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—7 . BRAEROBRIBRLERLEOBEERICED
BESESBHEIN, ThOOFDERBIVEEEDR
HEMREEL - TND, B TRAZELL TEAST TE
T AT 4 3 vrN—T VR & TR R BT IR A S LB
AR THERERELTRITEN TN D, FICEERSEIC
BRAEREVA,FavE, /aX v REBLIUESNY
a— AV —hOE XA, BN TIXENE N METE
REESCEEMRES, BIRIEREICHEIPIREEE
KRBT DEER DK E - IBFHELL TLLEN TS,
BxizN—TEOEDME, BEMEBIUERKRELOMH
E{EH- fFRAZDRZREEL T,
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Fig. 1. Effects of simultaneous treatment and 5 day
pretreatment with Ginkgo biloba extract (GBE) on
the hypoglycemis effect of tolbutamide in aged rats.

©, control group; A, 5 days pretreatment group
with GBE; [, simultaneous treatment group with
GBE. Each point represents mean®SD from six
rats.
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Fig. 2. Effects of intraduodenal administration of Saw
Palmetto Extract (SPE: 20 mg/kg) on bladder
pressure (BP) and micturition volume (MV) on
cystometrograms of 0.1% acetic acid infused
anesthetized rats. Pre: pre-treatment with SPE; Post:
post-treatment with SPE.



Prog.Med.

26 1 765~768, 2006

RS

EMEE (L AT 7)) DHR—

Hosoai Hiroshi

Honma Masaru

e
ZN .

BHEREARMODMEHSHOEENOEREDIRE

—TJT7INT) 00— +HEY R T O—IVERIE (T 3 7H) &

Miyajima Emiko Mouri Kyoko Fujiwara Akiko

BEEEEXTYT B F¥  BE By

Yamashita Takeshi Nakamura Haruo

Wr & PR REE

& U ®IC

e REHARCT, FRER) L LTHE DM
mAEEL, FhENERAESHERINTVWA. L
L, FREMOFHAER, BHRICTELISE LSV,
e L THEMARLETELIESLHS.

HBEEROERAEE, TRFNERBICHEREINT
Wh A, BEHEEBRTHEOFRAEICOWTE TSR
LA R ENTE LT, 2hBEKIL, bhubilid
FELTMEREICHESTA2EHEET, TV — b
DERIDVEZVHAEDEEZEEL, HAEHTEE
DERUYEERFLCEL, 22T, V7M7Y
O—EREEHOHE, YT NI)ka— A
TR UVERROKE, KEEAL YT X URFOHREL
YiiowT, F0ORENE, HHEERRAE RO TR
HLHELTERLY,

SE, ESEVTINVIY - L+ PR TFO—
VRIS 7 VF B P v A kL E LTEYEE
xR L, ZOERABICOVWTHRELZDT, 2
WEFDOHET T LD,

WRB KU
HEE, SHREEREFMBHIICHILE, 550

Bl MLAE VS TR O FHERC0.3 = 114D B 4
B, HEISHIEHIBITH B, —ERIZH L o AREHIEE,

S REESER
0287-3648/06/ ¥ 500/ 53 /JCLS

HEVRTINASF L IZTCaryba—pahTnsd
25, MEIVATFO—VER R BBRECEBEEMEREL,
RELTWAEFTH A, Wik, #alL 27
O —)U{EA220 mg/dLLL LT, HHEERICBIT A MHEE
B&IZTTRSA - FTu baniio i, ARBOAE
RHEL, Hmshre b, ShoREZE
TIRHELTWA,

5%MMATa—VEMOTT I NTY) ka—
(BT, ma+u: fEEGE) 1HI0 gUhEak) z 3
HAMBRL, 2 ABCTAFVEF N YA L
T, ALAST CRESBE®R)) 1HE(4x 17 AH
HHEL, Z0®%1 7B aFW0g/HEERLA. £
DR, FEEICENHL LT, MRICERICHE L
LDOTH 5.

I FiHBEEE, T VAT 7 BERE, T o ihEM
BRICR B, BLUZFD 14 FEIDKT L
L&, LTEEEREMuEGLEDL L LLIL, KE,
BMI, 1RF&lG(%), MUE, BRiAZEE L7 .

ZOR, ZEFROZITY, I LVXFa—, b
7154 K, HDL-2 L AF 10—, LDL-2 L X
FU—VEIC ) 2 MEL. 251, I, 7
FARIFYF Y, v ITLFNA4 FLDL(MDA-
LDL), hs CRPLiIE L7z,

T 72, BEMOEEE L THF#EEZ AST(GOT),
ALT (GPT), LDHIZBWTHIEL, Bt 7L 7 F
= (Cr), REEE LTHIZEL, HAREIZOWTCPK,
BLUSMHMIEEL UCRMMmE (B Mk, Rmek, ~
EryUu¥y, ~< bz v b, MCV, MCH, MCHC, Il
IR R L7,

—197(765)—



Progress in Medicine Vol.26 No.3 2006.3

£1 PTINFTUEO—IHEHR T E—IVEIGE (T 373,
EMEH(OL X5 7)) BEROEE (n=19)

El T a4 I} 4+ VAT o
& (kg) 604+91 | 60692 60.1+9.1 60.3%9.5
AR5 (%) 281+62 | 283%6.3 29.0%6.8 30.1%56
BMI 243%30 | 243%29 24.2%30 24.2+3.2
mE IUHES (mmHg) | 1266106 | 127.5+133 1296 £10.2 1247+118
IEM (mmHg) | 80.6=69 | 78.1=82 80.7+ 6.8 76.9+107
WRae (Fa/53) 640+28 | 64.0%28 64.3%2.6 63.7+3.0
Bk 4, Ao 156
FEHLER ¢ 60.3+ 11458
#2 MmEEZOMRBEYNOBE
B a4 ITaF+ILVAYT a4
TC (mg/dL) 249.7+31.3 237.4+22.2 2425+ 23.7 251.4+309
«
TG (mg/dL) 1774+1279 | 17431193 149.1789 1535+ 94.6
LDL-C (mg/dL) 154.8+25.2 142.6+16.1 149.1+183 1557+ 26.8
HDL-C (mg/dL) 60.7 +13.9 61.1+134 63.6 =127 660+ 145
o
Glu (mg/dL) 98.1%+9.7 98.1%11.2 97271 96986
Adip (ug/mL) 1093%5.2 106£50 12151 127+65
MDA-LDL(U/L) 1764 =62.2 191.0+65.7 1809 £53.1 180.7 £ 60.7
hs CRP (mg/L) 10+0.72 0.84%0.62 0.87 =0.69 084+0.6
*1p<005, **:p<001
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F£3 B, BEEE REMBELEICHTIEE
B T a9 ZaF+2aVAFXT )
GOT (Iu/L) 229+904 235+105 236=6.0 23864
GPT (IU/L) 30.7x12.2 325181 306+11.2 289=125
LDH (IU/L) 362.8=54.6 | 366.6 £60.7 378.1%60.6 366.9+51.3
CPK (IU/L) 1162445 | 1145%425 1189+49.6 1149+ 434
Cr (mg/dL) 0.78 £0.23 0.73+£0.20 0.60=0.15 0.63+0.18
" -
r * % %
UA (mg/dL) 456+1.23 447+1.19 4.17+1.08 4.31+1.05
X%
WBC (10%/UL) 53.0%10.3 54,1120 525%9.1 52.6+9.0
RBC (10"/UL) | 447.1+410 | 446.3%39.1 4455+ 38.1 446.9 =379
Hb (g/dL) 137%13 13713 136%1.3 13611
Ht (%) 40.7+34 40.8+35 40.7+3.1 40.9%=3.0
MCV () 910238 91.4+29 91.3+26 91530
MCH (pg) 30.7x1.2 30.7+1.3 306=11 305+1.0
MCHC (%) 33708 33.6+08 33.5+09 33.3%0.6
PLT (10'/UL) 249+36 26.1%51 25845 26.6%=45
* 1 p<005, **:p<001, ***:p<0001

