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Abstract: This study aimed to investigate the inhibitory effect of the isothiocyanate derivatives from Moringa oleifera seeds (MITC-21)
on the growth and migration of colon cancer HCT-116 cells. Changes in cell proliferation, apoptosis, migration and protein expression levels of
HCT-116 cells treated with different concentrations of MITC-21 were determined by the MTT assay, colony formation assay, flow cytometry,
wound-healing assay and western blotting. The results showed that MITC-21 treatment decreased significantly the viability of HCT-116 cells in
a dose- and time-dependent manner, with the I1Cs, values for MITC-21 against HCT-116 cells for 24, 48 and 72 h being 6.79 pmol/L, 3.71
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umol/L, and 1.13 pmol/L, respectively. The results of the colony formation assay indicated that MITC-21 (0, 2 and 4 pmol/L) significantly
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decreased the colony-forming ability of HCT-116 cells and after a 48 h treatment, the colony formation rate decreased from 100% to 68.36%
(p<0.05) and 49.51% (p<0.01). When MITC-21 was at 4 pmol/L, the cell morphology of HCT-116 cells changed significantly. Flow cytometry
analysis showed that the apoptosis rate of HCT-116 cells increased with an increase of the dose and time of MITC-21 treatment. After a 48 h
treatment, compared with that of the control cells (14.97%), the apoptosis rate of MITC-21-treated groups increased to 21.60% (p<0.001) and
22.78% (p<0.001), respectively. The wound-healing assay revealed that MITC-21 significantly inhibited the migration of HCT-116 cells, with
the cell migration rate decreasing from 61.53% to 32.89% (p<0.01) and 24.30% (p<0.001), respectively. MITC-21 at 4 pmol/L significantly
increased the Bax/Bcl-2 ratio and decreased the expression levels of the cell migration-related proteins MMP2. Thus, MITC-21 can inhibit the

proliferation, induce apoptosis and suppress migration of HCT-116 cells.

Key words: Moringa oleifera seeds isothiocyanate derivatives; HCT-116 cells; cell growth; cell migration
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Table 1 Effect of Moringa oleifera seeds isothiocyanate
derivatives on the survival rate of five kinds of cancer cells

- HEEY
0 pmol/L 10 pmol/L
PC-3 100.00+0.07  81.28+0.06**
786-0 100.00+£0.10  102.15+0.05
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i HERGBA (0 pmol ) iR, LA £FA*AT
(*p<0.05, **p<0.01, ***p<0.001).



Modern Food Science and Technology

2021, Vol.37, No.10

MR EmRHY
a
L7 N/\Q\ Br. i OH o OH
T GO
HO on r
b 0 uM
150
S
= 100 &
M B
4
& @
g 50 -
F
0
C sor
® 100 —
= = N 7
g = § %
HIEIIINZ
0.5 1 2 4
MITC-21 / uM
El1 BT RREELEE R ATE XS HCT-116 ZHAR K GES—1 ZHAR
FEERNF
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Fig.4 Effect of Moringa oleifera seeds isothiocyanate derivatives on apoptosis of HCT-116 cells

2.2 MITC-21 3t HCT-116 41, 3[4 7% ik 1y & o

AN EAR AN A 6 ARLALE, SRR
AR, PONERTEE TR . A v BT il S ie
R b= e ol L Sy Oa B I b U R A - R
TERE, SR EdnparstsEae . CAmRRm, B
AT ST R Ao . 2540 B e A431 4Hf e R Y
B, 5 umol/L AbFEYNMY 48 h )& 7o R BRI E]

50

48.54% (p<0.001) P, At Feiid v s e V-4
MITC-21 *f HCT-116 4HMIEEVE T BURIRE . 275 24,
48 172 h PEHEAIE (ICs), EREA HHI4nfA:
KRR HIR BN T8 - SO0 1) 2 14 pmol/L
TR . S5 2 For, RAARHEFIER
MITC-21 (0. 2 F14 pmol/L) A-¥E HCT-116 41 24 h
G, SXTRRAAHEL, 2 B Y AR 4 ) R AIK 2
53.95% (p<0.01) F146.16% (p<0.01); ALFE 48 h )&,



