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Summary. Aim of Study: Combination therapy has become an important strategy for treatment of cancer and
enhancing response rates. Artemisinin, a derivative from Artemisia annua, is a well-known potent antitumor
component. Iron is considered as an essential component in the cytotoxicity of artemisinin. Butyric acid and
miconazole both are shown to induce apoptosis in several cancer cell lines. The present study investigated the
potential enhanced antitumor activity of artemisinin-iron on lung cancer adenocarcinoma cell line (Calu-6)
when it is combined with butyric acid and/or miconazole. Materials and Methods: Cultured Calu-6 cells were
divided into 12 flasks. The cells were treated with different doses of artemisinin (0.15, 0.3, 0.6 and 1.2 ug/
ml) and iron (1 umol/ml) with and without constant dose of butyric acid (55 umol/ml) and/or miconazole (3
pmol/ml). The cells were monitored and photographed every 12 hours using an inverted microscope. After 60
hours, supernatants and cell extracts were examined for LDH (lactate dehydrogenase) concentration and total
protein. Cell extract was examined for thiobarbituric acid-reactive substances (TBARS). Hematoxylin-eosin
stained slides were prepared for microscopic examinations. Resu/ts: Biochemicalanalysis of artemisinin-iron
treated cells revealed cell injury and reaction in a dose dependent manner. Concurrent combination of butyric
acid and miconazole with artemisinin-iron caused significant increase in LDH concentration and TBARS
when compared with the control group. Morphological changes include cell and nuclear swelling, vacuole
formation, cellular detachment, pyknosis, karyolysis, necrosis and inhibition of new mitosis. Conclusion: Al-
though artemisinin renders an excellent antitumor activity, its combination with butyric acid and miconazole
provides a safe potent anticancer agent.
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Introduction

Cancer in general and lung cancer in particular
are considered as an important problem of major con-
cern especially in low and middle-income countries.
Lung cancer is responsible for 1.4 million deaths an-
nually worldwide. Despite significant progress in the
development of anticancer drugs, some adverse effects
such as hair loss, damages to liver, kidney, bone marrow
(1) and intrinsic or acquired resistance to these drugs

2), still remain unsolved. Recently, the use of naturally
occurring components of traditional medicinal plants
like artemisinin for treatment of cancer has increased
significantly (3).

Artemisinin, a derivative from the traditional
Chinese herb Artemisia annua, has a long history of
use in traditional medicine for treatment of malaria fe-
ver due to its toxic effect on the malarial parasite, Plas-
modium falciparum (4). It is a sesquiterpene lactone,
containing an endoperoxide that is essential for its
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cytotoxic activity (5). Artemisinin causes heme alkyla-
tion, protein alkylation, membrane damage, and loss
of mitochondrial potential in plasmodium parasite (6).

In recent years, artemisinin and its analogues are
shown to inhibit the growth of cancer cell lines (7-9).
Carbon-based free radicals originating from reaction
of endoperoxide with iron atoms remains one of the
main causes of the artemisinin cytotoxicity. Compared
to normal cells, cancer cells have more surface trans-
ferrin receptors which make them selectively vulnera-
ble to cytotoxicity of artemisinin because of their high
rate of iron uptake (10). Artemisinin exerts its toxicity
in cancer cells mainly through induction of apoptosis;
consequently leading to cell death (11) however , in
some cases both apoptosis and necrosis are reported
(6).

The antitumor activity of butyric acid and mi-
conazole(12) have been proved. Short chain fatty acids
like butyric acid are products of the bacterial fermen-
tation of undigested carbohydrates in the colon (13).
Butyric acid induces its toxicity through changing the
chromosome structure , gene expression and differen-
tiation in cancer cells (14). Due to some limitations
such as rapid metabolism in the body and slow induc-
tion of apoptosis, alternative methods such as combi-
nation therapy 15) and using longer acting butyric acid
(16, 17) have been employed. Miconazole terminates
cell proliferation in tumor cells by GO/G1 cell cycle
arrest and induction of apoptosis (12).

