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Figute 2. Effect of Chlorella pyrenoidpsa on DEN- or MelQx- induced
GST-P-positive foci development in the liver. Group 2, DEN alone; group 3, _
" DEN + ChL; group 4, DEN + MelQx; group 5, DEN #MelQx +Chl; group 6, : - @5
MelQx alone; group 7, MelQx + Chl. (A) Number of GST-P-positive foci:of
20.2 mm in diameter. {B) Number of GST-P-positive foci of <0.2. mm in
diameter. *Chl., C. pyrenvidosa. NS, not significant,

group 4 (DEN + MeIQx basai diet) the average numbcr and
area of GST-P-positive foci were.8.0512, 90lcm2 and
0.561+0.20 mm?*em?, respectively, which are about:3-fold.
higher than the corresponding values of group 2. In group 5
7. (DEN + MelQx; C. pyrenoidosa diet), the average number
- and area of GST-P-positive foci-were 4.461£2.68/cm? and
0.29+0.19 mm?cm?, réspectively. Thus, C. pyrenoidosa
significantly inhibited the development of GST-P-positive foci
{p<0.01, Fig. 2)..The percetitage inhibition of the number and
area of GST-P-positive foci20.2 mm in" diameter was 67.6°
and 74.2%, respectively. The difference between group 2 (DEN
alone; basal diet) and group 3 (DEN alone; C. pyrenoidosa
diet) indicated that C. pyrenoidosa ‘did not have a marked -
- guppressive effect. On the. other hand in DEN-non-treated.

(DEN-non—treated ba_sal,digt) and 6,(MeIQ;c Ja]pnq ,b,:as‘i‘liiéi
diet) or 7 (MelQx alone; C. pyrenoidosa diet). Table 1II -

in diameter among DEN-non-treated groups. In group 1
{DEN-non-treated; basal diet), there were no GST-P-positive
foci comprising >1 cell. In group 6 (MelQx alone; basal
diet), the distribution of the number of cells that comprised
GST-P-positive foci (2-4 cells, 5-10 cells and 211 celis).and
ihe total number of GST-P-positive foci were significantly
-greater than those of group 1 (DEN-non-treated; basal diet).
In group 7 (MelQx alone; C. pyrencgidosa diet), the total

. number of GST-P-positive foci (mean & SD) was significantly

less than that of group 6-(MelQx alone; basal diet)
(3.65%1.55/cm? vs. 7.60+2.59/cm?, p<0.01; Fig. 2). Also, in
group: 7, there were significant decreases in the distribution
of GST-P-positive foci cells (2-4 cells and 5-10 cells, but not
211 cells) (p<0.01, Table HI). The percentage of inhibition,
calculated based on the toral number of GST-P-positive foci
<0.2 mm in diameter, was 52%:

Discussion

This study was proposed to evaluate the-inhibitory effect of
C. pyrenoidosa on DEN-initiated and/or MelQx-promaoted
hepatocarcinogenesis in rats, and we found that dietary C.
pyrenoidosa had an inhibitory éffect on hepatocarcinogenesis.

In modern living environments, humans are exposed to
various environmental carcinogens and cancer promoters via
food and other sources. MeIQx is a heterocyclic amine (HCA)
and carcinogenic in the liver (18). HCA are ubiquitously
present as food-derived compoinds and are easily produced
by cooking or heating meat or fish. Daily exposure of MeIQx
in.humans has been estimated to:be 0.2-2.6 pg/person/day,

“which:is the second highest level following 2-amino-1-
meﬂxyl—6—phenylmudazo[4 S—b]pyndmc (PhIP) for this grouvp

of: compounds (19). These findings suggest that MeIQx is

,mvoived in:the: mductmn and ‘development of some. human
~cancers. The present study demonstrated that dietary
adm'msu'atmn of C. pyrenmdasa can significantly !l‘l.hlblll the .

cffects on hepatocarcinogenesis has not been clarified.

