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ABSTRACT

Objectives : This study was performed to evaluate the efficacy of extract from Citri Pericarpium (CP) on
lipid—lowering effect in semi—healthy subjects with increased serum levels of total cholesterol and triglyceride,
Methods : A experimental group (n=45) and placebo group (n=46) were randomly established based on the
plasma lipid profiles (triglyceride, total cholesterol etc.) in the semi—healthy subjects, then all subjects randomly
took experimental or placebo capsules, which contain 1,200 mg of CP or the same dose of soluble starch per
day with regular meals for 8 weeks by double—blind method.

Results : One—hundred forty (140) subjects were screened, then 91 subjects enrolled in the study. No serious
adverse events were reported for trial period, The CP treatment showed statistically significant decrease in
serum levels of triglyceride both at 4—weeks (p<0.01) and at 8—weeks (p=0.0001). Futhermore, there was
significant difference in the triglyceride levels between CP—treated and placebo group. The CP—treated but not
placebo group, experienced decrease in serum levels of total cholesterol at 8—weeks, Then there was no
significant difference in the total cholesterol levels between the two groups. In addition, statistically significant
difference of AST, ALT, ¥—GT serum levels wasn't shown before and after trial in two groups.

Conclusion : These results demonstrate that CP can significantly suppress the elevated triglyceride but not total
cholesterol level, Therefore, CP may play a role in the improvement of blood lipid levels, as an effective
functional food,
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B, =B Ago| AX| k= H[Eo] QT 1
o] AFES Holx UoP. whgEPA AT g e
o Ao o FEFE won, FF A e #HA
A0, B3 TP SUAS}, DEYTY S AFBRA
Aga Y3 B Yk Ao dA . BF A
2 2o] F &3] A HHFol 42 A EF ZHLEHE
Z7etol nZHAEE@S0] TS B,

AR TXEFol gt BAE 2 2 A ke A
Ho] HFHE EolE jo|2dE E3 4ojay Het U &5
o gt AU A Ak 2oy 1L oFe|
ot ERY 9 A% 7edAEe] &St dATEaL Q)
o AAEF AAE AT gorEel 9T EaHES BV
7+ B8 A X84 vE A9F, 7 ¥ AR 7)Y At
59 F2e-S FEkete AoE dEA ot wEkA Ho
= 839 A =8 7] st HAEL o] &3 A9
QoY A7 5AES Bot sWATFY ooy X'
g 7Fs3H & 4 Sl gAY ERS gollige a7t
s AyE D ek,

2 Ao AgAELRZ AME BEE 3 (Rutaceae)
of &3t A= AWEQl =(Citrus unshiu Markovich)9] A
23 Aol 7w (Citri Pericarpium)E ARAY] Aoz w1
R, 2B R, (bkshe 393 o] "ok wEkA R
B, JREsHs 28-S AU JoWA FRZE Fhsto
HASE SR TE, BR, A28 9 K2 2 59
Zxo ¢ =’ ¢ AHEOZE  limonene, auraptin
Sol &=l glor I oA 90% o] limoneneo|tt,
Flavonoid 3}¢HE=2A] hesperidin, tangertin, nobiletin 5
o] FFEo] glom, o] FoA F=E Tu]9 3 HLo| T
Hol = hesperidin®] 90% o1& A,

2 dio] AME AnFEES 2 8% ZYoHEH
A 2L A7l 52Vt ZIdEE 7158 29
o mebx AEFEES o8ty EF FY2HE A7t

A Astx|et Agke] Ak Qe HEXE AL R 8
F B8 & & FAEEE dREeE st a4 ¢
OFAAES v Felstch,
Az 9 Py
1, Q394
B A7 g ARSTE 59 o7 - FRe AFsm
[ RSN

170mg/dL ~ 250mg/dL e st
glo] gle AFRMES giAo R sigon, dFAERE AJg9]
AL FE3] A9 w1 JAHoz MW FAAME AT
gxE dez st B A3 diagtelgign 24
ErdE Y AEAFAAIYE Y SAMRB AHY¥E

