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intestinal absorption of redundant lipid from our daily intake and subsequently to prevent hyperlipidemia

as well as atherosclerosis.
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Data expressed as means * SEM, n = 8 hamsters in each Vgroup

HFD group.

| ' 7 | | in the 0.9%
ere some further increases of HDL levels in X
B oo e cholesier) levets Thmrt:o\t,vel cholesterol/HDL ratios were increased in the HFD

y 2%, CHFD groups. Importantly,
éril/[:) ?1? tdg 7! 0)0 Howeve%r these ratios were significantly suppressed in all CHFD hamsters and higher

tios
Chlorella content in diet or longer treatments further gradually decreased in total cholestero/HDL 1a
showing the: beneﬁt eﬂ'ect of Ch!orella (p.< 0_005 t-test)

Effects of Chlorel!a pyrenozdosa onébody werght changes in iugh ﬁxl dzet—tféated rats and hamsters

t
The body weight of expenmental rats and hamsters taking HFD at:lt(i \;mol;l; [;:H(f]?f‘ ge;oggs
stafistically different to the NRD- groups Also no changes in food m e for
comparing to NRD rats or hamsters (ANOVA test, data not shown).

Discussion

2 | files rov1ded by the chromc Chlorella
We showed the ameliorative effects ‘on’ serum hpxd gpr;G tol:al e by e Y IPL, Iovels in

|
pyrenoidosa administration regardmg ‘to elevated faasre nconglstem g ﬁndmg e (5o

X ts and hamsters. These ‘observations
HI:iDT:ne:izd ;387 Sano et al., 1988; 'Okudo et al., 1975). This is the first tlme to] us(ci: h?‘r:lf'lslt:; 2?,1?;2
:gimal model in investig'ating the effects of Chlorella pyrenordosa on serum lipid p

] i fterns as that in human (Spady et al.,
d similar lipoprotein and bile acid metabolism pa I ,
?;I;g:fg‘ ]'ll?herefote, itil:s rl:itional to use: dtfferent amma]s to reconf rm the effects of chronic Chlorella
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pyrenoidosa administration in lowering serum lipid levels. In two different species, we:conclude
chronic Chlorella pyrenoidosa mtake is capable of preventmg elevated blood lipids m high fat
dietintake.

High proportion of daily energy derived ﬁom fat component is a common situation in current living
style in most of societies of the world. High prevalence of vascular diseases and other chronic diseases,
e.g. hypertension, diabetes are likely related with abnonmal blood lipid profiles that may be:due long'
term of high fat intake. In this study, we showed the effects of lowering blood lipids of Chlorella. -
pyrenozdosa could be due to r_e_du_(_:e the absorptmn of fat m the__l_nt_estlnal tract as that shown in Chlorella
f Chlorella was also shown by Shibata et
al. (2001). They showed that Chlorella administration mcreased the total amount of fecal neutral steroids
excreted and subsequently lowered liver cholesterol contents.. As the result, peripheral cholesterol may
be transfened back to the liverin Tesponse to the reductr n. Kay (1991) proposed that the possﬂ:)!e acttve

et al. (1977) found a significant correlation between the: lysme content of the diet and the trend towards '
mcreased severity of coronary heart dlsease CHD These suggest that low lysme content of plant protem"

atheromatous area:in hlgh cholesterol fed rabblts (Sano and Tanaka 1987)

In our data showed that hlgh-fat diet did not induce any significant body welght chonge compared to

R_D-fed ammais Severai authors have recently shown that ‘high fat diet do not always mduce body'

for this phenomenon could be due to dlet-mduced thennogenes;s whlch plays an nnportant role in
energy homeostasis and maintain a. constant body. welght range. To support this, some authors found
that high-fat diet induced uncoupling protein expression in adipose tissues (Jaberi; 2004). Uncouphng
protems are known to playan unportant role in thennogenes13 Others found that hlgh fat dlet mduces e

B-hydroxyacyl-CoA dehydrogenase (B HAD EC 1 l I 211) {Cameron-Smith et ai 2003 Schrauwen L
et al., 2001).

