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Fig. 1. Effects of simultaneous treatment and 5 day pretreatment with Ginkgo biloba extract (GBE) on the hypoglycemic effect
of tolbutamide in aged rats. Aged rats (19 months old) were administered tolbutamide (40 mg/kg, p.o.) with or without GBE
treatment. The GBE pretreated group was given feed containing 0.1% GBE for 5 days, and a simultancous GBE treated group
was given a single dose of GBE (100 mg/kg, p.o.) with tolbutamide. After the tolbutamide administration, blood was collected
for the analysis of blood glucose concentrations. Each peint represents the mean £+ 8D from six rats, @, control group; 4, GBE
pretreated group; and O, a simultaneous GBE treated group. Significant difference from the control group is indicated by
*P<0.05.

whereas the simultaneous GBE treatment at a single dose exhibited little significant interaction with
tolbutamide (Fig. 2). '

Competitive inhibition of GBE and tolbutamide on CYP2C9 activity in vitro

The direct interaction of tolbutamide and GBE toward (S)-warfarin 7-hydroxylase (CYP2C9) activity
was examined using rat liver microsome in vitro. As shown in a Dixon plot, tolbutamide competitively
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Fig. 2. Effects of simultancous treatment and 5 day pretreatment with Ginkgo biloba extract (GBE) on the hypoglycemic effect
of tolbutamide in young rats, Young rats (7 weeks old) were administered tolbutamide (40 mg/kg, p.o.) with or without GBE
treatment. The GBE pretreated group was given feed containing 0.1% GBE for § days, and a simultaneous GBE treated group
was given a single dose of GBE (100 mg/kg, p.o.) with tolbutamide. After tolbutamide administration, blood was collected for
analysis of blood glucose concentrations. Each point represents the mean + SD from six rats. @, control group; 4, GBE
pretreated group; and O, a simultancous GBE treated group. Significant difference from the control group is indicated by
*P<0.05.
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Fig. 3. Effects of tolbutamide (A) and Ginkgo biloba extract (B) on the (S)-warfarin 7-hydroxylase (CYP2C9) activity in rat
liver microsome in vitro (Dixon plot). The (8)-warfarin 7-hydroxylase (CYP2C9) activities were measured in the presence of
various concentrations of tolbutamide (0.1-30 pg/mL) or GBE (1.0-30 pg/mL) in rat liver microsome in vitro. Loaded (8)-
warfarin concentrations were ®, 2 pM; A, 4 uM; M, 8 uM and O, 16 uM. Each point represents the mean from five
experiments,

inhibited the metabolism of (S)-warfarin by the (S)-warfarin 7-hydroxylase (Fig. 3A). Similarly, GBE
decreased the (S)-warfarin 7-hydroxylase activity in vitro in a concentration-dependent manner, and
showed competitive inhibition toward the enzyme activity (Fig. 3B). These results indicated that the
hepatic metabolism of tolbutamide was competitively inhibited by GBE. The calculated Ki values were
19 pg/mL for GBE and 75 pg/mL for tolbutamide, respectively.

Discussion

Elderly people often suffer from functional impairments in their bodies and diabetes in these days.
Considering these situations and the efficacy of GBE reported so far (Iliff and Auer, 1983; Lanthony and
Cosson, 1988; Doly et al., 1992; Rapin et al., 1997), the simultaneous intake of GBE and anti-diabetic
drug is most likely to occur in the elderly. For the safe use of both GBE and drugs, it is important to
elucidate how GBE taken as a dietary supplement modifies the efficacy of therapeutic drugs. In the
present study, we investigated the influence of GBE intake on the hypoglycemic efficacy of tolbutamide.
We focused particularly on the elderly of advanced age and on the hepatic CYP-mediated interactions.
The pharmacodynamic interaction was evaluated by inducing hypoglycemia with an excess adminis-
tration of tolbutamide in aged (19-month-old) and young (7-week-old) rats.

As reported previously (Szabo et al,, 1995; Umegaki et al., 2000), the intake of GBE did not change
the basal blood glucose level in the aged and young rats with the pretreatment of GBE with diet (data not
shown). However, the pretreatment and simultaneous treatment of GBE markedly influenced the
hypoglycemic action of tolbutamide in the aged rats (Fig. 1). In the case of 5 days pretreatment of
GBE, the hypoglycemic action of tolbutamide was attenuated both in the aged and young rats. As shown
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in Table 2, the 5 day pretreatment of GBE markedly induced hepatic drug metabolizing enzymes,
especially (S)-warfarin 7-hydroxylase, an enzyme comresponding to CYP2C9 which mainly metabolizes
tolbutamide in the liver (Lee et al,, 2003). Therefore, the induction by GBE pretreatment of hepatic
CYP2C9 may reduce the plasma concentration of tolbutamide after oral administration, thereby leading
to the attenuation of the hypoglycemic action of tolbutamide. In the present study, the plasma
concentration of tolbutamide was not determined, due to the limited blood saﬁiple from the GBE-
pretreated rats. However, the change in the blood glucose concentration was taken as the final outcome
of interaction between GBE and tolbutamide, and the observed changes of CYP2C9 responsible for
tolbutamide metabolism following the GBE pretreatment could well explain the mechanism of the
pharmacodynamic interaction. . -

Kudolo (Kudolo, 2001) also reported that the ingestion of GBE by non-insulin-dependent diabetes
mellitus subjects induced the hepatic metabolic clearance rate of insulin and hypoglycemic agents,
suggesting an increase of blood glucose. In the previous paper (Shinozuka et al., 2002), we also showed
that pretreatment of GBE significantly reduced the hypotensive action of nicardipine, which is
metabolized by CYP3A2 isoform in rats. The mechanism of these interactions is similar to that in St
John’s Wort (Duir et al., 2000; Roby et al., 2000), a well-known inducer of CYP, indicating that the
induction of CYP by pretreatment with GBE attenuates the efficacy of various drugs. Inasmuch as the
beneficial effects of GBE in humans are expected after the continuous intake for more than 4 weeks
(Gruenwald et al., 2000; Blumenthal, 1998), the induction of hepatic CYP would be taken into account
for the interaction with drugs seen after a long-term intake of GBE as a dietary supplement.

In contrast to the GBE pretreatment, simultaneous treatment of tolbutamide with GBE as a single dose
potentiated hypoglycemic action of tolbutamide in the aged rats (Fig. 1). In order to clarify the -
underlying mechanism of this interaction, a direct effect of GBE on the hepatic (S)-warfarin 7-
hydroxylase (subtype of CYP2C9) activity was examined in vitro. As tolbutamide is mainly metabolized
by (S)-warfarin 7-hydroxylase (Lee et al, 2003}, tolbutamide competitively inhibited the hepatic
metabolism of (S)-warfarin as shown in the Dixon plot analysis (Fig. 3A). Interestingly, GBE also
showed the competitive inhibition toward the metabolism of (S)-warfarin (Fig. 3B), suggesting that GBE
competitively inhibited the metabolism of tolbutamide by the CYP2C9 enzyme in the liver of rats. Thus,
the pharmacodynamic interaction between GBE and tolbutamide after their single administration could
be explained by the following mechanism. Following the simultaneous intake of GBE and tolbutamide,
the hepatic metabolism of tolbutamide would be attenuated via the significant occupancy by GBE of the
same active site on the CYP2C9 enzymes where this drug binds, resulting in an enhancement of
hypoglycemic action of tolbutamide. ' '

The induction of hepatic drug metabolizing enzymes and attenuation of hypoglycemic efficacy of
tolbutamide were observed by the pretreatment of GBE both in the young rats and aged rats, However, the
extent of these effects by GBE pi’ctfe,atmcnt was greater in the aged rats than in the young rats. This
distinction may be explained by the difference between the two groups of rats in the induced level of CYP
enzymes. In fact, the activities of pentoxyresorufin O-dealkylase and (S)-warfarin 7-hydroxylase were
induced more (2 to 3-fold) by the GBE treatment in the aged rats than in the young rats (Table 2). This
greater induction of CYP2B and CYP2C9 in the aged rats may be somehow related to the lower basal
activities of these enzymes, which displayed about 23 and 41%, respectively, of the enzyme activity in the
young rats. Interestingly, in the case of simultaneous treatment of GBE and tolbutamide, the potentiation of
hypoglycemic action of tolbutamide was not detected in the young rats (Fig. 2). A clear explanation for the
absence of enhancement of the pharmacological effect by tolbutamide in the youn g rats is lacking. Further
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detailed experiments will be necessary to clarify pharmacokinetic and pharmacodynamic difference of
tolbutamide between young and aged rats observed by the GBE treatment. In any event, it is evident that
the aged rats may be more susceptible to the CYP-mediated interactions of GBE and tolbutamide when
compared to the young rats. This finding may be applied for humans.

