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Abstract: Acute promyelocytic leukemia is the most prevalent AML malignancy. The side effects
caused by chemotherapeutic drugs have primarily led to the increased use of natural products for cancer
treatment. Gaillardin, a medicinal herb, has been reported to have anti-proliferative effects on various
cancer cells. In this study, cytotoxic and apoptotic effects of Gaillardin were investigated on acute
promyelocytic leukemia cell lines, NB4. Different concentrations of Gaillardin were used to treat NB4
cells for 48 and 72 hours. Then cell viability was assessed using MTT assay. Flow cytometry was
applied to the assessment of apoptosis by using Annexin V and Propidium iodide staining method. In
order to determine the expression levels of Bax and Bcl-2, RT-PCR was carried out. Statistical data
analysis was done by ANOVA (one-way). MTT assay results showed that Gaillardin concentrations of
7, 8, and 9 uM would significantly reduce the percentage of live cells (P< 0.001)c. Flow cytometry
results showed that Gaillardin significantly increased apoptotic cell percentage in comparison with the
control groups (p< 0.05). Gaillardin can be considered as a candidate for further studies on the methods
for treating various cancer types.
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1. Introduction

Acute Myeloid Leukemia (AML) consists of very different disorders of neoplastic type
with significantly various clinical courses and responses to therapy with different pathological
bases in both genetic and molecular terms [1-3]. APL, as an acute myeloid leukemia subclass,
emanates from a translocation of chromosomes, creating the PML/retinoic acid (RA) receptor
a [4-6] fusion protein. This protein influences the signaling of the nuclear receptor and PML
body assembly [7, 8].

Its unique morphology and the mutual translocation of chromosomes 15 and 17 are the
distinguishing characteristics of the disease. APL has traditionally been identified by a course
of quick fatality and high rates of early death due to hemorrhage. In the initial research studies
on the disease, the median survival of the untreated patients and those treated by corticosteroids
was reported to be less than a week within the range of a day to a month. The dramatic
advancements in achieving effective treatments for APL have increased overall cure rate to
higher than 80%, providing the grounds for developing novel herbal strategies to increase the
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efficacy of treatments, on the one hand, and decrease the toxic side-effects of the existing
intensive regimens, on the other hand [4, 9, 10]. Medicinal herbs with natural origins are more
compatible than chemical drugs with living organisms and cause fewer side effects. Thus, they
have drawn considerable attention as a potential resource of new supplements for
chemotherapy drugs. Extracts of various medicinal plants have accordingly received extensive
applicability to cancer treatment [11-14]. Sesquiterpene lactones as a class of secondary
metabolites are an instance of such extracts, which are taken from Asteraceae. However, other
families, e.g., the Cactaceae, Solanaceae, and Euphorbiaceae, may contain the sesquiterpenoids
[15]. Many traditional medicinal plants used to cure various diseases like infections,
inflammation, and headache comprise Sesquiterpene lactones (SLs) as an active constituent.
An instance of the natural sesquiterpene lactone is Gaillardin, for which anticancer features
have been reported in some recent studies [16, 17]. The present research intended to explore
the therapeutic effects of Gaillardin extract on the APL cell line (NB4).

2. Materials and Methods
2.1. Extraction.

Inula oculus-Christi air-dried powder (250 g) was macerated with n-hexane (2500 mL)
at RT for 24 h and continuously shaken. After filtering the mixture, the residue was again
macerated with fresh solvent (thrice). After three days, using chloroform (2500 mL), the
residue of the plant material was extracted. This was repeated in the following three days, again.
The accumulated extract of chloroform was employed to isolate Gaillardin [16, 18-20].

2.2. Cell culture and Gaillardin extract treatment.

The authors asked Pasteur Institute of Iran to supply NB4 (acute promyelocytic
leukemia cell lines) and MDBK cells (Bovine kidney cell line). These cells were cultured in
RPMI 1640 medium complemented with 2 mM L-glutamine, 10% FBS, 100 units/ml
penicillin, and 100 pg/ml streptomycin in a humidified 5% CO2 incubator at a temperature of
37 °C in standard cell culture conditions. Gaillardin stock solution of relevant amounts was
utilized in treating the cells in order to attain a concentration of .01-20 puM.

2.3. Trypan blue exclusion assay.

For investigating the Gaillardin effects on viability and logarithmic growth of the cells,
they were seeded at 1 x 105cells/mL and incubated with Gaillardin at different indicated
concentrations for 72h. Then, the suspension of cells was mixed with a blue solution of 0.4%
try-pan at the ratio of 1:1. The mixture was incubated for 1-2min at room temperature, and
then, it was discharged into the chamber of Neubauer hemocytometer. In the end, the following
formula was adopted to calculate the cell viability index:

Viability (%) = viable cell count/total cell count x 100.