Howcycr there are several possible mechanisms. Firstly, ©

shows the quantitative data for GST-P-positive foci <0.2 mm

Tahle lII Effect of Ch!arella pyreno:da.ra on the developmcnt of GST-P-posmve foci (<0 2 mm in diameter) in the liver, in
DEN non—trcated groups

Size dlstnbutlon of GST—P-posmve foci (no: lcmz)

The mechamsm by which C. pyrenoidesa has inhibitory -

chlorophylt in' C. pyrenoidosa is thought to play a role in

1s chemopreventive effects. Chlorophyll and chlorophyliin,
“copper derivative of chlorophyll, form complexes with
JCA (20,21). Formation of complexes between HCA and
:h[qmphyll or their derivatives in C. pyrenoidosa can suppress
e absorption of HCA from the intestine: Although there are
y-unknown aspects of the absorption of chlorophyll by
digestive tract, and the metabolism of chlorophyll in
dy, in vitro studies have shown that chlorophyll and
phyllin suppress the genotoxicity of 3-amino-1-
I-5H-pyrido{4,3-blindole (Trp-p-2) (22), aad that
rophyllin inhibits the metabolism of 2-amino-3-
imidazo[4,5-f]quinoline (IQ) and forms complexes

23). Furthermore, it has been reported that chloro-
nh1b1ts NADPH-cytochrome P450 reductase inthe

the function of cytochrome P450 (24). Thus,
yil and its derivatives in C. pyrenoidosa may
the. bioactivation of HCA, Hasegawa et al reporied

- 1-methyl-6-phenylimidazo[ 4, 3-b]pyridine (PhIP),
1CA (25). Secondly, proteins that are abundant in
wenoidosa may also be involved in its anticarcinogenic
ith regard to the physiological function of soybean
re have been many studies that included chemo-
stfects (26,27). Kanamoto et al reported that the
ic circulation of bile acids was closely involved
nogenesis induced by azoxymethane, and that
teins inhibited the enterohepatic circulation of
tﬁg{sby reducing the levels of serum bile acids
ng hepatocarcinogenesis (28). It appears that
osa proteins play roles in suppressing hepato-
, and there is a need to further investigate the
mechanisms of their chemopreventive effects.
-pyrenoidosa is rich in some candidate chemo-
such as carotene (29,30) and. dietary fiber,
motmg fecal excretion of blle ac:ds (31) It
| that Chlprella activates the immune system,

phages and NK cells (8,32). However, in the
e consumption of  C. pyrenoidosa did not
relopment of GST-P-positive foci in the rats
N but not MeIQx. Takaba et af found that
id. not suppress the initiation activity of
h as 2,2'-dihydroxy-di-n-propylnitrosamine
N-hydroxyethylnitrosamine: (33). Thus,

has only weak suppresswe effects against
tocarcmogcncsxs or is less effectxve agamst

Total

Group o, Treatment ‘No. of rats _jf'fi?ff~2-4ce11s j:""S -10 cells ~ zlicells
1 . . Basaldiet 15- - 00080000 0.00£0.00 0.00£0.00 " 0.00:0.00
6 MelQx " 15 536£2.02¢ .'_"'5204i0:.85d 10.20£0.36°  7.6032.591
7. MelQx+Chl® 15 2.85£1.19% 069+{)70dﬂ 011+o' 220 | 365+1 5546

. pyrenoidosa. Slgmﬁ
mi control group (group.6) @

basis (34), this level of C. pyrenoidosa
ts corresponds to about 55.0-g/day for

ption of the rats corresponded. o about
ical human intake level (0.2-2.6 png/person/

urface area hacic nn ot al rennrtéd that a
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ansport system' of cytochfomie: P450; therebyi

hylin inhibited the breast carcinogenesis induced K
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daily intake of 5 mg of chlorophyllin can theoretically complex
all HCA ingested via food (35). Because it is known that the
major structural requirement for complex: formation with
carcinogens is. the tetrapyrrole macrocycle of chlorophylls, not
the presence or type of metal located in the ring system (36,
chlorophyilin and natural chlorpohylls in human diet may
have nearly the same functions. C. pyrenoidosa contains about
2% chlorophyll, indicating that about 0.25 g of C. pyreioidosa
is sufficient to provide 5 mg of chlorophyll. It is easy for
humans to consume (.25 g of C. pyrenoidosa in a dietary
supplement.

