I ST REE S A R B R B S 25

shak, AR, AT, TR, RAME, TF, A4, XA VET (L E A2 R E BT A BT
B, 2R I R A IS L 5T T 9205, b3 100176 52, PUJI 36K HEZ M e 3 5 BRZS w), A176 DU Il 618400)

FE.BH ZinMcgdB XA PE2EREFGLHTEFREEZZ R ) KRE R EE- BB REHEF (liquid chroma-
tography-tandem mass spectrometry , LC-MS/MS) #i| 7 3% , A T LR A H £ 4h¥ Wistar K AT L EFTL T RREA AN ZARF a3k
FHRFREERNGBRERERERG A FRIE, FiE wRXHSRKAFTE-ZH (LD RFTERORELE, RS B KA
Waters ACQUITY UPLC HSS T3 &34 (2. 1 mm x 100 mm, 1.7 wm) , AA4RAR 44 0. 1% F 85 K% -0. 1% F 82 THE 7R AR
ABHEAT, Rk A 0.5 mL » min ™' #EAE S A 2wl SRR R A R 5 & T (ESL ) X Fe 5 E R Ml (MRM) 323 7 X, 2.8
mﬁﬂmﬁw%ﬁ 623.1/160. 9, Jeb A ds ) & 25 269. 0/158. 9, AAE W 47 ; 1L 58 269 LC-MS/MS ik ATl 3k ot ik ke &
225 4h ¥ Wistar K R AR Y . *U\Fk»\‘lﬁlﬁﬁ‘?%w/m%}g‘ﬁ‘é{?2‘3#]‘/5{}?@,«{: V- &t S FAH, B8R &%
T;Ef LC-MS/MS il & K Ko 3 P LEFAEH & B 0h 7 kI #AT T ik FI3E 27 X 7T/ 2 ~500 ng - mL ™" R EH N T L
BRBEHFLS T, Y Wistr KAZABRFTL TRETEFIRENEHRZES A, /30 ~750 mg - kg ™' W, 4R AL
HREZRERALAARETENMATHANERELRH A FHELY, Fi AL EA LC-MS/MS H RE 2675
ETRATRRAAREPRETEFRETLEERBHFREGMNE, FIARFZRTETEFREESB XK ANGERSD D
FHR .
KGR T IR BRI R A G- BRI A AR N F
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Toxokinetics Study of Rehmannia glutinosa Leaf Total Glycosides Capsules in Young Rats

YE Xiao', ZHENG Shuang', ZHANG Jianing', YU Min', HUANG Shujia', WANG Yu', XIAO Hua’,
LIU Yanhua®* , LIU Ying'* (1. Beijing Key Laboratory for Safety Evaluation of Drugs, Institute for Safety Evaluation, National
Institutes for Food and Drug Conirol, Beijing 100176, China; 2. Sichuan Medco Pharmaceutical Stock Co. , Lid. , Shifang 618400,
China)

ABSTRACT :OBJECTIVE To establish an LC-MS/MS method for determining the concentration of acteoside ( the main component
of Rehmannia glutinosa leaf total glycosides capsules) in the plasma of young rats and investigate the exposure levels and toxicokinetic
characteristics of acteoside following repeated oral gavage administration of different doses of Rehmannia glutinosa leaf total glycosides
capsules. METHODS Plasma samples were processed using protein precipitation with methanol-acetonitrile (1:1). Chromatographic
separation was performed on a Waters ACQUITY UPLC HSS T3 column (2.1 mm X 100 mm, 1.7 pum) , with mobile phase consisting
of 0. 1% formic acid in water and 0. 1% formic acid in acetonitrile, at a flow rate of 0. 5 mL + min~". The injection volume was 2 pL.

Mass spectrometry detection was carried out using electrospray ionization in negative mode ( ESI™') and multiple reaction monitoring
(MRM). The ion transitions monitored were 623. 1/160.9 for acteoside and 269.0/158.9 for genistein which served as the internal
standard. The established LC-MS/MS method was applied to analyze the plasma concentrations of acteoside in young Wistar rats after
the first and last administrations of Rehmannia glutinosa leaf total glycosides capsules during a toxicity study. Pharmacokinetic profiles
were constructed and kinetic parameters were calculated. RESULTS An LC-MS/MS method was developed and validated for the
accurate determination of acteoside in rat plasma within a concentration range of 2 =500 ng - mL~'. Young Wistar rats were repeatedly
gavaged with suspensions of Rehmannia glutinosa leaf total glycosides capsules for 8 weeks at dose levels ranging from 30 to
750 mg - kg™'. No accumulation of acteoside exposure was observed within this dose range, and the exposure did not exhibit linear
kinetics with increasing dose. CONCLUSION The developed LC-MS/MS method is applicable for measuring the concentration of
acteoside from Rehmannia glutinosa leaf total glycosides capsules in rat plasma and supports toxicokinetic studies in young rats.

