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Study of Capsaicin-induced Apoptosis in Hu- Eth) that reflect ROS hypergeneration and a decrease in the
man Colon Cancer Cell Lines percentage of green fluorescent cells that reflect A% dis-
ruption.
Conclusion: These results clearly demonstrate that capsai-
Gyu Yeol Kim, MD., Kyung Min Yang Jong Ok Pyo, cin-induced colon cancer cell death is apoptotic. (J Korean
Mu Kyung Sung, M. D , Ung Chae Park, M.D.”, Dae Hwa Surg Soc 2002:62:103-111)
Choi, M.D., Chang Woo Nam, M.D., Yang Won Nah M.D., g T
Byung Kyun Ko, M.D., Kun Choon Park, M.D., Young Cheol - .
L Key Words: Capsaicin, Apoptosis, Colon cancer

Im, MD., Byung Sam Kim', and Hong Rae Cho, M.D. Z Al cho]: Capsaicin, M= DA} ek
AL Numgrous mvestlgagons hgve begn ConLIEE Ti Department of Surgery, College of Medicine, Ulsan Univer-
order to determine the potential carcinogenic or chemopre- . A e ; .

. o g . . ; sity, Ulsan University Hospital, 'Department of Life Science,
ventive activity of capsaicin. The aim of this study is to char- oo 2

. " Ulsan University, Ulsan, “Department of Surgery, College of
acterize the effects of capsaicin on colon cancer cells, and - L

. . . . C Medicine, Konkuk University, Seoul, Korea
provide valuable information concerning the application of
capsaicin in chemoprevention as well as for therapeutic pur-
poses.
Methods: CoLo320DM and LoVo cells (human colon cancer
cell line) were treated with capsaicin. In order to access cell M =2
viability and altered morphology, an MTT assay was per-
o rs sty S De, 19 93 el 4, A 59 30l A% el

' L Ao 3] = H 3] 7 = 25

were stained with FITC labeled annexin V and analyzed by F’t‘—?“— olﬁf }‘? =°l 2]:_5‘%7 doll A g o 2H
FACS to detect cellular membrane alteration during apopto- A= 7] A A wkdshe Zlolvh AAIR, A gk
sis. The cells were stained with DiOC6(3) and Hydroethidine oF 80~90%7} 3teHEA ot WhAA, nlolE s 5o o
and analyzed by FACS in order to access ROS and A%, 317 g olo) 9t Aoz el gt FH ol ol UE o

Results: Capsaicin decreased cell viability in a dose-de-
pendent manner. Capsaicin produced a cell morphology
corresponding to the apoptotic features including cell shrink-
age and chromatic condensation. Capsaicin treated cells
induced a loss of nuclear DNA leading to hypoploidy in a
dose-dependent manner. Cells were excluded by double
staining with Pl and FITC labeled annexin v and detected
by FACS. We show that treatment of ColLo320DM, LOVo
cells with increasing concentrations of capsaicin parallel an
increase in the percentage of red fluorescent cells (HE—
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Sz Ash AGH ATE Bl Akl A o] F9
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AEELS H2 24 ALolAe] o8 Aushnlal gt

v}, 5 3k3H4 ollibol] gk 23 71i7h A71A = et
shebe olpel Aol Aol dolt 4ol 54 HeEAS
o] &3to] W7IA Y] RS AAl, FATIAY F o
AA 7]+ Aolr}. X ZE Michael Sporn(l)o] A =890+,
AR 1A S FEA717] 913 el o] =5 Ags)
Ak

Capsaicin (trans-8-mehtyl-N-vanillyl-6-nonenamide)+= 3.3
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o] mjgute] FAFolA AT AR el AREH A
S5k o] A2 A AAFoE e AgE I glor &
3| Fi ofAotg} ghelotH| g Flol| A 9 Am|7t B Ao R
deiA ek aFol] Fol AU capsaicin®] FEE 0.1~
10% AEolx SFo|Ae] Aol ool Aueke 25-25
mg/60 kg 7 T o]t} Capsaicinel] it A4t F&2 Al

g4l Aatol] izl FFElo] gkow, capsaicin® U}
H7A73 3 A&ste] A7 B, g3bEh, agla A=
A& Ve A2 484 ok o#d A& ca-
psaicinol] T3t Eo]gt =849 LA3tE misf=] F5&
BRAAINE A8 FHOoE olgl ghrh(23) FHId=

