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Preparation and evaluation of novel hydrogel of Bletilla striata polysaccharide
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Abstract: Objective To prepare the hydrogels using Bletilla striata polysaccharides (BSP) as groundmass and evaluate its properties.
Methods BSP were successfully extracted and characterized by Fourier Transform Infrared Spectrometer, thermogravimetric
analysis, differential thermal analysis, and X-ray diffraction. The BSP was incorporated with Carbopol 940 to prepare hydrogels.
Rheological behavior of the gels was investigated by rotational rheometer, skin permeation properties and bioactivities of BSP gels
were evaluated by trans-epidermal water loss (TEWL) and blood coagulation examinations respectively using mice as model animals.
Results The BSP was pure with complete structure. The BSP gels showed the better viscoelasticity and physical strength from

carbopol gel. The gels showed better skin permeation enhancement and hemostatic activity. Conclusion This work demonstrates the
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skin permeation enhancement and plasma coagulation effects of BSP hydrogels, which show great potential in transdermal drug

delivery system and wound dressing.

Key words: hydrogels; natural polysaccharide; transdermal drug delivery system; skin permeability; hemostatic activity

FARZHE T HAT R s v ae f A=y mr e
fiftPk, 7E29WiEhi% R4 (drug delivery system, DDS)
MALUEE TR HAT W s, JEs)
15 & AN . (1 & 2B (Bletilla striata polysaccharides,
BSP) =B Y 1 ) Bletilla striata (Thunb.)
Reichb. f. [{FZIGTERSY, BA R O aa),
P2 PUE PR T . HA 2> T RN A
1353107, (1 a-H @0 B-H SRR B-HI 274l
A b, W B SR R R 2
2.4 0 1o BSP AIAER— PP EAR ) b i SO o
TRREDgEAER K ASHE, @7 T AKX
i A s EEEER S A T
E AR AT R b M4, FEEAT T 1 & Pk PP
AWFFCLL BSP R 5k}, il g T —Fh BA kA2
VBE PERN LI P  ACER N R R . 12K B
ARCEREE AT, e LE BB A b () AR RS
11 B OB R 22 iz 259 4% 388 F 48 b HAT VAR IR v
VAN
1 XE5RF

DFY-500 Fp i HL, A E g R 2 AT B A 7] 5
DEAE-cellulose(3 cm X 45 cm), Ji [ S 45 M8 23 7] 5
UV-2600 730606, HABEEA W] ; Sephadex
G-200 (1.4 cmX75 cm), F[FH Pharmacia 2\ 7);
TENSOR 27 fHHIMARHL A GEE (FTIR) X, &
[~ /R Wi Je Bruker 22 wl; DTG-60 #AH 43X,
HA B E A H]); DMAX-2250 T8, HALKSH
AP ] MCRS01 8%, HHF] AntonPaar
/yH]; Vapor meter 26 57 7K 53 HUR BRI 2 AL, 2524
Delfin A 7]; XNO6-IV - H B Mg Bl 73 #rA, ot
D) SRR A R A .

1 S A0 T 2 e A B T A AR 24 T
Yy, 2 RWIBL TR0 B R B 5 o 2R 2 d
Wi 4 ) Bletilla striata (Thunb.) Reichb. f. R,
R 940, FE[E A K 2 Noveon 427 Tk A H
KAt AR A T ral.

2 AEEER

2.1 REERS

2.1.1 BSP 4 THEE 0 E AR, 1
1 &K AR 100 g A4 000 mL ZZ18/K IT A ZE 5 000 mL

Bebr, 80 ‘C/KME 3.5 ho 4REUAK 3 000 r/min 2L
2 min, JI#E 60 C, AN S g/LiGtERit 1.5h
It JEWRWSTSE 700 mL AR, A,
W@ WA 95% LREZRIZ I B, LA E]
T0%HI AR B, Se Uil REURZ S, KRG
¥ 3 000 r/min B> 20 min, WEEDTIEWIF 45 CH
TR 72 he R, G4 16 ¢ L BSP gt
2.1.2 BSP fyfeall  AHIEAEFT Sevag KNV FR 2k
5. HURH BSP Wi/ K T, A5 gL KREH
fitt 40 CHfEfR 3 ho LA Sevag ykRR 22 2 Fi b (1) & (AR,
DLIE BT (A B AN 237 0T & 3 500) 34T R 2 /N oy
T IHLAERSM 3 A FEASGIAT AL (400~200 nm).
i} DEAE-cellulose (3 cmX45 cm) #44 Sephadex
G-200 (1.4 cmX75 ecm) ARail, ffa BT
3| BSP #lifk 4t 4,

2.2 BSP HIRAE

221 Z04MGE FH FTIR J6iEAsE 4T BSP 404k
FAE. MR THERIFEM 2 mg, KBr kv, 7E
500~4 000 cm ' HEAT FTIR Jeilf44, dtershE
e, L 1. MG, 895.8 cm ™! AL IREIENK
W R Z R B AR IR E. 8102 em ' &b
(IAREAE IR AT 0 2 B BB 20 T IRA7AE . 76 1 031.7 FH
1 148.5 cm ' (SRR I B T IEIR BB 3L . 1 650
FI 1550 em ' AbJE B AE W, R E R L
PR, SBRER o A% L0AME S ek s — 2,
222 BT i DTG-60 #EE 4rAXE4T I
R FHEIEEE 10 C/min; i BEVE M 20~500 C,
AN A BSP FJIIE ST (thermogravimetric
analysis, TGA) HIZE L& 2. BSP [MFASEME S 2 2

—_— —
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Fig.1 FTIR Spectroscopy of BSP
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21 60%. BJ5, BSP 7R FE N R EEH AR LR .

