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Study on preparation of sinomenine hydrochloride transfersomes and their
therapeutic effects on rheumatoid arthritis in rats

WEI Yan, ZHANG Yong-sheng, ZHENG Hang-sheng, FEI Ya-rong, WANG Juan, ZHU Jia-zhen, LAN Ji-le
College of Pharmaceutical Science, Zhejiang Chinese Medical University, Hangzhou 311402, China

Abstract: Objective To optimize the formulation of sinomenine hydrochloride transfersomes (SHTs) and to verify their therapeutic
effects on rheumatoid arthritis in rats. Methods SHTs were prepared by ethanol injection method. Their formulation was optimized by
an orthogonal test, which was based on the elasticity of transfersomes. Elasticity of transfersomes was measured by constant pressure
extrusion method and entrapment efficiency was measured by HPLC combined with centrifugation ultrafiltration. The model of
rheumatoid arthritis was established by subcutaneous injection of type II collagen into Wistar rats’ tail. The therapeutic effects of the
preparation on rheumatoid arthritis in rats were evaluated based on ankle joint score, swelling degree, level of TNF-a and IL-1f in
serum as well as histological changes including inflammatory cell infiltration, pannus formation, cartilage destruction, and bone
erosion. Results The optimized formulation was as follows: egg phospholipid 300 mg, cholesterol 30 mg, sinomenine hydrochloride
100 mg, sodium deoxycholate 60 mg, vitamin E 5 mg, phosphate buffered saline (pH 8.0) 23 mL, and absolute ethyl alcohol 2 mL. The
optimized transfersomes had an average size of (83.31 + 0.08) nm, Zeta potential of (—32.57 + 3.27) mV, deformability index of 38.69 +
1.66, drug content of (2.96 + 0.27) mg/mL, and entrapment efficiency of (39.82 + 0.97) %. The results of pharmacodynamical test
revealed that the preparation could significantly reduce joint swelling caused by rheumatoid arthritis (P < 0.01) and lower TNF-o and
IL-1B level in serum (P < 0.01), effectively alleviate inflammatory response and improve histological changes of ankle joint.
Conclusion The preparation process for the transfersomes is feasible and their quality can be controlled. The optimized SHTs are

effective for treatment of rheumatoid arthritis in rats.
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FRAPE T 28 (rheumatoid arthritis, RA) /&
— P PER B S R R AT, A BRHIER K
R TR A AR R o S SRR (10 % A B A
BN TR G an 2 R Bl ) A =, 2 4R A
TR iR . 2K R W g SRR - o
(TNF-a). E4Hffif&-1p (IL-1B). IL-6. IL-17 %%
By gl AERE IR, £ RA IIRA KRR
P EBEMERS, BT, K TIEIT RA 2548
FEOFELGHHRIG PR JEES iR, &
PRI VA S LI5Sk, KB
XL R A B BIVE FHAnTE AL TE [ S T DR
A8 UL B8 2591 N R GG IR I 51 ) HeAth 4= B
PR T ARG A B R R

HIEW (sinomenine, Sin) &M CEHEYIH
K Sinomenium acutum (Thunb.) Rehd. et Wils. #l
EH % Sinomenium acutum (Thunb.) Rehd. et Wils.
var. cinereum Rehd. et Wils. HHg U152 1 A= 4005 .
i, ZiHZ RHIEIREE (sinomenine hydrochloride,
Sin-HCI, SH). SH BAHI4 . FUE™. G
B, BER. B, RARR. PLOERHESEE
R, BHileR B EEH 7 RIBHICT Z AT RA,
SO P i 3 A A ST R AL Y AR
T Sin A& 50, M. J6. AARE, HA
VI IR, AAREH G BIA A AL 2 D,
WO AT TR KR Y B2 e A
P AR I R A R AT B SR RS B iE A
RSP, 3 B 4 25T DA s AR BT ) 25k
B, R¥ERIFHREEITER, WO RGEEARK
B, &—FhiE A% g ARG g el 1,

fEIRR (transfersomes) SFRFZPEGK R R4,
PRI IR A, H TR AU+ E A s Ak
7 C(edge activator, EA) IR, EA (R FHAERR
5. Span K. FILFLEERSE) & —FKEAEIE
PR REERIEMR], ARG FEREAR
T RSN, Cevel" M\ 3 i 5 A4 Tk il i
BB 5 = ok A2 B AR R TR K PR IETE (29 0.4
nm), MAEEBEIE N Mk, ey idHA
RN 15 B/NLTITABEIR, mT DUIE S Bz Bk A o
EHOE YK K PEIETE, A B S
RIFETRIBIBITEH BN M RIE RS, HEENL