=
=

L
a
o

capsaicin®] ®}oFA]

el AkE AdEs Kola gl Capsaicin AFA|7} &
dwlo]l & e & dom TS =A% vt
A HHH,(4,5) cheksh o2 ek dAbEel o3k EdHio]
U FEAS A At o, o AlEF FollA
AE ARAS JARIE B Qvh6,7) &, RS
Fo]|A] capsaicinel] 2]l FFEX| & A E I3 A} (apoptosis)ol] T
3 HaE% Qrh(8-10)

Capsaicin- 3kl Aol ]| o] ¥ v Fast
FAFolH, FToll 7} FAE Ho|i = vl A
capsaicin®] J&Fg ot = 21 o] o[t vpolria =
o] N BAEA L 7ol gk AL = ek whabA]
A 2= HASE Al Z3ell ti3l capsaicin®] d3F-& golk 7]
Y3l capsaicin©. 2 A 2|2 AT AFHG HHslglon
capsaicinel] 2|3k thAQk A|£F2] F5o] AlEA ] 2|3t
ARJNA o] BE Alxe| elo w2te}t DNA 3, annexin
V od A, g3 A A4 F(reactive oxygen species; ROS) 2]
A m|EZ=elof B Q]9 widt 5& HEFoEN &
ob ¥ 17} gir}.

D A=

ol7ke] thAkol A E 229l CoLo320DM3} LoVo A|EFEE
gk AT 2efol|A] i sl glet. Azl w2 (RPMI1640)
9} S-ello}&E A (fetal bovine serum; FBS)+ GibcoBRLAHGrand
Island NY, USA)Z5E], AR @A} ~E Eulo]
Z)¢} DNA 934 A| ekl propidium iodide (PI)+= SIGMAA}
(St. Louis MO, USA)ZXE] F¢J3s}ic}. Dihydroethidine,
DiOCg(3), MTT(13-[4,5-Dimehtylthiazol-2-yl]-2,5-diphenyltetra-
zolium bromide), capsaicin® SIGMAALZXE] F¢s}ich.
18] a1, annexin V= PharmingenA}(San Diego CA, USA)el| 4]
1}-2 annexin V-FITC (fluorescein isothiocyanate) 4| E 314} 7]
= 71EE A&kl

2) MZQ| HHek

Q17ke] thAkek Al E39] CoLo320DM} LoVo A LS 37°C,
5% C02/95% airvljek7]ollA] 10% FBS, 1% &+ 4](100 U/ml
penicillin G-streptomycin sulfate)7} 5o 91+ RPMI1640 5] 4]
= weksigint

3) MIT S S8t MEZYE= HA

AEE Trypsi/EDTAE. Wbt 5 AL ABS B
7] Y8l CoLo320DM3} LoVo A ekl 100 ulE 96
well plate (510° cell/well)ol] A 447+ E-oF uljoks}9l 0w, 0~
0.5 mM F%9] capsaicing *] 2]s}o] w2100 ulE Y11, 24
A7V ot wljeksl gl vieko] Ertbw 20 ul (5 mg MTT/ml
in PBS) MTT-§-5 24 7}slo] 4417k 53k vl eksl3lch. MTT
7} S0 9l wjAE ¥2]3 100 ul acid-isopropanol (0.04
N HCI in isopropanol)& *d 7}&}o] 35 EoF =9l & detsl
o] 490 nm filiter ELISA readerZ &4 =& Z4sl9c}.

4 Nz SEfsty #3

AZZ Trypsi/EDTAR &eFgk 2 100 mm’ ok A o]
510° cellsyml®] AEE 447+ B ke 2, 80% o] 42
AE LG 7HAA7] 0.5 mME] capsaicing 4] 2] slo] 24
A7k <k ik, AES Ahe ARFAAST
(phosphate buffer saline; PBS)Z -+ ¥ Ao]ll t}-S, A|E ¢
A Felste] Sefol= Rl AEE BHAZ F A2
Al 70% oekEZ 308 EoF A3t Hematoxyling}
Bosine. g4ak % 4000 42 wlnl e ksisleh.

