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Identification of metabolites and pharmacokinetic study of rubusoside in rats
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Abstract: Objective To identify the metabolites and study the pharmacokinetic characteristics of rubusoside in rats. Methods SD
rats were ig rubusoside (125 mg/kg), metabolites in their urine, feces, bile and plasma collected at different time periods were
identified by ultra-high performance liquid chromatography-quadrupole time-of-flight mass spectrometry (UPLC-QTOF-MS/MS). A
UPLC-MS/MS method was developed and validated for determination of rubusoside in rat plasma. The pharmacokinetic
characteristics of rubusoside in rats were investigated. Results One prototype component and 58 metabolites were detected. The
main metabolic pathways of rubusoside were dehydrogenation, hydroxylation, deglucosylation, glucuronic acid conjugation,
sulfation, etc. Rubusoside was absorbed rapidly into the blood after intragastric administration. Maximum concentration (tmax) and
the half-life (tu2) of rubusoside were 0.12 h and 4.20 h, respectively. Meanwhile, the large apparent volume of distribution indicated
possible tissue distribution of rubusoside. Conclusion Rubusoside was absorbed fast and experienced extensive metabolism in vivo
in rats, which provide a reference for further investigation on therapeutic material basis of rubusoside.
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Fig. 1 Primary mass spectrum (A) and secondary mass spectrum (B) of rubusoside in negative mode
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Fig. 3 Total ion chromatograms or extracted ion chromatograms of urine (A), feces (B), bile (C) and plasma (D) samples of
rats after ig rubusoside
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Table 1 Identification of metabolites of rubusosie in vivo in rats
R fLa N iz [M—H] (;ﬁ’e) ta/min R () Ro% Bt
L0 CoHuOs  #EE 6413177 03 203 479.2663,317.2116 + + + +
L1-1  CypHeOw  HEE+HHEN 639.3019 05 203 479.2629,317.2122,477.2490,273.2234 + — + 4+
L1-2  CyHaOwm  HIZE+HEMK 639.301 4 1.2 217 4792631, 317.209 3, 477.247 3 + - 4+ 4+
21  CapHeOuw  HRELRAW 657.312 6 03 6.6  495.262 6,333.208 3, 317.213 4 + 4+ + 4+
122  CypHeOu  HMEE+REN 657.314 8 -30 93  495.2636,333.209 2, 317.214 8 + - + -
L3 CoHeOn  HRZ+AREMN 657.3120 1.2 204 629.2724,495.2531,333.2043, 3172119 + + + —
L4 CyHs01  FIRE RN 789.354 4 08 202 6413151, 627.3876,479.2639, 3172101 — + — —
151  CaHsiOw  BIREHHERERBRL 817.3474 31 147  655.3409,641.3172,479.2637,317.2134 — + 4+ —
152  CaHsOw AR E+EEEBRIL 817.3488 15 202 655.3493,641.3119,479.2630,317.2106 + + — +
L6-1  CaHaOs  BAE+HHE MRS 4792652 04 207  317.2135,273.2230 + + 4+ 0+
L62  CxHOs  FRE+LEEEREML 479.264.0 22 222 317.2133,273.2232 + 4+ - 4
L7l CyHeOwS A E BRI 7212157  -15 6.0 559.2232,317.2148 - - + -
L7-2  CyHeOwS i E BRI 72127161 -19 142 559.2214,317.2131 -+ + -
L8 CaHisO  FRE+MBEENL 637.285 7 13 208 479.2633,475.234 4, 317.212 2 + + - 4+
L9-1  CaMssOwm AR+ RN 787.3426 24 207 639.3142,479.2590,477.2967,317.2069 — + — +
192  CaHssOwm AR+ M RN 7873416 -29 213 630.3151,479.2631,477.2954, 3172093 + + + +
L10-1  CaxHssOw MR R+RENTHEERERRIL 8153284 73 75  653.2478,479.2610,477.2453,317.2108 + — + —
L10-2  CaxHsOw  MRR+HAMLHHERRERL 8153338  -06 200 653.3261,479.2850,477.296 7, 3172124 — + — 4+
L1l CxHaOuS  EIRE+REMHEREL 7372696  -0.1 46  719.2530,575.2158,495.2620,317.2067 — — + —
L11-2  CaHaOuS  HIRE BRI TRRREEL 7372707 -15 64  719.2536,575.2147,495.2616,317.2093 — — + —
L11-3  CxHaOuS  ERE+REMHEREL 73727110 -19 72 719.2528, 575214 9, 495.261 9, 317.207 4 - 4+ 4
L12  CyoHaOis  HIREHHENHIEIKIEE 6753266 4.8 123 513.2780,351.215 6, 333.205 9 - — + 4+
L13  CuHsiOw  EARHIREM R 8053509  -12 207 643.3214,4952605,467.2578,3172069 + + — +
L14  CxHsiOn  MRR+HHANLHEERRERL 8333451 -03 6.7  657.3130,643.1732 333.2031 - — + 4+
L15  CuMesOu AR HHEMLHHRRRMIL 9653901 -31 208 803.3617,479.264 0, 317.213 4 -+ + -
L16  CuHesOs SRR+ WEAHEERIL 9933778 43 202 787.3431,641.3151,479.2639,317.2101 — + + —
L17  CuMHeNOx HIFEHHAMERRI+HERE 8743669 5.2 205 6684845, 641.3179,479.2646, 3172119 + — +  +
L18-1 CxHxOs  MRZ+HLAARRELHHENL 4772496 -0.3 207  433.2935,317.2116 -+ + 4+
L18-2  CoHxOs  BAR+H AR REL  477.2484 21 255  4332901,317.2105 + + - -
L19-1  CxHxOs  FRE+LAARREL+HAEANL 4952595 1.0 6.6  467.1727,479.268 8, 333.206 9 -+ + 4+
L19-2  CxHxOs  FRZ+LAARRL+AANL 4952622 -4.6 130  467.1720,479.267 0, 333.205 8 - - + -
L20-1  CoxHOs  FRE+LEAHELRENL 4952627 -55 142 459.2050, 479.262 7, 333.206 6 - — 4+ 4+
L20-2  CoxHxOs  FRE+LMARRAL+EENL 4952593 1.2 201 459.206 1, 479.263 0, 333.207 4 + + 4+ o+
L2l CouHeNOy  EIRE+IHAREMLHHERE 5362856 17 210 479.2621,374.279°2,317.210 1 + - 4+ 4
L22  CauHuNOu  HER+LEERML+AEMIL  608.3074 03 200  446.2911,479.262 7,317.2105 + + - 4+
1231 CauHaOw  SRE+HEAARLLHEEL 6273027 -0.8 179 583.3143,479.2647,317.2126 + + + -
1232 CauHaOw  #RE+HEAARLLHEEL 6273030 -13 210 583.3474,479.2630,317.2116 + + - 4
L24  CoHaOu  EIZEE+HHHARIEL A% 6552960 17 206 611.3801,479.2688,317.2059,273.2234 + + + +
REERAL

