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a, b: p<0.05

a,b,c: P<0.05

Control x1 Curcumin x10 Curcumin x100 Curcumin

(IU/L)

AST 41.2+4.54 549+2.25 497+1.84 52.82£5.26

ALT 1.57+0.45 3.53+0.53 0.471+0.30 2.59+0.59

y-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 57.214.68
(mg/dl)

LDH 7361+3.23 728:15.99 731%6.66 6721+67.3

Mean=SEM (n=5 or 6)



BAZBREMERMHE (REOKLD -
Syt &

REHRHEENFEEE)
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R RT DA MEEEET H VDD
FAxy MRRELT, Y FFRTUIF T
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EEZDNTHWDBYRT Y U EERT DR
MPEBELTVD [13l, ¥R 7V AT F
(Rutaceae) DHEMIZEL FENDHTZT7 = RY
VEROTAAIRA RTHY, TRLVFI UK
O/ VT KUY v LIRS Lg%
HLTWS (Fig. 1), 37 U i3k L
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BIRY , BT CA B CORDME % FEHA
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—H R T7V X RKOBT LY
VEEER & LT 729 [7,8]. CA DIERUZ X
Y B Ol e £ 3B A FTREMED B
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THY [8,15], BT FEAHIL 2004 £ %7
YT oA ROBEITH IR EOR

WHEEERE L TCNDHDFEDOY Y A
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B. WFEFIE

8 ik SD BA R T v M& 1 HH AIN-93G
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CA B, (iii) I 7 =1 > (Caf) ¥£. (iv) CA+Caf
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B (ANOVA) #ITWEEENRD DT
A, #ei T Tukey-Kramer #RE #1T > 70, fElR
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C. WFEiER

7w M 44-45 B OFEBRHMF—BH2Y |
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/kg BW/day L 720 | {KE SOkg Dt FEHE
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UL, BRI Yy MVCEENDEDT X
VRIS T,

BT v FERWEERBROFR., CA O
BMEE UCOEIEERRmEIRIRIE. BE
LAVDHT = A, THTH 2R L
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Fig. 1. Chemical structures of synephrine, adrenaline and noradrenaline

Table 1. Composition of experimental diets given to rats

NH,

Group Control CA Caf CA+Caf Cat CA+Cat  CA+Caft+Cat
g/kg diet
Casein 200.0 200.0 200.0 200.0 200.0 200.0 200.0
L-Cystine 3.0 3.0 3.0 3.0 3.0 3.0 3.0
a-Cornstarch 399.5 398.5 399.4 398.4 399.0 398.0 3979
Sucrose 102.5 102.5 102.5 102.5 102.5 102.5 102.5
Cellulose powder 50.0 50.0 50.0 50.0 50.0 50.0 50.0
Vitamin mix (AIN-93-VX) 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Mineral mix (AIN-93G-MX) 35.0 350 35.0 35.0 35.0 35.0 35.0
tert-Butylhydroquinone 0.014 0.014 0.014 0.014 0.014 0.014 0.014
Soybean oil 50.0 50.0 50.0 50.0 50.0 50.0 50.0
Lard 150.0 150.0 150.0 150.0 150.0 150.0 150.0
mg/kg diet
Citrus aurantium* 0 1000 0 1000 0 1000 1000
Caffeine anhydride 0 0 100 100 0 0 100
Polyphenon-60 (tea catechins)® 0 0 0 0 500 500 500
Synephrine content 0 64 0 64 0 64 64
Caffeine content 0 0 100 100 37 37 137
Tea catechins content 0 0 0 0 302 302 302
Total energy (kcal/kg diet)® 4800 4796 4800 4796 4798 4794 4794

CA, Citrus aurantium; Caf, caffeine; Cat, tea catechins

* Citrus aurantium contained 6.4% of synephrine.

® Polyphenon-60 contained 60.3% of tea catechins and 7.4% of caffeine.

¢ The energy density of all diets was calculated using Atwater energy factors for energy calculation.



Table 2. Influence of dietary Citrus aurantium (CA) combined with caffeine (Caf) and/or tea catechins (Cat) on food intake,

body weight gain and tissue weight in rats.

