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Abstract
Objectives: To evaluate anti-proliferative as well as
apoptotic activities of compounds identified in chlo-
roform extract of Juglans regia leaves, on human
breast and oral cancer cell lines (MCF-7 and BHY).
Materials and methods: Column chromatography,
MTT assay, flowcytometry and western blotting
have all been used in the study.
Results: Bioassay-guided fractionation of chloro-
form extract of J. regia afforded isolation of 5-
hydroxy-3,7,4′-trimethoxyflavone [1], lupeol [2],
daucosterol [3], 4-hydroxy-a-tetralone [4], b-sitos-
terol [5], 5,7- dihydroxy-3,4′-dimethoxyflavone [6]
and regiolone [7]. Structures of the compounds were
established on the basis of spectroscopic analyses
[Nuclear magnetic resonance (NMR) and mass]. All
compounds inhibited proliferation of MCF-7 (human
breast adenocarcinoma) and BHY (human oral squa-
mous carcinoma) cells in a concentration-dependent
manner. Compounds 6 and 7 had potent cytotoxic
effects on both MCF-7 and BHY cells (IC50 21–
51 lM), yet were not toxic to normal cells. MCF-7
growth inhibition was attributed to apoptosis; popu-
lation of apoptotic cells increased from 1.12% in
controls to 5.64 and 8.1% after 48-h treatment with
compounds 6 and 7, indicating their potential at
inducing early and late apoptosis. The caspase cas-
cade was not activated, as indicated by only insignif-
icant cleavage of caspase-3.

Conclusions: Our results suggest that compounds 6
and 7 can induce apoptosis in MCF-7 cells through
the caspase-3 independent pathway.

Introduction

Cancer, with more than 11 million deaths every day, is
the principal cause of mortality in economically devel-
oped countries, and the second leading cause of death in
developing countries (1). It is estimated that there will be
16 million new cases of cancer-related demise each year,
by 2020 (2). Thus, discovering successful treatment for
cancer is a vital objective. Major issues relating to con-
ventional anti-cancer chemotherapy are, occurrence of
side effects induced by non-specific targeting of both nor-
mal and cancer cells (3,4), and emergence of drug-resis-
tant cancer cells (5). Hence, there is an urgent need for
novel treatment options with improved characteristics. In
this regard, plants have played a decisive role as a source
of effective anti-cancer agents (6,7). Many plant-derived
compounds (such as paclitaxel, vinblastine, vincristine),
and semi-synthetic derivatives of natural products (such
as etoposide and teniposide) are used as anti-cancer drugs
(8,9). Anti-cancer effects of natural agents and herbal
products may affect cells by many different mechanisms,
for example by preventing initiation and promotion of
carcinogenesis or by inducing apoptosis (10). Thus, it is
very important to isolate and screen apoptotic inducers
from natural sources, especially plants, which synthesize
a vast diversity of compounds (11).

Juglans regia L. (Juglandaceae) commonly known
as the Persian or common walnut, is an important decid-
uous tree found primarily in temperate areas and com-
mercially cultivated in the United States, western South
America, Asia, Central and Southern Europe (12). Wal-
nut leaves are considered to be a source of therapeutic
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compounds and have been used in traditional medicine
for treatment of various maladies, and for anti-diarrhetic,
anti-helminthic, depurative and astringent properties
(13–15). Previous investigations have reported walnut
leaves as a rich source of flavonoids and steroids, as
well as of terpenoids, and have demonstrated consider-
able anti-proliferative activities against various cancer
cell lines (12,16,17). In our soluble partitioning experi-
ment for anti-proliferative activity of J. regia leaves,
highest activity was recorded using the chloroform
extract, which inhibited population growth of BHY
(human oral squamous carcinoma) and MCF-7 (human
breast adenocarcinoma) cells with IC50 values ranging
between 0.36 and 0.81 mg/ml (18).

Considering potential cytotoxic activity of chloro-
form fraction of J. regia leaves, chloroform extract was
selected for detailed phytochemical–biological analysis
to identify its anti-proliferative constituents.

Materials and methods

Plant material and preparation of extracts

Leaves of J. regia were collected from suburbs of Teh-
ran, Iran, in June 2009. A voucher specimen (no. 6727
THE) was deposited at the Herbarium of the Faculty of
Pharmacy, Tehran University of Medical Sciences, Teh-
ran, Iran. Air-dried leaves (900 g) were pulverized and
mixed with n-hexane using the percolation method, for
24 h. Extraction continued for three consecutive days
and all extracts were then filtered and concentrated to
dryness using a rotary evaporator. After removal of hex-
ane under reduced pressure, residual powder was sus-
pended then extracted with CHCl3 to provide the
chloroform fraction. This was subjected to chromatogra-
phy for further purification.