5) DNA 82 24

A|EE Trypsin/EDTAZ SEFet 3 100 mm’ w3 Al ol
510° cells/ml®] A|ZEZ 447} E<t wjeksl t}S 0~0.5 mM
9] capsaicing X 2|slo] 24A17F Eob wlokslgch. kS
b AEE AR QI gEA AR -l Aol o
5 70% ollgH& 2 4°Coll 4] 3087+ 348k 3 DNAAHY M4
Ql PIE gAsto] FAIEEA7I(FACS)E 4 sk3l et

6) Annexin V QiAH

A3 Trypsi/EDTAE &bk 3 100 mm” w4 Al ol
510° cells/ml] A|EE 42 7F E9t wjokgt t}L 0, 0.3, 0.5
mM2] capsaicing X g|s}o] thA] 4417k EQF wiokst & %}
7He- QA SkEA A E Aol aL, P19 FITC-labeled an-
nexin V& 37°Col|A] 1587} o]|F S slo] GA|EEA
712 EA4skedch

7) O EZE=2|0F HE(4Pm) B39t ROSM MO CH

H|EZEelol WA (AW, Wele} ROSS AR S B
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L& NIEEZ=0IA Capsaicin®il OI8H MITZ Al 245t ©1

s}7] 98l AZE(5%10° cells/ml)ol] 0, 0.05, 0.1, 0.2, 0.3, 0.4
mM 2] capsaicing ] 8] 3}0 34| 7+ EQF ufjoksl & 91 Aked 9}
22142 Aojditt. DiOCs(3) 20 nM3} Dihydroethidine
(HE) 2 uME 37°Col| 4] 205-7F Mg & GAZEA 7|2
Ak

8 A2 2

3 Alggstel o, AdATE dade] %2
 BE 2 TL capsaicing A28 2 wiA 2
t}. A3 A 7= Student’s t test® 72} WIS n] s}
alue7} 0.05 o3}l 7ol FAIH o g 2ou|7t
o7 ZhFekgieh
2 o}

1) CHEMS} MIEZFQ| M&2{0f [HEH Capsaicin?| &1}

CoL0320DMZ} LoVool|A] capsaicin®] F%7} 0.2 mMY uff

125+
100
75

50

Viability (% of control)

25 1

IIEL

Capsaicin (mM)

0 0.1

Capsaicin®] E%7} 02 mM o] Aol 4] p<0.052 EAH &
94 o] 919lt}. Capsaicin®] %9} A E A& 71o] AaE
ST

Ag 3t A}, A3k capsaicing)
o AR gasgirkFEg 1, 2)

2) Capsaicin0f| 2|8t MIZO| HENSHY B35}

7 ZAUSF AT

Capsaicinel] 93t g ellgh=] el WH3lE =73} v]irsle]
Bt A3} capsaicine & X238k CoLo320DM3I} LoVo
cellsoll 4] A|ZAAE A Ash= A E] FHo 2 Q3 7]
o] Z+A9)F A EZo] B rhFig 3).

3) Capsaicin0f| 2|5t CHEMR MIZF2Q| DNAF 29| ZtA

e

¥} DNA®| &4l & Qlgthypoploidy S DNAAFY A44=Q1 PI
2 gAste] FAEEA7IZ E43% A}, sub-Glpeakr}

capsaicin®] FE7} Z7}8E A A capsaicin®] FE7}H

125 4

100

| I I : : :
80 B 0 0 0N
0 0.1 0.2 0.3 0.4 0.5

Capsaicin (mM)

~
[9)]
1

[9)]
o
1

Viability (% of control)

N
[$)]
1

Capsaicin conc. Cell viability (Mean=+SD%)

Capsaicin conc. Cell viability (Mean=+SD%)

Control 100.095+2.361
0.1 mM 83.095+2.903
0.2 mM 47.952+£5.972
0.3 mM 16.238+1.377
0.4 mM 12.848+7.276
0.5 mM 17.238+2.007

Control 100.000+8.786
0.1 mM 87.059+12.665
0.2 mM 51.716+6.922
0.3 mM 17.500+2.533
0.4 mM 16.176 £2.875
0.5 mM 16.765+1.794

Fig. 1. Effects of capsaicin on the viability of human colon cancer
cell line. The viability of CoL0o320DM cells were assessed
by MTT assay. Cells were treated with various con-
centrations of capsaicin for 24 hrs (P<0.05 compared to
control). Correlation analysis between cell viability of
CoL0320DM and capsaicin concentration was done (Pear-
son correlation r=0.93, P<0.01).

