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Simultaneous quantitative determination of four epimedium flavonoids in rat urine by LC-MS/MS
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Abstract: Objective To establish a liquid chromatography—-mass spectrometry/mass spectrometry (LC—MS/MS) method
for the simultaneous analysis of epimedin A, epimedin B, epimedin C and icariin in rat urine. Method Ginsenoside
Rgl was used as the internal standard (IS) . Chromatographic separation was carried out on an Agilent Eclipse
XDB-C18 column (2.1 mm x 150 mm, 5 wm) by isocratic elution with 32% acetonitrile and 68% water containing
0.1% acetic acid at a flow rate of 0.3 mL+min—1. The quantification of the analytes was performed by mass spectrometry
with electrospray ionization (ESI) inlet and negative ion multiple reaction monitoring (MRM) mode. Results The
calibration curves of epimedin A, epimedin B, epimedin C and icariin were linear in the range of 1~500 ng*mlL-1.
The intra—day precision of this method was less than 7.4 %, and the inter—day precision was less than 12.7 %. The
cumulative excretion of analytes in 36 h were 896.69, 848.72, 12545.78, 5085.46 ng, and the cumulative excretion
of unchanged analytes in urine within 36 h of the dose were less than 0.266%¢, 0.198%¢, 0.297%c and 0.425%oc, .
Conclusion The established assay method is simple and convenient, which is suitable for the measurement of urine
epimedin A, epimedin B, epimedin C and icariin concentration in rats. And the unchanged analytes are hardly
eliminated through urine within 36 h in rats.
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Maxim. BY 5 fief 72 2L 78 Epimedium koreanum Nakai. [+
fet, HATANE B, sRATE . BRI, B
WHFEERI, R AEAE B R A F SR, R
AP PUR . PUEE . PUMIR . IR A SeE
SEVERT, BEMSIG IO N A I P, MR 4%
JERY 60 ZRPHEFAT, WIFEE AL B, C KLY
SEH EBAYNGIERYY, TR RY], WIFEE B,
C IR A2 T BE A (2 E FA0 B 200 A 2 6 3 2 4 T
HA PGB G RERT; 88 AL C MRTE
TFRES BT IR AN 5 e T RES B W A B
B2 A DT E RGN, O T HAR NS R FE s H
Wit 22, H =S4 1 A DL e OO 0 1 — HR K
BB (LC-MS/MS ) [f] I Al )R iR FE € AL B C
FNRFAETT, VAL PIRSG T AR5 U 5 % 4 Fhig
A R LA A BRAHRE Bl 0 A S E . ASSCRTE
HEAL LC-MS/MS 32 [l i I 2 PR P42 E AL B C
DIRPRARE MR EE I 51, BFEIX 4 RIS Lo 7E
AP B PRAFI L AR, Sy o) 3R Vo7 732 BT ) PR
B R BT AR

1 MRS H*E

1.1 3. ikHI 25 dh  APL 4000+ WA (O3 - =
DY B AT % B X (LC-MS/MS), Bt A ESI P& K
Analyst 1.6 ¥4 40 ¥ &R &8, £ E AB A ]
SHIMADZU LC-20A St Al ik, H A St
H]; Microfuge 16 & xUHE BLOHL, SEE DL 5e 2 U4
v ) IKA MS3 B HETR &) #% , EE IKA A H];
N-EVAP BIASW T, FEEH Organomation 2\ H) ,
FERE A XTHR N (4 > 98 %, HtE . 121106) . §A%E
SE B XA (46 >98 %, LS. 121109), LiEga
REGPHEABR A 808 E C X RS (4 > 99 %,
fit55-: 111780-200801) . EF 71T (2l > 98 %, it
51 0737-9910) , AS A Rel XJHEM (4l > 98 %,
it 0703-200119) , Hr[E 245 5 A= b ke o i
FAEARMERR B B M T IE 250 A B AR
B, M, AEiEal, € Fisher 24w HAiG N
rprat, TONAkEERGR) s Ak B Milli-Q RS
5o