The aim of present study was to investigate the
possible synergistic cytotoxic effect of artemisinin on
lung cancer cell line Calu-6 in combination with bu-
tyric acid and miconazole.

Materials and methods
The cells

Human pulmonary adenocarcinoma (Calu-6)
cell line was obtained from Pasteur Institute, Tehran,
Iran. The cells were grown in 25 cm? cell culture plastic
flasks containing RPMI 1640 medium (Roswell Park
Memorial Institute medium, Buffalo, NY, USA) with
10% fetal bovine serum without antibiotics at 37°C in
an incubator with humidified air and 5% CO,. Media

were refreshed every 72 hr until the cells filled the en-
tire bottom of the culture flask (7-10 days).

Drugs

Artemisinin, 99% pure, was obtained from Si-
chuan Arts and Crafts Import and Export Corpora-
tion, Chengdu-China. Purification was tested with
high performance liquid chromatography (HPLC).
Artemisinin was dissolved in DMSO (dimethyl sul-
foxide). A fresh innate source solution was produced
for each treatment. Different doses of artemisinin
(0.15,0.3,0.6 and 1.2 pug/ml) were used for treatments.
Miconazole, butyric acid and iron were used with con-
stant doses of 55 pmol, 3 pmol and 1 pgr/ml, respec-
tively. (Sigma-Aldrich Corp., Milwaukee, USA). Cell
cultures were divided into twelve groups including
four variable artemisinin doses with constant dose of
miconazole, butyric acid and iron treatments, four ar-
temisinin and iron treatments (five to eight), one mi-
conazole group , one miconazole, artemisinin (0.3 pg/
ml) and iron group, one butyric acid, artemisinin (0.3
ng/ml) plus iron group and PBS as negative control
group. Iron was added as ferrous sulfate heptahydrate.

Biochemical analysis

After 60 hours, the supernatant media from the
individual cultures were recovered and centrifuged
(5000 rpm for 5 minutes) in order to isolate floating
cells. A total protein measurement and an enzyme
analysis (LDH) were performed on the centrifuged su-
pernatants and the cell fraction extracts. Total protein
was measured by the Lowry method 18) with bovine
serum albumin as standard. Lactate dehydrogenase ac-
tivity of cells fraction and supernatant was measured
by the Babson and Babson method (19). The total lipid
peroxidation product, as indicated by malonyldialde-
hyde (MDA) formation in the cell homogenate, was
assayed using the thiobarbituric acid reactive substanc-
es (TBARs) method (20). Cell fraction extracts were
prepared by mixing centrifuged pellets and half of the
cells of flask bottoms that were removed using a plastic
stir rod. Cells were lysed using freeze-thaw cycles in a
liquid nitrogen tank. Then all specimens were analyzed
under light microscopy with a Neubauer slide. For the
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last step, pellets were removed after centrifugation of

cell Iysates (21).
Light microscopy

Cellular changes were monitored and photo-
graphed under an inverted microscope every 12 hours
until the end of the 60 hours exposure. After 60 hours,
the remainder of the cell cultures were fixed with
methanol and the plastic bottom of the flasks with
fixed cells (cells that were not removed for extraction
procedure) were stained with hematoxylin-eosin for
microscopic analysis.

Statistical analysis

Data from culture supernatants and cell frac-
tion extracts were analyzed using SPSS version 19.0.0
(SPSS, Inc., Chicago, USA) software and were pre-
sented as mean+S.D of three independent experi-
ments. One-way ANOVA (analysis of variances) and
Tukey (post hoc) were used. Levels of significance
were represented in each result (P value < 0.05 was
considered significant).

