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Pharmacokinetics of rutin, quercitrin, and isoquercitrin in Hedyotis diffusa in
normal and tumor-bearing rats
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Abstract: Objective Based on the tumor-bearing rat model, using rutin, quercitrin, and isoquercitrin from Hedyotis diffusa as the
research object, the pharmacokinetics of those three flavonoid glycosides in the pathological state was studied. Methods Establishing
a method for the comparison of the pharmacokinetics of flavonoid extracts in normal rats and tumor-bearing rats, which was analyzed
by HPLC-MS/MS in subcutaneous tumor models of SD rat made with tumour cell of Walker-256. Results Compared with the
pharmacokinetics parameters of flavonoid glycosides in normal rats, the Cmax and AUCo- of rutin, quercetin, and isoquercitrin in the
tumor-bearing rats were significantly decreased, t12. was prolonged, and the metabolic time of three components was prolonged to 24 h,
which revealed the effect of pathological condition on the pharmacokinetic characteristics of flavonoid glycosides. Conclusion The
method established in this study is simple, fast, sensitive, and suitable for the pharmacokinetic study of flavonoid glycosides in rats in
vivo. The pharmacokinetic characteristics of flavonoids in normal and tumor-bearing rats are different.
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SR ELEAIR DURER), o T SR
J& ARl SR 1 32 BEE M Rr00 . B R
JRAEFIHZAS, HAEXN > FRER, W, 78
B WIE s i [ WE LV R T 2 onis. B
BE S S M (A7 A0 A L LA 3E i R 1 75 30AE /N R
W, AHIF 78 T far R R B ARY,  BIF e 2
TR RS EDIRAS T AR AL, R 251 28R
53 1 AR L AL o
1 M8
1.1 SCIYER

Thermo U3000 HPLC (3£[H, Thermo Fisher, fit
AIANL M=TeHE R Bahiress, AHHRARD:
Sciex TQ 4500 MS ([, SCIEX A#], — = PUKFF
JFRiE4X, BiA ESIJE, Chemestation B02.02 124 T 1F
ui); KQ-500E BUHE s veay (RIS A
FRAT]); Vortex Genius3 JmfigiSIgs (7 MAEISE
BHABGIRATD); ST40R K 2 0l. Thermo %
Mi2% (3E[E Thermo AF]); AE240 + iz —HT
TV B AR A =)D BCD-197KA {RIRVKAS (F
EH KA AR AE ); BIOBASE /W2 4hE
(B 8 DI H R A IR A F]D; MEMMERT 4l
BieAs (PEEZEMmMRFARAF)D; DW-HL540 {KiEIK
i CPEZEERMGARAFD; DK-8D —fLHAHEIE
¥ B LR B ES HIE A BR A A D5 Axiovert 40 C 13
B (EBEZE R AFD; Eppendorf AG HIK
T AR B O PR E SAERE A FD .
1.2 AR5

SRS T Gt MUST-16122011, JiE5%
99.95%) Ml H (L5 MUST-16051605, i &%
99.81%) Stz (k5 MUST-16051010, Jii &4y
#99.74%). =iRE (N5, b5 MUST-16011207,
JRE S0 99.71%), ¥ T Bl 2 SR A R H A TR
NFE FFEANESHR (125 000 U, EigsE—A4:4k2y
APABRZAT]D); RPMI 1640 K5773E (3£[E Hyclone 2
F]); FBS AR (WuHDUZE A TREMEE R
AF]D; PBS il (32 Hyclone AF]); 58 &-
WEHRRIEW (100X, A EYIRHEA RARD;
HEE. 5 (S Fisher A7)); HER (EHZHEEL
HLRFIEBRAFD; AKNHAK.