DTH5H.
GOT, GPT, LDHiE &Mz @ L TIZ & A EEH)IZ

o LN TV, CPKIZOWTY, BRI EAY
TEHIFED SN T\,
BREHRALTBY, lozarmtalL X r

THRABCRDEVEZRLTBY, REKXOVWTY
IIFEBOERTH 5.
FRMEFTRICOVTIE, Bk, RILEK, ~E2
o¥y, ~nwh7 Uy bOEICEHERMICEEL 25E
{328 b Twizv., 72, MCV, MCH, MCHC
HELBERICHBEE RAEENIIALN TRV, £
7o, M/REC DWW T, REREIM G, KEIIwms

BPEREAH LN TS, BRIITIMEL 2 5%
Z e

9B DIREE, FHEEOEHDL AT 0 — ) VAERNIC R
ﬁﬁﬁﬁlﬁﬂs%ﬁ%Z%m—wmmlﬂfm%m
HL, #aVA570—=VT5%, LDL-2aLXFu—Jb
T8U%DEEDRIEREDTNE, ZhiZaVArT
ROER LIS, 8oL AFu—N, LDL-aL A7
O—bid, EHICHEELRRIEZRD DI L3RV,

M)V ET A FI16%DRLERDTE. TR,
HDL-2 VAFa— it 5%0¥MMEHsB L EDBIT,
TFE4RRIF VIO EREZED TS, Tib
b, AL BAEIREED Y A 7 DRWPIIZHALHTH
5. RIET—H—TdHbhs CRPOBEELMH13% DR
LEZRTHY, BRICEMCb 2 B8 i
NHBHELOEEZOLND,

TR RA Y F REEHE LB 1ef R s,
FERIZEY EEEZEDTVE, TFARIIFVOK
EAIRBANRY PDOY AT ERDIENERINT
BYY, TOREBEUELBLITREDODHH Z LITIE
HLZITRE RO,

L2°dh, LDL-I L AFU—VObThnmd L,
HDL-2 LV AFu—®LH, hs CRPOBEDKT %
HEsTwaAI ERS, TaFHEILATrTOMAE
HEBHOHLVWAENEEIFMI 2 dEL s %
Wy,

FZEMIZOWTH, Cr, REOVKTEHFEICERD

BYHO, 20X H X NFHERETI $%T%%#Aﬁ
dH LR TH L, MORSEOFTMEEITIE, IS
BERZASNZVWIELEDT, TaFHEalL s
TORBROFERAKIEVIOLEZ LGNS,

—199(767) —




Progress in Medicine Vol.26 No.3 2006.3

BDbbiIc

i

BRRE, mEEOFIL AT OV, MY
ATFU—=VEMP 7Yy )tu—1 510 g#EBE
BT Ras, 1PABTVFVEBF M) YL08
W4 g BEHTAZEICED, IV ATO—
LDL-a VAT H—VOBEEDKT, M) 54
FOBVEREZED, HDL-2 L XA Fa— VOBED
EREZRD.

EBI, TFARAIFVOEEOLERE, RIE
v — A —TdHbhs CRPOBEORL*HD72.

JEHREE, EHRgE, RMMR % EREMOFMICIEE
FEEOLNTY, LLAZLVTF=ry, REBOEKTZ
BTV A,

DEnZEL, WREREKOFRAIIEREORE VD
DEEZLNLD.

(RBFIE IS A 5 R MBI &1 & B)

0

ik

1) EELVEA, WT 8, SHGEI>  SERER
BEROMAEHLEEIUC L 2EF %M, £eEORIE
—TaFlE KEEEOHHA—. Prog Med 2002 ;
22 1 2782-2785.

FELDEAR, WT £, FHBEI>  FERER
EROEAEDLEEIUC L 2%, Fitokst
—~TZaFWEANTTHEEDHH— Prog Med
2004 5 24 . 841-844.

BEEET, UTFT B SHHEEEI>  HEhERa
mOBAEHLEEROFHEORE—KREED & 5k
EhHT X ROFEHE—. Prog Med 2005; 25:831-
835.

Pischon T, Girman CJ, Hotamisligil GS, et al . Plasma
adiponectin levels and risk of myocardial infarction in
men. JAMA 2004 ; 291 © 1730-1737.

Van der Vleuten GM, van Tits LJH, den Heijer M, et
al . Decreased adiponectin levels in familial combined
hyperlipidemia patients contribute to the atherogenic
lipid profile. ] Lipid Res 2005 ; 46 © 2397-2404.
Milionis HJ, Kalantzi KJ, Goudevenos JA, et al - Serum
uric acid levels and risk for acute ischaemic non—em-
bolic stroke in elderly subjects. J Intern Med 2005,
258 | 435441,

3)

5)

6)

—200(768)—



Food Sci, Technol. Res., 11 (2), 157-160, 2005

Note

Evaluation of the Correlation Between Amount of Curcumin Intake and its Physiological

Effects in Rats
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We examined the correlation between amount of curcumin intake and its physiological effects on

indices of liver function, serum and liver lipid profiles in rats.

50 mg curcumin per 100 g body weight for 28 days.

Animals were fed diets containing 0.5, 5 and

HDL-cholesterol concentrations of rats fed curcumin diets were significantly higher (P <0.05) than those
of the control group, and serum TG concentration of rats fed the x100 curcumin diets was significantly lower
(P <0.05) than that of the x1 curcumin group. Serum TG concentration of rats fed curcumin diets tended to

decrease in a curcumin dose-dependent manner.
serum lipid profiles effectively.