Results
Biochemical analysis

Perceived LDH of supernatant solution in high-
est doses of artemisinin (1.2 and 0.6 ug/ml) plus mi-
conazole, butyric acid and iron had led to a significant
increase in comparison with the lowest doses of men-
tioned artemisinin (0.15 and 0.3 ug/ml) combinations
(P<0.001). In addition, measured LDH in all groups
except group four had noticeable increase with con-
trol group (P<0.001). In comparison of the first four
groups with the second four groups without micona-
zole and butyric acid treatments, there was significant
difference between the groups with equal amount of
artemisinin (p<0.05). In the groups with different
doses of artemisinin with iron (groups five to eight)
significant elevation was observed in LDH of superna-
tants (P<0.01). Supernatant LDH level in the groups

nine (miconazole), ten (artemisinin, miconazole and

iron) and eleven (artemisinin, butyric acid and iron)
was remarkably different with control group and in-
creased. Results of measured LDH in cell fraction
have shown significant difference between group one
and two with control group (P<0.001), and amounts
of LDH were increased in the group that received ar-
temisinin as dose-dependent. Also, highest dose of ar-
temisinin without miconazole and butyric acid (group
five) showed noticeable LDH level enhancement in
comparison with lowest dose of the same combination
therapy (P<0.01). Regarding the LDH level of cell
fraction, only groups one and five showed significant
increases in contrast to control group (P<0.001). To-
tal protein level of cell fraction was significantly dif-
ferent in the groups with highest and lowest dose of
artemisinin (both with and without miconazole and
butyric acid) and increased (P<0.05). Measured MDA
in groups one, two, five and six (high doses of arte-
misinin) have shown significance difference with con-

trol group and enhanced remarkably (Table 1).
Morphological changes

In the first four groups that received all the
drugs with different doses of artemisinin, degenera-
tive changes were observed after 12 hours. The first
features were cellular and nuclear swelling and cellular
detachment from the culture surface (Fig. 1). After 12
hours, more than 20% of the cells were detached from
the surface in the highest dose of artemisinin. Severity
of all changes was completely dose-dependent. Cellu-
lar vacuolization with numerous vacuoles (Fig. 2) and
clumping of necrotic cells was observed in all groups at
the end of the 60-hour exposure in a dose-dependent
severity manner. The most observed nuclei change in
higher doses was karyorrhexis (Fig. 2) but pyknosis
and to a lesser extent karyolysis were observed, too.
Also, some apoptotic figures were observable. With
decrease in artemisinin dose, pyknosis was the most
observed phenomenon. Degenerative changes acceler-
ation decreased after 48 hours and cells showed more
stability. At the end of exposure, only 30 % of the cells
stayed attached in the group one with the highest dose
of artemisinin.

In the second four groups that didn't receive mi-
conazole and butyric acid, cell injury was observed af-



34

A.A. Shahbazfar, P. Zare, H. Mohammadpour, et al.

Table 1. Biochemical analysis of the cell cultures. Data are presented as Mean+Standard deviation.

Group Drugs LDH LDH Total Pro Total Pro MDA
Medium Cell Fraction  Cell Fraction = Medium

