 11.7 39
20 0.302+0.026° 0.531x0.017° 20.1 15.6

50 0.276+0.016° 0.436+0.029¢ 27.1 30.7

100 0.249+0.014° 0.378+0.037° 343 399

200 0.198+0.013¢ 0.342+0.071°¢ 475 45.6

400 0.172+0.009¢ 0.300+0.062¢ 54.5 523

600 0.132+0.011¢ 0.225+0.024¢ 65.1 64.2

800 0.091+0.008¢ 0.105+0.008¢ 76.2 833

1,000 0.083+0.008¢ 0.078+0.008° 779 87.7

Values are expressed as the mean + standard deviation (n=5). Means shown by the same letter were not significantly different from each other
at a level of 5%, using one-way analysis of variance, followed by Student's two-tailed t-test for comparison between two groups. *P<0.05 was
considered to indicate a significant difference (compared with control group, "P<0.01, °P<0.001). For example, the mean shown by the letter b
was different from ¢ means, but not different from b mean. In other words, the means having different letters were different from each other.

HT, Juglans mandshurica Maxim extracts.

Table II. Effect of HT on the cell cycle and apoptosis of HeLa cells.

Group Dose (ug/ml) G1 (%) S (%) G2 (%)
Control - 67.7£5.7 21.2+9.7 11.1£8.7
HT treated for 24 h 300 61.7+£8.7* 23.0+4.1* 15.3+6.3*
HT treated for 48 h 300 47.3+10.9° 37.0+9.9° 15.7£5.9*
HT treated for 24 h 600 554+13.8° 28.4+9.2° 16.2+8.2°
HT treated for 48 h 600 41.9+11.3° 39.4+8.8° 18.7+£3.9°

Values are expressed as the mean + standard deviation (n=5). Means shown by the same letter were not significantly different from each other
at a level of 5%, using one-way analysis of variance, followed by Student's two-tailed t-test for comparison between two groups. “P<0.05 was
considered to be significant (compared with control group, “P<0.05, "P<0.01). For example, the mean shown by the letter a was different from
b means, but not different from a mean. In other words, the means having the different letters were different from each other. HT, Juglans man-

dshurica Maxim extracts.

were repeated. The DNA distribution was detected by flow
cytometry (BD FACSCalibur; BD Bioscience, Franklin Lakes,
NJ, USA) following the addition of 1 ml PI staining solution to
the cells at 4°C in the dark for 30 min.

Telomerase activity in HeLa cells treated with HT. Total RNA
was extracted from HeLa cells following treatment with different
concentrations of HT for 24 and 48 h, and quantitative poly-
merase chain reaction was performed. The primer sequences
were as follows: Ts primer: 5~ AATCCGTCG AGCAGAGTT-3'
and Cx primer: 5-CCCTTACCCTTACCC TTACCCTAA-3".
cDNA was amplified by PCR and its product was purified by
ethanol precipitation. Following the addition of 2 ul sample into
12.5% non-denaturing polyacrylamide gel for electrophoresis
and silver nitrate staining, the image was immediately captured
using a gel imaging system (BIO-BEST200M, SIM International
Group Co, Ltd., Newark, DE, USA).

Statistical analysis. SPSS version 17.0 (SPSS Inc., Chicago,
IL, USA) was used for statistical analysis. Values are
expressed as the mean + standard deviation. Data were
analyzed using a one-way analysis of variance, followed
by Student's two-tailed t-test for comparison between two
groups. P<0.05 was considered to indicate a statistically
significant difference.

Results

Inhibition of the cell proliferation of HeLa cells by HT.
Initially, the growth inhibitory effect of HT on HeLa cells
was assessed. HeLa cells were treated with various concen-
trations of HT (20-1,000 ug/ml) for 24 and 48 h. A MTT
assay was employed to assess cell proliferation. As shown
in Table I, HT inhibited the cellular proliferation in a dose-
and time-dependent manner. Compared with the control
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Figure 3. Effect of HT on the cell death of HeLa cells assessed using fluorescence staining. Cells were incubated with 600 yg/ml HT for 0, 24 and 48 h. The
quantity and fluorescence intensity of cells were observed by fluorescence microscopy. The cell death rate was quantified by the morphological changes,
quantity and fluorescence intensity of cells. (A) Morphology of cells (magnification, x100) and (B) fluorescence staining with Hoechst 33258 (magnification,

x200). HT, Juglans mandshurica Maxim extracts.