B —RAEIBIREES T B Pk A 52 Hh 4 e )
IKPEIBIEY 5K 2 K/ 30 nm (/L Bk
BAB/NORARF = AR RE D), A FIERL
WANFLs =R AR PR R SRAFAE KA P e A
AT R oK PEIEIE B ). SRR SH
il A AR 28 J 25 245117, DASER i 5 1 AR AL
2R, RAERIFREEITIER, ARG
J7 RA $2LHIINA 2085 5 0. ARGl SH 1%
B (SHTs) (st dets, RAkHATr T2, I
XFIFNATT RA AT AN .
1 XEEHH
1.1 ¢E8

LC-2130 mGHAH AR LC-2030 L4 Ml
7, g RFEREAER AR A A ; Xtimate C g £4(250
mmX4.6 mm, 5 um), HJERHEBAARA A
Nano-ZS90 ¥if2 7 #riX, #[E Malvern A F]; 85-2
BB RS, R EAGERA R AR R
TR BE A2 i ZI A (010 0.05 pm), 7% [E Whatman
AFE]; MEFEEh FG2 E#5K pH i, RiEHERR -4
ZAUBH AT JEM-1200EX BUZE S 4, HA
Jeol A]; HOMOEX-25 & EHr A, Lifghksk
HHLEBRHA PR AT ; BS124S HL 7K, fH[E{E
ZHW AT 5804R A EELHL, {EE Eppendorf
/~#]; PALL Nanosep &5 UhEBIEIR A, BUH X4
TR 10 000, 3E[H Pall AF]; YLS-7C & HEZAH
WAL, PrrE i i RHE R R TR A A
1.2 K5

SH, bR BN 98%, L5 Bsy090415,
PEZ AR AR A Sin 2T RS, TR
B >98%, LS 110774-200507, H E 5245
K sE e e s IEE B (CH, ESFZ, L5 B40936).
EE UM AE (EPC, PL-100M, EHFZ%, #its
EK15047, i RmMEARR0 &5 £0>80%), L
PR AR AER AR 44K E (VE), #its
082K1382, Sigma A#]; BZFAHEREN (DOC), #t
520160329, EZERERFIGRA R BiiE —
28, fit5 20110801, NIRRT BEERA
AN, S 130801, TSR ERFIE BR A D
TS5, 5 H10940235, ThFHE 2o A R
INT] S 5E 4 B RAE TR (CFA) AN 58 4 3l IR A 7 (TFAD,
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%[ Sigma-Aldrich A#]; 4 11 BURJE, #20021,
%[ Chondrex A w]; HIEE, thik4li, 32[H Honeywell
NFE]; HPLC FIZK MK HA R 4 M 46
1.3 zh¥)

B Wistar KE, fABE (170£200 g, #E
PE, BT B 25K B P s i Ok, A
5 SCXK () 2012-0002. Frf Sh4 s i 544 FE
T BR 2 K2 sy 37 A Fe r AT -

2 FESH#R
2.1 SHTs B9%I%&

RTHHIRER T 4 NATREXT SHTs gk 2= A= 5 i)
W77 AT R R E % EPC 5 CH MRl
(mepc/mer)~ EPC 5 DOC i gt (mgpe/mpoc)
WL Eh 2 (PBS) (1) pH fH. PBS MBS T-58)%,
FEREIR, M mppe/men=06 1, mepc/mpoc=5: 1,
pH fH>4 7.0 i, SHTs MISTERLF, T PBS BT
558 ) PR A B R, TR AU Ak U i s EPC
300 mg. CH 50 mg. SH 100 mg. DOC 60 mg. VE 5
mg. PBS (pH 7.0) 23 mL. JC/KZMEE 2 mL.

