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Abstract: Objective To prepare the hyaluronic acid modified geniposide transfersomes (HA-GTFs) gels, evaluate the quality of the
gels, and investigate its therapeutic effects on adjuvant arthritis in rats. Methods The HA-GTFs formulation was prepared by reverse-
phase evaporation and screened by single-factor and Box-Behnken design-response surface method to acquire the best prescription.
The elasticity comparison of HA-GTFs and hyaluronic acid modified geniposide liposomes (HA-GLIPs) was done. On this basis, HA-
GTFs gels were prepared. The viscosity, stability, release properties and percutaneous permeability in vitro of HA-GTFS gels were

measured, and the preliminary pharmacodynamic evaluation of HA-GTFS gels was conducted. Results Under the transmission
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electron microscope, the HA-GTFs was in a regular spherical shape with complete structure and uniform dispersion. The HA-GTFs
were successfully prepared with an encapsulation efficiency of 57.38%. The average particle size was (117.53 £ 0.83) nm, and the ¢
potential was (—8.53 = 0.76) mV, and the deformability of HA-GTFS was better than that of HA-GLIPs. In vitro release test showed
that common geniposide gels released completely at 12 h, and HA-GLIPs and HA-GTFs gels showed sustained release effects, with
cumulative release rates of 92% and 89% at 48 h, respectively. In vitro transdermal test showed that the cumulative transdermal rate of
HA-GTFs gels was higher than those of HA-GLIPs gels and common geniposide gels within 24 h, indicating that the transdermal
properties of the HA-GTFs gels were good. /n vivo pharmacodynamic studies showed that compared with the model group, the HA-
GTFs gels groups could reduce the inflammatory response of rats, and reduce the serum levels of tumor necrosis factor-o. (TNF-a)) and
interleukin-6 (IL-6), without large number of inflammatory cell infiltration in pathological sections. Among them, the therapeutic
effects of high-dose HA-GTFs gels group were significantly better than others. Conclusion The formulation process of HA-GTFs
gels is simple and stable. The HA-GTFs gels have good sustained release and transdermal performance, with a certain therapeutic effect
on adjuvant arthritis.
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pharmacodynamics; reverse-phase evaporation; tumor necrosis factor-o; interleukin-6
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2.1.3 HA-GLIPs [FRASIMAHERENSE, i) &k #2
[i] HA-GTFs.

22 ERFEEEMNERZENENL

2.2.1 il %F  Hypersil Golda Q Cis it (250
mm X 4.6 mm, 5.0 um); JishAH N ZAE-7K (15 1 85);
frllgE K 238 nm; AFREN 1.0 mL/min; AR
35 C; HtFEE 20 uL.

2.2.2 XTIRTIERIISIE RS R PRG-I
10mg, DLFEERBEAZE 10mL, EI7 1 mg/mL £
WaFHTIE R, TE 3 mL REE, DA AR
FEARZ 100 mL, B EAETH 30 pg/mL HIXSHE
B

2.2.3 A IEE S & FRELHA-GTFs 1 g, LA
R EAS] 10 mL, JA&E 24 h, @7 1 h, it 045
pm FAFLIERE,  RIASA G A

224  BIPEXTRRVERO SRR ISR 1 g,

DLFEEE 25 2] 10mL, JH(& 24h, @7 1h, 1T 045
wm FFLIERE,  RIASBH PR BT

225 LEMERLE 7 IO T B S
W BRI DA R M IRV, % “2.2.17 T
AT E, AR 1. HA-GTFs HH
A AL HE 5 04 B B E o T, Tk R LT

H‘ET‘H
A i
i
| B8 7
B I
1
C .
‘ e
6 S 2 4 S 6 o 8 100

t/min

1 #HEFEXEBSR (A). HA-GTFs #& (B) Mz AL
e (C) # HPLC

Fig. 1 HPLC of geniposide reference substance (A), HA-
GTFs sample (B) and blank transfersomes sample (C)
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PLETE NN, DSPE-PEG-HA SHEH5 15
HEHON 120, 4% “2.17 WK ik HA-GTFs 1%
AR, EBEELMRE (1:3.1:6.1:9.1:12.1:
15) % HA-GTFs 475 T2, e H-P3pki
7. 29 BE&E (polydispersity index, PDI). ¢ H
PSR, g5 1K 1. RRIKFIIZRE X HA-
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242 ZifRbES e HAE: RARHY 1
6, MHJEEL A 108, PBS S&MAFEL N 219, K
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SRR 1020, #% “2.17 TR ikl
HA-GTFs, #%Zjfgtk (1:6.1:9. 1:12. 1:
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FEpRi4E. PDIL (M HBEEE, SRLE 2. A
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HA-GTFs, %EHEE (1:2.1:4.1:6.1: 8.
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Kifg. PDI. CHALHEER, 4R IE 3. RFEK
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1] % HA-GTFs.

