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Research on Intestinal Absorption Process and Transfer Mechanism in Vivo of the Flavonoid
Lipid-lowering Extract from Daidai Fruit

ZENG Huaping'?, CHEN Dan'", CHEN Hong?*, XIONG Chaodong!, HONG Liting!, LIU Xiumian',
YU Wenjingl(].Deparlment of Pharmacy, Fujian University of TCM, Fuzhou 350122, China,; 2.Cadre Special Department,
Fujian Provincial Hospital, Fuzhou 350001, China)

ABSTRACT: OBJECTIVE To study the intestinal absorption site, process and transport mechanism of the flavonoid
lipid-lowering extract from Daidai fruit. METHODS Rat in situ single-pass intestinal perfusion model was used, with active
parts neohesperidin and naringin as index, rutin as internal standard. Quantitative analysis method of the flavonoid lipid-lowering
extract from Daidai fruit intestinal perfusate was established by UPLC-MS/MS. The extract absorption process and
characteristics of different intestine segments were observed. P-gp efflux pumps inhibitor verapamil(VP) was added. The effect
of P-gp on the absorption of the extract, and the changes in intestinal absorption parameters(apparent absorption coefficient Papp,
absorption rate constant Ka, and percentage of accumulative absorption P%) were evaluated. The absorption and transfer process
of the active parts were explored using extract samples at different concentration levels. RESULTS The flavonoid
lipid-lowering extract from Daidai fruit was absorbed in the following order: duodenum>colon>jejunum~ileum. Compared with
duodenum, the absorption parameters(Papp, Ka, and P%) of neohesperidin and naringin at all the other intestine segments had
significant difference(P<0.05). The P% values of neohesperidin and naringin at duodenum was about 5-7 times of those at the
other intestine segments. After adding VP, the Pap, Ka, and P% values of the active parts of the extract(neohesperidin and
naringin) significantly increased. The amount absorbed at duodenum also showed a significant improvement, with P% value
being 4 times of VP blank group. For extracts at all three concentration levels(high, middle, and low), there was no significant
changes in the Papp and Ka values of naringin. For extracts at middle and low concentration levels, the Papp and Ka values of
neohesperidin increased slowly as the concentration level of the samples increases. For extracts at middle concentration level, the
Papp and Ka values of neohesperidin was larger than those for the extracts at high concentration level. The difference in Papp

EEWB: s A RREILE T H (2018101253); 4R A BE2# A1 H (2016-CX-45); @A BHE TR0 H (2010Y2004)
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values had statistical significance(P<0.05). CONCLUSION The main absorption site of the flavonoid lipid-lowering extract
from Daidai fruit is duodenum. P-gp have significant effects on the intestinal absorption of the active parts of the extract. Both
active parts show similar changes for their absorption parameters, which implies that on P-gp efflux pathway, neohesperidin and

naringin do not have competitive or non-competitive inhibitory effect on each other. Under low concentration, their apparent
absorption at intestine follows the first order kinetics. The absorption mechanism of naringin is probably passive transport, and
the neohesperidin is probably facilitated diffusion by vector-mediation.

KEYWORDS: in situ single-pass intestinal perfusion model; intestinal absorption characteristics; flavonoid lipid-lowering

extract from Daidai fruit; neohesperidin; naringin; UPLC-MS/MS

I (Citrus aurantium L. var daidai Tanaka) X
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2y [P BRI e i P H ) 2 AERER SR rh
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4 53R B RS KT R Bz 16101 AR 58 IA A i 1
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PRIAVERART, SR UPLC-MS/MS A, 7t
B SR R 5 i 4 B RSN 20 53 TR O R i 53 A
W, BHRERERR 8B, =, g,
45 Wy S5 AN ) iy B W W G R AR s LR, g
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VP)J& , P-gp XFHE BRI R 12, WIS
[ TR B (Papp) . RS R EU(KL) . 259
THIRSCE 3 L (P%) 1R 284k, 25 ZEHCHC R i k4 A
P& U TE A [) 3t vk 5 AT I ZE LA P %) W i e
B, AR R E WGSBS R
DL W Wi i pl ik — 20 B AR 12
X B U (0 1 R P i A 52

