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Induction of Cancer Cell Apoptosis by the Extract of Capsicum annuum L. va.
angulosum Mill Sorted According to the Parts in Hepatoma Cells
and MCF-7 Cells

Yong-Za Chung
College of Pharmacy, Kyungsung University, 110-1 Daeyeon-dong, Nam-gu, Pusan 608-736, Korea

Abstract — Under the active search for biologically active novel agents for cancer prevention and treatment, some agents
have been found from plants which are easily available. Our previous research on them revealed that C. annuum L. var.
angulosum Mill have high antiproliferating effect on cancer cells. However, it has not been known whether the anticancer
efficacy is different according to each part of C. annuum L. var. angulosum Mill or whether it can be changed by timing of
harvest or solvent for extraction. Thus we compared the efficacy of each part of C. annuum L. var angulosum Mill and
assessed how much difference in the efficacy can be made according to the time of harvest or solvents for extraction. We
observed the morphologic change and apoptosis 48 hr after treatment with the extract of each part of C. annuum L. var
angulosum Mill in MCF-7 mammary gland adenocarcinoma cells and human hepatoma cells. We also counted cancer cells
9y trypan blue method and MTT method to check the cytotoxicity. The leaf extract showed the highest anticancer effect
among all the parts of C. annuum L. var. angulosum Mill; 50% and 70% reduction in the number of cancer cells was
observed at 25 ug/m/ and 50 pg/m/, respectively. It was more than 2 times as potent as 5-fluorouracil (5-FU). We found chro-
mosomal fragmentation, clumping, and destuction by PI staining, and DNA fragmentation by electrophoresis. In conclusion,
this study suggests that leaf extraction using water as solvent has the highest antiproliferative and apoptotic activity in can-

cer cells compared with other parts of extraction.

Keywords [ Capsicum annuum, morphology, apoptosis
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No. Used sample (Scientific name) Part of use
@ Capsicum annuwm L. var angulosum Mill Leaf

@ Lactuca dentata Makino. var. flaviflora Makino Aerial Part
@ Capsicum annuum L.var angulosum Mill Fruit, unripen
@ Capsicum annuum Loar. angulosum Mill Seed, unripen
® Capsicum annuum L.var. angulosum Mill Fruit, ripen
® Capsicum annuum Lvar. angulosum Mill Seed, ripen
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Human hepatoma M ¥9} FaketA|Ee] MCE7 AL E A¥
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citrate)oll AEZ AHAEAA, 36.5°CollA] 1557+ BE)A Rk, 1
] A3 ice-cold AL vRhE-Z AEE THAF| AL, icedll 10
Al - k22 AAs, A

B2 323 5 daEdse) & , Al

2413k wiosle] HiXE =
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Fig. 1 - Antiproliferative effects of C. annuum extract of each part
using alcohol as solvent on hepatoma cells. The cells were
cultured at several different concentrations of the extracts
for 48 hr. The absorbance was measured by MTT assay.
1. Extract on 99% alcohol of C. annuum L. var. angulosum
Mill, Leaf; 2. Extract on 75% alcohol of C. annuum L. var.
angulosum Mill, Leaf; 3. Extract on 99% alcohol of C.
annuum L. var. angulosum Mill, fruit unripen; 4. Extract on
75% alcohol of C. annuum L. var. angulosum Mill, fruit
unripen; 5. Extract on 99% alcohol of C. annuum L. var.
angulosum Mill, fruit ripen; 6. Extract on 75% alcohol of C.
annuum L. var. anguloswm Mill, fruit ripen.
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Fig. ¢ - Antiproliferative effects of ripen fruit extract of C. annuum
using water as solvent on hepatoma cells. The samples
were harvested on spring and autumn, respectively. The
cells were cultured at several different concentrations of
the extracts. The absorbance was measured by MTT assay.
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B3I Azl gk 52809 ok wmo} FEle] o
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Fig. 3a - Antiproliferative effects of C. annuum extract of each part
using water as solvent on MCF-7 cells. The cells were
cultured at several different concentrations of the extracts
for 48 hr. The absorbance was measured by MTT assay.
1. C. annuum L. var angulosum Mill, Leaf; 2. Lactuca
dentata Makino. var. flaviflora Makino; 3. C. annuum L.
var. angulosum Mill, fruit unripen; 4. C. annuum L. var.
angulosum Mill, seed unripen; 5. C. annuum L. var
angulosum Mill, fruit ripen; 6. C. annuum L. var
angulosum Mill, seed ripen.
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Fig. 3b - Antiproliferative effects of C. annuum extract of each part
using water as solvent on MCF-7 cells. The cells were
cultured at the various concentrations of the extracts for
48 hr. The absorbance was measured by MTT assay.
1. C. annuum L. var. angulosum Mill, Leaf; 2. Lactuca
dentata Makino. var. flaviflora Makino; 3. C. annuum L.
var. angulosum Mill, fruit unripen; 4. C. annuum L. var.
angulosum Mill, fruit ripen.
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Fig. 3c¢ — Antiproliferative effects of C. annuum extract of each part