244 PBS H5EfHENSESR [MeHlMmEz: &
fetb A 106, 248EE N 1 012, HEAREL N 14, K
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FT1 RIBLLERLER (Xxs,n=3)

Table 1 Results of superficial fat ratio investigation (X £ S, n =3)

Bl AR FHrki % /mm PDI ¢ FAL/mV 3 2/%
1:3 BEEYW, FREGIL 100.21+0.35 0.31940.002 -3.5140.63 24.44+2.50
1:6 BEEYW, FREGIL 123.43+0.70 0.24140.005 -3.8740.22 31.22+2.59
1:9 BEEY, AREGIL 134.90+1.30 0.2300.001 —4.0140.58 26.51+1.22
1:12 BEEYW, FREGIL 129.16+0.55 0.2534+0.015 —4.16%1.11 2426+1.24
1:15 BIEEY, AFREGI 138.93+0.30 0.28610.011 -3.7240.38 22.89+0.64

St ERER (X+s,n=3)
Table 2 Results of drug to lipid ratio investigation (X £ s, n =3)

ZifiE VIDIRERIN FHrki % /mm PDI ¢ HAL/mV 3 2/%
1:6 BIEEYW, FREGIL 130.05+4.35 0.264+0.021 —-3.88+0.25 37.06+0.70
1:9 BIEEYW, FREGIL 126.85+2.95 0.267+0.007 -3.64+1.59 38.98+0.38
1:12 BIEEY, FREGIL 123.70£2.10 0.235+0.004 -4.2940.17 50.86+1.16
1:15 BIEEY, FREGIL 131.20£2.10 0.236+0.021 -3.74+0.91 49.18+1.05
1:18 BIEEYW, FREGIL 126.20+£1.30 0.24940.002 —-4.07+0.35 49.68+0.46
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#<3 MBRBELER|LER (Xts,n=3)
Table 3 Result of bile lipid ratio investigation (X £ s, n=23)
JE G L CADINERIN R /mm PDI ¢ HAL/mV 3 2/%
1:2 BIEEW, HiREOI6 132.40+3.40 0.33940.007 -3.61+£0.24 41.95+0.29
1:4 BIEEW, HiREGIE 124.05+2.40 0.263+0.011 —-3.4940.62 51.2340.63
1:6 BIEEW, HiREGIE 128.35+1.15 0.245+0.014 -3.85+0.31 46.41+0.82
1:38 BIEEW, HiREGIE 120.71£1.10 0.23940.023 -3.52+0.03 4120+1.45
1:10 BIEEW, HiREGI6 124.15+1.55 0.24940.002 -3.8440.17 35.9940.31

HA-GTFs, %% PBS S&AMLL (1045, 1.5
6.75. 2:9. 2.5:11.25. 3 :13.5) % HA-GTFs 4t
J7 LZsgm, e H-F5kie . PDLL ¢ AL 56
B, SRNE 4. FNPBS SEMVIAER LA HA-
GTFs “F¥Jkife. PDI. ¢ HALEIASK, s
R LERIERE PBS AT HE R 2.5 1 11.25 KAl
#% HA-GTFs.

12, JHAgLE N 1 2 4, PBS S&iEARIL N 2 19, LA
SAENE LT, DSPE-PEG-HA Sfg K H &
EboAN 1120, 3% “2.17 TR J7 iM% HA-GTFs, %
FKALAEFR (3. 4. 5. 6. 7mL) %f HA-GTFs 4t J7
T2 g, e H-rRife. PDIL ¢ AL 565
R, ERE 5. FARFEAKMMAAEFST HA-GTFs ~F
BIRift. PDI. ¢ HUAZEZMANK, HRIE AL 2RI 45

245

IRARFRE 5%

[t AR PR R : Z9MIREE o 1 ¢

#= 4 PBS SSAFFRLLERLER (X+s,n=3)

HEFERAKAMAEF S mL )% HA-GTFs.

Table 4 Investigation results of volume ratio of PBS to chloroform (X s, n=3)

PBS S5& iR LL VIDIRERN K47 nm PDI ¢ HAL/mV 3%
1:45 BIEIEW, BREGIE 123.95+1.25 0.272£0.009 -3.21£0.43 39.49+1.26
1.5:6.75 BIEIEW, BREGIE 123.75+4.55 0.249£0.005 -3.81£0.57 43.28+0.43
2:9 BIEIEW, BREGIE 125.15+1.55 0.28410.007 -3.074£1.05 51.16£0.22
2.5:11.25 BIEIEW, BREGIE 128.85+1.65 0.2461+0.010 -3.5940.94 59.09+0.42
3:135 BIEIEW, FREGIE 128.20£0.90 0.259£0.027 —-3.63£0.77 4722+0.48

R5 KUHRERER (Xts,n=3)
Table 5 Results of hydration volume investigation (X = S, n =3)

IKAG A /mL CANINERTN P RLAE m PDI ¢ HAL/mV 35 5/%
3 EEY, HREOI6 124.40+3.90 0.24440.007 -3.3940.37 43.3940.58

4 BEEY, HREOI6 120.4540.75 0.224£0.005 -3.69+0.24 48.4740.50

5 BEEY, HREOI6 126.01+£3.62 0.237£0.001 -3.95+1.29 60.00£0.25

6 BIEEY, HREOI6 131.35+2.15 0.242+0.003 -3.06£1.01 50.85+1.01

7 BEEY, HREOI6 127.24+4.16 0.265%0.016 -3.2140.67 52.91£0.04

2.4.6 HAHEFIREEER [EEHAE R AR
112, g 10 4, PBS 5EMAIRLL A 2
9, /KALAEFR 6 mL, DSPE-PEG-HA S5 /Ig i) i & Lt
N1D20, % “2.17 TR J7ik % HA-GTFs, %452
MAEHUAFIAZE (&5 &6-28F 10 1. &45-
k2 1. EA5-28F 4 0 1) X HA-GTFs &b 5 T2
(g, 5 HoPki4e . PDLL ¢ AL SR,
ZER IR 6. PKINHAHEFIF T HA-GTFs ~F34kL
&+ PDI.  HARLFZMAANK, AR G 28 i 45 Sk 4%
S K % HA-GTFs.