The present results suggest that C. pyrencidosa has
chemopreventive effects against hepatocarcinogenesis in rats.
The daily intake of Chlorella supplements, such as Chiorella
pyrenoidosa; can protect against human hepatocarcinogenesis

~.and lower the risk of HCA-induced human cancer..
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Table . Final body weight and related Iiver weight.
Final body Related liver wt, % 221 FA g
Group no. Treatment No. of rats weight {g) (g/100g body wt) E 111 v |
1 Basal diet 15 276.1£11.9 - 2.3530.08 1
2 DEN 15 263.8+10.8 2.31+0.06 (
3 DEN + ChlL? {5 ' 269.5+12.2 2.3110.06 g
4 DEN + MelQx 15 256.3%10.6° 2.55+0.09¢
5 DEN + MelQx + Chl. 15 255:9+15.7 2.50+0.09¢ o
6 MelQx e 15 i 263.9£13.64 2.604£0.1714 //W//W
7 MelQx+Chl 15 268.5+10.6° 2.58%+0.054 : T

“Value is mean + SD. "Chl, C. pyrenoidosa. Significantly different from basat diet group ('gmup'i or 2) at“p<0.05 and “p<0.01, respectively.

— Wx/f’//fa’/ﬁmf/

hepatocel!ular carcinoma in long—term carcmogemcxty studles
(13). Hirose et al developed a bioassay system in which
test substances are administered simultaneously with MelQx,
a known hepatocarcinogen, during the post-initiation stage
of a rat liver medium-term bioassay, and. have identified

several substances that possess mhzbltory activity against -

hepatocarcmogenesw (14,15).
Although several studies have demonstrated the antitumor

effects of Chlorella pyrenoidosa and other Chlorella species.

(9-11), there have been relatively few studies on-its chemo-
preventive effects.. Chlorella pyrengidosa has been shown:to

reduce the absorption of orally: ingested dioxins and accelerate

carcmogenesxs, by mhlbmng the absorptlon of carcmogens

via food. The purpose of the present study was fo. evaluate .

the modifying effects of dried Chlorella pyrenoidosa (C.

pyrenoidosa) powder on the development and :growth.of .
GST-P-positive focl in rat livers using the tests created by Ito...:

et al and Hirose et al. .

 Materials and methods.

hA
)

Exper:menza[ protocol Flg l shows the experlmental design.
A total of 105 rats were randomly- divided into seven groups
of 15 rats. Rats in groups 2-5 were given a single intraperitoneal
(i.p.) injection of DEN (200 mg/kg body weight; injection
volume, 5 ml/kg body weight) dissolved in saline to initiate
hepatocarcinogenesis. In groups 1, 6 and 7, saline only was -
injected instead of DEN. After 2 weeks, the rats in groups I .
and 2 received a basal diet (not.containing MeIQx or
C..pyrencidosa), group 3 received 10% C. pyrenocidosa,
-groups 4 and. 6 received 0.02% MelQx, and groups 5 and.7
received 0.02% MelQx and 10% C. pyrenoidosa for 6 weeks,
‘tespectively. Also, groups 3, 5 and 7 received a diet containing
10%.C. pyrenoidosa; starting 3-days before the injection of
DEN or saline., At:3.wecks after:the. injection. of DEN or saline,
all rats were subjected to a two-thirds partial hepatectomy under
etherization: At 8 weeks after the injection of DEN or saline,
all-surviving rats in each-group were etherized and sacrificed
,by blceding from ‘the: aorta After sacriﬁce, the liver was

mental design

3 : Diethyhitrosamine (DEN), 200mg/ke i.p.
[} : Saline, i.p.

s Two-thirds partial hepatectomy

1 Ciforefla 10% in basal diet

2—a:ﬁino-B.E-dimclhyiimidazo[4,5ﬂquinuxaiiné {MelQx),
- 0.02% in basal diet -

i MelQx 0.02% + Cidorella 10.0% in basal diet

[7:]'; Basal diet’

Figure 1. Experimental design.

