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7-Isopenthenyloxycoumarin, Arctigenin,
and Hesperidin Modify Myeloid Cell
Leukemia Type-1 (Mcl-1) Gene Expression
by Hormesis in K562 Cell Line

Zahra Kafi1, Hamid Cheshomi1,2, and Omid Gholami1

Abstract
Hormesis is a new concept in dose–response relationship. Despite of traditional dose–response curves, there is a low-dose
stimulation and a high-dose inhibition in this case. Hormesis effect in apoptosis induction/inhibition by natural compounds is
reported previously. Here, we searched this effect for myeloid cell leukemia type-1 (Mcl-1) gene expression by phytochemicals
7-isopenthenyloxycoumarin (7-IP), arctigenin (Arg), and hesperidin (Hsp). For this purpose, first we tested the cytotoxicity of
various doses of these compounds against K562 leukemia cell lines for different times by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide method. After that we explored the effect of various doses of these phytochemicals on Mcl-1
gene expression for different times by real-time polymerase chain reaction method. We found that these phytochemicals have
cytotoxicity against K562 cell line. Hesperidin is the most cytotoxic agent. We also found that these natural compounds have
hormetic effect on Mcl-1 gene expression. The hormetic model in Mcl-1 gene expression is overcompensation stimulation. This
phenomenon is reported for the first time. We conclude that 7-IP, Arg, and Hsp are cytotoxic against K562 cancerous cells and
induce/inhibit Mcl-1 gene expression by hormesis dose–response relationship.
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Introduction

Cancer is the uncontrolled growth of body cells. Cancer of the

body’s blood forming cells is named leukemia. One of the

leukemia types is chronic myelogenous leukemia (CML).

Chronic myelogenous leukemia accounts for approximately

10% to 15% of all leukemias. The worldwide annual incidence

of CML is approximately 1 to 1.5 in 100 000 persons.1 The

survival rate �5 years from 2006 through 2012 is approxi-

mately 65% of patients.2

Apoptosis means a physiological cell suicide program and is

essential for the regulation of development, the maintenance of

homeostasis and the prevention of tumorigenesis. Disruption

the apoptotic program is one of the hallmarks of cancer.3 So

induction of apoptosis in cancerous cells is one of the main

strategies in chemotherapy. Apoptotic pathways consist of

intrinsic and extrinsic pathway. The intrinsic pathway (also

known as the mitochondrial pathway) integrates various intra-

cellular signals at the mitochondrial membrane and is regulated

by Bcl-2 family proteins.3 Bcl-2 family proteins include

3 subfamilies. One of them is antiapoptotic proteins include

Bcl-2, Bcl-xL, Bcl-w, myeloid cell leukemia type-1 (Mcl-1),

and A1. Antiapoptotic proteins are controlled by another Bcl-2

subfamily named BH3-only members (Bim, Puma, Bid, Bad,

Noxa, etc).

The constitutive active fusion tyrosine kinase Bcr-Abl is

responsible for deregulated apoptosis and resistance to cyto-

toxic insults in CML cells.4 In CML pathophysiology, Bcr-Abl
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protein inhibits Bim, and Bim inhibits all antiapoptotic Bcl-2

proteins include Mcl-1.4 So inhibition of Mcl-1 gene and

protein expression could be a strategic plan for CML

chemotherapy.

One of the main concepts in dose–response relationships is

hormesis. Hormetic effects are seen when the dose–response

curve is biphasic, with 2 types of biological responses when an

organism is exposed to different doses of a stress agent. One of

them is stimulatory and the other is inhibitory.5 Based on

Calabrese’s report, many toxic substances induce hormesis.6,7

The hermetic-like effect in apoptosis induction/inhibition by

phytochemicals reported previously.8,9

Herbal plants and their constituents have a long history in

folk medicine. One of them is the genus Cousinia. The genus

comprises of 210 species in Iran from which 172 species are

endemic to the country.10 Arctigenin (Arg; Figure 1A) is a

bioactive lignin isolated from Cousinia concolor.10 Moreover,

it has been isolated from Bardanae fructus, Arctium lappa,

Saussurea medusa, Torreya nucifera, and Ipomea cairica.11

Arctigenin has different pharmacological effects including

anticancer.12-15

Natural coumarins are another class of herbal constitu-

ents that have different pharmacological effects.

7-isopenthenyloxycoumarin (7-IP; Figure 1B) is one of the

natural coumarins that first isolated in 1966 from the fruit

of Libanotis intermedia and widely found in edible vege-

tables and fruits.16 Anticancer effect of 7-IP is shown in

different studies.16-19

Flavonoids are abundantly found in fruits and vegetables

including grains. Hesperidin (Hsp; Figure 1C) is an active fla-

vanone glycoside found in the citrus juice, whole fruit, and

peel.20 Anticancer effect of Hsp is found in some articles.20-23

Antileukemic effect of Hsp has been shown in some articles

in vitro.22,24-26

In our study, we examined the cytotoxicity of different

concentrations of Arg, 7-IP, and Hsp on K562 cell line for

different times of incubation by 3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyltetrazolium bromide (MTT) method and com-

pared those together. We also tested and compared their effect

on Mcl-1 gene expression in K562 cells for different concen-

trations and times of incubation by real-time polymerase chain

reaction (PCR) method.

