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AE[F B E 3 (Po) BOK R AR, 2R A E 3 Ak Z 7 1.25~40,1.25~40 pmol/L /K& FE B M &M % & B4F(R*=0.999 4,
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Study on the Absorption Characteristics of Naringin ir situ Single-pass Intestinal Perfusion Model of Rats
CHEN Runzhi, SHANG Yayun, LI Qixing, LI Xing,ZHAO Jie(College of Pharmacy, South Medical University,
Guangzhou 510515, China)

ABSTRACT OBJECTIVE: To study absorption characteristics of naringin in situ single-pass intestinal perfusion model of rats.
METHODS: UPLC method was established for the content determination of naringin and naringenin in intestinal perfusion samples
of rats. The in situ single-pass intestinal perfusion model of rats was adopted to investigate intestinal (duodenum, jejunum, ileum
and colon) absorption and metabolic characteristics [apparent permeability coefficient (P.;) , absorptivity, metabolic rate] of
umol/L). RESULTS: The linear range of naringin and naringenin were 1.25-40, 1.25-40 umol/L (R°=0.999 4,
0.996 6). The detection limit were 0.5, 0.4 umol/L, and limit of quantitation were all 1.25 umol/L. Precision of inter-day and

naringin (10

intra-day, recovery and stability in HBSS solution, perfusion fluid of small intestine and colon were all in line with the standard.
P of naringin in duodenum, jejunum, ileum and colon of rats were (0.28 £0.19), (0.71 £0.17), (0.30 +0.02), (0.59 +0.19)
(n=6), without statistical significance (P>0.05). Absorptivities were (2.90 +2.14)% , (6.38 +3.61)% , (3.69 = 0.56) % , (6.64 +
2.12)% (n=6). Naringin could be metabolized to naringenin in 4 intestinal segments of rats, with metabolic rate of (2.98 +
1.51)% , (253 + 1.31)% , (2.24 + 1.33)% , (0.70 + 0.20)% (n=6). The lowest absorptivity and the highest metabolic rate of
naringin were occurred in the duodenum, there were statistical significance compared with colon (P<<0.05). CONCLUSIONS:
Naringin shows poor permeability and poor absorption in the intestinal tract of rats. There was no specific absorption site in the rat’
s intestines for naringenin; naringin could be metabolized to naringenin in small intestine and colon, but metabolic rate of naringin
in small intestine is higher than in colon.
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Acquity 8 = SR AR €4 1% (UPLC )X (32 [ Waters 2
) ) s PHD22/2000 5 % 22 38 18 1 5 22 (32 E A AR 2
F]) s BT25S L 204 KOF (7 [ 38 Z A i 22 7)) 5 5810R
PRI 5 3 O HL (] Eppendorf A, B02448: 11.50
cm) ; Milli-Q Grandient A10 #8 4li 7K & 4t ( & [# Millipore
23 w)) s WS27-2 /K it 45 K (32 [ Shellab 23 H ) ; FE20 pH
TG LR -FE R Z A DD .
1.2 AR5

iz A5 XF R G (45 . MUST-16041912, 4 Ji .
98.28 % ) Fh iz 2% BE i (H1L45- : MUST-16032406 , 45 -
99.18% ) ¥ it AR 2 R R AR MBI AT B2 wl B AL 5 52
XF HR (4165 H1206043, 45 )% - 989% ) | 1% 4 1 % A 5
(#L5:C1230017, 4l : 99% ) AT H R (L5 : L1609048,
AR . =98% ) Yk _EIREBTRL T AR AL R B0 A BR S
$At s Hank’ s SEA7EE (L5 : SLBN5152) | 4-F2 £ FEWR R
2T (HEPES , 41t 5 : SLBN4578V, 4l Ji : =99.5% ) .54
fbAh (L5 . SLBJ0082V , 4l i : =99.0% ) i A hE (AL
SLBJ9903V, 41i ¥ . =99.5% ) Fl ik e & &h (Hit 5 .
028K0007V , 2l : =99.0% ) 1 3£ [ Sigma 23 w424 ;
FHBE (L5 : 1674607308, 4l : =99.9% ) F1 L (L5
1678130312, 4l J3 : =99.9% ) 4 1 i & Merck 2% w24t
HA R Ry o pr i
1.3 zh#h

