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Abstract
Background: Cervical cancer is the second most common cancer in women. Several native Iranian herbs used in traditional
medicine are proven to have cytotoxic effects.
Objectives: The present study was designed to compare the anticancer effects of three medicinal herbs, Peganum harmala L., Curcuma longa L., and Boswellia serrata, on a cervical cancer cell line (HeLa).
Methods: HeLa cells were exposed to different doses of hydroalcoholic extracts of the three plants (12.5, 25, 50, 100, and 200 µg/mL)
for 24, 48, 72, and 96 hours. After the incubation period, the modified colorimetric MTT assay was used to determine cytotoxicity.
Results: The highest percentage of cell death for P. harmala was observed after 72 hours of incubation, and 50% growth inhibitory
concentration (IC50) at 24 hours was 12.5 µg/mL. For B. serrata, the highest percentage of cell death was observed after 72 hours of
incubation; IC50 at 24 and 48 hours were 50 µg/mL and 12.5 µg/mL, respectively. C. longa L. had an IC50 of 12.5 µg/mL after 72 hours of
incubation.
Conclusions: The results of the MTT assay showed that B. serrata and P. harmala L. extracts had time- and dose-dependent cytotoxic
effects. However, C. longa L. extracts induced apoptosis only in a time-dependent manner. A higher cytotoxic effect was observed on
HeLa cells with P. harmala and B. serrata extracts compared to C. longa extract at all applied concentrations.
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1. Background
Current studies on tumor-inhibiting compounds of
plant origin have established alternative anticancer approaches. Various phytochemicals, such as dietary agents
and nutrients, have been found to be effective against various types of malignancy. The available chemotherapeutics against cancer involve intrinsic toxicities when used
in clinical settings. Agents that specifically inhibit proliferation of neoplastic cells may be valuable against cancer
in humans. One approach to identifying such agents is
screening plant extracts, especially those reported to have
anticancer, anti-inflammatory, antibacterial, or even antifungal effects (1, 2).
In the present study, hydroalcoholic extracts of Curcuma longa L. (C. longa), Peganum harmala L. (P. harmala),
and Boswellia serrata (B. serrata) were explored as potential
sources of natural chemotherapeutic ingredients against
cancer (3-6).
P. harmala Linn. (Zygophyllaceae), is a plant distributed

over large areas of the world, including different parts of
Iran (7). Several therapeutic effects have been attributed
to P. harmala, some of which may be related to its betacarboline alkaloid content, mainly harmine and harmaline, which are both monoamine oxidase inhibitors (8) and
spasmolytic (9). Harmine, the major beta-carboline alkaloid in P. harmala extract, is a DNA topoisomerase type I inhibitor (7) and a specific cyclin-dependent kinase blocker
(10). It is an antileishmanial (11), anti-inflammatory (12),
genotoxic (13), and recombinogenic (14) agent. It also has
shown cytotoxic activity against a series of tumor cell lines
(15).
For many centuries, turmeric (C. longa Linn.) has been
used as a spice and as a component of many traditional
medicines (16). Several studies have shown that curcumin,
the active ingredient of turmeric, exhibits a wide range
of pharmacological properties against many chronic diseases (17). The anticancer activity of curcumin has been extensively studied, and it has been suggested as a potential
agent for both the prevention and treatment of a variety
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of malignancies, including gastrointestinal, melanoma,
genitourinary, breast, lung, hematological, head and neck,
neurological, and sarcoma (18).
The gum resin of B. serrata has been used in traditional
medicine to treat several conditions, including inflammatory and arthritic diseases (19-21). In addition to its antiinflammatory effects, a few studies showed that Boswellia
may have anticancer effects on leukemia and brain tumors.
Studies on tumor cells have suggested that certain components of this resin (boswellic acids) inhibit proliferation
and induce apoptosis (22, 23).
Cervical carcinoma is one of the most common cancers in females. It has been shown that human cervical carcinoma cells maintain their functional apoptotic mechanism and respond to a wide spectrum of stimuli by going
through apoptotic death (24, 25).
Although many studies have been published on the antineoplastic effects of P. harmala seed extract, C. longa rhizome extract, and B. serrata gum resin extract and their respective components, there is little information available
on screening these plants with a unique method.
2. Objectives
In this study, the apoptotic effects of the above extracts were examined in human cervical carcinoma cells
(HeLa) using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) assay.
3. Methods
P. harmala seed, C. longa rhizome, and B. serrata gum
resin were obtained from the Iranian institute of medicinal plants. Dimethyl sulfoxide (DMSO) was purchased
from Merck (Germany). RPMI 1640 medium, MTT, and
phosphate-buffered saline (PBS) were purchased from
Sigma (USA). HeLa cells were purchased from the Pasteur
institute, Tehran, Iran. The microplate spectrophotometer and ELISA reader were from Awareness Technology Inc.
(Stat Fax 2600, USA).
The P. harmala seed, C. longa rhizome, and B. serrata
gum resin were obtained as dried powders. The hydroalcoholic extracts of each plant were obtained by soaking the
powders in a solvent of ethanol and water (3:1), then placing them in an oven (50°C) for 72 hours. The supernatants
were dried by rotary evaporation, then the cytotoxic effects
of the extracts were evaluated using the HeLa cell line.
The HeLa (human epithelial cervical cancer) cells were
cultured at 37°C with a humidified incubator at 5% CO2 , in
RPMI 1640 medium containing 10% fetal calf serum and antibiotics (50 U/mL of penicillin and 50 µg/mL of streptomycin).
2

