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Abstract: Objective Lappaconitine-self-micellizing solid dispersion sustained-release tablets (Lap-SMSD-SRT) was prepared, and
investigated its pharmacokinetics and toxicokinetics in vivo. Methods Lap-SMSD powder was prepared by solvent evaporation
method, and its basic physicochemical properties were also studied. The influence of hydroxypropyl methyl cellulose (HPMC) K4M
dosage, carboxymethyl starch sodium (CMS-Na) dosage and lactose dosage on the drug release behavior of Lap-SMSD-SRT were
investigated by single factor experiments. Composite score of cumulative release rate at 2, 6, 12 h was used as response value, Box-
Behnken design-response surface method (BBD-RSM) was employed to optimize formulation of Lap-SMSD-SRT. The release
behavior of lappaconitine hydrobromide tablets, lappaconitine tablets and Lap-SMSD-SRT were compared. Six beagle dogs were used
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to study the pharmacokinetic behavior by a three-period crossover trial, and the relative bioavailability of Lap-SMSD-SRT was
calculated. Three level of low, medium, high (0.75, 1.50, 2.25 mg/kg) dose groups of Lap-SMSD-SRT were set up, and compared the
plasma concentration of lappaconitine after the first and last administration with a 4-week dosing period and a 4-week recovery period.
Then the toxicokinetic parameters were calculated. The living condition of Beagle dogs was observed, and the hematology and
biochemical indexes were also examined. Results The dosage ratio of polyvinyl caprolactam-polyvinyl acetate-polyethylene glycol
graft co-polymer (Soluplus) to lappaconitine in Lap-SMSD powder was 5:1, and quickly became into micelles with particle size of
(29.44 £+ 2.01) nm when dispersed in water. Optimal formulation of Lap-SMSD-SRT: HPMC K4M dosage was 19.09%, CMS-Na
dosage was 15.59%, and lactose dosage was 22.63%. The cumulative release rate of Lap-SMSD-SRT at 2, 6, 12 h were 26.50%, 61.67%
and 93.67%, respectively. Pharmacokinetic results showed that the peak time (¢max) of Lap-SMSD-SRT was delayed to (6.20 + 1.61) h,
the half-life (#12) was prolonged to (9.13 + 2.64) h, the peak concentration (Cmax) Was enhanced to (123.94 + 46.77) ng/mL, and the
relative bioavailability was enhanced to 5.21-fold. No significant accumulation of lappaconitine was observed in Beagle dogs at each
dose of Lap-SMSD-SRT. There might be slight effect on the blood system and liver in the medium-dose and high-dose groups of Lap-
SMSD-SRT, but these symptoms disappeared during the 4-week recovery period. Conclusion The preparation process of Lap-SMSD-
SRT was reproducible, and the formulation exhibited obvious sustained-release characteristics, significantly enhanced the in vivo
absorption of lappaconitine, and showed good safety.

Key words: lappaconitine; self-micellizing solid dispersion; sustained-release tablets; Box-Behnken design-response surface method,

bioavailability; pharmacokinetics; toxicokinetics
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Fig.2 Effect of Soluplus and lappaconitine dosage ratio on
dissolution rate of Lap-SMSD (X + s, n =3)
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5 2 A7E Lap-SMSD ¥ K H i & 73 50N 16.50%.
2.4 Lap-SMSD B RAR
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Fig. 5 TEM picture of Lap-SMSD suspension
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AHNFE S DMRFERS & BT 25 ClHERIRG S+, 2
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Fig. 7 Study of different kinds of HPMC (X + s, n=3)
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Fig. 8 Study of HPMC K4M dosage (X £ s, n = 3)
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45.5mg/F, HPMC K4M FIFLHE FH &5 51 20%F1
20%, W MCC (MR HIE 0.4 g/b, DHlH%%
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Fig. 9 Study of CMS-Na dosage (X +s,n=3)
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Fig. 10 Study of lactose dosage (X = s, n = 3)
2.7 Box-Behnken 1%it-lg N H%E (Box-Behnken
design-response surface method, BBD-RSM) i1t
Lap-SMSD-SRT &:75
2.7.1 LR HPMCK4M A&, CMS-Na
JFH &AL B P B X6 Lap-SMSD-SRT 1 Lap-SMSD
EEEMEOR, #rmIfE N R X Xo X3, JF
DRIEE 3 KT (1. 0. +1), ZELE 1.