K LN % SHTs. FREUAL 7 &) VE.
EPC. CH #1 DOC, 7t/ (40 kHz, 250 W, 5 min)
WEELRET 2 mL (TEK OGBS, BANAE; FRE
b7 R SH, T AabJr ) PBS 1, f3/KAH. 7E
25 C. BEAIHFE (500 v/min) T, KA HIARS)HZE
B HENIKA R, FEAN S fE AR 10 min, =
I FEE 2h 5, RS GG 0.104 0.05
um LA RBRIR B AR th 2 (355 7743 R
0.05. 0.30 MPa), B[%% SHTs.

2.2 SHTs BB 1 FRFRAE

221 BMIEEME K SHTs 5 A PBS #i% 10
%, BUDERIMESMN L, F 2% BRI R 7 4 3
min, HCHAIN, FIEARR £ 2 RAGIRE E T 3
B, RHARETE, B TEN BT R
(TEM) FW%E, .

222 HifE5 Zeta HAIME  HU SHTs A iE =,
FAMZEKFRRE 10 fi5, LR M0 e bz 5
Zeta HLAL, REMEERPATINE 3 147

223 pPENE CRAEE K DB LN E SHTSs
R, B “2.1” TR ARG ER) SHTs, B
JERERS A, 7E 0.05 MPa &S FH R
0.10 pm IR EEARIE P ZINE, 123 5 min P HIFFH
ERFE S G SHTs Rkife, At 5dlas
PEFEH (deformability index, DI, HEAMFE S P47

5E 3 e

DI=JX (r/r,)
J N 5 min AR R SHTs 4R, r, NEFH S SHTs (%
S BT R TG 0 2 b 20 e LA
23 EFZSH T2llEREIERNE

KH HPLC %, DAbRiEph£kik e 2&0% SHTs
Rz E.
231 Bk BN Xtimate Cig £ (250
mmX4.6 mm, 5 pum), FBIAHAFEE-K-2 %
(55:45:0225), RFREN 1 mL/min, RN
30 C, KRB N 265 nm, LLE R 2 EmHEEE 10
plo
232 M RARRIRCH] RSB =L SHTs Ff &
200 uL, ET 10 mL &fHH, IMADEHE, JRE
fERAI AR, HREER, RS
233 ARdEMIZRRIGIR KRR TR R E
R Sin AL2ENHIE L 5.02 mg, BT 25 mL &
W, HRSIARE IR R ZIE, BE, WERE
WREN 200.8 ng/mL 0 S A 2. o0 ks 25 &
BU#% 49 051 1.01 1.5, 2.0, 3.0, 4.0 mL & T 10 mL
P, IR REEZIE, B, R RER
4 10.04+ 20.08. 30.12. 40.16+ 60.24 81.32 pg/mL
() R HXF I SRV, HPLC JRHERE T, DLIGTH R
(A AYHFE. Sin FREIRE (O AREARER,
FaAT &R, SAndEfZ: 4=11 015 C—
196.25, ¥=0.999 9 (n=6), 45 £ Sin 7£ 10.04~
80.32 pg/mL JiT B FEE N , W AR 5 o SR FE &
RIFMZMR R, 1% Sin 5 SH KA 7l &4
FrfE £ e B 45 BT H A SH & .
234 JriksEEe e, k.
Bff B B A DA R ik R R AR PRI R B R
2.3.5 WEZFNE  LLHPLC 454 5 O gikit
AP, ks B SHTs 45 AE & 200 pL, &
1.5 mL BS O HIERAE N, #HATARE L CHXTES
DTN 13000X g, HEEAN4 CT), 458 U4 ER
GhKAH, HEZE 10 mL £, LRSI ER, 12
51, RIS 4N KAHZ Y B e R il AR E
= H SHTs £FMEE M 200 pl, % “2.3.27 Wi R 5k
il 5 254 e B e AR A . 1% “2.3.17 TR 4%
M, 43 BB AMKAHFIEURE & SHTs #1254 SH
&, AR ER, SMERPATIE 3 4.