1.3 SEIGTERRFIEN4T

1.3.1  ZHAERRIE  Walker-256 MR 4R, HiE T
Hh ] A BE IR R O

1.3.2 Wkl SD KB, H#EME, SPF 4%, AiE
(70£20) g; Wistar KFR, K%, SPF 24, A&
(70£20) g, FrEatsERsMEETHIRAF, )
PIVFATIES SCXK (&) 20140007,

1.4 74t

A B L 2R R 12 2K B R e 24 5
fefit, 2R R 25 R F AR IR S N B
Y AAEwe 5 5 Hedyotis diffusa Willd. FT/#4 5,
2 FESH#R
2.1 Bt EERIEEESI&

FREX 4605 B K 500 g, BN 70% 2% 6 000
mL, ¥ Lh, FRFEEL2 K, EiX2h, 2K 15
h, ¥EE, AIFUER, 4 000 r/min &0 15 min, HX L
B W [ 2B AR AE S 02 g/mL, FEET pH
55 5.0 547 BAE, EAEEN 04 gmL (ZE/
PR, FREEEEEE 1 h, SRR 8 BV 4ifk
JKEA 3 BV/ AR A TS, B 2K A9,
FH 5BV [ 70% CREBEN, AFNREN 2 BV/A, 1K
LRSI, BN, W4, WUETE, BEE
Tedp s R IR (R & 030N 60.5%).
2.2 KER Walker-256 7 T BiEz & BU | & 112-141

MR B R AE 1 Walker-256 il 40 ik,
BL A R 40 SR FE A 1X 107, T Wistar KR
N E TR, ip 10%/K & & BRI, F 1 mL BD
VST 2SR E AN I ER 0.2 mL, T Wistar KR IHE G
A TS ip R4 EE, 1EH % Wistar
K, FF Wistar K5 HIIUE KRG 3~5 d P4
TR, TE T &0 F, 1000 r/min 20
10 min, 2% FiEW, A PBS M4 H .

B 40 2 SD K, T KRB FEEKERE, ip
10%7K & S RIFE K25 FH 1 J1 70K 98 240 e R 2 4
BICGEEZE 1X107, A 1mL BD VES 2 hE 40 i B
7 0.2~0.4 mL, T SD KEIH TG A T IRRIGAL,
ZMBENMEW, B SD KR, R 2
J, B EAARL 1 om T 255022925 .

23 EREN

231 B AN Accucore Cig (100 mm X
2.1 mm, 2.6 pm); JEIAHN 0.1%FEK (A) -HIEE
(B), BREEVEML: 0~1 min, 10% B; 1~6 min, 10%~
90% B; 6~10 min, 90%~10% B; #&illJ% K 254 nm,
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AR EN 0.3 mL/min; #£iR 40 C; 3R 2 ul.
232 RIS ESI MM B R B UR
P 550 °Cs; BEFWiZs L 4500V; [AAEN
35 kPa; FALSAEN 55 kPa; FBHRSIEN 55
kPa; A FHAMGHB A ZE T A
RAL RN TN (MRM); WE 75X 2T
m/z 609.0—~300.1 (ZfEHE DP: —140 V; flifiEse
B: =50 eV); Wil T m/z 447.0—271.0 (EFEH)E:
—-100V; fffEREE: —60eV); Tl T m/iz 463.2—
255.1 (LfFHIE: —110 V; flffEREE: —55 eV);
FHRE m/z 415.0—295.1 (FLFFERE: —120 V; filfE

e —45eV),
2.4 BKRAVECH
2.4.1  SHTIOGE &R AR IRIECH] R 2R —

SERME T MR SRR 25 mL &
A, RN — B AR AR F R, 0 S TC )
JREW N 0.30 mg/mL I &, BERFATRECH] 2
B, SR A FVE T B 250 A F 45
1 M ZBAE SO s 5%V B FH TR L HERAE
Fe e e RSO R R T S S ot R o 2 %
WARTEAE 4 CUKFR .
2.4.2  WFREER R TAEIRICH] SRR — &
BRNPMEEYERERE 5 mL &+, FBENA
— ERFU FE A R, C I R IR BN 0.40
mg/mL FIRFRE . BUR IR A AR & 1 mL
#H 100 mL &, FAWEMmBERZIE, BREE
REFREIREEN 4 pg/mL RNFRER, F5H.
2.5 IM#ZHELRAATE

A 25 IO BRI 2R A & 100 pL 22 1.5 mL EP &

& 280 uL YIFEE M, #WE 2 min, 4 'C. 11 000 r/min
20 10 min, HL 200 uL _FIEWAE FE 34T 2007
2.6 MEHGDTHFENTEFER