" As a dietary supplement, 120 to 240 mg of GBE are generally taken in a day (Blumenthal, 1998;
Gruenwald et al., 2000; Ernst, 2002), and this dose can be estimated as 2 to 4 mg/kg body weight. In this
animal study, the intake of GBE was 30 ~ 100 mg/kg body weight per day both in dietary pretreatment
and in a single dose treatment. In our previous study, a significant induction of (s)-warfarin 7-
hydroxylase was detected even at the lower dose (10 mg/kg body weight) of GBE (Umegaki et al.,
2002). Owing to the species difference in the susceptibility to GBE, it is still not clear whether the
interaction of tolbutamide and GBE also occurs in humans, Although the extrapolation of pharmaco-
kinetic and pharmacodynamic interaction of GBE and tolbutamide in the aged rats to the clinical
situation should be interpreted with caution, it is anticipated, from our recent preliminary study with
healthy volunteers, that the repeated oral intake of GBE may influence the pharmacokinetics and
pharmacodynamics of tolbutamide in humans (unpublished observation).

In conclusion, the present study has shown that the intake of GBE significantly affects the efficacy of
tolbutamide in the aged rats. Therefore, it is anticipated that the simultaneous and continuous intake of
GBE as a dietary supplement with therapeutic drugs should be cautious, particularly in elderly people.

Acknowledgements

This work was financially supported in part by a research grant of Ministry of Health Labor and
Welfare in Japan. Authors are grateful to Ms. Keiko Saito for her technical assistance.

References

Braquet, P., Hosford, D., 1991. Ethnopharmacology and the development of natural PAF antagonists as therapeutic agents.
Journal of Ethnopharmacology 32, 135~139.

Blumenthal, M., 1998. Ginkgo Biloba Leaf Extract. The Complete German Commission E Monographs; Therapeutic Guide to
Herbal Medicines. American Botanical Council, Austin, TX, pp. 136-138.

Cohen, A.J., Bartlik, B., 1998. Ginkgo biloba for antidepressant-induced sexual dysfunction. Journal of Sex Marital Therapy
24, 139-143.

Dur, D., Stieger, B., Kullak-Ublick, G.A., Rentsch, K.M., Steinert, H.C., Meier, P.I,, Fattinger, K,, 2000. St. John’s Wort
induces intestinal P-glycoprotein/MDR! and intestinal and hepatic CYP3A4. Clinical Pharmacology and Therapeutics 68,
598-604.

De Smet, P.A., 2002. Herbal remedies, New England Journal of Medicine 347, 2046-2056.

Doly, M., Droy-Lefaix, M.T,, Braquet, P., 1992, Oxidative stress in diabetic retina. EXS 62, 299-307.

Emnst, E., 1999, Stevinson C: Ginkgo biloba for tinnitus: a review. Clinical Ctolaryngology 24, 164167,

Ernst, E., 2002. The risk-benefit profile of conumonly used herbal therapies: Ginkgo, St. John’s Wort, Ginseng, Echinacea, Saw
Palmetto, and Kava. Annals of International Medicine 136, 42-53.

Gruenwald, I., Brendler, T., Jaenicke, C., 2000. Ginkgo. PDR Herbzl Medicires. Medical Economic Company, Montvale, NJ,
pp- 342-346.

Habig, W.H., Jakoby, W.B,, 1981, Assays for differentiation of glutathione S-transferases. Methods of Enzymology 77, 398 -405.

[liff, L.D., Auer, L.M., 1983. The effect of intravenous infusion of Tebonin (Ginkgo biloba} on pial arteries in cats. Journal of
Neurosurgery Sciences 27, 227-231.

—103—-



1122 T, Sugiyama et al. / Life Sciences 75 (2004) 1113-1122

Izzo, A.A., Ernst, E., 2001. Interactions between herbal medicines and prescribed drugs: a systematic review. Drugs 61,
2163-2175.

Kleijnen, J., Knipschild, P., 1992a. Ginkgo biloba. Lancet 340, 1136=1139,

Kleijnen, J., Knipschild, P., 1992b. Ginkgo biloba for cerebral insufficiency. British Joumnal of Clinical Pharmacology 34,
352-358.

Kudolo, G.B., 2001. The effect of 3-month ingestion of Ginkgo biloba extract (EGb 761) on pancreatic beta-cell function in
response to glucose loading in individuals with nen-insulin-dependent diabetes mellitus. Journal of Clinical Pharmacology
41, 600-611,

Lanthony, P., Cosson, J.P.,, 1988. The course of color vision in early diabetic retinopathy treated with Ginkgo biloba extract. A
preliminary double-blind versus placebo study. Journal Francais d’Ophtalmologie 11, 671-674. .

Le Bars, P.L,, Katz, M.M., Berman, N., Itil, TM., Freedman, A.M., Schatzberg, A.F., 1997. A placebo-controlled, double-blind,
randomized trial of an extract of Ginkge biloba for dementia. North American EGb Study Group. JAMA 278, 1327-1332.

Lee, C.R., Pieper, J.A,, Frye, RF, Hinderliter, A.L., Blaisdell, J.A., Goldstein, J.A., 2003. Tolbutamide, flurbiprofen, and
losartan as probes of CYP2CY activity in humans. Joumnal of Clinical Pharmacology 43, 84-91.

McKenna, D], Jones, K., Hughes, K., 2001, Efficacy, safety, and use of ginkgo biloba in clinical and preclinical applications.
Alternative Therapies Health Medicine 7, 70-86, 88~90.

Omura, T., Sato, R., 1964. The carbon monoxide-binding pigment of liver microsomes. Journal of Biological Chemistry 239,
2370-2378.

Pittler, M.H., Emst, E., 2000. Ginkgo biloba extract for the treatment of intermittent claudication: a meta-analysis of random-
ized trials. American Journal of Medicine 108, 276-281.

Proks, P., Reimann, F., Green, N., Gribble, F., Asheroft, F., 2002. Sulfonylurea stimulation of insulin secretion, Diabetes 51
(Suppl. 3), S368-5376.

Rapin, LR, Yoa, R., Bouvier, C., Drieu, K., 1997. Effect of repeated treatments with an extract of Ginkgo biloba {(EGb761) and
bilobalide on liver and muscle glycogen contents in the non-insulin-dependent dizbetic rat. Drug Development Research 40,
68-74.

Roby, C.A., Anderson, G.D,, Kantor, E., Dryer, D.A., Burstein, A.H., 2000. St John's Wort: effect on CYP3A4 activity, Clinical
Pharmacology and Therapeutics 67, 451-457.

Shinozuka, K., Umegaki, K., Kubota, Y., Tanaka, N., Mizuno, H., Nakamura, K., Kunitome, M., 2002, Feeding of Ginkgo
biloba extract (GBE) erhances gene expression of hepatic ¢ytochrome P-450 and attenuates the hypotensive effect of
nicardipine in rats. Life Sciences 70, 2783-2792.

Szabo, MLE., Droy-Lefaix, M.T,, Doly, M., 1995. EGb 761 and the recovery of ion imbalance in ischemic reperfused diabetic
tat retina. Ophthalmic Research 27, 102-109,

Tal, A., 1993. Oral hypoglycemic agents in the treatment of type II diabetes. American Fam Physician 48, 1089-1095.

Umegaki, K., Yoshimura, M., Higuchi, M., Esashi, T., Shinozuka, X., 2000. Influence of Ginko biloba Extract feeding on blood
pressure, heart rate, blood glucose, and various hepatic parameters in spontaneously hypertensive rats, Shokuhin Eiseigaku
Zasshi 41, 171-177.

Umegaki, K., Saito, K., Kubota, Y., Sanada, H., Yamada, K., Shinozuka, K., 2002. Ginkgo biloba extract markedly induces
pentoxytesorufin O-dealkylase activity in rats. Japanese Journal of Pharmacology 90, 345-351,

Vaes, L.P,, Chyka, P.A., 2000. Interactions of warfarin with garlic, ginger, ginkgo, or ginseng: nature of the evidence. Annals of
Pharmacotherapy 34, 1478-1482.