2.4.7 DSPE-PEG-HA 5 ELELE [He
HAbRFZ: 295y 112, HgELN 104, PBS
&R R 2 09, KWAF 6 mL, LLEIE
NANUVE], $& “2.17 TR 77k % HA-GTFs, %
%% DSPE-PEG-HA S5#/lef s &k (12104 1 1 20,
1 :30) XF HA-GTFs &5 TE MM, e
kit \PDI.¢ AL 533, 455 5% 7. 59 DSPE-
PEG-HA I in\ &%t HA-GTFs “F-#J%i4%. PDI. ¢ H
RLsemi AR, MR 2145 R ik DSPE-PEG-
HA S5 ELE N 11 20 Sk#4% HA-GTFs.



« 5872« PER 2023F98 B54% B 18  Chinese Traditional and Herbal Drugs 2023 September Vol. 54 No. 18
<6 JHMEBFIFHLEERLER (X£s,n=3)
Table 6 Results of investigation on types of oil phase solvents (X £ S, n = 3)

THAR RN LIPS RERVN TR mm PDI ¢ A /mV A 2/%
A BIEEW, FREGIL 125.554+1.25 0.21940.003 -3.4740.13 58.77+0.75
Ai-<mE 111 BIEEW, FREGIE 125.75+3.65 0.254+0.005 -3.624+0.22 52.84+0.21
Api-<mk 2 11 BIEEW, FREGIL 126.95+1.25 0.243+0.006 -3.194+1.45 46.69+0.54
AMi-Tk 4 1 BIEEW, FREGIE 122.95+3.45 0.246+0.022 -3.8542.65 42.62+0.44

# 7 DSPE-PEG-HA S5HiEMR=ELLERLER (X+s,n=3)
Table 7 Investigation results of mass ratio of DSPE-PEG-HA to phospholipid (X £ s, n = 3)
DSPE-PEG-HA 5 fig i) L 431 LDV RERIN FHIkIA%/mm PDI ¢ FAL/mV T F /%
1:10 BIEEY, HWREOIE 112854097  0314+0.027 —8.76+026 56.92+1.05
1:20 BIEEWH, AiREEAE 108924035 0.309+0.003 —9.86+0.41  60.83+0.74
1:30 BIEEY, HWEOIE  11091+1.53  0.307+0.034 —9.08+1.84 53.35+0.41

2.5 Box-behnken % it-Mg % (Box-Behnken
design-response surface method, BBD-RSM) ffi{t
HA-GTFs b5 TE

G55 SUHR AR R BB A R, 1 FEN HA-
GTFs 477 TZRmBERHAEAREE (XD, ZifiEE
(X)) R (X3 3 MHEFNELEN R, i

(YD 5#EZE () MEEFD (VD E R fatr
AT, N LRIRE RSN 0.6 5 04,
Y=0.6 X Y1/Y1max+ 0.4 X Y2/ Yomaxo W B [T TR G e 1T 55
gE B LK 8. K H Design-Expert 10 ZR A4 XHALSE 45 £
HEATARFE, e N ] P 45 ST IRALE

%M Design-Expert V10.0 &1 LLLE & 14 ¥ %

# 8 HA-GTFs &5 T Z Box-behnken iRIEi&i+ 54 %
Table 8 Box-behnken trial design and results of HA-GTFs formulation process

{ECrasy Xi X X N% Y% Y% | REE X X X5 %  Yo/% Y%
1 6:1(+1) 16:1(+1) 6:1(0) 4051 07850 7036| 10 4:1 12:1 8:1 3339 1.0909 7427
2 4:1(0) 16:1 8:1(+1) 3459 08233 6569 11 6:1 12:1 6:1 4086 09739 77.65
3 2:1(-1) 16:1 6:1 4593 08013 7653 12 4:1 12:1 4:1 4686 0.8364 7877
4 6:1 14:1(0) 8:1 4385 09556 80.05| 13 4:1 14:1 6:1 57.68 09986 9582
5 2:1 14:1 4:1(-1) 51.10 09101 8582| 14 4:1 14:1 6:1 5638 09675 93.35
6 4:1 16 : 1 4:1 4321 07568 7211 15 411 14:1 6:1 57.16 09741 9439
7 6:1 14:1 4:1 5357 0.8057 8454 16 4:1 14:1 6:1 5622 09432 9230
8§ 2:1 14:1 8:1 5292 07996 83.64| 17 4:1 14:1 6:1 5845 09653 9539
9 2:1 12:1(-1) 6:1 47.84 08281 79.47

Xiv Xov X AT R EE G FRE . 58] 2K
ZWRAFHTFEN ¥=9425—1.61 X;—3.18 Xo—
220 X3— 1.09 XX —0.58 Xi.X3—0.48 XoX3—3.72
X2—14.53 X2 —7.02 X;%. T EAWTNER 9, 4RFE
B, [EIEAEAS P<<0.000 1, RPPTUKFAEZE (P>
0.05), PEHABAILA RIF. Xiv Xow X3 X Y RA
B (P<0.05), #FEERZMAZEAEHAALE
(XiXov XX XoXs I P 33>0.05).

