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Abstract: Objective To compare the pharmacokinetic behavior of main triterpenoids in normal and hyperlipidemia rats after ig
total triterpenoids from llicis Rotundae Cortex. Methods SD rats were randomly divided into normal group and model group, a
hyperlipidemia rat model was prepared in model group, and blood was taken at different time points after a single ig total
triterpenoids in each group. Normal and hyperlipidemia rats were given a single oral dose of total triterpenoids of Ilicis Rotundae
Cortex. The plasma concentrations of ilexoside O, oblonganoside I, rotundinoside C, ilexside Il, pedunculoside, kudinoside H,
ilexsaponin A1, chikusetsusaponin IVa, rotundic acid, rotundanonic acid and ilexgenin A were quantified by UPLC-MS/MS method.
The major pharmacokinetic parameters were calculated using non-compartmental analysis with DAS 2.0 software. Results The
absorption rate of aglycone was significantly higher than that of saponin. The rate of absorption into blood was significantly reduced
with the increasing of the number of sugar groups in saponin. The Cmax of rotundic acid in normal and hyperlipidemia groups were 3
257.9 and 2 173.8 nmol/L, and the corresponding AUCo-t were 29 897.6 and 24 501.3 nmol h/L, respectively, which was far more
than the sum of the other 10 analytes. Compared with normal group, the tmax, Cmax and AUCo-t0f most analytes in hyperlipidemia
group were delayed or decreased. Conclusion The pharmacokinetics of 11 analytes exhibited significant differences between two
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groups. Rotundic acid was the main compounds exposing in normal and hyperlipidemia rat plasma.
Key words: llicis Rotundae Cortex; total triterpenoids; UPLC-MS/MS; pharmacokinetics; hyperlipidemia; rotundic acid;

pedunculoside; kudinoside H; ilexsaponin Az; rotundanonic acid
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1:A4#HH O R;=Rha(1—2)Glc(1—2)Xyl, R,=CHj, R3=CHs, R4=Glc, Rs=a-OH, Rg=p-CH3, R;=H
2:0blonganoside I R;=Xyl, R,=CH,0H, R3=CHjs, R4=Glc, Rs=0a-OH, Rg=0a-CH3, R7=H

3:rotundinoside C - R;=Rha(1—2)Glc(1—2)Ara, R,=CHjs, R3=CHj3, R4=GlIc, Rs=0-OH, Rg=a-CH3, R;=H
4ilexside Il Ry=Glc(1—2)Ara, R,=CHjs, R3=CHjs, R4=Glc, Rs=a-OH, Re=0-CHs, R7=H
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T BLAHFEH Ai Ri=H, R,=CHs, R3=COOH, R;=Glc, Rs=0-OH, Rg=0-CH3, R;=H

9*&1%&@& R1:H, RZZCHon, R3:CH3, RAZH, R5:(1-OH, Rﬁ:(l-CHg, R‘/:H

11:4#H % A Ry=H, R;=CHs, R3=COOH, R;=H, Rs=a-OH, Rg=a-CHs, R;=H

rotundanonic acid
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Fig. 1 Chemical structures of 11 triterpenoids analytes
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Table 1 Mass spectrum parameters of 11 triterpenoids analytes and IS

HEY ST XTI E JoR ik U Br(miz) TET@MmZ)  WiEfEeV  tr/min
AFH O Cs3Hgs022 1 074.56 [M+HCOO0]~ 1119.56 911.50 -36 3.12
oblonganoside | Ca1He6014 782.45 [M+HCOO0]~ 827.44 619.38 -43 3.13
rotundinoside C Cs3Hgs022 1 074.56 [M+HCOO0]~ 1119.56 911.50 -36 3.59
ilexside I1 Ca7H76018 928.50 [M+HCOO0]~ 973.51 765.44 -38 451
KEAFH CasHs010 650.40 [M+HCO00]~ 695.40 487.34 —42 5.29
W A&FHH Ca1He6013 766.45 [M-+HCOO]~ 811.45 603.38 —45 6.51
EAHFLH AL CasHs6011 664.38 [M-+HCOO]~ 709.38 501.32 -43 8.61
MHZEH IVa Ca2He6014 794.45 [M-+HCOO]~ 839.44 793.44 -31 8.65
ESAINAL C30Hag0s 488.35 [M—H] 487.34 469.33 -51 10.02
rotundanonic acid ~ CsoHa4s0s 486.33 [M—H]~ 485.32 455.32 —48 10.36
AHFRA CaoH460s 502.33 [M—H] 501.32 439.32 -56 11.13
s ¥E (D Ca1Hs4014 780.43 [M+HCOO0] 825.42 779.42 —34 4.03
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Fig. 2 Serum biochemical parameters (A) and HE staining of liver sections (B) at 6th week
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Fig. 3 Representative chromatograms of blank plasma (Al and B1), blank plasma spiked with 11 analytes at limit of
quantitation level (A2 and B2), and plasma sample from rats after oral administration of total triterpenoids (A3 and B3)