B R =(Ws— W)/ Ws
Ws NEUREE: SHTs H SH 5, Wea Jy5MKAHT SH &

VA
125 rp
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2.4 IE3RAIELK SHTs &5

241 RG-SR MRS S s R R 5
ZERL, kPR Lo(3h BRI, L SHTs (19 DI
R¥EdR, ik CH H & (A). DOC H& (B) fil PBS
pHE (O HIImAEKT, ekt L. ER#
HRRREACE R 1, R 2H S5 R NE 1, Xt
WIS R AT EM AT 507 200, a4 R
B 1. 2.

#*1 LG EXARIGIH 54
Table 1 Design and results of Lo(3*) orthogonal test

WS A/mg  B/mg C D (ZFH) DI
1 30 (1) 40 (1) 6.0 (1) 1) 1.92
2 30 (1) 60 (2) 7.0 (2) 2) 34.86
3 30 (1) 80 (3) 8.0(3) 3) 33.35
4 50 (2) 40 (1) 7.0 (2) 3) 14.73
5 50 (2) 60 (2) 8.0(3) 1) 34.92
6 50 (2) 80 (3) 6.0 (1) 2) 15.98
7 70 (3) 40 (1) 8.0(3) 2) 20.93
8 70 (3) 60 (2) 6.0 (1) 3) 23.34
9 70 (3) 80 (3) 7.0 (2) 1) 30.29
K 70.13 37.58 41.24 67.13
K, 65.63 93.12 79.88 71.77
K; 74.56 79.62 89.20 71.42
R 8.93 55.54 47.96 4.64
xR2 HESH
Table 2 Variance analysis
TIERIE  EEVITM BHE F1{H BEME
A 13.291 1 2 2.9863
B 559.3670 2 125.6810 P<<0.01
C 431.1193 2 96.8657  P<<0.05
D (RZ%E) 44507 2

F0>05(2, 2): 19.00 F0_01(2, 2):9900

242 SRS RMMATIFE  HEWS TR ZE
(R) fERTH, FHEZX DI BIs2m /MK B>
C>A, Bl DOC F &} DI fsmi sk, Hik2 PBS
() pH i, CH F&5Xt DI fssm/h. Hd A &
ANFZKERISmEE N K >K >K,y, B HZEN K>
Ki>Ky, CHRZENK>K>K o 725 Hrss Rn]
A1, R B WE SRR A S (P<0.01),
K CHEZEBN (P<0.05), MHEE A BRALEZE
(P>0.05). g6k 1 5%2, BARAREA+F KK
K, HEER] K XN CH &R, A2,

A IEIERE A ZREHARPIE = 1K,

AB,C; %A R fiat i, B EPC 300 mg. CH
30 mg. SH 100 mg. DOC 60 mg. VE 5 mg. PBS
(pH 8.0) 23 mL. /K ZEFE 2 mL.

243 WMETIUE X “2.4.27 TR AL 3
ITIRAE, RIGEHE 3 K. WIS SHTs K THkiie A
(83.31£0.08) nm, Z/r#iiE% (PDD & 0.062+
0.017, Zeta HAI A (—-32.57+327) mV, DI N
38.694+1.66, SH &4 (2.964+0.27) mg/mL, ¥
FN (39.82+0.97) %. SHTs [ TEM K. FifzAl
Zeta AL A B DL 1~3.

1 SHTs ) TEM
Fig.1 TEM of SHTs

0.1 1 10 100 1000 10 000
iR /mm
2 SHTs BIKIZ 5376
Fig. 2 Size distribution of SHTs

-200 -100 0 100 200
Zeta HLA/mV

3 SHTs H Zeta BB 576 [E
Fig.3 Zeta potential of SHTs

2.5 EBERERFRIHIE

HI T (A — RIRF IR BB oA, 3368 i o A
IMNIAGE TG PRI AR, A AN J i
SRR S IREAR, BAEERD L. LREA
V0. pH BBREEAE, ARSI 2 Rl AR ] SN
Ll il SH AR, FMELRCERK S
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Eb 77, HeAbJr R : EPC 300 mg. CH 30 mg. SH
100 mg. VE 5mg. PBS (pH 8.0) 23 mL. /K&
i 2 mL. KM OEEENEHATHI S, K T2
FRELAL 5 B ) VELEPC Fl CH, £ 75 kb #.(40 kHz,
250 W, 5min) F¥%T 2 mL /KL EEY, 545
HUMH: FREUAL 78 SH, ¥ T PBS i, 5/KAHH.
fE 25 C. HEAHEFE (500 r/min) F, KEHAHS
SR HbyE N A R, VN 5E B R 4k S8 EE 10 min,
FE2h G, ERAE FRKKIED 0.10. 0.05 um
FLAR B SR B R T A7 B e 220 S (5% L s 7793 704 060
0.80 MPa), Riif%.,