1 7R
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TR (PR 22 4%, i DG15 %3k).
1.2 ikzy

HCHC R B W R AR SR Y (A W, S
20140422; ML SE . 954.90 mg-g s B R HE
T 364.64 mgrg !y MRS R 340.96 mgrg ) M
B8 Bz % BRI S 2 111857-201201 5 40 =98%)
Tl Bz A % B (S 110722-201209 5 4l i =
98%) . 5 T XFHE S (It . 100080-201206; ZfifE =
98%) . ERMRAEPIMAK LS : 100223-200102)34
A E B R e BB s TS R A R OK
HEE . CIE¥ ko, AChBaiK,; Ha
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SD K, &, 8~10 Jiy, M (320+20)g,
W B R s S S A RS AEA H], A
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7% 1 FEH GRS, CRRIEEEAZEK 12 he B
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2 HEEHR
2.1 kSR A
211 f(i%4f ACQUITY UPLC BEH C;s #
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fR7K (25 = 75), Wi 0.3 mL-min™', R 35 C, i
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2.1.2 s AR SO R EESD),
EUE K 3.0kV, HEFLHEEGHE R 45V, il
KA 40V, BT 45V), BTIRIREE 110 'C, Wiy
RIS 350 °C, B SR AR & 600 L-h
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HEFLSARAR & 45 L-h !, B iR i
T (SIR), B AT m/z 609.44, Ml H
m/z 579.46, WIFRFATT m/z 609.33,
2.2 HWwMHI
2.2.1 Kreb-Ringer’s(K-R)Z¢ i ) BL il FRHX
NaCl 7.8 g, KC10.35 g, NaH,PO,4 0.32 g, NaHCO3
1.37 g, MgCly-6H,0 0.02 g, CaCl,0.37 g, #j%iH
1.4 g, NUKEZARZ 1 000 mL(5 mol-'L~' NaOH &
1 mol-L~! HsPO4 775 pH £ 6.8).
2.2.2 RGNS AR 53R B RO
R M 28 R EE RS B A L A R R IR
I B IR RS, BRSBTS B 100.6 pgrmL
I HEH 99.2 pg-mL (YA, BIAS . HEWCE 4 “Cok
IR
223 AR MTIE RSB REBOEE T 2 E
TR TN R ST 0 A A A
FT99.6 pg-mL ! W, RS NERMERTR, BT
4 CUKFEIRAE o Wi IR 2 o BN AR it 28 Vi 1
I EER RS, RIS T 4.98 ng-mL ' INARIE L
224 &=L RIRE S ER RN &S B
HCHCR B PR AR R K 2 625 mg, FEHPRAE
TR, B (500 W, 40 kHz)A s, THE
R, ERERE 25 mL BT, M EGRE
25, 75, IS EMER, T 4 CUKFIRAF
Mo BT, 2R 2 WO A v, TS
H K-R K E R RS, A S B ik B
J 84.11, 42.06, 21.03 pg-mL~" ikl pz 11k 25 Ny
81.80, 40.90, 20.45 pg-mL™" 1. b RIS
I RAHETL IR
225 % VP IAERIEAIEIR KB AREGER IR 4k
PEMAOKIE 5, o eb o B 24 i o Tk R e R B
1 mL % VP 0.1 mg BRI, BIfS.
22.6 ZHBHERBENEE 37 CHEBAIEIK
MY E T EYRIES, WA T K-ROE HE
% 37°C, LL0.2 mL-min" F %K B4 i 18 R
2h, WUERE, RIS,
2.2.7 GRS AT A SR 430K 7
BURA XIS, I EERR RS, Fowle .
15 3 i B 7K S A TR B ok B SV R (0 o) 5 S Bz
1 50.3, 10.06, 2.012 ng-mL~'; Hli 2 49.6, 9.92,
1.984 pg-mL"), RIFBT4AE A

i 2 LA AR A 100 uL, HAW T
W, BRI AR G, REIR G
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3min, FAEH A WA 200 pL, HWHER G
1 min, 14 000 r-min~ B.0> 15 min, 50,
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Fig. 1 Mass spectrometric total ion chromatogram

A-blank intestinal perfusion fluid; B—processed QC sample solution;
C—intestinal perfusion fluid; I-rutin(internal standard); 2-naringin;
3—neohesperidin.