These resulis indicate that curcumin intake can improve

Keywords: Curcumin, Rat serum, Triglyceride, HDL-cholesterol, Liver function.

Introduction

Turmeric has long been used as a traditional remedy in
Asia. Its commercial derivatives currently demand high
prices in the so-called health food market of Japan be-
cause it is well known that they have various beneficial
effects on human health. These physiological effects are
emphasized by manufacturers and promote sales in the
so-called health food market.

The main physiological ingredient of turmeric is con-
sidered to be the 3-5% of curcumin contained in Curcuma
longa. Curcumin is a well-known natural anti-oxidant
{Sharma, 1976). In addition tosuch a function, it has been
reported that curcumin has various physiological func-
tions such as lowering cholesterol (Ramirez-Tortosa et al.,
1999), improving liver function (Park et al., 2000), suppress-
ing tumor activity (Surh, 2002), and it can be used as an
anti-inflammatory (Rao et al., 1982).

Although curcumin is thought to be the main active
ingredient of turmeric, whether there is a clear relation
between the physiological function of turmeric and
curcumin content has not yet been established. This is
because turmeric consists of various natural materials
such as minerals, dietary fiber, tannin, curcumin, flavo-
noids, camphor, azulene and similar compounds. In addi-
tion, the curcumin content in turmeric is about 5% at
most (Hiserodt et al, 1996), and absorptivity is considered
to be very low (Asai and Miyazawa, 2000). Therefore, it
seems unlikely that curcumin acts independently when
turmeric is ingested because similar effects are observed
in Curcuma aromatica (Salisb) and Curcuma zedoaria (Roscoe),
which hardly contain curcumin, Thus, the relation be-

E-mail: jnagata@nih.go.jp

tween the amount of curcumin contained in turmeric and
substantial physiological effects are still poorly under-
stood. Therefore, it is important to examine the actual
effects associated with ingestion of a certain amount or
excessive intake of curcumin.

In the current study, to investigate the relation between
amount of curcumin intake and its physiological effects
on indices of liver function, serum and liver lipid profiles
and other biochemical parameters, male Wistar rats were
fed 0.5 mg (x1), 5mg (x10), 50 mg (x100) curcumin-containing
diets or a curcumin-free diet for 28 days. In addition, we
also conducted histological observations of metabolic
organs such as liver and kidney to gain more insight into
the metabolic state resulting from excessive curcumin.

Materials and Methods

Male Wistar rats (8 weeks old) were purchased from
Japan SLC Inc. (Shidzuoka, Japan), After acclimation
for 1 week, rats were randomly divided into four groups
(n=6/group). Rats were fed experimental diets ad libitum
for 4 weeks. Experimental diets were based on AIN-93G
formula of the following ingredients (g/kg diet): casein,
200; corn starch, 150; test oil, 100; AIN-93G mineral mix-
ture, 35; AIN-93G vitamin mixture, 10; cellulose, 50; D, L-
methionine, 3; choline bitartrate, 2 and ~1000 sucrose.
The experimental diets contained 0.5 (x1), 5 (x10) or 50 (x
100) mg curcumin per 100 g body weight, while the control
group received the AIN-93G type diet without curcumin.
The reagent-grade curcumin was purchased from Wako
Pure Chemical Industries, Ltd. The basal daily amount
of curcumin in rats was estimated by weight conversion
based on the recommended daily intake for humans. At
the end of the experimental period, after overnight fast-



158

ing, rats were anesthetized and sacrificed for analysis.
Care and use of laboratory animals was in accordance
with the guidelines of the National Institute of Health and
Nutrition.

Blood samples were obtained from the rat abdominal
aorta after overnight fasting, and centrifuged at 3,000 rpm
for 15 min. Sera were stored at —80°C before analysis.
Serum lipids (total cholesterol, high density lipoprotein
(HDL)-cholesterol and triglyceride (TG)), liver function
indices (GOT, GPT, 7-GPT, ALP and LDH) and other bio-
chemical parameters (total protein and blood glucose)
were analyzed enzymatically using commercially availa-
ble assay kits (Wako Pure Chemical, Osaka). Serum insu-
lin concentrations were measured using a commercially
available EIA kit (Biotrak, Amersham Pharmacia Biotech,
MO).

Liver was excised, weighed and stored at —80°C until
analysis. Theliver lipids were extracted with chloroform-
methanol (2: 1v/v) (Folch et al., 1957). Liver cholesterol
and TG concentrations were determined using a Choles-
terol E-test and Triglyceride E-test (Wako, Osaka) as
described elsewhere with minor modifications (Carr et al,,
1993).

The liver and kidneys obtained from rats fed control
and x100 curcumin diets were fixed with 10% formalde-
hyde solution (pH="74) and embedded in paraffin. Paraffin-
embedded specimens were prepared, and stained with
hematoxylin and eosin. Sample preparation and micro-
scopic examination was performed at the Sapporo Pathol-
ogy Research Institute.

Data are presented as means*+SEM (standard error of
the mean). The statistical significance of the difference
was evaluated by ANOVA followed by Fisher’s PLSD test.
Differences at P<0.05 were considered to be significant.

Results and Discussion

There were no significant differences in body weight
gain, food intake, and relative weights of liver, kidney,
spleen, testis, epididymal and perirenal adipose tissue
between groups by curcumin intake. These findings in-
dicate that excessive curcumin intake did not affect the
growth of rats. Therefore, it is thought that curcumin as
a component of food is not harmful on rat growth in the
range of curcumin consumption measured in the present
study. Pathological examination revealed lipid deposi-
tion or extramedullary hematopoiesis in one sample and
small granuloma in the livers of two rats fed the x100
curcumin diet. However, these manifestations were not
considered a pathological problem.

Serum HDL-cholesterol concentrations of rats fed
curcumin diets were significantly higher (P<0.05) than
that of control group. Serum TG concentration of rats
fed the x100 curcumin diets was significantly lower (P<
0.05) than that of the x1 curcumin group. Serum TG
concentration tended to decrease in a curcumin dose-
dependent manner (Fig. 1). No significant differences in
serum and liver cholesterol, and liver TG concentrations
were observed between groups. The hypocholesterolemic
effect of curcumin can probably be explained by its effect
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Fig. 1. Serum lipid profiles of rats maintained on different

curcumin diets,

Values are means®SEM for 6 rats.
common letter differ, P<0.05.

[]: Control diet, [[]: x1 Curcumin diet, }Z}: x10 Curcumin
diet, NN: x100 Curcumin diet.