L25  CxHuOuS #RZ+LMARHALHHERL 5592219 -0.1 209 5153069, 317.2119, 273.228 2 + + - =
L26  CxHnOs A%l 3172122 0.2 215 2732273, 255.196 7 + 4+ + 4+
127  CaHnO: R +HEHA 333.206 7 14 230 297.2317,317.2107, 255.233 7 + + + O+
128 CaHnOs  HEE+HFEMN 333.206 0 34 203 305.1929, 317.211 6, 255.232 2 - - - 4+
L29  CasHxOs  H%REHRAWL 465.245 7 8.0 202 421.3111,317.2116 + + + 4+
130  CxHyOo  AZHE+HEAERRL 493.245 1 -16 207 449.304 8,299.198 7 + - - 4
L31  CaHuNOs  #%EE+HAMMN 3742359 -58 219 356.2118,317.2093 - - 4+ -
L32  CaHxNOs %l + AR 446.256 9 -47 225 428204 6,317.210 7, 255.209 9 + + - -
L33 CuMzO:  EEE+HEN+HEEL 331.188 8 8.0 230 317.2093,313.1819,271.206 1, 269.1909 + + +  +
L34  CxHxsOs  %E RSN HHERRERL 4912315 58 230 4471973317211 + + - +
L35  CasHxOy %R +HEREM L 4812437 1.2 173 463.2416,333.2104, 317.212 2 -+ 4+ 4+
136  CxHxOw  MZEE+RELFAEE®RNE  500.2388 09 95  473.2842,491.228 8, 333.207 0 + - + 4+
L37  CuHaNOs  Ei%E+HREN+HHEARL 390.228 9 -0.8 208  354.276 6, 317.209 3, 255.209 9 + 4+ - -
L3  CuManOs  FEE+HENHIARKEE 3512167 30 220 289.2119,333.206 2, 317.211 4 + + - =
139  CauMyOw  FEE+HIFENHHRREERIL 5002379 25 217 481.2354, 465.248 5, 333.203 4 + + - -
L40  CasHxNOr  EEE+HIFEN+AERML 462.248 1 36 203 4442392,4343172,333.2074,317.2116 + + + —
L41  CaMesOw %R+ XA 613.284 1 40 221 569.296 5, 465.306 7, 299.199 6 - — 4+ 4+
L42  CxHuNOn  FEE+HEEML+AE R 594.292 0 0 209 4653235, 446.2917,317.2124 + + - -
143 CuHuNOn HBE-HHHHERRUAZRIE 6222870 -0.1 205 493246 2, 446,252 8, 317.210 8 + + - -
L44  CauHaN:Os  EFREEHUWHERIL 4312565 -31 208 4132210, 374.241 4, 255,209 9 + - - =
145  CaHaNoOo  #%EE+ AR 575.300 0 -45 201  557.317 3, 446.251 8, 317.2119 + - — 4