Materials and Methods

Cell Culture

K562 (human myelogenous leukemia cell line) cells were pre-

pared from National Cell Bank of Iran (Pasteur Institute, Tehran,

Iran). Cells were cultured in RPMI 1640 (Gibco, Massachusetts,

U.S.A. Cat. Number: 11875-093) and incubated at 95% humidity,

with 5% CO2 at 37�C. Culture medium containing 10% fetal

bovine serum (FBS; Gibco, Massachusetts, U.S.A. Cat. Number:

10082-147) and 50 U/mL penicillin/streptomycin (Sigma-

Aldrich, St. Louis, Missouri, U.S.A. Cat. Number: 4458). After

that cells were frozen in FBS containing 10% dimethyl sulfoxide

(DMSO) and stored in liquid nitrogen (5 � 106 cells/vial). The

viability of cryopreserved cells was determined by trypan blue

staining, immediately upon thawing. Only cells whose viability

exceeded 93% (range: 93.4%-99%) were used in this study.

Preparation of Phytochemicals

7-isopenthenyloxycoumarin (CAS Number 10387-50-5) was

prepared from ALB Technology Company, Henderson,

U.S.A. Hesperidin (CAS Number 520-26-3) were prepared

from Golexir Pars Company (Mashhad, Iran). Arctigenin (CAS

Number 7770-78-7) was prepared from Sigma-Aldrich

Company.

3-(4,5-dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium
Bromide Assay

The effects of 7-IP, Arg, and Hsp on the growth of cell line

were examined using the MTT assay. Cells were subcultured in

Figure 1. Chemical structure of arctigenin (A), 7-isopenthenyloxycoumarin (B), and hesperidin (C).
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96-well plates at a density of 5 � 104 cells per well with or

without phytochemicals (10, 20, 40 mg/mL) for 24 and 48 hours

in a final volume of 100 mL. Compounds were diluted in

DMSO. Immediately before use, it was diluted in the culture

medium to obtain a final DMSO concentration of 0.5% (vol/

vol). Then, the medium was changed with fresh medium sup-

plemented with 20 mL of MTT (5 mg/mL in PBS). Plates were

incubated at 37�C for 2 hours. After addition of 100 mL DMSO

to each well, plates were agitated for 1 minute. Spectrophoto-

metric absorbance at 570 nm was measured. For calculating

cell viability, we applied following formula: (viable cells) % ¼
(OD of drug-treated sample/OD of untreated sample) � 100.

RNA Isolation and Real-Time Quantitative PCR Analysis

K562 cells were incubated by 7-IP, Arg, and Hsp (10, 20, and

40 mg/mL) in 37�C and 5% CO2 for 1, 2, and 3 hours. Total

RNA was isolated using RNX-Plus kit in accordance with the

manufacturer’s instructions (Sinagene, Tehran, Iran). The

quantity and quality of the total RNA was verified with the

PicoDrop spectrophotometer (Alpha Biotech, Cambridge,

United Kingdom) according to the manufacturer’s instructions.

Complementary DNA (cDNA) was synthesized from 2 mg total

RNA treated with DNaseI using TaKaRa kit (PrimeScript First

Strand cDNA Synthesis Kit).

Real-time PCR was performed in 3 replicates in 20 mL

reaction volumes using 0.2 mL cDNA, 10 mL SYBR Green

master mix (Yekta Tajhiz Azma, (Tehran, Iran) SYBR Green

qPCR MasterMix 2�), and 0.4 mL of each primer on a Bio-Rad

Real-Time PCR System (Hercules, California, U.S.A.). Poly-

merase chain reaction was performed using Mcl-1 primers (50-
CCA AGA AAG CTG CAT CGA ACC AT-30 and 50-CAG

CAC ATT CCT GAT GCC ACC T-30) and GAPDH primers

(50-GGA AGG TGA AGG TCG GAG T-30 and 50-GTC ATT

GAT GGC AAC AAT ACC ACT-30) as internal control.

Statistical Analysis

One-way analysis of variance test was used for statistical anal-

ysis by SPSS16 software. The P value was considered signif-

icant when it was less than .05. Error bars indicate standard

deviations. Number of readings (N) for MTT assay and real-

time PCR were 3 replicate. Calculations were done with Graph-

Pad Prism 5 (GraphPad Software, San Diego, California).

Results

For comparison of cytotoxicity of Arg, Hsp, and 7-IP, we incu-

bated various concentrations (10, 20, and 40 mg/mL) of these

compounds with K562 cells for 24 and 48 hours. After these

times, we tested the cytotoxicity by MTT assay. Hesperidin

was the most cytotoxic compound against these cell lines

(Figures 2 and 3).