PL Y RVF a6t 28 HL R 2R e S TH 3D 350
BILE 2. E0RE Y SWEEH &SRR, &

BAFTHik & Wi T HA-GTFs &b iS4 H
Aetb 1:3.6, ZifEL 1 :13.8, FAEEL 1: 5.7,

e EIRRARALTT, SR P IS n) Ji e 25 R A%
HA-GTFs, ¥ K 5P 5 S5 0 [ BECIHAREE 1 2 3.6),
DA AR, AEAE: SRk e b 7 2 R
BN, MET1F 5 DSPE-PEG-HA (Zjflgtt 1:13.8, #
fEEE 1057, SHREE 11200, DL PBS W&f#, 1EA/K
o A S KA A, HELEA 15s BRI SIA
SPEMFLAE WO B, T 40 C FRUE &R
& 4j. I PBS, T 40 C, 550r/min F/K4k 30
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*x9 AEDHER
Table 9 Results of variance analysis

FEKE CEAM HBE ¥ OFE PE BB FERE CFHAM ABE ¥H O FE PHE BEK
AL 139376 9 154.86 72.23 <0.0001 tREE| X2 58.35 1 5835 2721 0.0012 &%
Xi 2067 1 2067 9.64 0.0172 &F | X2 888.32 1  888.32 41431 <0.0001 ¥
X 81.09 1 81.09 37.82  0.0005 MHEE| X3 207.20 1 20720 96.64 <0.000 1 i
X 3868 1 38.68 18.04 0.0038 &F | K= 1501 7 2.14
XX 473 1 473 221 0.1810 2RI 661 3 220 1.05 04622 AEE
XX 133 1 133 0.62 04561 iR 7 840 4 2.10
XX 092 1 0.92 043 0.5330 RMEZE 140877 16

o5y

311

2 BEZRE3ZE AR 906 R E

Fig.2 Response surface map of relationship between various factors

min, @A 3 min, FFAHRER, & 0.22 um flfl
JERE, 4 CHEERT. WIFSLIRLE L NE 10, 451
MAF YN 94.26 (n=3) 5Hil{E (Y=9525) #
NET, MXHRZEMT 3%, i8] Box-Behnken i
7 TH] PR &5 SR m] &

2.6 HA-GTFs B2 RMR

26.1 JEEME  H%&K HA-GTFs 7= /ML TE
FEW, WA RE AT BUE R HA-GTFs Wik T
B b, 1E 37 CHAETTCE 24 h TR, 1Ei1E
SRS PSR, AL HA-GTFs 2[5
BROEECEATE, SMWeRE, Joil BAR Y 5 RS
WK, Eds, ERIE 3.

2.6.2 Fiff. PDI K& ¢ HALRIINE SRA /R
JEREARI E X HA-GTFs i#E47ki42. PDI. ¢ HLAZ
WE, ZRWE 4. N HA-GTFs PRt R

F10 IR
Table 10 Verification results

o BEE HHE/ Y% RSD/
A Tas - :
% % ShRME BNE %
1 5709 09625 9389 9525  1.04
2 5627 09537 9273
3 5879  0.9857  96.15

3 HA-GTFs B350 (A) 5 TEM & (B)
Fig. 3 Appearance (A) and TEM image (B) of HA-GTFs

A
0 10 100 1000 10 000
HRifE/mm
B
-150 =50 50 150
RifE/mm

4 HA-GTFs W25 (A) R (HAL (B)
Fig. 4 Particle size distribution (A) and { potential (B) of
HA-GTFs

(117.534+0.83) nm, PDI & 0.314+0.021, ¢ HAL A
(-8.53+0.76) mV.



<5874«

FED 20236F 98 $54% B 188  Chinese Traditional and Herbal Drugs 2023 September Vol. 54 No. 18

2.6.3 IAENEDS fE BN 1 em? 7E
WA, IR T DK E JiiE 0.3 MPa [k, £
FIE I 18] 1 min USCERRA, WllE HA-GTFs 5 HA-
GLIPs J#ifEE (220 nm) FIMARFR, BANEES AT
E 3K, AR ITEASTEEIEE (D) K H RSD fH.
M5 HA-GTFs (1) D {6y 1.86+0.03, HA-GLIPs [f]
DN 1.45+0.02, kAT HA-GTFs (A8 TEPER
T+ HA-GLIPs.

D=JX (rlrp)?

D A TUAESE S, J B 16 YA B AR BB AR (mL),
r N HA-GTFs 8 HA-GLIPs 3T 5 k42 (am), 7, N
AL LR (nm)

2.7 HA-GTFs 582, BRARERIEIHRIRE FHER
& (hyaluronic acid modified geniposide liposomes,
HA-GLIPs) SRR ANE B FH R A0 &

2.7.1 HA-GTFs B H 4%

(1) HA-GTFs Bl #: % “2.5”7 T F L& b
77 & T2 %% HA-GTFs.