“7 oA A

3 =7 RARIGINE]

“+” means detected; “—" means not detected
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YE LO AR S R L1-1/L1-2 [HESr T 55 Ty miz
639 [M—H], % L0 /> 2, FeAmEA B miz 479,
317, 273, HEM LO &ML FIRERAE T A
Mo L2-1/1L2-2 L3 #E5T & FU% miz 657 [M—
H] #4% L0 £ 16, 7F=A#E ) &1 miz 495 [M—H—
CeH100s] + 333 [M—H—2CesH100s] . L3 2% Jiiiik
AR m/z 629, EK[M—H] &7/ 28 [C=0],
NI E CKEFF IR, B A sSHED 2 LO
() Cio 7 XVEEDS), L2-1/1L2-2 ToULHE S, HEM )y LO
PRI, FRIEAAL S HEN A BEAZ I —CH2. L4
DT EFIEM—H] N miz 789, # LO % 148
(CsHgOs), HEF BT miz 641, 627. 479. 317, #f
Iy LO 25 B L 1 ) — OH 5 FLRsA 45 4 B 34k
P, AR TGV E B A B SR . L5-1/L5-2
DT EFIEM—H] N miz 817, # LO % 176
(CeHgOs), HEM A LO HY %6 % bl 18 1R AL P= W o
L6-1/6-2 14> F 557Uk miz 479 [M—H]", 5 LO 4¢
TERE R — 50, NN L0 B R AR AL = .
L7-1/L7-2 #E5r F 3 Flk miz 721 [M—H], % L0 £
80, HEMIEH LO %7 hEE b2 5k R AR R IR R 1k )
MAFE]. L8~L25 KU =, Kot B[R]
FhER AN LA AR R N g ARl Hidr, L12
W T B T8 miz 675 [M—H] ™, # L3 % 18, k%
AR PR AR E BT m/z 513, 351, HEWI L12 v L3
(1] Cue D4 I £ e B R AR TF3A J B 1 30T
L17 F1 L21 BydEsr ¥ BT UM —H] 758 miz
874. 536, 73 7% L6 F1 L5 % 57, #EJy L6 [¥] Cis
f LS 4 B RS FR S - —COOH 5 H & RS
Sy [FEE, HEN 122 N L6 KA E IR ).

PR ZE{F . RHYHFOIM AL 5 tr 4 21.5 min
AL RGNS 126 #E7> T2 T80y m/z 317 [M—H],
H R AR S A B R T, M e
ST o AR S FO0 IR A SRR AR, HED L26 FH
LO 7E KRR KA EKMmEE, L27. L28
DT TIEY N miz 333 [M—H], B L26 £ T
16, 5 L12 f1 L13 251l L28 FETEM A L b P 30k
HERE A BT m/z 305 [M—H—CO]~, L27 TCILrEH,
M L27 A1 L28 4351 L26 M ER AL P~ AR E AL
FEAe21, 129, L30. L31 A L32 AL 155 11U
[M—H]%370% L26 £ 148. 176. 57. 129, R4
TSR, AENCR L26 1 Cas AR FLpEIE
PR T RS BR AL P2 . Cas D AR JE H & R AL AN
BRABATEY) . L33~145 H LA L FFREL 2 Fh 1A

AR R RS G i A3 2
33 HMBEREABREAMKEH~YERRLE

AT TR IR 2558 T WA FAE R BRI 1 Fh
JEAL, 20 Ff LKA 38 A 1 AHACHT A, Ho R
38 4>, ZE{H 38 AN, fHVT 37 AL I 35 . T AHAR
U IRDR R AN 8 VN N R S s Rk 7= Y e
AR LM R A A A P IR S & TR 1L
BRARE GHH AR H5. AR ARG M
KL EEA BZ ) —CH,w —OH. C=C K Hi%i b
5 M —OH. F A S M 32 B R AR AR REZ IR 1)L
AN—CHa, Cag o7 1008 & PR A AN I 2R Js 2K A2 1)
BLRT o WEAAN 1 ABARYT SR A I 5 Foh 45 6 s B
B TR a R B —OH  BURER K 5 1 TR
H—OH. BT s rE BA R, 2Rk
TGN € BARN . A4, BRI L4 55
JIT 45 G BB RS 3 HE DI TuiBE (CsHgOs), T R4
W OLII R AT R A S, (HORBERAE AL, WD
H R NR AR SSAE—OH L.