N T f# Lap-SMSD-SRT R 2 id Fik BIFR4L . F
FORAS, JEEL 3 AMFTA D250 (2 by B2
i (6h) FUBZIARM (1210 1 RAREIRE (Ouns
Oen F1 Q1an) 1ENFEH A, BARBEHER 7 5N 25%-
60%A1 100%. K Qons Qen A1 Quon Fe BN ELIFIH—
& C(overall desirability, OD) flft Lap-SMSD-SRT
AbT7, LAk BB 2 i B S AR T I A H Y
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#*1 BBD REKITS5ER
Table 1 Experiments design and results of BBD

FE X%  Xo/%  X3/% QOw% Qa/% Quw/% OD | F5 Xi/% Xo/% X3/% Ow/% QOe/% Qiw/% OD

1 20(0) 10(=1) 30(+1) 18.15 5596 87.13 23.77| 10 20 10 10 20.58 5593 88.01 2048
2 25(+1) 20(+1) 20(0) 2829 69.18 8848 24.01| 11 15 10 20 29.38 56.32 85.09 2297
3 20 15(0) 20 2243 6441 9586 11.12] 12 20 15 20  25.56 62.07 92.56 10.07
4 20 20 30 29.25 70.08 96.29 18.04| 13 20 15 20 22.89 5852 92.87 10.72
5 20 15 20 23.87 59.73 92.27 9.13| 14 25 15 30 2123 54.13 90.62 19.02
6 15(-1) 15 30 2931 6536 9251 17.16| 15 15 20 20  31.67 66.58 95.14 18.11
7 20 15 20 2566 6244 9136 11.74| 16 15 15 10 29.61 68.94 9449 19.06
8 25 15 10(=1) 18.11 5435 86.07 2647| 17 25 10 20 18.55 53.79 88.59 24.07
9 20 20 10 2990 71.07 9224 23.73

i RN R FE R RIS H MR R0, X
OD {HiIT5 7 B AE AR, kb7 ikt fE e B G
HPE, Bl OD=|0m—25%| X 100+ | Oen—60% | X
1004 100%— Q12| X 100, Lap-SMSD-SRT 4bJ5 K
AR5 R ILEE 1.

272 BRAWIE S5 Z 2 {FH Design Expert
B R 13.0.1) 5F X1+ Xov X3 A1 OD {EHE4T 40
A, BSIHCEEE, Bl OD=10.56+2.03 X;—0.92
Xo— 147 X34+ 1.20 XiXo—1.39 XiX3—2.25 XoXs+
533 X2+6.41 X22+4.54 X32, 1R R? (0.9782) Fl
Rag?* €0.950 2) KT 0.95, W SLab B AL &1
M. TESTE 2, OD HEHAN P<
0.000 1, I (P=0.2019) LEEME X, £
B EAWMEEEE X, HTHREENELR

MR, VLRGSR s BUE AT X
AEEZ N (P<0.05), 1M Xiv XX Xi X2
X2 AR R # i X (P<<0.01). WR3E FAE KNI,
HPMC K4M A& (X)) %t Lap-SMSD-SRT F¢ 417
NELMA K, T CMS-Na A& (X2) M 50
2.7.3 Lap-SMSD-SRT 4bJ5#fisE  OD fHilk/)N, {3
Lap-SMSD-SRT #2417 Jy 54 5E LAk H vn ik,
Wk OD (EARAL B AR B s /IME, AR SEBR s ie
fHi%$ OD BUHE X [A]4 5~30, {#H] Design Expert
A RAS 13.0.1) 224 XiXa XiXas XoX3 5 OD {8
FI=4El, ZRILE 1. BEE XX XX Bl XX
Hhn, OD {25 N5 K% . Lap-SMSD-SRT
R FEAL TN HPMC K4M FH & 19.09%, CMS-Na H
= 15.59%, AN E 22.63%, T Oy Oen F1 Q1on

®2 #BESH

Table 2 Analysis of variance

HE  HE HHE ¥y FE PIH iSES AZE BHE ¥y FiH PfH
R 513.41 9 57.05 3490 <0.0001 | Xi2 119.54 1 119.54  73.13  <€0.000 1
Xi 33.09 1 33.09 2024 0.0028 | X»? 172.77 1 17277 105.69  <<0.000 1
X 6.84 1 6.84  4.19 0.0800 | X32 86.91 1 86.91 53.17 0.000 2
X 17.26 1 1726  10.56 00141 | #%* 11.44 7 1.63

XX 5.76 1 5.76 3.52 0.1026 | RIE 7.43 3 2.48 2.47 0.2019
XX 7.70 1 770 471 0.066 6 | 4Rz 4.02 4 1.00

XX 20.16 1 20.16  12.33 0.0098 | Hi%%E  524.86 16

175 25 25 e
Xo/% 125 - 115 Xi/% X3/% 15

: 225 25 == 115
175 Xi/% X% 15 o 125 Xo/%

Bl 11 XiXa. XiXav X2Xa X OD HEI =4 [E]
Fig. 11 Three-dimensional plot of X1.X2, X1.X3, X2X3 on OD values



PED 2026£9H B57% B 178 Chinese Traditional and Herbal Drugs 2026 September Vol. 57 No. 17

* 6773

SPEH 8 OD HYHE R /IME Y 9.28.