x2 LA XRRESR

Table 2 Calibration curves and limit of quantitation of 11 analytes

EY LR T AR r2 ZR YU/ (ng mL ™) SEmfR/(ng ML
£HFH O Y=0.007 84 X+0.004 37 0.995 4 2.4~200.0 2.4
oblonganoside | Y=0.008 27 X+0.002 07 0.996 3 2.6~200.0 2.6
rotundinoside C Y=0.007 19 X+0.001 69 0.996 6 2.4~200.0 2.4
ilexside 11 Y=0.008 04 X+0.000 11 0.997 8 1.7~200.0 1.7
KA Y=0.009 18 X+0.046 94 0.990 2 2.2~400.0 2.2
HTAHHH Y=0.011 83 X+0.003 50 0.997 6 3.0~200.0 3.0
BAHFBH AL Y=0.009 13 X-+0.008 58 0.994 8 1.9~200.0 1.9
NS 2FH IVa Y=0.013 45 X+0.002 02 0.998 6 2.3~200.0 2.3
ROh R Y=0.003 56 X-+0.002 09 0.997 1 2.9~2 000.0 2.9
rotundanonic acid Y=0.002 84 X-+0.000 93 0.996 0 2.1~200.0 1.3
AHFEA Y=0.022 82 X+0.058 68 0.996 6 2.1~200.0 2.1

®3 UAHASEARMETHBAFMBEREEE. EHEULIRMENERMERYEER (n=6)
Table 3 Intra- and inter-day precisions and accuracies, extraction recoveries and matrix effects of 11 analytes in rat
plasma (n = 6)

P Vs 0
e A g ML) — ij L“’E’E/‘}Ej - W’ﬁﬁﬁ’g’ t e A%

AXEHO 200.00 2.6 3.4 4.7 4.2 92.6+12.9 98.9+34
25.00 2.5 45 0.1 15 89.9+9.7 91.7%+6.7

3.13 4.6 6.7 7.5 3.7 88.8+4.7 85.7+45

oblonganoside | 200.00 2.5 8.4 -13.6 -11.0 89.1+6.0 108.0+4.6
25.00 2.6 3.9 5.8 4.8 98.4+6.7 96.8+6.9

3.13 7.6 8.3 -4.7 -2.0 915+9.1 85.8+25

rotundinoside C 200.00 5.7 9.5 -13.9 -12.8 88.6+7.9 94.1+4.7
25.00 7.1 10.8 -14.9 -10.4 94.8+9.6 89.5+6.2