DHUMC-D-09005)& ®igtom, mE m3AXSoA AlFe|
A Ae] 7IzE BF A Wy, JqAd=EE 5ad 9 A4
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1LY EES NRAS BEHT AL, olwA, T
2 A2A 5 85 FAAEBC) GRS E 4 Uk B2
Bgst A9, TR LS AFHE AL, dAont £
%9 A$, BMI $47} 3001491 A%, TG (FAA7
400mg/dL ©|421 7%, HbAle (FEF@H2)7k 10% ol4)
A%, ANFARAL o] ¢ Hold Aol G AL, A7
o ABAYA EE AFFIAL APel $ARsD A
B Qaadel g A9E Akt

]

2. NAAE 2 B8

2 a7 AHgE MHFEE2 BF(Citri Pericarpium,
FYAHE 60% FAHLE 7k &2 § o3t 60 Brix7t
HEE 555t Az, ARJER hesperidin®] T
2 oF 34mg/g °olqlth YHAFEE AAPeS JYFEES
olg3le] FAT[T(F) oA ARFAT APAEL Ay
EES 1 Yl 9 IYE F 7|F2F 300mgo] FHA A=
AT, AR WuSEEI FF9 Sg4HE] =
HeE Az

3. AddAl

AT GRS ol8ste FA9] wide FI T
wo2 o] o|FHHHUE AIYSIGE AIFAEES X
F252(1,200mg/19 AFP)e] e ddHE AEFS AH
3k groupo|®, {ofAlERS AvFEE il 84 A&
o] FHE dFPE AEE AFHE grouwpeE 4
capsule/day, 23|(°Fd & AY) /day, 8F &< MIFsh=
HPdAR 74 itk AES B85k ¢ 3R 4
o] 24 4 I AZhE Hr=R AASHA] gkttt

4.

n

%7}

S5E UEAE2 AGAAL AFTEL, 47, 8F W&
stETh A AAdOl AAEARE AAYHRARE AABHA
on FHHA= ARFAAY, 45 2 8FA WLl HAIst
Aot 47k 8FA W Lol AEF 5E&Fe st A4
of g &+S=E s en, 7 U A 7289 dRE
ENEIS e

5. A3ata A

AA ZY obd FE A AE AW BF FAHRH(TG,
triglyceride), &ZHAEZ(TC, total—cholesterol), 1=
Aehl(HDL—c, high density lipoprotein—cholesterol), A
Y= Xk (LDL—c, low
cholesterol), &%, AST (aspartic acid transaminase),

density lipoprotein—

ALT(alanine trans aminase), ¥—GT (gamma—Glutamyl
transpepti dase)~= Siemens Dimension X—pand plus
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Clinical Chemistry System (Siemens Healthcare
Diagnosteic Inc, USA)S o] &3dlo] =A3l¥ 3, HbAlce
kol WX I Z2otE 239 (high—performance
liquid chromatography)< ©|-8std ZHARIAT BF F
leptin®} adiponectin %X+ Z+Z} Human Leptin kit
(R&D Systems, USA), Human Total
Adiponectin/Acrp30 kit (R&D Systems, U)E AlE3}o]
ELISA readerZ 540nmol|A &Ast4 Tt

6. SAEH

B Ao Av= SAS version 9.1 54 T2 o]&
st EAstgon, FANHS AF AR Ao dig A1
Z(outcomes)oll i8]l W54 (variation)o] 21, gAY 7=
ol 2 AEXE 7Pl FHHSHA ARgste 2aAE
(Log—difference, %) £4%¥< ol&stt. E£3 BH7} 7hs
gt PR Hx T2 wiZ"H 1WA EAELE, 459 ¥
AEL, 46%)9 HEFANEY BHFES ol AFE BEF
A 5§ 45 9 3FFY ANE BOECE BASIHS
o, p-#AFYEE)0] 0.050511 A FAHLE {FoTt
Ao Ay, F= 2Et F9 uixee s A3 A
A BRFE olFY BE HEo A&t ukx] g AR
A AR AAF 3= LOCF (Last—observation—Carried
—Forward Analysis)ol| @z} dlo|g A& stect.