Values not sharing a

on the stimulation of bile fluid and biliary cholesterol
secretion and enhanced excretion of bile acids and choles-
terol in feces {Ramprasad and Sirsi, 1957; Patil and
Srinivasan, 1971; Srinivasan and Sambaiah, 1991). Al-
though, in this study, we did not observe a marked reduc-
tion in serum cholesterol concentrations in rats fed
curcumin diets, the results agree with a previous report,
which indicated that the plasma cholesterol levels of
animals fed cholesterol-free diet were not affected by
curcumin intake (Rao et al,, 1970). Furthermore, curcumin
ingestion contributed to an increase in HDL-cholesterol
concentration regardless of the amount of curcumin in-
gestion. These results indicate that curcumin intake
modulated HDL- and LDL-cholesterol concentrations,
maintaining proportions at desirable levels. It is known
that a decrease in the ratio of LDL- to HDL-cholesterol
concentrations leads to improvement in the arteriosclero-
sis index (Hostmark ef al, 1990). Moreover, although
Asai et al. also observed a reduction in serum TG concen-
tration (Asai and Miyazawa, 2001), the critical regulatory
mechanism of curcumin on the reduction in serum TG
concentration has not yet been clarified. Thus, the alter-
ations in serum lipid profiles observed in the present
study could not be explained by the increase in fecal bile
acid excretion alone, and further detailed study will be
required to examine the regulatory mechanism of
curcumin on serum lipid profiles.

Liver function indices were not significantly influenced
by curcumin ingestion, although GOT and GPT slightly
increased, and 7-GTP and ALP tended to decrease in
accordance with an increase in curcumin intake (Table 1).
It is well known that effects of liver function improve-
ment are the typical physiological effect associated with
curcumin (Nirmala and Puvanakrishnan, 1996; Rukkumani
et al, 2004). Since the present study was carried out
using a normal animal model, a marked improvement in
liver function might not be observed under these experi-
mental conditions. However, use of an impaired liver
function animal model, a heavy cholesterol diet, or over-
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Table 1. Serum biochemical parameters in rats maintained on different curcumin diets.
Curcumin
Control
x1 x10 x100

AU/L)

GOT 41.2+4.54 54.9+2.25 49.7+1.84 52.8+5.26

GPT 1.57+0.45 3.53+0.53 0.47+£0.30 2.59+0.59

v-GTP 6.11+0.76 5.67+0.51 4.11£0.25 3.93+0.47

(K-A unit)

ALP 88.5+13.6 63.9+8.28 56.1+£10.1 57.2+4.68
(mg/dl)

LDH 736.2+3.23 727.945.99 731.14£6.66 672.2+67.3
(g/dh)

Total protein 6.33+0.20 6.16+0.11 5.84+0.18 5.97+0.06
(mg/dl)

Blood glucose  96.9+12.9a 120.6+4.89ab  140.6+8.68bc 159.0+9.00¢
(ng/ml)

Insulin 1.13£0.11 1.11+0.18 1.75+0.34 2.36+0.63

Values are meansSEM, n=6. Values not sharing a common letter differ significantly

(P<0.05).

dose of curcumin under the cruel experimental conditions
in animal models might be better suited for illustrating the
effect of the amount of curcumin intake on improved liver
function (Park et al, 2000; Patil and Srinivasan, 1971; Rao
etal, 1970). Inthe present study, however, we found that
moderate amounts of curcumin consumption improved
the ratio of HDL- and LDL-cholesterol concentrations,
even in a healthy animal model. While curcumin intake
increased both blood glucose and serum insulin concen-
trations in this study {Table 1), previous studies on blood
glucose, serum insulin or diabetes found that the antioxi-
dant properties of curcumin had antidiabetic effects
(Srivivasan et al., 2003; Arun and Nalini, 2002; Nishizono
et al, 2000). It may therefore be necessary to consider
changes in these biochemical characteristics in future
research.

In conclusion, it is noteworthy in this study that
curcumin intake improved the proportion of HDL- and
LDL-cholesterol concentrations, even at curcumin con-
centrations found in turmeric, and excessive curcumin
intake reduced the serum TG concentration in healthy
rats. These results imply that curcumin may contribute
to the regulation of lipid metabolism. The mechanisms
of action are not yet clear and further study will be
necessary to understand how curcumin affects liver func-
tion. In addition, the physiological effect of other tur-
meric ingredients, such as natural polyphenolic com-
pounds, needs to be considered.

To clarify the substantial physiological benefits of tur-
meric or curcumin, we intend to study the effects of
long-term or excessive feeding in an impaired animal
model, such as animals with liver dysfunction and
hyperlipidemia. A series of such experiments will in-
crease our understanding of the regulatory mechanisms

of lipid metabolism and the correlation between physio-
logical function and amount of turmeric intake.
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Abstract

We investigated the effects of curcumin, a major antioxidant constituent of turmeric, on hepatic cytochrome P450 (CYP) activity in rats. Wistar
rats received curcumin-containing diets (0.05, 0.5 and 5 g/kg diet) with or without injection of carbon tetrachloride (CCly). The hepatic CYP
content and activities of six CYP isozymes remained unchanged by curcumin treatment, except for the group treated with the extremely high dose
(5 g/kg). This suggested that daily dose of curcumin does not cause CYP-mediated interaction with co-administered drugs. Clhronic CCly injection
drastically decreased CYP activity, especially CYP2EL activity, which is involved in the bioactivation of CCly, thereby producing reactive free
radicals. Treatment with curcumin at 0.5 g/kg alleviated the CCly-induced inactivation of CYPs 14, 2B, 2C and 3A isozymes, except for CYP2EL.
The lack of effect of curcumin on CYP2E] damage might be related to suicidal radical production by CYP2E! on the same enzyme. It is
speculated that curcumin inhibited CCly-induced secondary hepatic CYPs damage through its antioxidant properties. Our results demonstrated that
CYP isozyme inactivation in rat liver caused by CCly was inhibited by curcumin. Dietary intake of curcumin may protect against CCly-induced

hepatic CYP inactivation via its antioxidant properties, without inducing hepatic CYPs.

© 2005 Elsevier Inc. All rights reserved,

Keywords: Curcumin; Carbon tetrachioride; Free radicals; CYP2EL; Hepatotoxicity

Introduction

Recently, interest in complementary and alternative medi-
cine has grown rapidly in industrialized countries, and the
demand for herbal remedies has currently increased (De Smet,
2002; Ammon and Wahl, 1991). Turmeric, the rhizome of
Curcuma longa L., has traditionally been used for treatment of
gastrointestinal colic, flatulence, hemorrhage, hematuria, men-
strual difficulties and jaundice. The anti-inflammatory and
hepatoprotective characteristics of turmeric and its constituents
have been widely investigated (Govindarajan, 1980; Luper,
1999; Miquel et al., 2002). The most well-researched compo-
nent of turmeric is curcumin (diferuloylmethane, Fig. 1).