using water as solvent on MCF-7 cells. The cells were
cultured at the various concentrations of the extracts for
48 hr. The absorbance was measured by MTT assay.
Results were expressed as % of control.
1. C. annuum L. var angulosum Mill, Leaf; 2. Lactuca
dentata Makino. var flaviflora Makino; 3. C. annuum L.
var. angulosum Mill, fruit unripen; 4. C. annuum L. var
angulosum Mill, fruit ripen.

0.8

0.6

Abs

0.4+

0.2 4 B15Fu 1ug/mL

6 cont 5fu
Sample

Fig. 4a - Antiproliferative effects of C. annuum extract of each part
using water as solvent on hepatoma cells. The cells were
cultured at several different concentration of the extracts
for 48 hr. The absorbance was measured by MTT assay.
1. C. annuum L. var angulosum Mill, Leaf; 2. Lactuca
dentata Makino. var. flaviflora Makino; 3. C. annuum L.
var. angulosum Mill, fruit unripen; 4. C. annuum L. var
angulosum Mill, seed unripen; 5. C. aennuum L. var
angulosum Mill, fruit ripen; 6. C. annuum L. var
angulosum Mill, seed ripen.
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Fig. 4b — Antiproliferative effects of C. annuum extract of each part

using water as solvent on hepatoma cells. The cells were
cultured at the concentration of 0.5 mg/m/ of the extracts.
By various time intervals the cell culture was done, then
the absorbance measured by MTT assay.
1. C annuum L. var angulosum Mill, Leaf; 2. Lactuca
dentata Makino. var. flaviflora Makino; 3. C. annuum L.
var. angulosum Mill, fruit unripen; 4. C. annuum L. var.
angulosum Mill, seed unripen; 5. C. annuum L. var
angulosum Mill, fruit ripen; 6. C. annuum L. var
angulosum Mill, seed ripen.
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Fig. 4c — Antiproliferative effects of 5-FU on hepatoma cells. The
cells were cultured at the various concentrations of 5-FU
for comparing to the samples. After the cells were
cultured for 48 hr, the absorbances were measured by
MTT assay.
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Fig. ’a — The pictures above show morphology of MCF-7 cells. The
description of its morphology is as follows: (a) 2nd day,
starting to grow on the bottom of cultural bottle. (b) 6th
day, continuing to grow with clear form. (c) 10th day,
continuing to grow with clear form.
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A%}, Fig. 5bhvs 252 55 50 ug/mi&
ROF o|AZ HdHE] Ado] ofHm, ik

Fig. 5b — The pictures above show morphologic changes of MCF-7
cells that occurred at the concentration of 50 ug/mi of C.
annuum extract of leaf. The description of its morphologi-
cal changes is as follows: (a) 1st day, cannot grow. (b) 3th
day, started to be destroyed. (c) 6th day, almost cells
destroyed.
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(a)

Fig. 5¢ — The pictures above show morphology of hepatoma cells.
The description of its morphology is as follows: (a) 3rd day,
starting to grow on the bottom of culture bottle. (b) 4th
day. (c) 7th day, continuing to grow with clear form.

