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Intestinal Absorption Properties in Rats of Nobiletin and Tangeretin in Ethanol Extract of

Citrus reticulata “Chachi” Peel by Single Pass Perfusion Model

YUAN Han-qgi', HUANG Qing-hua"™*, ZHANG Xiao-ying', ZHOU Zi-xiong', YOU Ming-xia*
510006, China; 2. By-Health Co. Ltd., Zhuhai

Abstract: Objective: To study the intestinal absorption behaviors of two polymethoxylated flavonoids (PMFs), nobiletin
and tangeretin, from Citrus reticulata “Chachi” peel. Methods: In situ single pass perfusion model was used to investigate
the absorption rate constant (K,) and apparent absorption coefficient (K,,,), based on nobiletin and tangeretin concentration
in the solution before and after perfusion. Results: An obvious difference between nobiletin and tangeretin was observed for
their absorption in whole intestinal sections. For each of the two PMFs, the absorption in whole intestinal sections was not
significantly different. The concentration and pH of PMFs exerted no remarkable effect on intestinal absorption. Conclusion:

Nobiletin and tangeretin from Citrus reticulata “Chachi” peel can be well absorbed in whole intestinal sections, especially in
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the jejunum. Their transport mechanism in vivo is similar to passive diffusion.

Key words: Citrus reticulata “Chachi” peel; in situ single pass perfusion; nobiletin; tangeretin
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FIPMFs® ', 7283 Tk S AL 2 47 43 B 793 3] 2 FPMFs J
i 4 B SERRAIE SE T AR B Bz SR B S PMFs ) B A H4
T, X6 52 H, O, 58 B B A5 47 1Y) K BV 6 T8 4 i PC 12
HARPEM, R m K-, it
WIS B AR I E RO A S

W FE AR A BT B 5 B Ji PMIF's 4 R Wi o4 7 A i
AL S 37 11 i A% i 2 50 R LA 2 A B 4 RO 1
00 o it B A B S SRR K B i E A A
B, LEAAN[R] 5t ik 2 M p HA 2% A1 T H A Bt B B B
o 1T B 3R A B 3R AE A R i B MR e e Ak, DA e i
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W I Rt PRI AR Bz S BV BT S A3 R B R AN
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1 MWHEHEL

1.1 sEEGEN)

YISDRE, HEYE, ABiE250~300 g, | HIHEE
2RI s LA gt (B IE T 552000A0375)
ERPEMETRL ], R E R, oK.

1.2 FeE i

RO B2 T20094F 12 AR BT AR ST I KR
EHT P Hh R 245K 27 v 24 55 5 20 25 KPR 5 8 e i
t (Citrus reticulata “Chachi”) . ZWECHER[9], ZAiti iz
¥ES20 H, 7640 CHAENTHR1~2d, DAREILL7:1,
2% LBET62 CHAFFREIR3 h, BT RIGE fAh
RIS BRI . R BGRAH B E%: (high performance
liquid chromatography, HPLC) 52", Bt e H
RO R B 2RI 17 25 & 223 1) 13.30 mg/g A110.68 mg/g.

JIR B 28 S e 0 il (S2Ig = {42, 4 HPLC
H— bk E S5 8®RKTI98%) 5 LK. HE A
ali, HAIRF) A 0 Hr 4l . Krebs-Ringer’s VI i 41 3% -
NaCl (133 mmol/L) . KCIl (4.7 mmol/L) . CaCl,
(3.3 mmol/L) . MgCl, (2.3 mmol/L) . NaH,PO,
(1.8 mmol/L) . NaHCO,; (16.4 mmol/L) . D-%%;j ¥
(7.8 mmol/L) .

13 5K

HL-2H FHisi R Ll P s
ZNHW-IIH 7 Refim e U geid 7 A

R G SRE R A

14 Tk
141 il

Phenomenex Luna C,¢# (250 mmx4.6 mm,
5um) 5 FEE: 25 °C; JiE: 1.0 mL/min; #EFE=:
20 puL; AN (RS E) : 0.2% L R-4 0, B
FEVEME, 0~10 minZ 8% ~25%, 10~20 minZ.fi§
25%~30%, 20~30 minZf30%~50%, 30~40 minZ.
540%; A K: 330 nm.
142 EWABCH

A R HE U BT R B PRI — 8 B I AR B AT
FEHEEUYT, IIN20 mL 0.5%3% H B 41 4t 3N v T s e
PLKrebs-Ringer sy i il & 25 22200 mL, 155 =ik & 437
N1.00, 3.00. 5.00 mg/mL[{IHE B HESR -

X RSV RS AR MR B 3L A R Rt R
i, BI0mLEHT, FEEZ, RIS mg/mLx) A
W& K m DO R A oE .  F W B R S
) o R T PV A %) T e R BV R
143 ik
1431  hrdEh g e sr