SD K, SPF 2, & , 45 it 260~300 g, tH i /7 &
BERZF S S oA 4E Zh W A 771 AT HIES iy SCXK
(#)2011-0015, KRB A M EE HOK 38 R PER 5% 1
JE IR ST . AL i ey BE R R AE S S ol
S IZ: BL 2tk S R
2 FiEEHR
2.1 ‘iE&H

{615 4% . Waters BEH Ci5(50 mmx>2.1 mm, 1.7 um) ;
A : N (A)-0.1 % H R (B) , B FE Ve (0~1 min,
30% A; 1~1.5 min, 45% A; 1.5~2.5 min, 45% A; 2.5~
3.5 min, 30% A) ; Ji i : 0.3 mL/min; £ M) K . 280 nm;
FEIR : 25 C5 AR 10 pL.
2.2 AEHEIE
2.2.1 MR AR PRI E X B 20 mg,
DL H A (DMSO)-HEE(1:4, V7V, [F) i i
il £ % 5 mmol/L By Al Bz I 45 W, B T okFE H (4 °C)
#H.
2.2.2 MR K EFRBUM H 2% B 20 mg,
L) DMSO- I B W75 i , 48 B 5 mmol/L il fz 2 It
B, BT UKFET (4 C), % H.
2.2.3  NARSIR ORE EARHLCEE M AL 14.42 mg, A
10 mL H BV, 1 45 B 5 mmol/L ) AR, B T 0K

2G5 20184F55 29 B4 9

Fih(4 ), % H.
2.24 HBSSW F& Hank’ s V-7 £5 5 B E 3R, K&
&, 394 pH 4y 6.5 1l i HBSS ¥
2.3 ARBFEEREROLIE

i 2 W IBOR BRI SV S A 500 uL, BT 100 uL P4
FRIEW, 1 500 r/min 8 iE 30 s, JR2J, 13 000 r/min &0 30
min, B F SRR E
2.4 FiEFER
241 LEM HRIBORBES A ERER 2 A
V10 pmol/L Al Bz #7+10 pmol/L Al 2 3 DL Je K B
FEV 10 umol/L Al fZ 17 )5 60 min f-+ 48 I HERL U, 4%
“2.37 W0 R 7 AL PR , PR 2.1 30N (3 A% 1 ERE I
FE OO, G5 OSSR R AR g
7 Rz 28 DA R P SE R 4 £ B B ) 43314 0.60,1.96
2.562 min, = H BRI, & EH KT 15, KT
IR VI P A P TR RS TR B e e R
PIRR SRR I 2, RIAA L L JE L. g R LR L,
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Fig1 UPLC chromatograms
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DA Bz 1 BAh Bz R 0w T AR R g TE AR Y LU AE R A
AR () Al B T B B 3R ARk B8 S A A (o) A T 4R At
Bl . 45 207E HBSS W H A K 1 il K 2% 1 [B1 )4 7 72 4
B2k y=3.611 6x—1.919 4(R*=0.999 4) .y=3.644 1x—
3.246 6(R*=0.996 6) , Kl i B (1) 2o A3 A 1.25~40
1.25~40 pmol/L, K&l BR >4 0.5.,0.4 umol/L, 7& BRI Ky
1.25 pumol/L, ATl f& A B v It VR 2 1 R UK
243 REERESUERRE  REhh T IC RS WOR R I 2
RS B RE R 28 U sk e (2,510
40 pmol/L) AR A VAT . 52.3" W T ik b HL s , 4%
“2.17 IR S S HERE I E IR H N E 6 IRLAE % H
PRSI 2L E 3 d AZB LS H ARG 25 8 . ¥ iy
WA TR AR E AR B 5 R Bk B, A A ok B 5 S vk
JERY P AR5 I 3 o ORG %3 FE  vREAf JE a h 2R I
L, [RVEF S R 5 IR AR
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*k1 BEESEBERRER
Tab 1 Results of precision and accuray tests