—104—



208S PEFEZTF2  Jpn J Clin Pharmacol Ther 35(1) Jan 2004

LTSI RELUVIYYSADE
RERBICHTEAFaORIFAD
7

% mER™

Rigm—"
HpE ="

WE{E T
TS
"

WHE ¥
REmE"
AR RES

12 &4 ]!
HUE®R"™

(B89] HERREAM—RTETERICFICALRNKE
frp, ToREH, HCEEREMHRALEESOHERR
NEBBTELWHEER>TNS, EXREOMEERE
BlERCTRFEASICIE. AMCBU3EERKYRMERE
THBF M a—L5P450 (CYP) KEEZEZERTSD
OB, FEEAPFVEIR CYP3AL EHETIZEMA
ENTND, 1F a TEIFR (Ginkgo biloba extract, GBE)
REEens - SdhaloBLBEoNEEENEL T,
LAETHEEMNASELTHEZ R TWS, EicRa
% GBE 25 L5y RFRICH N T CYP HFBE NS
TEEGELE, FME TR GBE AL PO CYP RRIET
HELELMACTAENT, EEAIKC GBE 2HBEEL
CYr2Cco OREETHD M TYIRBLU CYPIAL ORKE
THAIY ST LOERBEIZDWTHRIL .,

(Al EEERH10ALINHFRELRGELL, HREH
DERIT 249126 (FEfi+sSD). HER 68.6L7.1 TH
D, TRTCERESETH- 2, RRETHE 22:00 L Ofifc L
L. BH 1000 NI — A0 R085# 180 3ET
ERMIcmER I I AREEREL . 14 B2, Rk
MHELOBETT.90 K MVTH 2 Faasmg) 2208
HELf. EBIC10:00 I/ T LB mg)BLT NI —2
(15p)EROERSE L, #5514 24 RS TR LIRS Y
WE MR SN I—ABEENELE, £z 24 BHOT
RETw, RhEMBERELE. BH LD GBE (360 mg/
My®4 3 &iic#5 L, GBE %5 28 ARICFERIC ALY
IR, IAVISABIUSINI—-AEES LLTPBEE
AELE. BRI ERTO M TIIRBLIVEYVS
AEE HPLC Bick D, S 2 —AREZECTH
PEAIERS (ZUV—AF I hFobr) REDRIELE.

{#5R) GRE#RESBITEWTHRENIZE~, miEdh Rl
7H I RBERRS>TIMEESRLE (Fig. 1A), GBE #&
SO RITII RO AUC RESANZEIEN 16%8 B2
BT, MOEMPEENNT A—FITREERERRE
Hehirmor (Table ). £/ 4-0H FNTHI RDONS
A—F BV TREELAE{LLEZRD Mo/, GRBEREGHE
B EsmEhO LT Y I RERBMO AUC RS

" EMEHREEFIIGREES

T431-3192 HLWTTHEED 1-20-1

= EMERKEEEIEREREREEE 5 -
3 RV KRR IRIEAIZE - COE21

“ ERIIRRESS NIRRT - HEWRE

<> B0 BAERRRYRE S 2003F12A811~128 #RE

>

»
]

o

<

(Y]
o

3

=4

-
L]

(2]

(=]

-
(-1

Concentration (pg/ml}
»
o

th
Concentration {ng/mi)

—-
. L-1

0 0 N .
o [] 12 18 24 o 3 L} 9

Time (hr) Time (hr}

Fig. 1 1FavEIFZALESH (O) BkrksaM
HEH% (@) LBIBRMITFIR (A) BXUIYY
SAh (B) OmMEPHEEREE, T—F 13 Mean +SD.

Table 1 A FaVEIFARENE 28 BERERICBITS
MV RBIEIN S LOEYHEZRNT A-F

Pharmacokinetic parameter GBE #2 51t GBE #® 51

Tolbutamide :
AUC. (hr* mg/ml) 179+ 65 . 150 £ 35%
CLyofF (mlhr/kg) 11.1+29 125+1.8
MRT (4r) 11.2x29 105219
Vd/F (ml/kg) 12025 130 £28

Midazolam
AUCy e (hr* mg/ml) 167 £ 104 208 + 101**
CLio/F (mlhr/kg) 0.865 0.357 0.639 + 0.208**
MRT (hr) 533+261 5.63+1.69
Vd/F (ml/kg) 434 +2.19 3.35+0.70

Mean £ SD (n=10), *GBE I 581 & OF B2, *P<0.05, **P<0.01
AUC.: area under concentration-time curve, CLyy : total clearance,

F: bioavailability, MRT:; mean residence time, Vd, : volume of
distribution at steady-state

Bz~ 179 E BizBEERLE. —F, RPMLTFZ
RERBYOLIZIIFELZRITBD SNLho . 75
N a—-2ARO&SEOMEF SN I—-AMED 120 54
TOMVTY I FEREMED AUC ET2IZ. GBE 55

(18%{ET) &LEELEE (6%ET) TRILE,

GBE 5 &iIcBWTRERNCHLR, RIS/ I AB
BNl (Fig. 1), 0 AUCEBSAIZE < 2598 FIC
#MinLi, FEEO02UFS AR 2628 BIZREAS L

(Table 1). _

[#%) GBE (360mg) O 28 ARMEEHIZBNT CYP2CY
ODEETHAM T RORPEPBENESLIET &M
5. GBEHEIZED CYPCO BT hB  &MFREEh
Joo EHI 75g VN I—AROBERIIBID M THFZ
Rof gt 7))L 0 — g - ARER A GRE H5i1ck
NRETIEANBED LN, —F CYP3ad DEHTHS
2T AOMIERIA GBE O 28 Bl & Ic & D FHEH
ERLE. RROER. CYP2CS BXUF 3A4 DEEE
RSP OREIZBTS GBEOERAR, BEREET R LE
Abhn,

—105—



Prog.Med.

24 : 841~844, 2004

IR S

B3O I

—IaFHEANSTEREOHE—

SRR AR R DEH S D HERIC L B RS,

Katsuyama Hitomi Honma Masaru Mori  Kyoko Terada Nami
wEloLa FH OB BN HF FEH &E
r:lamioka Mihoko Mochizuki ‘Yoko 'I"ogl‘nha Miho I:Iamana Gﬂl:ichi
REAXEF 2A #1r BH XE B®E x—
Funa‘tsu Kazue lfondou Syuji . Yamashita Takeshi Miyajima Emiko
Aed FIk GEME B WT B EREET
Nakamura Harue
R Mk

Thb.

lztb ¥ (c

WEH, HoHIiI—BRBHRFIC, AFRE0—RE
LTEEBBRTE, REOLOEEHEAESLH
WTHEET LI LS. HEAWORTWARER
BEBELIZOWTE, Br0ERIZDWTOELH,
EeFREEIR TV, L2, BELTELSH
TTERT2ILbH01B5, FoFME, ei
KoV TRERSR TV AW,

DL LRBE»G, RCHEWAFO—ViEMOY
Tonvryta— v (zat) EEEDANVR S LA
LERTAREEOERHEL, TOHEMN, ottt
L, BRLTE:, 20, Atz LAF
D—LETEEE S, LrbRetticiilEiras
NiznwZ & FHEELREY,

SEE, “FIEHFDEIZ{ W ALAZ LA AR
boTarle s 7 ¥ VIRMRFEOHARS ¢ BRN
CERL, ToRHE, et gL,

BB RUSE

ISR H605E (46~T6R) OB L I5E (B 5
B, K100 THE I LR 70— L (TCHE200 mg/dL
HE, REBROHBIIY L TRLENOFESE/6]

CZHEAREER
0287-3648/04/ ¥ 500/ 3 L/JCLS

FERRIUERT LI REROREELREETELY
WIS IHERLALT, YR FO-ViEMY 7N
FUru—n (LT, T24PS)% 1 HI0 gL T,
LAR#EATHF 540 mek SHBERT, AL T 7)
350mL% 1 7 ARGEAERL, RwTANI 7Lk
L, 23+PSOAHE 1 4 ARBEENL:. F0MH, ®
TSRTIHE 2 S8R L 7.

£1I124E, BMI, mEOT(LESRT.

EOFE, BMIOFHIIEHTLL EHiIALR
Zwvd, =3Bl oREFFRERECALR. ]
F L GUCHERMME I > W T, HEOTHIZA
BTV,

®212, BHEOMRB G A—-y—lonT, &
DOEHEFRLTHS. TCIZoWTi, YOIz EwW
THHEOE(EIALN TRV, FEFL- T
T IFPSEANTTHAT200mg/dLLTF & o7
B eHlah, = aFPSEMERIIZ L THE U230
mg/ALBECELTBY, EFICIVTCET 28D
TWh,

PRI A V(TG Tk, HEZR2WHER
BICET # 4¢3 EMicdho7, LDL-2 LA 50—
NALDL-C) Tl & EH 2 EHTwirvat, HDL-3
VAT 8= (HDL-C) it b3 imd 5 fA% v,

