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CHLORELLA EXTRACT ON DVARTECI‘OMIZED RAT

Ovariectomy also resulted in a dramatic decrease in

the uterine weight (Table 2). Since the CGF solution did

not increase the aterine weight of OVX rats (Table 2).
it did not function as an oestrogen agonist. Qur result
suggests that the reduction of the weight gain 1S caused
by an action other than the pestrogenic action-

The ovariectomy increased the level of both total

and high-density lipoproteint (HDL) cholesterols, but
decreased the triglyceride level (Table 3). The injection
of 17 ﬂ-oestradiol {o ovariectomized (OVX) rat ormna-
“ized these parameters to the level of Sham rats.(Hidaka

et al., 2001). Similarly, Lundeen & al. (1997) reported

that incre Jevels of total and HDL cholesterols
were reduced to the {evel of Sham rats by the adminis-
1eation of oestrogens o the OVX rats. By the adminis-
tration;of th CGF solution, total and HDL cholesterols
'tﬂglypcride_increas_ed to the levels of
le.3): However, our result showed that
did not have an oestrogenic action.
eded to elucidate the mechanism of

" Sham sats (T
the CGF solution
" ‘Further study is ne

- . . 2 j - action of the CGE solution.
" [ A . Watkins el al. (1972) reported that ovariectomy

reduced the secretion of trigiyceride by the liver, which

sults: Contrary to our result and

may explain our resul

that of Watkins e/ al. (1972), Van Lenten et al. (1983)

reported that the ovariectomy resuited io the elevation
a triglyceri Depending: 00 the metabolic

status, OBStI ve variable and even an opposite

_ effect on the: lood. trigly ride level. Since the level

“of triglyceride in ovariectomized rats depends on the

hepatic secretion (Valetie et al.; 1986), the CGF solution

' may increase the \ovel of hepatic triglyceride secretion.
ant and Andre (2001),

o clinical trials doné¢ by Merch:
‘the subjects, who were diagnosed -as suffering- from
*_hypertension and consumed for 2 months both: the solid
e ,tablefs"aﬂd:—the;liquid'i(CGF‘);::,decreased the levels of
"~ total and HDL cholesterols, but had no effects-on the
“level of'triglycerides; Therefore, their tegulis, 85 OUIs,
strongly suggest that single administration of the CGF
jon would b beneficiat for cardiovascular disease
slesterol for women. affer menopause. Since

as an antiosteoporotic agent, the CGF
an antiosteoporotic agent (See Table 2

n
primary proof

_ solution is-not
“and Fig. 2).- : ,
o The administration of the CGF solution to Sham rats

- ~had no-effects on the growth, although this sohition -
© claims 10 have growib ptomoﬁngi‘eﬁect"on plant and

' ism (Merchant and Andre, 2001). Further-

“micro0TgAnIsm
more, the CGF solution had n(_).'eﬁec_ts on:Sham rats 1

" this study (Tables 1-3}. : :
" The consu iot ofnaunal‘wholefoods’ﬁchinmam—

" nutrients has been suggested 10 have beneficial effects
~“for those who repularly ingest normal, nonvegetarian.
idosa, a uni-.

~ diets. The extract from Chlorella pyreno
e o fresh water groen alga ich in proteing, TR -
~‘and minerals, has been recommended as a dietary sup-

C

Figure Z.

“Scanning oloctron raicrographs of the. !gngitydinail-
Y diat 7 -weeks ‘after ova-

. gactions of the proximal tibia sample : f o
- riectonyy from (A Sham-nperated,itB}iovariéptd_mii'aﬁdﬁ"go\!)(); © slement.
" () OVX given chloreila gro'wm'ifactor:(CGF)”QQIUtidh’rats;r' Y. plement y revealed Al 2 - e
o R ' B ,,C.ipyrmo;dasa may have a therapeutic potential 0
PR o S i e :’elisvesymptums,impmve quaﬁty,ofli,fe,,andn
effect independent of the increased food intake. However, body functions in patients with iil:vrfmlyaigilftJi hypert-
ptio ' erchant

“tension, or ulcerative colitis, as reviewed by
ble usefulness of chlorelia

- gvariectomy resulted in a decrease in ﬂﬁid,’éops;ump;tion 1 !
N i o etal, - and Andre (2001). A

i_lﬂdiﬁ_l'i_our-ad::libimm condition; (Tabie 1: Hidaka et al, . 0 7
11997), our: ¥ alt is also inopposit ings... sainst these chronic diseases should be
| ; Gesel A gatod using animal caperiments to 0STe