* Corresponding author. Tel.: +81 3 3203 8063; fax: +81 3 3205 6549.
E-mail address: umegaki@nih.go.jp (K. Umegaki).

0024-3205/$ - see front matter © 2005 Elsevier Inc. All rights reserved.
doi:10.1016/.1f5.2005.09.025

Curcumin is the major yellow pigment comprising 3-6% of
turmeric, and has been widely used in curry, mustard,
cosmetics and drugs (Govindarajan, 1980; Miquel et al,
2002). Curcumin is well known for its pharmacological
properties including antioxidant, anti-inflammatory, antimuta-
genic and anticancer activity (Miquel et al., 2002; Okada et al,,
2001; Asai and Miyazawa, 2001; Ramirez-Tortosa et al., 1999;
Sharma et al., 2004). The preventive and improved effects of
curcumin on symptoms of liver diseases are shown to stem
from its antioxidant effects (Rukkumani et al,, 2004; Park et al.,
2000; Nanji et al., 2003).

Many alternative remedies including turmeric may be taken
with medicine; hence, pharmacological interactions are a
concern in clinical therapy (Emst, 2002; Williamson, 2001).
Changes in the pharmacokinetics and pharmacodynamics of
co-administered drugs affects clinical efficacy, and occasion-
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Fig. 1. Chemical structure of curcumin.

ally severe adverse reactions occur. We have examined
cytochrome P450 (CYP)-mediated interactions with herbal
remedies and medication (Umegaki et al., 2002; Kubota et al.,
2004; Sugiyama et al., 2004). Regarding the metabolic
functions of the liver, the effects of curcumin on metabolic
enzymes, especially hepatic CYP activity, have not been
completely elucidated. In addition, many liver diseases are
related to lipid peroxidation in liver tissue, and some
antioxidant components have a protective effect against liver
damage. Curcumin has antioxidative properties and prevents
some oxidative stress, and the action of curcumin has been
shown to be beneficia} for inhibition of tissue injury (Luper,
1999; Miquel et al., 2002; Okada et al., 2001; Khopde et al.,
2000). Carbon tetrachloride (CCly), a well-known model
compound for producing chemical hepatic injury, requires
biotransformation by hepatic microsomal CYP to produce toxic
metabolites, namely trichloromethy! free radicals (Recknagel et
al., 1989; Brattin et al., 1985; Brautbar and Williams, 2002).
CYP2E1 is the major isozyme involved in biocactivation of
CCl, and subsequent production of free radicals (Recknagel et
al., 1989). It has been proposed that the antioxidative action of
curcumin plays an important role in its hepatoprotective effects
against CCly-induced liver injury (Park et al., 2000). However,
the mechanism by which curcumin protects the liver against
CCly-induced toxicity is unclear, particularly in association
with CYP activity.

This study was undertaken to evaluate the effect of repeated
curcumin ingestion on hepatic CYP enzymes and to examine
the protective effect of curcumin on CCly-induced hepatic CYP
damage in rats.

Materials and methods
Materials

Curcumin was purchased from Wako Pure Chemical Ltd.
(Osaka, Japan). Resorufin, ethoxyresorufin, methoxyresorufin,
pentoxyresorufin, testosterone, 6R-hydroxytestosterone, corti-
costerone, p-nitrophenol, 4-nitrocatechol and 7-ethoxycou-
marin were purchased from Sigma (St. Louis, MO, USA).
(S)-Warfarin and 7-hydroxywarfarin were obtained from
Ultrafine (Manchester, England). NADPH was obtained from
Oriental Yeast (Tokyo, Japan). Other reagents were obtained
from Wako Pure Chemical Ltd. (Osaka, Japan).

Animal experiments

Male Wistar rats (5 weeks old) obtained from Japan SLC
(Shizuoka, Japan) were housed individually in stainless steel,
wire-bottomed cages at a constant temperature (231 °C)
under a 12 h light—dark cycle. Rats were given AIN-93G based

diets (containing 53.2% (w/w) a-com starch, 20% milk casein,
10% sucrose, 7% cormn oil, 5% cellulose, 3.5% mineral mix
(AIN-93G-MX), 1.0% vitamin mix (AIN-93G-VX), 0.3% L-
cysteine and 0.0014% tert-butylhydroquinone) (Reeves et al,,
1993) with or without curcumin (0.05, 0.5 and 5 g/kg diet) for
4 consecutive weeks. In order to examine the protective effects
of curcumin on the liver damage, rats were subcutaneously
injected with CCly (50% (v/v in olive oil) for 0.2 ml/100 g
body weight) twice a week during the 7 weeks of curcumin
ingestion. After these treatments, rats were anesthetized with
pentobarbital and sacrificed, the blood was collected, and the
livers were immediately removed and weighed. The glutamic
oxaloacetic transaminase (GOT) and glutamic pyruvic trans-
aminase (GPT) activities in plasma were determined using an
assay kit, transaminase CII-Test Wako (Wako Pure Chemical
Ltd., Osaka, Japan).

All procedures were in accordance with the National
Institute of Health and Nutrition guidelines for the Care and
Use of Laboratory Animals.

Preparation of microsome and cytosolic fractions from the
liver

The liver was rinsed with 0.9% (w/v) NaCl solution and
homogenized in 50 mmol/L Tris-HCI buffer (pH 7.4) contain-
ing 0.25 mol/L sucrose. The homogenate was centrifuged at
10,000xg at 4 °C for 30 min. The supernatant was further
centrifuged at 105,000xg at 4 °C for 60 min. The supernatant
was used as the cytosolic fraction for the assay of glutathione
S-transferase, the activity of which was determined using 1-
chloro-2,4-dinitrobenzene as a substrate (Habig and Jakoby,
1981). The pellet was washed once with 50 mmol/L Tris—-HCI
buffer (pH 7.4) containing 0.25 mol/L sucrose by centrifuga-
tion at 105,000xg at 4 °C for 60 min, and the concentration
and activities of CYP were analyzed.

Protein concentrations of microsomal and cytosolic frac-
tions were determined using a BCA protein assay kit (Pierce,
Rockford, IL, USA).

Analysis of CYP enzymne activities

The CYP content was quantified by the method of Omura
and Sato (1964). The activities of various CYP enzymes were
determined by HPLC methods as reported previously (Ume-
gaki et al,, 2002). The subtypes of CYP enzymes examined and
the corresponding CYPs were ethoxyresorufin O-deethylase,
CYPIAl; methoxyresorufin O-demethylase, CYPLA2; pen-
toxyresorufin O-deatkylase, CYP2B; (S)-warfarin 7-hydroxy-
lase, CYP2C9; p-nitrophenol hydroxylase, CYP2EL; and
testosterone 6P-hydroxylase, CYP3A (Hanioka et al., 2000;
Mishin et al., 1996; Lang and Bocker, 1995).