3.1. MTT Cell Viability Assay
In brief, the MTT assay is based on a reaction between
the mitochondrial dehydrogenase enzymes from viable
cells with the tetrazolium rings of MTT (a yellow reagent),
which produces dark blue formazan crystals. These crystals are impermeable to cell membranes, resulting in their
accumulation in healthy cells. Solubilization of the cells by
adding a detergent causes the release of the crystals, which
are solubilized. The number of surviving cells correlates to
the level of the formazan product generated. The color can
then be quantified using a colorimetric assay, and the results are read on a multi-well scanning spectrophotometer
(ELISA reader).
The degree of cytotoxic activity of the extracts in the
HeLa cells and normal cells was determined using the MTT
assay. HeLa cells (5 × 104 cells/well) were transferred to
a 96-well plate and incubated for 24 hours at 37°C and 5%
CO2 . DMSO was used to prepare different concentrations
of extract (12.5, 25, 50, 100, and 200 µg/mL). Doxorubicin
200 µg/mL was used as a positive control. The cells were
then treated with the extracts and incubated for 24, 48, 72,
or 96 hours. Then, 10 µL of the MTT solution (5 mg/mL) was
added to each well, and the plate was incubated for 3 hours.
Finally, the cell culture medium of each well was discarded
and 100 µL of DMSO was added to dissolve the formazan
crystals. Finally, microplate spectrophotometry was used
to determine the absorbance at 540 nm. The percentage
of cell viability based on optical density (OD) of the treated
and control cells was estimated according to the following
formula:
Viability % = OD of treated cells/OD of untreated cells ×
100.
The survival curves of each cell line were established
based on different concentrations of extracts after the
specified time period (24, 48, 72, or 96 hours). Preliminary results showed that DMSO, used as a solvent, did not
have any significant effect on cellular growth when administered alone at the concentrations used in the present experiments.