2.7.2  FRUERMZRHI R RE R REE ARG E
SEIUR A X IR S GE R, H B RS i R 5
TR A X HE S VL (75 BB K 1 100.6,50.3, 20.12,
10.06, 4.024,2.012, 0.804 8 ug-mL"", i £ 1 99.2,
49.6, 19.84, 9.92, 3.968, 1.984, 0.793 6 ug'mL ),
SRR A5 X IR SRS 100 uL, B 1.5 mL EP
B, RAWTWT, FREEINAZS A R
100 pL WHERA 1 min, %8R “2.3” WTFH 4
HHINANFRIEIR 200 uL” JTFEARIEALBE, 35|
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435 UPLC-MS/MS B R 43 51 LA Jz 47
T g 1 B R B S R A A, DA TR AR (A ) 5 BRI T
(A1) HUAE (As/AT) I PAAR, SRk, AR
NI AT BREERE TR 1P, 5%k
PRI L5 IR B K 7E 0.804 8~100.6 pg'mL™!
LM TR RAF, BIEFRE I 1V BE Y 7E AR R
I£10%LA, AHOCREL r 39>0.990, BAKEE 3
Aot RSD<6%. Ml H7E 0.793 6~99.2 pg'mL™!
LAMERFR RAF, BIEFRE IS 0V B I 7Edr s (|
ME8%LAP, BRI I FRAHOC R B r 145>0.998, HA~
W 3 N3 Hritt RSD<5%., ZEHILFE 1,

R1 LUEXRFREER

Tab.1 Results of regression equaltion test

Lo
oy

el

INKEHE Ve
bt i

[ J35 F2E (n=7) r

B OAHHEIE 1 )=1.668x10"x-1.628x102 0.998 8 (.804 8~100.6
SHHE 2 y=1.624x10"%-0.718x102 0.999 2 (.804 8~100.6

o K OEE

AL 3 y=1.816x10"'%-3.188x102 0.998 7 0.804 8~100.6

S 1 y=1.313x10"%-3.608x102 0.999 1 (.793 6~99.2

ST 2 y=1.341x10"%-0.58x102  0.999 2 (.793 6~99.2

o=

SAMEtE 3 y=1.436x10"x-1.648x102 0.998 6 (.793 6~99.2

273 wEmEMREE BURAXTIER, KERRE
FARREE, $i& “2.37 WUF e, BULIEWR
A UPLC-MS/MS BX AT, 151 HLik (S/N=10)
LVER T q el o745 A [ R G B IR 78 & L WAES 1R 7). 3
S5 b . WA R, I E 7B ISE W
100%~110%, RSD<5%(n=5). WHfiEHs 1 M
Tl e g H R BRZM51 4 0.804 8, 0.793 6 ug-mL',
2.7.4 EEERE  f 2.2.77 WU ALRRH] A
o AIG 3 AR BT BT R IR TR S 1, R
- EWH N ELETEA UPLC-MS/MS BRIAY, 118
WP . %E2E3d, BEHMEESISmE. . K
3 Tl BE 7K ST A T A 5 0y, BRI R
A UPLC-MS/MS BXHIAY, TG E R . 45
FH, MIHEEH RSD 75 1.62%~4.65%(n=5), 77K
R,

2.7.5  JRiEBNCGERRE f& (2277 BT AL H
BEm. TR 3 R EE KR AR AR SS 5
By, BCETBWAY 9 A UPLC-MS/MS BEHIAYL, 43
Bruae , D (-5 B (E AR H 38 vk %
SRR, SEHENLCER 95.36%~104.3%, RSD
H 1.62%~4.65%(n=5), J7i% IR R AT,