KEY WORDS: Rehmannia glutinosa leaf total glycosides capsule; acteoside; LC-MS/MS; toxicokinetics
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B R T X SR 2 AR R BN W) M
( Rehmannia glutinosa Libosch. ) {4525 L
gt b, M e AR TR R LA B AN S T AR Y 2
RICAE g FH v 240 T8 44, 4 0 A= e 2 3 e
SRR o SR, M AR AR
AH) A IR AT AN T R BOR rA YT LB
PRI e W1 = FLA ML 1 2 14 A
T 3 1 H A T Pt R o B
by v S e A R B T b v b R IO AR £ T
SR T T K 0 B2y, e IR b 32 2 T AR A
BBk R INER B 4 45 B E R IR o
BRACMT ML EE A B R AR
PR G R AR A R i
PE TR YT B RIS ) J5 i R B T R4
AT PE R B

b B I S H SR BN ) 24 BRAE T AN A
CL3d i 22 T F 58 45 LAAIE 5207 sk, % F L
L, JUHIEH N 2y i L B B A0 0 Sl ) A (AN 4l i
KRB WYL A TEREE i AR WAH G HRE . #EAUh Ty
(toxicokinetics, TK) J2& 3 Il K 22 4 P4 PF- i 114 = 2B
FENEZ—, AT LA B 245 W) 7E sl ) 1A TN 4 B 2 o
70 AR I (] AR I R YRR B, O B0 25 W e N
PR TR BB AR KU o R, AR BIF S04 T i Hh
S A 2l R B TK WF5E, SR FHBRORH €23 -
FRIB IR ] (LC-MS/MS ) YA 5 Wistar 45 % K Bl
I3 b v et S e B 32 B A3 B AR vk
B, BRI B ST IS S Al % Bl A G R
Bt DU Ry st 2t S e BT LA AT Hh Y i
PSRN . HAh, R TR TK BFFE R RL 1%
AT SR ARG B ST A A 0 0 B 5 ik ) S A
R AR 238 RN 24 i BOR 2K [ B b 3R 25
(the International Council for Harmonization of Techni-
cal Requirements for Pharmaceuticals for Human Use,
ICH) &A1 i A M10 : A= 49 43 B7 J7 12 9 3E R FEAE
SRHE) Y (M10) B HLEEAT o

1 SEIe##
L1 % & 5EA

B LR R R R (5 R 111530-
201914 111704202104 , & & 5 :95. 2% 98.8% , h
FE a2y A E WTSERE) s L VB (5205108
222372 223948 | [ %4k , 35 E ThermoFisher /2 H]) 5
R (L= :207868 , B2 ) (HUdh MR (Hit 5 : WX-
BC7324V , /3 ¥ , 2 B Sigma 4y ] ) 5 8 4l /K ( Milli-

T E 2527 2025 45 3 H 55 60 B4 6

Q ZifbRGE A ) s B M B AN A (5
220601, 4348 2 ke, M S & & :37. 5% , U1 £
REELDIIBA A PR o
L2 P2

DY % T 5T 3 AL (B 45 Xevo TQ-XS, ZSpray
ESCIE 1, RS TAEH A MassLynx 4.2) 5
SORMT (2, ACQUITY UPLC I-Class PLUS) ( 2
Waters 23 1)) s Hr 2 —HFRKEHHE T 52—
HF K F (B 2. MSE2442S . MSA36S i fii
Sartorius 2~ &) ) ; 1 BE X ( & 5. Vortex-GENIE2
G560E, & [E| Scientific Industries 2 7)) 5 #8 2l /K [
(B 5. Milli-Q Advantage A10, 3£ [E Millipore
YNEIDIS
1.3 s2gezidy

Wistar B (3 J %, Ml ME 4% 2, (K i i & .
57.1~88.3 g I ffift @ :49.3~79.2 ¢) 480 H,
Je st i A R S S W B ARAT BRS m) SR At VR AT R
"5 : SCXK (1) 20210006, SZ55 4RI, 18 1 145
F¢ 7 d,f5F% T SPF gy i b, 46 77 BRI il B2 VT
Fl:20 ~26 C, Hid 2= Al 3 C, MR Z:
40% ~70% , B/ 2T 15 AR 12 h i1
I I] o ARSI 28 [ G 25 ) 2 4 M D O S 3 Sl ) 18
PRZE 51 2 HE (g5 : TACUC-2023-032)

2 KEHIE

2.1 ERHH &

2. 1.1 MR BTSRRI AT A R R
TS N 2 W08 B, A Sl KOS &, S RE SR LU
500 r - min ' (Y EEELEFE 10 min, BB N 2,10,
50 mg « mL ™" (HUEE T ) A M B
WA PITRZ WL

2,12 XRESMERIRI S BCERAERETT X R
i, K BFRE  IMARFR S50k 0. 1% HR-30% HH it
KW WS =, IR R, A9 B Wk R
1 mg - mL™ (5% B AK 4 e — 20 °C BRI 7T o
IR BR Ak AR 20T BE RS 28 FR o, In A R B
PRABME AR, 152N E R 1 mg - mL™" 1 AR fE &
o 2 ~8 CHEEIRAT