P S A ST AR, R R R BRI E L27
(Hi A+ b ™) F—E6%> Lo (JRAD. L26
(EZEE); F8F v =BG S L0, L26 il L27. JH
TR IR 1 AR & =K, DL LO FBRRES
ey (L7-1) . BEA+RREIML Y
(L11-2/L11-3). L26 M EMN+BER =) (L40)
RN, RASIE] TR Lo AT L26; It A
MIF] 7 L0\ L26 f& L26 [ 2 W R R A 7= 71 (L30)
B S+ AL (L33). 45 R IIRH A RAE K
B PN AR % BB LR BRI, 8 DI R AR i
A PR SRR (CEAMEREEA PR H it 4 BE,
HIooMB A . B, H AR L . IR AL A
BRI, VLI FE R H 4 R A PR B AR R T 1
B EAS AR RN DUE AL, oA oo
R I P A PR ESSEHEE, (H 3 ZHRR R
P,

34 FEFER

341 TEMRLE MK, A TR
FIPAAREI S IR 25 24 Ja K BRI 2R it 1 P AL
Bl 4. REZLFMT, SR RSAT IS
BB R, 2R R PIRTED R A 2 5 R4S 2
FPNFRRIE, 1Z7EL B R .

342 FrEHIZAVEER  ArdEhZ R Y=
1 408.4 X—14.873 (r?=0.996 6), EHFFERA
8.40~672.00 ng/mL Z&Mk R RAF, w =R MK
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-2 ARG -2 AR+ AR (168 ng/mL #2300 MAAR (2.08 ng/mL HEIRER) FEf IN-4525)5 30 min FYILRAE
I-blank plasma 1l-blank plasma spiked with 168 ng/mL rubusoside and 2.08 pg/mL glycyrrhetinic acid  111-plasma sample
4 MEE (A) FEHEXE (B) MEFEIZE
Fig.4 MRM ion chromatograms of rubusoside (A) and glycyrrhetic acid (B)

an H [A]RE 5 522 0.90%

343 FEEHEAMAMEMEZ Wk 2 Pin, SRERERAK
BE A H N AT H (RS 25 FE ) RSD 1 2.51%~
10.51%, #ERAEE N —1.78%~4.81%, F W71k
2 AL R AT

3.4.4 [FISCRFFEFAN. BN EREF, #HE
FAA IR AL AN A 88.63%~98.57%, RSD
7F 11.08%LLF; [AIUCH A 90.18%~95.41%, RSD
1 6.68%LL o RZZM T, HERJLFATHA
W, XA 288 R E ENR

R2 HEEREHRIOEA. BEHEEEMERE

Table 2 Intra- and inter- day precision and accuracy data of QC samples of rubusoside
FHA R IR HW (n=6) HIfl (n=18)
(ng-mL™Y) SEMMEN(ng mL™Y)  HERIE RE/% RS RSDI%  SEIE/(ng mLY) MR RE/%  FEE R RSDI%
25.20 25.954+2.73 2.96 10.51 26.4112.46 481 9.30
168.00 165.01+4.14 -1.78 2.51 175.96 +£14.30 474 8.13
587.40 612.711+18.31 4.20 2.99 607.101+48.37 3.24 7.97

345 FEMRLE 3 MKREREMNS T ERKE
12 h JGHERIFE N —5.87%~3.14%; T —20 CJx
HURRL 3 IRMHERIEE N —8.03% ~5.21%; T
—80 ‘CA7/ 20 d J&, HEREFE N 0.90%~3.34%, #*
BH IR St A e M R AT
35 HFRZREXRRAEANARFERR