2.7.4 Lap-SMSD-SRT LZIiF X R &M MR
“2.7.37 WRALJE AL TT 40, $EIR “2.1.27 TR J7iE
#il#% 3 ik Lap-SMSD-SRT, FZjHhZk WL 12, Lap-
SMSD-SRT [ Qo Qe A Oron W RFVBE ISR AEH
FEE, IEW] Lap-SMSD-SRT 4t 7 T2 B E M R 1T,
Lap-SMSD-SRT ] O~ QOen 1 Quon BHE 73 7 1
26.50%- 61.67%#1 93.67%, SFr OD {H N 9.50. LA
OD #it{E (9.28) NZH, 5k OD {EAHR 2N
—2.37%9, BLE “2.7.27 TR EEAETIG Lap-
SMSD-SRT 4b 75 W i #5 S (E =i

100
80 -
S
560
gp:ﬁ
4
=40
% - 14t
20 4 = 2t
- 34l
0 T T T T T T
0 2 4 6 8 10 12

t/h
12 3 #it Lap-SMSD-SRT {F5MNEZARRZ (X +5,n=3)
Fig. 12 Drug release profiles of three batch of Lap-SMSD-
SRT (X xs,n=3)

Lap-SMSD-SRT E[ftiE, % (HhEZjH)
2025 AERRVUES s E AR S N, A3 Lap-
SMSD-SRT i Z 54 (3.6810.40) %, Jil4K &
R (1.77£0.23) %, fHEEN (52.29+2.17) No L
BB 250, A isRe e s i A

Lap-SMSD-SRT B A G5 R N3 3,
G R r ML 1, REBEAIT N SRR E B
i, K Lap-SMSD-SRT £54 Higuchi f# (r=
0.982 6). K Ritger-Pepps HRHF 5T Lap-SMSD-
SRT B2y M|, L& R¥n N 07361, HT 045<

% 3 Lap-SMSD-SRT BHEBIN &L R
Table 3 Fitting results of release model for Lap-SMSD-SRT

LG E T r n
% M/M2=0.078 4 +0.104 6 09569 -
Higuchi  M/M.=0.2951¢2—0.0757 09826 -
—4 In(1—M/Mx)=-0.236 3 t+0.153 5 0.9693  —

Ritger-Pepps In(M/Mx)=0.736 1 Int—1.7976 ~ 0.987 6 0.736 1

M, R M550 ¢ Flooltt 1) BRBVREICR, M/M.. 9 ¢ BFIR] 5 R AR
BHCR.
M, and M., is accumulative drug-release at time ¢ and oo, M,/M,, is drug-

release rate at time .

n<0.89, #&/R Lap-SMSD-SRT J&iliid# #i 5
PRI R SRR T 254000,
28 ESHREREIMATIRAITALLR

W SRR, MAMSA%ER. HIRR
BRI E A, RIS S R,
T EIRER = S R AR Lap-SMSD-SRT, %
HR “2.57 BURN AT B2y Sege, BN
1.5%SDS, &S HE 3 B AT, 4
R 13, mYHFREEF 12 h REBHE
55.10%, SRR SR A Lap-SMSD-
SRT 7£ 12 h BB FHIYIE 95%, 1H Lap-SMSD-
SRT SERAT NBCN IR, T CASZILRRSE . 2218824,

A B T M 25K FE 3 5 .
100
80
s
W60 1
=
o
K404 ~ SRR
B 2 -= Lap-SMSD-SRT
- P REE A
0 T T T T T T
0 2 4 6 8 10 12

t/h
13 S5HEIMAFBRATAHLEER (X+s,1=3)
Fig. 13 Release behaviors comparison of three kinds of

lappaconitine tablets (X =+ s, n =3)

2.9 Lap-SMSD-SRT faE M5

¥ 555 3T 25 Lap-SMSD-SRT, & THIRIE
MR AE R IR R AE X B 2 i B o 35 C M
65%), T 1. 2. 3. 6 ™MHEUF, WE Lap-SMSD-
SRT 1] Qans Qe K1 Qron, 43 HITHE OD {H, ¥ill45
S5 503 5 R A AR 45 A L, B4R Lap-
SMSD-SRT HHigfe e oL . 458 WK 4, hE%
fFF Lap-SMSD-SRT ] Qanv Qen M1 Quon [ L VI
—{i OD f3/MF 10, UiHH Lap-SMSD-SRT fi /7
SEME R