2,13 XPHRGH BB AE S AR A Ao
i 25 W B R A M X R R TGS R, AR R
SR 0. 1% W R-30% W EE K A 76 BT &R 90 7R
&, 15 %] 30.50.100,250,500,1 000,2 500 FiI
5000 ng - mL~" [ R FNbRHE TAER . [F)35 il 45 o
PERE S TVEW, 155 80 .2 000 14 000 ng » mL ™'
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4% TAE R -
2.1.4  bRUEMER SRR ST o0k A R
45 pL REZ FR A M, A LR ik B i B 4
PEREH RO TAEW S L, TR 5 2 min, 153 B7 &
WS 3 ~500 ng - mL ™S AE A IE AR AR
[F 2 1 4575 21 B LR 2 8,200 1400 ng - mL~' 1Y
JECAEAE i o
2.2 M
2.2.1  fi%jye: R Waters ACQUITY UPLC™
HSS T3 (4% 4% (2.1 mm x 100 mm, 1.7 pm), fii 6
0.2 wm7EZk i i 4% i S AH Phase A ZARFH I BN
0. 1% MK, Phase B AT 0. 1% IR LG
VWAL EBENL (0 ~ 1 min, 10%~30% B;1 ~3.5 min,
30% ~ 40% B; 3.5 ~ 4.5 min, 40% ~ 90% B;
4.5 ~4.6 min,90%~10%B;3.6 ~5.5 min, 10%~ 10%
B) s A 50 °C, RSN 4 °C SRR 2 pl,
2.2.2 JEiET7E mWESE R T B IR
(ESI™) , B FURREE 150 °C BB 0.5 kV i
VTSR 550 °C BRI IE# 1 000 L - h™' 4
FLAT 150 L - h™" Z546 K7 0.7 MPa Rl i<,
AP H 0. 15 mL - min ™'
2.3 s iiE

NS IR 45 2577 X — 3, #iE Wistar KB
KPHEE 212 S 25 8 A, R 1 I, 1%
B BT N A AT, B T A AR
(6 ~18 %) HY1& 1 B /N BR B 5 ik RHU T e oK H 5]
)15 mg - kg W ELZHE N 30 mg - kg
(54 ) ,150 mg « kg™ (hilHE) ,750 mg - kg™
(g 51 &), 24 O il R d K U0 50 B g 2, 10
150 %
2.4 FrawraE

WUMHAE A SO wL & T 10 L ARF 050k
0. 1% LI 1M B2 7K 35 W /9 EP 48 rp, i A - i
(1 1) R 150 pL( & NARY AR 50 ng - mL ™),
RHEPRYS 2 min, 13 200 r + min ' &0 15 min, B
W2 L R
2.5 FHEER
2.5.1  EEFEME e AR A H
Wistar K Bl L 5% 6 BT A 1 A 25 1 Ik o, 4% BR
“2. 47 TR Iy AR E AT R AT AL B, 5 3 A A
Fg8as LR BV I ) 000 2% 43 B 0 R P9 b £ B B
] Ab 2 A A AE T PR 435 [ 8 2w i

2.5.2 ZMXZMEE TR (lower limit of quanti-
tation, LLOQ)  Ht4% 2. 1. 37 T T il 2% i b o4 1l 4%
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RIVEEG 4% 2. 47 WUIEAT AL O BEAE 73, 10 5%
g R A . LAy A 5 P b 0 T AR Y LA
(M AERARTR, % 53 BT e B2 (X) 15 RS AL AR,
R /X IR S /S R 1 AT R 180, SR A [
F T
2.5.3  BREZON HEAE3 Dot E R ERR
(upper limit of quantification, ULOQ) #EAE J5 25 F IfiL
FAE ity P BB A A BRI T AR BT o it
LLOQ e i AR A A5, A5 4 5 B 2800 S o ik /b
FRHE
2.5.4  fEMEESRSEE BUET2 14T TURJ5Ik
i £ 1 7 R R AR rh R v B AR $%
“2. 47 WU J5 ik Ab BRI HEAE 3 A, BEATHE N S LA
OTERG B KSR 5, W PATH % 5 ke
it , AL NG B 5 B A A 2 D R A i
GBI 3 HERE A, T DR 2
2.5.5  JEERRON H6 NAN[EREIR YA B Wistar
BRI SN 1 A5 P8 0 A2 o ] P 5 R v ke 32
AR it , BB AT 3 (0, #5247 TR HEAT AL
BRI HERE I , R — 1 Ok PR KK 5T Y v 1 FAG
A~ NP S AE I0iEy A
2.5.6  RUEPEEE MILT2 147100 R 7k
ARG e 38 A0 o o 8 T P A o, B — MR 0P AT 3
By $72. 47 TALBRIEHERE 3BT , 5090 75 G20 il i Ak
PRCERBCE 1 h) FEmERREL( -70 C ~ %R 3 Kk
RPN ) e AL UG ( A ShEREA: 4 CTICE 24 h)
FII( =70 CHlcE 103 d) B2, TR TR
o BT IR B i 22
2.5.7 FBEREEME k2. LATIUF LM B
FENET Aiff 28 W 45 KT ULOQ # B JoT 428 A
( Dilution QC) , F Wistar K R4S ARG L3¢ 10 £5 0
100 f%#: & Dilution QC #¥ iy , 75 31| Jiz 5 ¥ B 24 500
150 ng « mL ™" [FR BE AT SEMERE &, AR B TS
FESCPATHECH] S ADFESD o THARR R AT SEPERE & 11
P HETf B ARG
2.5.8  HEFEEIIME HRARC2. 47 30T A 0 it
FERLAN S AN | b 0 e e B2 o P R A i A T B shgt
FEas 4 CHCE 24 h JREHTEERE, LEHT AR B o fs
RF vt P18 28 T R R Ak RS o EECRT A 1Y
AT
2.6 TK