~187{841)—
—106—



Progress in Medicine Vol.24 No.3 2004.3

+~HTFH (AN TI0mLT R)540 mg/H—+

IaFPSHR(10e/H)
0 M M aM
FIRE IMBRE 2MiEIRE IMEBE
BEART (A - IM% - 2Mi% - 3MIERE)
#E .M - IE
A5 - #%: TC, TG, LDL-C, HDL-C, Glu, MDA-LDL, hsCRP
§F + B : GOT, GPT, BUN, Cr, CPK
FAGMA . WBC, RBC, Hb, Ht, Pit
B AaEHEHEE
&1 {*E .BMI - MEDOHER
I IFPS+
I 1 fin ol
| -] +PS IM AT TIM +PS 1M
#E (kg) 60.0 £13.2 59.9+98 59.8 £135 60.0=13.3
BMI 243+34 242+33 241+34 24.2+33
IEMME (nmHg) | 1308+ 4.6 1319=29 |1311+39 129.7 46
LREME (mmHg) | 83724 840216 835+43 825+24
2 MFIEH - M hsCRPIZX T 2 BE
ZaFPS+
fin e |
B +PS 1M AL TIM I.2FPS 1M
TC(mg/dL} 2407+238 | 2395+221 |2415+297 | 2385+294
TG (mg/dL) 1369604 | 1279+505 |[1246+387 | 1238+453
LDL-C(mg/dL} | 1489234 | 1489+146 | 1511245 | 1475+205
HDL-C(mg/dL) | $44%139| 651120 | 654148 66.3£16.0
4% (mg/dL) 992+108| 990+94 969+109 | 1001+108
MDA-LDL{U/L) | 1063+429 | 1245%£409 | 1350+353* | 1201+341**
hsCRP (mg/L) 0.60£06 0.68+08 06207 08708

"Ip=0063 **.p<005

LaL, Zhd TLFATOEMALTE LY, I8, hsCRP
HERBEBELTELERALR TRV,
MDA-LDLIZ oW T2 aF+PSE~ALI7HHTE
BickRAL, TIFPSEHIZIELTY, LBEMELT
LTy '

ANTTEERTAI LI DMDA-LDLOET L
Gl 6B, LR LIEFIFIMNHY, 020G
AR ETC, TGPV Tiio(Fk3). £OHR,
MDA-LDLT R T, TC, TGIZELiZA LR,
MDA-LDLEAEETIE, TCOZE{LIZZD LR AL
TGt EREBZREDTE. ALY TEIUIL B

EALER OB, TGO LR, KilELH 6 ) V]
HOES, HZosFd0) /—LE, 773%Fy
B2LOEIMCEIDITHHENIWREENEZEZONE.
FE LTRLTwR WA, —BCclEshinds 7
FrBEINETE, St iorsF3rFir—1rig
EARLSMIER LZFIIIMDA-LDLOET ALK
TwAEREETEE, » 75 OBRPETHH0iZ
BRARLEET200b Lhkwy,

FA4Z, LB T REEERLT
H5. GOTHAEIZ T 2 FPSEH, = aFPSEA
MY TOHERATHOT M RN oBEIC LR ER L,

—188(842) —
—107-



=3 MDA-LDL-TC - TGEMRRFE

&

ity

MDA-LDL| = 2+PS 1M TATPS*
- a
LD ALY TIM
A% 106.4 £25.0 142.1+322
MDA-LDL(U/L)
TREEE 1516448 124.3+36.8
LA 2411+159 | 24214294
TC{mg/dL)
T RERF 2371287 240.3+30.1
A% 1253+ 449 1334428
TG (mg/dL)
3 1318+57.6 111.3+26.3
#£4 FEIUEBGRIIHTIEE
LIPS+
g
L:0f IaFPSIM ST IM +PS 1M
GOT(IU/L) 209+54 | 215*+68" 25177 | 245+76*
GPT(IU/L) 233+118| 229%95 251+134 | 246128
BUN(mg/dL) 144+36 | 143%30 14124 14427
Cr{mg/dL) 0.7+02 0701 0.7£02 07£02
CPK (IU/L) 1225+489 | 1021+303** | 1151+486 | 1021%309***
*Ip<OOl **Ip=005 ***:p=006
g5 XEmACHTIESE
IaFPS+
fis St
:0] T a+PS 1M AL TIM +PS IM
BIMERER (> 10%/4L) | 504+103| 525%105 489+105 50.7+11.3
FRIDERE (x 100/uL) | 4607+353 1 4555+431 | 4563%408 450.7 +443
ANEFTE Y (g/dL) | 141%10 140=11 14111 139+12
A~ hZ) oy M%) | 423x28 418+34 419=+31 412+36
MR = 10%/ul) | 254%53 24.2+50 24255 247%52

EXEOHEAOEHTH S, GCPTIREZLFEDOED
A LR TR, BUN, CricownwTh & Eii%iE
BTV, CPKIE, T3 FPSHMBIIRA LTV
A, ChHERHEEROEETH 5.

51, RMMABICHTLIEEETIEOTRLTS
L. HmMERY, Rk, ~EFQE, A2y
b, MAARER LR, 2{HEOEBIIALRE
ol

£y
iz =

FEEZ, ALV RIERTHADVALNLL OO,
EFOFHTRAETOLERA LN d o7 BMI,

MEZDWTHOHEELEHRAL Wb oz, EFIC
LABMAENKREVE I LE bR,

TC, TCHEAIIIEBER LA, 2B TRER
OEALTI %V, HDL-C, LDL-C, fu#%, hsCRP,
GPT, BUN, Cr, FHORATRRAELEIA LN
o fe.

B, LEREEF V2 ELOYF - LT
KRELOERBFEYT, SRS mgDFT7T 75 ViR
MOBFEZ24F OB L CIZARMBKM S E L8R,
TC11%, LDL-CH'16%DBA L ED TV 5. HZH 7 F
YIEFTTIIEYEMALLOTH LN, FHELHE
mEhTWA., T2, 7R/ ERICERLA
THLOEEN T, AEOFHLIs kgnBd & L HiC

—189{843)—
—108—



Progress in Medicine Vol.24 No.3 2004.3

F4%DTCORBRLZEDTEN, THILAETOH
FEVOMBRSHBELPIIENERELER S,

AV THEATOGOTOLR, CPKOBAIRSH (T
THEEMAAOERTHD, FICEIEALZE 2
{ vy,

T, ANYTEECL DMDA-LDLO A & 88hn
2ADLFNHY, FICMDA-LDLO L &HITETG
LML TWwE, AVY7OERICL), Z¥Han
FEYH - OHELIRBRIOALNEOH L
Eit, "V TOERRE, RORESLHBOBHEO L
SIS BEUEOEGELELOGR, S5, Lk
AW LETHA D REEIC2VWTHOHE YL
Eblted MR,

g = ]

i
ZaFPSEANTTHBEIIZE A15FOE D L
A7 = MERERF TO®RTTIL, AE, MHEBYE

RO, BRI AAPBRELCEESSEALAS
YO0, £HEELTRIEETE Zhol. BHTS
Pol:ZER—ETHHH. Lil, Be&thizizel
BIRE 2 dr o 22,

M F3
B, M7 & iREONRIZBI LT iEng
TEEHRSHTRZOEHIIRHEL T,

1) B LA, hitiElEEY  SSRRBAERO4AA
EOERIUC L 2 M, EettoMR—1arme
KERBOBHA—. Prog. Med, 22: 2782-2785, 2002

2) Maron, D. ], Lu, G. P, Cai, N. S. et al. : Cholesterol~low-
ering effect of a teaflavin—enriched green tea extract.
Arch. Intern. Med. 163 : 1448-1453, 2003

3) 1@ R, PREEEIS AFFUEORMERC
St b OIS ERIER. Prog Med 22 2189-
2203, 2002

—190(844)—

—109—



Original Article

[ Clin, Bigehem. Nutr, 36, 11-17,2005

Suppressive Effect of Citrus aurantium against Body Fat Accumu-

lation and Its Safety

Kazuhiro Kubo, Chikako Kiyose, Satomi Ogino, and Morio Saito*

Divition of Feod Science, Incorporated Administrative dgency, Nar_iona! Institute of Health and Nutrition, 1-23-1

Toyama, Shinfuku-bu, Tokyo 162-8636, Japan

Received 1 July, 2004; Accepted 5 January, 2005

Summary A large number of so-called diet foods containing Citris aurantinm (CA) and ies
active constituent, synephrine, for suppressing body fat accumulation are currently on the
market. However, only one human study has demonstrated the efficacy of CA, and its
potential cardiotoxicity has been reported in a rat study. Therefore, we investigated the
safety of CA and its suppressive effect against body fat accumulation in rats. High-fat (20%
(w/w)) dicts containing CA (synephrine content, 6.4%) at 0, 40, 200, 1,000, and 5,000 mg'kg
diet were fed to rats ad lbitum for 79 days. For dieting, the recommended daily intake of CA
in many dietary supplements ranges from 100 to 1,000 mg/day, and the amount used in this
experiment was approximately equivalent to 40 and/or 200 mg/kg dict. In the 5,000 mg/kg
CA group, the adrenaline and dopamine concentrations in plasma were significandy higher,
perirenal fat pad weight was significantly lower, and body weight tended to be lower than in
the control group. Although no abnormalities of serum clinical and biochemical parameters
were observed except for adrenaline and dopamine, and also no histopathelogical abnor-
malities were evident in the heart, heart weight in the 5,000 mg/kg CA group was signifi-
cantly lower than in the control group. Therefore, it is necessary to examine more precisely
the potendal cardiotoxicity caused by excess intake of CA. Particularly, the elucidation of
influences of the simultaneous intake of CA and some stimulants, such as caffeine, awaits
further characterization.