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.10

5 IRAHAHEL, 40 ve BT B 20l PRI S 68.36%
(p<0.05) F149.51% (p<0.01); 4F 72 h )5, Hxf
MRZHAH LL, 20 B o B T 1 3 23 0] B IR B 42.22%
(p<0.001) Fl1 35.79% (p<0.001). £5FFKHH, MITC-21
FAT 524 HCT-116 400 58 2 /e

23 MITC-21 xt HCT-116 487 7 th & v

YR A TR, 2 IR ARR G /N, N
g, 5 4R b S . SRR &
f) MITC-21 (0. 2 f14 pmol/L) 4:b¥E HCT-116 4Hff
48 h )5, (EfRIE SR NSRS . ik 3
FoR, s T g R A K iy, A
ZHEA, BT, MITC-21 4bFR4HAI 48 h J5 (1K)
AR IARR . 5, TR AEE TE R, B
¥ MITC-21 WKFERITHE, B rh B v 4 o i
%, WHEESHMASAS ARG, [AIBEIE R, ARARGE /),
AHMRE % . LRSS IRERW], MITC-21 Rt fid
HCT-116 4 f L35 kK A JE IE & %, WP iR
MITC-21 e 5| 4RI T

24 MITC-21 xt HCT-116 4 i, 8 T B v

I TS (B IELEAETD ESIN R i
A RN, ZRERERRNARE E. G
M3t 25 7T AL RREREY. HiEsSC R
K, 2.5 pmol/L 7K 2 i F IR NHAL I Hep-2 ZHf
JEHT RS2 A IR RTE R 2 7 (p>0.05), 5.0
umol/L ZHAHEZ AXTIRANE BEER (p<0.05),
N HE—BIESE MITC-21 5275 5] 42 HCT-116 4if)E
T2, KA AR MITC-21 %} HCT-116 4
FAT R, ki 4 Fios, MITC-21 4b#E 24 h 5, 4
FIPET 2 20.00% 5 INE] 24.85% (p<0.01) F
26.02% (p<0.001); ALFR48h J&, ZHHIIET-H 2 HIM
14.97%380E 21.60% (p<0.001) 1 22.78% (p<0.001);
A03 72 h 5 AR T2 A 33.40%35 N 1) 48.78%
(p<0.001) 1 52.12% (p<0.001). FfEZE MITC-21 7
G, MM REELN, FERH—E R
(A PE. DL g RRH], MITC21 A5 S45
HCT-116 4HHaJE T2 [I1EH

2.5 MITC-21 xt HCT-116 4 i1 3T % th % vy

TR A R A A K R b AN AT A IR T
s T RER AR EREE, AR
FIRRRFAESS o IR, SR 4R MR A 4 SR B R
MITC-21 % HCT-116 41T 42 #8115 . Chou 5
WL, SO0 R AR £ LA & RO 77 >

GBM 8401 Zufiuffyil#%, @i+l uPA. Rho A
RAS, il MMP-2. -7 f-9 ZRFIL. EACHE
FLHRIL, MITC-21 (0. 2 Al 4 pmol/L) 4 HCT-116
i 48 h 5, AMMRPREEEDHM 61.53%FKH]
32.89% (p<0.01) F124.30% (p<0.001) (K 5). X}
HRZHAHLL, BEE MITC-21 RGN, dEkREs
RIBHBEAR, AT RE R . 45R K MITC-21
BEMHISE e HCT-116 Z0M0TFS .
a