1.2 & Il Sprague Dawley(SD)KER 6 H, /A=
(250 £20) g, M) RAEX¥LR Y OLRA, &

FAIES . (1)44007200021141, fFETFEIR N 22-26
C, WHEHN 40 %~70 %, 12 h BEEERHWEN,
SCIORUIE N PR SE 1, ZRAIEEE 12 h, &RA
K
1.3 M€ 0%
131 EiEsE  Gi%H A Agilent Eclipse XDB—C g £
(2.1 mm x 150 mm, 5 pm); Faht: Z0E -0.1 %
CTR/K (30 :70); Wi : 0.3 mL-min™; i 40
C; ke 5 pl.
132 ikt MM B RAZ RO BT
D (MRM) J7 2 A 25 A, W55 H R (1S) : —4500
Vi ZEARIREE: 350 C; REES(CAD): 12 psi; A
S(CUR): 45 psi; 4L (GAS 1): 50 psi; IR
(GAS 2): 50 psis
1.4 HBACH  XFREA AR B AL WIEEE
B, WIZEE C AR FEATT X A2 5.0 mg, FEEK
E, ET S mL T, HESEFIEHREEZE,
TlASXT RS A, 0 W E A 1.012 mg-mL™,
EIZE5E B 1.016 mg-mL?, FIZEE C 0.984 mg-mL™",
TEFFETE 0.904 mge-mL", 4 CUKFELRAE, I B
I Z R, T R TR

WERATR . BAZ 2T Rl XA 10.0 mg, K
WRRAE, B 10 mL AR, HEE R 2
B, A5 E R 1 mg-mL? i NS RAF Rgl XJHE N,
W, 4 CORRIRAT
1.5 PR 5 B b Bt
1.5.1 PRAERMRIRRE . B RAEG & AL B KSE R
B 100 pL KEE PR, IMAPFR TAER (1 pL-mL™")
20 wl, FEImAFE 2.2 1R Fe 6 4 & 5 TAE#R 100
b, RE 1 min IR S, 14800 remim™ B5.0> 10 min,
B BRI E 0.2 wm B, BUERIE R T 2
Br, #EFEE 5 pl.
1.5.2 KRG MIRFEATE  FHHEBE 100 wL K
FRZA 25 J5 RVAE S, AR TAE (1 pL-mL™)20
pL A1 100 pL I EEE W, WE 1 min IR A1), 14800
remim™ B0 10 min, B EIREER E 0.2 pm I8 AR
O, BB HT, SRR S pl.
1.6 P R iR KRE TG, Dk S
BT RLFEPR USRI (FH S FRAZEE A 12 mg-ke,
BZEE B 15 mg-kg, WIEEE C 149 mg kg, EF4E
1 42 mg-ke™) , A THARIMLGZ)E(0~4 h, 4~8
h, 8~12 h, 12~24 h, 24~36 h) WCHERIGAEM, iC
SEA TR B RBAAREL, BT -80 CHR IR -



b5 W R BIE 2016 57 A% 27 £5 48

+545-

2 #£R

21 LS5 NG IRFERE 1.5 IR S b HE,
WK BEFTIR /BT SR E RGN . 8 S i i 1%
K mlz 897.4—645 4(FIFEE A), m/z 867.4—645.4(1]
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Figure 1 Representative MRM chromatograms of (A ) blank rat urine, (B)blank rat urine spiked with 1S(ginsenoside Rgl), (C)epimedin A,

(D )epimedin B, (E Jepimedin C, (F)icariin

2.2 bpiflh g 5 at PR KSR BOR A0 IR A
XTRESI OSSR OCRIET 6 HREL), &
R R, HOUBC I R FE S 500, 200, 100, 50,
20, 10, 5, 2, 1 ng-mL* B RSIBRUEIRFE . $% 1.5
TUR AR, DATFIN A5 N A 0 T AR LR (Y ) R R 249k
BE OB L RH (ACE 1/X2), F3EIbRUERRZE )y
B, SR MEIE R MR RE(r) . LR
EE FRR(LOD) WLZ 1, BAZEE AL W% B, Wi
ECHERZFEETNER TR (LOQ) #K 1 ng-ml™,
HAER 5 97.1 % . 95.1 %. 101 % . 96.6 %,
PIRF G R