In the next step, we tested the effect of 7-IP, Arg, and Hsp on

Mcl-1 gene expression. We incubated K562 cells with 10, 20,

and 40 mg/mL of the compounds for 1, 2, and 3 hours, respec-

tively. After that this effect was examined by real-time PCR

method. As it shown in Figure 4, all the phytochemicals

showed the hormetic effect in Mcl-1 gene expression for dif-

ferent concentrations and times of incubation.

Discussion

In our study, we compared the cytotoxicity of 7-IP, Arg, and

Hsp. By MTT method, we found that our phytochemicals are

cytotoxic against K562 myelogenous leukemia cells. Based on

our data, Hsp is the most cytotoxic agent among them. This

cytotoxicity is time and dose dependent. LC50 for Hsp against

K562 cells is 13.51 mg/mL for 24 hours incubation and 10.41

mg/mL for 48 hours incubation. To the best of our knowledge,

this is the first report about the LC50 of Hsp on K562 cells.

Figure 2. Cell viability of K562 cells after 24 hours incubation with 7-isopenthenyloxycoumarin (7-IP), arctigenin (Arg), and hesperidin (Hsp; 0,
10, 20, and 40 mg/mL) for 24 hours. Data are shown as mean (standard deviation).
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Dose–response relationship is the most fundamental con-

cept in toxicology. For most of the years, it has been widely

accepted that the dose–response relationship follows a sig-

moidal or S-shaped pattern of response. In this case, the tails

of the lower and upper ends of the distribution asymptotically

approaching 0 and 100%, respectively.27 Despite its long-

term acceptance in toxicology and pharmacology, over the

past 2 decades it has been suggested that alternative dose–

response models like biphasic hormetic model may better

account for observed dose–responses in the low-dose zone.27

Hormetic dose–response curves can be an inverted U-shaped

or a J-shaped. Nowadays, hormesis becomes an essential con-

cept to the biomedical sciences due to its important implica-

tions in therapeutics, in drug discovery, in the clinical trial,

Figure 3. Cell viability of K562 cells after 48 hours incubation with 7-isopenthenyloxycoumarin (7-IP), arctigenin (Arg), and hesperidin (Hsp; 0,
10, 20, and 40 mg/mL) for 48 hours. Data are shown as mean (standard deviation).

Figure 4. Effect of 7-isopenthenyloxycoumarin (7-IP), arctigenin (Arg), and hesperidin (Hsp) on myeloid cell leukemia type-1 (Mcl-1) gene
expression after 1, 2, or 3 hours incubation in K562 cells. Data are shown as mean (standard deviation).
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risk assessment for chemicals, radiation, and pharmaceutical

agents.8

Hormetic effect in apoptosis induction/inhibition by phyto-

chemicals is reported in previous studies.8,9 Zhang et al found

that berberine induced a typical hormetic response in PC12

cells, that is, low-dose berberine significantly increased the cell

viability, while high-dose berberine inhibited the cell viability.

The hormetic and neuroprotective effects of berberine were

confirmed to be mediated by upregulated PI3K/AKT/Bcl-2 cell

survival and Nrf2/HO-1 antioxidative signaling pathways.8

Gholami showed that umbelliprenin induces and inhibits apop-

tosis by hormetic effect. In low doses, umbelliprenin increases

the percentage of apoptosis, and in high doses, it decreases the

percentage of apoptosis.9

Modification in Mcl-1 gene expression by phytochemicals

was shown in other studies.28,29 In this study, we compared the

effect of our phytochemicals on Mcl-1 gene expression by real-

time PCR. Based on our findings, Mcl-1 gene expression is

affected by 7-IP, Arg, and Hsp by hormetic dose responses.

This kind of dose–response relationship was seen for umbelli-

prenin and auraptene in our previous studies.28,29 These find-

ings bear potential significant clinical relevance. Our

phytochemicals inhibit Mcl-1 dose dependently in CML cells.

This finding could be a guidance for dose selection in future

clinical studies.

The stimulatory aspect of the hormetic dose response can be

derived from either a direct stimulation or an overcompensa-

tion response following a disruption in homeostasis.30 Profes-

sor Calabrese stated that in overcompensation stimulation

hormesis, the dose response is a series of time-based snap shots

(Figure 2 in the study of Calabrese27). Based on Professor

Calabrese findings and our data, we could propose that Mcl-1

gene expression modification by our phytochemicals followed

by overcompensation stimulation model.

Hormetic dose–responses can be mediated by 2 mechan-

isms: cellular receptors and/or cell signaling pathways.31 Since

the Mcl-1 gene and protein have a role in intrinsic pathway of

apoptosis, we can conclude that our phytochemicals at least

make this hormetic effect by cell signaling pathway. Elucida-

tion of this should be done in future studies. Moreover, in this

study, the hormetic effect of our phytochemicals on Mcl-1

protein and other apoptotic proteins could be the subject of

future studies.
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