Key Words: Citrus aurantinm, synephrine, dietary supplement, body fat accumulation, safety

Introduction

Citrus aewrantium (CA) is popularly used as an
ingredient of many ephedra-free supplements for
dieting. The active constituent of CA is considered
to be synephrine (Fig. 1} [Z], and its suppressive
effect against body fat accumulation is thought to
occur through fB-adrenergic receptors [2, 3]. Syn-
ephrine is an ¢phedrine-like alkaloid known to occur

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

1

in citrus [4, 5], and is used as a sympathomimetic
drug in Europe.

It has been reported that in humans a suppressive
effect against body fat accumulation occurs when
synephrine-containing CA is taken with other stim-
ulants such as caffeine [6]. However, there has been
no other human study on the effect of synephrine on
body fat accumulation. Marcus and Grollman [7]
have warned that a combination of synephrine and
caffeine has the potential to cause arrhythmia,
hypertension and heart attack, as is the case for a
combination of ephedra and caffeine. '

Health Canada has warred consumers not to use
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H
N-CHa
OH —©—-<_ p-Synephrine .

OH
Fig. 1. Chemical structure ofp-eyncphrine.

particular synephrine-containing products, especially
. those containing caffeine and other stimulants, and
banned the impert of one specific product in May,
2004[htep://www.he-sc.ge.ca/english/protection/warn-
ings/2004/2004_30.htr) because it contained high
levels of stimulants, caffeine and other ingredients

that potentiate the effects of synephrine, leading to -

possibly serious adverse effects, including death.

On the other hand, a rat study using only CA, but
not with stimulant such as caffeine, has revealed
potential cardiotoxicaty [§]. The amounts of CA
used in this experiment were approximately equiva-
lent to the recommended daily intake of CA in many
dietary supplements for dieting.

In the present study, therefore, we focused on the
suppressive effect of synephrine-containing CA
against body fat accumulation and its safety in rats,
particularly to see the sole influence of synephrine-
containing CA.

Materials and Methods

Animals, diets and  feeding trial

The experimental procedures used in this study
met the guidelines of znimal committee of Incorpo-
rated Administrative Agency, National Institute of
Health and Nutrition (Tokyo, Japan). After being
fed the basal diet containing 7% soybean oil for 7
days, 6=7 male Sprague-Dawley rats (CLEA Japan,
Tokyo, Japan), 8 weeks of age and weighing 277-
304 g, were housed individually in stainless stecl
wire-bottomed cages at a constant temperature of 22
* 1'C and humidity of 50-60% with a 12-h light/
dark cycle. The rats were maintained on experimen-
tal diets for 79 days. The experimental diets were
formulated according to the AIN-93G diets for
rodents [#]. The energy density of all the experimen-
tal diets was 20.1 M]/kg diet (4,800 keal/kg), using
the Atwarer energy factors for the energy calcufation
[10). The basic components of the experimental diet
given to all groups were as follows: casein, 200.0 g;
L-cystine, 3.0g a-cornstarch, 399.5g; sucrose,
102.5 g; cellulose powder, 50.0 g; AIN-93 vitamin
mixture [9), 10.0 g; AIN-93G mineral mixture (9],

35.0 g; tere-butylhydroquinone, 0.014 g; soybean oil,
S0g; lard, 150 g Lipid content of the diet was
20 wt% and 37.5% of total energy. Powdered extract
of CA was added to each diet of the Groups 1-5 at
the level of 0, 40, 200, 1,000, and 5,000 mg/ke,
respectively, at the expense of a-cornstarch. The
powdered extract of CA was purchased from
Exquim, S.A. (Barcelona, Spain). As a result of the
determination of synephrine by HPLC on a Sum¢
_ichiral OA-5000 ligand-exchange column in accot-
dance with the method of Kusu &2 al [11], its con-
centration was 6.4%. Food and water were available
ad fibitum. The rats were killed by cardiac puncture.
Their heart, kidney, liver, lung, spleen, testis and
perirenal and epidydimal fat pads were promptly
excised, washed with isotonic saline and weighed.
The heart, liver and lung were fixed with 10% for-
malin neutral buffer solution, pH 7.4 and histo-
pathological examinations were performed after
hematoxylin-eosin staining. Serum and plasma were
separated by centrifugation at 2,700 Xg at 4°C for
15 min and stored at —80°C until needed for analy-
§15.

Assay procedures

Serum insulin and brain natriuretic peptide (BNP)
were determined with Insulin ELISA Kit for rat
(Morinaga Milk Industry Co. Ltd., Kanagawa,
Japan) and Brain Natriuretic Peptide-32 (Rat} EIA
Kit (Phoenix Pharmaceuticals, Inc, CA, USA),
respectively. Other serum parameters determined
were as follows: total protein, albumin, ratio of albu-
min/globulin  (A/G), aspartate aminotransferase
(AST), alanine aminotransferase {ALT), alkaline
phosphatase {(ALP), Lactate dehydrogenase (LDH),
creatinine, blood urea nitrogen (BUN), glucose, gly-
cosylated albumin, triacylglycerol, phospholipids,
non-esterified fatty acid {NEFA), total cholesterol,
HDL-cholesterol and total bilirubin; plasma param-
eters were as follows: adrenaline, noradrenalin,
dopamine, thyroxine (T4) and triiodothyronine
(T'3); urinary parameters were as follows: adrenaline,
noradrenalin, dopamine and homovanillic acid.
These biochemical parameters were measured with
commercially available kits.

Statistical analysis

After confirming the normality of data and the
homogeneity of variance of data for the treatment
groups {the latter being evaluated by the Bartlett
test), the significance of differences between mean
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Table 1. Influence of graded levels of dictary Citrus anrantinm: on food intake, bady weight gain and tissue weights in rats.

Grou Group 1 Group 2 Group 3 Group 4 Group §
(Citr}:r anrantinm (mgfkg dict)) (U)P {40 (20& (1,00%) (5,00%)
Food intake (g/day} 18.8=1,0M 18.3+0.9" 18.8+1,1% 19.2+1.1™ 18.8+1.1%8
Citrus aurantinm intake (mg/day) 0.0+0.0 0.7x0.03*  3.3x0.2° 19.221.1° 93.9£5.4¢
Synephrine intake {pg/day) =0 4720 244x15 1,228271¢ 6,008+344
Body weight gain (g) 271.8218.2%  253.7x21.9% 266.6227.6%  260.5=48.0N 241.3%31.0%
Initial body weight {g) 29205798 2927+928  298.4+75N  2933+10.9% 293.3%6.2%
Final body weight (g) $63.8+23.5M 5463+223% 555.0+33.5M  553.8£51.9M  534.6+36.5M
Liver {g) 14,542.0M 15.0x1.3M 15.7+].9N¢ 14.8+2.8%8 14.5%1.9%
Kidney (g) 27320.19%  2.85£0.15M  2.89+0.11M 27120128 2.65+0.10%
Heart (g) 1.38£0.0% 132+0.03*  1.39+0.08 1.37+0.09 1.26+0.06*
Testis (g) 3.78x0.14% 400022 3724053 3.722026"  3.9220,14%
Spleen (g) 0,79+0.13*  0.85+0.10*  0.96+0.22° 0.81x0.13* 0.76=0.08*
Lung (g) 15420.01% 1662017  1.63+0.18%  1.69+0.13%  17020.13%
Perirenal fat pad {g) 22,4225 18.9x3.4* 22.8x4.2 18.2+4.4" 18.0%£2.9%
Epididymal fat pad (g) 15.317% 146229 1574298 14.1+4,1%8 12.5£3.5N8

Each value is the mean£SD of 6-7 animals in each group. Means in a row that are not followed by a common letter are
different, p<<0.05. NS, not significant.