TK LA ) SR 4 T S 56 4 101 b 1 B I 24
HA8 L4 OR IR 25 H (3L 2 ) 47, &
YRR YRR Il ) 02 4 25 i, 45 25 5 5,20,
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40 min\1\2 4.6.24 h,5 HHEMER S
BEIEZHT ZA24)5 20 min 1.4 24 h )&, 5 5 B
WEPEF S /\fﬁﬁﬁ%*%éﬁiﬁfﬁ 5.40 min 2 6 h &
), 2 ZH A R MMl B UK 45 2 I, DX 5l ) A
AN BT BER, R ARIR Y 0.2 mLs RIRG 2, 5
HAKZ 0.6 mL, REMAEE TH L "IN LR
B (EDTA-2k) HLEERIPLEEE b, BB SRR 5 LA
Prko MAERAESTH B OB E T ks [ s
WG, KRHE SRR ML), RIS 1 h PR PR A
PEATESLN(4 °C,4 000 r + min ™', 10 min) , 43 ES I .

VU KM 25 L (., ) BRI BRAH AR

A7 #E 5 4t (incurred sample reanalysis, ISR)
E%ﬁéﬁﬁé’] 10% ) TK K, 2270 67% M RE K
G AT SR I 23 B I A5 ) B R R 0 A A5 Y
TR 22 1] 118 22 S IOy A T 5 (L) +20% J LN .

SR I8 96 T1F P9 8 125 00 R 2 33 - AR 06K o 3 066
UPLC-MS/MS) J5 %} Wistar K FRLEAR & (19 B4
FEREH HEAT 54T , ARAFAN TR I ] 65 %) 2% 23 B 0 ok P
H% , % Phoenix WinNonlin ® 8.3 &4 (£ E) JE 5
BT AL BEAMGE T30 TS 2503 1 28,
BrAbPE S G S A GraphPad Prism 7.0 24 1L 3¢
24 e BE-If ] il £k S B A P 2 B+ BR e 22
(x£5) R0

RS %

3 SIGEER
3.1 RiEhEIEE

2. 27 TR X B HNZE R R IR A AT AR B R
% H%A%ﬁ:ﬂ?ﬁf SE T B T LA S
(R D).

R1 BRAEH RN RIE S K

Tab.1 Mass spectrum parameters of acetoside and internal
standards
Ton Quantification Cone Collision
Component
mode ion pair voltage/V energy/eV
Acetoside [M-H]~ 623.1—-160.9 68 36
Genistein [M-H] "~ 269.0—158.9 60 30

3.2 FREHFE

3.2.1 dEEEME BRI LR R4
1.50 min,7 4~(S1 ~ S7) b ¥k 0 36 £5 VAL 5 7 B AR
FEWETF O/ B8 B () Ak TR0 i i i AR 4/ F LLOQ &
BEAE M T 0 1 R 20% o P AR AR B B TE) 2 Oy
2.90 min, 7 NIEREVERE S AE AR OR B I [R] AL TP
P TR AR LLOQ PN A W4 T AR 5% , 127 1k 1 ik

HrE 227 4 2025 4F 3 45 60 5585 6 10

PR

I AR IS LI 1,

1 2 3 4 s
1.46 / min
C
- : S
1 2 4 5
1/ min
D 2.90
‘\
; I I
1 2 3 4 5
¢/ min

A -2 A B ~ FE T RREE A C - 25 R UM A 43 25 40 min J5 195
M D - AR (BERARR) o

A - blank plasma; B - 5 FFR (LLOQ) ; C — drug-containing plasma of young
rats 40 min after administration; D —IS( genistein).

Bl BREAMEH KA (IS) & Wistar A Foft 2 89K &
¥ % Km0 (MRM) €3 [

Fig.1 Representative MRM chromatograms of acetoside and

internal standard(IS) in Wistar rats plasma

3.2.2 friEthAnE ?IKE BB AL b v i
LAE 2 3 ~ 500 ng - mL~", byl [ 09 05 B2 R

Y=1.104X +0.236,r =0.999 1, H 4545 r 15

KF0.990 0, B LLOQ [y UHERSEAE +20% N, H
A 2R RE S B AR B S TE 85% ~ 115% , i3]
RS 2 v A A A T v B Y R N P G R
R
3.2.3  FRERUY 3 Atk ULOQ J5 25 | i
HHE it h B AR E I T AU T AR ULOQ B AR
1) 20% ,3 43 Hr#tt ULOQ FRAt 5 i 2S H IR AT: i
9 AR 08 A IR T LLOQ PN R W T AR
5% (%2),
3.2.4  MERREARSEE LLOQ A AL A (LA
HERA B2 A2 80% ~ 120% , A %5 B AH X A v fi 22
(RSD) <20% ;% .+ & 3 DMHREE QC FE Lty it
) VR P I 7E 85% ~115% N5 RSD ¥ <15% ,
HRAEHBE T AR et 2158 QC FERVRE (R 3)
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R2 ARMEERERT AT RTRENEER