In conclusion, we studied-the effect. of Clzlorella .pyrenoidosa on blood ltp:ds and showed it has
remarkable action on lowing TG, total cholesterol, LDL but raising serum HDL level- resultmg alow
total cholesterol/HDL . ratio. Therefore, Chlorella pyrenoidosa could be potential in_ use to prevent
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1.8% CHFD) for longer treatment (8 week). High Chlorella content in diet (7.2% CHFD) gives earlier
onset of the action on lowing total cholesterol level from 2 weeks. The change of LDL cholesterol level
was similar to the changing pattern of total cholesterol level in rats (Fig. 3)- Chiorella pyrenoidosa
significantly prevented the increases of DL level in 0.9%, 7.2% CHFD groups after 2, 4 and 8—week
treatment . schedules. Afier longer treatment (8 weeks), the LDL lowering effects of Chiorella
8% CHFD group was also observed (P < 0.005, t-test).

pificantly affected HDL Jevels in rats throughout the

whole period ‘of treatments (Fig. 4). Measuring HDL. cholestero} .is important since the ratio of total
cholesterol to HDL cholesterol (total cholesterol/HDL) is: a-':prédictives.sindication“of coronary heart
disease (CHD) instead of the total cholesterol value only (NECP, 1993). The higher ratio indicates higher
risk of occurrence of coronary heart disease. Whereas the ratios were significantly increased in HFD-

treated rais compared with NRD group, the elevated ratios rétumed to near hasal fevels in 0.9%, 1.8%,
and 7.2% CHFD groups (p < 0.005, Fig. 5). B : ' =

pyrenoidosa in-the L.
Neither l-_I:FD_-t_reated nor all CHFD diets sig

Effects of Chiorella pyrenoidosa on serum lipids profile in Syrian Ehamstefs

In experimental hamsters, an incréaée of fasting semm TGlevels (from ,174-:’?;1 7.93 mg/dL of NRD

controls constantly, p < 0.005) after 2, 4, and 8-week chronic HFD treatment were also found as that
observed in rats (Fig. 6)- The TG levels were significantly lower in 0.9%, 1.8% and 7.2% CHFD groups.

Tota! cholesterol and LDL levels in the HFD group were higher than that in NRD groups (151.6 & 8.10
me/dl and 124.7 * 6.03 mg/dL; respectively) after 2, 4; and 8-weck treatments. Again, the
administration of Chiorella significantly suppressed the elevated ‘total cholesterol and LDL levels in
0.9%, 1.8%, and 7.2% CHFD groups from 4 weeks thereafier (Figs. 7 and 8) (p < 0.005, t-test).
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tal amounts of Chlorella were chosen in this study.'

Therefore, 0.9%, 1.8%, and 7.2% of supplemen
Duration of various diet treatments lasted for 2, 4, 0r 8 weeks. All animals were provided ad libilum
aintained at a temperaftuse of 2022 °C, relative humidity of 50—

access to tap water. Their housing was m
80%, and 2 ¢ycle of 12 hours light/dark (7.00hs to 19.00 hr with no twilight). Al apimals. were
anaesthetized briefly prior to be killed following the Guide for the Care and Use of Laboratory Animals.