# 4 Lap-SMSD-SRT B EMMRLER (X+s,n=3)
Table 4 Stability results of Lap-SMSD-SRT (X +s,n=3)

t'H O/% Oet/% O12n/% OD
0 26.50+1.33  61.67£298 93.67+2.91 9.50
1 24774+0.92 5891%£2.74 9280+3.17 8.52
2 25894+1.90 61.88+£3.05 93.22+3.58 9.55
3 26.43+2.00 62.04%£3.16 94.05+3.33 942
6 2590+1.77 63.01%£2.78 93.95+2.81 9.96
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2.10 Lap-SMSD-SRT Z5ZF R

2101 W57 B 6 R M@K Beagle K CHEMER
3D, MRS N 1. 3. 55, MRS N 2. 4.
6 5. ig FELLE S F RN 1.5 mgke, N3
ANSZEG AW, 55 1 IR 1. 2. 3 5 Beagle K ig 44
Ty HEMEF, X 4. 5. 6 5 Beagle K ig 44
T Lap-SMSD-SRT; i 2 A #X} 1. 2. 3 5 Beagle
R ig 45T Lap-SMSD-SRT, X} 4. 5. 6 ‘5 Beagle X
ig A TEARR S SRR B3I 1. 2,35
Beagle K ig 44 TAWRR S S HER, X 4. 5. 65
Beagle K ig 45 T 15 H &8 v o &35 T
1. 2. 3. 4. 5. 6. 8. 10. 12, 18h, ¥ Beagle X
VU B, 28k )5 T R kI Z) 1.5 mL 2= 541
BRI O Y, $84], 3500 r/min B0 5min (0
P42 6.8 cm), HUM A RIRAT -

2.10.2  MEFESBIALEE BRI VO g B R
A7 i R IR A1) AR VR BN 300 ng/mL, AE A bR
. B 1.5 mL BEFR OB E T & 08 H, 2amA
MARAE R 100 pL A1 FUARBRA I 100 pL, =€ 6
min, 6500 /min &> 5min GHL4E 6.8cm), B
HANAER, S5EFRFINA 1.5 mL BSR R, [
BEEE, BIFEERR CEE, 40 CIRFE T &AL T,
I 100 L ZHEEE, 7.

2.10.3 OGBS FEAFS ARy Waters BEH
Cis#E (50 mmX2.1 mm, 1.7 pm); 3~ 30 C;
HFEEN 5 pls WBENAHN L E-0.1% F R 7K I
(50 :50); AFRFEN 0.2 mL/min. A BT 5 5
TR (ESD fEf &SR Rill, HE-2 500 V,
AN 241.32kPa (35 psi), KR A 400 °C,
1515 H A2 PR B 4T 15 5060 53 ) 9 miz 585.6—
199.9 Fl m/z 722.5—~70.2.

2.10.4 IO IR VA VR LA S it th B 5 g
AT 3 H Beagle KATEF KM 6 mL, £&HT
BRSO T, BEA], 3500 t/min 2.0 S min (O
Fet2 6.8 cm), 1545 (MK . 8 F 2 1 ot 2 i) s
H R BRI N 4004 200, 100, 40, 20, 5ng/mL
MHFES, 2 BIEC 100 uL, %08 “2.10.27 T K J7ik
PR B M 20 B A, F5HR €2.10.37 T (il
SRAFEREI E , 05 i B F 2R P AR I T AR,
DB RRERE (0O SE§mALIE (1 1L
PERENE, 1S322 Y=0.004 1. X+0.1998,
r=0.996 8, ZERFIE L H R 5~400 ng/mL 17
1E RIFEIER R

2105 LEMEEE I Beagle REFAMEK. =5
H 0 4 24 18 h PR FE . R S R i
W 20 ng/mL MZRXFRE S, %8 “2.102”7 TUR
TR, $EHR “2.10.37 T T (i 44 4 B RE
JE, dsR kK, SRILE 14, SREPRLHER
A PG A L S M

A
B I gt
C A HE | B |
Il
0 3 6 9 0o 3 6 9
t/min t/min

14 ZAEME (A). MPHERZRE B). MEGBRZE
& (O) B UPLC-MS/MS &iZ[E
Fig. 14 UPLC-MS/MS chromatograms of blank plasma
(A), plasma sample solution (B) and plasma reference
solution (C)

2.10.6 FREPEESS FCHITEKREN 100 ng/mL
JREFEN, 4% “2.10.27 TUT J7 VA & ST AR S i
W, A TFHI%IE 00 3. 64 94 120 24h MIEES
R FIZ ARG A, 1HE E SRR,
L RSD 2 6.99%, 4 FFRBAFE S A AR B MR -

BUR BN 100 ng/mL FRIEFES, R URRD
6 U, F&IE “2.10.27 TUR J7iE3AE, 13200 SIE T
W w5 B2 PR AL T AR, T 5 R
B, H RSD AN 4.80%.

