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Abstract

Background. Esophageal cancer is the eighth most common cancer in the world. The antitumor effects of
medicinal plants have been shown as a therapeutic strategy to treat esophageal cancer. This study aimed
to evaluate in vitro effects of Cuscuta epithymum extract on the survival and apoptosis of esophageal cancer
cell line. Material and Methods. Here, the hydroalcoholic Soxhlet extract of C. epithymum plant was prepared.
The cell viability of esophageal cancer cell line KYSE-30 was evaluated by MTT assay after 24 h treatment
with concentrations of 50, 100, 200, 400, 600, 800 and 1000 ug/ml of the extract. Then, the apoptotic effect
of extract was evaluated by flow cytometry using Propidium lodide (PI) staining and sub-G1 peak analysis,
and Annexin V-FITC/PI staining in cells treated with concentrations of 125, 250, 500 and 750 pg/ml as well as
morphological change of healthy cells to apoptotic and necrotic form. Results. The hydroalcoholic extract of
C. epithymum decreases the viability of KYSE-30 cells in a dose-dependent manner with an IC,; of 646 g/
ml at 24 h. A significant increase was observed in the percentage of sub-G1 phase in cells treated with 500,
750, and 1000 pg/ml of C. epithymum extract for 24 h compared to the control group (p<0.01 and p<0.001).
The results also showed a significantly enhanced the percentage of primary and secondary apoptotic cells
compared to untreated cells. At concentrations of 250, 500, and 750 pg/ml, approximately 17, 33 and 45 %
of cells was apoptotic. The apoptotic and necrotic cells morphology after treatment with 250 and 500 pg/ml of
the extract was also confirmed by fluorescence microscopy. Conclusion. The findings showed the apoptotic
effect of the hydroalcoholic extract of C. epithymum on KYSE-30 cells in vitro. The effect of this extract on the
genes involved in apoptosis as well as the mechanism of action of this extract are recommended.
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AHHOTauuA

AkTyanbHocTb. Pak nviLeBoaa 3aHMMaeT 8-e MecTo cpeau BCEX OHKOMOrMYeckmx 3abonesaHnii B Mupe. B cta-
Tb€e NPOAEMOHCTPMPOBaHbI MPOTUBOOMYXONEBbLIE CBOMCTBA NTEKAPCTBEHHbBIX PACTEHUIA B OTHOLLEHUM MITOCKO-
KneToyHoro paka nvwesoga. Llenb nccnegoBaHus — oueHka in vitro BnnaHus akctpakta Cuscuta epithymum
Ha BbPKMBaeMOCTb U anonTo3 KneTok paka nuwesoda. MaTtepuan u metogbl. B nccnegoBaHum oueHmBancs
BOOHO-CMUPTOBOW 3KCTpakT CokcneTa, NpuroToBneHHbIV 13 pactenus C. epithymum. XXunsHecnocobHocTb
knetok paka nuwesoga KYSE-30 uccnegoBanacb ¢ noMmoulbto MTT-Tecta nocne 24-4yacoBoli o6paboTku
3KCTpaKTOM B KoHLUeHTpaumm 50, 100, 200, 400, 600, 800 n 1000 mkr/mn. OueHka anontoTnyeckoro addekTa
3KCTpakTa npoBoguniacb METOAOM NPOTOYHON LIMTOMETPUM C OKpaLLMBaHMEM KIETOK MoaMaoM-nponuanst u
aHanuaa nuka sub-G1, a Takke ¢ NoMOoLLblo OkpalumMBaHusa aHHekcuHom V-FITC/PI B kneTkax, obpaboTaH-
HbIX 9KCTPaKTOM B KOHUeHTpauun 125, 250, 500 n 750 mkr/mn. Pe3ynbTaTtbl. BogHO-CNMPTOBOM 3KCTpaKT
C. epithymum cHwxaeT xunsHecnocobHocTb knetok KYSE-30 B 3aBucumocTtu ot o3bl ¢ IC50=646 mkr/mn
3a 24 4. 3HaunTenbHOe yBenM4YeHne Habnganock B NPOLEHTHOM COOTHOLEeHUN cy6-G1 a3kl B kneTkax,
obpaboTtaHHbIx akcTpakToM C. epithymum B koHueHTpauum 500, 750 1 1000 mkr/mn B Te4eHue 24 4, no cpas-
HEHUIO ¢ KOHTponbHow rpynnon (p<0,01 n p<0,001). NMoka3aHo 3HaYUTENbLHOE YBENUYEHEe 40U NEPBUYHBLIX
N BTOPUYHbIX anonTOTUYECKMX KNETOK Mo CpaBHEHUIO ¢ HeobpaboTaHHbIMK kneTkaMu. [pu KOHLEHTpaLUmsX
250, 500 1 750 mkr/mn npubnuamtensHo 17, 33 n 45 % knetok 6binv anontoTnyeckumn. Hanvumne anontoTu-
YECKMX U HEKPOTUYECKUX KIeTok nocrne o6paboTkm 250 n 500 MKr/mn akcTpakTa Takke NoATBEPKAEHO METO-
OoM dpriyopecLeHTHON MUKpockonun. 3akntoveHue. BogHo-cnnpTtoson akcTpakT C. epithymum okasbiBaeT
anonTtoTudeckuin adbdekT Ha knetkn KYSE-30 in vitro. Heobxogmmo ganbHelillee nccnegoBaHne BAnsSHUS