2.4. MTT assay.

Cytotoxicity was evaluated through MTT assay. The suspension cells (NB4) were
briefly cultured at 5000/well in a 96-well plate and incubated with desired concentrations of
Gaillardin for 48 and 72 h. The media were removed, and MTT solution (5 mg/ml in PBS) was
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used further to incubate the cells at 37°C for 3 h. A bunch of cells remained untreated as the
control group. Dimethyl sulfoxide (DMSQO) was utilized to solubilize the achieved formazan.
Absorption was estimated at 570 nm (620 nm as reference) in ELISA reader, and IC50 was
calculated as the concentration of fractions and compounds, causing 50% inhibition of cell
viability [21, 22].

2.5. Phosphatidylserine externalization (Annexin-V/PI assay).

Annexin-V/P1 double staining kit (eBioscience) was employed following the
instructions of the manufacturer to analyze the apoptosis caused by Gaillardin. In summary,
leukemic cells were cultured in 12-well plates and treated at different concentrations of
Gaillardin for 48 h; then, they were collected. Afterward, 200 ul binding buffer and then, 5 pl
Annexin-V were added to the suspension of cells and incubated for 10 m. The following step
was rinsing the cells and adding 200 pl binding buffer. After adding P1, the values were read
with flow cytometry. It was supposed that Pl-negative and Annexin-V positive cells were in
the beginning stage of apoptosis, and cells with Annexin-V and PI-positive underwent late
apoptosis or necrosis.

2.6. RNA purification, reverse transcription, and real-time PCR amplification.

Forty-eight hours after utilizing RNX plus (SinaClon, Iran) to make the treatment with
Gaillardin, total RNA was isolated. By applying Strand cDNA Synthesis Kit (Takara BIO),
Reverse Transcription (RT) reaction was carried out. The achieved cDNA was exposed to gRT-
PCR on a light cycler instrument (Roche). Thermal cycling comprised the following
conditions, the activation step for 30 s at 95°C in 45 cycles, which consisted of a denaturation
step for 5 s at 95°C and a combined annealing/extension step for 20 s at 60°C [23-27]. , The
specificity of the products was evaluated by melting curve analysis, and, through the formula
of 2-AACt for relative expression, the relative quantification values were determined. Table 1
presents the nucleotide sequences of the primers utilized for gRT-PCR.

Table 1. Nucleotide sequences of primers used in real-time RT-PCR.

Gene Accession humber Forward primer (5'-3') Reverse primer (5'-3') Size
ABL NM_005157 TCCTCGTCCTCCAGCTGTTA TCCTCGTCCTCCAGCTGTTA 218
Bad NM_004322 CCCAGAGTTTGAGCCGAGTG CCCATCCCTTCGTCGTCCT 149
Bax NM_138761 CGAGAGGTCTTTTTCCGAGTG GTGGGCGTCCCAAAGTAGG 242
Bcl-2 NM_000633 CGGTGGGGTCATGTGTGTG CGGTTCAGGTACTCAGTCATCC | 90

2.7. Statistical analysis.

Mean + standard deviation for each independent assay was used to account for the
experimental data. All tests were performed two or three times. To compute statistical
significance, Student’s t-tests of paired two-tail type were applied. *P <0.05, ** P < 0.01, and
***p <0.001 were considered for the significance of various statistical values.

3. Results and Discussion
3.1. Reduction in NB4 cell viability by Gaillardin.

To find out if Gaillardin could decrease the APL-derived leukemic cell survival rate,
various concentrations of this natural agent (1-20 pM) were treated in NB4. Then, after 48 h,
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to undergo trypan blue assays, the cells were collected. Figure 1 indicates that Gaillardin dose-
dependently reduced the number of viable cells.
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Figure 1. Effect of Gaillardin on the proliferation of potential and metabolic activity of NB4 cells. A: The
inhibitory effect of Gaillardin on NB4 cell metabolic characteristics was specified through trypan blue and MTT
assay. B: Cells were seeded in a 96-well plate at a density of 5000 cells/well and treated with the suggested
Gaillardin concentrations.

3.2. Reduction in cellular metabolic activity of NB4 cells by Gaillardin.

The cytotoxic effects of different concentrations of Gaillardin (1-20 uM) on NB4 cells'
metabolic activity after treatment for 48 and 72 h were evaluated through MTT assay. Figure
1 demonstrates that the extract of Gaillardin would dose- and time-dependently reduce the NB4
cells' survival. The IC50 value of Gaillardin extract in NB4 cells after incubation for 48 h was
approximately 7 uM. In addition, MDBK cells were used as the normal cell line to examine
the effect of this extract on normal cells. The 1C50 value of Gaillardin for MDBK cells was
approximately 20 uM after incubation for 48 h, suggesting the lower cytotoxic effect of this
extract on MDBK cells than on acute promyelocytic leukemia cell line (Figure 2).
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Figure 2. Increase in Annexin-V/PI double-positive treated cells percentage after Gaillardin treatment of NB4
cell lines in comparison to the untreated group.
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3.3. Apoptosis induction in APL cell lines by Gaillardin extract.