(2) HA-GTFs BRI #: FRECS g HmA
EEAKY, B, HFREL 2 g RIEE® 940
IO H KB, E 24 h IR, FnzE
KZE 100 g, PA=ZFERYY pH E RN 6.5~7.5, 13
THERIE . A BEIRIER S HA-GTFs )
FEiRieR &152%], BI1S HA-GTFs $1K .
2.7.2 HA-GLIPs Bt ) %

(1) HA-GLIPs ¥l £« BRAS IR 1 7% 1 IR
AL, FoAR & FE R HA-GTFs [l %

(2) HA-GLIPs &t (1) 45 ¥4 25 BRI R S
HA-GLIPs % i s thim e iR 53441, RIS HA-
GLIPs %t .

273 N E R B %

(1) FEFHERMES: K% E T BT
HT SmL ARSI, b pH7.2 i PBS %2
&, &/ Smin, B TEBR.

(2) AT H R B H S A BRI i
5 EER S R E e R 545, RIS

TH B .
2.7.4 BERIEFRIRNIGGE  DLREAE 940, R

R F 4 (CMC-Na) ¥R 75 ik B JE 2] 4k &
(HPMOC) {E R, 25 5808 T MR % s A e R 1
SO 43 I ECH R 940, CMC-Na 5 HPMC 7K
T N 5% H M, BEEEE2T, CEE R T
TRk o Ford, R 940 KRR DL = BN E pH &

6.5~7.5. KR AR AL ELL 101
BA, BEES), DAMNIMER . BitE. ISR
fabr, TR M. 45 R CMC-Na J )5 il %
TR R ME 2 . REh RSO . A 2); HPMC
il BB IR B T DB s AR UR AR 940 il £
PIBER IR G, EIBERCR . MOk Rk 940
R I AT JE S

275 BEREFUREENITRIE  CLRIELE 940 1E A%k
RIS 43 A A )R 5 ) R U 940 7K TR

N 5% H I, Bk sy, E SRR,
FER IR SRR DR L 101 RE,
FE5), DIARIMEIR . BETE. IR, BOfae
RRRR, TREEFURE .. SR ER, 1% R 940
FRIESEAGE, FshER, WA . MBI
R, BT IR, 2% R 940 il 25 ¥t
REMSE R, FFEBRHIFIER, SO T T —
Ak .

276 A SEFURAHAIKHE L 2% R
940 1ERFIT, HEALIBIR G BERE A FR &
EUARI A ] %A B R eI, B 3 ol 5 A i A VAT 4
PR EIRA 1 D10 10150 128G, #Hy
&), USMIHRIR. ik iREME. BaofetE i
b, ik e A L. RN, B SiEA
WP R ERSHEN 1 1 i, AR R, B
H—ERRahiE, FF6 s R 2K,

277 EfE L ZME LR IUE 1% BiR ik ab
77 4 T HA-GTFs B, Kt 5 i 5 A& b i i
WUURELE 1 1VIRA, By s), RS . Frilfam
B ANIIR B, HA—E s, 65
HIFEK

2.8 HA-GTFs £RRRIRETEN

2.8.1 APMIEIR  AECAINIETE, SR,
BRI AFCHEBAEL . FREL HA-GTFs &t
lg, N 10mL Z&1H/K, B, FHERIHF 5,
KH pH tHll%E pH N 6.98+0.12, &4 4N
T K

282 FEMX KA NDJ-5S heiL 3k it
%€, M43 HA-GTFs &I HH AR 23~25 Pass.

283 VP REMEFES B3 it HA-GTFs &t
mE R, BT IO S # R, T 4 C
Hl. 40 CHMTHE, 755 04 15 30, 45, 60,
90 KA HIBUEE, CAAMIPEIR . ZHFE KHE T AR X 25
& CH0 & & =045 PIAE 71 & =/ A HINE 75 &
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) NfRES, WERZM NS SHMARL, iR
FExF 7= i E VERREIR, 45 R MR 11. HA-GTFs #t
IRAEAGIR 4 C MBI BB BT H & AR

N, RPHEAZEE FIRERE, ik, NAE
iR 4 Cfiff HA-GTFs Bl
2.8.4 RANBERRSLES SR FHZEAT IR E AR AR

#* 11 HA-GTFs BIRIRE M SHENE
Table 11 Determination of stability parameter of HA-GTFs gels

d S B 1%/(Pass) HEFEF AT 5 2/ %
4°C iR 40 C 4°C = 40C 4°C EE 40°TC
0 B, AREEIOE G, FRECIOL BE, GREGIAL 2377 2440 23.85 100.00 100.00 100.00
15 WG, FRlEaIoh BE, GREeIL BE AREGASE 2283 2289 2036 99.78 9730  92.57
30 BE, AHREAIL EE, AREGRIE BEeRR 22.14 19.65 18.74 9836 94.65 84.62
45 WG, BREaIOL B, AREAILE  BEeTR 2145 1823 1588 9647 91.38  77.49
60 WE, AHREAIL BE, AREGRIE BERR 20.86 17.11 1359 9432 88.63 6835
90 WE, AHREAIL WE, AREGIE BERR 2042 1565 1047 92.18 86.72 51.68