2.3 KIS SR Rl A8 Bt . bl &
3ANHEE(2, 20, 400 ng-mL ™) FRFERES,, B
JEA 50y, #%1.5 WUR#AE, ELE 3 do RN
FRIPRE IS D s e S B, DL H PR H JE)RE X
PrifE2E (RSD) 47 WAE 2 B SfEf B2, DA S vk i
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Table 1

Linear regression data and LOD of investigated

compounds

RN IR . R IR bR
/ng-mlL"! /ng-ml"

WifEE A Y=0.0374X+0.00395  0.9994  1.00~500 1.00

WEE B Y=0.0655X+0.00422  0.0987  1.00~500 1.00

W ¢ Y=0.0475X+0.00886  0.9993  1.00~500 1.00

FEAEAETE Y=0.0306X+0.00514  0.9994  1.00~500 1.00

FRECHA R WIFEE A WIFEE B, JIBEE C L EE
FEAFHO H RS BB RSD < 7.4 %, EWIENT 854 %
~106.0 %; HIEXEHE RSD < 12.7 %, WEHHEANT
85.0 %~109.0 %; FEXJ EISCR ST 96.4 %~100.8
%, RSD <7.4 %; 942 %~99.8 %, RSD <3.2 % ;
87.9 %~97.3 %, RSD <52 % Fl 89.3 % ~98.4 % ,
RSD < 4.6 %,
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Table 2 Precision and recovery of epimedin A, B, C and icariin

in rat urine

HEEA. B. CREFEHFHWHNEHBEE

FERE

fe2misr IR mgemL? H N RSD/% H IR RSD/% AHXS RN 1%
BT A 2 55 6.5 96.4+7.4
20 27 48 100.8 +3.2
400 17 53 97.1+2.0
HIHEE B 2 3.6 0.0 97.8+323
20 25 3.8 99.8+32
400 2.0 4.4 942421
HIFEE C 2 5.5 9.8 92135
20 46 10.1 973+52
400 26 39 87.9+25
AT 2 74 12.7 89.3+4.6
20 3.0 1.9 984+33
400 22 26 954125

2.4 s PEiIL 55

B @ 3 AMREE(2, 20,
400 ng-mL™) I BRAERERL , BEMESS S o 0K
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PG TE 4 °C A ShtAERR P CE 24 b, FEMLTE -80 C
VKEGIRAE 30 d S, ¥ 1.5 TR #AEf kR 2, W

%30 A A

P

JE Tk D 5E EB A T 88.4 %

~100.2 %, RSD <9.6 %; HififasE ENER A

T 93.6 %~102.8 %, RSD < 7.1 %; KHHFaE MM &

WA T 943 %~102.4 %, RSD <13.2 %; 3 M4
ERR AT 92.5 %~108.7
2k TR W RE A B e P 58 4 T DA

R — i URDE R AR PR
% , RSD <8.
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Table 3 Satbility test of epimedin A, B, C and icariin in rat

urine(n=6)

3 %,

. HOE FEE 1%
Igrml? FHULE 6 h 4CHE 24 h WAL 3K -80 CHAF30d

HIFE A 2 979+49  995+7.0 100.7+38 1024136
20 997+13  1014+19 102722  100.6£29
400 950+27  963+25 101119  952:28
HIHUE B 2 988+38  99.8+29 989:46  101.1£57
20 1002+25 99815 103017 98333
400 95226  960+23 1005+18  974:33
HIRIE 2 984+46 1003+69 1044+84  1023:83
20 94334 1028222 1033%37  963%34
400 884£28  936+26 925+23  97.1x28
e it 2 988+9.5  97.1+63 108.7+90  96.7+84
20 97211  99.0+26 1045£22  96.6+29
400 956+32  978+24 1045+21  943:26
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Figure 2 Cumulative excretion of epimedin A (A), epimedin B
(B), epimedin C(C), and icariin(D )in rat urine after a single oral

asministration
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HAERINFZHEHK, ER AERTERARCENEZZHENFHRH: T 254 0.164 2 0.0643 h; Co 2714
4778 #2 3.576 pg-mL™; AUCou 251 % 5360 ## 5.682 pg-mL”+h; AUC,.. % %4 7.449 = 11.691 pg-mL" +h;
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