Fig. 2. Effects of capsaicin on the viability of human colon cancer
cell line. The viability of LoVo cells were assessed by
MTT assay. Cells were treated with various concentrations
of capsaicin for 24 hrs (P<0.05 compared to control).
Correlation analysis between cell viability of LoVo and
capsaicin concentration was done (Pearson correlation r=
0.936, P<0.01).
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ColLo320DM

Control

Control

0.5 mM

0.5 mM

Fig. 3. Morphology of capsaicin treated colon cancer cell line. Cells were incubated with 0.5 mM capsaicin for 24 hrs, stained with
hematoxylin and eosin. Untreated CoL0320DM and LoVo cells showed normal distribution of chromatin, but capsaicin treated
cells showed condensed chromatin. The cell volume of capsaicin-treated CoL0o320DM and LoVo were also decreased.

0.5 mM% u] CoLo320DMA|Zol|A < 22%E H.9 v} (Fig.
4A). LoVoA| Z oA & ubX7} 2] &, sub-Gl peakr} 5% o|&
o7 =7}l om, 0.5 mM capsaicinol] 4] 40%E A}
(Fig. 5A). o|Z % 5= DNAGH 48] Bl 40 ¥
AL F3lA S A4S & 4 UchFig. 4B, 5B).

4) Annexin V QiAH

CoL0320DM¥} LoVo A E7} 4X 7kl A 7] A|EDAE
Hhedste o] WE-go] Sl lvhFig. 6). o] 3 A3t

T LoVod|¥ellA] v fglo] viebieh

5) Capsaicin0l| 2|8t O|EZ = 2|0} UE Q| (4Fm)2| 2+
22} ROSMAQO| F7}

e A ROSol| o3l Akstew #2A 33g w & Ethi-
dine©. & i3} HE(W| ¥ 3)¢} DIOC6(3)(FA ¥4 E A4
g T QAE BEAVE EAsl9l CoLo320DMI} LoVo
cello] capsaicin®] E%7} Z7}8<=% HE7} Ethidine & & A
ghElo] A g u= AlEL] ko] F7kshH, DIOC6(3)
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Fig. 4. Induction of apoptosis in CoL0320DM. Cells were cultured for 24 hrs with 0, 0.1, 0.2, 0.3, 0.4 0.5 mM capsaicin. Cells were
washed in cold PBS and fixed in 70% ethanol for 30 min in 4°C. Then cells were stained with propidium iodide and immediately
subjected to flowcytometer. Correlation analysis between capsaicin concentration and sub-G1 peak was done (r=0.96, P<<0.01).
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0.2mM ] .
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y=9.77+55.06x
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0.00 0.10 0.20 0.30 040 050
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Fig. 5. Induction of apoptosis in LoVo. Cells were cultured for 24 hrs with 0, 0.1, 0.2, 0.3, 0.4, 0.5 mM capsaicin. Cells were washed
in cold PBS and fixed in 70% ethanol for 30 min in 4°C. Then, cells were stained with propidium iodide and immediately subjected
to flowcytometer. Correlation analysis between capsaicin concentration and sub-G1 peak was done (r=0.86, P<0.05).
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CoLo320DM
10° A 10* 4
1.81% 2.01% 24.64%
10°1 10°- ]
10°
2.62% 10" 5.15%
. . 10° -l . . .
10° 10* 10° 10" 10° 10° 10°
10° 1
16.33% 1.07% 20.95%

10" 10° 10 10° 10° 10
Annexin v

10°

Fig. 6. Effects of capsaicin by annexin v staining in CoLo320DM and LoVo. Cells were cultured for 4 hrs with 0, 0.3, 0.5 mM capsaicin
and washed in cold PBS. Cells were excluded by double staining with PI and FITC-labeled annexin v for 15min in 37°C and
detected by flowcytometer.