Hi B ORISR 200 uL, BT 1.5 mL 208
o, KB IR SR T R, 43 0k B N A Krebs-
Ringer’s#E it 200 pL, LR ZEE800 pL, WA HiEiE >
3min, EFE 510000 r/min®.0>10 min, WWHEL EEWR, &
FEAE2 IR, BF BIEW, KR ESKT, REMA
2200 pul, jABEl minf510 000 r/minS.0r5 min, HU L5
20 pLBEATHPLC /AT 43 5l LA R Bz 38 RIS 12 2 1A
HIREp/ (ug/mL) XEHAABATLIERNE, 152 M5
& 2.
1.432 K5 ES2L

W FaR R E BB CE IR &R
84.40 pg/mL. %7 7%84.08 pg/mL) . FFREWRE (F)
MR 210.55 pg/mL. 1) 2510.51 pg/mL) . K=K E
(& )IBR B %0.66 ng/mL. 7% 20.66 pg/mL) V&A% iR
PRTATR, $#1.4.3.17% “E TS mLEOE R FFahERAE AL
H, 24 hNRIBEHERES Yk, 5 AN TRIBEHERES ¥k, 4 3lic s
VEETRTAR Ko v H 55 H PR H DRSS
1433 [

3R B B IR RA R P m RE IR ()1 B
7 %84.40 pg/mL. 57 %84.08 pg/mL) . i Bk E
CE NI %10.55 pg/mL. 1 %10.51 pg/mL) | %5
HIRE (5 )1PREZ 20.66 pg/mL. 15 2£0.66 ng/mL) JE
AR IR RIAEA200 L, BT 1.5 mL B0EH, KGN
PEART HBE ), — 205 5k % I\ Krebs-Ringer’s
FEVRI200 uL, 53— 70 Aks % N7 3 200 pL,
HA P RIZ1.43.1°1 M “ 218 CFER00 pL” Fif b2 5 i3t
FE, DU 38 0 A1 2 A LT 5 AR B 0 T A L AR v B A 0
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K BRI B A 7 SR B &, 4%1.4.275 7 v el
B RS B RE R, B O, E37 CIEEKG
i, 22510, 30, 60, 90, 120 minks &M EL200 pL,
1.4 3 1 TR0 B JS 3R, % 25 1T [R] 5045 7R ) 1R e
AARERGES) minlI B S E2ET AW, HEE
SEER3 R, UH I TR R B A3 bR AR A X b A e 22
(relative standard deviation, RSD) , {E N2 E M
Ha2fabr, A P I RO B A K BRI E IR R
W T AR T R R R FFAR T
144 KREIEAGRELL

ST KRR CERRIK) , B
0.2 ¢/mL 5 HERREE (5 mL/kg) , [EE, A4
STORFE3T CARIR, WIRPEATHIEE L3 cm, 48
W+ 48k, = Big. kB GEDUEBbR
T IR EETTT emiIFER 1 R 10 emib; FBEE
By 7215 emfE 10 emib; [ A E W 1720 em a1+
10 emib; SiHEBMNE W G w64 10 emib . B4
o B o SCR L 6 HOR BT B % gu i, RRksiin R
AHHO RRRMES MgBD , Wimbla, HIHRE
37 CHA KW I N B e 4%, FHT R4
ERAKHER, YIE W s IR gL e . R AR
B AR K IR B AR GG ORI, AN R AR . 37 C
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FARNFRHERN 2 072, TH R BRI .

SIS A/ i AR AT 25 ) R WSO 4 W K 43, B
PERRAE R AL, WO B FH BRI 5 2590k B 1 U7 T
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Fig.1  Chromatograms of intestinal fluid spiked with nobiletin and tangeretin
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TR A, SHPLCIE, 1R Bz 3 F0AE B 3R I Ok
BRI A 43 )2 13.29, 15.47 min, % FRERB T I A
THIME, RPSHIETT.

IR R E HFEN: 4A=74.66C—8.8431,
r=0.999 9, ZVEJEHE0.66~84.40 ng/mL; I H MLk
PETFEAN: A=80.90C—21.63 (r=0.9999) , Vi
0.66~84.08 pg/mL, . H. fRJE 2R H PR %
RSD (n=5) /3Rl ANMEEE: 2.28%. 2.99%. 7.37%:
M2 1.58%. 2.76%. 5.88%. @&~ B, K ERE
) H RS 2 ERSD (n=5) 5N Z &: 2.03%.
2.76%. 4.93%; WRE: 2.15%. 2.70%. 4.29%. RSD
BINT10%, RPTTERREE R, 3 KF0E 1L
A28 e HFIRSD A R 1.03%, HE %
F: 0.74%, FUIPERIE 0o i B IR EEE3T COKIB N
P2 W EEATREAAL . R 204 K 2 (7 R e A
LA XS PR B R EE R NRL, [ RN 2 12K,

£1  IBERMGERODIKEERE (n=5)

