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Preparation of sinomenine hydrochloride nanoparticle thermosensitive gel
for intra-articular injection and its characteristic investigation
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Abstract: Objective To prepare the solid lipid nanoparticle (SLN) thermosensitive gel of sinomenine hydrochloride (SH) for
intra-articular injection and to investigate its in vitro drug release behavior. Methods Poloxamer 407 (P-407) and Poloxamer 188
(P-188) were used as gel matrix to prepare the gel, and the gelatinization temperature was applied as a target to optimize the
prescription. The SH-SLN was prepared based on the microemulsion technique, and the gel system containing SH-SLN was obtained
by cold-dissolving methods. The content of SH was determined by HPLC, in vitro release characteristics of SH-SLN thermosensitive
gel were investigated by dialysis method. Results The optimal gel prescription was finally confirmed as 18% P-407, 5% P-188, and
0.6% HPMC. The gelatination temperature for SH-SLN thermosensitive gel was (34.5 £+ 0.2) ‘C, and the in vitro accumulated release
rates of SH in the SLN thermosensitive gel system were (57.79 £ 0.36)% after 24 h and (75.16 + 0.12)% after 48 h. Conclusion The
SH-SLN thermosensitive gel has the temperature sensitivity and obvious sustained-release effect. The combination of nanoparticle
thermosensitive gel will be used as a new drug delivery for intra-articular injection.
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ST DB A Bk . AR R Bt
(thermosensitive gel) & —FiFi B IR 25 R 48,
FEARHMR . AR BESAE R LA TE AT AE, A5
JEE 325 21 1 5 e Wi Ceritical micelle temperature
CMT) H.fh % RO R i o7 B U 5 otk R ik 21 571
W E (critical micelle concentration, CMC) H/,
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2.1 EEREBRWENEAEREL

201 ik ikl Shim-pack VP-ODS
Cig k(150 mmX4.6 mm, 5 um), ¥iahAH A -
K- f% (55 :45:0.5), ABUAE 0.5 mL/min,
R 262 nm, FEif 30 °C, MEFEE 20 uL.
2.1.2 WS MM R FE G K ERR
I 60 °C T 9 Hs T 21 o o 1) SR IR v TR i )
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#3200 pg/mL [P0 S . ARG ORGSR
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4394 2+ 104 20+ 40 80 100+ 120 160+ 200 pg/mL
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DU T RBUME AR R (YD, SRR R IR
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33 205 X—42 639, r=0.999 6, X W] LhET HENIAE
2~200 pg/mL ZEPEK R R UIf.

2.3 PRSI A O R R PR T R -
SLN 80kt 1.0 mL, ‘& 100 mL &=ifEHF, MAH
Mt 68 P v R R R 2R, RIS S v
2.1.4 BRI EI S RSB T SN
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FMRIT R R ZIEE, RIS I R
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Fig. 1 HPLC chromatograms of SH reference substance (A), SH-SLN thermosensitive gel (B),

and blank SLN thermosensitive gel (C)
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F WA % 7 1R 58 #h TR T HEDR-SLN i B I
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2.2.1  ERIR T ERL-SLN (¥l SRR ML e
il £ SRR T T R-SLN o 4 Bk B 5 A I R H ol g
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mL, B 20 puL N BAR RGN  , JLE AR AR
NIEDA i, I I 25 SR IR T R ) & Gm ) [
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Ty R R T R -SLN J& i,  IN/KFRRE 20 £, I
TSR ke, 45 R ILE 3, SRR -
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Fig. 2 Morphology of SH-SLN under transmission

electron microscope
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Table 1 Design and results of L9(34) orthogonal test
RKE A/% B/% C/% DE&EHA) IKEHRE /T
1 16(1) 4(1) 02(1) (1) 41.0
10 100 1 000 2 16(1) 52) 042 () 38.3
FiA% /nm 3 16(1) 63) 063 (3) 36.5
B3 HEREEE-SLN Ri257%HE 4 B@ 41 042 O 37.0
Fig. 3 Particle size distribution of SH-SLN 5 18(2) 5(2) 06() 1) 34.8
6 182) 6(3) 02(1) (2 34.0
E%E)ﬁ'SLN Y/zﬁq:*ﬁo Iﬂﬁiﬁé”?gj‘é E' SLN ‘{/{Eq:*ﬁo 7 20 (3) 4 (1) 0.6 (3) (2) 33.0
24 REUSEAYHE 8 203) 5(2) 02(1) () 31.0