2 3
L A L 54

2 QIARY FF, dF, 95 7HeE Al R A
< Hn Ao U2 AW FoRt XA 1403
A3Egste, A4 - AQ7|Eed At 918 HPAR A
Astgct, Algol Fog g@AR F dR e 529, A= 39
Ho|9, BY AFL 42.7+10.4MAHTable 1). 2 AT
o AFE HIAEY Hot A2 AUAES, AFAET
A Z¥z} 165.5+7.5 cm, 165.7+7.6 cmo|%tt B AFS
A ET 66.6110.0 kg, ABAET 67.2£9.9 kg, B
BMIE= Z}7}b 24.3+2.6 kg/m® 24.4+2.4 kg/m’o=2 =3
go00, $&719 olgy] YL T AF BE A4 #Weel
&3l th(Table 2), 8% TC $EE SR, AFAEZ]
ZH7F 211.30422.99, 213.10+20.95 mg/dLo|gx, d%
TGEEE YAZE, ABAEZANM 22z 135,40+47.30,
159.20+ 52.20 mg/dLo@A] ¥l A7e1'09] wzo] 319
H(Table 3). ZE|a ZH¥A} 9199 BH AF E&o gt
£SEE 87.6115.0%2 WlwH ¥4 veygch A" 91
ol WIAES Pez AFE AFPsEA F 259
(27.5%)°] EFtAedl, B Ave= 3= E 1%
(12.0%), oldukg 49(4.4%), ANEAZA 9t 107(10.9%)
oo (not shown), oldHFge] FHE £21, AAL &

oz 2AE

Table 1. General characteristics of subjects.

Sex

Age Male Female Number
21~30 7 5 12
31~40 13 8 21
41~50 18 15 33
51~60 14 11 25

Total 52 39 91

Table 2. The average values of anthropometric measurements in
subjects.

Plac(ebo g;oup Experimental
N=

=46 group (N=45)
Height (cm) 165.5+7.5 165.7+7.6
Weight (kg) 66.6+10.0 67.2+9.9
BMI (kg/m”) 24.3+2.6 24.4+2.4
S.B.P (mmHg) 124.3+17.3 120.3+17.3
D.B.P (mmHg) 80.80+13.4 78.7+11.5

2. €% TC9 W3}

g5 FZU2HE s=c AEAETUHAA EE A
(213,10%20.95 mg/dL)o]l B3} E-& 437(209.80+ 32,29
mg/dL) 2IARE(~2.18+3.62 %) £4 A3}, FAHO=R
Fo5HA] ot B8 8FA = 206.40+28,52 mg/dLOZE
2IAAE(~3.6319.51%) &4 ZHatoA folatA THAES
HYHp0.05, Table 3). EF $HAELANE AFAF
T3 AR 5§ 4FA7E ofd E& 8FA
(204,90+29.66 mg/dL)°] E-& #(211.30+22.99 mg/dL)
o g EAZeR o5t ZIXE(~3,46+9,92%)0] 7
28FATHP0.05, Table 3). 1#u AFAEZLT YAZL
9 T &7t HluoA= SAFLE FF Zo|7t WAHZ]
o, z+ #7te] AHEAE 1T 4 e wEESPA
2 EX¥(repeated measured ANOVA, mixed—effect
model)& o|-&std &, AIZE, A% AEaAE EA% At
M= TAA foido] TEAER st

3. % TGS ¥3}

2 (Log—difference) VAW o83ty AEF 5§
H-B 455, 8§ W-2g 5250 BT FAAY BE
2 FAdo2 s AudETdld =g A
(159.20+52.20 mg/dL)] vl E-8 45#)(138.50+82.78
mg/dL) EIEEA A3}, BF A vz BAHCE &
o3t 7 (~20.89+46.13%, p0.01)E Hgom EBQ 8%
A(128.90+64.52 mg/dL)o= EIXE(~26.87+3.07%)
o] E§ Ao Hla] TAZFLE {YstA HAFTE Hoh
(p=0.0001). $JfAIZAA= BE o v|F B 454
9 gAY £4 A FudlA BAF fo4d2 TEEA
@UTHTable 3). L2v AFAIFZT AGAELTS 22
A HREAgAE B8 474 HAH T {FY% Zol7t
A2E HAH(p0.05, Table 3), ESF z+ o+ 7ho] AHTA
Z 13T ¢ Y= HESHNE EXH(repeated measured
ANOVA, mixed—effect model)& ©]-&3t% (group)ad},
A 7H(visiting time)&¥}, A& & -&(group— visiting time)&
s EN% F-HA dRME p<0.052 F b 27t
- F-o]do] A A= cknot shown),
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4, 8% HDL-c¢} LDL—c9] W3}