JEDOY, LA Ul G - B - HA-GLIPs #EX 5 HA-
GTFs &I ARSI RE « RS PRI 1 g S T 1%
Hr4seh, DL SO mL A= B R K AE MBI i, 132 °Cs
100 t/min Z5£F g, 43A1T 0.5, 1.06 1.5, 2.0,
4.0, 6.0. 8.0, 10.0. 12.0. 24.0. 36.0. 48.0. 72.0h
BUENTA B 1 mL, [FE#78 RARAR SR & A A
i, % “22.07 TN GGG KA, 2555 ]
BETH RGO, SRILE 5. RER,
AR TR TE 12.0 h BPREBUE 4, REVRREICRIA
3] 98%, 2 J5#a TFa5E .HA-GLIPs %tk 5 HA-GTFs
HERSTERT 2.0 h BEBERL, B AR B EMINE 7 H R
Frolie, Z RO FEFF G, RIS R 1AL
R, TE48h LT RIGE 4, RARE IR 4 ik 3
92%- 89%. 3N EHTTHE . — 2 T7 2 Higuchi

HREHATIE, SR IE 12, 3 FhHIFIA A SN i
FAHII1F G Higuehi 772, 58868 FH &K . HA-
GLIPs %t HHEL, HA-GTFs i 2 AT 5 1 1 28Rk g
71, BAFIT TR RE Ut -

100 .
< 80
ﬁ
= 60 o WEHE TR
T
X -+ HA-GLIPs &t/i¢
Bk 40 -+ HA-GTFs B
20 T T T T T T T 1
0 20 40 60 80
t/h

5 3 FhiEIFIRRSMNEREZ (X 25, n=3)
Fig. 5 In vitro release curve of three preparations (X %S,
n=3)

F12 3 MEIFINEIMRREZE IG5 IE

Table 12 Fitting equations of in vitro release curve equation of three preparations

e TR

— R Higuchi /572

LSEHE T HEL 0=0.056 51404038, R?=0.9204 In(1—0)=-0.3218¢—0.1077, R2=0.9712 0=0.2458240.187 6, R*=0.9783
HA-GLIPs Bli  0=0.034 7 t+0.309 3, R?=0.9463 In(1—Q)=—0.0728 —0.3364, R*=0.9783 0=0.1493 1"2+0.180 I, R?=0.9812

HA-GTFs ¥t

0=0.0342t+0.3053, R*=0.9364 In(1—Q)=-0.070 6 t—0.3323, R*=0.9656 0=0.1469 ¢>+0.178 1, R*=0.9716

2.85 KB B RR JRIZE e 9e g0 BkEYE SD K
B, XTHEEM RS AE, BT NI, BRI
e AL, FAEREER KV, JRAUET-RITK
oy, FREAREEE, BT20 CUKFHhAGRE, &
Fo A R A Franz 380t CGRINARZ) 1.76 cm?,
EFRZ) 6.5mL) HEARINE K IERE, WK R E AR
JRIE B 7E Franz § 800 H, MARZE L, DUAERE
IKAERiEE eSOl HER B2 IR0, k2
Sy AINN 0.2 g HA-GTFs #Efi% « HA-GLIPs 5t/ 5%

AR TR, REF (324 1) CTEIE, 25T 0.5,
1. 2. 4. 6. 8. 10, 12. 24 h IR E A i35 B #21
W, TR DD &5 2 HL Ol s i S A EE Y AR B R
Ko HBFEIB BG4 0.45 pm TFLIERE)E
i, % 42207 TUR SR, MRS T 0
AR RFUE R & () BRBIER (R). \Y”
Aot ER RIS, BT A ROE AR, DUAERE
KPEE, IS mL AAEERKEIR, ISR H R
30 min, 12 000 r/min 250> (Z0024% 8.95 cm) 15
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min f5 &R, A, SRR HPLC ENENE T
SR, HEAYHEE.

n
0= Y. CiVilA
i-1
R=0u/M

O, FoRIT ] ¢ WA REUE K & (pg/lem?), M RSHE
mE T E A (ng), G RoRE @ AR SRR 5T
W (ngml), A T RERTR (omd), ¥ FTAER
FEIIAAR (mL)

PASAALTAR RANIE K O, NNARDR, IS ¢
BARFR AT AR AR R, PR R i s [,
ug/(cm?h) Jo

1% 13 M 6 7] %1 HA-GTFs %t . HA-GLIPs
IR 5 NG T BEIE 24 h BT THTAR () R AR B
439 9(39.3140.53).(28.07+0.62).(23.66+0.74)
pg/em?, 24 h ZAUE K H 553008 70.29% 53.41%.
44.61%, FROEFE (J) 43N 4.987 1. 3.562 9.
3.118 1 pg/(cm?h), JZ ki & &5 508 13124 9.37.
5.26 ug.