e “2.27 WU kAT SH 58 fig o A4 11 ~F- 35
kit (97.53+0.29) nm, PDI & 0.093+0.017,
Zeta BN (—27.87+1.86) mV, DI N 0, SH &
N (2.5940.28) mg/mL, 3R A (28.204+1.32) %.
2.6 SHTs XK RA BOZGREMN
2.6.1 K RA BAIHI& 8 PR T7 2
7% Wistar KR RA #8. FREUCE TR 10 mg,
T 5 mL 0.05 mol/L FIBSERVA T, BAFEEE,
4 Citw, BIFFEIREN 2 mg/mL IR R AR .

550 R, B I VAN CFA SR RIR & AL,
K = R SHEAE K R EARE sc 0.4 mL FL7,
WK TR 5 14 K, BIRIEEBA TFA SSAERIR
A RFLA, R s R SHETE KRR sc 0.2 mL
FLA, bR S . WK G fE R LSRR RIS
WVES,  DAHIBE AR 15 ) -

2,62 KAiES  BESCETED, R 0~4 %
KATVPEXT R RA BT 0 40, TG4
PERDCHTIIKIE s 1 43, BROCTT BRI a4
PEECARFER N 2 J3, BRSO B E A LU
MK s 3 43, BROCTFIE BH O £LBEAN - R 5

4 Gy, BT EMAaORATEEREK. X3RN
VOB VR4 A, FHORTT 26 ¥68%0 (arthritis index, ADD
T, M AI>4 NGRS (AI<16).
2,63 HS%Y) RGN K REENL A S
A, R NRERIZE . SHTs 40 (SE3G41). SH i fig
R (S HIFRIZD 28 AR R 2 G5 FR D
FATIE T HEFNA (M HRALD . 3  1 AR IE R
KEIENSTIRA, Lo, A 10 H.

TR I E UG 25 (R 25 7T ANAE 45 25,
UG —NRKRAER, AN 1 ecmX1
em), ZESCER T IEP, LR AL T A AL T
SHTs 720 pL/d [Sin /&5 10 mg/(kg-d)], FEFixS
TRAH25 T 25 ALK 720 pL/d, S el T
Mg AA 720 uL/d [Sin FIEA 10 mg/(kg-d)], FH
PEXT IR 25 T AU 557 720 pl/d [ARIS 5 7IEA
200 mg/(kg-d) 1, AL 55 FR 4143 Il 4h T AE B R K
720 pL/d. #SCER4H 1 d RISy 2 IR452, BRR
360 uL, L4522 .

2,64 EHAEBNE 4451, 4.7, 9. 12, 14
d WS 2K B JE SR DG I B, O i i
DU BE AR N, 2 B AR A2 B 2 AR B 5E
MEad R WL 3. BRI, £ 14d )5, KA
KERKATIIK B I A AR N, HAPsEieH
FBH X AL T oA, S HHIFIHR .,
R ANBE X AR 95 . SXTRRAAMLL, SRR
o Ja PRk B A (P<<0.01), FMIE T H
PR AL AAAE . AR AR LY, SO0 4 R0 BH 14 X B
KRR I IK B2 TR (P<<0.01), xS
HWEZE TR (P<0.05).

2.6.5 SIERTME LA 144, T 15 RIE
FESHIKEUML 3 mL, 3 000 r/min B> 10 min, 435 I

R3 BKAFARGEREABTHMNESLR (X ts,n=10)
Table 3 Right hind paw volume of rats after drug application (X £s, n =10)