Statistical analysis
The data are presented as means with standard deviation (S.D.)

for the individual groups. Statistical analysis of the data was
carried out using ANOVA followed by a post hoc test of Fisher’s



2190 T, Sugiyama et al. / Life Sciences 78 (2006) 2188~2193

Table |

Effects of curcumin on the weights of body and liver, and hepatic drug mefabolizing enzymes in rats

Untreated control

Curcumin

(0.05 gikg) (0.5 glkg) (S g/kg)
Body weight (g) 211.8£9.9 216.1+6.7 215.1£5.5 219.9£9.6
Liver weight (%/body weight) 2.90£0.08 2.93+0.13 3.02£0.11 3.04£0.09
Hepatic metabolizing enzymes
Cytochrome P450 content (nmol/ing protein) 0.615£0.077 0.584+0.088 0.686+0.044 0.675+0.055
Glutathione S-transferase (umol/mg protein/min) 0.34640.075 0.522£0.088* 0.416+0.030 0.476+0.068*

Wistar rats were given diets containing curcumin (0.05, 0.5 and 5 g/kg diet) for 4 weeks. Each value is the mean# 8.D. for five rats. Signilicant difference from the

untreated control group is indicated by *P<0.01.

PLSD. A P-value <0.05 was considered to be significant. These
statistical analyses were performed using a computer program
(Stat View 5.0, ASA Institute Inc., Cary, NC, USA).

Results

Dose-dependent effects of curcumin on the hepatic CYP
activity

During the curcumin treatment, there was no difference in
the dietary intake or the body weight gain between each group.
The average intake dose of curcumin was calculated based on
the intake amount of diet and the body weight of the group, ata
dose of 0.05 g/kg diet for about 6.2 mg/kg body weight per
day. The effects of curcumin on the weights of body and liver,
and hepatic metabolizing enzymes of rats are shown in Table 1.
Curcumin had no influence on the liver weight and hepatic
CYP content in rats (Table 1). Glutathione S-transferase
activity increase correlated with the ingestion of curcumin
(Table 1). The effects of curcumin on the various CYP
activities of rats are shown in Table 2. Treatment with
curcumin (0.05 and 0.5 g/kg diet) did not change the aclivity
of the six types of CYP, while the extremely high dose (5 g/kg
diet) of curcumin tended to increase the activity of pentoxyr-
esorufin O-dealkylase as corresponding to CYP2B and (S)-
warfarin 7-hydroxylase as CYP2C9 (Table 2).

Effects of curcumin on the changes of hepatic CYP activities
induced by chronic CCly injection in rats

Liver weight was increased with CCl, treatment, by 1.2-fold
(4.32+0.12%/body weight, P<0.05) compared with the

unireated conirol group (3.69+0.13%), and slight inductions
were observed by co-administration of curcumin. The liver
weights were 4.60£0.22% in 0.05 g/kg diet group,
4.59+£0.17% in 0.5 g/kg diet group and 4.64+0.21% in 5 g/
kg diet group, respectively. The GOT and GPT activities in
plasma were significantly increased by chronic CCly treatment:
40.3%£4.8 IU/L and 17.6%£2.2 [U/L in the untreated control
group, 120£7.4 TU/L and 78.9+19.3 TU/L in the CCl,-treated
group. Repeated administrations of curcumin did not influence
the increases in GOT and GPT activities, even high dose 0.5 g/
kg diet: 105«£11.1 IU/L and 87.7+£10.9 TU/L, respectively.
Effects of curcumin on the changes in the content of CYP and
the activities of the CYPs and glutathione S-transferase in
CCly-treated rats are shown in Fig. 2 and Table 3. Chronic
CCly treatment markedly decreased hepatic total CYP content
{0 29%, compared to the level of the untreated control group
(Fig. 2A). In contrast, the ingestion of higher doses of
curcumin (0.5 and 5 g/kg diet) significantly moderated the
reduction of CYP content to 55% of the level of the untreated
control group. Similarly, the activities of the six types of CYPs
were drastically decreased by CCly treatment, while higher
doses of curcumin (0.5 and 5 g/kg diet) inhibited the decreases
of CYP activity, except for p-nitrophenol hydroxylase
corresponding to CYP2E!L (Table 3). Glutathione S-transferase
activity was reduced by CCl, treatment, while the effects of co-
administered curcumin were not significant (Fig. 2B).

Discussion
The objectives of the present study were two-fold: firstly, to

examine the effects of curcumin on hepatic CYP activity in
order to analyze hepatic drug-metabolizing function and CYP-

Table 2
Effects of curcumin on the activity of various hepatic CYPs in rats

Untreated control Curcumin

(0.05 g/kg) (0.5 g/kg) (5 gkg)

Activity (pmol/mg protein/min)
Ethoxyresorufin O-deethylase (CYPLIAL) 10.1£2.80 10.141.22 9.94£1.17 12.7+£2.02
Methoxyresorufin O-demethylase (CYPLIA2) 6.19+1.34 6.41+0.93 5.95£0.92 6.68+1.19
Pentoxyresorufin O-dealkylase (CYP2B) 2.71£0.76 2.71£0.36 2.69+0.23 3.58+0.70%
(S)-Warfarin 7-hydroxylase (CYP2C9) 2.09+0.61 2.050.25 2.13¢0.24 3.02£0.52*
p-Nitrophenol hydroxylase (CYP2EI) 7330+1235 7162£674 6531527 7331£872
Testosterone 6@3-hydroxylase (CYP3A) 1641£506 1425157 1505+ 115 1693157

Wistar rats were fed diets containing curcumin (0.05, 0.5 and 5 g/kg diet) for 4 weeks. Each value is the meantS.D. for five rats. Significant difference from the

untreated control group is indicated by *P <0.05.
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Fig. 2. Effects of curcumin on the reduction of hepatic cytochrome P450
content and glutathione S-transferase activity induced by CCly injection. Wistar
rats were fed diets containing curcumin (0.05, 0.5 and 5 g/kg diet) for 7 weeks
and intraperitoneally injected with CCl, twice a week. (A) Cytochrome P450
content, (B) glutathione S-transferase activity. Each column is the meant8.D.
for five rats. Significant difference from the CCl,-treated control group is
indicated by *P<0.01.

mediated drug interaction, and secondly, to determine the
protective effect of curcumin on hepatic CYP damage induced
by chronic CCly injection.