9] RE A%V} sEglon, 1 e salg A slHEo]
= tH(Table D).

o] Fef#d Axf: MTTHoA - g} 232 Aol
AReA, dv|ZBLds EuFFEE] H7M g MTT
He} AvpRct AE 3T gAE o] UHoR B
BEEGITE o]F 2 nEZEol A g ad] B4 ) &
28 MTTH, & @4 52347 depasiele] Aol o 714
o] AAlEE Folth Ao whE AFAjol). H|AIEE A}
45 L FE2AS AR A9 44A0) AT} = AEkx]) F
3k, 8UA|] FjE7] AlFEle] 1994 A 2E A%/} 5
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(a)

Fig. 5d - The pictures above show morphologic changes of hepa-
toma cells that occurred at the concentration of 50 pg/m/
of C. ennuum extract of leaf. The description of its
morphological changes is as follows: (a) 2nd day, started to
be fragmented. (b) 10th day, s almost cells were destroyed.
(c) 18th day, there were a lot of cell debnis.
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Table I - Morphological changes of MCE-7 cell and hepatoma cell by the microscope

Morphological change of water extract-treated MCE-7 cell ¥

~~_sample treated
1*(see Fig. 5)
culti-e times

2% 3*

2nd day cannot grow

3th day start to be destroyed
4th day

6th day almost cells destroyed
10th day

morphological change
started to be destroyed

morphological a little change

started to be destroyed

Morphological change of water extract-treated hepatoma ce

lll)

~~_sample treated

1*(see Fig. 5) 2% 3*
cultwe times
2nd day morphological change and started to be fragmented
3th day
dth day mophological change mophological change
6th day
10th day almost cells destroyed a little destroyed a little destroyed

*: 1 Capsicum annuum L. var. angulosum Mill, leaf; 2. Capsicum annuum L. var. angulosum Mill, fruit unripen; 3. Capsicum annuum

L. v angulosum Mill, fruit unripen.

e AnERE dRARE AL o4t B9 U 3E 4
Fo.z 28 deid Qn B 4B BAFEA D=
B AREel Ha £ 20E ugonE A umslel 4
Fakitt).

74Pz A E 0] BE Rgjel olAlztgo)
¥ BAUGOM, DAYY FEEES) WL US4
HELRA dioF 20lel] ALY Fepashe) shalz BEH,
AEse) A gl AU A%Eo] Hef 100 A9 BE
Aok ARSI, B nFRck 147 F4AAFg0] o

0. —1-0-2-x-3-a-4 - controf]

Day

Fig. € — Absorbance on the supernatant of medium.. The cell's

treated with 50 pug/m/ of each sample. When the culture
medium was changed with new one, the old one was
calculated the absorbance by 260 nm spectrophotometer.
They were counted during 9 days.
1. C. annuum L. var angulosum Mill, Leaf; 2. Lactuca
dentata Makino. var. flaviflora Makino; 3. C. annuum L. var.
angulosum Mill, fruit unripen; 4. C. annuwm L. var
angulosum Mill, fruit ripen.
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1 2 3 4 5 6

Fig. 7 — Electrophoresis of cells' DNA fragmentation treated with
each sample. They were cultured for 24 hr. 1. Marker
(DNA 100 base); 2, Marker (DNA 100 base); 3. control; 4.
C. annuum L. var. angulosum Mill, Leaf; 5. C. annuum L.
var. angulosum Mill, fruit unripen; 6. C. annuum L. var.
angulosum Mill, fruit ripen.
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Table II - The ratio of the absorbances of DNA in upper layer
medium by spectrophotometer 260 nm. MCF-7 cells
were cultured with water extract of each sample (50 pg/
mi) for 2, 4, 6, 9 days

sample * * * *
cultured days 1 2 3 4 control
2 .71 110 133 124 1
4 157 096 136 121 1
6 145 101 152 1.71 1
9 1.05 121 130 177 1

*: 1. C. annuum L. var. angulosum Mill, leaf; 2. Lactuca dentata
Makino. var. flaviflora Makino; 3. C. annuum L. var angulosum
Mill, fruit unripen; 4. C. annuum L. var. angulosum Mill, fruit
ripen.
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(Fig. 8b(c)). 11F9 F2E F7HolME g 24770 ozt
o] BEuslel FAlo] FEAEHAN, 40870 A B F

Table III - Morphological changes of chromosomes in MCF-7 and hepatoma cells

a. MCE-7 cell™®

sample banded appearance of chromosome sample observation of nuclear by PI staining
cultered time 1* (Fig. 8) 2% 3* 4* cultered time 1* (Fig. 9) 2% 3* 4*
scattered a little a little normal some
24 @1 (destroyed) changed dispersion form 6 destroyed normal normal
much more  nearly almost
destroyed normal normal
loosed a little nearly
40 concentrated form aggregated 48 destroyed destroyed normal
much more almost
48 concentrated scattered  aggregated 72 destroyed destroyed
b. Hepatoma cel'”
sample banded appearance of chromosome sample observation of nuclear by PI staining
cultered time 1* (Fig. 8) 2% 3* 4% cultered time 1* (Fig. 9) 2% 3* 4*
37 concentrated 24
ted
a little some
40 despersion conciggrated 48 destroyed
concentrated  loosed a little a little a little
48 ted form aggregated 2 destroyed destroyed destroyed