Further study is needed to resolve this disere

ancy. : i
- 64168 (2004
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tory effect on the bone Joss is the

e, e evealod that a hot water exiact of
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problems using an ovariectomized rat model

metaboli i
olism and body weight. In conclusion, this

Cardio i
o Vf::)s;:u‘if:)r disease and osteoporosis are serious
o efﬁ?en after .menopause. Therefore, we
acy by the CGF solution against tilese

W, ,
o boedsf(o‘s;l%;{lat the ovariectomy induced an increa
it EBN% decreases in serum lipid metabolisfg
e D. Although the CGF solution did
e bone loss, this agent normalized lip;d

S.HIDAKA ET AL

commercial chlorella liquid
f . guid may have benefici
or the preyenggg Qf, cardiovascular disease;lal effects
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) . considered significant when p < Table 3. Total cholesterol, high-density lipoprofein:
0%). Food and drinking water were supplied ad Thg difference was I cholesterol, and tiiglyceride contents in the sera of sham-cpe
ﬁi;jn o) i 0.05. 350- s and of ovasiectomized rats treated with and without chlorella
! - . : O - - i
. : tions as well as their - growth factor (CGF) solution for 7 weeks
Daily food ancé g}‘:gs&oer:?l{:?g specified time of the L_;_,- : : SR -
body weight wer iment, After euthanizing the animal . prcyyyg ' T Total cholesterol HDL ¢holesterol Triglyceride
day duncll:lg the e, e right logs were dis- I = g (mg/dh tmg/dn (mg/dl)
under chloroform ana r Casec. Th B LT : . e : s 7 : : R
socted from each apimal 2nd ST ok hesc? (I(-:Iidak; Food and finid consumptions and body weight ~ oh 30 o T __,.—"" Sham 88.7 + 9.5 597 +6.1 56.7 10
uterus of each rat was dissected and weig , . onsumption v 01 I,/ LA Sham +CGF 875199 60.3+65 5984 10 .o
et al., 1999 : o As shown in Table 1, the mean daily f.md ° that of = T {/ .e ovX 101+9.8° 703176 o gs4dzE
,,,,;, Pms' shid f the experimont, food _of the OVX xats on 1-7 weeks was Hg? FOWX + CGF 5 R Vs I ﬂ] OVX+CGF  883%79. . 623%51  600%61%
- A fter completion of the expe S L Rer  Food constanption O - /I 2 e - e e
fx:\s re:;mved i2h prioI:: to euthanasia. Rats werie Sh;‘:’n?—tfi 1363255 was almost the same as those 18 Sham i p B E"--’"=""" Abbreviations are as given in Table 1. B
hesized by ether and blood samples were co-- Ial Shom + CGF rats. o 1. —:::.‘ - J_ hS!gn!ﬁcant difference (p < 0.05) when compared with Sham rats.
?ni::titi :;0 50 m! beakers by cutting the carotid artery- an]d)aﬂhamy fluid consumption of OVX rats in 1(-1—;"7 ;;"33]135 {38 250 F-=4 Significant ditference {p < 0.05) when compared with OVX rats.
ec . lowspeed ~ Daty T o : 19% (Table 1) : o , :
serum was separated by Ic 4 ower than that of Sham rats by 19 T : e P e
Aﬂgiguogft?ﬁl?rﬂém serum cholesterol and triglyceride \gjas (} wmpﬁotﬁaof OVX + COF ats in 1-7 weeks that of trabecular bone in the metaphysis exhibited
ceeg'e determined using. diagqostii?jkl:tﬁ:,_@o_'??;Q:S:..’:gma:. " mmmparabletothat of OVX rats” * - :mzed ' greater loss as compared to those in the Sham rats, The = "
& icals Co. (St. Louis, MO, USA) according to the wa;-hﬂ increase of body weight in ovariecto administration of the CGF solution did pot restore the ..
E:llrlfuac:l:urm".s instructions (Hidaka et al., 2001). After OVX) rats was significantly higher than that in sham connectivity in the metaphysis to those of the Sham rats =
lllci?vlzdensity lipoprotein (LDL) and very Jow-deusity ' (Fig. 1). After 7 weeks, the mean

tipoprotein (VL DL) were precipitated from the serum control (Sham) rats (Fig.