(DEN-non-treated; basal diet) and group 2 (DEN
liet) as controls, respectively. The modifying
noidosa were evaluated-by comparing groups

4 (DEN + MelQx; basal diet) and 5 (DEN +
noidesa diet), and groups 6 (MeIQx alone;

Cﬂemicals and Chlorella samé!é., Diof_}:yiniﬁosaoﬁoc, (DEN)
wis purchased from Tokyo K.asei Kogyo Co Ltd. CI'okyo e

-(MeIQx) was purchased from Nard Inst:tute Ltd (Osaka,;:g
Japan). The C. pyrenoidosa (SUN CHLORELLA strain) was~
manufactured by Sun Chlorella:-Corp:- (Kyoto, Japan). The -
- comiposition (g/100 g) of dried C. pyreno:dasa powder used.
in"the present study. was: moisture ‘content; 5.3; chlorophyll, -
2.3; pmtem, 59.7; dietary-fiber, 9.8; lipid, k1. 2 ‘ash; 6:3; and -
carotene, 0.025. C. pyrenoidosa-was administered by mixing it~ -
into'a y ray-irradiated (6.0 kGy) MFE. basal dlet (Onental Yeast:'

Co., Tokyo. Japan)

Ammals Maie F344/Dqu rats were. purchased at 5 weeks ofl o

GST P—posmve foci. The av1dm b:oun—peromdase complex
-(ABC) method was used to determine GST-P-positive foci in
the liver section (anti-rabbit GST-P antibody; Medical and
Biological Laboratories Co., Ltd., Nagoya, Japan} (17). The
number and area of GST-P-positive foci 20.2 mm in diame
‘and ,total area of liver sections examined, were measured using
“a video image processor (IPAP-WIN; Sumika Technoservi

consumption for groups 2, 3, 4 and 5 (DEN-
x 13.22, 13.74, 13.11 and 13.67 g/animal/day,

ONCOLOGY REPORTS 14: 403-414, 2005

‘basal diet) and 3-(DEN alone; 'C, pyrencidosa:

(MeIQx alonc, C pyrenaidosa dict) Statistical

«<0.05 or <0.01 ' was cons;dered sngmﬁcant o
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respectively. Mean food consumption for groups |, 6-and 7
(DEN-non-treated groups) was 13.75, 13.71 and 14.10 g/
animal/day, respectively. Average MelQx consumption for
groups 4 and 5 (DEN-treated) was 12.59 and 13.11 mg/kg
body weight/day, respectively. Average MelQx consumption
for groups 6 and 7 (DEN-non-treated) was 12.57 and 12:83 mg/
kg body weight/day, respectively. Average C. pyrenoidosa
consumption for groups 3, 5 and 7 was 6960.16, 7189.53 and
6903.02 mg/kg body weight/day, respectively.

Table I shows the final body and relative liver weights. In
DEN-treated groups, the average final body weight (mean
SD) of group 4 (DEN + MelQx; basal diet) was significantly
lower than that of group 2 (DEN alone; basal diet) (256.3£10.6
v$, 263.8110.8 g). There was no significant difference in the
average final body weight between groups 4 (BEN + MelQx;

basal diet)-and. 5 (DEN +:MelQx; C. pyrencidosa diet)..On -

the other hand; in the DEN-non-treated groups; the average
final body weight of group 6 (MelQx alone; basal diet) and
group 7 (MelQx alone; C. pyrenoidosa dict) was significantly
lower:-than: that‘of group :|:(DEN-non-treated; basal diet)
(263.9£13.6 and 268.5E10.6 vs. 276.1£11.9 g, respectively).
The average relative liver weight (mean ¥ SD) of group 4
(DEN-+ MelQx; basal diet) and ‘group 5-(DEN +MelQx;
C. pyrenoidosa diet) was significantly- greater than that of
group 2 (DEN:alone; basal diet) (2:5520.09-and 2.50+0.09

vs. 2.3140.06 /100 g body weight, respectively). There was

no significant difference in the avetage relative liver weight
between groups 4 and 5. In:DEN-non-tredted groups; the
average relative liver weight of groups: 6. (MeIQx alone;
basal diet) and ‘7 (MeIQx: alone; C. pyrenvidosa-diet) was
significantly greater than that of group 1 (DEN-non-treated;
hasal diet) (2.60+0.11 and 2.58+0.05 vs. 2.3520.08 /100 g
body weight; respectively). There was no significant difference
in the average relative liver weight between groups 6 and 7.
Thus; C.-pyrenoidosa did not have a marked effect on Ilver

diameter in the liver are summarized in Table IL In group 1
{DEN-non-treated; basal diet), no GST-P-positive foci were
seen.-In group 2 (DEN alone; basal diet), the average
number and-area of GST-P-positive foci (mean + SD) were
2.75+2.26/cm? and 0.20£0.18 mm?¥*cm?, respectively. In

f Chiorella pyrendidosa on the development of GST—'P—positive. foct (20.2 mm in diameter) in the liver.