Chromatography

Column chromatography is one of the most practical
methods for separation and purification of both solids
and liquids, when carrying out small-scale experiments;
here it was performed on the chloroform fraction using
silica gel and Sephadex LH-20 as the stationary phases.
Isolated compounds were purified by re-column chroma-
tography and re-crystallization and were characterized
by spectral techniques 1H-NMR, 13C-NMR and LC
MS/MS.

Cell culture

MCF-7, BHY and NIH-3T3 (mouse embryonic fibro-
blasts) were obtained from the Cell Bank of the Pasteur

Institute of Iran. They were preserved in DMEM high-
glucose medium containing L-glutamine with 10% foetal
bovine serum, 1% penicillin–streptomycin and sodium
bicarbonate in 5% CO2 at 37 °C.

Anti-proliferation assay

Cytotoxicity was determined to MCF-7 and BHY cells
using MTT assay [3-(4,5-dimethylthiazol-2-yl)-2,5
diphenyltetrazolium bromide] then IC50 values were cal-
culated (19). Briefly, cells were plated in 96-well plates
and treated with a range of concentrations (10–80 lM)
of compounds [1–7] by dissolving them in DMSO.
After incubation for 24, 48 and 72 h at 37 °C in a
humidified incubator, MTT (5 mg/ml) was added to
each well and incubated for another 4 h. After careful
removal of medium, 0.2 ml DMSO was added to each
well and plates were shaken. Absorbance was recorded
at 545 nm. Effects of compounds on population growth
inhibition were assessed as percentage of cell cytotoxic-
ity, where vehicle-treated cells were taken as 100% via-
ble. Final concentration of DMSO was 0.5% in all
treatment protocols.

Identification of apoptosis by annexin-V/PI staining

This assay was performed to detect apoptosis using an
annexin-V-FLUOS apoptosis detection kit (Roche
Applied Science, Indianapolis, IN, USA), following the
manufacturer’s instructions. In brief, harvested MCF-7
cells were resuspended in 100 ll annexin-V-FLUOS
labelling solution containing 2 ll annexin-V-FLUOS
labelling agent, 2 ll propidium iodide solution and 1 ml
incubation buffer, to achieve a concentration of 106

cells/ml, and incubated at 37 °C. Finally, each tube was
diluted with buffer before the cells were analysed by
flow cytometry.

Western blot analysis

MCF-7 cells were treated with compounds 6 and 7 at
their IC50 concentrations for 48 h. Proteins were col-
lected and lysed in lysis buffer [Tris 62.5 mM, pH 6.8;
dithiothreitol, 50 mM; sodium dodecyl sulphate, 10%;
glycerol, 10%; bromophenol blue, 0.25% (w/v)] in the
presence of protease inhibitor. Eighty micrograms of
protein was separated by 12% SDS-PAGE and electrob-
lotted to polyvinylidene fluoride membrane (GE Health
Care Life Sciences, Buckinghamshire, UK) using semi-
dry blotting apparatus (Bio-Rad, Hercules, CA, USA).
After blocking with 1% casein, membranes were incu-
bated overnight at 4 °C with primary antibody (anti-cas-
pase-3, 1:500), followed by labelling with secondary
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antibody (1:5000). Protein bands were visualized using
ECL advanced western blotting detection kit. Glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH) was used
as endogenous control and control cells were cultured in
complete medium without experimental compounds
(control cells were treated with DMSO only, at highest
level used in the experiment).

Statistical analysis

IC50 values were calculated by non-linear regression analy-
sis with the GraphPad Prism®5 (Version 5.01, GraphPad
Software, Inc., San Diego, CA, USA). Results were
expressed as mean � SE in at least triplicate, and statisti-
cal comparisons were based on ANOVA followed by
Tukey’s post-test. P < 0.05 was considered significant.