286 £13 200 . . . L . Loy 7 (Fig. 2¢). The administration of the CGF solution to. -
¢sium’ chloride pre- body weight + SD in Sham and OVX rats were 200 = 0o 1 2 r

3 4 5 6 7 Sham rais had no effects (data not shown).
Weeks after surgery - - '

i 14 (2 = 6), respectively (Table 2). The
using the dextran suphateimasncslal SCHGEY)  (r=6) and 355214 (1= 6) e N Arp s was
o terol was determined, using the HDL cholesterol - inerg®eS ° LV, /65 rats, With the adminisiretion
cholesterd’ WE" g described by the same manufacturer smaller than that in OV rats (Sham + CGF), the
diagnostic kits, 8s described DY ,, ek of the CGF solution to Sham )
(Hidaka et dl. 2001)- 7 increase was reduced to aimost the same level as |

t of bone mineral density (BMD). After Sham rats (Fig. 1 a?d ‘Fable 2).

dminis_tered chlorella: growth faetor. {CGF): solution (@), ova-
ectomized .{OVX) (A), and OVX administered chlorella_growth
factor (CGF) solution (A). Since the changes of sham-operated

igure 1. Changes in body,,wéight ‘in-rats.: Rats. were sham DISCUSS[ON

: : To charactenze fhé',lipid metabolistn’ in ‘womien affep- i
Measuremen : z;e,,g{“-s}f:\?: &ﬁ?&fﬁﬁﬁfmgemﬁﬁg ;:tss gt{'n"’e mepopause, ovariectomized rat models have been used, ...
removing adberent S0 A long dmgswt:\?lﬁ l. * p < 005 and ** p < 001, significant difference. from the for exampl":’_,' a 8~9-weeks-old Sprague-Dawley (Valette -
of tibiae were made by the manual grin ed Uteriiie weight ovariectomized group at-corresponding times. et al., 1986; Lundeen et al, 1997) or a 12-weeks-old
st e wmgggﬁd?t’ : : Wistar rat (Van Lenten et of., 1983). We used 90-days-
Wi icati £-70% and 99.9% (v/v
by a step-wise application ¢ y9.9% {viv

the As shownriﬂTalrnrle'Z, §h¢ uterine weight of Sham and

. SIS . Id Sprague-Dawley rats which were ovariectomized

ik : £, G U - ioht le 2, Body weight, uterine weight, and fibisl bone mineral o opr : et e ORI
ool soluions. These sarples were used 1 bOG B0 533y ifred sigificantly (p < 001 The SEH] vty (BD) of shmmopeatl it of ovactomized rws Lo KO {herh sex Hormone deficient. This mimics the

- MD and scanming electron - - was alms ; ; Tacto ion 9 ~occuiring 1n-women following )
n;fasmtqfﬁi Aapeha e immgovx;ﬂﬁfgv‘gwmm Sham + CGF group » “i:laﬂdwﬁ'hoﬂt chlorella growll factor (CGE) sobution (e, “jogq) © © ; ,
© 'sic:he BMD was ‘quantitatively ~determined by the - ?:s a]so'a]"grm'gst'theéamc as that in the Sham group. R , , ~ Ovariectomy caused an increase in body weight
computed x.raydemimﬁy(m)mmmomlfm: e R o Body weight Uterine © . -Bone mineral (Fig. 1an’d Table 2). This obesity fouomg'oeﬁt@gfng G
Teijin Company;:-Tokyo, J?pzn)l(ﬂlq?:;mila[,o n:; Ge lipin!s 7 : () weight (mg) - density (EGS/D) “depletion’ has been posturlated: to: provide “a partial

‘radiogral the longitudinal sections ...3erd o B ‘ — -

s weto taken along ith an sl ' As shown.in: Table 3, the total cholesterol Tevels of

* protection against the development of ostcoporosis
(Roudebush et al., 1993). The increase in the food
sumption in ovariectomized rats (28%-increase |

mo. . 2881 | 534£33
m+CGF,  295+13® 522

wedge Uﬂﬂ% o ot at A mA. 40 ; hamandOVXrals-we_IeS&'liﬁaﬂd-ml'i-g-&(mg-dl)-
Company, 10

Tebia  sespoctively. This valuc increased by 14% in OVXrats. .

et ertinif o e o san e+ IR MRS L b e ey o b
e densitometiic pattern o the proximal HbA. .. 162 LA tein (FIDL) cholesterol also signi~ ' , s -0 " weight (Clark and Tarttelin, 1982). By the administr

ﬁiﬁ?;ﬁe&mmﬁwmﬁm -conp “‘“(Pcﬁcmﬂ incrtzal;edby 18% in OVX rats. The mglycemze o —i