MITC-21(uM) 0 2 4

Oh

48h

b sor

60 -

40r

RREAER %

20

MITC-21 / uM
[l 5 FRAKF REREELESITE 47T HCT-116 HRRRIEFE RS2
Fig.5 Effect of Moringa oleifera seeds isothiocyanate derivatives

on migration of HCT-116 cells

a
MITC-21(M) 0 2 4

Bay | c— — e

Bel2 | w— i —

MMP2 h —

frubdin| — — —

Bax/Bcl-2
o

2
MITC-21 / pM

51



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.10

C 15-
= 1.0}
E
< 05} *
Q 1 .
(=9
= N 7
= ool \\ //
& %
2 4
MITC-21/ uM
& 6 SRR EBAREGTHE 4% HCT-116 (B AT RITRREH
A

Fig.6 Effects of Moringa oleifera seeds isothiocyanate
derivatives on apoptosis and migration protein of HCT-116 cells

2.6 MITC-21 3t HCT-116 %40/ BT R iT B %E

RS R

AHRLIH T 0] 52 NIRRT 15 S, AE4HRA
2815, Bel-2 fil Bax &M FEMEH, £
7 A BB 1) 5 1 A% A2 3 Bel-2 BRI R IR T
Bel-2 J& RN, e Tk b, BHIEZRRIAAT
JEREL, SRIAM Bel-2 AIHMHIZHM0E T, Bax {2
BEERAASMERZEN, BARETAER, Bax/Bel-2 tb
A FRAR AL e A A T Bl A7 3 28 SR DT, g
Mo EPVRIE 9 2 B B I R - v AT A i 1
Bax [F135, #01 Bel-2 fRvE . 755 AS49 4HfaftiR
T2 o NHE— IS MITC-21 & il i 1% Bax & Bel-2
FHFRIAFEF HCT-116 4HHJ8 1, % MITC-21 (0. 2
A4 pmol/L) AbFE HCT-116 40 48 h ji5, it &5 (I
IERG I T A IS Bax. Bel-2 [FRIA R, 45
WK 6a F1 6b fin, SxFHEZALL, MITC21 (4
umol/L) N T {2 T2 1 Bax [RRIEKF, KT
PUHT-HE A Bel-2 FERIAKY, FHEZE N Bax/Bel-2
(RIEEH . 45548 MITC-21 i+ 7 HCT-116 40
Bax K& Bel-2 FEEMFRIL, X0JEEFE 7 &R fE e
FEMEIBIR, MM HCT-116 40008 1. 7E Liu %
BTG T P A BIAU 25 51, R EIR A 2. Bs iyt
LRI A5 1) Bax/Bel-2 812175 5 IPEC-J2 4004 1.
MMP2 2585 48 85 IR, Auk gt s B
BE oA o ARG . PR AN YRR AN, &5
TR AT RS R 28050, i OB I AG I MMP-2
1E 86 W4 i dH 23 ] IR S5 W S h ) 3RIE , R INA,
A ER MMP-2 kKT R PH I 235 82 5 T 1
WEERAS, PR MMP-2 E3RIA SRR % VA
o i MITC-21 (0. 2 #1 4 pmol/L) 4t HCT-116

52

Y 48 h, KHHER 1 EERERS IR AE & H MMP2
FIENEN, SRk 6a flb fivn, SXTHRAIMLL,
MITC-21 (4 pmol/L) %2 Pk MMP2 & H 3Rk /K-,
K MITC-21 mrdd i HCT-116 it s m
MMP2 [RI25 38 i 40 40 B PR AS

2% FFrik, Bax/Bel-2. MMP2 kil 45 5 57 04
PR R A RIIR @& S5 R A — 8, i — P RE T
MITC-21 S 2 B IH T RN BT A% () % 250N o

3 g

AT LA e HCT-116 ZHH0 BT 70X 4, @il
MTT 5£56. TR AR WAk, MYRE AL
UM ER 1 BN, R 2 AN RV EE I MITC-21 4B 5
(1) HCT-116 ZHAEIGE. T AER RGN, 45
FHH MITC-21 EA %] HCT-116 405 AT # 5+
7 SAETRER, [FRATEE Bax/Bel-2 ELERAN
MMP2 & H B K- AU E T MITC-21 B
RUFIPTMIRE R, B BRI ORI FH A 45
[T DT IR R AL EE VR TR AN S IO B -

[1] Bray F, Ferlay J, Soerjomataram I, et al. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries [J]. CA
Cancer J Clin, 2018, 68(6): 394-424