To validate whether cell survival reduction was due to apoptosis induction, varying
Gaillardin concentrations were used to treat NB4 cells. The apoptosis index was examined
through Annexin-V/PI assay after 48 h incubation through the flow cytometry technique.
Results showed that Gaillardin was capable of dose-dependently inducing apoptosis in the APL
cell line. One, 4, and 5 puM doses of Gaillaredin extract caused 10.5, 19, and 32% early
apoptosis in NB4 cells, as shown in Figure 2.

3.4. Increased transcription of Bax and reduced transcription of Bcl-2 in APL cell lines by
Gaillardin.

Bax (pro-apoptotic) and Bcl-2 (anti-apoptotic) are the most important protein members
of the Bcl-2 family. They have a central role in regulating programmed cell death (apoptosis).
Accordingly, the expression of Bax and Bcl-2 genes was quantified after treating cells with the
suggested concentrations of the extract after 48 h of incubation to delve into the influence of
Gaillardin extract on apoptosis induction in NB4 cells. The regulation of gene expression was
expressed as fold differences between control and treatment groups, as shown in Figure 3.
Results indicated a rise in the transcription of Bax and a reduction in transcription of Bcl-2 as
compared to the control. Reduction in Bcl-2 mRNA level besides an up-regulated transcription
of Bax caused an increase in the transcriptional ratio of Bax/Bcl-2 after NB4 cells treatment
with Gaillardin extract. The mentioned increase and decrease disturbed the balance of pro- and
anti-apoptotic proteins against anti-apoptotic factors in APL cell lines.
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Figure 3. Effect of Gaillardin on transcriptional levels of Bad, Bax, and Bcl-2. Indicated Gaillardin
concentrations were used to treat NB4 cells for 48 h. After extracting RNA and synthesizing cDNA, real-time
RT-PCR was employed to measure the relative mRNA expression of each gene in inhibitor-treated cells
following the normalization of the cycle thresholds (Ct) of each triplicate against its corresponding ABL.

Plants are considered as a preliminary source of fairly efficient drugs in curing many
diseases [28]. Nowadays, many clinically approved or under-trial anticancer medications are
being derived from nature. Sesquiterpene lactones constitute a major group of secondary plant
metabolites triggering numerous biological activities associated with considerable reactivity of
their a-methylene-y-lactone groups through Michael-type reactions [27, 29-32].
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In this study, we observed that Gaillardin would induce a considerable dose- and time-
dependent cytotoxic effect on the acute promyelocytic leukemia cell lines, namely NB4. Our
results showed that Gaillardin caused death in APL cell lines (NB4) through apoptosis
induction, which increased dose-dependently. Fallahian et al. showed that Gaillardin would
trigger apoptosis in MCF-7 and MDA-MB-468 (breast cancer) cell lines 11 [16].

Apoptosis is a highly regulated and conserved cellular process controlled by regulators.
These regulators either prevent programmed cell death (anti-apoptotic) or hinder the shielding
effect of inhibitors (pro-apoptotic). Among the intracellular factors, the Bax (powerful
apoptosis activator) and Bcl-2 (anti-apoptotic counterpart of Bax) balance are known as the
most significant parameter in cell survival [33]. Therefore, the mRNA expression levels of Bax
and Bcl-2 were investigated to evaluate the impact of Gaillardin on cell death induction. Our
gene expression study demonstrated that Gaillardin would increase Bax and decrease Bcl-2
expression in APL cell lines. These findings indicate the disruption of the balance of pro- and
anti-apoptotic proteins in favor of pro-apoptotic proteins, which finally leads to the induction
of apoptosis. In general, it can be concluded that Gaillardin prevents Bcl-2 and dimerizes Bax,
which initiate releasing cytochrome ¢ from the mitochondria and activating caspase-3. This
phenomenon, in the final run, induces cell death.

In summary, our study demonstrated that Gaillardin could induce apoptosis in APL cell
lines. However, further investigations, including clinical trials and a detailed survey of the
underlying Gaillardin mechanism of action, were pursued to establish the effectiveness of this
natural agent [34, 35]. The present study showed that Gaillardin had anti-leukemic properties,
and the mechanism of action was likely to be dependent on transcriptional regulation of
apoptotic signaling proteins.

4. Conclusions

The present findings provide evidence of the anti-leukemic activity of Gaillardin and
suggest the consideration of this agent as a promising source of developing novel therapeutics
against acute promyelocytic leukemia. Further understanding of the exact mechanism (s) of the
anti-leukemic effects of Gaillardin is intriguing. It will hopefully result in new ways in
treatment not only of leukemia but also in other malignant diseases.
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