9801; NEC;!TOKYC";Jﬁ??“)*gsi’(’}isgimgﬁom'w' o level gf OVX rats decreased ‘g’aff‘foﬁﬁg %‘%aées%lnﬁ nificant differenoeg(p<0.05l when comipared with Sham rats.

rat bone density (Version 2. U= Ll o that of Sham rats, The administration O1 =

. g e of BMD, SGS/D (mm Al) that of Sham rats. T  reduces rum paramoters .
—— Japﬂh%?i;n : %ﬁgﬁfﬁm bY:'in,SﬁgI&ting, - tion to the Oghrﬁ ,g%fﬁesimﬂmﬁm of
s eetom atea which was obiained apticodeusito- 10 {he UL TR Msp ro ad no effets-

n A W averted into & number of steps - O o to:the, S '
metrically and was converted Into 2 NUmD s the bone i e : o
i uminiun step-wedge, d D represents the DOZ - : ‘fluid consumptions in. sham- -
ﬁiﬁ?h.”m area that covers the cpiphysis and a part Of - “yyue 1. Mean daly food - rats roatol with and without
metaphysis in- the proximal tibia was caloulated for - . o

nificant difference (p < 0.05) wheh cornpated with OVX rats. . 151 1 0L By

oo .o oo o rats during the experiment was 88% of OVX re

o7 (Table 1). It is possible that the suppression on app

" tite, which iz controlled by ventromedial hypothal
“may have caused the decrease of the body weight

i , 7 food consumption of Sham + CGF rats was almos|

¢ mineral densities (BMD) of Sham and OVX rats * same as that in Sham rats, it does. not se:

me mineral density (BMD)

hown in the right side coluinn of Table 2, the tibial -

- aud of . : 0.99 1 0.02 and 0.80 £ 0.02, - CGFi leasant drink to the rats. There remains.
; . ination of the area and the precision. chlorelia growih factor (CGF) ¢ tution for 7-wee e that the ovariectomy decreased the by oA ibility that the CGF solution prevented the lipid
TGS/D. The deternunal : ; - - O Ie .. A poss on prevented the
of the measurements were described by Hidaka ef.ar - © Foodperrat Fluidper rat. - The administration of the CGF solution to OVX' ~ deposition in the adipose tisswes.
aesn. : S : _ (@ (i) d not recover the BMD. The administration of =~ The OVX rats consumed fluid 28.1 + 1.5 ml per day
ot R ns S : 1515 F solution to Sham rats had no effects. = . . per rat (Table 1). For a human-adult people, the.daily. -
Ehmmmmpkomnﬁommu@tﬂdlﬂﬂlm L Sham 145111 250414 : : S T AP . .dosage of the CGF solution recommended by the
e were then shadowed with carbon before exam- - -3 CGE 152+ 11 e ... manufacturer is 30 m!. Provided that an average body
of tiblac WeTe L - eotron microscope (SEM) (JSM- - Sham + 18513 2B85+15
ination in a scanning electr ' O

ihon ] pan) at 10KV, oV 815185 { anslyses © . weight of the OVX rat is 300¢ (Fig 1) and a body
6330F, Nibon Denshi, Tokyo, Japan) at 10 EV. o guRsCGF . 16318 0 ° - R oo weight of a buman adult is 60 kg, the consumed CGF
SR L ‘3.5 méa;ii'.',':"i* Gents oo . dad into 4 groups, sham-operatad {Sham}, 53%“‘)(; tak , ap o e solution by the OVXraI(%.'TODIkgIday)was approxim-
Satletie .___Data__wireedob th 'méai:s?; standard devi- .. given CGF solution (Sham + CGF), ovarlectornized (OVX: taken at 7 weeks after the ovariectomy is shown . ately the same as the human adult (100 OD/kg/day).
‘and were. expressed: as IS MEATD. =7 by Al g ' -

ations. Statistical comparisons were ‘by-AN

B CGF solution (OVX + CGF}, aach having 8 ris. -
and Scheffe’s tests using & statistical software PIORTatt. - - -

8 anifcant diffarero? (p < 0.05) when compared with Shart

dwi _ tivity of cancellous bonie in' the epiphiysis an:
o o 18 1601680000 FAHCCROL .