[2] I RXPR. 5 e i B A7 [ OS5 3 P (], i P e g 23
#.,2019,6:479-485
WANG Xiang, ZHAO Lin. Review and progress of adjuvant
chemotherapy for colorectal cancer [J]. Journal of Practical
Oncology, 2019, 6: 479-485

[3] Haddock Michael G Intraoperative radiation therapy for
colon and rectal cancers: a clinical review [J]. Radiat Oncol,
2017,12: 11

[4] Ogata Kenichi, Takamori Hiroshi, Umezaki Naoki, et al.
Gastrointestinal perforation during regorafenib administration
in a case with hepatic metastases of colon cancer [J]. J
Chemother, 2017, 29: 314-316

(5] gk, Eha AR B o A5 B e 0 B i) S T
(RIgZ )], R A2k, 2016,8(6):373-376
LONG lJian-wu, WANG Song, XU Zhi-guang. Effect of
octreotide on inhibition and apoptosis of human colon cancer
cells [J]. Chinese Journal of Tumor Surgery, 2016, 8(6):
373-376

[6] Chirca A, Radu E, Minca D G, et al. Relationship between

parameters linked to surgery, hospitalization and single



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.10

[15]

[16]

nucleotide polymorphism in patients with colorectal cancer
[J]. Maedica (Buchar), 2018, 13(3): 202-207

PRI 7 P, VR A B T R 25 i B R P Tt
[7]. & i AHE,2018,39(15):302-309

HU Xiao-zhen, TAO Ning-ping, XU Chang-hua. Research
progress on Moringa seeds based on food value [J]. Food
Science, 2018, 39(15): 302-309

Singh R S G Negi P S, Radha C. Phenolic composition,
antioxidant and antimicrobial activities of free and bound
phenolic extracts of Moringa oleifera seed flour [J]. J Funct
Foods, 2013, 5(4): 1883-1891

Kaur H. Anticancer activity of a constituent from Moringa
oleifera leaves [J]. J Chem Pharm Res, 2015, 7(1) :701-705
Elsayed E A, Sharaf-Eldin M A, Wadaan M. In vitro
evaluation of cytotoxic activities of essential oil from

Moringa oleifera seeds on Hela, HepG2, MCF-7, CACO-2

and 1929 cell lines [J]. Asian Pac J Cancer Prev, 2015, 16(11):

4671-4675

Busari M B, Muhammad H L, Ogbadoyi E O, et al
Hypoglycaemic properties of Moringa oleifera Lam seed oil
in normoglycaemic rats [J]. losr Journal Pharmacy &
Biological Sciences, 2014, 9(6): 23-27

Gopalakrishnan L, Doriya K, Kumar D S. Moringa oleifera:
a review on nutritive importance and its medicinal application
[J]. Food Science & Human Wellness, 2016, 5(2): 49-56
Abbaoui Besma, Lucas Christopher R, Riedl Ken M, et al.
Cruciferous vegetables, isothiocyanates, and bladder cancer
prevention [J]. Mol Nutr Food Res, 2018, 62: 1800079
Romeo L, lori R, Rollin P, et al. Isothiocyanates: an overview
of their antimicrobial activity against human infections [J].
Molecules, 2018, 23(3): 624

Burcul Franko, Generali¢ Mekini¢ Ivana, Radan Mila, et al.
Isothiocyanates: cholinesterase inhibiting, antioxidant, and
anti-inflammatory activity [J]. J Enzyme Inhib Med Chem,
2018, 33: 577-582

Cheenpracha S, Park E J, Yoshida W Y, et al. Potential
anti-inflammatory phenolic glycosides from the medicinal
plant Moringa oleifera fruits [J]. Bioorg Med Chem, 2010,
18(17): 6598-602

Faizi S, Siddiqui B S, Saleem R, et al. Isolation and structure
elucidation of new nitrile and mustard oil glycosides from
Moringa oleifera and their effect on blood pressure [J]. J Nat
Prod, 1994, 57(9): 1256-1261

Padla E P, Solis L T, Levida R M, et al. Antimicrobial

isothiocyanates from the seeds of Moringa oleifera Lam [J].