4 M, FREC—E & P-407. P-188 il HPMC 435
FIVES K, T 4 CHE 2 80wk oy 85
5o ¥4 0.2 g BRI T R T35 K, i bEid
IR IE) P-407. P-188 WA, JR&IA):
N HPMC %5, WRAET 4 CHPEZR A H R
AEWIRIR, RIS 25 0.2% KU R IR
2.4.2 T HEOL-SLN MM HI% G
IKEFIE) P-407. P-188 WIS YA G M HPMC
W, mTIREHA g “2.37 Wikl R
JEDR-SLN ¥ 0.3 g 0 #fE Bkt 43 His
AJfaT 4 CHEZR AT B Rishm g g, B
SRR EN-SLN R BRI . RV “2.37 Tk
£ 7% L SLN R4 il 46 J8e 2 1 SLN il IR o
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rp N T £ AL BRIV 20 mL AT,
TERE VR N B R  ET INIRIE ) B EE S
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U
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HKCEBEAT Lo(3Y) IEAR WAl MK IE 1.
DA Bttt FEAT A VPAN R bR, REAS[R) AL T 1) St
WEEEATIE, R BT, W IEAS IR
SERAT 0T BT A PR S PR R R 1 Rt
ULV N 2 A e T S TR AR 2 R, R,
A S A S % BRI R A 34~36 °C, X
WEHE 35 CAPRUERT IEASIRE 1 45 AT 01, P

K, 115.8 111.0 106.0 103.8
K, 105.8 104.1 103.3 105.3
K; 92.0 985 1043 104.5
R 238 125 2.7 1.5

R2 HENH

Table 2 Analysis of variance

JIEERIE mZEEIM HEE F{E N
A 95.209 2 253215  P<0.01
B 26.136 2 69.511 P<0.05
C 1.242 2 3.303

D (i#%) 0.376 2

Foos(2,2)=19.00 Fyoi(2,2)=99.00

P AT e 4 SRR g 22 o s Rl 4, BRI A
XU I 1 J il S S i B K, s ) B A Rl 2 v 2
7 (P<0.01), F#EBMgmike, RAEENEE
7 (P<0.05), K#F CMEmARA BEEZER;
Hgm R X MRTF R A>B>C, SR E RS
H ABCs,  BIEL BB IR I e AR b T7 4 18% P-407
5% P-188 1 0.6% HPMC. AbJ7¥iE, 4dmthit)y
T EH4 3 {2 PR g, 45 RV 3 Bl
(35+0.1). (34.84+0.1). (349+0.1) C, HIEAR
R Sk
2.4.5 SLN R0 IR EE I sg ) 4% 1E A8k
AL AL 74 3 s RO B, IR
R BETN-SLN % T8 300 mg, % “2.4.3”7 Wik
TR BEEIE 28040 BB (. it
ZERLATSN, N 300 mg TG, AR
FEd (34.5402) C (n=3), %75 AR [IREEE
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2.4.6 URBURRTERIE ) NDI—1 BYERL A
FEVE I LG R, B e (1) BRI 7 R H-SLN i e
W e, o3 B E B AE = (25 C) &R
DA K I K AR S 1 I FA e I I R o 45 2R IR
T B -SLN il #5068 fie 70 &k A A R AL B N
(198.3+15.4) mPas (n=3), WHEEIIZEEN (1
502.6+16.3) mPas (n=3). B FTHI% KRR TS
FE-SLN i BB AE S A I T (25 °CO, LR
BUN WS, BT O RS e AR RS
PFF(34~36 CORERANETE RN E RN R,
T AT DA SE AP s 1 s P D B A )