Results

Extraction, isolation and purification of compounds

Bioassay-guided fractionation of chloroform extract of
J. regia leaves afforded isolation of seven known com-
pounds [1–7] (Fig. 1), whose structures are presented in
Fig. 2. Structures of these compounds were identified by
comparing spectroscopic data with those reported as
5-hydroxy-3,7,4′-trimethoxyflavone [1] (20,21); lupeol
[2] (22); daucosterol [3] (23); 4-hydroxy-a –tetralone [4]
(24,25); b-sitosterol [5] (25,26); 5,7- dihydroxy-3,4′-
dimethoxyflavone [6] (27); and regiolone [7] (28).
Among the isolated compounds, 5,7- dihydroxy-3,4′-di-
methoxyflavone [6] was isolated from this genus for the
first time, whereas 4-hydroxy-a –tetralone [4] and regio-
lone [7] have been reported as constituents of J. mand-
shurica, J. nigra (24,25) and green husks of J. regia
(29). In addition, compounds 3 and 5 have previously
been isolated from J. cathayensis, J. mandshurica and
leaves of J. regia (30–32). Lupeol [2] and 5-hydroxy-
3,7,4′-trimethoxyflavone [1] have also been identified in
the Juglandacea genus in previous studies (22,29,33).

Anti-cancer activity

Compounds [1–7] were evaluated for cell population
growth inhibitory activity using MTT assay with human
cancer cell lines, MCF-7 and BHY, as well as normal
mouse fibroblast cell line (NIH-3T3), at 24, 48 and 72 h.
All compounds exhibited cytotoxic activities in a concen-
tration-dependent manner at different times (data not
shown). Best anti-proliferative effect was obtained after
72-h treatment; IC50 results are summarized in Table 1.

Although compounds [1–5] have previously been
evaluated for cytotoxic activity to several cancer cell

lines (21,34–37), we still tested them along with the
other previously non-evaluated isolated compounds
[6,7], on both MCF-7 and BHY cells. Additionally,
there has been no report to indicate cytotoxic effects of
the isolated compounds [1–7] on oral squamous
carcinoma cell line, BHY. Our results demonstrated that
compounds 5 and 7 were significantly cytotoxic to
MCF-7 cells, whereas compounds 1, 6 and 7 revealed
considerable inhibition to BHY cell growth. Considering
IC50 values, the most sensitive cell line to almost all
compounds was MCF-7 (Table 1). Interestingly, com-
pounds 6 and 7 were found for the first time to be active
against MCF-7 and BHY cells. Together, compounds 6
and 7 were selectively active against both cancer cell
types but were much less effective against normal cells
compared to the other isolated compounds (Table 2).
Based on our observations of activities of compounds 6
and 7 on malignant and normal cells, as well as novelty
of the cytotoxicity report of these two compounds, we
selected them for further studies.

Apoptosis determination with annexin-V/propidium
iodide staining

To explore whether compounds 6 and 7 were cytotoxic
to MCF-7 cells by inducing apoptosis, cells were stained
with annexin-V/PI and analysed by flow cytometry. In
dual parameter fluorescent dot plots, cells in early apop-
tosis (annexin V+/PI�, lower right quadrant), in late
apoptosis (annexin V+/PI+, upper right quadrant) and
necrotic (annexin V�/PI+, upper left quadrant) were
counted (Fig. 3). As shown in Table 3, 0.43% cells
were annexin V+/PI� and 0.69% were annexin V+/PI+
in untreated cells. After treatment with compound 6 at
50.98 lM for 48 h, number annexin V+/PI�, annexin
V+/PI+ and annexin V�/PI+ cells increased remarkably,
while late-stage apoptotic MCF-7 cells augmented by
5% after treatment with compound 7 at 48 h. Mean-
while, the necrotic population (annexinV�/PI+)
increased significantly – by 20.8% in compound 7-trea-
ted cells. Our results collectively demonstrated that com-
pounds 6 and 7 had anti-cancer activities, mainly by
inducing late apoptosis.

Cell death via the caspase-3 independent pathway

Activation of an apoptosis pathway is a key mechanism
by which cytotoxic drugs kill cancer cells (38); activa-
tion of caspases is the major event in apoptotic cell
death (39). Apoptosis can be triggered by two types of
apoptotic caspase, namely initiator caspases (caspase-2,
-8, -9 and -10) and effector caspases (caspase-3, -6, and -7)
(40). Thus, we next determined whether apoptosis
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induced by compounds 6 and 7 would be related to
increased activation of the caspase pathway, in MCF-7
cells. We analysed caspase-3 activity in response to
compounds 6 and 7 at their IC50 concentrations and
found no increase in activity in comparison to controls
at 48 h (Fig. 4).