ZE BRI HA-GTFs BRI RRE LR, R
7R Ee i R R R B R AR 3 P T 5
HHE N, HJE HA-GLIPs HEEE, Ui WL 84k
HBERIE B R ST RE AR B IR S5 iE B, RefiZy
WIAE B2 IRV 2P0 As P

#z 13 3 MFIFEEEESHHIXTL (X£s,n=3)

Table 13 Comparison of percutaneous penetration parameters of three preparations (X £ s, n =3)
FF it QO2/(ug-em™2) O-t It r 8 0u/%  Jd(ugem2h™Y)  ZyWpiii B ug
W EHE TR 23.66+0.74 0=3.1181¢—2.1509  0.9675 4461 3.118 1 5.26
HA-GLIPs #E/i% 28.071+0.62 0=3.5629¢—1.208 8 0.9290 53.41 3.5629 9.37
HA-GTFs #tJi 39.31£0.53 0=4.9871¢—23907 0.9829 70.29 49871 13.12

40

30 9

20

O/ (ug.cma)

—o— B TR
—8— HA-GLIPs %%
—&— HA-GTFs Btk

10

0 5 10 15 20 25
t/h

El6 3 MEIFIREIMNERBIZ% (X+s,n=3)
Fig. 6 In vitro transdermal curves of three preparations
(Xxs,n=3)

29 Xf RA MIFIZZHEIFN

2.9.1 REMEFNBICHT RIGHR L4 ¥ 42 A SD
KERFEHLT A 7 40, BIXTHRZE. BRI, BHMEZGY)
H (HEABZEH R IREN ig 1) 1 HA-GTFs 1.
TR AT R IR A E . DE A
B AEFIVE IR, Bt B AP A 288 T4 B
Fia el sc 0.1 mL 584 IS, XHHRA T
A G LB sc B EK.

292 iy ERRINEE 10 RIFUAA 2, HS Y
1R, B8R ZH 21 do TELRZHRT, WK RIBRIEHT K&
UL AT R E . FHVEZGA LU AR 2 85 iR &
Wig, 25778 N 5 mg/(kg-d); HA-GTFs BRI

H mAIEAEIIRIRG Y], BRI 11.875.
23.750+ 47.500 mg/(kg-d); e T H R IR A
WIREZE, H255)8 N 23.750 mg/(kg-d); SRS
BT 2H 53 R R S B (1) 25 B AR o
29.3 KATRIBE B3 d RHKBRIT RiE%
(AD PPt T8 41K RG220 A8 1 R AR B e
HIEE, SN 0~4 %, 0% FTLAM; 1% &h
BESCHTLA s 2 e BEOCTT . RREHLM 3 S BR
KATCATR L s 4 S AFEEOCHITE N 1435 2
JNALR . GER IR 14, SXFRRAAM L, BRI AT
RIBEOE D 8BTS (P<<0.05), PiBIER AR .
SRR, S A AT RO B R
ik (P<<0.05), H:r HA-GTFs % fis v 77 B 41 B i
53 (P<0.05).
294 KEBERHEAL S 4hzh21d )5, 4
PO KRR, WTERCT ] B LA T Bl o &,
HAR R e RO, BUHBRICTY, DL 4% H S
TH IR 5E 5 FEBON 10% EDTA 853+ T 37 °C
TSR, A, Y)h, HE Jeta, TORER
BHATHL LR

SRR, XTI B K R ER ST H Y] AR L
RICMIIRIE, WAL R, ;s BAHE KR
B RIEAIMIZIE, T R, M R,
AT LR R AR s BHPE 252 K SRR G 2R Y)
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FT 14 EKPRIEBUIES (X£s,n=6)
Table 14 Arthritis index score (X £ S, n=6)
Fili=v] VI
20 5
(mgkg-d™) 0d 3d 6d 9d 12d 15d 18d 21d
bt - 0 0 0 0 0 0 0 0
Rt - 4.84140.05" 4.90%0.05" 4.84£0.07" 4.91£0.06" 4.86+0.07° 4.894+0.06" 4.831+0.04" 4.84+0.05"
PR 254 5 4.874+0.07"* 4.68+0.10" 4.48+0.15" 4.10£0.12* 3.85+0.07"* 3.5740.09" 3.38+0.10"* 3.15+0.09™
HA-GTFs #ti 11.875  4.85+0.05" 4.73+0.07* 4574+0.11"* 4.374+0.11" 4.17+0.13" 4.00£0.08™ 3.83+0.07** 3.68+0.06"*
23.750  4.87+0.05 4.6840.07"* 4.474+0.07"* 4.23+0.09" 3.97£0.09* 3.75+0.05™ 3.6010.09"* 3.47+0.07"#&4
47500  4.87+0.05" 4.6540.08" 4.40+0.11"* 4.10+0.10" 3.85+0.09"% 3.604+0.12" 3.33+£0.09™ 3.08+£0.07"#&S
WA R 23.750 4.87+0.07™ 4.734£0.07 457+0.05 4.38+£0.07" 4.20+0.06™ 4.024+0.04"* 3.87+£0.07"* 3.73+0.09#

xR "P<0.05; 5HEAAHLE: *P<0.05; 5 HA-GTFs BURACRIEH LR “P<0.05; SFHMEZMA L. 4P<0.05; 5 HA-GTFs

Wl B R SP<<0.05, % 15 A

*P < 0.05 vs control group; *P < 0.05 vs model group; *P < 0.05 vs HA-GTFs low dose group; 2P < 0.05 vs positive drug group; P < 0.05 vs HA-GTFs

medium dose group, same as table 15
Jr ] W E S E A IR i, WM 5E#E s HA-GTFs it
AT 2 o] WL S RE A AR, TE R RS A5
WS, W% EME: HA-GTFs B &4 05m]
DL/ B JOREAN MR, 18 IR NS BB HA-
GTFs Bt i )5 A I 98 S 4 i i, T 4 23 58
By MG T R PR B2 AT L SRR A IR
i, WEEASERG. Aek, SRILE 7.