[19]

[20]

[24]

[25]

[27]

Z Naturforsch C J Biosci, 2012, 67: 557-564

Giacoppo S, Iori R, Rollin P, et al. Moringa isothiocyanate
complexed with alpha-cyclodextrin: a new perspective in
neuroblastoma treatment [J]. BMC Complement Altern Med,
2017,17: 362

Antonini E, Iori R, Ninfali P, et al. A combination of moringin
and avenanthramide 2f inhibits the proliferation of Hep3B
liver cancer cells inducing intrinsic and extrinsic apoptosis [J].
Nutr Cancer, 2018, 70: 1159-1165

Maiyo Fiona C, Moodley Roshila, Singh Moganavelli.
Cytotoxicity, antioxidant and apoptosis studies of
quercetin-3-O  glucoside and 4-(f-D-glucopyranosyl-1—
4-a-L-rthamnopyranosyloxy)-benzyl from
Moringa oleifera [J]. Anticancer Agents Med Chem, 2016, 16:
648-56

Rajan T S, De Nicola G R, lori R, et al. Anticancer activity of

isothiocyanate

glucomoringin  isothiocyanate in  human malignant
astrocytoma cells [J]. Fitoterapia, 2016, 110: 1-7

Cirmi S, Ferlazzo N, Gugliandolo A, et al. Moringa oleifera
moringin from seeds inhibits growth, arrests cell-cycle, and
induces apoptosis of SH-SYSY human neuroblastoma cells
through the modulation of NF-«B and apoptotic related
factors [J]. Int J Mol Sci, 2019, 20(8): 1930

R IR P AL, 2 SR, S50 s A 2 S T U B /K
FA) R PR (3] 9 Pl R A (B SRR 1R),2011,29(1):
33-38

LIU Yan-feng, YU Shao-fan, LI Jia-cheng, et al. Study on the
stability of allyl isothiocyanate in aqueous solution [J].
Journal of Hainan University (Natural Science Edition), 2011,
29(1): 33-38

GEk A, 3= O R SRS P e B R B R AL S P R
FURER ] AL TR 4R (B A RHERR),2015,42(2):1-
12

LIANG Hao, LI Rui-min, YUAN Qi-peng. Research
progress of natural active isothiocyanates [J]. Journal of
Beijing University of Chemical Technology (Natural Science
Edition), 2015, 42(2): 1-12

I ERYE SRR R MRS E TR AT R AR B AR 2 S U
WHE[D] AR AL R TORE2,2017

LIU Cui-ting. Stability of sulforaphane and construction of
novel nano carrier and its anticancer activity [D]. Beijing:
Beijing University of Chemical Technology, 2017

Wi BUNGE, B WL 55 WA il 4-a-L- SR ZER -
S R R R A L ZARAH T[], 22 B AR R 2224l (B
SRF1),2019,34(2):303-308

53



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.10

[33]

[34]

54

YANG Yang, HE Shui-lian, TANG Ming-ting, et al. study on

process optimization of 4-a-L-rthamnosyl-
benzylisothiocyanate from Moringa oleifera seeds [J].
Journal of Yunnan Agricultural University (Natural Science),
2019, 34(2): 303-308

TRARN. V6 22 AR 40 = 2908 Siha 40 HLSSFEAE IR FE D).
rh [ 4R BE£,2009,12(22):2021-2024

ZHANG Chun-li. Study on the inhibitory effect of cidofovir
on the proliferation of cervical cancer SiHa cells [J]. Chinese
Journal of General Practice, 2009, 12(22): 2021-2024
A, b B, B AL B AKT S Bt iU R e | B ik
Wl A431 AR [T] UG R AR RH,2020,36(8):8-14
QIAN Ying-yan, YANG Ming-rong, LOU Feng-xian, et al.
Isothiocyanate from Moringa oleifera seeds inhibited the
growth of skin squamous cell carcinoma of A431 cells [J].
Modern Food Science and Technology, 2020, 36(8): 8-14
Monier B, Suzanne M. The morphogenetic role of apoptosis
[J]. Curr Top Dev Biol, 2015, 114: 335-362