Group Control CA Caf CA+Caf Cat CA+Cat  CA+Caf+Cat
Food intake (g/day) 2438228 228424 252421 250427 240423 267+14 25714
Citrus aurantium intake (mg/day) 0 22.8+2.4 0 25.1£2.7 0 26.7+1.4 25.7+1.4
Synephrine intake (mg/day) 0 1.5£0.2 0 1.6+0.2 0 1.740.1 1.6+0.1
Caffeine intake (mg/day) 0 0 2.5+0.2 2.540.3 0.9£0.1 1.0£0.1 3.5£0.2
Tea catechins intake (mg/day) 0 0 0 0 7.240.7 6.9+0.4 7.7+0.4
Body weight gain (g) 246£41 220441 241221 240437 211414 248425 243+37
Initial body weight (g) 312414™ 309+9 31010 31049 31014 310£12 31148
Final body weight (g) 558+51™ 530447 55125 550445 521424 558435 554443
Liver (g/100g BW) 3.28£021™  3.0440.12 3254017  3.15:047  2.99+023  3.10:0.10  3.06x0.11
Kidney (g/100g BW) 0.59£0.04™  0.58+0.03  0.60£0.04  0.61£0.06  0.62:0.04  0.61x0.05  0.61x0.05
Heart (g/100g BW) 026:0.02% 0254001 0254002  0.25£0.02  0.25£0.01  0.25:0.01  0.24£0.02
Testis (g/100g BW) 0.70£0.058  0.74£0.10  0.730.07  0.76£0.10  0.75£0.06  0.73:0.07  0.69+0.07
Spleen (g/ 100g BW) 0.18£0.02%  0.18£0.05  0.16£0.02  0.17£0.02  0.17+0.02  0.15:0.02  0.17+0.01
Lung (g/ 100g BW) 0.29:0.05™  0.29:0.03  029£0.03  0.29+0.04  031x0.01  0.30£0.02  0.30+0.02
Perirenal fat pad (g/100g BW) 3.08£0.50N  3.034077 3284072 3.17¢091  3.05£090  291x0.61  3.12£0.58
Epididymal fat pad (g/100g BW) 263:032%  248+0.46  2.62£045  2.58+0.60 247035  2.60:043  2.44x0.34

Each value is the mean£SD of 6-7 rats in each group. NS, not significant.

Table 3. Influence of dietary Citrus aurantium (CA) combined with caffeine (Caf) and/or tea catechins (Cat) on plasma

concentrations of catecholamines in rats.

Group Control CA Caf CA+Caf Cat CA+Cat  CA+CaftCat
Adrenaline (nmol/liter) 3606124 4785172 459+211 483251 4778206 4444221 32677
Noradrenaline (nmol/liter) 25.4+12.5 3024218 3254124 333216 3674267 313143 21.0+124
Dopamine (nmmol/liter) L15:0.54™ 1212046 1012043  0.77:031  1.06:028 106056  0.57023

Each value is the mean+SD of 6-7 rats in each group. NS, not significant.



Table 4. Influence of dietary Citrus aurantium (CA) combined with caffeine (Caf) and/or tea catechins (Cat) on serum
biochemical indicators in rats.

Group Control CA Caf CA+Caf Cat CA+Cat  CA+Caf+Cat
Total protein (g/liter) 60.8+2.2™ 585415 60.8+1.9 60.62.1 59.3+1.5 59.8+0.4 59.3+1.7
Albumin (g/liter) 29.541.0°  28.8+0.8°  30.540.5°  30.3x1.3°  293£0.5°  29.8+08"  28.6+0.5°
Ratio of albumin/globulin 0.95:0.05™  0.97£0.05  1.00£0.06  1.0120.04  0.97+0.05  0.98+0.08  0.94+0.05

Aspartate aminotransferase (U/liter) 87.7£11.9%  86.311.6 85.3£7.9 79.1£11.8 91.7+12.4 91.7+7.7 86.3+12.8
Alanine aminotransferase (U/liter) 28.3+4.6™ 30.3+8.3 24.8+5.5 26.4+6.1 28.316.0 25.5¢1.9 23.4+2.3

Alkaline phosphatase (U/liter) 405+40™ 367466 361+53 417+114 349160 461+79 418+68
Lactate dehydrogenase (U/liter) 655£275N T747£290 705+215 594£155 9724351 608+131 798+367
Creatinine (pmol/liter) 29.31.5M 30.143.7 26.1£1.5 26.1+£3.3 27.840.9 27.0+£4.9 28.3£1.0
Urea nitrogen (mmoV/liter) 4.9+0.9™ 4.7+0.5 4.6£0.6 4.420.7 4.9£0.4 4.5£0.4 4.540.5
Glucose (mmol/liter) 13.741.4%  13.5£17 13.1£1.4 12.741.8 12.6£0.4 13.541.5 1.30+1.3
Glycosylated albumin (%) 8474048  7.45+128 6224196  6.54+1.57  7.55:1.02  6.72:1.73  7.34%1.17
Triacylglycerol (mmol/liter) 1.79£0.57  1.5120.50 1.53+0.59 1.74+1.07 1.48+0.61 1.44+0.73 1.62+1.24
Phospholipids (mmol/liter) 1.98+0.28"  1.61£025  1.93£0.37 1974049  1.641038  1.69+036  1.69+0.40
Free fatty acids (mmol/liter) 0.72£0.16™  0.64£0.16  0.66£0.13  0.64+020  0.69+020  0.60:0.21  0.58+0.14
Total cholesterol (mmoD/liter) 1.85+0.28" 1484022  1.80£0.45 1913033 1444029  1.53#0.18  1.61+0.33
HDL-cholesterol (mmol/liter) 0.7240.07  0.63+0.08  0.70£0.10  0.7120.12  0.61£0.11  0.65:0.10  0.62+0.07
Total bilirubin (umol/liter) 2.0£0.7% 1.740.0 2.9+0.9 1.7£0.0 2.3£0.9 2.3£0.9 2.0+0.6
Triiodothyronine (nmol/liter) 1.08+0.12%  1.01x0.16  1.03£0.17  1.06£0.17  1.07+0.11  L15£0.16  1.010.14
Thyroxine (nmol/liter) 59.0£3.68  50.449.3 577473 57.749.4 54.543.4 57.3£5.1 53.749.8
Inhibin-B (ng/liter) 32.8£11.2% 357498 30.3£109 3324103 4124118 3444102  34.2#123