¥% HDL-c sEv YAIETC] ofd AFAZZAAT
22 A(54.33+12.49 mg/dL)d] vlE B8 83
(60.38+69.29 mg/dL)o]| ZIE(~2.26+40.15%)0] &

Aoz FolstA /M-S EAHp<0.05). HDL—c 5=
9 NFAEEH AAEELY &+ 7 EIAE BEHgA=
FAA Fo4dE& HolA ¢gern, LDL-co 2IaxE &
A Aioyz £ 2 7 FAE fFoE EolA gt
(Table 3).

Table 3. Changes of serum lipid profiles in subjects fed extract of CP for 8 weeks.
Placebo group (N=46)

Experimental groug) (N=45)

Groups Baseline nean 250 Baseline rhen )

(0 week) 4 weeks 8 weeks (O e, 4 weeks 8 weeks
(me/qLy)  211.30£22.99 2109043108  204.90%29.66° 213.10+20.95  209.80+32.20  206.40+28.52°
(mgT}gL)z) 135.40+£47.24 132.50+£52.68 125.10+£62.89 159.20+£52.20 138.50+82.78 128.90+64.52
@DRS) 59.07+14.50  51.61%10.08 52,76+ 10,41 54.33+12.49 61.56+69.48 60.38+69.29°
(rII;gD}‘digM 120.20£29.08 119.30+£34.03 116.10+£29.06 121.80+23.22 121,40+21.43 119.10£21.19

1) TC: Total cholesterol, 2) TG: Triglyceride, 3) HDL—c: HDL—cholesterol, 4) LDL—c: LDL—cholesterol
*00.05, **0.01, ***p<0.0001; significantly different from baseline in each groups by t—test using log difference.

As a results, the statistical data for TC, HDL—c, and LDL—c between two group (placebo & experiment) was not significant: But, the
statistical data for TG between two group was significant, p—value was 0.0439 in 4 week.
5. % adiponectin¥} leptin®] ¥3} ¥% adiponectin =& Z4H2H9] AFUelA HE& Hol

Hig] & ¢ 2axpRo] digh A A ool TEEXA

Adiponecting AHA|ZA HH|=lE gdE gt o Akout, leptin® HEE F F EFOA AFAEL AA
thAtell o, leptind AHRZoA BAE AE8E F B5& Ao\ EE sFHC 4z 2axE
Aske w2 oA 9k, % adiponectinit leptin] (~55.66+74.02%,~58.49+77.490%)2] EAH gojAo]
W3lE B7] osle Eg AT BEg 8= = o] &3 TEEJH(p<0.0001). Y F &+ 7+ EHoA= B4
HPAEY] FAE AFHste] £33 HTable 4). Aoz RFosHA| okt

Table 4. Changes of serum levels of adiponectin and leptin in subjects fed extract of CP for 8 weeks.

Placebo group (N=46) Experimental groug (N=45)

Groups (mean =+ SD) (mean+SD
Baseline (0 week) 8 weeks Baseline (0 week) 8 weeks
Adiponectin (ng/ml) 3187 +2234 2838 + 2256 3818+2729 4304 +2978
Leptin (pg/ml) 14366+ 9754 9114+8026 13667 + 8698 7953+ 5966

***p<0.0001; significantly different from baseline in each groups by t—test using log difference
As a results, the statistical data for adiponectin and leptin between two group (placebo & experiment) was not significant. p—value of
adiponectin and leptin was each 0.1288 and 0.8613 in 8 weeks.

HbAlcd] FEE AFAET YJAZLHAAN ZH2 2axE
(~2.70+ 3.80%, ~1.95+5.69%) 423 SAH F24
(2£0.05, p<0.001)& EHHoU, Tt 7t FAASE {9
gt a3k= YUtH(Table 5).

6. % gulcose ¥ HbAlcel W3}

AFAEL HAAIETA 2F 58 Hof| s £ 8FA
of E92 WiE HolA YYUTHTable 5). ILi"M 2%

Table 5. Changes of serum levels of glucose and HbA1c in subjects fed extract of CP for 8 weeks.