3.2. Statistical Analysis
For statistical analysis, all data were analyzed using
SPSS statistical software, version 13.0 (SPSS, Inc., Chicago, IL,
USA), and are presented as the mean ± standard deviation.
Comparisons between groups were performed using analysis of variance (ANOVA). P < 0.05 was considered to indicate a statistically significant difference.
Jundishapur J Nat Pharm Prod. 2017; 12(2):e37336.
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4. Results
4.1. Effects of Time and Concentration on the Cytotoxicity of P.
harmala L. Extract
After 24 hours of incubation with P. harmala extract,
the effects on cell viability were significant (P = 0.02) and
dose-dependent. At the 48-hour incubation time, there was
also a significant (P = 0.003) decrease in the percentage
of cell viability, with a dose-dependent trend (Figure 1B).
When the HeLa cells were incubated for 72 hours with P.
harmala extract, again there was a significant (P = 0.002)
dose-dependent reduction in viability, but only at concentrations lower than 50 µg/mL (Figure 1C). After 96 hours
of incubation, significantly decreased cell viability was observed only at concentrations lower than 100 µg/mL (Figure 1D).
Applying P. harmala extract at a concentration of 12.5
µg/mL significantly decreased HeLa cell viability (P = 0.04)
(Figure 2A). At a higher concentration, 25 µg/mL, cell viability decreased time-dependently (P = 0.008) (Figure 2B). Using higher concentrations at 50, 100, and 200 µg/mL also
resulted in a significant time-dependent reduction in cell
viability (P = 0.011, P = 0.03, and P = 0.006, respectively).
When comparing the cell viability at each incubation time
separately, the reductions were significant only with the 24
and 48 hours incubation times at concentrations of 25, 50,
100, and 200 µg/mL.
4.2. Effects of Time and Concentration on the Cytotoxicity of C.
longa Extract
After 24 hours of incubation time, the viability of HeLa
cells was significantly decreased (P = 0.003) (Figure 1A).
There was a dose-dependent trend in viability only at 12.5
- 50 µg/mL, and not at higher concentrations. At the 48, 72,
and 96 hours incubation times, there was significantly decreased viability (P = 0.002, P = 0.004, and P = 0.02, respectively), with a dose-dependent trend only at low concentrations (Figure 1B, 1C, and 1D ).
Applying C. longa extract at concentrations of 12.5, 25,
50, 100, and 200 µg/mL significantly decreased HeLa cell
viability (P = 0.005, 0.004, 0.004, 0.003, and 0.005, respectively) (Figure 2A, 2B, 2C, 2D, and 2E).
4.3. Effects of Time and Concentration on the Cytotoxicity of B.
serrata Extract
After 24 hours of incubation time, the viability of HeLa
cells was significantly decreased (P = 0.002) (Figure 1A).
There was a dose-dependent trend in viability only at 12.5
- 50 µg/mL, and not at higher concentrations. At the 48, 72,
and 96 hours incubation times, there was significantly decreased cell viability (P = 0.004, P = 0.001, and P = 0.002,
Jundishapur J Nat Pharm Prod. 2017; 12(2):e37336.

respectively), with a dose-dependent trend only at low concentrations (Figure 1B, 1C, and 1D).
Applying B. serrata extract at concentrations of 12.5, 25,
50, 100, and 200 µg/mL significantly decreased Hela cell
viability (P = 0.06, 0.004, 0.004, 0.004, and 0.005, respectively) (Figure 2A, 2B, 2C, 2D, and 2E).
The results of the present study showed that the cytotoxicity of B. serrata and P. harmala was significantly higher
than that of C. longa at all concentrations at incubation
times of 24, 48, 72, and 96 hours. In a comparison of B. serrata and P. harmala, at 24 hours of incubation, the cytotoxicity of P. harmala extract was higher than that of B. serrata
extract at all concentrations. At the 48 hours incubation
time, the cytotoxicity of B. serrata was greater than that of
P. harmala at concentrations of 12.5, 25, and 50 µg/mL but
not at higher concentrations. At 72 and 96 hours of incubation, there was no difference in the cytotoxicity of these
two extracts at any concentration.
The results of the MTT assay showed that B. serrata and
P. harmala L. extracts had time- and dose-dependent cytotoxic effects, while C. longa L. induced apoptosis in a timedependent manner. The highest percentage of cell death
for P. harmala was observed after 72 hours of incubation
and its IC50 at 24 hours was 12.5 µg/mL. In the case of B. serrata, the highest percentage of cell death was observed after 72 hours of incubation, and the IC50 at 24 and 48 hours
was 50 and 12.5 µg/mL, respectively. The IC50 of C. longa was
12.5 µg/mL after 72 hours of incubation.