Tab.2 Determination results of residues of acetoside in rat plasma and internal standard (IS)

Batches  Area of acetoside in blank sample after ULOQ Area of IS in blank sample after ULOQ 20% Area of verbascoside in LLOQ 5% Area of IS in LLOQ
1 - 146. 53 128.39 401. 19
2 4.55 188. 16 114.30 379.81
3 13.70 130. 47 106. 22 299.55

R ARAMEFERABFEALEREEER, v =5

Tab.3 Precision and accuracy of the assay of acetoside in rat plasma. x +s

p( Theoretical ) Intra-day(n =5) Inter-day(n =3)
/ng + mL~! p(Measured) /ng - mL ! Accuracy/ % RSD/% p(Measured ) /ng - mL ! Accuracy/ % RSD/ %
3 3.38 £0.29 112.61 8.53 3.26 £0.23 118. 69 7.07
8 8.01 £0. 16 101. 26 2.02 8.01 £0.51 100. 01 6.38
200 194. 58 +10. 69 97.29 5.49 194.28 +17.53 97. 14 9.02
400 383.26 +19. 81 95. 81 5.17 395.77 £29. 94 98.94 7.57

3.2.5  EERETAN 7 HEMRAE S R AER B AR RIS FRAALIE ( A S AEAR 4 COilE 24 h) Bl
88.27% ~106. 19% ,BIFEbrni R £ 15% LA, IR H. KIA( =70 ChikE 103 d) Foe M it i b B8 A
FIA B RIRRE R B BT AE B FEAE 2. 45% ~10.45% , M Ve B2 25 AN 8 2 A5 R W BE Y = 15% , 45
BWARKTF 15% , W34, W5,

T ARMEPEEARTETRLER, x5

Tab.4 Results of matrix effect of acetoside in rat plasma. x +s

RS ARMETERUBEFRTUELER. v s

Tab.5 Stability test of acetoside in rat plasma. x s

Theoretical Measured S
Batches p(Theoretical) p(Measured) Aceuracy RSD p(Theoretical ) p(Measured ) Accuracy  RSD
/ng » mL~! /ng - mL~1(n=3) /% /% Ttems .
/ng + mL~ /ng'm]f] /% /%
1 8 8.07 +0.59 100.91 7.28
20 388,80 423,04 9720 503 Room temperature 8 6.85+0.28 85.68 4.06
5 ¢ 7'77:0 '%0 97' o 3'86 (1h,n=3) 400 342,87 £1.97 8.72 197
400 406,82 +13.27 101.71 3.26 Freeze-thaw 3 cycles 8 7.10 0. 06 88.78 0.82
3 8 8.50 0. 41 106. 19 4.84 (-8 C,n=3) 400 386.29 +18. 65 96. 57 4.83
400 399.19 +19.35 99. 80 4.85 103 d(n=3) 8 7.75£0.15 96. 89 1.96
4 8 7.48 £0.78 93.52 10.45 400 389.04 +17.42 97.26 4.48
400 353.06 +19.28 88.27 5.46 Auto-sampler 8 9.02 +0.59 1278 6.51
5 8 7.48 £0.65 93.52 8.69 (4°C,28 h,n=5) 400 450.86+29.11 11271 6.46
400 354.78 +£29.09 88.69 8.20
6 8 8.30+0.52 103.76 6.23
382.49 +9. 3 . 7S, 3 = 7. 3 Sy =
40 82.4929.38 e 24 3.2.7  FREATEEME XS ULOQ RMBE B
7 8 7.45 +0.25 93.17 3.30
1 2%, 3 3 3 oy g SHe ol 22 e
400 391.52 +15. 64 97.88 3.99 nnm%}ﬁjﬁﬁ*‘% 10 /f%%ﬂ 100 F:l':}a%;wmﬁﬁﬂuﬂign
Vi . > ez 3
SR R LS A £ 15% Z 4 A S WK T
B
3.2.6 EMEHRER REUMEAE AT 15% AR, F WY I R IRAE 5 A 52 0 A J32

(%?ﬁlﬁﬁlﬁl h) FEARREC -70 °C ~ 530 3 YORRE AR, LR 6.