2004 John Wik::y & Sons,Ud .
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A Hot Water Extract of Chlorella o
pyrenoidosa Reduces Body Weight and Serum
Lipids in Ovariectomized Rats e

Saburoe Hidaka'*, Yoshizo Okamoto? and Masaki Arita®
'Department of Dental Hygiene, Fukuoka College of Health Seiences, Fukuoka, Japan
*Department of Dental Engincering, Section of Bigengineering, Fukuoka Dental College, Fuknoka, Fapan

*MIYABI Co. Ltd, Osaka, Japan

The effects of a hot. water extract of Chlorella. pyreuai‘désa;jwhich.conﬁins chlorelia growth fa

on the body weight, serum kipids; and the bore mass were evalnated using an ovariectomized rat as & o

for postmenopansal bone loss, Rats were divided into four groups: sham-operated (Sham), Sham given the

CGF solution, ovariectomized (OVX), and OVX given the CGF selution, respectively. Administration o

the extract to OVX rats suppressed the body weight gain. After 7 weeks, the administration of the extract
to the OVX group reduced increases in both serum fotal cholesterals and high-density lipoprotein (D1

cholesterols. It also normalized the decrease of triglyceride level in the OVX group. The ovariectomy
decreased the tibial boie mineral density (BMD) by 19%, and the administration of the extract fo OVX

rats did not inhibit this decrease. These resuits suggest that a dietary supplement of CGF may be usefal
to control the body weight and improve lipid metabolism of menopansal women. Copyright © 2004 Jobin
Wiley & Sons, Ltd, e

Keywords: ovaviectomized rats; chlorella extract (CGF solution); ﬁody weipht; serum lipids; bone minerat density:

INTRODUCTION

MATERIALS AND METHODS

Chlorella extract and chemicals. ‘Miyabi Chlorella 900

' the population of elderly people has increased. 7 7 |
CGF solution’ was supplied by MIYARBI Co. Lid (Osaka;

and effective treatments for chronic and protracted
eases, for examples, chronic pain; diabeétes, arthrisis, "
leoporosis, and cancer, are needed, Recently, more

d more unconventional therapies are being used for'

reporied the effects of Japan
oybean isoflavones in the prevention
Using an ovariectomized rat' model

2001). I .

broken cell wall prepara 1oﬂé"and,jﬁex&actﬁsr ‘of

treatment of chronic diseases, and we have previ--

~ extract:and contains a’variety :of stbstances
10 :acids; peptides, proteins, vitaming;; $tig

“is estimated to be approximately 5% (Merchant
Andre; 2001). All other reagents were purchased fror

chlorella growth factor (CGF) which is a water-soluble.

cleic acids. The CGF content in raw C. pyrenoidosa

ella pyrenoidosa as well as some other Chilorelia - ~ABIOZ Co. Ltd (Osaka, Japan).

have been used as a dietary supplement by L S
iy Japanese people (Merchant and Andre, 2001). A ‘Ovariectomy and administration of Chlorella

nber of studies and anecdotal reports have suggested - " 24 female Sprague-Dawley rats; aged 9 wee

such dietary supplements promote growth and purchased from Seac Yoshitomi Ltd (Fukuoka Prefec-
g (Merchant and Andre, 2001), stimulate the

. ture; Japan). 27 days later [90-days-old; a mature
ne system (Miyazawa et al.; 1988) and offer pro- - model (Kalu, 1991) was used], 12 rats were

t from infection (Tanaka ef al., 1986). We decided - sham operation (they were equally divided
fore, t0 evaluate the effects of chiorella extract in - and second: groups) ‘under “nembutal: (Pen
nting hyperlipidemia and osteoporosis, in ovari- - sodium; 50 mg/kg body weight: Abott Lab.;
hnzedl'ﬂts. TR I a

groups). The second (Sham + CGF) and foi

~ CGF' solution; ‘whereas the first (Sham) ‘and: third
_ . (OVX) groups received tap water. All groups received
ndetice %: Dr §. Hidaka, Departiiont o Do Hygiene, MF peliets (Oricntal Yeast Co. Ltd, Tokyo, Japan) as
s T3 ) el T 3 " i Y R i s Sy
College ofHeglmscigmg_ls,l,[Tm! Sawara-Ku, Fukuoks their food.-To develop bone ‘loss in ovariectomiseid
pan. Fax: 81-92-801-4473, L SEE i
grant sponsor: MIYABI Co. EAd,

egulated- 12 be/12 hr Tight-dark il

‘at
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1158 g ):7:- 2
anaesthesia. The remaining rats were ovariectomized =~
o : - (they were also equally divided into the third and %‘ounh
.+ CGF) groups received a 0.5% (v/v; 200 times dilution)

Tats; all animals were maintained for 7 weeks under -

2 b light- joncycles -
-constant” temperature (24% 0:52C)- and “humidity - -