Discussion

Cancer is a multi-mechanistic disease that has many fea-
tures and requires a wide-range of approaches for its
treatment, control and prevention (41,42). Given that
cancer is a multi-factorial disorder resulting in unlimited

division of cells, remedial strategies that target tumour
cells while causing fewer side effects on normal cells
are desired (2). In such cases, plants have been histori-
cally used for prevention and treatment of human dis-
eases such as cancer without serious side effects (43).
Juglans species as therapeutic plants used in folk medi-
cine have been asserted to possess anti-cancer activities.
Yang et al. (44) demonstrated strong anti-proliferative
activity of walnut seed extract against human HepG2
liver and Caco-2 colon cancer cells and its anti-cancer
property was attributed to its chemical composition
(45). Extract of root, bark, fruit and leaves of Juglans
species also demonstrated anti-proliferative effects

Figure 1. Isolation and purification of compounds [1–7] from the chloroform fraction of Juglans regia leaves.
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against different cancer cell lines such as MDA-MB-
231 human breast cancer cells (46).

Results of our previously performed cytotoxic
screening of different fractions obtained from J. regia
leaves indicated that the chloroform fraction had the
most potent activity on breast cancer cells. Results
obtained encouraged us to investigate chemical composi-
tions of this fraction, which led to the isolation of
5-hydroxy-3,7,4′-trimethoxyflavone [1], lupeol [2], dau-
costerol [3], 4-hydroxy-a-tetralone [4], b-sitosterol [5],
5,7- dihydroxy-3,4′-dimethoxyflavone [6] and regiolone
[7] by the use of column chromatography and prepara-
tive TLC. Compounds were identified by means of LC/
MS/MS and NMR spectroscopy (1H-NMR, 13C-NMR),
and comparison of spectral data with data from the liter-
ature (available on request). To our knowledge, among
the seven isolated compounds, compound 6 was identi-
fied for the first time in Juglans species.

Figure 2. Structures of compounds isolated from chloroform fraction of Juglans regia leaves.

Table 1. Antiproliferative effects (IC50, lM) of the isolated compounds [1–7] against MCF-7 and BHY at 72 h.a

Cell line/Samples 1 2 3 4 5 6 7

MCF-7 46.59 � 1.5 38.93 � 3.2 36.45 � 3.61 57.14 � 1.3 9.05 � 0.4 50.98 � 1.8 21.30 � 3.5
BHY 46.04 � 2.6 57.13 � 2.5 74.14 � 5.62 56.02 � 1.5 56.20 � 2.2 40.55 � 2.00 48.58 � 2.3

aValues were determined from at least three independent experiments each performed in triplicate and expressed as mean � SE.

Table 2. The cytotoxicity effects of compounds [1–7] on normal cell
line (NIH-3T3).

Compounds Concentration (lM)a Cytotoxicity (%)

1 50 77.27 � 2.7
2 40 93.60 � 1.4

60 88.26 � 1.3
3 40 87.56 � 1.0

80 83.15 � 2.0
4 60 81.73 � 2.0
5 10 31.11 � 1.7

60 84.35 � 0.6
6 40 12.56 � 1.0

50 18.51 � 1.7
7 25 5.43 � 2.1

50 9.22 � 1.3

Data are presented as (%) of three independent experiments.
aCells were treated with the IC50 equivalent concentrations of
compounds.
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Effects of isolated compounds [1–7] on cell popula-
tion growth of breast adenocarcinoma, MCF-7 and oral
squamous cancer BHY were investigated by the MTT

method. As indicated in Table 1, among the seven
tested compounds, compounds 5, 6 and 7 were found to
have the strongest anti-proliferative activity against both
of the cell lines with IC50 values ranging between 9.05
and 50.98 lM for MCF-7 cells and 40.55 and 56.20 lM
for BHY cells. In addition, compound 5 had cytotoxic
activity on NIH-3T3 mouse embryonic fibroblasts, with
31% and 84% cytotoxicity at IC50 equivalent concentra-
tion, on MCF-7 and BHY cells, whereas compounds 6
and 7 exhibited weak cytotoxic activities over periods of
72 h at their IC50 equivalent concentrations on both cell
lines (Table 2). On the basis of IC50 values and cytotox-
icity data (Tables 1, 2), compounds 6 and 7 appeared to
be worthy of further study as potential anti-cancer
agents. Moreover, there was no prior information con-
cerning these two chemicals having anti-cancer proper-
ties. One of the compounds [6] is a flavonoid

(a) (b) (c)

Figure 3. Flow cytometric analysis of annexin-V/PI to quantify compound-induced apoptosis in MCF-7 cells. (a) Dot plot of MCF-7 cells
with DMSO treatment for 48 h. (b) Dot plot of MCF-7 cells with compound 6 treatment at 50.98 lM for 48 h. (c) Dot plot of MCF-7 cells with
compound 7 treatment at 21.30 lM for 48 h. Results shown are representative of three independent experiments. Quadrant 3, living cells An�/PI�;
quadrant 4, early apoptotic cells An+/PI�; quadrant 2, late apoptotic cells An+/PI+; quadrant 1, necrotic cells An�/PI+.

