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Effect of Dietary Chlorella Complex on Anticancer Activity in Mice

Jae-Hak Jung, Kyong-Suk Jin, Yong-Ho Kim and Yong-Woo Lee’

Department of Biomedical Laboratory Science, Inje University, Gimhae 621-749, Korea

Dietary chlorella has known as one of the best candidates for development of multifunctional probiotic foods owing

to an excellent nutritional value such as high amount of proteins and various, valuable fatty acids. So many efforts were

devoted to studying the chlorella as therapeutic agents or foods fighting against many diseases in the aged people such

as cardiovascular diseases and cancers. In this study, we investigated sizes and weights of tumors derived from mice

injected subcutaneously with tumorigenic cells to see if antitumor activity would be found in mice dieted with the
chlorelia complex. After BALB/c mice were dieted with 5% organic cultured chlorella complex diet throughout for 19

weeks, the fibrosarcoma was induced by subcutaneous injection of tumorigenic cells at the 3 weeks before sacrifice. The

average weight of tumors in the diet group were significantly reduced to 60% (P=0.012) of the one in control group,

indicating that diet with the chlorella complex may have anticancer activity in mice. When the mice were dieted with

5% organic cultured chlorella complex for 4 weeks before injecting the tumorigenic cells in order to see tumor-preventive

effect of the diet, the potential preventive activity of the diet against cancer was implicated by the observation that the

tumors were greatly reduced in the diet group to 37% (P=0.144) of the control group. Especially, when the 5% diet

were applied to mice after injecting with the tumorigenic cells, the tumors derived from the 5% diet group were also
decreased to 95% (P=0.002) of those in the control group, suggesting that the diet with the organic cultured chlorella
complex may also have therapeutic effect against tumor formation. As results, it was shown that the chlorella complex

tested in this study had preventive and therapeutic effects on fighting against tumorigenesis. Therefore, the identification

and further mechanistic study of the components which may be associated with antitumor activity from diet of the

chlorella complex in the future will contribute to the development of anticancer probiotic foods, alternative therapeutic

treatment against cancer, and a new anticancer drug.
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1. MX by

BALB/c mouse®ll subcutaneous fibrosarcomaE -23}7] 9
dto] ARSE WM EFQ EJ-6-2Bam-6a (ATCC, CRL-1888)
£ 10% FBS (fetal bovine serum, Gibco BRL.), 1% penicillin-
streptomycin (Gibco BRL.), 200 mM L-glutamine (Gibco BRL.),
4.5 g/l glucose”} A71E DMEM (Dulbecco's modified Eagle's
medium, Gibco BRL.)S HIAZ 3}o] 5% CO,, 37 CAllA] vl
&tod 283121t} (Shih et al., 1981).
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Algell A 288 B3AE S22 A (B
AsfA [ gAEHEFE FFEL €5 FEE Az
U AEFE dieell A7HAZ AREEISITE 2282 599
g4 FEF (chlorella complex extract; ©|3} CCE)ell gt
SAae] NEAF JAHENE Hrlshr] Y8l dRAA F
3 W (Takashi et al, 1995)0] 2kzhe] $4L 7lsle] ghe
7} 7o} A|FZste] ALEEAT
WA Hwg 100 mio] S22 B33 24 1 g8 A&
30% powerS] microwave (PROLABO, SOXWAVE 3.6 M)
o}§31e] 100TolA 3087 Hol, 459 T Haio]
4CAA 5000 xg2 1023 SAER 8t Y2 40 173
£ Ao FLAA 1002 SEG 19T F 4P
7R 4CeAA Bt
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4. LAMIZOf thst MELT AN B Fot

wobA 2o 3 CCEY A ZEAF JAETHE Hr1e}7]
s 24 ujokg plaeed] well F 1X10°Y] LML E sce-
ding@ 3 ZHzZhe] wellell 0, 10, 20, 40, 80, 160 ule] CCEZ
A&t &9 A 1, 3, 5¢ 5 EF PBS (phosphate
buffered saline)Z A& 3}e] CCEE A|A%F The- ThA] vl 2kl
AE A7kt widslth 2 F Fol Al 0.25%
trypsin-EDTA (Gibco BRL)E *&lste] 37ColA 5E7Y in-
cubationd}3l 10% FBSZ} H7Hg sl X 2 trypsing H] &
A3t N2 T BEFEe] AERGAE THE O 15 ml cen-
trifuge tubeoll XA s

o] cell suspension® hemacytometer
(Neuauer, BRAND)E- o] &3] LM FE4E A0 2H
MEAY AAAaANS Hrlsido