261 LEMEEE I 6 RAAFKRIEAZ AIMIEK
100 pL, #% “2.5” WURJTEEAE, AR R EEA
B, ST EMKEFEM, VPO IR s = RAEAE T
s B SRR A X RO AR AR, 4%
“2.57 TN BT FAEAE, ARIRA IR IR AR & HX
KR ig 442 30 min 5 ILEAE S, [FERRE, 1852
B9 M RRE o 2 Ak MR S 4% “2.37 TR 1) &A%
HERERTIN, RS AT R R RS B
BT A M 5 S A i € L DL P 1 2 A
8 TS B s ST, BINIASZ MR R
PV, BS AR WSl e ey, ok
WS R B s i) 5 o) Rt R B o ) — 2

262 LMEVEH T EIR RERE—E R T
MR L et B BRI A KT E T 2T A T R RERR RS,
Be B IR A 30 120+ 600+ 3 000+ 6000+ 16 000
ng/mL VA5 IR ST . R 3R IO IR Fh VA 20.0
ul, 3% “2.4.17 BURWITEERE, HAFIEIRER 5.
20. 100, 500. 1000+ 2 500 ng/mL [KIFRiEHZEAE 5

BHRE m/z 415.0-295.1

Wit HF miz 447.0~271.0 7T m/z 609.0—~300.1

ST miz 463.2—255.1
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mlz
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Fig. 1 Mass chromatogram of test substances and internal
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3 AR SR AR U THAR LU ARAR (YD, i
W (X0 BRI TR RS, AU RECN X,
PRI ATT L M St rbru 2. fidE
SIN=10 THHE &R HIEER . (M2 A5 5o fhriE:
M2k, MHXREL MG e RRILE 1.

2.6.3 FEHELUEREREE  REERIUS T MR
iy ML ST B, T EEAR RS, O R =
WE 9 304 1200, 15 000 ng/mL FRIXS IR AR . %

M “2.57 WU #RAE, HI43 BT EIKE Y 5. 200, 2 500
ng/mL MIRES, BEMK. . BRERERS T
MR EF S SR EE R A (QC) BEfh . L
3 d, ANREIREIT 5 FEARSHT, SMRIETTE
QC MR EIRSE . ¥ QC MR, THEK
HIESHESE. WEHNREZE RSD /M 10%,
HIaK5 2 RSD /N T 14%, #HEWIEEAE 85.4%~
110.7%, TFE RS TR,

R1 AT, #HEE. RHEENRERZREER

Table 1 Calibration curves and quantitation limit of rutin, quercitrin, and isoquercitrin

5% PRt 28 r 22 Pk Yu Fl/(ng-mL™") &&= R/(ngmL™")
BT Y=0.016 X+0.031 0.994 3 5~2500 6.26
#i} 5z Y=0.021 X+0.039 0.997 1 5~2500 7.82
S Y=0.023 X+0.093 0.995 7 5~2500 6.76

2.6.4 FEEUEISCR RN RGN, RS BIRIS T M
FeAf S S & B, R RERRE, TR
B 30, 1200, 15 000 ng/mL (KI5} HE SV -
FHR“2.57 U R4, HI43 BT EIREE A 5. 2004 2 500
ng/mL (IFES, BEMK. B, BRERENA T
MR M QC FEMh . BEAMEARTAT 5 1,
DU RE 5 A R T AR R LB AL 59 S (I 2R
100 uL, 4% “2.57 BURNAE, B EIEHINAR &%
MG ST B, EIRESF E, A
17 5 B, AT LC-MS 2T, S5 B A P s e T AR
ML A A2; FHHUR AT & B M4
BN 5. 200, 2 500 ng/mL, ELEHERE 5, X
HESL R AR TIAR I LUAE A3 A2 5 A3 IE{E
RNEFENL, Al A2 PIEGE SR BRI R . 458
fi6e o SEIRETN 3 et DL AR EREX
[FISCRIE 84%~98%, &AM NTE 87%~99%, #*
BH YR ST 3 s A AR AR
THAEH .
2.6.5 FasE RIS O] BRI EE N 20,
1 000 ng/mL I IRAE M, F3 i 2% 240 AR e 1
(4 CIHE 24, KIAREM (-80 CTHE 21 d
MU ENE (=80 CHAE, REGHRGHE 3 X)),
TEAFER R PAT 3k, e MR i &
W MR ) 3 P BT 7EAS R AL B 2 PR RS e
PEWER 2, B 3 PRl As e R 4T
27 BRREERIEERRARSEBAREK
RNAhERR