HOME 2 AL AR W BF T, 45 2 6 S T SR T o W
Hep-2 4345 1. FIIRMRZRFAL HE S 52 KL
HI. A E 422 44 05,2018,38(22):5529-5533

GAN Hui-yun, DU Jing-dong, OU Yang-hong, et al. Effect
and mechanism of phenylethyl isothiocyanate on
proliferation, apoptosis, cycle, invasion and metastasis of
laryngeal cancer HEp-2 cells [J]. Chinese Journal of
Gerontology, 2018, 38(22): 5529-5533

TRl VPRI -3 2 AN IR B 45 EL M RS L i ST )
W FRILR[I]. 1 5 57,2013,24(2):272-274

HE Ke, XU Qing-wen. The status of the established model of
colorectal cancer by n-3 polyunsaturated fatty acids [J].
Hainan Medical Journal, 2013, 24(2): 272-274

Chou Yu-cheng, Chang Meng-ya, Wang Mei-jen, et al.
PEITC inhibits human brain glioblastoma GBM 8401 cell
migration and invasion through the inhibition of uPA, Rho A,
and Ras with inhibition of MMP-2, -7 and -9 gene expression
[J]. Oncol Rep, 2015, 34: 2489-2496

3% B0, 2R IR 55 A BRI Y Bax. Bel-24

[37]

[40]

Caspase-3 55 ARIZFH T A MR ME T[] P EHR TR
fiff4%,2020,24(31):5023-5029

FENG lJia-kun, LIU Wei, LI Zheng-fa, et al. Pinellia ternate
extract regulates Bax, Bcl-2, caspase-3 protein expression
and induces apoptosis of leukemia cells [J]. Chinese Tissue
Engineering Research, 2020, 24(31): 5023-5029

You J, Gao F, Tang H, et al. A medicinal and edible formula
YHO0618 ameliorates the toxicity induced by doxorubicin via
regulating the expression of Bax/Bcl-2 and FOXO04 [J]. J
Cancer, 2019, 10(16): 3665-3677

RHEME, DL AR, 10 22, 55 4 2 B UK - W R T 25 47)
S-2BEBD X A549 4 i35 i1 AL AL [0]. A 24
FE2AER,2018,34(11):1616-1621

LIU Hai-bin, SHEN Ji-wei, BIAN Sheng-jie, et al. Effect and
mechanism of thiosemicarbazone quinazoline derivative
s-2bebd on proliferation of A549 cells [J].
Pharmacological Bulletin, 2018, 34(11): 1616-1621
LIU Shui-ping, ZHU Yuan-yuan, YAN Si-si, et al. Phenethyl

Chinese

isothiocyanate induces IPEC-J2 cells cytotoxicity and
apoptosis via S-G/M phase arrest and mitochondria-mediated
Bax/Bcl-2 pathway [J]. Comp Biochem Physiol C Toxicol
Pharmacol, 2019, 226: 108574

Henriet Patrick, Emonard Hervé. Matrix metalloproteinase-2:
not (just) a "hero" of the past [J]. Biochimie, 2019, 166:
223-232

YANG Lan, SONG Xiao-yue, ZHU Jian-bo, et al. Tumor
suppressor microRNA-34a inhibits cell migration and
invasion by targeting MMP-2/MMP-9/FNDC3B in
esophageal squamous cell carcinoma [J]. Int J Oncol, 2017,
51:378-388

3% )L MMP-2. MMP-9 & VEGF TE45 i h f13ik K I
55 R (A SR P[], P R B 25 5 41,2012,9(21):44-45,
48

DUAN Chuan-you. Expression of MMP-2, MMP-9 and
VEGF in colon cancer and their correlation with tumor
metastasis [J]. Chinese Medical Journal, 2012, 9(21): 44-45,
48