B &R E N 100 ng/mL [ FAEFE S, B T-20

CUKAEF, 28 FHEF 0. 30 7. 14, 21, 35 d B
FE, $3H8 “2.10.27 TR 7 iEERAVELS 2R Vs,
JE = S R AR T ARG A, (RS RN
W, H RSD A 7.23%.
2.10.7 FEEEHELE HUREIRE 55 400, 100,
5 ng/mL SRR, SEKEETFAT 3 7, 1%
“2.10.27 TR J i R IURE SOA L, DU E =
FRR PG, THESHRAERE, K
RSD 4374 3.26%-+ 6.89%F1 5.17%, 45 RFZ LA
HEEMRLT.

s S BN 100 ng/mL B EEAE S, 43T
AN TR B [ 1) 8 BSOREMIRE i, D ey 3 F 3R R
PEARBRIE TR, THEm S R R, L RSD A
5.73% (n=6), Z5HKAHEFEEE R I

B3 B B 100 ng/mL BB EEEE Sy, 4059
2 ANSEESHIN RTINS, 1SS S R R



) RSD N 6.06% (n=06), 533 0H1% 5200 FH 1%
R4t

2.10.8  FREUEIWCAR AN R N 5 HUm &Ik
9400 100+ 5 ng/mL =52 128 ML IR0 R i vl (%
ZPAARD, 10T L R P AR ().
HU2S (2% 100 ul, 08 “2.10.27 300K i ab# 5
INES R, A BTERE Y 400, 100, 5ng/mL
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200 1 —— HEHFEEER
PN - SRS EN
@ 150 - -=~ Lap-SMSD-SRT
&0
g
2100 -
®
%(::
=
0 T T T T T T T T
0 4 8 12 16

CER VAT, 10 3% 1 L Y 22 0 78 At i 0ég i A7
(b), PR =ab. SRER, FHEHEME
V8 AHH R B B RS 2 3 30l D9 103.17% 40 98.95%,
RSD 1H5/N T 7.0%, & IR E R USR5 15 -

BT &N 400, 100, 5 ng/mL 155 B &%t
SRV B 2 PR A0 » I v 5 R RN & TR 0
WY (e), FEFRRE =blc. 1% . FREWRE
e 5 HE 2 RA & At 1) 35 J53 R 43 3l 9 98.40% A1
102.03%, RSD {H341/N T 5.0%, 3B N 5
2.109 #ZiFhFaiR mYHERE . SRR
15 FH 2 A il Lap-SMSD-SRT (2455022 2k W1 15,
SKHH DAS 2.0 253/ 5 30 53 B ot % S B 20 0 0k 47
o, SRNE 5. SRS RTEAHE, SR
PR 15 5 3R iR IR (peak concentration, Cruax )~
0~¢ I Ia) L 24 94 - il 28 R [ A% Carea under the
curve, AUCo-¢) Fll 0~ ool [8] Ifil 2434 & - gl £ T T AR

t/h
15 S5HE3MAFING-FH% (X+s,n=6)
Fig. 15 Profiles of plasma concentration-time of three

kinds of lappaconitine tablets (X £ s, n=6)

(area under the curve, AUCo-») 375 1 5 3 4 i AR
(P<<0.01), TIIAUERSTE] (peak time, fmax)~ -3
(Chalf-life, t12)+ V3% B4 B 1H] (mean residence time,
MRTo-) JoiE AL, RUES HERRMAENFAT
RNRAET —E A, MAEMFHERSZE 3.65
%; Lap-SMSD-SRT M fmaxs 12+ Cmaxs MRTo—1

AUC- il AUCo- o3I M (P<0.01), H
ot ZEJGE (6.20£1.61) h, tip EKZE (9.13+
2.64) h, Crax¥I1ZE (123.94+46.77) ng/mL, Lap-
SMSD-SRT X AEMIFIHESR =2 5.21 £5, R
Lap-SMSD-SRT # K e 1 s 5 B R A 315447 A o

x5 SLSRRIMAFNEIEADNFSH (X£s,n=06)

Table 5 Main pharmacokinetic parameters of three kinds of lappaconitine tablets (X + s, # = 6)

Ffdn tmax/h Cmax/(ng-mL™") tin/h MRTo-/h  AUCo-/(ng-h-mL™") AUCo-»/(ng-h-mL™")
R 2974048 528441729 4.73+137 6.91+1.79 214.284+34.20 230.11£35.35
SURME SN 3.1520.66  187.38+26.19" 5.161+1.63 7.8942.14 781.94461.85 817.63168.72™

Lap-SMSD-SRT

6.20+1.61"* 123.944+46.77"* 9.134+2.64"* 12.564+3.25" 1 116.401+93.76""*

1207.73+£110.44™*

H5RgPREEA R "P<0.01; SERRHDS PRI "P<0.05 #P<0.01,
*P <0.01 vs lappaconitine tablets; “P < 0.05 **P <0.01 vs lappaconitine hydrobromide tablets.