*: 1. C. annuum L. var. angulosum Mill, leaf; 2. Lactuca dentata Makino. var. flaviflora Makino; 3. C. annuwm L. var. angulosum Mill,

fruit unripen; 4. C. annuum L. var. angulosum Mill, fruit ripen.
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Fig. 3a - The chromosomal states in normal MCF-7cell. The 4 X
10%/ml cells were cultured for (a) 24 hr (b) 40 hr (c) 48 hr.

| haEglon, ujk 4galgtelts Eoigst Folzlo] ¥t
H5h 25 FEEC ot Avke G8A9) FEANel W
3 A(A713 4821710 SIS QPR Thet Ak a1
34 EES 100 pghnl FER F7HSH, Wi 3741700 94

A sEo] AHFUIHFig. 8d). I 40x170] HrkslEA @
A ] dol7h Foht 1etAl HAlrh. JaFeh Fads
oF deAltel] Eolyat 3Fol 7i7} waE Ak

DNA B3 & - 7} AJRE 50 ug/ml FEZ H7ste] wjek
3 /1<) DNAT 2a)81o]!® 271958 Av}, H7al e ot
2 A £4}2] £29] DNAS A#At=9] Had Aol vehgrt,
24A1 7 wljokat AlsEolA] R2ist DNAS 7|95 os st
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(@)

Fig. 8b — The chromosomal states when the extracts of C. annuum
L. var. angulosum Mill, leaf 100 pg/m! were added to the
medium in the MCF-7 cells. Hours from seeding and the
morphology's as follows: (a) 24hr, it seems to be
scattered. (b) 27 hr, destroyed. (c¢) 48 hr, destroyed and
aggregated.

A= Fg 72 209, 367171 4877 vllofollre o @2
Akt ZRddo] #AESIL Fig 7014 #H2d dijo B
A 7t u3Y JuFFEES AEE F7I8E oAM= DNA
o] A71%%F bandi= S| oFatA] BEF K ET | 1]
10% 915k2] okt band® FHF ok 124)7ko} 7 o]3}9) Hj
o £o] A BEsHH derns gt éié’— A& ?—”—
RO}, AR ks J&E’m—, Holxr QJ.H
FAh. 12y FaF
2EAS] band’t BEH ‘ziv}.
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Fig. 8c — The chromosomal states in normal hepatoma cells. The 4
X 10%m/ cells were cultured for (a) 37 hr, (b) 40 hr.

Fig. 8d — The chromosomal states when the extracts of C. annuum
L. var. angulosum Mill, Leaf 100 ug/m! were added to the
medium in the hepatoma cells. Hours from seeding and cell
morphology's as follows and above. (a) 37 hr, concentrated,
(b) 40 hr, dispersion.

T3 wjFde] ¥-35-& 260nm SREHOR BE A
WME TFYFEES NEE H7RE Ao e wiofzr| e
2559 F357 A4 JeEPgTHE. 6). £HHAE 244131 H)
&t AuolMEe B-RZ9 T vRTy viss ey v

< & BoFglon, MigErId ool O B/ SEEE

Fig. 9a — PI staining in normal MCFE-7 cells. Hours from seeding
and cell morphology's as follows and above. The MCF-7
cells were added to the medium in 25 cm? canted neck
flask, and then examined by PI staining.

(a)

Fig. 9b - PI staining in the MCF-7 cells when the extracts of C.
amnuum L. var. angulosum Mill, Leaf 100 ug/ml were
added to the culture medium. Hours from seeding and cell
morphology's as follows and above. (a) 6hr, some
destroyed. (b) 24 hr, they were cell debris.
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Fig. 9c - Pl staining in the normal hepatoma cells. Hours from
seeding and cell morphology's as follows and above. (a)
3hr (b) 48hr

(a)

Fig. 1d - PI staining in the hepatoma cells when the extracts of C.
annuum L. var. angulosum Mill, leaf 100 ug/ml were added
to the culture medium. Hours from seeding and cell
morphology's as follows and above. (a) 3 hr, almost normal.
(b) 48 hr, almost destroyed.
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Bt 12lm #7959 dAxeMT DNA #3o| tjz+1
1528t band®] AFE RAAFTH(Table D).