TR 7 7753 :

A

2.9.5 FEELGENIIE (enzyme linked immuno-
sorbentassay, ELISA)D VA& Iy H eg RS A -
a (tumor necrosis factor-a, TNF-a) 5 H4H0 %-
6 Cinterleukin-6, IL-6) /K- %325 21d )5, 7074
UK LA 10%7K & SR R , 15 30 ik L, 4 °C
#E 20 min, 3000 r/min &4 (B.0F4% 8.95 cm)
10min (4 °C), W L2, 80 CHABAHN.

v

/i

' y .“ % d
) f by
X e\ A I\
75 " A
i %)
; i
%x '{

HA-GTES Y HXEPUE )

HA-GTFs Bl f 1t WG

7 FBEXRRRXTRELEAFEYR HE &, X100)
Fig. 7 Histological sections of ankle joint in each group (stained with HE, x 100)

#I8 TNF-o 55 IL-6 ELISA AF &R EVi I, X
7% TNF-a 5 IL-6 AKTFEATRM, Z5 5 W& 15,

xR, AVHIMTE TNF-a 5 IL-6 /KT &
TR (P<0.05). S AL, %45 2541 TNF-
o 5 IL-6 K FEZEMWREL (P<<0.05), FHHFHMHEZ
Py 1L-6 KPR mT HA-GTFs mflEd (P<
0.05), & EHLT HA-GTFs ik HH7 &4 (P<0.05).

F DL E 3 45 S AT 5 HA-GTFs 415 P 25 2 %t
KR AR TR AL G 98 1) J8RE IR - 7K ST 3 B 35 P %
fi%, HA-GTFs 515715 4 78 FEAR 28 0 R /K P (R 7 R%
Hif,
3 g

ASLIGAERTHALLES T 3 ML AR B R A 52
ik BRI ENTE. SOkSENE. 4
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# 15 RAKRIMFESD TNF-0 5 IL-6 KkF (X+s,n=6)
Table 15 Contents of TNF-a and IL-6 in serum of rats in
each group (Xt s,n=06)

i/ TNF-o/
A3 IL-6/(pg'mL™")
(mgkg™d")  (pgmL™)
Xt R - 42.03£1.90  56.20%2.48
R - 85.47+3.84° 171.55+4.59"
FHYE 251 5 6321517 113.18+7.77*
HA-GTFs §t5 11.875  78.2245.68" 148.90+12.14"4
23.750  63.4112.52"%& 129.124+12.97"&A
47500  57.3114.59"% 04154126374
TEMETHER 23750 69.27+2.39"% 137.0049.60*

TR I SRR A EATIEXT HA-GTFs 5 s 4
TR EEZE, MR EERE 1 4ME, Xt
TAKE (4000, 8000 r/min) ki (4 C) B (G
D42 8.95cm) S (14000 30000 r/min) A
B4 C) B ELFE 895 cm), HIAREH R
58 HA-GTFs 5ifEte 7, HEEE 0T
15 ] BE 2 ATAL I AR S5 A i R AT 3 B 24 Pitt s , [A
IR ANIE F T HA-GTFs A3 R 50005%E . %
TS R A BE AR N 43 1 5 & 8000~ 14 000 (132 A
48 5E HA-GTFs B2, Retgk 2B T, itk
S 25 TR R RN S 557, o 35 BT P 20 B 48 A
FkgnE A, MR BT, R ZR NS A
W@ BN RILR, HEANBESINER A, B
IRV, FARSENT, EELRAETRIZY)
Wi, BENFEHANA, A EREHX BT

A SEIGH ) HA-GTFs Hfldh R kil s
[ Z530) 2020 4 hig 21X T ok il 77 €0, 58 26 i 2K
(AMET 80%), 1] BEA2 PRI A2 I 4 711 () 2 7K 53 v
P (HLB ) 22 B SrEfG s ek 240
WA A, T B0 5 T 5 AH B F RE ) 2
o RMVEPERR LA 80 JHEREN-5 i S IHEREH
) HLB 187358 15, 18, 16, /KR, HH]
e 5K MEZYSE KA RN B, S 8UE T
H AL K

K BRAZE TR Y DR S AR AL A2 5 FH IR D1 98 23K
TR, SR 2558 21 KRG, KB BRI 2H S B gL 1
R B7R HA-GTFs &7 HCHE W%, ] b 480
YRR . WS IR UES: ., e, BB HIRIT G,
HA-GTFs 4t =i & AR T A E AL
HHREEW (g) At & FKMiE+ TNF-a 5 IL-6
KA T, KB HA-GTFs BHRAHEFRIB LT KRG

BEMBGEEM, WA RENH] TNF-a 5 1L-6 2E
RIS, SERiRTTRCR .

AW T & T —FhFHR SRS R IE B
AEM HA-GTFs K, JHHsH S EEEs &, 2 1
PG PIRCR, I RIS RAR T AAT
RAFIAITRCR . Ak, B ki 4s 24 R itk i 14
SRR G EONE R 2 R it TR R, R
A IR RS

FBAHR FIANEH ARG LEA 5 F R

SE R
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