Table 2. Infuence of graded levels of dietary Cierns amrantinm on serum or plasma biochemical indicators in rats,

Group Group 1 Group 2 Gmalg 3 . Grou&: 4 Gro%p 5
(Citrus anrantinm (mg/kg diet)) (0} (40 {200) {1,000} (5,000)
Tortal protein (g/liter) 59.0£2.1%  S80X1BM S7.4x27M  58.3x16M §9.3+30%
Albumin (gflitcr) 28.0+0.9 27.8+£0.8M 28.0+1.2M 28.7+0.5M 28.6%1.5™
Ratio of albumin/globulin (A/G) 0.90£0.00M  0.93+0.02%  0.96+0.02™  0.95£0.02™ 091001
Asparate aminotransferase (U/liter) 88,2212.2M 111.0+19.7%  89.4=140™  85.8%16.8™ 107.7%31.94
Alanine aminotransferase (U/liter) 22.8211.5M 323+122% 29.2+93N8 25.5%10.5M 3411910
Alkaline phosphatase (Utliter) 252.0*121.6M 253.8+112.8M 204.6:47.6M 233.3+46.1M  259.1x78.5%
Creatinine (umol/liter) 36.7x2.7%8 3462148 3111608 33.0x4.7N8 36.1£5.0M
Utea nitrogen (mmol/lites) 3.0£0.2M5 3.04£0.288 2.620.3N8 2.920.2M8 300,54
Glucose {mmol/liter} 12,3+1,5N8 11.8%0,4N8 12,2138 12.441.9% 12.4£0.9M8
Glycosylated albumin (%) 310N 2,920,348 320,30 3.2+0.3% 3.1+0.3M
Trincylglycerol (mmol/liter) 0.85+0.21%  0.87:0.11"  0.89+0.51M  1.04+0.39  1.05+031M
Phospholipid (mmol/liter) 1.2620.04%  1.3420.14M 112+0.57M 1.21+0.01NF  1,46+0.29M8
Non-csterified farty acid (mmol/liter)  0.4320.04™  0.3620.06™  0.35+0,14M  0,42+0,08%5  0.44%0,11M
Total cholesterol {(mmol/liter) 1.45%0.13% 15820358 13120398 1.16+020M 1402023
HDL-cholestero! {mmol/liter) 0.5320.07"  0.53+0.06™  0.48+0.09%  0.44+0.088  0.54x0.11M
Total bilirubin (pmol/liter) 2.002026M 228+0.36M 1712000 1.71+0.00%  1.72+0.36M
Insulin (ng/ml} 4.04+£250  4.63x1.65™ 784299 5.58£2.70%  2.75%0.71°
Brain natciuretic peptide (ug/liter) 413+0.16"  436%0.18  417+0.15" 4.30£0.09" 4162007
Triiodothyronine (amol/liter) 1.23+0.108 132013 1.28+0,14M 129£026™  1.250.16M
Thyroxine {nmol/liter) 46.3+4,4M 4954112 49,427 5M 44.4+3 8% 43,2+49.3N8

Each value is the mean®SD of 6-7 animals in each group. Means in o row that are not followed by 2 common letter are
different, p<0.05. NS, not significant.

values was assessed by 1-way ANOVA coupled with  gained 3.1-3.4g body weight/d over the 79-day’

Duncan’s multiple-range test at the 5% level of sig-
nificance [12].

Results

The rats consumed 18.3-19.2g food/day and

Vol. 36, No. 1,200

experiment. There was no significant effect of
dietary CA on the food intake (Table 1). There was
no significant difference in the body-weight gain
berween any of the treatrment groups (Table 1). The
weights of liver, kidney,Aestis, spleen, lung and epid-
idymal fat pad in the rits fed CA were not signifi-
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Table 3. Influence of graded levels of dietary Citrus awrantivm on plasma concentrations of catecholamine in rars.
Group . Group 1 Group 2 Groug 3 Group 4 Grot&S
(Citrus anvantion (mg/kg dict)) (0) {40 (200) {1,000) (5,000}
Adrenaline (nmol/liter) 53.85£25.40° 59.95%16.63" 69.97£23.80* 60.04+46.46' 105.27+34.77"
Notadrenaline (nmol/liter) 53.99229.11N 38.62217.31N 53.08+26.29M 53.39%£42.36™ §8.06+£31.74N5
Dapamine {(nmol/liter) 1.29+1.19 0.90+0.57 1.20£0,33*  0.81+0.88 2.41+1.30

Each value is the mean=5D of 6-7 animals in each group. Means in a row that are not followed by 2 common letter are

different, p<<0.05.NS, not significant.

Table 4. Influence of graded levels of dietary Citrus auranéiim on urinary concentrations of catecholamine and homovanillic

acid in rats.

Grou Group 1 Group 2 Group 3 Group 4 Group §
{Ciﬂ‘f[r:' aurantivn: (mg/kg diet)) (0) (40 (208) (1,00%) (5.0&))
Adrenaline (nmol/day) 1.26*0.58" 1.32+0.74 1.08+£0.1%* 2.13+1.09 4224277
Noradrenaline (nmol/day} 767175M  911x170% 71322107 9.45%1.78%  7.75x1.32M
Dopamine (nmol/day) 22.5123.07™  20.8222.07%  20.93+2.8IM  23.81£3.73 22594974
Homovanillic acid (nmol/day) 146.0£7.5% 13924301 133.7+£22.IM  137.1+20.5M 137.8£36.9M

Each value is the mean*SD of 6-7 animals in each group. Means in a row that are not followed by a common letter are

different, p<0.05. NS, not significant.

cantly different from the control group (Table 1).
The weights of heart and perirenal fat pad were sig-
nificantly lower in the 5,000 mg/kg CA group than
in the control group. No abnormal histopathological
changes were recognized in the liver, lung and heart
{data not shown).

The variations of serum BNP concentration in the
treatment groups were biologically negligible (Table

). The concentration of serum insulin in the
200 mg/kg CA group was significantly higher and
that of the 5,000 mg/kg CA group tended to be
lower than in the control group (Table 2). Other
secum or plasma parameters were not significantly
different among any of the treatment groups (Table
2).

The plasma concentrations of adrenaline and
dopamine were significantly higher in the 5,000 mg/
kg CA group than in the control group (Table 3).
The concentration of noradrenaline in the plasma
was not significantly different among all the groups
(Table 3). The urinary concentration of adrenaline
was significantly higher in the 5,000 mg/kg CA
group than in the other groups (Table 4). In con-~
tast, those of the noradrenaline and dopamine were
not significantly differeat among all the groups. The
urinary concentration of homovanillic acid was not
significantly different among any of the treatment
groups.

Discussion

Calapai ¢ o/ [8] reported that administration of
only CA (synephrine content, 6%}, but not with any
stimulants, to Sprague-Dawley rats (240-280 g) viz
a stomach tube at 2.5-20 mg/kg body weight caused
a dose-dependent decrease of food intake and sup-
pression of body weight gain after 7 days. Further-
more, mortality increased from 10 to 50% with
Thcreasing oral administration of oaly CA over a
period of 15 days. In the present study, however, per-
irenal fat pad and heart weights were significantly
lower and body weight gain tended to be lower only
in the group receiving the maximal amount of CA
{5,000 mg/kg diet), although these changes were
small. The CA (and synephrine) intake values calcu-
lated from the final body weight of groups 2~5 were
1.3 (0.1),6.8 (0.4), 34.7 (2.2), and 176.1 (11.3) mg/
kg, respectively, In our study and that of Calapai et
al, the strain and sex of the rats were the sarme, and
the age, body weight and synephrine content of the
CA given to the rats were almost the same. The
major differences between the two experiments were
the way in which the CA was administered, in addi-
tion to the intake level and the amount of dietary
lipid. When a CA-containing diet is fed to rats by ad
bitwm, it is thought that the absorption rate of CA
and synephrine from the digestive tract is higher
than that in the case for forced feeding by stomach
intubation. However, stomach intubation may result

J- Clin. Biochem. Nutr,
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in a transient rapid rise in the blood concentration of
ingested material compared with ad /ibitum feeding.
Therefore, ingestion of CA in the form of a dietary
supplement may enhance the efficacy of synephrine.
At the same time, it is thought that if the influence
of synephrine is rapidly elicited beyond the response
threshold, harmful and/or toxic effects might easily
occur. The precise mechanism of this action is
remained to be solved. Such study using stomach
intubation is now under way as an extension of our
current study.

Since the rats in this study received a 20% (w/w)
high-fat diet for 79 days, their accumulation of body
fat was remarkable. Bi-Adrenergic receptors are
localized in the white and brown adipose tissues of
rats {13, 14), and these receptors are known to con-
trol lipolysis in white adipose tissue and thermogen-
esis in brown adipose tissue. However, it is reported
that the expression of Bi-adrenergic receptor mRNA
in white and brown adipose tissue is decreased in
obese rats, such as those of the Zucker strain [73].
Furthermore, the effect of synephrine on lipolysis in
rats occurs mostly through its action on Bi- and Bz-
adrenergic receptors, and thus its dependence on Bs-
adrenergic receptors is relatively small [J]. Under the
present experimental conditions, therefore, the sup-
pressive effect of CA and/or synephrine against body
fat accumulation might have been small, Hence, in a
high-carbohydrate diet compared with a high-fat
diet, this effect of CA and/or synephrine against
mesenteric fat accumulation might be smaller than
that in a high-fat diet, since the high-carbohydrate
diet feeding resulted in a preferential accumulation
of mesenteric adipose mass comnpared with the high-
fat diet feeding [15).