6 X SD KB, fAiE (200200 g; 6 K

®2 AT, WEE. RMEEREMRELS

Table 2 Stability test results of rutin, quercitrin, and

isoquercitrin

XAt 5 p/(ngmL7Y) UHEHESE/% RSD/%
HERREE AT 20 92.7 3.8
1000 97.3 7.3

i R 20 88.3 5.9

1000 101.9 32

BRI As 20 86.3 4.8

1000 92.1 42

Kt ~T 20 89.4 53
1000 105.7 6.7

i R 20 103.0 43

1000 98.7 4.9

B As 20 86.2 6.3

1000 93.7 3.7

HataErE AT 20 91.9 4.5
1000 90.3 4.9

i R 20 100.4 6.3

1000 94.6 5.1

EiR At 20 89.4 25

1000 925 6.1

B R AR R R, FSRIR AT 12 h A A EE K. 4
Bl ig 45T 40 mg/kg FIAEME T BB ESRELY), 44
AT A, H 0T 452505 0.083. 0.25. 0.5+
0.75+ 1. 1.5\ 2. 4. 6. 8. 12. 24 h iRy REHML,
TIRZ 0.5 mL, B TR 1.5 mL EP &0
B, 44500 r/min =EE L 10 min f550 & LK,
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3B 100 pL BT 1.5 mL EP &0, T-80 C¥A
YAt MRE R “2.57 TN #RME, JF@darkE
IThRAEI 2R, PR3 8 R DAS2.0 ¥, BAAESS
FERBENE A SR, R RE K R 5w
KRS BN B HE 5+

J ST LC-MS J7 ¥ 5 4B 18] 2 L 2494 i
SE R IR S O TE R RIS RS REATI R, 45 RK
FIIEH R ig Ffee & R A RIS, 79T .
MR« S R T A PR I 2494 - i) b 2k 34—
B, HPURIREERUC: Sl T 0.72 h &b

BUEERIE, HUGEM B 7T, R
JR o AEAR RS AE R o RS 1 AR v B S A 5
Heh 3 Fpk oy B o BB R AE RIS E, 430 SD
R SRMUAR IS B B AR CRE J1 B %2« 5 IR K R
B 25h 2 25 AL, iR KR ig AR B et
o RS, AL (G~
LTI (AUCo—) HIWIRFEAR, FIEW (np,) I
K, H 3 Fhlor£E 24 h e PiRersi ], AU e
K, R BRSO B A H 25 3 AR IR
Wi 3 Rl s RIZaIS ih2 LK 3, 253 HIEK 3.

2.5 . ; , 400, ,
BT 700 St s
s 6001 . 3501
20 z £ 300
2 2 5001 =
015 % 4001 & 2507 +IZ’£§
= = = =i I KB
1o —FakE 300 DEETPN
= ~GRAR KR £ 150
\ N 200- N
1004
=05 = 1 g
. 100 \k:.‘?;__f 50 -
T ]
0 o1 % T =
0 4 8 12 16 20 24 0 4 8§ 12 16 20 24 0 4 8 12 16 20 24
t/h t/h t/h

3 ERARSEHEAR g B EESREHREMMEARASET . FWMEEMMEHOZAEHLZE (X £5,n=6)

Fig.3 Mean concentration-time curve of rutin, isoquercitrin, and quercitrin in normal and tumor-bearing rats (X s, n = 6)

®3 EBARSEHEBEAR ig BREFESRIRIMEFAET . FMEEMMEEEEADNFSE (X £s,n=6)