W, HVKSHE (n=6) HIERS % (n=3) Y (n=6)
pmol/L  x+s  RSD,% Yts RSD,% R, %  RSD,%
25 2724006 216 265+006 226 10874235 216
10 984+0.16 160 10054029  2.90 9836+1.58  1.60
40 39534039 099 40.02+1.10 274 98.84+097 099

244 TRUEVE  CPEAh R E IS WORS %5 N N 2 HBSS Wi
o, 45 BAIG P L ERMR I (2.5, 10,40 pmol/L) FAF: ff %
W, W TR 0.2.4.6 h)i5 4% 2,37 WU T JyikAab 3, 7
Fe 2.1 WU N g S A AR E O SR TR TR
AN B AT AR E Pk o 4 10 pmol/L (A B 1 W
wmEl A= miE ChZae S g S5 ) HE
WA K AN i B SRR G 1 i B s v o[]S
6 h NRYA RS EE . S5 RERHT Al K 7E HBSS 4
AR B ) 25 1 1 T VE W LA TR B T v
) RSD #/NT15.00% - Fa i i g R 4 2. [l
FEM R G RIFF G AR EDR
F2 BEMERWER(xLs,n=3)
Tab 2 Results of stability tests(x+s,n=3)

- W, pmol/L RSD,

0h 2h 4h 6h %
AP i 1+ HBSS TR 2294049 207£021 227£057 2.17+0.09 461
W EE R T+ HBSS TR 8621017 862+0.16 862+0.16 838071 140
FREERR AT +HBSS TR 35882098 31.65£293 3622£1.17 3520£155 6.05

R+ A RS, 9862078 9844263 844£075 8124036 10.11
R+ A AT RE 945+0.10 11414040 11.00+1.37 947060 9.88
SR+ TR 94140.10 10.97+031 10.85+1.98 8.18+0.17 13.43
R+ A IANE AR 9.85+0.76 10.19+0.60 922+2.15 823058 9.18
AR TAEER e 976061 9.87+1.13 10.85+3.17 9.13+281 7.17

2.45 WRRRHME Al R IV ARSI E HBSS Wi il
F IR P R R (2.5,10,40 wmol/L) YA i W, 73
B E T RS R RO P AT 3 0 i E 48 h ),
F5242.37 01 R A B, R 2.7 TR 01 S A
FE ORI TR O . S5 LSRR R kL
LRI B T EASTOM B o Wz B i a5 R DL 3R 3. W]
S R A5 BRI G EEK
F3 MR ER (n=3)
Tab 3 Results of adsorption test(n=3)

R, Wi TELB DA

pmol/L &, pmol/L(xts) RSD,% &, pmol/L(xts) RSD,%
25 2.67+0.03 122 2.29+0.01 0.29
10 9.73+0.10 1.01 9.00+0.16 1.77

40 39.56 +0.47 1.18 39.27+0.21 0.52

25 KREGKBEBERSER

2.5.1 SEE O BUERE SD KR, RATAEr 12~16 h,
B R ARK I s S A BORR e, B, R AEE
b RRIE AR . WY 4 em ST, 4051
FE+ 48 25 W B Ak i s AR A TG
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FARLN E , A B K ez iE |, I F A= B KR Wi
FRIZb A 7 T i LH AR TR, SR PR 3 2200 3 1 4 2 1
il LLE 10 pmol/L Al B2 11 i HBSS i (pH 6.5) 1 7
WU, W R 10 mL/h, P 30 min 5, WOAR HE R 60,90
120,150 min ) H 117 38 B GRAE b o S B 1k
iy R a0 25 R K A TENCE R e TE N R
B 2 mLZ R (6% FR-94% LNE ) L i s )
(0 JE HE A S . SERR A L 59 R & B, i
Il RSB

252 WHRALIE SRAEEIAKOEIEK LA, T
T A8 AW R RS I RS I R (Par) UL
(% ) FRHR (%) o

Po=(1—cu/c)/AGz, Gz=rxDx*L/2Q, Q=c,x 0] f&
IR [ < .