5. Discussion
The antitumor activity of P. harmala, B. serrata, and C.
longa has drawn the attention of many researchers worldwide, leading to numerous pharmacological studies on
this important effect. Harmine, the chief beta carboline
alkaloid of P. harmala, has shown significant tumor inhibition in mice with Lewis lung carcinoma, sarcoma 180,
and HepA tumors (26), and cytotoxicity against the KB,
SaOS-2, A549, U-87-MG, and MCF-7 cell lines (27) and human
lung carcinoma cell lines (28). Studies have demonstrated
that these alkaloids can also act as scavengers of reactive
oxygen species (29). Furthermore, studies on the mechanisms involved have indicated that beta-carboline compounds inhibit DNA topoisomerases and interfere with
DNA synthesis. Some beta-carboline derivatives are specific inhibitors of cyclin-dependent kinases (CDKs), the inhibition of which may contribute to the toxicity of betacarboline derivatives (30). Cytotoxicity against tumor cells
might also be attributable to the inhibition of Polo-like kinases (PLKs) (31). In a study using a luciferase-based assay in
HeLa cells, targeting the transcription factor NF-κB showed
3
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Figure 1. Effects of different concentrations of P. harmala, C. longa, and B. serrata extracts on viability (%) of HeLa cells after incubation for A, 24 hours; B, 48 hours; C, 72 hours
and D, 96 hours.

that P. harmala extract (10 µg/mL) was active at inhibiting
TNF-α (32).

ing the role of mitochondria in curcumin-mediated apoptotic cell death (34).

Curcumin, the major component of the spice turmeric,
has been isolated from the rhizomes of C. longa. The antiinflammatory and cancer chemoprevention mechanisms
of curcumin involve inhibitory effects on multiple signaling pathways, including COX (cycloxygenase), PKC (protein kinase C), and oncogene expression, as well as on protein tyrosine kinase, arachidonic acid metabolism, and
lysosomal enzyme secretion (33). In human papilloma
virus (HPV)-positive HeLa, SiHa, and CaSki cervical cancer
cells, curcumin mediates the inhibition of human telomerase reverse transcriptase, the catalytic core of telomerase, thereby reducing the proliferation of cancer cells.
The curcumin-mediated apoptosis in these cell lines seems
to be due to upregulation of proapoptotic Bax, AIF, and release of cytochrome c, and to downregulation of antiapoptotic Bcl-2 and Bcl-XL in HeLa and SiHa cells. This was accompanied by increased caspase-3 and -9 activity, indicat-

The gum resin of B. serrata has traditionally been used
for the treatment of inflammatory and arthritic diseases.
Several pentacyclic triterpenic acids (boswellic acids) have
been isolated from the gum resin of B. serrata. Boswellic
acids have consistently been reported for their antiproliferative potential in various cell systems; for instance, they
were able to induce apoptosis in HL-60 cells due to the inhibition of topoisomerases I and II (35). Also, boswellic acids
could stimulate cell shrinkage and phospholipid scrambling of the erythrocyte cell membrane, an effect partly dependent on p38 protein kinase activity (36). Another study
showed that B. serrata extracts acted as cytotoxic mediators
against HepG2 and HCT 116 cell lines (37), comparable to
doxorubicin and 5-fluorouracil, respectively. Furthermore,
in the Hela cell line, B. serrata extracts induced apoptosis in
a dose-dependent manner, mainly at concentrations ranging from 0.5 to 2 mg/mL (38).
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Figure 2. Effects of incubation time of P. harmala, C. longa, and B. serrata on viability (%) of HeLa cells after incubation with different concentrations of the extracts: A, 12.5
µg/mL; B, 25 µg/mL, C, 50 µg/mL; D, 100 µg/mL, and E, 200 µg/mL.

In the present study, although a greater cytotoxic effect was observed with P. harmala and B. serrata extracts at
lower concentrations, C. longa extract may benefit from being a safer compound, as it has been used as a food flavoring for many centuries. Extensive in vivo research is warranted to explore the precise bioactive natural compounds
that lead to cytotoxicity against HeLa cells.
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