Bs-Adrenergic receptors are considered to be the
major receptors for catecholamines in rodent fat cells
(13,14, 16-18), but it is reported that the sensitivity
of By-adrenergic receptors to adrenaline is lower than
that of Bi- and Ba-adrenergic receptors [19, 20). In
the maximal CA intake group (5,000 mg/kg diet),
where a significant decrease of perirenal far pad
weight and a tendency for reduced body weight gain
were recognized, the concentrations of adrenzline
and dopamine in plasma and the excretion of adren-
aline into urine were significantly higher than those
in the other groups. Increased levels of synephrine
and catecholamines in the blood might affect the few
Bi- and Bi-adrenergic receptors present in the peri-
renal adipose tissue, and thus promote a decrease of
stored fat. However, mechanisms of increase of cate-

Vol. 36, No. 1, 2005

cholamines in plasma by CA intake are unclear. In
rats, it has been reported that m- and p-synephrine
were detected only in the adtenal medulls, and not in
other organs, even after administration of a
monoamine oxidase inhibitor [27]. As the adrenal
medulla would be expected to receive stimulation
with synephrine, its secretion of adrenaline and
dopamine might be promoted by p-synephrine in
CA. This speculation invites further empirical inves-
tigation. A full understanding of the mechanisms of
incfease of catecholamines in plasma by CA intake
awaits future studies. Moreover, the finding that the
serum insulin level in the maximal CA intake group
(5,000 mg/kg diet) tended to be lower than that in
the control group is consistent with the phenomenon
that insulin competes with adrenaline in lypolysis.
Additionally, the decrease of stored fat in rats might
raise their sensitivity to insulin because the concen-
tration of serum glucose in the maximal CA intake
group did not differ from those of the other groups.
However, since there was no change in the serum
level of non-esterified fatty acid, the reason for this
remains to be explained.

Bi-Adrenergic receptors are the major subtype
controlling the rate and contraction of the heart
[22]. Tn the rat heart, stimulation of Bi-adrenergic
receptors by catecholamines accentuates cardiac
function and cardiomyopathy, and thus causes leak-
age of lactate dehydrogenase (LDH) [23]. This phe-
nomenon is suggested to be caused by adreno-
chrome, which is 2 non-physiological metabolite of
adrenaline [23]. In the present experiment, these
observations would be associated with the increased
concentration of plasma adrenaline and the concom-
itant decrease of heart weight in the maximal CA
intake group.

Actual maximal CA intake {(Group 5} in this
experiment was 176.1 mg/kg of final body weight
per day, which was about 1/3 of the LDso
(476.94 mp/kg body weight/day) for mice [24). The
recommended daily intake of CA in humans ranges
from 100 to 1,000 mg/day, and this is equivalent to 2
te 20 mg/kg body weight/day when calculated for a
body weight of 50 kg. Therefore, this is within the
range 1/90 to 1/9 of 176.1 mgrkg/day. Under the
present experimental conditions, no histopathologi-
cal abnermalities of the heart were observed by light
microscopy even in the maximal CA intake group,
and also there were few changes in the concentration
of BNP, which is an index of chronic and acute heart
failure, or serum clinical and biochemical parame-
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ters. Therefore, if the suggested instructions on the
label of dietary supplements of CA. are properly fol-
lowed, and its excessive intake with some stimulants
including caffeine in teas and coffee is avoided, then
no safety problems may occur.

On the other hand, however, Calapai ¢ af [§]
reported that administration of only CA (synephrine
content, 6%) at 20 mg/kg body weight to Sprague-
Dawley rats (240-280g) by stomach tube for 15
days caused electrocardiographic abnormalities in
809% of the rats, and that 50% of them died. Further-
more, Mareus and Grollman [7] have warned that a
combination of synephrine and caffeine has the
potential to cause cardiac archythmiz, hypertension,
heart attack, and stroke, as is the case for a combina-
tion of ephedra and caffeine. In fact, a case of acute
lateral-wall myocardial infarction in a caucasian
woman possibly caused by ingestion of a CA-con-
taining dietary supplement has been repocted [25].
Therefore, the possible association between CA
intake and cardiotoxicity remains to be examined in
more detail. Additionally, a determination of the
influences of simultaneous intake of CA and some
stimulants, such as caffeine, awaits further character-
ization.
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High dose of Garcinia cambogia is effective in suppressing
fat accumulation in developing male Zucker obese rats, but
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Abstract

We investigated the ability of Gareinia cambogia extract containing (—)-hydroxycitric acid (HCA) to suppress body fat accumu-
lation in developing male Zucker obese (fa/fa) rats. We also examined histopathologically the safety of its high doses. Diets contain-
ing dilferent levels of HCA (0, 10, 51, 102 and 154 mmol/kg diet) were fed to 6-week-old rats for 92 or 93 days. Each diet group was
pair-fed to the 154 mmo! HCA/kg diet group. Epididymal fat accumulation and histopathological changes in tissues were observed.
The highest dose of HCA-containing Garcinia cambogia (134 mmol HCA/kg diet) showed significant suppression of epididymal fat
accumulation in developing male Zucker obese rats, compared with the other groups. However, the diets containing 102 mmol
HCA/Kg diet and higher (778 and 1244 mg HCA/kg BW/d, respectively) caused potent testicular atrophy and toxicity, whereas diets
containing 51 mmol HCA/kg diet (389 mg HCA/kg BW/d) or less did not. Accordingly, 51 mmol HCA/kg diet (389 mg HCA/kg

BW/d) was deemed to be the no observed adverse effect level (NOAEL).

© 2004 Elsevier Ltd. All rights reserved.

Keywords: Gareinig cambogiu; (—)-hydroxycitric acid; Zucker obese rat; Tpididymal fat accumulation; Testicular toxicity; Testis

1. Introduction

Obesity, particularly with visceral fat accumulation,
is a serious risk factor for so-called lifestyle-related dis-
eases such as diabetes, cardiovascular disease and hyper-
tension (Jebb, 1999; Nakamura et al., 1994). Therefore,

Abbreciations: ALP, alkaline phosphatase; ALT, L-alanine:2-oxo-
glutarate aminotransferase; AST, L-aspartate:2-oxoglutarate amino-
transferase; BUN, blood urea nitrogen; FSH, follicle-stimulating
hormone; v-GTP, y-glutamy!transpeptidase; FLE., hematoxylin-eosin;
HCA, (-)-hydroxycitric acid: LH, luteinizing hormone; NEFA, non-
esterified fatty acid; NOAEL, no observed adverse effect level

" Corresponding author, Tel: +81 3 3203 5601; fax: +81 3 3203
7584,

E-mail acdress: msaito@nih.gojp (M. Saito).

0278-6915/3 - see front matter © 2004 Elsevier Ltd. All rights reserved.
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antiobesity foods and food ingredients may avert obes-
ity, possibly leading to prevention of lifestyle-related dis-
eases, If they are eflective in reducing body fat
accumulation.

Garcinia cambogia, also known as Malabar tamarind,
is a plant native to Southeast Asia. The dried rind has
been extensively used for centuries throughout South-
east Asia as a food preservative, flavoring agent and car-
minative, and is now popularly used as an ingredient of
dietary supplements for weight loss in developed coun-
tries. (—)-Hydroxycitric acid (HCA), the primary acid
in the fruit rinds of Garcinia cambogia (Lewis and Neela-
kantan, 1965), has been shown to be active in suppress-
ing appetite and body fat accumulation in experimental
animals (Greenwood et al., 1981; Ishihara et al., 2000;
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Ohia et al., 2002; Rao and Sakaria, 1988; Sullivan and
Triscari, 1977; Sullivan et al., 1974a; Vasselli et al,
1998). HCA is 2 potent competitive inhibitor of ATP-
citrate lyase (EC 4.1.3.8) (Sullivan, 1977, Watson
et al, 1969), which is an extramitochondrial enzyme
catalyzing the cleavage of citrate to oxaloacetate and
acetyl-CoA. This inhibitory action of HCA reduces the
acetyl-CoA pool, thus limiting the availability of two-
carbon units required for the initial steps of fatty acid
and cholesterol biosynthesis (Berkhout et al., 1990; Chee
et al., 1977; Sullivan et al., 1974b,c, 1977). This enzyme
is particularly important during the hyperlipogenic
nutritional state produced by high carbohydrate diet.
The reduction in the acetyl-CoA pool is proposed to
decrease the concentration of malonyl-CoA, thus result-
ing in the suppression of body fat accumulation through
stimulation of carnitine palmitoyltransferase 1 activity
and promotion of fatty acid oxidation (Ishihara et al.,
2000; McCarty, 1994; Ruderman et al., 1999; Vasselli
et al., 1998). Consequently, utilization of extra glucose
from a high carbohydrate diet for lipogenesis is re-
stricted, and utilization for glycogenesis is promoted
through suppressed glycolysts (Hellerstein and Xie,
1993; McCarty, 1994; Sullivan et al., 1974c).
Pair-feeding studies also revealed a significant antilip-
ogenic contribution of HCA treatment beyond its ano-
rectic properties in CD strain rats (Sullivan et al,
1974b) and Zucker lean (Fa/-) rats (Greenwood et al.,
1981). However, an usual level of HCA around
50 mmol/kg diet used in many previous studies (Chee
et al,, 1977, Greenwood et al., 1981; Rao and Sakaria,
1988; Sullivan and Triscari, 1977) was ineffective in sup-
pressing body fat accumulation in developing Zucker
obese (fa/fa) rats when the control group of rats was
pair-fed with the HCA-treated rats (Greenwood et al.,
1981). This ineffectiveness may be due to the several
important metabolic characteristics that cause Zucker
obese rats to become obese during early development,
such as elevated adipose tissue lipoprotein lipase activity
(Cleary et al., 1980; Gruen et al., 1978; Peinado-Onsurbe
et al., 2001) and acyl-CoA synthetase activity (Shimom-
ura et al., 1992), which contribute to increase lipogene-
sis. Thus, Zucker obese rats and other animal species
with higher lipogenic properties appear to be insensitive
to HCA treatment at the usual dietary levels. In addi-
tion, the duration of feeding experiments was generally
short, and ad libitum feeding has been employed in most
animal experiments conducted so far (Chee et al., 1977;
Greenwood et al., 1981; Rao and Sakaria, 1988).
Therefore, this study was designed to validate the
ability of HCA-containing Garcinia cambogia to sup-
press body fat accumulation in developing Zucker obese
rats. We performed a dose-response study with a wide
range of HCA levels in the diet, and used long-term
pair-feeding with a constant energy intake. Hence, we
also examined histopathologically the safety of high