4 =

C. annuum L. var angulosum Mill2] A 7}2| 5 T FollA]
MCF-7 A|22} hepatoma| 3ol st F2]2#] 2Rgo] T3
th 53] 33909 ¢ F2 AEE F7Ie AelMe glska
28 AAEHrE BEHUT. wet OME} ARE-E A B
FAMMTTH, FelF B2, AL T/ HLAES 234
) AN F S8AAske} P G4 %) 3] wWEa 2y
Axst g} AFEE B 5 ATk

kot Lol Tt 1Fe) FEANBE
E 10 ug/micl A 353%2] F24 &35
25 ugmielAE 42.9%2 SHYA 2915 H$0H, 75 ug/miel|
AE 94.8%] AT i@zﬁit} 555 Hef 2 wigte] oist &
o ME 50 ug/ml 15U FEFAIE
oM Fdo] AUE dojuA] &1,
3} AEAPE A5 FEEAT, 17} 6l 6Ll ZE AE
7t MEZAR Q1% MEd7} FEE . F4A2] banded B
FHFAME wllF 2411700l FAH| Q] At de] YR, A
S371 277 S8 55 @) *&%Hiﬂt‘r PIg¥C®E
% 611_/} ,Jrzloﬂj\«] ;\]2147]. 3)\] z‘s_| "H %Aﬂﬁ]—?"’] .1%
Jo] FE T 6AIZE] T Eo] 24A]7bof] wlAS] BAe]7i7}
FE| QT M7 Eol % MEARS] DNA 220 TEEA
, W] 33T A 57 260 nmelA S FEE HAME
oM E Al F7A] thzwel vls) s i) E4rt =4
LERSTE

AN 159 FEES FZAE 100 ug/
miEEolA MTT 2823 95%2] T4 Alge] #AFHAT &=
3, el aglel] digk BAINE 50 ug/ml 15U FEAE
£ 71 A & FHo Ad=] 2~3Y FHE AEd
ol #AAE T, wjok 6dolEs AX Fuj7} HAHAT
chromosome®] FEjFzNME vljok 244|710 G4849) =23
o] viehtar, AlEH7E 37417kl FEE T 40870l BAA]
Fejo] B wgh= glo] FAE7] AT PIEAe R o
el ge] PR AlE37E AR Suje] o] A #
ZE 1w FAI el wet JFEG0] STkl 4841 ) B d

4 B Aue@)Y FFEES A, =l
T3 FFEES MCE7 A% tial] Aoigoxs F2 48|
zhgol] okalA BRHULE YuFN Y FFEEL v]5=E A
288 Bont, FuFH el FFEL2 AT s A
fo) A BAFQIC}, ek JuFFEES] MCF-7 AlX] o
§t AAIzRgo] MTT A2 a9} A7 de] Badate] Aolgt
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WS BTt 1 Avh= MTTHeAE JA1ggo] & 2o
2 pEEg oW An|F gl AEFeAsie shajad
Ay A vepdg AT 4 AUSict.

o)de] A¥AHA 1FYY F FEES MCE7 x99}
hepatoma M 9| F21-& 7354 AABTE 295 dlor,
AZAY B FAA 0] #4757t HEEHUT PL E4
HollA 89| FEHdo] et vk 4827kl &) shES
S 7 QI A7 s FHERE o8-St AR Al
F2ke] 491 DNA £730] #aso, wjgbr] 3ol $3%
E2 MCF-7 M2} hepatoma MX2] AFTAE Faj] 74et
FHEARE e Ao FEXE 4 8l 28y MTT
oM AL 7IbAE thste] Bl3t MEFA A
288 BTN AlEe} AzkdelM e fHLA T sl
T 2Y ARolA wE NZAE T o, IRME
of tstode AlEe] Mge I o M2l Ao st
< 10999 Tl B2 AEAP) #EEHII

1738 o]l HRoMe] 528 IS hepatoma
M E} MCE-7 Aol oigt Zet ddass #2d 4 U3
o}, o] B EelM HE Alol= Yot BF G £
off ozt AlxEALe] o) wet FAES] o] AFEHT e
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