Table1l Recovery of nobiletin and tangeretin in intestinal fluid (n = 5)
TN JREIRIE, Pkl JpiklE ZaktEl Zast el

7 (ug/mL)  W%/%  2%RSD/%  Wg%/%  #%RSD/%
84.40 94.69 3.28 94.64 4.42
I e 2% 10.55 102.03 2.51 104.61 2.98
0.66 104.52 7.67 93.25 5.61
84.08 94.65 3.86 9421 3.72
W B 3 10.51 100.25 2.80 102.19 3.10
0.66 102.70 7.55 95.24 6.41

22 ZRUNT R BT RO R B 3 AR B B AE K RN [F
B

FA1 mg/mLEEEUADRERI (5 )19k 5 3 13.30 mg/LFI
F210.68 mg/L) , KR S M B ISCR AT 5 %2,
GERNAR2. R2PKMEEH, JIFREER (13.30 mg/L)
15 W 18 B WSCIR N 2 i > Bl Y >+ 48l > 45l
Rz (10.68 mg/L) 7E g (W WOIR B8 23 i > [T g > 45
W >+ —4als, AR REFN RS A F R BOR L S v 5
TR EEER (P>0.05) , B AEG=
TEA I B AR, HAE S B R i 53 /b 27T
B, B R B R R 2= I 7E & BU i TR SR i, TR
WRBIIFEREEZER (P<0.0D) .

x2 TRBBIBRER (1330 mg/L) figEE (1068 mg/L) &
KKK, EHREm (x s, n=6)
Table2  Absorptivity K, and K,,, of nobiletin (13.30 mg/L) and
tangeretin (10.68 mg/L) in different intestinal segments (x £s, n = 6)
S %M 24 = B} il
JIBE 97382042 972142096 97762036 97.28+0.68
BikE 987510317 988910447 991340157 98.5340.85"
NBf% 2584020 3044052 2994073 2464064
W% 6110787 756+£118" 6671137 653£095"

TE s 5 FRBCR MRS RBOLL, ZRMEZE (P <0.01).

K/ (10*/min)

K,/ ( 10° coo/min)

2.3 ANE IR AR B RE OO - FE i BU
Al

TRl T T AR B AR B AR
T IR B AT, AR RS, SRR E
R PE PR3 HO (A i i 1R Bz 3% M B2 3R AR i 2 i
Ko R R BRI 4 v T AR, L [ o i 2 £ AN ()52
BRI T WIS R B e R E e 2R, BRI R
PSS WAL ) i A IR AS Ko

£3  RERESNRERMBEERERBRT ZEH%RKHKNK,,E
KM (xts, n=3)
Table3  Absorptivity of different concentrations of nobiletin and
tangeretin in the duodenum (x 5, 7 = 3)

2y RS/ (mg/L) K/ (10%/min)

K,/ (10” cm/min)

66.5 (&) 96.76+2.61 2504031
NI ZE 399 () 97.21+0.45 2.6840.50
13.3 () 97.66+0.21 2.6940.22
66.5 (i) 98.15+0.13 5.3740.19
W R % 39.9 (D) 98.8940.18 6.100.47
13.3 () 98.97+0.14 6.47+0.83

2.4 A [EpHAE B3 BV FE RN - AR W B i
AL
SRR T E. H . KpHIE P Krebs-Ringer s i AL
R AR, ST IR BT RER, 4R R4, &
J3R B F T I 1 52 B At i 1 Krebs-Ringer s E i 11
PHAE 178 A 0k FHAE R BRI 38 R W e I AN B 2, FEAS
[l pHAE 2% A4 N [F) B Rl 2 75 - 48 1 1 W W 22 30038 T W 2%
Pz R,
F4  pHIEXIBRE R AEERIERR R KK, TR
(xxs, n=3)

Table4  Absorptivity of nobiletin and tangeretin in perfusates with
different pH values in the duodenum (x s, n = 3)

) pH K,/ (10*/min) K,,/ (107 cm/min)
7.50 (@) 97.66+0.21 2.6940.22
NBEEZE 650 () 98.01+£0.33 3.4140.60
5.50 (i) 96.05+1.47 4.0941.05
7.50 (@) 98.97+0.14 6.47+0.83
kE 650 (4 98.80+0.14 4.94+0.98
5.50 (fiv) 97.77+0.91 6.374+0.91
3 3w

FE A B 1) i E I 3 L I E 25 W 48 i A AR Tl B
FEVL LK B B R AL S LG58 R, TR BN
Yoo HAE RS B SR B R AR, B B L 4 )
A A A S 56 2 AR R L 5% L A 245 W 18 T T v 1030 ok i R A
FME R f T NSO AR 51 2
(FonfE— B DA, b RS A 245 )8 2 R IO BUR 2 51k
R 5P BRI BE R/, TR AR SRR T 4 T 1
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