akcTpakTa C. epithymum Ha reHbl, BOBMEYEHHLIE B anOMnTO3, a Takke MexaHu3Ma ero 4eNCTBuS.

KnioyeBble crnoBa: 3KCTPaKkT NOBUINUKU TUMbSAHHOM (Cuscuta epithymum), MTT, pak nuweBopaa,

anonTos.

Introduction

Esophageal cancer (EC) is the eighth most common
cancer and the chance of getting of EC increases with
age. EC is the sixth most common cause of cancer-
related death in the world [1, 2].Worldwide 5-year
overall survival rates range from 15 % to 25 % [3].
According to the morphology of malignant cells and
the kind of cells involved, EC can be classified into
several forms. Esophageal adenocarcinoma (EAC) and
squamous cell carcinoma (ESCC) are the two most
common types of EC. EAC begins in the glandular
cells while ESCC develops from the squamous
epithelial cells in the esophagus [4, 5]. ESCC is the
predominant histological type of EC worldwide [6, 7].
When the esophageal mucosa is exposed to associated
risk factors such as tobacco and alcohol consumption,
poor diet, lack of excise, and obesity, epithelial cells
proliferate abnormally and eventually develop into
invasive EC [8].

EC is extremely malignant cancer and its mortality
is increasing rapidly worldwide and its treatment
is important. Chemotherapy, esophagectomy, and
radiotherapy are the most common approaches
for EC therapy [9]. Although esophagectomy and
postoperative chemotherapy are considered the main
choices for EC treatment, the surgical technique is
very invasive and is associated with high rates of
mortality and morbidity, and several side effects are
may raise from chemotherapy [10, 11]. Accordingly,
the cytotoxic and anti-apoptotic effects of natural
compounds and medicinal plants with low adverse
effects is currently receiving great attention for EC
treatment [12, 13].

Cuscuta spp., also known as dodder is one of the
medicinal plants consists of 100-170 species that
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assigned to the Convolvulaceae family [14]. Cuscuta
are mainly yellow, orange, red or rarely green parasitic
plants. C. epithymum is one of the species of Cuscuta,
which is named in different countries with the names
of Kashout, Pittimo, Aftimoon,, crop parasite, etc [ 15,
16]. C. epithymum is a parasitic plant with several
secondary metabolites such as glycosides, saponins,
quercetin, tannins, steroids, and kaempferol [16, 17].
C. epithymum have been frequently used in traditional
medicine due to main biological and pharmacological
activities, such as antioxidant, anti-bacterial, anti-
fungal, and anticonvulsant activities, urease inhibition,
and cytotoxicity [14, 18]. This plant is routinely used
for treatment of insanity (Iran), diabetes (Morocco),
burn injuries (India), psychometric disorders (India),
liver disorders (India), vision improvement (Greece),
and rheumatism (China) [17, 18]. Recent studies
attribute the anti-cancer effects of the extract of this
plant [19].