As shown in the results, rats were given curcumin-
containing diets for 4 consecutive weeks. The dose of
curcumin was calculated to be about 5 mg/kg body weight
per day based on the recommended dose of curcumin (500
mg/day or more) in human therapy (Sharma et al, 2004;
Cheng et al., 2001), and the 10- and 100-fold doses (50 and
500 mg/kg body weight) were also tested. Even in the highest
dose group (5 g/kg in diet; about 500 mg/kg body weight), the
repeated ingestion of curcumin had no effect on body weight
gain, liver weight or the total content of hepatic CYP enzyme
of rats (Table 1). Likewise, the activities of six CYP isozymes
remained unchanged after curcumin treatment at doses of 0.05
g/kg diet, ie. 5 mg/kg body weight (Table 2). These results

indicate that daily doses of curcumin have no influence on
hepatic CYP activities, namely phase I drug-metabolizing
enzymes. On the other hand, curcumin increased the activity
of glutathione S-transferase, one of phase 11 drug-metabolizing
enzymes (Table 1), as previous reports (Igbal et al.,, 2003;
Okada et al., 2001). Glutathione S-transferase is a soluble
protein located in the cytosol, and plays an important role in
the detoxification and excretion of xenobiotics (Mannervik,
1985; Mannervik et al., 1985). Compounds that increase the
glutathione S-transferase activity and convert toxic substances
to nontoxic substances are known to protect the liver. Some
reports have indicated that curcumin increases intracellular
glutathione levels and activities of glutathione S-lransferase
and some antioxidative enzymes (Okada et al., 2001; Rinaldi
et al,, 2002; Piper et al.,, 1998; Igbal et al,, 2003). These
results indicate that curcumin might be beneficial for
glutathione-mediated detoxification of electrophilic products
of lipid peroxidation.

Recently, herb—drug interactions have become a concern in
clinjcal therapy. Alternative remedies containing curcumin or
turmeric are consumed by many patients receiving medical
therapy for liver disease (Luper, 1999; Miquel et al,, 2002).
The fact that repeated intake of curcumin has no influence on
hepatic CYP activity suggests that curcumin does not change
the efficacy or pharmacokinetics of co-administered. medicines.
Moreover, because CYPs mediate the biosynthesis and
metabolisms of various hormones, it is unlikely that a daily
dose of curcumin cause adverse reactions involved in changes
of CYP activity.

The free radical scavenging activity of curcumin is
beneficial to liver injury caused by a variety of hepatotoxic
substances, including CCl,, ethanol, pentobarbital and acet-
aminophen (Luper, 1999; Miquel et al,, 2002; Park et al,
2000). However, the changes of various CYP activities are not
clear in simultaneous injection of CCly and curcumin in rats,
Thus, we focused on the changes in CYP activity in CCly-
induced hepatopathy-modeled rats. Chronic CCls injection
increased the liver weight, while drastically reducing the
content and activity of CYP enzymes, especially CYP2EL, as
shown by the p-nitrophenol hydroxylase activity (Fig. 2A,
Table 3). These results support recent reports of the reductions
of mRNA expression and activity of some CYP enzymes in
the liver of rats given various doses of CCly (Lee et al., 2004).
CYP2EL is the major isozyme involved in CCly bioactivation
and generated cylotoxic trichloromethyl radicals are thought to
cause hepatotoxicity (Recknagel et al, 1989; Wong et al,
1998: Williams and Burk, 1990). Furthermore, alterations in
CYP2E! activity can affect susceptibility to hepatic injury
from CCl; (Wong et al, 1998; Takahashi et al, 2002).
Moreover, the reactive free radicals inactivate CYP enzymes
and subsequent depletion of CYP2El (Guengerich et al,
1991; Jeong, 1999; Zhou et al, 2004). In this way, CCly
injection decreased the CYPs 1A, 2B, 2C and 3A isozymes
activities, similar to CYP2E! (Table 3). In contrast, repealed
curcumin ingestion in higher doses (0.5 and 5 g/kg diet)
significantly relieved the CCly-caused reductions of total
CYP content (Fig. 2A) and the activities, except for CYP2E]
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Effects of curcumin on the aclivity of various hepatic CYPs in rats treated with and without CCly

Untreated control

CCl,-treated

Control Curcumin
(0.05 g/kg) (0.5 ghkg) (5 g/kg)
Activity (pmol/mg protein/min}
Ethoxyresorufin O-deethylase (CYP1AL) 16.92+1.78* 3.70£1.15 3.16+0.51 7.67+3.42% 6.674£2.67
Methoxyresorufin O-demethylase (CYP1A2) 10.31£0.49* 1.974£0.27 1.65+0.14 3.43+0.49* 3.22£047
Pentoxyresorufin O-dealkylase (CYP2B) 3.25+0.37* 1.2810.18 1.24£0.13 1.82£0.36* 1.77£0.49*
(S)-Warfarin 7-hydroxylase (CYP2C9) 1.00£0.25* 0.146+0.044 0.192+0.042 0.416£0.142* 0.419£0.276
p-Nitrophenol hydroxylase (CYP2EL) 6444+ 1043* 462+ 147 4192127 458+ 148 462£67
Testosterone 6p3-hydroxylase (CYP3A) 917171* 340263 224163 579+263* 502£237

Wistar rats were fed diets containing curcumin (0.05, 0.5 and 5 g/kg diet) for 7 weeks and intraperitoneally injected with CCly twice a week. Each value is the
mean#S.D. for five rais. Significant difference fiom the CCly-treated control group is indicated by *P <0.05.

(Table 3). Glutathione S-transferase activity was also de-
creased by CCly treatment and co-administered curcumin
(0.5 g/kg diet) tended to recover the decreased activity, but
there was no significance. The activities of GOT and GPT,
well-known biomarkers, were markedly elevated by CCly
injection, indicating severe tissue damage. Co-administered
curcumin, even in high dose, did not inhibit the increase in
these activities. These results suggested that curcumin did not
significantly relieve tissue damage by CCly as indicated by the
transaminase activities, but relieved the decreased hepatic
CYPs activity in the present experimental condition. Interest-
ingly, among the six CYP enzymes examined, CYP2El was
degraded the most by CCl, injection and no amelioration was
observed with curcumin ingestion (Table 3). CYP2El-medi-
ated metabolism of CCly generated reactive free radicals, and
CYP2E! protein might be more susceptible to CCly toxicity
than other CYP isozymes. Curcumin could not moderate the
decrease of CYP2E! activity. In other words, curcumin was
unavailable to additionally precipitate the bioactivation of
CCls and exacerbated liver damage. Curcumin did not change
the hepatic CYP activity in normal rats (Tables 1 and 2),
indicating that curcumin indirectly improved the inactivation
of CYPs induced by severe CCl, toxicity.