Serum lipid measurements

After 2, 4 or 8 wecks of chronic administration of respected diet, animals (n = 4 from each. group)
were fasted 12-15 hours prior to experiments. Serum samples were collected from cervical veins for
following serum lipid assays (in duplicate): (a) Total triglycerides were determined after enzymatic
hydrolysis with lipases. The formed quinoneimine as indicator was produced from hydrogen peroxide,

4-gminophenazone, and 4-chlorophenol under the catalytic influence of peroxidase. (b) Total cholesterol
was determined after enzymatic hydrolysis and oxidation. Measuring the indicator quinoneimine was
formed from hydrogen peroxide and A-aminoantipyrine in the presence of phenol and peroxidase. (¢)
Low density lipoprotein (LDL) cholesterol level: LDL was precipitated by the heparin at its isoelectric

point (pH 5.04). After centrifugation, the HDL and. very:low: density lipoproteins remained in the
supernatant. The choiesterol * contents -in- the supematant ‘were- measured as total cholesterol -and
subtracted by total cholesterol to ob

cholesterol level: LDL and very: low: density lipoprotein and chylomicron fractions were precipitated by
the addition of phosphotungstic acidin ﬂie,presence,oﬂMgﬁ,Aﬂer centrifugation, the HDL cholesterol
remained in the supernatant and the cholesterol content was ‘measared.e Ce

Analysis

Data from each group of V_a'nim is—e(n, 28)were taken into account for analysis from at least two
oA twostailed student’s unpaired: test (GraphPad Prism software) was used to

different experimental days:A s
] sntinious: data. Body weight changes and food intake

compare the mean valués 6F two-populations:of ¢
data were analyzed by one-way ANOVA test (GraphPad Prism software).

Results
Effects of Chlorella pyi‘éﬁof&oSa on serum lipids profile in Wistar rais

Total triglyceride (TG) levels in high-fat diet (HFD) treated rats were significantly higher than that in
normal diet-fed controls (1294 £ 9.24 mg/dL constantly, p < 0.005) afier 2, 4, and 8—week treatments
(Fig. 1). In contrast, the elevated TG levels were significantly suppressed in rats fed with 0.9% and 7.2%
Chlorella-contained HFD (CHFD). Although the TG level of the grouped rats fed with 1.8% CHFD was
not statistically different to control grouped rats treated with normal rodent diet (NRD) after 2 weeks,
however, longer treatment of CHFD (4 and 8 wecks) again shows a significant decrease in TG level.-

Total cholestero! level in rats received HFD was elevated and higher than that in rats received NRD
(859 = 2.045 mg/dL constantly, p <”,0.005):aﬂer 2,4, and 8—week period of treatments (Fig. 2). It is

clear that total cholesterol level was decreased in rats fed with low Chlorella-content diet (0.9% and

tain: LDL cholesterol levels. (d) High density lipoprotein (HDL) '

Fig. 1. Fasting serum triglyceri 7 ; CieTy ' '

: glyceride levels (mg/dL) in chronic hi i i e

expressed + SE - : c high fat with or without Chlorella pyrenoi A e D

pressed as means + SEM, n= 8 rats in each group. *p<0.05,* p<001,***p< 0'035 as g;zﬁogaﬁlec: mtsData 00
o e 4 WAL @ cir relative HFD 2

gFoup,

Serum Cholesterol Level (mg/dL)

FD group.

Serum Triglyceride Level (mg/dL)

400+

300

J-Y. Cherng, M.-F. Shik / Life Sciences 76 {2005) 300

150

—
]
T

g

-
ik

¢

n
an
1

‘....‘...k_inl ,

Caw. el

Duration of Treatment {week)

Duration of Treatment {Week)

1 NRD
[T HFD
D.8%CHFD

L .BHCHFD

E=T7.2%CHFD

g. 2. Fasting serum tota) cholesterol levels (mg/dL) in chroz '
mg/dL) in chiroaic hi . B
ata ex s . Bl Shat Stk ,,‘gbfﬂl\\nthorwnhot ;) wr
pressed as means + SEM, n= 8 rats it each group: * p < 0.05, *£p < 0,01, *** :<C0 é‘;’)’:’gg gr’r; ?HO!c‘ij:‘a [}tlre.atedl rats,
’ - pared o their relative