3.13 45 135 0.4 —6.5 86.0+10.6 90.5+1.7
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PERA 0 it 15 /0, -
ey R g LYy — A IR s %
ilexside 1 200.00 2.8 34 —0.4 2.7 89.2+11.3 92.4+6.1
25.00 43 7.3 -3.1 -5.2 9554+11.0 101.3+94
3.13 7.8 7.0 12.3 13.0 88.24+8.7 86.0+2.1
KHAHH 400.00 3.9 6.3 -14.0 -13.0 86.74+10.2 10244138
50.00 2.0 45 -10.9 -10.9 90.5+11.3 95.7+13.6
6.25 7.8 7.6 117 11.6 88.7+423 89.8+2.3
ETAEHH 200.00 7.8 8.3 -7.3 -9.3 96.51+12.6 87.24+10.5
25.00 5.6 12.4 -3.6 -10.1 94.64+9.9 101.9+7.8
3.13 12.6 10.6 -10.6 —-6.7 96.74+9.4 87.7+55
EAHFEH AL 200.00 3.0 5.2 -2.1 -2.0 93.9+76 95.0+8.5
25.00 49 4.7 -5.3 -5.6 88.3+11.0 93.6+7.3
3.13 8.0 10.8 3.6 -1.5 101.2+3.7 88.9+25
ISR IVa 200.00 10.1 7.8 -3.8 -3.1 105.1+13.3 9244129
25.00 46 46 -6.1 -7.9 86.44+10.8 975424
3.13 9.8 8.1 -3.2 -2.8 87.44+11.9 88.0+2.2
RO MR 2 000.00 6.4 6.5 -8.6 -5.6 93.84+10.4 88.31+7.2
125.00 9.8 9.3 -12.0 -12.6 94.84+10.6 96.21+1.6
7.81 9.1 8.2 8.0 10.3 9334121  110.5+4.2
rotundanonic acid 200.00 2.4 4.2 -8.6 -8.2 97.3+13.6 106.5+9.2
25.00 7.4 6.0 4.4 2.3 101.6+149 10094118
3.13 10.2 12.6 1.9 37 95.84+10.4 95.71+6.6
XHFEA 200.00 7.4 8.9 -12.3 -12.4 88.3+3.5 94.4+2.6
25.00 5.4 6.8 8.9 8.0 90.14+9.8 97.24+8.3
3.13 46 7.8 -0.5 3.3 102.6+8.5 87.24+3.3

PRI RS PS8 RIS i 22 2030 /N T 12.6% 13.5%,
1P A T 7 i B2 000 AFR 4R 22 40 0 —14.9% ~

12.3%. —13.0%~13.0%.

3.2.4  FasE MR

k4 Fos, WA E b

ZME TR E M B, MXHWZE/NT 15.0%, M
BN —14.8%~14.7%.

F4 UIPHSEARMBHIREMEER (n=6)

Table 4 Stability of 11 analytes in rat plasma under different storage conditions (n = 6)

N e o 25 CJE 4h —80 CfkfE30d B R 3 Ik

ekl REERIEING ML)~ e REE% e AR TERE%
XHFHO 200.00 2.6 4.7 8.0 -39 7.1 -10.9
25.00 2.3 -0.5 9.2 -7.0 5.2 -13.9
3.13 46 75 5.4 -9.7 9.6 -2.8
oblonganoside | 200.00 5.8 —6.6 7.0 -6.1 4.2 -13.9
25.00 7.8 8.2 12.9 -1.7 6.5 -4.3
3.13 13.6 10.8 9.1 2.0 8.8 -9.9
rotundinoside C 200.00 4.0 -10.4 8.1 -8.6 7.3 -5.9
25.00 12.7 16 7.6 -14.8 12.9 -7.0
3.13 15.0 -6.8 7.2 -11.2 9.9 -4.8
ilexside 11 200.00 6.4 -5.6 14.3 -10.1 3.7 -135
25.00 5.6 -10.1 6.4 -11.9 7.0 -11.9
3.13 3.2 -12.0 11.8 14.7 10.9 13.9
Ki4HH 400.00 3.6 -8.3 8.3 -8.6 10.3 -9.8
50.00 9.7 -9.6 14.2 6.7 8.9 -5.3
6.25 12.2 6.4 8.8 —6.4 1.7 -4.5
ETAEFEHH 200.00 6.8 -10.6 9.3 -0.7 7.2 -9.1
25.00 7.3 -14.1 6.6 -10.0 1.1 -14.1
3.13 9.1 -1.9 9.5 4.0 9.6 -14.7
BAHFEH AL 200.00 8.0 3.7 35 -9.1 4.7 2.4
25.00 6.3 -5.4 6.2 -13.2 6.6 -4.3
3.13 11.7 10.6 9.1 -7.8 12.2 9.3
ISR IVa 200.00 12.0 -25 8.6 -4.5 11.8 1.5
25.00 8.1 -2.6 7.1 -8.1 5.6 1.2
3.13 11.8 0.7 13.9 -3.5 1.1 2.6
P QAL 2 000.00 6.4 -14.3 6.1 -6.9 6.1 -14.7
125.00 6.3 -4.7 10.0 -7.1 9.0 -7.1
7.81 14.4 -11.7 7.5 -7.5 12.7 -11.6
rotundanonic acid 200.00 8.2 -11.1 8.2 -95 49 -12.2
25.00 8.3 -1.4 8.4 -9.5 12.5 1.3
3.13 10.6 0.7 13.7 -1.3 14.2 1.1
AXHRA 200.00 8.3 4.2 5.1 -13.4 7.2 -12.6
25.00 5.0 14.0 7.6 -4.5 10.5 43
3.13 5.7 8.2 9.7 -8.2 10.9 -7.6
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325 EFUSNM AR RIS R 3 s,
ZITVERT A A IRE S 20 T A ot $ B [T A 5 R0 38 J 2
MEFIESR, 11 ARl BRI RS ZEh 86.0% ~
105.1%, FHXHw 25N T 14.7%; FF RN N 85.7%~
110.5%, AHXMWZ/NT 14.2%.