Many previous investigations regarding CCly-induced liver
injury have focused only on CYP2EI activity, but not on other
CYP isoforms (Yokogawa et al., 2004; Jeong et al., 2002; Jeon
et al., 2003). In this study, different susceptibilities to CCly
were observed between in CYP2E! and other isozymes, i.e.
CYPs 1A, 2B, 2C and 3A, and the effects of curcumin were
also different. The mechanism underlying the CCly-induced
degradation of CYP activity may be different between CYP2EIL
and other isoforms. CYP2E! mediated CCly bioactivation and
produced reactive free radicals, and accordingly, the most
suicidal damaged among the CYP isozymes. It is speculated
that the antioxidant properties of curcumin inhibit the
secondary inactivation of CYPs caused by reactive free
radicals.

In conclusion, curcumin ingestion has no influence on
hepatic CYP activity in rats, indicating no pharmacokinetic
interaction with co-administered drugs. Curcumin does not
prevent the decrease of CYP2E] activity related to the first step
of metabolic activation of CCl;. However, curcumin is

beneficial for ameliorating the subsequent inactivation of other
CYP isozymes caused by CCls. The antioxidant properties of
curcumin may contribute to the inhibition of the reactive free
radicals produced from CCly bioactivation. Further detail study
will be needed to clarify the mechanism of curcumin against
CCly-induced liver injury.
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Summary Dietary supplements for body fat reduction have become popular, particularly in
developed countries. Garcinia cambogia (GA) is one such supplement, and its active compo-
nent is (-)-hydroxycitric acid ((-)-HCA), a competitive inhibitor of ATP citrate lyase, which
is responsible for producing acetyl CoA from citric acid. Recently we have found that admin-
istration of (-)-HCA-containing GA markedly reduces testis weight in male Zucker obese rats.
In particular, histopathological examinations revealed testicular atrophy and impairment of
spermatogenesis. In the present study, we investigated the cause of the impaired spermatoge-
nesis after ingestion of GA containing (-)-HCA at 102 mmol/kg diet in young Fischer 344 male
rats. Among hormones related to spermatogenesis, the serum level of inhibin-B was signifi-
cantly lower and that of follicle-stimulating hormone (FSH) was higher in the GA group. The
level of testis meiosis-activating sterol (T-MAS), which is an intermediate in cholesterol
biosynthesis from acetyl CoA and is presumed to transmit a signal for spermatogenesis, was
statistically lower in the testes of rats administered GA. We hypothesize from these results that
(-)-HCA-mediated inhibition of ATP citrate lyase in rats fed GA leads to diminished accumu-
lation of MAS substances, thus resulting in impairment of spermatogenesis.

Key Words: Garcinia cambogia, (—)-hydroxycitric acid, testis-meiosis activating sterol,
inhibin-B, spermatogenesis

Introduction

Dietary supplements for body fat reduction have become
popular, particularly in developed countries. One ingredient
of such dietary supplements is an extract of Garcinia
cambogia (GA), a fruit grown in Southeast Asia and India.
The rind of GA contains hydroxycitric acid (HCA), and four
isomers of HCA with their free and lactone forms are found
in the extract [/]. Among them, only (=)-HCA is a potent

*To whom correspondence should be addressed.
Tel: +81-3-3203-5601 Fax: +81-3-3203-7584
E-mail: msaito@nih.go.jp

competitive inhibitor of ATP citrate lyase (EC 4.1.3.8) {2].

Citric acid, produced by glycolysis and then transported
into the cytosol from mitochondria, is an important substrate
for ATP citrate lyase, which converts citric acid to acetyl
CoA and oxaloacetic acid. Hence, ATP citrate lyase is a key
enzyme in the supply of acetyl CoA for both de novo fatty
acid and cholesterol biosyntheses. Lowenstein [3] deter-
mined the effect of (-)-HCA on fatty acid biosynthesis in rat
liver by measuring the incorporation of H from *Hz0 and
showed that fatty acid biosynthesis was inhibited strongly by
(-)-HCA. Sullivan ef al. [4] observed the effect of isomers
of HCA on lipogenesis in rat liver by using {*C]citrate and
[**C]alanine, and obtained similar results.

Recently, our group [5] examined the effect of GA
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administration on body fat accumulation in male Zucker
obese rats. The rats were fed diets containing GA powder S®
((-)-HCA levels ; 0, 10, 51, 102 and 154 mmol/kg diet) for
92 or 93 days. Surprisingly, the high doses of (-)-HCA-
containing GA (102 mmol/kg diet or higher) caused testi-
cular atrophy and impairment of spermatogenesis. From the
results, a diet containing 51 mmol/kg was considered to be
the no observed adverse effect level (NOAEL) in these rats.

It has been shown recently that 4,4-dimethyl-5a-cholesta-
8,24-diene-3B-o0l (testis meiosis-activating sterol; T-MAS)
is a specific intermediate product of cholesterol biosynthesis
in testicular germ cells [6]. T-MAS was isolated and
characterized from bull testes [7]. Similarly, 4,4-dimethyl-

Sa-cholesta 8,14,24-triene-3p-ol (follicular fluid meiosis-

activating sterol; FF-MAS) was isolated from human
follicular fluid [7]. These MAS substances are produced
from lanosterol by the action of lanosterol 14a-demethylase
(CYP51) and sterol Al4-reductase in the cholesterol bio-
synthetic pathway (Fig. 1). Interestingly, FF-MAS and T-
MAS are presumed to be signaling substances that trigger
the start of meiotic division of the oocyte and spermatocyte,
respectively [8]. Indeed, Grondahl et al. have demonstrated
that FF-MAS has the ability to reinitiate meiosis in a mouse
oocyte assay in vitro [9].

Citric acid Acetyl CoA

Therefore, in the present study, we examined the relation-
ship between impaired spermatogenesis and MAS sub-
stances production in rat testis after administration of (-)-
HCA-containing GA.

Materials and Methods

Materials

Garcinia cambogia powder S® was generously donated
by Nippon Shinyaku Co.Ltd., Japan. The (-)-HCA content
of this powder was 41.2wt% and the ratio of its free to
lactone form was 36.6 to 63.4.

Animals

This experiment was carried out under the guidelines of
the Animal Committee of Incorporated Administrative
Agency, National Institute of Health and Nutrition (Tokyo,
Japan).

Three-week-old male Fischer 344/DuCrj rats were pur-
chased from Charles River Japan, Inc. (Yokohama, Japan).
They were kept individually in stainless steel cages at
22 £ 1°C and 50-60% humidity with a 12 h light/dark
cycle. The feed and water were supplied ad libitum. The
composition of diets based on the AIN-93G purified diet for
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ATP citrate lyase [
HMG-CoA
1 HMG CoA reductase
1 HO: A
Squalene
&S
Laneosterol i
Lanosterol 14 a-demethylase AN
(CYPST) Testis meiosis-activating
sterol
Follicular fluid meiosis-activating sterol (T-MAS)

Fig. 1.
and cholesterol in rat testis.
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