Given the above evidence, in this study, we have
evaluated in vitro anticancer effects of hydroalcoholic
extracts of C. epithymum on the survival and apoptosis
of EC KYSE-30 cell line.

This study aimed to evaluate in vitro effects
of Cuscuta epithymum extract on the survival and
apoptosis of esophageal cancer cell line.

Material and Methods

Preparation of Cuscuta extract

C. epithymum plant was collected from Namin
(Ardabil province) and were identified by the research
herbarium of University of Mohaghegh Ardabili,
Ardabil, Iran (Voucher No. 42,082). The plants were
air-dried at room temperature and 50 g of root powder
was mixed with 500 mL of 70 % hydroalcoholic
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solvent by a Soxhlet extraction method. Then, the
resulting mixture was evaporated in several stages
by rotary evaporator and the extract was dried in the
room temperature away from light and stored at 4 °C
until use [17, 20].

Cell lines

ESCC cell line (KYSE-30) and HDF nan-cancerous
cell line were achieved from National Bank of Iran,
Pasteur Institute, Iran. The cells were cultured in 75
cm? flasck (Bioldea, Iran) in RPMI-1640 medium
(Gibco; Darmstadt, Germany) supplemented with 10 %
FBS and 1 % penicillin/streptomycin (pen/strep)
and incubated in a humidified condition at 37 °C
and 5 % CO,. The media was changed twice a week.
When cultures reached confluence, the cells were
detached from the culture flask by 0.25 %Trypsin-
EDTA solution (Gibco; Darmstadt, Germany).Cell
counts were performed by Trypan blue (Sigma-
Aldrich; Munich, Germany) exclusion method using
haemocytometer slide.

Cell viability assay

The Cytotoxicity of C.epythimum extract on KYSE-
30 cells was investigated using MTT method. Briefly,
5x10° cells/well were cultured in RPMI-1640 medium
with 10 % FBS and 1 % pen/strep and incubated 24
hat37 °C and 5 % CO, in 96-well plates. Then, cells
were treated with concentrations of 1000, 800, 600,
400, 200, 100, and 50 pg/ml of C. epithymum extract
for 24 h. Then, the culture media were exchanged
with fresh medium and added a 20 pL of 5 mg/mL
MTT solution (Sigma-Aldrich; Munich, Germany) to
each well and a further incubation was carried out ~
4 h. Then, MTT was replaced with 100 L of DMSO
(Gibco; Darmstadt, Germany) as a formazan solvent
to dissolve formazan crystals at room temperature.
After the crystals were dissolved, the absorbance of
each well of the plate was detected at 570 and 630 nm
using a microplate reader (BioTeK, USA) [21].

Propidium iodide assay

Cell staining using the fluorescent dye propidium
iodide (PI) and assessing the Sub-G1 Peak by flow
cytometry are used to assess cell viability or DNA
content in cell cycle analysis. For this purpose, 5 x 10*
cells were seeded in a 24-well plate and incubated for
24h. After 24 h, cells were treated with concentrations
0f250, 500, and 750 pg/ml of C. epithymum extract and
were again incubated for 24h. The cells were harvested
and washed in PBS, fixed in cold 70 % ethanol and
leftat 4 °C for 2 h. Then, cells were washed twice with
PBS and resuspended cell pellet in 1 ml of hypotonic
buffer containing PI reagent (Sigma-Aldrich; Munich,
Germany) (100 pg/ml of PIin 0.1 % Triton X-100) and
RNase A (Sigma-Aldrich; Munich, Germany) and were
incubated for 30 min at 37 °C. Then it was analyzed
by FAC Scan flow cytometer [22].

Apoptosis assay

Evaluation of apoptotic and necrotic cells was
done by Annexin V-FITC/PI kit staining method (IQ-
products; Netherlands). In this reaction, Annexin-V
binds to phosphatidylserine (PS) in a specific and