(% ) = (1—cules) x100%

TR (% ) = ¢ g/ < 100 %

T, eo Fll e 20 AR A IR 10 A0 A 2 )
B 5 ¢ o A7 M L ARAISE T 9 (Rl 30 AOVR B ; Gz )
Graetz %, 2 5t (Q) M KB (L) Ay i R 5
(D) KA 28
253 GEilE ik R A SPSS 20.0 F AR T SE 14y
Bro IERTHEHERL Y £ s 3R, 24 BRI R R
3T ZH ] 9 7 22 55, PR FEBCR I LSD 325, T 2248
Fr IR ] Durulett” 73 3 , 22 17K *F-2=0.05, P<<0.05
FoRERBAG R
254 S8R MEERB 88 = 0 45
BB WO, 1E 4 M B Y P2 500
Giit B L (P>0.05) , F WA B 1 78 K B 1 TS &
WSCERAL 5 3 50, 1E B3R A B i) I TERE AT iy vh 24 ]
R B Ah pe R RN TE+ 368 = el 2
o v 5 AT RIA IS A B 2R (RS ) i Be ) A 5 A7 e 22
S, o TR A R R sy, A A R R AR Al
TTER BB E I S R S R K 4. AR I
11 s At B AR R B P A W i SR R IR 5.
x4 WMEEEXARBEPRESKIFSHER (x5,

n==6)
Tab 4 Absorption and metabolism parameters of na-

ringin in intestine of rats(x+s,n=6)

7153 Pe Tz, % R, %
T4k 028+0.19 290+2.14° 298+151°
= 071£0.17 638+3.61 2531317
il 030+0.02 3694056 2244133
& 059+0.19 6.64+2.12 0.70£0.20

585 g, *P<0.05
Note: vs. colon, “P<<0.05
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®5  AEIRE] R E A R7E P R E S R
=(xts,n=06)
Tab 5 Absorption and metabolism of naringin in in-

testine of rats at different time points(?c ts,n=

6)
i8] min Tl nmol (R, nmol
60 094£1.62 0.89+ 1.4
90 §26+2.88" 2911246
120 5791617 2531227
150 2004283 2.88+2.10

7E: 5 60 min AL, *P<<0.05

Note:vs.60 min, “P<<0.05
3 it

PR W TE N B NS A S AR AT R A
N5 TR b, O BB o i O 125 REAR L AR DL
PRGN BREE , HLA5 R 5 AR 45 R S R4, i
B E FDA NI 2l A mh i e 2y RS AL A 5 1%
T2 T 25 SRR L) e 25 W R A IR
ASBIFFE 2R R BT A B 1) g e i R LB A B )
BRI , IR A A e M iE K e A, T A
FEHAE T+ 480 251 RIS Y P JRICR LA
PR, AT R S T MR ASOK 23S O 0 245 %
W AR ZE