5 B SRR = S & AL, Lap-SMSD-
SRT ] Crnax 22 35 M T P (P<<0.05), it B Lap-SMSD-
SRT A Bl T i) Ifn. 25 W& B2 3 Zh i@ FE . AUCo-~.
AUCo-o Z RN (P<<0.05), #8] Lap-SMSD-
SRT &M B8 BAR
2.11 Lap-SMSD-SRT Hzh¥ 5
2110 HATTEIEER 1S RAEFRME: Beagle
R () Al 15 REdE Beagle K (8), 330 A,
SRR L EFER (0.75. 1.50. 2.25 mg/kg) 41,
TR 10 H OMERES 5 HD . S0 & N AR 431
Tl E 2 2.5 mL, HAFZ) 2.0 mL fFEE
FHFRPUEE H, 3500 r/min 20 5 min (017

6.8 cm), HULiEHRA T ImAIEN . 55 0.5 mL &
T EDTA HiltE, 3 500 r/min 550 5 min (.03
£ 6.8 cm), B iR T 10 ARSI o SR8 UR it
K 8:00 FHAZ 1 IR, HELLAZ 4. . Kk
24 JE I “2.10.17 TS B 1) A i, - R s 5 He
I 5 P It 253 P, 245-Isf i 28 LI 16, BBl ESEUL
6. @I LIS AUC- fH T HT, RIK AUCo-
EI¥RTE X AUC- M8, A —EERMM. —
AN RARIR AUCo— S5 IR AUCo-. LUAE/NT 1.5 I
INTEH R E R, Lap-SMSD-SRT 1. 1. &7
B8 BRI T 258 113, 1.11. 1.20; Lap-SMSD-
SRT fik. . =iifll&E ¢ EREFE T4 518 1.05. 1.10.
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A ~o- & Lap-SMSD-SRT 0.75 mgkg™! B -~ & Lap-SMSD-SRT 0.75 mg'kg™!

180 o ~ 9LapSMSD-SRTO0.75mgkg’ 180 & 9 Lap-SMSD-SRT 0.75 mgkg”!
& I 4 Lap-SMSD-SRT 150 mgkg™! © 4 Lap-SMSD-SRT 1.50 mg'kg™
g ~+— £ Lap-SMSD-SRT 1.50 mgkg™! 'é ~+~ 2 Lap-SMSD-SRT 1.50 mg-kg™!
& 120 1 — & Lap-SMSD-SRT2.25mgkg™ & 120 1 : — & Lap-SMSD-SRT 2.25 mgkg ™
< i S . ! kel S g ' . Kol
b ¢ Lap-SMSD-SRT 2.25 mg-kg b : 9 Lap-SMSD-SRT 2.25 mg'kg
X601 R 604
=] =

0 T T T T T T 0 T T T T T T
0 3 6 9 12 15 18 0 3 6 9 12 15 18

t/h

t/h

16 & 1% Lap-SMSD-SRT EFIRHE XA (A) FKRLEZ (B) HA-ATHhZk (X+ts,n=5)
Fig. 16 Plasma concentration-time curve in 4 and € Lap-SMSD-SRT each dose group for first (A) and last (B)

administration (X +s,n=5)
6 3872 Lap-SMSD-SRT EFIEHBEHMFEH (X+s5,n=5)

Table 6 Toxicokinetics parameters of & and £ Lap-SMSD-SRT each dose group (X + s, n=15)

. RGP Rk

o Y

2H 5 - Cruax/ AUCo-/ Cruax/ AUCo-/
(mgkg I) tfmax/h tin/h tmax/h tin/h
(ng'mL™") (ng:hmL™) (ng'mL™") (ng:hmL™)

8 0.75 6.05+1.09 61.171+39.429.02+1.39 474.58+51.47 6.16:1.22 66.551+48.71 8.81+0.68 495.19+53.64
1.50  5.9240.79 116.091+56.93 8.89+1.50 1 174.601+98.73 6.171+1.02 129.94+66.26 9.43+1.27 1 206.54+110.18
225 5.9440.93 163.78 £75.60 8.92+0.96 1 581.71+196.24 5.98 +1.65 180.12£86.55 9.52+1.49 1 610.89 223.26