CUBUPCKIM OHKONOTMYECKNW XXYPHAT. 2024; 23(4): 77-85

calcium-dependent manner, which is used to detect
early apoptosis. Separation of early apoptosis from
lately apoptosis is done with the help of PI dye
reaction. To perform this test, about 5 x 10° cells/
well were cultured in 6-well plates containing RPMI-
1640 medium and incubated overnight at 37 °C and
5 % CO,. Cells were exposed to concentrations of
125,250, 500 and 750 pg/ml of C. epithymum extract
and incubated for 24 h. Then, the adherent KYSE-30
cells were trypsinized with trypsin/EDTA and washed
with serum-containing media and collected cells by
centrifugation at 1500 g for 5 mins. The cells pellets
were resuspended in 90 pL of 1X Annexin V binding
buffer. 10 pl of Annexin V-FITC solution and 10 pl of
PI solution were added to the solution, gently mixed
and incubated at room temperature in the dark for 20
mins. Finally, the reaction suspension was replaced
with 400 pl of 1X binding buffer and analyzed by
FAC Scan flow cytometer. To set up compensation
and quadrants of flow cytometry, unstained cells, cells
stained with Annexin V-FITC without PI, and cells
stained with PI alone (no Annexin V-FITC) were used
as controls [23].

Assessment of changes in cellular morphology

The morphological changes of the treated cells
were investigated by overnight treatment of 5 x 10°
cells with 250 and 500 pg/ml C. epithymum extract in
6-well plate using an inverted microscope compared
to untreated cells. In addition, apoptotic and necrotic
cells morphology were investigated using fluorescent
microscope after Annexin V-FITC/PI staining.

Statistical analysis

Statistical analyzes were performed using GraphPad
Prism version 8 software. One-way variance test and
Tukey’s multiple comparisons test were used to
perform comparative tests. P-value<0.05 was also
considered as the level of significance and the results
were reported as mean + standard deviation (SD).

Results

Effect of C. epithymum on the viability

of KYSE-30 cells

In vitro cytotoxicity of different concentrations of
hydroalcoholic extract of C. epithymum on KYSE-30
cells by MTT assay demonstrated that the cytotoxicity
of this extract was evaluated in a dose-dependent
manner after 24 h since the concentration of 1000
png/ml showed the most cytotoxic effects (67.7 %)
on the esophageal squamous cell line. According to
the results of a dose-escalating experiment, IC,, of
hydroalcoholic extract of C. epithymum on KYSE-30
cell line was obtained 646 pg/ml. However, in HDF
nan-cancerous cell line, the different concentration of
extract was not shown significant difference in term
of cytotoxicity (p>0.05) (Fig. 1).

Effect of C. epithymum on cell cycle

in KYSE-30 cells

The flow cytometry results of PI assay showed a
significant increase of the sub-G1 percentage in cells
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Fig. 1. Cell viability assessments of concentrations of 50-1000 pg/ml of C. epithymum extract in KYSE-30 and HDF cell lines after 24 h
of incubation at 37 °C. Data are shown as mean * SD in triplicate. Note: created by the authors
Puc. 1. OueHka xun3HecnocobHOCTM KneTok npu koHueHTpaummn 50—1000 mkr/mn akcTtpakTa C. epithymum B KNETOYHbIX MUHUAX
KYSE-30 n HDF nocne 24 4 nnky6auun npu 37 °C. [laHHble NpefcTaBneHbl Kak cpefHee 3HavyeHne + SD B TpeXKpaTHOM MOBTOPEHUN.
MpuMeyaHne: anarpaMmbl BbIMOMHEHbI aBTOPaMu
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Fig. 2. a) Flow cytometry cell cycle histograms show a significant increase of the sub-G1 area of KYSE-30 cells treated with 500, 750,
and 1000 pg/ml of C. epithymum extract for 24 h compared to the control group; b) Sub-G1 population percentage of cells treated with
same concentration of C. epithymum extract for 24 h. (**~ p <0.01 and *** — p <0.001 compared to the control group)

Note: created by the authors
Puc. 2. a) ructorpaMmmbl KNETOYHOTO LMKMa, MOMyYeHHbIE C MOMOLLbIO MPOTOYHON LIMTOMETPUM, NMOKa3bIBaOT 3HAYUTENBHOE yBEeNMyeHne
obnactu cy6-G1 knetok KYSE-30, o6pabotaHHbix 500, 750 n 1000 mkr/mn akctpakta C. epithymum B TedyeHne 24 4, N0 CPaBHEHMIO C
KOHTPOMbHOW rpynnow; 6) npoueHT nonynsuun cy6-G1 knetok, obpaboTaHHbIX TOM e KOHUeHTpaunen akctpakta C. epithymum B Teve-
HMe 24 4 (3Ha4YMMOCTb Pasnuynii MO CPABHEHUIO C KOHTPOMbLHOW rpynnow: ** — p<0,01 n *** — p<0,001).