CoLo320DM
Control 0.05 mM 0.1 mM

10.69% 1.09%

23.44%
< 0
w 10
T
w
T
20.42% 27.07% 31.16% 16.72%

11.03%

9.94%

65.74%

10°
10° 10" 10°  10°  10° 10° 10" 10°  10°  10°
DIOC,(3)

Fig. 7. Induction of ROS generation and mitochondrial membrane potential by capsaicin in CoLo320DM. Cells were cultured for 3 hrs
with 0, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5 mM capsaicin. Cells were washed in cold PBS and were stained with HE and DiOC¢(3) for
20 min in 37°C. Then the simultaneous ROS generation and m disruption detected by flowcytometer.
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Control
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0.1 mM

. 0.4 mM

10 1
6.64% 37.95%
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Fig. 8. Induction of ROS generation and mitochondrial membrane potential by capsaicin in LoVo. Cells were cultured for 3 hrs with
0, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5 mM capsaicin. Cells were washed in cold PBS and were stained with HE and DiOCs(3) for 20
min in 37°C. Then the simultaneous ROS generation and 4%m disruption detected flowcytometer.
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S A F2 A S Geh(17,19)
136 Y capsaicing] 3] HolF Yok EAT}
ol TR B QA TEol AT T AT i)

{a

Hl ]

2 1 o R84
© A0l rh.(18,20) A 5202, the] capsaicing =&
AgE At A, Aol WP EAE ikl vt

<

A s}gr}. Capsaicing Alo| EIE P4509] &4 B35
sk oz AstE F AR E tiAtE o3t
F7+ AHgo] £3E AES] DNASL u|7td Q] el 2 A&
slo] A o] ot ok W3tE A5l ok Wi,
capsaicino] MHS19] A THES WekAZ 2 gl o] A
o] 3}8H#] of|wlol| capsaicing o] &3} 3h= LAV} H &
Aolth. o3t AL 57 s wrekele] iAke) 1 B
©] DNA®LS] 3, el ekl e &l weo] f84 1l
FoF 4 Kool oAl 488 Boh AdEE AP
T Ach(20)

Capsaicino] thFgt Al £l A AEIAE fdsle] A
E QRS AR Aol ofg qiFeld WA 9
t}.(8,9,2]) Capsaicinol] 9|8+ A|EALS] EAeHd 7%=
capsaicing E.3Fs]-+= vanilloid9} 93 22} Ak} 31 A) (plasma
membrane redox system; PMOR)&} E<=3F 288 ¢l 7ol
AT} o] H 3k 28-S NADH AHEAE oAl 4] 471
=, o] & <} e}k ROS7F A = A= A E314LE]
A2 E A7) =v}.(8,9) L8| I capsaicinS NF-BE x}glhs}o]
NF-B 345 AAlste Ao dA dch(2) 22 g,
g gAFA S 7HAE capsaicin A4 EEE0] <
2] kol djgkeh obAlze] T ol 9 Aoz A%t
st

H Aol A= capsaicin® & X 23 A AZE= AE
Ao &5 oEX o8 Fasle A& HolFirh o]
A3k AlZ AT ] ZhA7F AEaiAtel] 93k ZQIA] of £
£ oy 7HA AYE Fof Pssich Annecxin Vol A3}
ROSAYA Bl mlEZ=glo} 2] wWstE Faff AEA
Al dojubs 271MSHE el aL, DNA ks RAlZ
AT E PAsle] AlEaA Al vehts 37] W3kE 3
Zslich B Ad ol At LoVoA|E & capsaicin®] F &
7} control, 0.3, 0.5 mME Z7}slm 27 AEZIA A EE
A7 5 = A EEo] Z7}sl v, CoLo320DMAEE 0.3
mMoll A Z7}8l9ith7) 0.5 mMoll A @8]8] 7Aoo,
AAH AZt AZ2A7} go] R AEe] 71 F7}
= ek o] A2 A7k o EA ol st Ad A} Sl
ZAE Y7 =, 27| NZIAE B7) 9130 44742 wljek
A1 ZH& F91=dl, CoLo320DMA| E.2] A 314} Z s A 7o)
LoVo2| A|7FE.c} &4 mha}a] 31355 9] capsaicin® 2 ] g
75 AEILATL ol APx] a1, volrhA 2 AkE AlE
Eol 7kt Ao 73t AAA o2, annexin VI A
o ogt A= 27| AEIAE HoFE Aol ek
Capsaicinol] 2]3F ROS9} 2H41 9] 9] ¥i3h7} Al E Aol 4] Al

A FAE AEdvhe SAES Wel vk &, v EE
celof wh 9] 4R Qs ROSE| A o] F7ksle] Al
ZIAE GG F odvk B A3 Ak v EZsgo}
7 9] w3} & 13k ROSAYA] o] Z7}¢} capsaicinol] 23l &
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