2 0.75  6.14%£091 61.90£57.298.61+1.18 488.60%£67.52 6.15£1.42 63.411£39.06 9.34+0.87 496.77+£75.68
1.50 5.83%1.13167.16%70.13 9.29+1.39 1 214.13£140.94 6.09£0.99 174.15+69.77 8.70+1.22 1 273.63 =188.46
225 6.181+1.48 174.35+80.99 8.93+2.05 1 663.75+254.61 6.20+1.57 187.47+67.01 9.43+1.44 1 702.68 +274.37

1.14, AfRL&SERABERE 7T 1.5, Fibli&Es
H SRR N JCBH 2 B AR )

2112 AARIREUEE KU E B LI 4
e 5AHMEL, Lap-SMSD-SRT 15 & 411K £
EANGOL B RERETLRSR; Lap-SMSD-
SRT F#IEAA 1 AHIRKHEN; mAEd 3 J
HER SN, 1 H IR, IR C
P, (5 4 BSR4, Hofh H AR IR
BSTLHERZ.

2113 MRS S AR E R AR E IR R A At
PRl e 45 R 7. 5SLIGHTAH L, Lap-SMSD-SRT
I 7 2 20 45 25 R A /AR i3 Cplatelet count,
PLT). ZI4HRiT%L (red blood cell count, RBC)
H M5 (white cell count, WBC) &AM 48553570
BEMER, Lap-SMSD-SRT Hisf| &AL 25K
1 RBC 5 & &M T (P<0.05); Lap-SMSD-SRT
mEEE . MErE S Z5 AR PLT M1 RBC ¥4 03
PETRFE (P<0.05). 4 RS WIS Lap-SMSD-SRT
i, SRR PLT M1 RBC BB IEH . 5525
AIAHEL, Lap-SMSD-SRT H 751 & M 14 4H 45 26 K HA R
KRR A% F5 1 (aspartate aminotransferase ,
AST) H & F M TFE (P<<0.05); Lap-SMSD-SRT &

FrIl M A 2H 25 2 R BT = IR = 2 #2 I (alanine
aminotransferase, ALT) I AST ¥H BEMEH 5
(P<<0.05). 4 JAKE 5 Lap-SMSD-SRT H1 =17
K ALT 1 AST 9K 5 IEH .
3 e

SR A B B R REZGAT N A
I FH B2 B Ak A AIMAE S M S M e K 00) . 22 ORI 3 e
PR B GPRIBRET . ARG S+,
AR IG I fif FED4-1Y, R A 7 BUARAE B WiE 5
RAENT IR, GrRiRa N 5 R A RE KRR
KR, ATRERem 23 AR . Sk
YRR BEAEER N B REOL, e PEfEEE .
AT IR 22 4V ) Soluplus APRHE Ry # A 4%
Lap-SMSD, ¥ AR imahi R, &6 il 55, Bk
WAREYE R, RITHERFZ AR DS), n] e
TEPEZISERE T R TR AT 7

HPMC K4M X} 73 Ji 40K, 387K 5 AT R
AN LER, YRR IA B — E B{A R HPMC
DT Z G R AEMTAER, s, HH
BRI B B IR 2 2 FE R OR, i HPMC K4M
BB X RBER)Z5T Lap-SMSD I BERUR,
%A Lap-SMSD-SRT F Z 520K 2% . CMS-Na &
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&7 6 Lap-SMSD-SRT &FIEAMBMIBIRRMAELIBITUELR (X+s5,n=5)
Table 7 Determination results of blood routine indices and blood biochemistry in & and ¢ Lap-SMSD-SRT each dose

group (Xt s,n=5)

M FE/(mgkg) BUFERE] PLT/(X1094L1) WBC/(X1090L1) RBC/A(X1024L71) ALT/U-L™)

AST/(U-L™)

8 0.75 SEGET 190.16 £62.12 11.14+2.88 8.55+1.12 25.44+6.16 36.9319.16
KIREY) 17527+79.26 12.81+5.21 8.14+0.99 26.92+7.28 35.87+8.44

1.50 SEGET 164.98 +86.17 13.04+3.36 8.69+1.26 23474599 30.65+10.21
RIRGY) 1371317458 14.78 +4.42 6.82+1.74" 25.54+7.74 33.0249.54

2.25 SEYGHT 191.54469.33 12.99+3.95 8.94+1.25 24.81+6.26 34.79+7.96
HKIREZG  149.81+£41.43 15.58+4.01 6.70+0.84" 31.36+5.84" 39.98+8.25"

? 0.75 SZEGHT 177.82486.94 13.64+4.28 8.54+1.36 27.02+7.11 30.38+4.62
KIREY)  172.69+70.24 14.17+3.39 8.06+1.04 27.894+9.02 32.11+5.77

1.50 SZYGHT 183.33463.77 13.23+4.15 8.78+1.63 26.08+8.16 29.64+8.19
KIKEZ)  165.07+95.60 15.94+5.06 7.44+0.99 28.13+7.20 36.15+8.07"

2.25 SEYGHT 170.04178.18 12.03+5.28 9.12+1.17 26.15+5.73 34.17+6.43
RIREEY] 143.89+35.05" 14.08+6.90 7.20+1.08 32.79+9.04" 40.46+11.28"

Heid et E: *P<0.05.