2.5 {ROMERMERERM

2.5.1  ERFRTT BERR-SLN J5 B I AE AN [A] A o 1)
FECE R R IR T BEAR-SLN YL AU (5 SRR T
JEDK 2 mg/mL) 5 mL BEIETEE CEEA AR 7)1 i
14 000> 1, HERE T, F 37 CRGHRE
20 min Ji7, AR IE)S, 7000 BUEE K.
ZEMK . pH 5.8 A1 pH 7.4 ff] PBS %% 500 mL 4
WA, T 37 “C. 100 r/min FEATARSMNEE TR,
ST 1. 24 4. 64 8. 12, 24, 36. 48, 60. 72.
96, 120 h U HH 2 mL MBI Jit, [ M 2 mL
37 CHEA T, 0.45 pm MALIENEE, 76 “2.1.17
T T A NN E R S i i, S5 R LA 4.
AL, ERPERTE HEO-SLN MR Akt I AE AR B AR K L 260
/K pH 5.8 Fl pH 7.4 f{] PBS ¥& ¥ ' ARS8 AR
FEAR—3, BRSPS AR EAZEA K.

252 ERPRTE BEBEAN A IR AR SN RIS T 2300
R IR 75 BRI A VAV (75 BRI 75 BRI 2 mg/mL) £k
PR EMH-SLN (7% EhFR T A 2 mg/mL). R
PR RBORE I (55 BRI T T 2 mg/mL) FIERIR T
FRERE-SLN 5L ABRE I (25 SRR TS EAR A 2 mg/mL) 4%

100
S 807
ﬁ 60 -= pH 7.4 PBS
= i
%E‘[g 40 - 71K
= ——pH 5.8 PBS
Bk 20T, ; EEN

—— B ERK
0 1 1 il 1 1 1
0 20 40 60 80 100 120

t/'h
4 TEHBNROBEMLZ (X £s, n=3)
Fig. 4 Release curves of different release media
(X £s,n=3)

HA I, BTSN Ok B, 45 WK
5. AN, ERERTT REBUKIEAE 2 h WRZ L
100%, Ut IHIENTEE0 A FEAR TR MRAE R« 7EFIFE
IR R, SRR 75 BB -SLN TR BURE IR 1K 254
BEIR S 0)5 ER RV RERR-SLN 5 27 R Bl A e
FHECESE TR BFE MK, 24 h N BFBHCE N
(57.79£0.36) %, 48 h W EBBIE N (75.16%
0.12) %. Ml &R T HEHR-SLN 1 &k M2 7 1 fi it A
BRI IN 24 h BBUBHCR 0 308 (70.62+
0.63) %. (85.7940.54) %, 48 h N BRIBIE 7
Wk (82.6440.15) %. (92.76+0.18) %. ZiH %
B, BRI T BEIH-SLN I UREI 5 Eh R 5 ER-SLN |
R T R U LU, A I REAE . S
JRP AT HE R SLN A SO AR 45 A 1N, 259075 56
3% o AR AN A RERE N BB AT, B
MBI 4 BB RE TR o

100

§ 80
¥ 60 —— hRTT IR
2 40 TR ORI
= —— EhIR T HE-SLN
Bk 20 —o LT HEBR-SLN R
on 1 1 1 1 1

0 20 40 60 80 100 120
t/h

5 EBEBREFREARGIFIREIERML (X s, n=3)
Fig. 5 In vitro release curves from different preparations
of SH (X %5, n=3)

2.6 FREMIRIE

B EHI 3 HEARER T EM-SLN i BUkE I % &
TUMIE T, 75 40 T 75%HH NI 43k T 54
SEMEIEORE . 20T 4 04 1. 24 3 AN THUEFES,
IR LS A AR A, 0 e g ol o 5 R 7 e k1)
5, UL pH 7.4 PBS #URE A 0l e B s 5
FESRE T 250 37 CA&AF FCE 20 min, LA
3 000 r/min, B0 30 min, MEE T EEATELE
MG SRR, HCERTAL, SN TE R 2
A3, BB S EREE 34~36 C; SRR T ER-
SLN i Bkt /E 25 C (HIGHRE 75%) 4&1F R,
IR T BERRAE S 1~3 AN H BIAR R R4 B4y il
H (94.75+£0.64) %, (92.48+0.81) %. (91.32+
0.29) %; FEIHIZE I AR (& 6); 7E 25, 37
CHMTARBORKAENZNG, UG
FAHPLRE .
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