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

Table 5. Influence of dietary Citrus aurantivm (CA) combined with caffeine (Caf) and/or tea catechins (Cat) on 24-hr
urinary excretion of catecholamines and homovanillic acid in rats.

Group Control CA Caf CA+Caf Cat CA+Cat  CA+Caf+Cat
13th day of experiment
Adrenaline (nmol/day) 1.27£0.39°  3.85:0.94°  1.09£0.34°  6.98+5.11°  1.54£025°  5.16£2.02°  5.51x1.07°
Noradrenaline (nmol/day) 7.66£1.01°  7.17£1.42°  8.50£0.51®  8.08+1.22%  8.89:+1.15®  9.13+2.36®  10.04+1.94°
Dopamine (nmol/day) 21.8£6.26™  19.0£3.87  20.8£1.03  26.1+7.16  26.3:498  252+7.08  24.6%3.13
Homovanillic acid (nmol/day) 129+27° 136+15° 149+12% 149424% 139:16% 170+11° 147£17®
28th day of experiment
Adrenaline (nmol/day) 1.43£0.53°  4.23x1.15° 1152031 3.99+0.90°  1.52+¢0.28  3.17:0.54°  3.83x1.30°
Noradrenaline (nmol/day) 9.19+£2.10™  8.00:0.96  9.30+1.20  7.86+0.88 891122  9.02+1.63  8.37+2.40
Dopamine (nmoY/day) 25.0+4.59™  23.6£2.53 2494398  20.5+2.42  22.6+4.58  21.8+3.76  20.7+4.48
Homovanillic acid (nmol/day) 137414 155422 151+13 139+11 143+11 152421 137+18
39th day of experiment
Adrenaline (nmoV/day) 1.59£0.68°  3.61£1.27°  1.18+0.43°  332+0.77°  1.49+033*  3.34+0.52°  3.97+1.38
Noradrenaline (nmol/day) 10.17+2.84  8.86+1.33 9.95+1.70 8.52+0.97 9.93+0.80 10.26+2.15 9.77+2.04
Dopamine (nmoV/day) 284+8.19%  258+4.06 252290  21.4+328 245319 2324435  23.4+3.77
Homovanillic acid (nmol/day) 152425N 16116 154£10 146£15 148+16 167+24 15118

Each value is the mean+SD of 5-7 rats in each group. Means in a row that are not followed by a common superscript letter
are different, p<0.05. NS, not significant.
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MMREEEF 26T 2 52RO F a7 IUFROBSTH ), BULERTIUEIRETH
D, EAROBRRRABIUHEREESI LTI P TORPHEITRENR TS, FI4Y
DAy ¥ aYE (FAYORRBEYOFMERS) I, LEEE EB), DIVOREIIH
TE24F a7 EIFAOERERRL TS, ARBEEROFIVERLD, 77V X, 4%
V7, AARX, F=AMVT, SLHIABPEERZLETIERERLEN, TAYARLAFYRT
BEELRF TV AP LTHRDLDNTNRS,

52 @ K

BRI lRETBREEST e, BIZFra54 1+ (ginkgolides) A, B, C. M, ], F¥a75
K24 F2&L. ¥ VEF ¥ (quercetin), ¥ 7 =/ —Jv (kaempferol), 7u7 ¥ I 7=
Y v#8 (proanthocyanidins), V¥ ¥ (rutin), 4 V5 AL % F > (isorhamnetin), ¥a/85 4 F
.(bﬂoba‘lide) WEINDE (B BERIZETUVINF Y ERBF I~ VEBEOEFEENE V. 1
FavEIFAHHRERE, TIR/ [ FE24~25%, TURVE6%ULEES, Fra—
VEEZ Sppm LT E &b,

5.3 4% -

AFavEIFRETUINA7—, BREEBITREGEOCERIIHLBZSCAHTHS
AEEEFEV. F4 Y033 v Y3y ERREEBE, S H00KM, REOH) ORI, FBY,
HEV, EERLERRETIENTERIEL TS, SEELELRIA TOHARICBNT, 3 A
LlEMAFavELXERLA-EIA, BRENPHESBOEEL TR I EESERILIUESL

EBESNTVWEY, FHEHOT YV ALEBRBRBREHEE LV ATFIFAv S - L 2 —

232