age from Charles River Japan Inc. (Atsugi, Japan). The rats -
‘were kept.in plasnc cages (3 rats/cage) with hard ‘woodchips:
‘Toom maintained at 2332°C and 5215%

for beddi

value - basal diet value) - [(MelQx + Chlorelia) value - bas “DEN + MeIQx + Chl

humidity, with a'12 hli t-dark cycle. Durmg the exp_enmental

die 'value} xiOO { MelQx value basaI dlet value

CMelQx

calculated based on food consumption.

C Osaka, Japan). In groups without DEN treatment, - -
m?;lpber and areal:)f GST—IE-pogmve foci 20.2 mm in diame 7 _ GST-P-positive foci _
: -iwere measured in addition to the number of ‘GST-P-positi Treatment . No.ofrats - No. (nofcm?) Area (mm¥cm?)
-foei <0.2 mm in diameter per cm? of the liver section & " - : — - .
“number of cells that comprised those foci, using a microsco) Basal diet - 5 . O-OOiOfOD’ 0.00£0.00
The inhibition percentage of C. pyrenoidosa was calcul “DEN . - 15 ' 2.7512.26 0.2040.18
based on the average number or area of GST-P-positive "DEN+ ChLb" © : : 3.1742.16 0:1940.11
per cm? of the liver section, using the formula (14): (Mell 'DEN + MelQx 8.0542.90¢ 0.5610.20¢ -
-0.2940.19¢

4.46+2.68%

B Stat_tstgcat analysis. Body and liver weights were compar

between DEN-treated groups and DEN-non-treated grou]
diff&fﬂn rom conteal. aeann frrnnn 4Y at ne.01

"Chl . pyrenmdam Slgmﬁcantly different from basal diet group (gmup 1 or ?.) ¢

Quantltatwe data for GST—P-pos:tlve foci 20 2 mm in’. -
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Suppression of glutathione S-transferase
placental form-positive foci development in rat
hepatocarcinogenesis by Chlorella pyrenoidosa
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Introduction

Since: 1981, cancer ‘has been:the leading cause of death in
Japan: The Ministry of Health,"Labor and :Welfare of Japan
predicts that'the number of cancer patients will continue to
increase and nearly double from the current figure of 300,000
by 2015 (1). The number of cancer patients is also increaging
worldwide: and the-WHO estimates-that this population will
increase 1.5-fold (15 million) by 2020 (2). Cancer can be
viewed as a lifestyle-related disease, and epidemiological
studies have shown that changes in lifestyle, particularly diet,
play an important role in the etiology of cancer (3,4). Willett
et al reported that 30% of cancer deaths can be prevented by

“improving adult diets and reducing obesity (5). Chemo-

prevention is currently a topic of intense interest in cancer

* medicine, and research into functional foods that help pievent
" cancer has produced some promising “results.

Chiorella pyrenovidosa is a unicellular green algae that

| grows in fresh water. Compared-to other plants, Chlorella
- pyrenoidosa is-much richer in proteins and chlorophylls and -

contains large quantities of vitamins, minerals, dietary fibers
and nucleic acids. The proteins in Chlorella pyrensidosa

 include all essential amino acids for human growth and -
. health, Chiorella pyrenoidosa, other species of Chlorella, and

Chlorella extracts have been shown to lower cholesterol (6),
prevent stress-induced ulcers (7), improve immiunity against
infection (8) and exhibit antitumor effects (9-11); At present,
Chlorella pyrenvidosa is widely available as supplements and

in health foods in many regions of the world.
A'rat liver medivm-term bioassay system for the detecuon

of carcinogénic potential of chemicals has been developed by
“Tio et al (12). This bioassay system, based on the: initiation-

promotion concept of carcinogenesis, allows the evaluation

cd'GST P-positive foci using medium-term: bioas

: V'have. been shown to closely correlate with:the incidence of -

of promoting activity of test substances using the development '