CRL-1888¢] 5% @Z%L% AAsIGt) ol& & AF 25~
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10°, 3106, 1}107, 2X10" Fx2] TIAEE APFEY F

TSl F3tEAl ok HRME FAL F 35004 105
P ARFIIHA AP EEONA FYo] EAEE FAx A7]e
zZt b B A Hx AZIE vaste] d¥sE b

soly) @ & e WP Ak BEFE AP
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AR e gt &
3l B34 48HQ Harris Hematoxylin & Eosin 4% (©]3}
H & E 947 TUAx] 257 7]9)
Masson's trichrome &4 (]38} MT FA4)S AAl59 )
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Fig. 1. Effect of the hot-water extract fraction from chlorella
complex on the growth of tumorigenic cells. CRL-1888 cells were
plated in 6 well culture dish at cell density of 1}X10° cells/well.
Then the cells were further cultured in the presence of various
volumes of the extract fraction for 1, 3, 5 day. Cell numbers in
each well were trypsinized and counted by using hemacytometer.

SR 2ol CHEF M2

ZE (°]3} CCE, chlorella complex
=1 3t MEAA AAaHRE Brteks)
el 22 wiokg 6-well plate®] well & 1X}10°9] TebAx
£ seeding? § 2719 welldl 0, 10, 20, 40, 80, 160 pl°)
CCEE 7814 |, 3, 5¢ F AAHNESFE SHIIQIT) o] 4
3192 A3E W= CCE Fxol BAIflol AlEA37
A9 FEFE VAA FShar, 347 M e A4
ZT (12.7X10° cells) 135+ 10, 20, 40, 80 pwl A&7}
A 27t 9F 28, 9, 21, 42%2] HE ZAEEL 715391
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wate] zkz}b 10, 18, 23, 20% AEARZF] AT, 160
W A2 FAE ok 61% 43l CCE7} CRL-1888 '#H¢¢
AE) il AHH AN EaTN} US4 F Ui
(Fig. 1).
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Table 1. Determination of minimum inoculation size of tumorigenic, cultured cells for tumor formation in mice by subcutaneous injection

Inoculum size (cell number) 2x10° 2x10°* 2X10° 1x10° 2x10° 3x10° 110’ 210
Number of mice 5 5 5 5 3 3 3 3
The first palpation time' - - - - 13 12 6 6
Tumor formation No No No No Yes Yes Yes Yes
Survival period” 65 65 65 65 38~44 34~40 28~30 28~30

! The day when tumor formation at one lateral side of mouse can be recognized by palpation after subcutaneous injection (days)
2 The period while mice can survive from the subcutaneous injection of cultured tumorigenic cells (days)

Table 2. Effect of dietary chlorella complex on tumor formation
by mice age

Tumor weight (g) .
- - Relative size

Age Normal diet 5% CC diet” (%)
(min.~ max.) (min.~ max.)

4-week-old 2.79t1.81 1.68%1.69 60
[n=16] (0.16~8.36) (0.07~5.69)

20-week-old 0.82+0.18 0.33+0.06 40
[n=4] (0.58~0.99) (0.29~0.43)

Fig. 2. Hematoxylin & Eosin and Masson's trichrome stain of
neoplasma induced by subcutancous injection of the tumorigenic
cells in BALB/c mouse. A, round nodular mass lesion is noted
beneath intact skin (H & E stain, X10); B, marked coagulative
necrosis in center of lesion (H & E stain, <10); C, fibrosarcoma
showing distinct fascicular arrangement of fibroblasts, herringbone
pattern (H & E stain, <200); D, abundant fibers with blue color
stained by anillin blue (MT stain, <400).
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Fig. 3. Effect of chlorella complex diet on tumor formation in
mice. (A) Four-week-old, male BAL.B/c mice had supplemented
diet with 5% chlorella complex (w/w) for 12 weeks. Following
subcutaneous injection of the tumorigenic cells, and the mice were
further raised for 4 weeks with the same diet. The asterisk indi-
cates the statistical significance (P<0.05) as compared with the
value of normal dieted group by Mann-Whitney Rank Sum test
(n=16). (B) Twenty-week-old, male BALB/c mice were raised
with given diets for 19 weeks. Following subcutaneous injection
of the tumorigenic cells, and the mice were further raised for 3
weeks before sacrifice. The asterisk indicates the statistical signi-
ficance (P=0.012) as compared with the value of normal dieted
group by student’s t-test (n=4).
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Table 3. Effect of dietary chlorella complex on tumor formation by supplementation time