1 Artemisinin (1.2 ug/mL), Miconazole, 2.12+0.04 14.620.41 5.2+0. 4 2.8+0.2 6.3x0.4
Butyric acid, Iron

2 Artemisinin (0.6 ug/mL), Miconazole, 1.94£0.15 13.7£0.42 5.1+0.3 2.4+0.2 6.20.2
Butyric acid, Iron

3 Artemisinin (0.3 ug/mL), Miconazole, 1.92+0.05 12.5+0.38 5+0.3 2.3+0.1 5.8+0.2
Butyric acid, Iron

4 Artemisinin (0.15 ug/mL), Miconazole, 1.41+0. 21 11.9+0.20 4.8+0.6 2.2+0.1 5.6x0.4
Butyric acid, Iron

5 Artemisinin (1.2 ug/mL), Iron 1.93+0.05 13.7+0.35 4.7+0.6 2+0.3 5.6x0.2

6 Artemisinin (0.6ug/mL), Iron 1.87+0.06 13.4+0.18 4.5+0.7 1.8+0.1 5.620.1

7 Artemisinin (0.3 ug/mL), Iron 1.86+0.07 13.2+£0.90 4.5+0.7 1.6:0.1 5.7x0.4

8 Artemisinin (0.15ug/mL), Iron 1.47+0.03 12.2+0.25 4.4+0.6 1.7+0.1 4.9+0.1

9 Miconazole 1.29+0.13 11.6+0.07 5+0.7 2.1+0.2 5.3x0.3

10 Artemisinin (0.3 ug/mL), Miconazole, Iron 1.79+0.9 13.5+0.36 5.7+0.1 2.3+0.2 5.720.7

11 Artemisinin (0.3 ug/mL) Butyric acid, Iron 1.87+0.08 13.5+0.26 4.8+0.6 2+0.4 6.3x1.2

12 Control 1.35+0.07 11.7+0.18 4.6+0.2 1.6+0.1 4.2+0.5

LDH level: unit/gram protein; Total protein: mg/mL; MDA: nmol/mg proteinx10*

ter 36 hours in the highest dose. This cell injury was
cellular and nuclear swelling as well as slight cellular
detachment. The highest detachment rate was 10%
in the highest dose after 60 hours. Some new mitosis
was observed in two lower doses for the compensa-

Figure 1. Cellular swelling (white arrows) and detachment
(black arrows) in group 1 (artemisinin 1.2 ug/mL, miconazole,
butyric acid, iron) in hour 36. Invert microscope (bar=30 pm).

tion of absent cells (Fig. 3). Necrosis was least change
observed, and the most nuclear necrotic change was
pyknosis; the most observed type of cell death was ap-
optosis (Fig. 4). The rate of apoptosis was artemisinin
dose-dependent. In group 9 that received miconazole

Figure 2. Cellular vacuolization with large and small vacuoles
(arrows) in group 3 (artemisinin 0.3 ug /ml, miconazole, butyric
acid, iron) in hour 60, karyorrhexis has started in nuclei. Invert
microscope (bar=10 pum).
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Figure 3. New mitoses in group 7 (artemisinin 0.3 ug/mL,
iron) in hour 48 (arrow). Some rounded, detached and injured
cells are observable. Invert microscope (bar=60 pm).

Figure 4. Three apoptotic cells in group 5 (artemisinin 1.2 ug/
mL, iron) in hour 60 (arrows). H&E staining (bar=60 pm).

alone, the changes were similar to the first four groups
but they were slighter, with the pyknotic as the most
apparent cellular change. At the end of 60 hour, ex-
posure, 40% of cells were detached from the surface.
Some apoptotic figures were obvious, too. Cells in the
group 10 that were exposed to artemisinin, miconazole
and iron didn't show any important change before 24
hours but after that the changes were compared to the
first 4 groups with lower intensity. In group 11 that
received artemisinin, butyric acid and iron, the most
prominent feature was apoptosis. Although necrosis

/ e e Vil NP7

Figure 5. Control group of Calu-6 cells in hour 60. Invert mi-
croscope (bar=60 pm)

with pyknotic nuclei was present, a few karyorrhexis
were also noted. Control group did not display any sig-
nificant changes (Fig. 5).

Discussion

Although some studies have shown the effective-
ness of combination therapy for artemisinin and its
analogs (13, 22), our reported synergist cytotoxic effect
on the Calu-6 cell line was not reported. Artemisia an-
titumor property was first reported on Ehrlich ascites
tumor cells 23). Iron triggers and markedly enhances
the cytotoxicity of artemisinin when it is preloaded
with cancer cells. It is believed that presence of iron
is essential for potent activity of artemisinin in can-
cer cells (6). Iron-mediated release of reactive oxygen
species (ROS) and/or carbon-centered radicals causes
DNA damage, mitochondrial depolarization and apo-
ptosis in tumor cells (24). In the present study, the ad-
dition of iron is intended to enhance the effect of ar-
temisinin. The anticancer activities of artemisinin have
been postulated to involve cell cycle arrest, apoptosis
and/or angiogenesis (25).