2.7.6 ERBIFEREHEEER  BOREHRCH KR
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WK, & “2.2.47 BUNHIgE . L R 3 kA
KRS 25 ImE TR, & 37 AR TR, 251
T 0,2, 4,6, 8 h UFE, #& “237 WIFH “K
B BB HETR K 100 ul” JFER I LAal B a2
PrIplEERAE, B W50 A UPLC-MS/MS Bk H]
I, LY RETR R P R e . S5 R R,
ANT) B[] A5 2 e T AUE AR XS 0 h B b A
W 2H 4 e T AR Y B (B 22 T 0.27%~3.31%
(n=5), RSD } 0.94%~2.96%(n=5), WF & it FLHiE
B Bl e 4 7E 8 h NFEATEE .
277 FERERRCEREESE % 2277 W
TR b AR 3 R R EE AT SR
FESRAWL, SIRCE 0, 1, 2, 4, 8ha, B
WA EA UPLC-MS/MS MY, B2kt =il
BB R E T . AR, TR B[] 5 A5 4 i
AL 0 h B4 2 430 T AR A 240 8 O 22 R —2.12%~
3.80%(n=5), RSD Jy 0.86%~3.51%(n=5), Htixih
WIRAE S RACE 8 h AT E
2.7.8 RNV HLE  $E “2.2.77 WF kb
HlA . L AR 3 R KO Y B RE AR AL 5
By, FEEIABHES . . AR 3 ANHREEAKER
IRG X R SWAS 5 0, & “2.37 TR “FEEm
AWFREI 200 uL” FFaRRIESAE, B E 5
SEAR-BUER AL, 4307, ilsk A A oI AR .
PSRRI RBUETC N A1; TRA ISR
e R EIC R 42, KPR AT
(%)=(A1/42)x100% , 43 5ITHEBRE H . Al
T NAR A T 3L R o LA B 3 5 R 7 Bk
DA A 09 5 3t PR 3153 b I — 1 1 66 J5 P 73
My FE TR (matrix effect, ME), Z5HRH, 14
ME 4 108.9%~99.90%(n=5),RSD } 1.67%~4.70%
(n=5), /R AR KA . Al R AT R TC
S T R R SRAE L TR R P A
YA TP B
2.8 HCHCIR BN R Mg B2 O 28 20 43 W e s
LRt

B g SD KR 3 W, Pk B & 25 A i il
GO S U EE A 42.06 pg-mL™', HhE W E N
40.90 pg-mL"), SR ERAE AR B ) E AR 7Y
& “2.47 BT [EREEAE, BRTZHEm. =B,
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RIS 22 (Papp $9<0.2x107* cms™); [l — B
B B KA BT Y Papp Ko F P%ITE . V22
5, HWSOWY A+ 4 >4 > =il 5
AR L, A BB RS K B B A Y
Papp. Ko FI PYEIAA 38125 5(P<0.05), +—
B M v TR B R B R A RIS P% 22
HRWBE 5~7 1. #mt Z368 hfd ey %
W MSCEB AL, A% 2 533 RS B RV B 1 A AR 45
MBI ITE2E . SR IR 2~4,

w2 HEEH. MEHFETFE MBS Ppp(X s, n=3)
Tab. 2 Papp of neohesperidin and naringin in different regional
intestine(x £ s, n=3)

Pappx104cm-s™!
R tic) 7 =W mli7} 7]
B R 0.175£0.013  0.021+0.003D  0.02440.002D  0.031+0.005"
il e 1 0.170£0.015 0.029+0.005" 0.0260.003" 0.032+0.003"

T S+ ZaEm, DP<0.05,
Note: Compared with duodenum, "P<0.05.

®I HEEH. MEFETEMEN K(X £5,n=3)
Tab. 3 K. of neohesperidin and naringin in different regional
intestine(x £ s, n=3)

BN IY

K,x1073/s7!
Rl 7] B} E17]
BB 0.241+0.034  0.020£0.004)  0.022+0.003"  0.028+0.004"
Mg 0.234+0.050 0.028+0.007" 0.025+0.003" 0.031+0.002"

T 5+ ZaEi, DP<0.05,
Note: Compared with duodenum, "P<0.05.

xa4 HEEH. MEHFETEMES PH(X s, n=3)
Tab. 4 P% of neohesperidin and naringin in different regional
intestine(x £ s, n=3)

BN IY

PI%

=3 2 B)7] &
BB R 0.473+0.071 0.071£0.0100  0.080+0.024"  0.106+0.030"
M 0.509£0.030 0.087+0.014D  0.077+0.008D 0.095+0.008"

e 53R, YP<0.05,
Note: Compared with duodenum, "P<0.05.