doses of Garcinia cambogia to avert adverse side effects
that would be caused by its high doses.

2. Materials and methods
2.1. Animals and dietary treatment

The experimental procedures used in this study met
the guidelines of the Animal Committee of Incorporated
Administrative Agency, National Institute of Health
and Nutrition (Tokyo, Japan).

Male Zucker obese (fa/fa) rats (Japan SLC, Hama-
matsu, Japan), 6 week of age and weighing 140-150 g,
were housed individually in stainless steel wire-
bottomed cages at a constant temperature of 22+ 1°C
and relative humidity of 50-60% with a 12-h light-dark
cycle. The composition of the experimental diets, based
on the AIN-93G purified diet for laboratory rodents
(Reeves et al., 1993), is shown in Table 1. Garcinia cam-
bogia powder 8® was generously donated by Nippon
Shinyaku Co. Ltd., Japan along with the various analyt-
ical data including its HCA content and the ratio of free
to lactone form. The HCA content of the powder was
41.2 wt% and the ratio of its free to lactone form was
36.6 to 63.4. The experimental diets contained Garcinia
cambogia powder S® at 0, 4.9, 24.4, 48.9 and 73.3 g/kg
diet. These levels were equivalent to 0, 2.0, 10.1, 20.1
and 30.2 g HCA/kg diet, or 0, 10, 51, 102 and 154 mmol
HCA/kg diet. The lipid content of the diets was 50 g/kg
diet, representing 11.4-11.5% of the total energy.

Six rats in each group were fed the experimental diets
with free access to water for 92 or 93 d. HCA has been
reported to suppress food intake through appetite sup-
pression (Greenwood et al., 1981; Rao and Sakaria,
1988; Sullivan and Triscari, 1977; Sullivan et al.,
1974a), so the groups were pair-fed with the highest
HCA group, which received ad libitum feeding. On the
last experimental day, the rats were allowed to consume
three-quarters of the food intake of the previous day and
were then Kkilled by cardiac puncture. Liver, kidney,
spleen, testis, and epididymal fat pads were promptly ex-
cised, washed with isotonic saline and weighed. The
liver, spleen and testis were fixed with 10% formalin neu-
tral buffer solution, pH 7.4 and histopathological exam-
inations were performed after hematoxylin-eosin {H.E.)
staining. The histopathological scoring shown in Table 4
was blindly conducted by histopathoelogists in a separate
institute. The rest of the tissue samples were stored at
--80 °C until analysis. Serum and plasma were separated
by centrifugation at 2700z for 15 min at 4 °C and also
stored at —80 °C until analysis. '

2.2. Assay procedures

Serum leptin concentration was determined with a rat
leptin, ELIZA kit {Amersham Pharmacia Biotech Inc.,

=118~



M. Suito et al. | Food and Chemical Toxicology 43 (2005) 411419 413

Table 1
Composition of experimental diets fed to Zucker obese rats*

Ingredients (g/kg diet) Group/HCA (mmol/kg)

Gl/154 G2/102 G3/51 G4/10 G35 (control}0
Cornstarch 326.7 351.1 3155 - 395.1 400.0
Casein 200.0 200.0 200.0 200.0 200.0
Glucose 152.0 152.0 152.0 152.0 152.0
Sucrose 100.0 100.0 100.0 100.0 100.0
Soybean oil 50.0 50.0 50.0 50.0 50.0
Cellulose 50.0 50.0 50.0 500 50.0
Mineral mix {AIN-93G-MX) 350 35.0 350 35.0 350
Vitamin mix (AIN-93-VX} 10.0 10.0 10.0 10.0 10.0
L-Cystine 3.0 3.0 30 3.0 3.0
ters-Butylhydroguinone 0.014 0.014 0.014 0014 0.014
Garciniu cambogia powderb 73.3 48.9 24.4 49 0.0
HCA content 30.2 201 10.1 20 0.0
Total energy (kJ/’kg diet) 16,338 16,388 16,443 16,480 16,493
Total energy (kealtkg diet) 3903 3915 3928 3937 3940

HCA, (-)-hydroxycitric acid.

* The diet composition was based on the AIN-93G (Reeves et al., 1993) with a slight modification. The vitamin mixture (AIN-93-VX) contained

choline bitartrate at 2.5 g/kg diet.

® Garcinia cambogia powder §® supplied by Nippon Shinyaku Co. Ltd. was used. The HCA content was 41.2% and the ratio of its free to lactone

form was 36.6 to 63.4.

Piscataway, NJ, USA). Plasma non-esterified fatty acid
(NEFA) concentration was measured enzymatically
with the commercially available NEFA C-test WAKO,
Other serum parameters such as total protein, albumin,
L-aspartate:2-oxoglutarate aminotransferase (AST),
L-alanine:2-oxoglutarate aminotransferase (ALT), y-glut-
amyltranspeptidase (y-GTP), alkaline phosphatase
(ALP), creatinine, blood urea nitrogen (BUN), and total
bilirubin were measured with commercially available
kits.

Plasma testosterone was measured with radioimmu-
noassay method (Diagnostic Products Corporation,
Los Angeles, USA). Plasma inhibin-B concentration
was determined by a sandwich EJA kit (OXFORD
BIO-INNOVATION LTD., Oxfordshire, UK). Plasma
follicle-stimulating hormone (FSH) and luteinizing hor-
mone (LH) concentrations were determined with a rat
FSH IRMA kit (BIOCODE, Liége, Belgium) and a rat
LH EIA kit (Amersham Biosciences, Buckinghamshire,
UK), respectively,

ATP-citrate lyase (EC 4.1.3.8) activity in the liver and
epididymal adipose tissue 10,000 g supernatant fraction
was analyzed as described clsewhere (Takeda et al.,
1969), and the protein content was measured by the
methed of Lowry et al. (1951). Liver glycogen concen-
tration was determined according to the method of
Good et al. (1933).

2.3. Statistical analysis

After confirming the normality of data and the
homogeneity of variance of data for the treatment

groups {the latter being evaluated by the Bartlett test),
the significance of differences between mean values was
assessed by 1-way ANOVA coupled with Duncan’s mul-
tiple-range test at the 3% level of significance {Duncan,
1957).

3. Results
3.1. Food intake and growth

The rats consumed 14.7-15.1 g food/d and gained
2.4-2.6 g/d over the 92 or 93 d experiment (Table 2).
There was no significant difference in body-weight gain
among any of the treatment groups, although the food
intake and body-weight gain were gradually suppressed
with extended experimental duration in the rats fed
the highest HCA diet (Gl) ad libitum (data not
shown). Additionally, a dietary HCA level over
3.0 wt% (154 mmol HCA/kg diet) caused severe diarrhea
in the 6-week-old rats, and thus the upper tolerable
intake level of Garcinia cambogia powder S® was
3.0 wt% in developing male Zucker obese rats.

3.2. Organ and epididymal fat pad weights

The testis weights in the highest and second highest
HCA groups (Gl and G2) were half of those in the other
groups (G3 to GS5), and marked atrophy of the testis was
observed in the former two groups (Table 3). There were
no significant differences in weights of the liver, spleen
and kidney in any of the treatment groups (data not
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