The inability of the cells to defend generated free
radicals efficiently usually culminates in a destructive
consequence known as oxidative stress. Oxidative lipid
injuries, namely lipid peroxidation (LPO) by hydrogen
peroxide, superoxide anion, and hydroxyl radicals, pro-
duce a progressive loss of membrane fluidity, thus re-
ducing membrane potential and increasing its perme-
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ability. Malonyldialdehyde (MDA) is the primary end
product of lipid peroxidation and its increase indicates
oxidative stress induced by ROS (26).

In the present study, high doses of artemisinin
(1.2 and 0.6 ug/mL) significantly increased the MDA-
level. Recent study revealed that generation of ROS as
a consequence of electron transport chain activity is an
initiating event in artemisinin cytotoxicity and seems
to be essential for apoptosis induction. Tumor cells are
more susceptible to ROS damage due to their lower
expression of antioxidant enzymes compared to that of
normal cells (27).

The exposure of Calu-6 cells to artemisinin
caused a marked increase in LDH level. LDH is a sta-
ble cytoplasmic enzyme. The extracellular appearance
of LDH is a marker of cell damage. This increase was
more noticeable in high doses of artemisinin compared
with low doses or untreated cells. These findings sug-
gest that artemisinin induces a concentration-depend-
ent decrease in cell viability, which is accompanied by
elevated lipid peroxidation and irreversible cell mem-
brane damage as indicated by LDH release.

Morphological changes also proved dose and
time-dependent antitumor activity of artemisinin
against Calu-6 cells. The test was performed in tripli-
cate to ensure the accuracy of the results. We add mi-
conazole and butyric to our mixture to give the blend
more anti-cancer power. According to the previous
researches miconazole dose dependently arrested vari-
ous cancer cells at the GO/G1 phase of the cell cycle.
p53-signaling pathway was suspected to be involved in
mediating miconazole-induced apoptosis and growth
arrest in human cancer cells 12). Although we found
some apoptosis in miconazole-treated groups, in our
research miconazole caused a marked necrosis in the
Calu-6 cell line and necrotic figures were more obvious
than apoptotic ones. Furthermore, these necrotic fea-
tures became more frequent as the dose of artemisinin
was decreased in the first four groups. However, in the
present study, the combination of miconazole (group
ten) did not result in a significant increase in arte-
misinin cytotoxicity. Similarly, the combination of bu-
tyric acid and artemisinin did not show significant dif-
ference when compared with artemisinin alone (group
eight). Previously this synergistic cytotoxicity between
sodium butyrate and dihydroartemisinin was described

on the human lymphoblastoid leukemia cell line (13).
Butyric acid is believed to induce apoptosis through
histone deacetylation enzyme inhibition and further
decondensation of chromatin, which finally leads to
endonuclease-mediated apoptosis (28). Interestingly,
this synergistic effect was significant when both butyric
acid and miconazole combined with artemisinin. This
difference was obvious regarding the high LDH and
MDA level of first four groups compared to control
group and short onset (12 hours) of observed morpho-
logical changes. Butyric acid was assumed to facilitate
the accessibility of anticancer drugs to DNA by loos-
ening the chromatin (17, 13); however, other possible
involving mechanisms need to be elucidated. Taken
together, our data did not show significance different
between butyric acid and miconazole (groups ten and
eleven), as there was no significance different between
groups ten and eleven. It is recommended that in-
creased doses of these agents or their practical analogs
be used in order to observe or improve this synergist
effect. Some derivatives of butyrate have shown more
powerful activity than butyrate itself (29), and in some
cases this activity was specific to its analogs.
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