2537 Wi N7k 2 )eBIMEAE T, FIRKE
D6 AT b AE i 2% R0 S 4% BE S . R A Phoenix
WinNonlin 8.1 243l 2 A v 57K BRI 3% H (1) 25 3))
BH, BRNE S, - LK 5. KR ig Al
#F% (125 mglkg) Ja, MR, IRIERTTE] (te) A
(0.12+0.08)h, iKIEHE (Crax) A (2 196.13+472.36)
ng/mL, VHFRFERER (t) N (4.20+£1.38) he [A)
B, RWASMHEFR, R R TR RA B
JE (R L 53 A

*3 KR igHFZRENANFSH (X+s,n=8)
Table 3 Pharmacokinetic parameters of rats after ig
rubusoside (x+s,n=8)

24 LA R
Fillkis mg kg 125.00
AUCo-t hng mL? 7 728.77+2 366.59
AUCo- h ng mL? 8 356.36 +2 357.92
MRTo h 5.59+1.36
MRTo h 6.87+1.10
tue h 420+1.38
tmax h 0.12+0.08
CLIF Lhlkgt 15.72+3.13
VIF L kgt 93.87+33.15
Cnex ng mL1 2196.13+472.36
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Fig. 5 Plasma concentration-time profiles of rats after ig
rubusoside (X +s,n=28)
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BT T ig SRR A KRR FEfE
B AR A A =, R ILE LIRS AE ESI
AR i W R o T S i WA P N v A
FAELAT AR =W . FEXTARE AL B 7 VAT 5 5%
I, R IR IR i 22 [AH 26 BN TAL 2 5
BEFES AT DABCORAR BE D e B4, FH QAR
FR B CUE 2 13 5T AT RAVE Bk PR M 2% JBO0T Al 2 R i 2
WEENE 4. ENE 2GRN, — BT
Bk T WD 7B FIEM—H] b, ErT A3 [M+
HCOO] NG &1

FABRAE R AR N E T 1T Z 5 VARAD 1 ARAR
W, DARE. BRI A
PERERR AL SN . AT A AT R S S
FARBI AN L] B FOHIHRIE . Koyama &5V 57 i
-2 $EEUY) ( 3 Z4 rebaudioside A. rebaudioside C.
FHAGTEIAE) B A I AE K B4 Y AR S RORE A4 P
WA S 2B, R I A B R i PRI TR
T DA 28 B 8 70 R SO Al B, B
iy T R R AR D oA RE BT /NI, Roberts
SRR P AR 7RISR, BRI
ORI E A I o B w R REIR A &, HIEE
FEDUF Y HEME, 3 WIAE 20 S A58 7 0 e R
BN SR BETIRETBCH JR AL . AWt #iRR R
5 EIRE LML, HEKER HRE REE gk L
JEAIAERST,  HEDI 2 H TR 2R A A o R AR iR
IREA . KRR IBORN 0 3 A B EH R R
JEAL, H ORI ST R AL, D BRI F)
AT PRI IR AL . O BRIE AN I A AL S 45 A A ™
Yy, HEMIZ L= M) E HE AT FT REA PRI K 455
HH], HRGHNIRBREEE. 556, HE R

A RLFEERAELERNE, Fe 3 B R,
ARHIEG H (7 ) BRI R 45 5 =) 2 BEAE ML B A
MR, HHZERART TSRS S, &
Geuns STl 38 1 44 AR 70 285 SR AR AL, HE
T A% AL R R N P2 A I R R IR 45 & PP = 42
BV HEM 2 B i, BN MG .

P RRY, TR R R R N BR g iR
IR, RMDAAERER, FRHTEAFERK
FEEE I AT, R AT HATE ig SRS R IR R
TSN SN N AN = SN 4 A 2b 2 i e
HIEH FFRNTETL . AN FAE K R H 3 ZEAG I
BB SRR, RGNS 32 BRI 2
AR oo E =, TR, 3
R, EHoME TR Y R,
{HHEEE KA R A Frilt— BT, B
TGRS B 25 2 AR A R AR T

2t b, AWFFEHF UPLC-Q-TOF-MS J7i2:% Ak
B ig ARSI PRI 2808 . IR S i et kAT
T, FRETE 1 AR B FN 58 BRI, ¥ R
JEZ 0 VAEFD AR SN . Bl AT ZTE KRR AR N RE
g B DUR IR, Z I EERURE A A
1o FREAL B BPEREA . M AP R A, &
IRIRERL S . AR R I AR HooE o
PR RIS AR, 3 MR AR e 3
. ARHFFCLE T HT UPLC-MS/MS Il & KR
MR AFERARRTTIE, FFLLZTTENIE R AR R
ERRARN 23 e, ROUEHAS K et i ik
WIS, D AS 2R A P e A FE AN 24 B F SR A
W, RHIFRF R R .
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