R6 ARMEPERUBEHFRBETELELER, n=52+s

Tab. 6 Dilution integrity of acetoside in rat plasma. n=5,x £s

Dilution Factor p(Nominal ) /ng - mL ~! p(Measured ) /ng - mL ! p(Calculated) /ng + mL ~! Accuracy/ % RSD/%
10 5 000 486. 26 +20. 23 4 862. 62 +£202. 27 -2.75 4.16
100 5 000 46.32 £2.40 4 632. 14 £239. 60 -7.36 5.17
3.3 TK 4% FEILE 10 FLEI1,30 150 750 mg - kg™ 3 A
4% Wistar KB, MERERSF , 70 P 2H S B R IfiL L E R TK MM FIHE R 2 0% K P 24 1l 25
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JE-If T 2R LI 20 DA 3 AFR) 2 B Rl
WAL 24 8 JH R4 R B N R AE AT 5 ol
LI E 4 2 )5 s B e e b £ 280 B
BRAERHTAEZR 255 S min ~ 1 h A I 24 e 2 R A 22 0
{H, ZJ5 TR ER s 78 MAAE B IR G 25 )5 1 h s Al
THBRZE R T3 ng - mL ™ AR, KRG 255 34
AMATE2 b5 R ER 2 B T REACT ;3 SRR A
P2 S50 R S AR AT O . A, SR X B
ITK SRR TK BARK N 2 B RS

1 000 — First TK

100 — f

-@ 30 mgkg’
4 150 mgkg!
-k 750 mg-kg!

p/ng-mL"!

hi

1 T T T T T T T T T 1
0.083 033 0.67 1 2 345 6 72 24
1/ mi

min

X 0, BRI R BR AR H A 3 10% 119 TK A 2k
17 T F58T,83. 33 % I 284 i 1) 52 DA -5 00 A 1
2 SEAEWE Y £ 20% 36 BN, 3683 i 827 19 )y
0 TR I 12K

IR RGN B, /3 i & R N
[P 1) 03 DR By i 24 2 TSR 804, DA A (B AT
JE P BALG A2 R IR TK FRIERF R B
FEMRETT 3 700 2 P 4 K BRI 40 O By o
INEIPIE S 8 /e

1000 Last TK @ 30 mgkg'
4 150 mg kg
- 750 mg-kg'!
100
a
E_ ~A
g
=
Q
10
I T T T T T T T T T 1
0.083 0.33  0.67 1 2 345 672 24
1/ min

B2 Wistar h i KR O MM E TR FREFANEREEFMARE-H &, n=5,x%s

Fig.2 Plasma concentration-time curve of acetoside in young Wistar rats after oral administration of Rehmannia glutinosa leaf total

glycosides capsules. n=5,x £

RT ERUBFERIANFSH, n=5

Tab.7 Toxicokinetic parameters of acetoside. n =5

p/mg - mL~! t T~ Pumay/0g * mL ! AUCgo4 /h * ng - mL~! AUC(_,/h * ng - mL~! MRT,_,/h
30 First 0.33 18.31 134.53 350. 39 73.82
Last 1 35.37 195.24 345.28 41.39
150 First 1 69. 47 261.51 372.37 11.73
Last 0. 083 63.22 211.41 353.51 23.98
750 First 0. 083 270. 14 590. 62 722.15 3.50
Last 0. 083 486. 92 897.17 950. 03 8.13

T :MRT - P393 i ]

Note: MRT — mean residence time.

AR 12 30 mg - mL ™ MR R IR S 45
258 JAl , RIREG 25 Ja RN (LLBEAERHTT) 1Y poe
TEH KLY p o B 1. 93 A5, ML 259 - ] il 21 i
*R( AUC0724 h ) %ﬁﬁ'\gﬁ\% AUC0724 h E/‘J 1.45 1'%; EP?I(IJ
B 150 mg - mL™" 3 S AR K 4 24 I
N CLABEAERETIT) 1 e IKE 2 p,,., 19 0. 91
5, AUC 5 o2& IR A 2 AUC,,, , 1Y 0. 81 4% 5 i 511
41750 me - mlL " H BE 2B HE A V44 24 I R Y
(DLBEAER T B pu o B IRE 2 p,,., B9 1. 80
7, AUC 5 JE T IRA 2 AUC ., 9 1. 52 15, Horr,
AR e 2HL 0 R 0 B B AR e T AUC o, 1 22

T E 2527 2025 45 3 H 55 60 B4 6

B2, AT e N O P2 3h i) 3 s oK ot v O X
TSR] Y 22 5, DT 3 0T L 24 e R A4 5 B
T SR SPSS ML AEAS ¢« K 50 L AR A2 45 2
8 JH HiTJa PR N AR R e AT AEZE 57, SR s P {H
RF I FHE 0. 05, W AR 25 )5 1) B A5 1L
HA N REE R TGI8 R DO, PRy 3
B JREE 9 2 WU AE SR 30 ~ 750 mg - kg A, 4
WRBIELEHE R 457 8 A, RN B no 2
FELERUL