3 SRR F/mL
57y 1d 4B 4d 452 7d 45259d 457 124d 457 14d

it 1.4610.30 1.3740.15 1.3640.05 1.43+0.08 1.44+0.07 1.38+0.12
e 233£0.17**  2.17+0.19**  2.11%0.12**  2.10%0.12** 2.05+0.1344 1.93+0.11**
FEJT 6T R 227£0.15%*  2.12+0.19**  2.04%0.11**  2.10%0.11** 1.9340.07"44 1.8840.11744
S 226%£0.11**  2.03+£0.16™*  1.92+0.29™*  1.9640.157**  1.8940.13744 1.78£0.107"44
Z il 22940.11**  2.04+0.09**  2.00+0.09**  2.0140.10** 1.984+0.10** 1.904+0.07**
B 4= 3 B 2.28+0.13**  2.00+£0.10"™*  1.93+0.14™*  1.8940.10"**  1.824+0.107* 1.774£0.097"44

ERRA R "P<0.05

TP<0.01; SxRALE: *4P<0.01

*P<0.05 “P<0.01 vs model group; “*P < 0.01 vs normal group
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i, RH ELISA 73 70 & if i+ TNF-o A1 IL-1B
&, BARERAER ARG U B BT . MESE R
LR 4, 55X R R R, #4 KR IME TNF-o
AIL-1p EYEZE TS (P<0.05. 0.01), KB
BTy SREEAYZEARLEG,  SEEe2H S BE P HERZE KRR )
1% TNF-o 1 IL-1p ¥R E Tk (P<0.01), H
SEHS AT RHPE X RRZE R SR R (P<<0.05. 0.01).
2.6.6 HILEHFME THAEH 15 RAKEKR
B, BUKRREBROCTH, ZMEbE. Bk, B, T &
HE e )5 T 65 Wit SRR T I 3
#4 KRMMED TNF-a 1 IL-1p UEENELER (X s,
n=10)

Table 4 Content of TNF-a and IL-1f in serum of rats
(X £s5,n=10)

H) TNF-a/(pgrmL ™) IL-1B/(pgmL ")
Xt B 91.744+12.98 13.13+1.64
it 239.82+16.38%4°"  30.44+£1.8144"°
FE U IR 21822+ 9.63*4°*  26.81+£1.38744""
SEIG 121.434+13.26"4° 16.0041.1374444
Z: LL I3 192.14+10.4244%%  233541.19"44

EREFaic) 157.34+14.197**  19.67+£1.05744
S HL R AP<0.05 A4*P<0.01; SHEYLLHE: "P<0.05
TP<0.01; SMMEXRALE: “P<0.05 “°P<0.01
AP<0.05 “%P<0.01 vs normal group; P <0.05 P <0.01 vs
model group; “P<0.05 ““P<0.01 vs positive group

ELa

HHRE SR, FFR IR I ST
HCE BRI B R 4 AN T3 THEA T R 22 44T
SEIG 25 AN 4 P, Sob HE 2H KRR R e T T
o B2 R, AR (1~2 2, 22
B, VA T AT L2 S R A R LA
2 IR AN LA B T s B B B BRI, R
DB BHR Ji A= od, T R RI B B R m O, Gy
GE R T o BRI 20 K BROER G T A PR A R R
HIENA KERAMIZE, A SR &7
R IE R E BN, 5208, S s F R
ARETIL, KATERARERE . LI SRR 4L AR L,
TH B A B S s/, R T A PRV BT R AL s 4 k4
el T NTNIR =% = i TR 7 = D& 2127851
B, DR s 1] BRI BT AT UL, 50 BEZEAE LU R 4T
IOF 1k 0 R 2L 5 Y LA B, i 08 A A0 8 4 38
T8 B I8 BE T A B s, ARAT) R LA R T
WL H R E . AT AP AT . S R A
TR FR A T LT A B AR L IR JE, HEEA K
I MR M IR B I B A s DT R T W R
IR B AR k™ B, ST R (R BRAN BT L, R R
NS
2.6.7 SuitJivk BT IEEEDL Y £5 TR, KA
B 2 1B i EL R SPSS 22.0 Bk AT B R T
ZE T

¥
Eibap

a Fik-TENEANM b #7 k- RYEAM o FER-ORTECE d K- e BB f k-SRI B

a arrows-synovial cells b arrows-inflammatory cells ¢ arrows-articular cartilage d arrows-osteocytes e arrows-pannus  f arrows-articular space

B4 KRBZEXT HE LR

Fig. 4 HE staining results of rats’ ankle joint
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