MpumevaHve: gyarpamMbl BbINOSHEHbI aBTOpPaMu
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treated with 500, 750, and 1000 pg/ml of C. epithymum
extract for 24 h compared to the control group (p<0.01
and p<0.001). Fig. 2a, b shows the flow cytometry
histograms and sub-G1 population percentage in
different concentration of C. epithymum extract.

Apoptosis analysis

Based on Annexin V-FITC/ PI double staining and
results of flow cytometry, treatment of KYSE-30 cells
with 125, 250, 500, and 750 pg/ml caused a higher
apoptosis rate than that of untreated cells. As revealed
in dot plot of four quadrants (Q1-Q4) images observed
by flow cytometry assay (Fig 3a to 3f), there was more
viable cells in the untreated group (3b) compared to
the treated cells (Q3). In the untreated group, apoptotic
and necrotic cells were about 2.5 %, while after the
treatment of the cells, an increase in the apoptotic
cells was observed in a dose-dependent manner. At
the concentration of 125 pg/ml, about 9 % of the cells
had undergone apoptosis (early and late apoptosis)
(Q2 + Q4) and at the concentration of 250, 500, and
750 pg/ml the apoptotic cells (early and late
apoptosis) were 17, 33, and 45 %, respectively,
which was significant compared to the untreated group
(p<0.001).

Morphological analysis

Morphological assessment of KYSE-30 cell line
treated with 250 and 500 pg/ml hydroalcoholic extract

of C. epithymum after 24 h by an inverted microscope,
represented the membrane bubbles, formation of
apoptotic bodies, cell aggregation, and dissociation
of cell connections. Fluorescence microscopic images
of Annexin V-FITC/PI double staining showed
the apoptotic and necrotic cells morphology after
treatment with 250 and 500 pg/ml of C. epithymum
extract (Fig. 4). Despite normal morphology and
the uniformly green cell membrane of the live cells,
early apoptotic cells indicated by green to yellow.
Cells with green membrane and red nucleus were
late apoptotic cells, and orange to red cells indicated
disintegrated morphology of necrotic cells (dead cells).
The quantitative average percentage of early and late
apoptosis, and necrosis in KYSE-30 cells treated with
different concentrations of C. epithymum extract was
shown in Fig. 5.

Discussion

Nowadays, with the increasing acceptance and
public interest in the use of constituents of medicinal
plants (herbal medicine) as natural alternatives to
chemical-based treatments. Regarding this concern,
many studies have shown their cytotoxicity potential
as a therapeutic strategy to control the progress of
various cancers via apoptosis or necrosis [24, 25]. In
the present study, the effect of hydroalcoholic extract
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Fig. 3. Flow cytometry analysis of apoptosis of KYSE-30 induced with different concentrations of C. epithymum extract using Annexin-
FITC/PI. Dot plots show apoptosis ratios of a) unstained control cell, b) untreated cell and stained with Annexin/PI, ¢c) 125 pg/ml,

d) 250 pg/ml, €) 500 ug/ml, and f) 750 ug/ml of C. epithymum extract. The Q1 quadrant represents unviable cells (PI*/AV"). The Q2
quadrant shows late apoptosis or necrosis (PI*/AV*). The Q3 quadrant represents viable cells (PI/AV"). The Q4 quadrant represents cells
in early apoptosis (AV*/PI). Note the remarkable increase in apoptotic cells number (Q2+Q4) in the C. epithymum extract groups. Note:

created by the authors

Puc. 3. BoipaxkeHHocTb anonto3a KYSE-30, MHAyLMPOBaHHOIO pasnuyHbIMy KOHLEHTpaumsaMu akcTpakta C. Epithymum, oueHeHa