Tumor weight (g) Relative si
. t1
Supplement time Age Normal dict 2.5% CC diet* 5% CC diet* 2.5% 1 5%
(min.~ max.) (min.~ max.) (min ~ max.)
N 4-woek-old 0.860.41 0.67£0.19 0.540.28 28/63
P [n=6] (0.49~1.65) (0.38~0.96) (0.20~0.91)
12-weck-old 1584091 0414047 0.080.06 265
t [n=6] (0.47~2.69) (0~1.15) (0.02~0.18)
post-
26-week-old 2.1241.02 . 1.09:0.73 .
[n=10/201" (037~433) ND (0.05~2.30) ND/51

a. Chlorella complex diet, b. The number of tumors in control and chlorella complex diet groups are 10 and 20 respectively. c. Not done

14

1.2 1

1.0 1

08 ]

*P=0.144
0.6 1

0.4 1

Tumor Weight (g)

0.2 1

0.0

0 25 5
Chilorella Complex Diet (%)

Fig. 4. Effect of pre-supplementary diet of chlorella complex
on tumor formation in mice. Tumors were introduced in four
week-old, male BALB/c mice by subcutaneous injection of the
tumorigenic cells following diet for 4 weeks with solid chows
containing 2.5% and 5.0%, chlorella complex (w/w), and the mice
were further given normal diet for 3 weeks thereafter. The asterisk
indicates the statistical significance (P=0.144) as compared with
the value of normal dieted group by Mann-Whitney Rank Sum test
(n=0).

e FF FX9 4ile] Hlom, o o] AP
A7} HA &k FAF 9Y F9 25% TolA EFA7} H
or] 50% & EF X9 o4o] HATh FA} 159 F
BE oA %ol A HALH FAF 199 Fol 5.0%
9] EX5e %Y A7le UFRTY aRBY 50% ol T
Aol A HUrk 2F3ke] A@Ao] FH § ANE FTY
o} EAE hETIM BT 158 g Yol we) 2228 B
A 2.5% 2ol T& 041 g, 50% 2olTFAAE 008 g& B
2T o] 22 oF 26%, 5% A71E BJoW 5% 2o
o] tiZtel] nigte] BAA R o3 Afo| (P=0.002)F
BAG FTAFAY Ao Qo) 273 50% FELH 5
A Aol M 7H & BAE Bo] Mg 2 5T
A<l 2ol7} X gl aAHY 7HsAdE& BA (Fig. 5B).
o]9} BB o] 265H 2] BALB/c moused] A4+ =24}

ol 32 Jh

Al

[od

Hole) Z Mgy HAE F o AN DA A B
A T AF 47 B 7 AT BE 2ol A}
59T o) W e} Hx FAE R APTE BT
F4} 625 AR OB, T 3YA He WRE uxzw
AETE) EAHE B0 A7) Aol Wk dETAAE

2% H920l0] Sojo] AWYAT ABTe] FPuch
A1 AT 450 8ol 3R § AdEEe) A4
g Fde FAT dixzTodA B 212 g gl w52 €
zdet BRA 2ol AE 1.09 g2 Ho] 2T 51%
A7)l SBEHY F 2] FAHoE {3t AfolE HS

o (P=0.004)9] 748 B3I (Fig. 50).
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gzl 83 T E F glycoprotein-rich extracts
potent biological modifier (BRM)Z4], Chirorella vulgaris®] &
T FEEo| PAE A dE S5 W g FHAITIE
Zbgo] vty BT EHR o™ (Ibusuki and Minamijima, 1990;
Hasegawa et al., 1995), AFH o2 FUS =3t AdFEol
WM = FdUE 5900l T ME w7l dEsE 714
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Fig. 5. Effect of the post-supplementary diet of chlorella com-
plex on tumor formation in mice. (A) Fibrosarcomas formed in
mice were removed, weighted, and displayed. (B) Tumors were
introduced in the 12-week-old, male BALB/c mice by subcutaneous
injection of the tumorigenic cells, and the mice were, thereafter,
given solid chows containing 2.5% and 5.0% chlorella complex
(w/w) for 2 weeks. (C) 26-weck-old, male BALB/c mice were used
to induce tumors, and further raised with 5.0% chlorella complex
(w/w) for 4 weeks. The asterisk indicates statistical significance
(B, p=0.002; C, P=0.004) as compared with the data of the normal
diet group by student’s t-test.
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