Figure 4. Effect of HT on the apoptosis of HeLa cells assessed using DNA
agarose gel electrophoresis. M, DL2000; lane 1, Control; lanes 2-5, 100, 200,
400 and 600 pg/ml of HT, respectively. HT, Juglans mandshurica Maxim
extracts.

group, HT significantly inhibited cell proliferation. With
increasing HT concentration and time incubation time, the
inhibitory effect was gradually and statistically enhanced
(P<0.01-0.001). It was indicated that HT markedly inhibited
the proliferation of HeLa cells in a time- and dose-dependent
manner. The ICy, was 413.50 (24 h) and 391.30 ug/ml (48 h)
(Table I).

Effect of HT on the necrosis of HeLa cells assessed using-
fluorescence staining. It was observed that the percentage
of necrotic bodies of HeLa cells increased rapidly in a
time-dependent manner following treatment with 600 pg/ml
HT for 24 and 48 h. It was observed that HT was capable
of inducing apoptosis and necrosis in HeLa cells, as shown
in Fig. 3A. Treatment of HeLa cells for 24 and 48 h with

Figure 5. Effect of HT on the telomerase activity in HeLa cells assessed
using silver staining. M, DNA marker pBR322-Hae III; lane 1,600 pg/ml HT
treated for 24 h; lane 2, 600 pg/ml HT treated for 48 h; lane 3, control; lane
4,300 pg/ml HT treated for 24 h; lane 5, 300 pug/ml HT treated for 48 h. HT,
Juglans mandshurica Maxim extracts.

600 pg/ml HT resulted in apoptotic cell death. HeLa cells
treated with HT and stained with Hoechst 33258 (Fig. 3B)
were used to determine the cell death rate. Apoptotic bodies
were studied morphologically and included features such
as nuclear fragmentation and condensation of chromatin
following treatment with 600 ug/ml for 24 and 48 h as
compared with the control group. Nuclear staining with
Hoechst 33258 was assessed by fluorescence microscopy.
The percentages of necrotic cells induced by 600 yg/ml HT
were 36.80 and 45.71% following 24 and 48 h treatment,
respectively (Fig. 3).

Effect of HT on the apoptosis of HeLa cells assessed using
DNA agarose gel electrophoresis. The induction of apoptosis
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by DNA fragmentation was assessed in HeLa cells incubated
with HT. A DNA ladder was observed in HeLa cells treated
with 100, 200, 400 and 600 pxg/ml HT for 24 h. However,
apoptosis was not observed in the control group. The result
showed that HT induces apoptosis in HeLa cells and this
effect was enhanced with increasing HT concentrations, as
shown in Fig. 4.

Effect of HT on the cell cycle of HeLa cells. Compared with the
control group (21.2%), the S phase fraction of HeLa cells treated
with 300 and 600 ug/ml HT for 24 h was markedly increased to
23 and 28.4%, respectively. S phase arrest was further increased
following 48 h of incubation (37 and 39.4%) and exhibited
significant differences (P<0.05-0.001). The Gl-phase fraction
decreased and the G2-phase fraction increased significantly
(P<0.05-0.001). The results showed that S phase arrest appeared
in HeLa cells treated with HT, in a time- and dose-dependent
manner and was greatest at 48 h (Table II).

Telomerase activity in HeLa cells treated with HT. Compared
with the control group, 300 and 600 pxg/ml HT inhibited
telomerase activity in HeLa cells, and the higher concentration
exhibited a marked effect. The inhibitory effect increased in a
time- and dose-dependent manner. The results indicated that
HT decreased HeLa cell proliferation by inhibiting telomerase
activity (Fig. 5).