METOAOM NPOTOYHOW LIUTOMETPUM C ucnornb3oBaHneM AHHekcrHa-FITC/Pl. KoadhdumumeHTsl anonTo3a B HEOKpaLLEHHOW KOHTPOSbHOW
kneTke (a), B HeobpaboTaHHOM KkneTke, okpalleHHon AHHekcuHOM/PI (b), B kneTkax, 0bpaboTaHHbIx akcTpakTtom C. epithymum B pas-
NNYHBIX KOHUEeHTpaumsax: 125 mkr/mn (c), 250 mkr/mn (d), 500 mkr/mn (e), 750 mkr/mn (f). KeagpaHT Q1 nokasbiBaeT HeXW3HECNOCOOHbIe
knetku (PI+/AV-); Q2 — no3gHui anonto3 unm Hekpo3s (PI+/AV+); Q3 — xun3HecnocobHble knetku (PI-/AV-); Q4 — kneTkn Ha paHHem anon-
To3e (AV+/PI-). OTMevaeTcst 3HauUMTENbHOE YBENUYEHME Ynca anonToTnyeckux knetok (Q2 + Q4) B rpynnax, nonyyaBLUMX SKCTPaKT
C. epithymum. TMpumeyaHune: guarpammbl BbINONHEHbI aBTOpamu
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Fig. 4. Microphoto. Fluorescence microscopic images of apoptotic morphology of KYSE-30 cells treated with C. epithymum (250 and
500 pg/mL) for 24 h using Annexin V-FITC/PI staining. The earlier apoptotic cells turn green. Cells stained as membrane green and the
nuclei red turn orange indicates the late apoptotic phase. The red stained cells indicate the dead cells. (The magnification is x200. EA:

early apoptosis, LA: late apoptosis, Ne: necrotic cells). Note: created by the authors

Puc. 4. Mukpodoto. PnyopecueHTHas mukpockonusi. Anontos knetok KYSE-30, o6pabotanHbix C. epithymum (250 n 500 mkr/mn) B
TeyeHue 24 4, okpacka Annexin V-FITC/PI, x200. lMpwu paHHewn dase anontosa (EA) knetkun ctaHOBATCS 3eneHbiMu. MembpaHb! KneTku,
OKpalleHHble B 3eMeHbI LBET, a KpacHble sapa, CTaHOBALLMECH OpaHXeBbIMU, YKa3biBaloOT Ha No3aHio dasdy anontosa (LA). Hekpotu-

3npoBaHHble (Ne) KneTku okpalleHbl KpacHbIM. MNprMedanme: MUKPOdOTO BbIMOSTHEHbI aBTOpamu
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Fig. 5. Bar graph of average percentage of early and late
apoptosis, and necrosis in KYSE-30 cells treated with different
concentrations of C. epithymum extract. The values are
presented as means+SD. (*- p<0.05, ** — p<0.01 and
*** — p<0.001 compared to the untreated group). Note: created by
the authors
Puc. 5. CpeaHen NpoueHT paHHero 1 No3AHero anontosa u
Hekpo3sa B krneTkax KYSE-30, o6paboTtaHHbIx akcTpakTom C.
epithymum pa3ann4HON KOHLEHTpaummn. 3Ha4YeHNs NpeacTaBneHbl
Kak cpefHee 3HavyeHue + SD. (3HaYMMOCTb pasnunynii No cpaBHe-
HUIO C KOHTpOMbHOM rpynnon: * — p<0,05, ** — p<0,01,

*** — p<0,001). NpumeyaHue: gnarpamMmma BbINONHEHa aBTopaMm
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of C. epithymum on the in vitro survival and apoptosis
of KYSE-30 esophageal squamous carcinoma cells
was investigated. After treating the cells with different
concentrations of C. epithymum extract, a significant
decrease in cell viability and a significant increase
in the number of apoptotic cells were observed in a
dose-dependent manner.