2.9 P-gp SMHEREIZ T O HRHC SR #5 R R B U
W2 VAT B 52 T
BufdRE SD K 6 K, 438 VP SLER4]. VP

dmaiiy

HA, RAKBAERG BB nais, i “2.4”
WUF R e, FHBMITTF =8 BmIlk by
2~3 cm FFhf, FATHLZY 10 cm, 7E47 iz BLH M
AR ; VP SLIRAH S VP IR
T SEES s VP 25 AL LA R B 1 15 24 W 3 Tt
TIAHE R . B iR P-gp AMERSIZ R TR
B W s . g5 5R R, VP SRR
TN VP S5, FRER SR W A NG H HU Hhop i e
T MAMNE Y Pappy Koo PRIIH BERSE, 257
AYIT R L (P<0.01), His 2 Kol B 17 i E 4
WK R BU(P%) 20 VP 25 AL 4 %, (R Bt
KA Bz A 45 W S RG22 22 5% . R
P-gp AMEF i ARANEIE ,, RO TE T 48
i B9 R AL 2 R A B S i, R SR R R i R
YIRS 2 531 R, P-gp AMIER RS, HAEME
WAz SRS 2 B 1 P-gp 5 83 T P-gp B
MG, —E WIS HE AR, B P-gp
HNHEE & _LOBTHE Bz A KA B2 1 22 8] AT BE N AR AR 3
FrrEa A e I RIE R . 25 R 5,
2.10  FCHCHR BCER AR S LY T 48 il =
B AN 20 3 W e i AL

HufatsR SD R 9 H, A3 A SRERAR s Fe i 4
e, b RHEdL, HA 3 H, RS d.
TR B S 2 HE R, R FH R B (AR B o i T A
R, fe 4247 TUF REEERVESHITIAMER, THE
T+ =387k B 2~3 cm TFIR, TG
10 em, 7ERFINAZ BE P IAE ARERR R, 255500 453
WIS AR, 255, HRHCR AR AR HE
Y. L AR BEZE P K P RSCGH RS Papp
K, TTREWAL, $R ML o] 5e 9k sl
ig; MR BAREA SR U | IR A o e
TG BT Papp « Ko WAL BE 3G i i e
A LT ShvRBEA bR, mk R AR Rl
SR P Ko /D, ZRA G X (P<0.05),
PETR VR OB B AT W sz BB, HEmohL
il T RE R BRI SEY L, 25 LR 6.

RS FUMANFELE. MEFET _EFHRRSENTE(XLs, n=3)

Tab. S Effect of verapamil on the absorption parameters of neohesperidin and naringin in duodenum( x £ s, n=3)

- Pappx104/cm-s! K,x1073/s7! Pl%
B B B B S fili B H B B MiBEH
VP SLEA 0.692+0.082 0.695+0.055 0.996+0.155 1.041+0.157 1.771 £0.445 1.904+0.233
VP %5 4 0.175+0.013Y 0.170+0.015Y 0.241+0.034Y 0.234+0.050V 0.473+0.071Y 0.509+0.030%
TE: 5 VP = HAUALL, DP<0.05, 2P<0.01,
Note: Compared with VP blank group, VP<0.05, 2P<0.01.
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xo6 RKREWEBRBMAFKETHNAL,HRESHK(XLs,n=3)

Tab. 6 Absorption parameters of neohesperidin and naringin of different concentration of the flavonoid lipid-lowering extract

from Daidai fruit(x £ s, n=3)

- Pappx104/cm-s! K, x1073/s7! Pl%
bR At Tl B Bk R Tl B E R At il 2 1
AR BT A A B HB A o vk 3 2 0.14240.010" 0.169+0.013% 0.158+0.032")  0.210+0.065 0.463+0.085 0.438+0.067
BRI A A B B A ik B 2 0.175+0.013 0.170+0.015 0.241:£0.034 0.234:0.050 0.509::0.030 0.473+0.071
bilwi e R R e 19735 0.165+0.017 0.163£0.011 0.184+0.018 0.182+0.029 0.474+0.024 0.482+0.043

T SIRHCR ARG S A Pk BEARLE, DP<0.05; SFrE R TTAHLL, 2P<0.05,

Note: Compared with the flavonoid lipid-lowering extract from Daidai fruit at middle concentration group, VP<0.05; compared with neohesperidin group,

2P<0.05.