Discussion

A large number of bioactive compounds synthesized by marine
organisms, plants and microorganisms have been studied for
their potential biological activities at the cellular level, which
may be employed for novel therapies. The normal growth of the
cell depends on strictly controlled stages of the cell cycle (10).
According to the present study, HT has the potential to influ-
ence the cell cycle stage, and a number of anti-cancer agents
have previously been reported to arrest the cell cycle at specific
points, and thereby induce apoptotic cell death (11-13). The cell
cycle is arrested at the G2 phase when DNA is damaged (14,15).
In the present study, HT was shown to have an anti-proliferative
effect. The genesis and development of tumors is associated
with uncontrolled cell proliferation and evasion of apoptosis,
particularly the uncontrolled cell growth caused by multiple
gene mutation (16). In addition, numerous statistical outcomes
have shown that telomerase activity in the malignant tumors
was higher compared with the majority of normal tissue types,
and telomerase was involved in the genesis and development of
malignant tumors (17). Two mechanisms are important in this
context: Telomerase is a reverse transcriptase and may directly
interact with telomeres to trigger cell survival. Furthermore,
telomerase has a role in the mechanism of DNA damage repair
and ensures cell proliferation and survival. These two mecha-
nisms indicate that inhibition of telomerase activity in tumor
cells may achieve an anti-tumor effect.

Defects in apoptosis signaling cause tumor cells to exceed
the normal life expectancy, which provides an increased
opportunity for gene mutations, interfering with differentia-
tion and increasing invasiveness. Apoptotic defects promote
tumor cell metastasis and escape recognition by immune
cells, including cytotoxic lymphocytes and natural killer cells.
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A number of studies have focused on tumor cell apoptosis
mechanisms and excessive proliferation inhibition (18-21). The
present study indicated that HT significantly inhibited HeLa
cell proliferation, and the highest inhibition rate observed was
83.7%. Results of the trap-silver staining assay showed that HT
markedly decreased telomerase activity of HeLa cells and the
inhibition occurred in a time- and dose-dependent manner.
Thus, the mechanism of the anti-tumor activity of HT may
involve the inhibition of telomerase activity in tumor cells.
Apoptosis generally features marked morphological changes,
including chromatin condensation, nuclear fragmentation and
formation of apoptotic bodies. Therefore, it is possible to visu-
ally detect apoptosis. Following treatment with HT, the cell
walls of HeLa cells disappeared and chromatin condensed. The
Hoechst 33258 staining assay showed that HT readily induced
apoptosis in HeLa cells as indicated by a bright blue fluores-
cence staining of the nuclei, while faint blue fluorescence was
observed in cells without HT treatment. Furthermore, a DNA
ladder, which is characteristic for apoptosis-specific DNA
fragmentation, was observed by agarose gel electrophoresis of
DNA of HeLa cells incubated with HT. These results indicate
that HT markedly induced HeLa cell apoptosis.

Notably, S phase arrest was observed in HeLa cells treated
with HT. This increase not only demonstrated the effect of HT
on cellular activity, but also reflected a time- and dose-dependent
pattern for HeLa cell cycle arrest in S phase. The release of DNA
from cells during late apoptosis and necrosis indicated that the
nuclear DNA contents decreased in the cells (22). The distribu-
tion of the DNA content detected by flow cytometry may thus be
able to indicate the number of apoptotic cells. The preliminary
results showed that HT blocked HeLa cells in S phase.

In conclusion, the current study, evidenced that HT has a
marked effect on HeLa cells in vitro. It markedly inhibited
telomerase activity in HeLa cells, blocked cells in S phase and
induced apoptosis in tumor cells in a time- and dose-depen-
dent manner. However, genesis and development of tumors
are complicated processes, which are proceed via a variety
of pathways. The complex mechanism of the anti-tumor and
apoptosis-inducing effect of HT requires further study.
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