3.3 MZRE-FEHENERZANFESH

M5E 11 Ao AE I H AR K R 45 24 )5 %
I 1] S 2GR L, K i s 3\ DAS 2.0 2
PAAR b3 AR Ge it e T ik A 28l 24 1
SRR 5, M2 - 1] 25 LIS 4.

x5 UMHSTHEEAHESH (X+s,n=7)
Table 5 Main pharmacokinetic parameters of 11 analytes (X +£s,n=7)

D% A5 Cmad(nmol L7 tmax/h tualh AUCo-J(nmolh L) AUCo-./(nmol h L% MRTo-th
A£EHO E# 344+10.7 31+11 133487 389.0+117.8 459.24107.5 132432
T A 334486 34+11 122461 407.8+188.4 455.9+219.3 13.1+4.2
oblonganoside I E# 482497 24+11 151455 606.21140.6 740.9+176.1 145+36
T A 40.6+12.0 27416 115429 379.6+113.9 453.9+91.3 11.8+2.7
rotundinoside C E# 37.1+6.6 31+16  235+188 399.6+145.8 503.3+118.3 12.8+24
T A 374145 37+14 1781138 516.0+147.5 610.0+210.4 144444
ilexside II E# 341457 28+11 3924653 324.3+60.7 387.3+733 12.3+27
T A 21337 25+10  20.3£9.0 309.4+90.0 355.74+91.7 16.0+4.3
KAFH E¥  361.8+9.8 15+04 154469 3159.1+778.8 3758.1+747.1 13.7+36
R 22324425~ 28+13"  17.6%70 2051.3+751.6* 2297.14+806.5" 13.3+28
HTAEHH E# 75.8+7.3 26+18 8.8+35 857.2+175.9 911.0+217.8 11.7£16
T A 52.7+10.9" 29+13  174+17T 469.7+191.4 563.24190.7" 16.8+17.4
EAHRH A E# 56.8+11.7 20+10 124448 435.8+122.5 510.3+136.0 105+2.4
R 306+£9.9" 2717 2394200 310.1+90.1 465.3+188.1 131459
MHSEH IVa E# 66.4+13.3 19+10  155+84 718.1+316.6 828.3+334.5 12.3+37
T 82.8+15.4 21409  10.3%69 676.5+137.9 728.2+164.5 10.0+18
HOB iR E#  3257.9+315.6 11403 1124101  29897.6+8815.6 38641.3122 798.0 8.8+11
BE 21738+452.7" 17+13 129438 24501.3+6 453.8° 28070.948 938.7 145+1.9™
rotundanonic acid £ 85.2+16.3 11404  201%16.0 1068.94365.9 1263.6401.7 16.6+2.7
fEA 37.7+£13.3" 12403  41.3%46.0 594.4+254.1* 937.7+294.7 189431
AHEA E# 152.4455.2 08+04 2324209 1413.6+551.7 2266.6+1165.8 13.74+5.2
e 109.8+46.6 18+03"  47.3+46.6 787.44+97.7* 1421.246175 14.9+4.7
SIERHALE: "P<0.05 ™P<0.01
"P<0.05 ™P<0.01vsnormal group
4 g M V2 -0.1% H R /K VA ) « AN TRV i+ (Waters