4 Wistar B 45 T 0 B SO IR N A W)
3 AR Z L 525, BIRG 2R 3 Al
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2L P B IR P AR (LB AR
P Z HETE 103,80 1407 R A 0] 52 (380
A8 NI A LRI 5 RS 25 ) 3 ARl ALk
PR3t T I B N A W (DL B AR AR D)
AUC o Z AL 192404 [l A 3% BH Bl 25 59) it 119
SN, AUC oy HISEIN A AL o AR K A 2 )5
3 A5 2 B R N ) (LB AE B
H) pow Z HE 10 1. 82 138, W il 25 45 25 W 5 Y
B R 0 A 2 A e, ARG 2 [R] Y 22 AR
/IN5 3 AR 2 T R I N A (LB AR AE
BEH ) AUC o0 Z HERE 10 1. 1040 6, R I w5 i 4
SAGHEAZ ] AUC,,, M ZHEER B )EH
Bz I ERZERATE H, Wistar KR4 T 3 4
ol At I T IR A A (LB SR AR )
B4 0. 1 AUC g, 38 I LU ARG T 50 52 384 00 EE 4515
HLBEE T A S, p o T AUC o, 1938 T 52 AR
LPERR I HATEE R0, w45 K
2 Z (8 B35 8l 2 25005 A BT o X 7R
BRI (AR BEAE RT3 ) mREA7 AEAR itk
2y Bl R AL, R ) e A v R P e A 4
EZ7 0K IRV S

4 iF it

ABFFEKYE ICH KA 1y M10 45 5 U0, 7
T — 3T LC-MS/MS A I 7 K Bl 3¢ B 8%
FEREE A= o W7 ik TEor ik snd i, &k
I B AL B A 7 R ik 19 P BB o R B A S STk
R, B AL D L5 5 A R S LU
BB e, PR AE R = pH RDE SR E T R 5
R SAARRE R o DR, 7 S B AR ORI T —
ZR PR it W O T S AE T IR E T, R AT il AL
B AR S I AR B0 1% BT I R LA B 1k H
SEACRE AR, I8 7 U5 2 S e By BO B 5 58 T %
JRCE 1.2 R4 h (RS E 1R L 22 IR R Rl B 85 AE
BEH UG PERTEAE R o e oh, 7E NS TK A bl
P et , R W4 21 A TK A AS 57 RIVHCE T 5 0K
Hh, PR 5 R A 1 73 B A AT

TK BTS2 53 s, 8 T 5 0 119 3 2
Iy AE R, 75 4 e R B A T B 2
B, i 5 3CHR [ 26 ] R A IE 19 B S5 AL R T LR 4
25 R B PN A T R R AR AL o T 3 B I B
JER S 1) S BN 23 B S A AR 4 R R Y TK
P10 RBH — € B AR AR R Ak, B BE 2 55 A A
T 5P T AUC 5, 18738 T EE 9] 46 500 5 56 i 1) EE
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Bl AR L PE LR A] BERAE R T, e
T T F B 35 P A s B AR A, S OB O R
R R RE R TR A R0, B SIS L8y
(AT 2R 40 ] e 23 3K B4R FR 2, AT 52 Wi 24 ) 114
AR AR . AN AR IR GG 25, p e F AUC o4, Y
AL T G 25 B P A [ (BB Y
S, XSO I BEAT S s Y A A E AR, B R
AL LGUCR G, 2590 1) B B R OF R I3 R A
X2 BT T4 T B BT R A L R
45 BRI R P A B . BRI e 4
e R BRI N 1 AR R AP 24 Bl = R P, A R SR LT
JUEE R I 0 3 5 24 0 1) 790 S R R O A i S
FERH 22 Ff sl W) A58 T R AT FURR IR 5T, LA 4
PR 5 ) D 2 Bl 2 22 S, o R B ST R T
VAR T LE 8

REFERENCES

[ 1] Beijing Municipal Health Bureau. Beijing standards for Chinese
herbal medicines [ M]. Beijing: Capital Normal University Press,
1998 313.

[2] TIANM P, DU Q, XIE X L, et al. Advances in the resource
chemistry of Rehmannia [ J]. J Anhui Agric Sci ( % #ARM FE
%), 2021, 49(9) : 22.

[ 3] MENGS, ZHANG D, WU S J, et al. Food therapy with Chinese
herbs( P ZGE YT H:) [M]. Beijing: China Commer Press,
1992 529.

[ 47 PANG J. Study on Active ingredients and quality control of Reh-
mannia leaf [ D]. Jinzhong: Shanxi University of Traditional
Chinese Medicine, 2019.

[5] XUJC, GAOM B, WANG T, et al. Determination of catalpol
content in Rehmannia leaf, fresh Rehmannia, and prepared Reh-
mannia by HPLC [ J]. Guangzhou Chem Ind (]~ M4k L),
2015, 43(12) ; 104.

[6] LIJH, LIJ, WANG J M, et al. Research progress on chemical
constituents and pharmacological effects of Rehmannia leaf [ ]J].
Chin J Gerontol ( W [EZZ4E2¢2%3) , 2016, 36(19) : 4926.

[7] DAIX, SUS, CAI H, et al. Protective effects of total glycoside
from Rehmannia glutinosa leaves on diabetic nephropathy rats via
regulating the metabolic profiling and modulating the TGF-be-
taland Wnt/beta-Catenin signaling pathway[ J]. Front Pharma-
col, 2018, 9. 1012. DOI. 10. 3389/fphar. 2018. 01012.