AT 5% 8 BOHE BE A 10 wmol/L A Al B2 7 %5 28 %
R, FEE N T HE R ATESMIER E E A A R
o R FTRE I bR T s 2R R A S B I S RS
HERRPILER . ARWFFEEE SRR Al B R RS T By
BBV EE WO HE 5 330 AT RE R DR Al B KA
R, SRR PERLAR AR XE 7 3 10 18 3 W R A I VBV 3 4
25507, T HA B AR BRAS I B P C B V2 52
F W B AR SR B IO E WG L. 735, B ik
I A BT AR 7] B T B Al S AT STl e R
FEARWY AT TE A RO T, 32 S A il B2 3%
A e 2R Zeaed AR A S 0 A ritln Bz 2% 4 W TE PR A/
BRERALAS S0 BeAb, hh B e i 408 BT R
A TR AR R SE AR A Al B R0, S Ak B TR AR L A
B3R B R VAR RN 23 B R /N R A TR R
22 Tl B WO R el B DRI RE BE 4 b B 1
W, RAELGHNE L AR FEEE KR Al R AN ]
J B ) A AR A 22 5 1+ B I b AU R
TAELE i rh A R el 2 4R /DN i XA B B9
PRI S 38 T 25 x i B2 A4 Qass

ABIFTE R FH R BT A B 1] i R D A 2 390 A B il
Al B T B 3 IR AT R AR, Ay ik AT B 1) T R

2G5 20184F55 29 B4 9

WL S A 1 SISt o Ay SE A b T R A e AP 4t T

B .

S 30k

[1] XULL, B8 A B, 4 MR RE AR IR A B 20 1
LA 7 RANTES K HAZ B s A -k B AR 518 % 5% 1] 1)
SEEGHFSE[0). P B 25 5, 2010,21 (1):40-42.

[2] H5, B0E, B Al R Sl 30 ApoE~ (+/-) /N
Bl WK ok B AL SEHUE i VR T [T]. B 25 %-4R , 2016, 35
(11):1181-1185.

[31 BRISEE, R ARz XI5 DR B L 905 1V AL ]
[J]. B FR A o sk R g 26 &, 2017,37(4) : 239-241.

[4] EICHENBERGER M,LEHKA BJ,FOLLY C,et al. Meta-
bolic engineering of Saccharomyces cerevisiae for de no-
vo production of dihydrochalcones with known antioxi-
dant, antidiabetic, and sweet tasting properties[J]. Metab
Eng,2016.DOI:10.1016/j.ymben.2016.10.019.

[5] FREME, M0, AL, 5 RS i B RUB s e 1R i
LC-MS/MS 3£ E K L2y P HEH Tk & &,
2016,47(2):192-197.

[6] ZeU5, W L= RN, F XK BAE U S m R EoR
o E R PR (0] F B A1 25 4 &, 2005, 14 (10) :
1176-1179.

(7] SEFEMR, 285 AR s A ROUR T IR BT A B 1) JE AL R A
[J].25 % %41, 2008,43(1) : 102-107.

[8] AMEER B, WEINTRAUB RA,JOHNSON JV, et al. Fla-
vanone absorption after naringin, hesperidin, and citrus ad-
ministration[J]. Clin Pharmacol Ther, 1996, 60 (1) : 34—
40.

(9] QI FRAE0%, b, 4[RO A 2% rho B 5 Al
RS 19 HPLC-MS/MS J7 24 [J]. # b K 5 52 4R
(8 &5 ,2017,56(1):125-130.

[10] LIU M, ZOU W, YANG C, et al. Metabolism and excre-
tion studies of oral administered naringin, a putative anti-
tussive, in rats and dogs[J]. Biopharm Drug Dispos,2012,
33(3):123-134.

[11] WEIZ,LUOY,LIU M, et al. Human intestinal microbial
metabolism of naringin[J]. Eur J Drug Metab Pharmaco-
kinet,2015,40(3) :363-367.

[12]  XUHE. o 25 435 64 A 4 24 A0 25 54 [D]. 03 : K
BEZ k24,2013,

[13] REJTH, BHOH, BAREK, 3 BRI B R AR Al R A )
W 2= 0] F B % 3 7 5 %& &, 2015, 21
(12):69-71.

(s H #1:2017-10-12  f&[RTH #1:2017-12-04)
(G AR A )

China Pharmacy 2018 Vol. 29 No. 9 - 1197 -