3 g

R R R g VR SO 7 A 5 A A B 408 B O S
PR VE , HE LR R K (4~6 h), FTH]
AV I T 12 (2~5 mL-minY), % 5 i g 18
i, YRGS, I 25 R S S
IR 2% 5 e DA #(0.2~0.3 mL-min™")
X — R B AT B HE R, DAE S O RE R Y
2R P 2= AR WO, RO R AR E
TSI 56 R FH A AR B 1) B A8, #2104 3 mL-min™!
F18) Y0 A 26 (R Y HE S Ve e, PRI T A
A 0.2 mL-min ' 47 B 0T S SE S,
BTG PHIE, SGHE R E o BN pH (E
6.8, IR IAERASE T pH (H.

2yl i ia Jh I, B2 2 s A
T KN L R A gy Z R R A s E R, 7E
A R AR 1R ) S 56 85 SR S BRI s 1 2 25 ) 7 B
DAL ) 2 R S Aot R, SR L At SR 48 1 28
WIS HR Papp , PRAEZHIA A 78 M FH 2 WM S0 R 5K
Papp S 3R MSCTH K Ko X6 24540 (R WA AR e 0
TP B EE . P% It A 738 J5 259 i bR i
A3 ARG 0T AN R 2 i A\ i
(25 i RO BRI R DGR, H 259 I IR A 534K
WS HEEBEAE—ENIRR, WMiAEAZ(3~6)
W L2 R A A B LA SR i T 1 R T A, TR
W A7 i 1 AR R 29T BRI A 538

[ TE WM 24 4 B RIS, b 43 I RN SR 4
J 1 PN K 3 (R AR AL 2 BB i 2 v R X
SRR K A AR A TR EN Y BT, H
HIK A IE 2 B Lr e Al Ry, R
DAV T YR 4 P A A A TE K A B ISR 4, T
S i 3 A v R g 3 7 O I 245 4 O A A
B, 5 S 30h DR A A, DIEeE
PEATIN S S iR 25 . PRI, SEBG SR BN T
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6 %) R A TE K A3 B TR B ek B VR R 1 9
HE VRO R VR L DA G M AR T K 4 AR Ak
WEARIRYE

R Papp (H>0.2x107% cms ™, RGP TEIAR N
WULTE A 3 24 Papp [H<0.03x107* cm-s i, WTA K
2yl 2zt S SE R AR, HUHC SR R R A
PEIUY) OB RS B AT A AT T AR . 2.
11 . 25 B Papp (E34<0.2x10* cm-s™!, Hopzs
. 187 . G5l P (B/NTFEEE T 0.03x107 cmes™
JE WS 25 1 R B, TR A B R e A
FEWAT Papp 18 . Ko {8 503 5 T H AW B H H 73]
W% P2 HAM A TE R 5~7 £ $n+ 35 mT
i Ay B E IR B T 5 g B2 I v A8 1 A 53 B 4 B
Rl B A7 SRS, e Papp fH . Ka PYREES 5
] e 5 S it R 25+ — 48 B IR s
BiF 5 P, T o R 342 [ AL A s R At —
SR R — R A 48 b, A s A
5% pH . 0 25 W A sl S E sEm A G . T
S5l T AR A5, A Papp (AT Ko (B35
T2 W, AR08 R 0 2 W e S 5008
SR I B B A

VP Jy BLAY[ P-gp IR, SEEIERE VP AR
P-gp 41 551 25 52 BB SR 2 0 % i 2 BB 76 i 1 T
W5z P-gp MISENR . 25K, P-gp B FIXT 255k
I3 RN HEE B, T VP e 38500 20 0 v B
Bl B s ey 4 7%, SR EEEIRON 4
AR B Ko B 4 2 P-gp JIKW, P-gp SERZIA
P EWRIEENREZ —; AE S
& AT IR P-gp AMHRVE RO ZY FHARDRL, HAER il
RN RG, BUCEZAA WA, B R
I AR

AR W I A B AL A 5 B A ERU 80 4
Oy TERAIE ) TR, BRI A B T A B
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