[8] XUZ, DAIX X, ZHANG Q Y, et al. Protective effects and
mechanisms of Rehmannia glutinosa leaves total glycosideon
early kidney injury in db/db mice[ J]. Biomed Pharmacoth-
er, 2020, 125. 109926. DOI. 10. 1016/j. biopha.
2020. 109926.

[9] OHTA T, INOHA M, KAWAHARA C, et al. Angiotensin I-
Converting enzyme-inhibitory activity and phytochemical profile of
constituents of the leaves of Rehmannia glutinosa f. hueichingen-
sis[ J]. Chem Pharm Bull, 2023, 71 (7). 508. DOI: 10.
1248/ cpb. ¢22-00524.

[10] TIAN M, LI C, AHMADD N, et al. Alternative strategy for puri-

fication of acteoside with hypoglycemic activity from Rehmannia

2257 2025 4 3 55 60 55 6



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

glutinosa Libosch. leaves: Preparation of ZIF-8 D110 resin and
its application[ J]. Ind Crop Prod, 2023, 193 116193. DOI.
10. 1016/]. INDCROP. 2022. 116193.

PAN L P. Efficacy analysis of total glycosides of Rehmania leaf in
patients with chronic glomerulonephritis [ J]. J Med Inf( 5215
B, 2013, 26(30) : 160.

ZHONG W X. Efficacy observation of Rehmania leaf total glyco-
side capsules in the treatment of proteinuria in stages 1 and 2 of
chronic kidney disease [ J]. Heilongjiang J Tradit Chin Med(
AT HIEZY) , 2017, 46(1) : 64.

FAN J X. Efficacy analysis of Rehmania leaf total glycoside in
chronic nephritis [ J]. Chin J Mod Drug Appl ( #p [E B4R 254 i
), 2016, 10(16) : 275.

TIAN M F. Study on the extraction, separation, and hypoglyce-
mic activity of veronicoside from Rehmania leaf [ D]. Harbin:
Northeast Forestry University, 2022.

ZHANG Y, SHEN J, MA X, et al. Anti-infammatory and antiox-
idant activities of acteoside isolated from Acanthus ilicifolius var.
xiamenensis[ J]. Appl Biol Chem, 2022, 65(1); 1-12.

KHAN R A, HOSSAIN R, ROY P, et al. Anticancer effects of
acteoside; mechanistic insights and therapeutic status[ J]. Eur J
Pharmacol, 2022, 916: 174699. DOI. 10. 1016/]. ejphar.
2021. 174699.

WEI W, LU M, LAN X, et al. Neuroprotective effect of verbas-
coside on hypoxic-ischemic brain damage in neonatal rat[ J].
Neurosci Lett , 2019, 711; 134415. DOI; 10. 1016/j. neulet.
2019. 134415.

GAO W, ZHOU Y, LI C, et al. Studies on the metabolism and
mechanism of acteoside in treating chronic glomerulonephritis

[J]. J Ethnopharmacol, 2023, 302 115866. DOI. 10. 1016/

T

SAAkK 2025 43 A4 60 47 6 ]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

J. jep. 2022. 115866.
HAYASHI K, NAGAMATSU T, ITO M, et al. Acetoside, a compo-
nent of Stachys sieboldii MIQ, may be a promising antinephritica-
gent; effect of acteoside on crescentic-type anti-GBM nephritis in
rats[J]. Jpn J Pharmacol, 1994, 65(2) ; 143-151.
SHEN X, LI D F, ZONG G Z, et al. Study on the effect of total
glycosides of Rehmania leaf on rabbit IgG accelerated rat nephro-
toxic serum nephritis [ J]. Chin J Exp Tradit Med Form ( " [E 5
B JiZkE) , 2010, 16(8) ; 179-181.
SHEN X, LI D F, ZONG G Z, et al. Study on the effect of total
glycosides of Rehmania leaf on rat C-BSA nephritis [ J]. Chin J
Exp Tradit Med Form ( ¥ [E 5256 777724 247 ) , 2010, 16(13) .
167-169.
DAI X X. Evaluation of Rehmania leaf resources and chemistry
and the improvement effect and mechanism of its total glycosides
on diabetic renal injury [ D]. Nanjing: Nanjing University of
Chinese Medicine, 2018.
GU L Q, CHEN L F, XU X Z, et al. Toxicokinetics in preclini-
cal safety evaluation studies [ J]. J Toxicol (T FE~Z435),
2018, 32(4): 332-335.
ICH, Bioanalytical method validation and study sample analysis
M10[S]. 2022, 1-49.
ZHOU F, ZHAO Y, LI M, et al. Degradation of phenylethanoid
glycosides in Osmanthus fragrans Lour. flowers and its effect on
anti-hypoxia activity [ J ]. Sei Rep-UK, 2017, 7 (1) :10068.
DOI: 10.1038/s41598-017-10411-0.
HUANG J Y. Distribution in rats and in vitro and in vivo metabo-
lism study of veronicoside [ D]. Nanchang: Nanchang Universi-
ty, 2016.

(i H 391:2024-08-12)

£ 619 -

Chin Pharm J, 2025 March, Vol. 60 No. 6