Table 3. Percentage of breast adenocarcinoma cells in each state.a

Com-
pound

Vital
cells
(%)
An�/PI�

Early
apoptosis
(%)
An+/PI�

Late
apoptosis
(%)
An+/PI+

Necrosis
(%)
An�/PI+

6 78.6 � 3.4* 1.6 � 0.41* 6.5 � 1.1* 13.3 � 2.2
7 73.5 � 4.2* 0.64 � 0.19 5.00 � 1.8 20.8 � 2.3**
DMSO 94.2 � 2.4 0.43 � 0.17 0.69 � 0.25 4.63 � 2.05

aCells treated with compounds 6 and 7 at 50.98 and 21.30 lM, respectively
for 48 h of incubation. Data represent means of triplicate experiment.
*P < 0.05, **P < 0.01, ***P < 0.001 relative to solvent.

Figure 4. Cleaved caspase-3 level: – MCF-
7 cells were treated with compounds 6 and
7 for 48 h. Proteins, transferred to polyvinyli-
dene fluoride (PVDF) membrane probed with
rabbit anti-caspase 3; then filtres were
stripped and re-probed with anti-rabbit- GAP-
DH antibody, to show equal amounts of load-
ing. Data are the mean � SE of three
separate experiments.
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(secondary metabolites of large numbers of plants
known to be chemopreventive agents) (47–49). Com-
pound 7 is a plant naphthoquinone (reported in various
plants), and has shown remarkable anti-cancer activities
(50). Thus, the present study focused on a flavonoid and
a naphtoquinone, providing valuable insight into their
anti-cancer potentials, and abilities to kill cancer cells.
To examine whether anti-proliferative activities by com-
pounds 6 and 7, against MCF-7 breast cancer cells, are
related to apoptosis induction – the cells were stained
with annexin-V/PI and analysed by flow cytometry.

Cell death can be classified into at least two types,
necrosis ‘accidental cell death’ and apoptosis ‘pro-
grammed cell death’. Induction of tumour cell apoptosis
has long been used as an important indicator to detect
the ability of chemotherapeutic drugs to inhibit tumour
growth (51). In this study, to examine whether apoptosis
or necrosis was the dominant cause of cell death
induced by compounds 6 and 7 at 48 h, we performed
more detailed experiments using annexin-V and PI. As
can be seen from Fig. 3 and Table 3, both compounds
induced cell death through apoptosis and necrosis. Com-
pared to solvent-treated cells, which had a total of 5.8%
background cell death (1.1% apoptosis and 4.6%
necrosis), MCF-7 cells treated with compounds 6 and 7
at 50.98 and 21.3 lM indicated 8.1 and 5.6% total apop-
tosis as well as 13.3 and 20.8% necrosis after 48-h treat-
ment. In other words, compound 6 significantly
increased numbers of apoptotic cells at early and late
stages after 48-h incubation; however, compound 7 was
able to induce late-apoptosis by this time point. In addi-
tion, the ability of compound 7 to induce MCF-7 necro-
sis was significantly higher than that of compound 6.
These levels are in agreement with the results of the
MTT experiment and suggest that compounds 6 and 7
may be potential anti-cancer agents for human breast
cancer investigation.

The important role of mitochondria in promoting
caspase activation has been a major focus of apoptosis
research; however, it is also clear that mitochondria can
contribute to cell death by caspase-independent mecha-
nisms (52). For evaluation of the type of apoptosis
induced by compounds 6 and 7, cleaved caspase-3 was
determined by western blot analysis. As shown in
Fig. 4, no activation of caspase-3 was observed in
MCF-7-treated cells with eithe compound 6 or 7 for
48 h; that favoured apoptosis to be the result of a cas-
pase-3 independent pathway.

In conclusion, our bioassay-guided study indicated
that the strong inhibitory effect of CHCl3 extract of
J. regia on population growth of cultured human tumour
cell lines MCF7 and BHY may be attributed mainly to a
flavonoid [6] and naphtoquinone [7]. However, favour-

able interaction between chemicals could be suggested,
responsible for overall anti-proliferative action of the
extract. Our study also demonstrated that anti-prolifera-
tive effects of compounds 6 and 7 as anti-cancer agents
could be based not only on their cytotoxicity, but also
on their ability to induce apoptosis via a caspase-3-inde-
pendent pathway. Additional studies will be necessary
to obtain clear understanding of the molecular mecha-
nisms involved.
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