Placebo group (N=46) Experimental groug) (N=45)

Groups (mean+SD) (mean+SD
Baseline (0 week) 8 weeks Baseline (0 week) 8 weeks
Glucose (mg%) 83.67+10.82 85.59+13.40 85.71+14.66 83.64+9.77
HbAlc (%) 5.70+0.47 5.59+0.49° 5.75+0.384 5.60+0.36

*00.05, ***p<0.0001; significantly different from baseline in each groups by t—test using log difference
As a results, the statistical data for glucose & HbA1c between two group (placebo & experiment) was not significant. p—value of
glucose and HbA1c was each 0.2092 and 0.4581 at 8 weeks.
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7. % AST, ALT, y-GT9] W3}

28 A AFE BE 3 s A NEE AEFHI Qe
dZF AST, ALT, y-GTY HIE AHET, AFAESTS
293 Foa F AST 4x= EL #(35.69+11.40
IU/L)oll H]3] 854(34.16+14.19 IU/L)o] 2 €3S Ko
A ggkom, & W 9 AAEETY F 7t vaoAE FA
A Fode BolA] gttHTable 6). 8% ALT 2= A
AE2A A B8 #(24.38+£6.45 TU/L)o] Hls] &8 85
(25.87+9.46 TU/L)o| 2aatEe] {23t W= ¢izick 9
AEELE B4 FoA B8 H(37.39+12.50 IU/L)ol H]3)

8Z4)(33.24+14.67 IU/L)E ZIE(~13.91+28.65%)
B4 BAE FY4E EIO2U(p<0.05), F o Zhol| o
FAFCR fogt Hske gt 8F v-GT ¢X& A¥
AELNA BEE A(54.09+40.40 TU/L)o) H3] 28 8FH
(49.02+925.98 TU/L)ol 2IaxEol gost e QiQith
YAESE B8 oA B8 #(49.17£29.51 1U/L)ol| H]3|
824 (41.48+22.02 TU/L) 2IXE(~13.95+41.62%) &
oA BAA Fo4E HFOUH(p0.05), F wite] BA
A oL HHEA okt wEkA AFAETL FAE
28 A Fo 7t 75olE ¥l fivE AL uigitt
(Table 6).

Table 6. Changes of serum levels of AST, ALT, ¥—GT in subjects fed extract of CP for 8 weeks.

Placebo group (N=46)

Experimental grouss (N=45)

(mean + SD) (mean+SD
Groups - -
(]?)aiveelzlerig 4 weeks 8 weeks g%aiféﬁs 4 weeks 8 weeks
AST (TU/L)Y 26.80+£7.94 26.04+7.42 24 85+7.61 35.69+£11.40 34,44+14.17 34,16+14.19
ALT (1U/L)? 37.39+£12.50 35.35+12.91 33.24+14.67 24,.38+6.45 26.96+8.33 25.87+9.46
¥-GT (IU/L)? 49,17+£29.51 48.,74+38.63 41,43+22.02° 54,09 £40.40 49.53+31.51 49.02£25.98

1) AST: aspartic acid transaminase, 2) ALT: alanine transaminase 3) Y—GT: gamma—glutamyl transferase
*X0.05; significantly different from baseline in each groups by t—test using log difference.
As a results, the statistical data for AST, ALT, ¥—GT and between two group (placebo & experiment) was not significant. p—value of

AST, ALT, ¥y—GT was each 0.1502, 0.2776, 0.1753 at 8 weeks.

z 2

U= 19708d ©o]F A&HJA AALE I =1 &
59 VIR AEA AEY A2 A4 b FEA 4
9 AHZFE A SUkET B3 AFsiEe] 7kl Sl
AR Qs FWASGoIY 1Y Y <] T WA
2% Wy Eol g4sH Sk AUtk 1 Bt vt
A Y-S G dFHFo] B A HHFo] Ho] nAEF
FoAME nFPALEFo] B AR Uehgor), o
= SFe 7R HAHSVIR LEEAHESY AREY
ulgo] Z7lete Ak g,