P < 0.05 vs pre-experimental value.

A B AR, T aikarh B SR K R
FIEM, K REIRTEIRK IR, e 2 i
WER, st =% IR, MM F#% Lap-SMSD
B 77, T CMS-Na #& Lap-SMSD-SRT F 24 i
FKiFAIF), CMS-Na H &% Lap-SMSD F 2455211t
K, WO%E N Lap-SMSD-SRT T E MR 2 . FL b
SRKMER L, E/K G #E, MR T HPMC
K4M T bt R = 05 B, I8 PR 2 LiEnY, F) 5
Lap-SMSD ¥ #(H 2, [ th & Lap-SMSD-SRT %
TR, Mk o U R 2

HAT, SRR eSS = im Kok HH
4 30mg/d, AR 60kg tHH, AARHM
IRFAVEHR 0.5 mg/kg. HRAEAS[F W) Fh 2 [0 R AR
ITHT L, FR45 6 SEBR 29K FE /KT, 240 € Beagle
R R R BN 1.5 mg/kg. M 3 AR X
WEGHAT T 285, 453 8K, Lap-SMSD-SRT
1) tmax KAERZEMIESS, XFEEE Lap-SMSD-SRT
5 2R S % . Lap-SMSD-SRT [ Conaxs
AUCo— f1 AUCo-f3EIM KIS, XTIHEZ Lap-
SMSD R FEAK 1 a2 F 0L FE G TR AN Vs iz
TR T BRI Lap-SMSD X i 5 F g 421k
TERYER, BT pH ME. HAEEER =N &S
R, FITI8En2aYmiE; Lap-SMSD #t
NIKARJE PTG IR A, 11T A4 T IR B v R
WS HL A0 7-18]; Lap-SMSD-SRT ] £1, Al MRTo- 3
BEMEK, GRTHYR S B AR

JEOL; Lap-SMSD 074 T = & H &R FIAFATE R, Al
ZHEARTCE L), ToE TR 2 B 25 5
Wi 2021, R TR 2 A A R F R L FEAVER R Lap-
SMSD-SRT R KR T 155 FHE AR i), 5 I
7 A AR IR 5 S H & F A B, Lap-SMSD-SRT ) t12
FIMRTo- 35 2 E 2B, X 7] §E /2 BT Lap-SMSD-
SRT H & K% BFF ST $l. Lap-SMSD-SRT 1)
AUCo-« Fl AUCo-F2 =il ET R, X[ ReRH T
Lap-SMSD fE/KH il AR AERT, SRR T
2Pk PIIIA2324; Lap-SMSD H Soluplus ] 41
P-H AR R VERS), B R Ry, Rl Lap-
SMSD-SRT R fEH = TERR S SHE . 5
SRR S R A HIEL, Lap-SMSD-SRT ) Cinax 3
Z1ERBE (P<<0.05), iPH Lap-SMSD-SRT A BT
TE AL SN L PRAIG = 5 FH R #1; Lap-SMISD-SRT
[ Conax 835 1M R (P<<0.05), A BT FEAG S H
FEHME. MRS R, & RS Tk
ife. k. B ERgSE0, mEE R IR
hhE SR, 3 5%F Lap-SMSD-SRT k. 1. &
(0.75. 1.50. 2.25mg/kg) FIEBAT T E AT,
KB ER IS . Lap-SMSD-SRT X H %
ARGt HMLTEE. FFNEThRESE AT RE I B — E R,
B G A febn 3 I IR, RS e 2 P
i, ASS2I N Lap-SMSD-SRT 224t iE #4152
50 H 1201,

25 b, AWFRIHIE T Lap-SMSD-SRT 47, #x
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P TT AT SEIFFEE . 2218, EeREZ]. Lap-SMSD-

SRT 44N T = % = I AEA . 82302 45 RAIE

] Lap-SMSD-SRT FEEUIN, I A A i3 — 2t

Foo FERME . ¥R EIREZA F AT Lap-

SMSD-SRT (1 30 mg/ i), FERF/IMA K il Az p= 4%

BTG, #E—F & Lap-SMSD-SRT W5 % K,

VM Lap-SMSD-SRT FiZh 4t 2%
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