-3013

J-Y. Cherng, M.-F. Shih / Life Sciences 76 (2005) 3004

J-¥. Cherng. M-F:Shih [ Life Sciences 76.(2603) 3001-3013 300
3

3002
Introduction
' a Table |
Chlorella, a type of unicellular green algae, has been a popular foodstuff worldwide especially in Compositions of Chiorella pyrenoidosa dry. — e
Japan and Taiwan. It contains essential amino acids, minerals, and fibers (Borowitzka, 1988; Schubest, Compositions e idosa dry powder (pke) . -
1988).” Administration of Chlorella has been shown to play some biochemical functions, such as Protein —— ey e
antihypertensive effects from its peptides inhibiting angiotensin I converting enzyme (Suetsuna and Lipids o L : £
Chen, 2001; Merchant et al., 2002); antioxidant and anti-cataract effects in streptozotocin—induced Carbohydrates : i , fgg
diabetes rats (Shibata et al., 2003); lowering blood glucose in diabetic animals (Rodriguez-Lopez and g‘ﬁ‘a‘? Fiber S : 107
Lopez-Quijada, 1971); nti-inflammatory and immunomodulatory activities ‘from its' polysaccharides . [ horophyl - 9%
{Guzman et al., 2003); production of cytokine and boosting immune ﬁmction,(Queiroz et al., 2002; Calcium 2
Konishi et al., 1996; Singh et al., 1998; Tanaka et al,, 1998); ameliorating oxidative stress in mice and Carptenoids 1 0.843° o0
preventing stress-induced ulcer (Lee et al., 2003; Tanaka et al., 1997) as well as anti-tumor activities Vitamin A T e 3-38
from its glycoproteins (Hasegawa et al., 2002). Chlorella vulgaris, one strain of Chiorella, has aiso been Vitamin B1 o e 338000 -
shown fo influence rats’ lipid contents in the liver and serum (Shibata et al, 2001). For cholesterol-fed X;t‘:mfn B2 o L 0.0156
cabbits, Chlorella vulgaris has anti-lipidemic and anti-atherosqlerbtic actions {Sano and Tanaka, 1987). Vita$;: g?z e [ 0:0497
In human study, Okudo et al. (1975) <howed that Chlorella intake reduced cholesterol levels in patients Vitamin C : . 0.0183
in of Chiorella produced in Taiwan Vitamin E . e 3-302
: S 0.089

with hypercholesterolemia. Chlorella pyrenoidosa is the main st¥a
industries. However, the effects on blood lipids .profile have not yet been shown by Chlorella

pyrenoidosa in normal rats and hamsters but only i ovariectomized rats (Hidaka et al, 2004). Also in

our study, hamster was additional included as one of the research animal models, since hamsters had
similar lipoprotein and bile acid metabolism patterns as that in human (Spady et al., 1986a,b). The, the
aims of this study. are 1o investigate the effects. of Chlorella pyrenoidosa ‘powder on the blood lipid
profiles in rats and hamsters after chronic fed with high-fat diet containing cholesterol. This study might
shed a light on the potential- use- of Chiorella- pyrenoidosa. for a treatment of hyperlipidemia or
hypercholesterolemia in human, e e e : : :

Data are provided from GONG BIH

Issues as well as the Gu;del “Ethical fandards for -

. - Eth Sian Aoty g . .

were housed for a week p ,,,w?é'adrfjflsslralmn or animal studies, Republic of China. The animals -
divided into five groups (n = 4{cagc);;r at
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Abstract

- high-fat diet treated rats and hamster were detennmed Results showed that riglycerides; total cholesterol and LDI..
. cholesterol levels in HFD: treated. rats and hamsters were increased from the normal rodent dlet (NRD) treated,

yrenoidosa could lower the occurring risk of heart diseases: In conclusion, Chlorella pyrenmdosa has theability
0 prevent dyshpldemla in. chmmc hlgh-fat fed ammals and could be potential in use to prevent mtestmal ,

atherosclerosis.
© 2005 Elsevier Inc. All rights resérved.
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