41 RUHREIERSTEE

AW FRHEE T EAHER ., FEUEEA. L
YUPE B VLA BRI 2R SR 10 AR e 3 L 5
o A5 RN R (R ST e () g, 45 SRR B [ A AR LI
iprik=a il 2 i YR IRV E S 3 SR E P L3 A
WA T F R B S G VTVE B V. 25 8 B[ FH AR L
PR BRI S, HAEREER S, Bk
SeERRE AL . FH B O UTTE R I AR AR
S AT i SR R (ED =W o =R o VAT
R ELT, FLAGER S 5 A B IR PEY AR X 11
ARSI A bR B 5 3 BTG, G A2 24 B0 2 A )
BR ., HER| OIERTFER A, &k DT
VE B FIVEAE AT FC ML IR S AR BE 732

A FHELE T AR (LHE-K. FEE-K
0.1% H R 2. JiE ¥ 1-0.1% R /K ¥ ¥« 0.1% FFF iR H

UPLC HSS T3 Cys f21ii #:(100 mm X 2.1 mm, 1.8 pm)
DL Waters UPLC BEH Cig 2134+ (100 mmXx 2.1
mm, 1.7 um). AFEEFRGE (0.3 0.4 mL/min)
X 11 AN R FH A AR 7 5 5 i SR PR 52, 45 SRR
% A 0.1% FH S 215 -0.1% Y E 7K VA W« Waters
UPLC BEH Cug 434 AR E N 0.4 mL/min i}
& B30 43 B R S e U, RS TR A i 1
F1 3 e TERUH BT [B] N IS B JE LR 40 5 . AR
FH A% S 7 B A A, SR B R R o) T
WAL T AR B S 25 . 10 AN BT IA e =,
HEA LR EA 1~3 A1, MR FH O Sk
R T8 B = R N P bR
42 AENFITASH

AHIEFE ) = E 25 25 2 R AR [E 2 )
2015 AFRRRCL BAR N H R B A A, 11
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Fig. 4 Mean plasma concentration-time curves of 11 analytes in normal and model groups (X +s,n=7)

AN 0 J 43 7 T % AR IR 28 2K BR K 49 B 1] s 14 i
WRE S TR BB A IR . 11 DR YE S5 b b
MECE AT LA N 5 25 o (9~11). BT (5.
7. BUFEF (2. 6. 8). —HEH (4). DUBEE (1.
3D W 4 FioR, 50 sy 1 I 29 FE - ] iif 2% 2
LT BRI G, HED AT R BT A O ER
/IN R W SIS P AN 283 0 M s 24 7] 2 oK 25 TR 2R
FEC T2, T 5 4K B BRI ig R s = S T
TR 1] (tax) N 0.8~1.1 hy BAWEEF I tmax A 1.5~
2.0 hy RUHEEFI tmax 9 1.9~2.6 he =FEEFA tmax N
2.8 h. VUBHEFI tmax N 3.1 0, BERTE W00 T H
TG I /NI R SON L ()3 8 B R AT, HLR T
BRI A H R 2 S R RS, S5 AR A I I
FRIE () IR H R FRERIR g R BEREY) (2.0 glkg)
JE 2 1) 6 MFEPERL 7 (1. 34 53 9~11) 1 tiax

G RIS A — 00, IEH AT 11 DA
VEHRFE (Crmax) FAZGIS HIZE FHIAR (AUCo-) 53
TEB = & B AL MG, (LEY 1~4.
6~8. 10. 11 fY] Crmax 1 AUCo+ 7351y 34.1~152.4
nmol/L. 324.3~1 413.6 nmol h/L, k&5 (KAE
A H) B Crmax A1 AUCo- 437 361.8 nmol/L Fil
3159.1 nmol h/L, &P 9 (R MNER) ) Crax
AUCo-+73 514 3 257.9 nmol/L 1 29 897.6 nmol /L.
AT A7 TR RO B R TE Je, — s HH 119 5 553 45053 )
N 22%. 18%, ZEHIAK, HKCL MR Cmax
AUCo- 73l R KA H I 9.0, 9.5 f5. HiHAHT
FUROB AR T ARS8, T RESE R R BRI
RN TCHE LS G IS I, KA A5 25 DA b D7 TR
D TR B = 2 R R 8 7 i R A 4
IR AL RO BRI, fE—E FERE BT
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