Table 3 Pharmacokinetics parameters of rutin, isoquercitrin, and quercitrin in normal and tumor-bearing rats (X £s, n = 6)

¥ i RN RPN

T B T bt R T B T R At
Crnax ng-mL™! 2173.08£203.28  334.66+£191.42 625.63+14321 836.10%£327.41 123.65+145.93 227.93+127.02
fmax h 1.19£0.23 0.8610.18 0.724+0.13 2.83+1.32 2.4940.88 1.681+0.73
t1/2z h 6.29+1.43 3.094+0.33 3.57+£043 8.25+2.14 5.40+1.72 5.4610.75
AUCo— ngmLh™' 12787.124£2099.93 1321.231+421.58 1762.34£328.59 6906.36+£936.75 1247.47+64091 899.72+428.54
AUCo» ngmLh™' 13891.48%2181.07 1523.524305.21 1958.42+314.58 7187.71£972.13 539.18£364.78  927.174320.75
3 it %, 1%E# Accucore Cis (100 mmX2.1 mm, 2.6 um)

3.1 SHAEERMMRK

TR R S A IS R ER (R
DL B BRR E ) B8 U6 SR T, DRI A 2% A
AR 53 )05 3% 2 15-0.1% H R KA T, HEE-0.1%
FRER KL, 25 3R BH 2 5-0.1% FH R /K i B v 0
O3B BER 2 5 T R -0, 1% P R /KIS VRN A 3 e 1) 43
0 R i A o R I 3 95 P IE-0.1 % FH R 7K VK
VERRENAH, A EESE .

Accucore HPLC 1543 5% F 3% 11 2 FL 1Y 98 4%
AR, BfS@EES. e Ed ., BRI SAE
A, ARSLIREEAFH RN L ATy A4 ]

KR

FLER 30, 35, 40 CHER LAY S -,
B3 AR IR AL A DR TR0 B A, [ B
YIRAE 40 CHBEF R4 B, PR A ik £
40 C.
3.2 AtRiEE

WAL R SR s, H NS5 B —
AL . BREAT . M NARRE . ARSI
ik, MARER. B, SRERHTT
HE, WRRIMARBERGEAL, JEBEE MK
FEM AR B A, 1 5 AR 2 5 8 M v A R
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F 43 B R e AR, DR A i AR BN AR o
3.3 KERmMAIEE

H1 T 5 3 8 K RO B SOk 2 R A Wistar K
B, DA AT TR B K Wistar KRR A2 SD K B 23 1)
BT T 28050 . SR E/R, Wistar KRZ30%
AT, 2B EIEEM GO T i
BT SRR AT LA s L O (e, AR
[R5 R 2P & e KB 2 3, TR R AT BEA
FE 0 B R 1F 5 Wistar K BRUIL3E L6 R VR AT
K, WA SD KEBAEANLKEDIIG, 3 Fhoglatf
Sy M E & B AUE, SIS R EA RIFiEH,
SRR — 8, IR & SD KRN
SIS, 1T Wistar KB T ISR Y (1 i 1
34 BUERFEEREFAEEERRSHEARMKE
RN hFEHFE

3 Tl B T 5 2 T A R A BSR4 - (1] g 2
R IEE KR KB 8, H Chas AUC)—
BB, fn, K, H 3 FHEIE 24 h 5156
FEIE], AR TR AE K, AR L SR DR AT 6 A 7E g
WA T B AL T REORA, & B B 45 M 4k
AR, BRI A P R AR B F . TN B
W S AR U IR SO B o B DR R R R A
KRS, BiGEsh. HetsEhae, dEmEE
W R TE PR O B I (R, T BRIRE, Ahais
HUAAE ML SR A0 B . [R50 R A 9
KRR 258 = R AFAE 2 5, HZ i
W2 By, DR DRI AT R O BT R B A T Y
AN 2 S 3 R

AR S0 P B A A TEA RN UACR A GER
RES REDIRE) THIZsh24RE, HE R Bl
SR e R I bR, SR — IR A 5 1)
S, RIRFARE =M@ e 2 5, URAER
FUR A AR 9 AR AR S e R 2
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