C. epithymum has been used in traditional medicine
for many years and recently, its anti-tumor properties
have been reported. Its therapeutic and protective effects
arise from bioactive compounds such as flavonoids,
alkaloids, and saponins. However, the apoptosis
induction of esophageal cancer cells has not been
investigated so far. Herein, we confirmed a significant
toxic effect of its extract on the viability of KYSE-30
cells with the MTT assay. In previous studies, the
toxicity of the extract of this species and other species
of Cuscuta has been shown against different types of
cancer. In a study reported by Ghazanfari ef a/,. the
cytotoxic effect of Cuscuta extract was found on the
viability of lymphoma and melanoma cancer cells in a
dose- and time-dependent manner since its cytotoxicity
was 80 % and 81 % on SK-MEL-3 and Raji cell lines
witha IC, value of 3.53 mg/ml and 2.95 mg/ml at 24 h,
respectively [26]. In another study, the hydroalcoholic
extracts of C. chinensis significantly reduced the
viability of HT29, Hela and MDA-MB-468 cells as
well as the hydroalcoholic extract of C. epitymum could
significantly decreased the viability of MDA-MB-468
cells (IC,; = 340 pg/ml) [27]. Moradzadeh et al,. also
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showed that the hydroalcoholic extract of C. campestris
could inhibited the cell viability with values of IC, =
=23.9 pg/ml for HL60 and IC, = 60.3 ng/ml for NB4
cells after 72 h post-treatment [28]. The comparison
of previous findings and our received IC, | values (646
ug/ml), suggesting that the epithelial cells of breast
adenocarcinoma (MDA-MB-468) are more sensitive
than the esophageal epithelial cells, melanoma and
Burkitt's lymphoma to the Cuscuta extract.

Among the various alcoholic extracts of C.
epithymum, methanolic and dichloromethane extracts
have been shown the high toxicity, so that the lowest
IC, for 4T1 and MDA-MB-231 cells was obtained at
a concentration of 72.83 pg/ml and 24.53 pg/ml from
methanolic extract after 48 h [29]. The difference
between the results of present study and these studies
related to the type of extraction method, duration of
treatment, and target cell line. In this study, we used
the hydroalcoholic extract that it has been found an
almost similar output with alcoholic extracts, however,
a low cytotoxicity has been reported for hydraulic
extract [30]. It has been demonstrated that most
anticancer properties of Cuscuta species related to the
bioactive compounds. Therefore, in the future studies,
their cytotoxicity effects of the different fragments of
species of this plant should been investigated.

Apoptotic cells are recognized either on the basis
of their reduced DNA-associated fluorescence as
cells with diminished DNA content (sub-G1) or
morphologic changes. Here, a significant increase
in the percentage of sub-G1 in flow cytometry
histograms and DNA fragmentation was observed in
the toxicity caused by the hydroalcoholic extract of
C. epithymum in esophageal cancer cell line, which
indicated the in vitro anticancer properties of C.
epithymum extract. In addition, a significant increase
in the percentage of early and late apoptotic cells after
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treatment with the extract was observed compared to
untreated cells, so that 17, 33 and 45 % of cells were
apoptotic (early and lately) at concentrations of 250,
500 and 750 ug/ml.

In previous studies, it has been represented that
the extracts of various Cuscuta species can decrease
the viability of cancer cells by inducing apoptosis
in vitro. In a study, the apoptosis assay showed that
dichloromethane extract induces apoptosis more than
methanolic, and n-hexane extracts, so that based on the
Annexin/PI staining, it induced 9.2 % apoptosis in 4T1
and 24.5 % in MDA-MB-231. Molecular analysis also
showed that this extract induced the mRNA expression
of caspase-3 and -9 and decreased the expression of
Bcl-2 and inhibited the growth of MDA-MB-231 by
inducing apoptosis through the intrinsic apoptosis
pathway [29]. It was shown that C. campestris induces
apoptosis in both MCF-7 and MDA-MB-231 breast
cancer cell lines by evaluation of mRNA expression of
apoptotic genes p53, caspase-3 and Bax and reducing
of Bcl-2 gene expression [31]. All of these findings
might be confirmed the apoptosis induction of different
species of Cuscuta through regulation of pro-apoptotic
and anti-apoptotic genes.

In summary, based on abovementioned results the
different concentrations of Cuscuta species extract
as well as C. epithymum decrease the viability of
KYSE-30 cancer cells and induce apoptosis in a
dose- and time-dependent manner. However, the
method of extraction can be influencing the efficacy
of C. epithymum extract. Our results showed that
hydroalcoholic extract of C. epithymum might be a
good candidate as a therapeutic agent for esophageal
cancer from a natural source. Further in vivo studies
and investigating the effect of this extract on the genes
involved in apoptosis as well as the mechanism of
action of this extract are recommended.
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