2 A AHgH Ag= EFTAYSE Citrus &l g
He 279 3o = A9t R29, 53] 2y 754
o gt IS0 JF5HA et AE ¢ FIzrE 4 4
AR ESY, gauAan’?, gasze] g4zq""Y 5
T} 22 ool Ead B gtk 1y Ko ghekR)
9] RN HE- Fa3 AQGECRE AFE ot
A orE)Ed SHAAY S Wol &HA YA Pt

o sy 29 B w29 3ERE polyphenolF,
vitamin¥, lomonoid%, synepheine 59| thoFst SIgtES
gosly 9om®  rutin @ deosmine ¢ Ykl
flavonoid¥, hesperidin, naringin % citrus 39 E79
flavonoid®, ESH Aoy Hdoie= BEHR] = FEF
1189 tangeretin, nobietin 59 flavonoidF7F -5 o]
JFY. B3] g Fuol: HEA AFBO] ¥ FER £
Asl7] WEol flavonoidFe] FRE FFge] B, 1
Zo X% naringin 23 =9 A BExEo U= 4
Homx g ATES S FYEHY 710 FHPI7)

Aot BuEz gt HZde FHH SR naringindt F
ARt B¢l hesperidino] % ZHAHE £35 #5HA7]
e B 9P

2 AFofME F IOIHNIAIEL, 459 AEL, 46
B)e fYPAES e R 857 AFARFuFEE] £
TE Pe)d YFAEFDFEE] e AL BLAA
5 4Rt Ao HE st EA5tAT. HAF At
of gt EHe ©we FHE O E4Ho] oid EIxE
(log—difference) 4 o]&3tqrt. 2R A== ¥
B (variation)e] &, AL 7HsAdol w2 HAFEE 7t
Foll AHsHA AHEEHER, 2AXES o8T E4E AW
Hoa Apgatect

% TC =5 4% A3 ANFAEZLANA 5§ 4574
(209.80+ 32.29 mg/dL)E BAZCR FolatA] Ao,
EQ 8F7(206.40+ 28,52 mg/dL)ol= E-& Ao wjs) &
AXog FosHA ZasATHp<0.05). EZE YAl ELoll Al
= APAERES vERE B8 8FA(204.9+£29.66
mg/dL)oll= BARLCE FostA BE4H], & & BF 5§
8FA o= SAA ool TEEHA 1 T 3t B
oME SARLE {3 o7} YAEA Fuch wHE, &
% TG w=9 AL AFAZFTAME E§ 457A4
138.50+82.78 mg/dL, E-& 8FAo] 12890464 52
mg/dLe2 FollA B8 A Hja] 22 2IXRE(p<0.0,
p=0.0001)2] FJgt HAE Bou, AEZgAE &
£ A-B8 437 9 839 2axE B4 Ax FU 54
A o2 TEEA ot 2y AEAEET HASAE
w7k v Z B e A 7k 2] o5t xfolE B
Ah(p<0.05). webx FoEEEe 857 B4-2 w7l
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% TG Zao] ATt Yt Aoz o] At

8%7e] AFAE 2 QoM ES Eg3 HPAESY 717
Lol Wbl QR gotur] gt 7% AAF AER AL
L5 9= AST, ALT, y-GT| H32S Ryt AFAE
L Hgd HPAE A9, FE AST $AL BE 434
o} 877 AYE FAFA A 2 WstE Ho|x| ggkon
Z U 2 YREZT Z 7 HIINE EAH SRS B
oA gkokth ALT9} y-COTE YRAES Bgat ZojA 854
o EAA e BYo(p0.05), AFAEZT FA
2 oo Ho|x| gttt o]Se A U obmiite] A4
of Tejate mazA 7ho] 71 e ofo] EAst, oFEo
U 2EF 20| oste] 7t 20| EAMEH HIA o] ]S &
2E0] g4o] Zrlsked™, B8] AL & A 7+ A
ANES Fol2 Ao ASTS ALT7L B9 Fozo] ux
o] YAEHA BHZ] BAo| Zrlst oz oeA ok
P wehy B A9AnE B o, AJARED YoRE =g
A7} Fo| 7+ 7)ol et gloke FE ojulsin o|get
250 SHAo] LM Jgke m]X]7] 8-S o 4 Atk

duidez ¥Z A Z77F AW Adiar @ AR
B= pEde] Ye 4 9oz FuiEEo| adiopnectin
7t leptin =] AL |x=x] Lot giet
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