Kl 3 & BSP M1 ZE#p#fr (differential thermal
analysis, DTA) 12k, 7 100 ‘CZHI, A 1 DMK
W, 5 BSP IR AEFEAHOG; 78 250~300 C
A 1SRRI, W 300 CAiti, &g
BSP (K 2% ffAH <. DTA ek Bongs 7Y TGA
gE RAHTT .

L L I
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Fig. 2 TGA curve of BSP

6 160 2(I)0 3(I)0 460 560
7/'C
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Fig.3 DTA curve of BSP
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(1) Z BERFAIE , BSP I3 AR 2y 2 AP aEAT , 1558 /& BSP
N BB GE &K% £E 250 “C2Ja HZREN E 5
fift R . BSP [ FARAT 5 SCikI s — 2.
223 X SFEATH T ATH DMAX-2250 T
X] BSP B AR BEAT X AT A e RS Ka
ek, MR 36 kV, HHT 26 mA, FIHEE N
0.05°/min, FIRGMAEE N 10°~100° (20D, FI4 [
0.02°, HeER LK 4. I 4 nT%n, PRSI IRZR TS
IR, A D E/NELEAE, KW BSP 2R A
To e AR
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4 BSP A7 XRD 534
Fig. 4 XRD analysis of BSP

2.3 BSP KERRBIHI&

RFARE — & 42415 1) BSP 56 2% fi# T 18.0
mL ZE1E/K i %l BSP . B 0.1 g Rk U} 940
TN BNZHE TN A 80 “CHRAEES h, SR )G A 2.0
mL H W 4REERR: 3 min, JE{EH—@ S5 — LR
W pH A% 7.4 e tH 5 AR IR E 1Y) BSP
IKEEHIFR] (£ Do

Fz 1 BSP KERTET LLLERK
Table 1 Composition of BSP hydrogel
Fedy BSP/g U 940/g A FAK/mL H/mL

K1 00 0.1 18.0 2.0
B2 0.1 0.1 18.0 2.0
B3 02 0.1 18.0 2.0
k4 03 0.1 18.0 2.0
HEkES 04 0.1 18.0 2.0

2.4 BSP GERRAYRA FMiK

K ERE AL 5 BSP /KB IR IR A8 24
Pk o MR A Rl MR S 4 i 32 C
CRIBRIRETRD, 1% 0.01~100 HZz!", 43 51l LA
HEEARRR, DIAERERLRE (GD. BUHERE (G U
KMEVERLEFE (n) YRR TR B IR i A
SRAIEE, LK S, T, APRENT G5 L AR
AKX, GHHBESREA K 2 O UK BRI
K, FEZRMERHEE 3% 0.01~100 Hz) W,
G'IE ST Gy HF AR T 2 A 0 %
P, R R AR AT A,

5% P9 % IROBEREAT LG, BSP 7K Bk A2 3k 7 [
WRILH T A1 G (] 5-a FIE] 5-b). HBE
BSP U0, G G BT kA, Ab
J5 5 (BSP it 2%) 1 G'FI G"¥ W 1Ak
J7 2 (BSP JREDE 0.5%). L2 A% N, BSP
IKER I p i m T A (K 5-¢), Hj BSP
J T BUEIEAR G KBTI BSP Ji5, &S
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5 A[EIECEERY BSP KB ISR TS 1 e
Fig. 5 Rheological properties of BSP hydrogels

2.5 BSP 7KGERR K BREIE RN

28 [ KU R (trans-epidermal water loss,
TEWL) i EA ][] BT TR A 7K 238 e B JEG £ ot
JE AN R, A R A T B kA R
WHRT, RS L2 BRI R by, %
% BSP KBNS 2RS4 B Tk £ 502 B B AE 1)
. SEETTUAIT, #4530 JUNEL (MERER-E) M
1 FUKBER IBCLLBERL Yy 5 41, Rl 6 H. AE
SR HT 24 h, NOBIBRD R EIAEE (1 cmX1
em) VERZEEAL. RIS A, /D s
P I AT R R AR A 1S (B 0.3 mL,
INRERE TR, S% 30, 2T 1.0 h A
Y2505 1.00 1.5. 2.00 2.5, 3.0, 4.0 h is4r5HZ&
B KA BURASCI 32 4 2530801 1) TEWL A . THH 83
[t (enhancement ratio, ER).

ER=TEWL/TEWL,
TEWL, A4 2517 TEWL 1, TEWL, h BSP /K4 2 )5
¢ ISF ) TEWL {8

H AR TEWL (L3 2. th3& 2 vl 40,
TEH NI TEWL 158 27 g/(m>h) 24, %4
TS A A L C B % 22 57 (P>0.05). 4525 1h
JA, AAXNEA (B 1) NR TEWL {5
(27.15+£3.62) g/(m*h) Jh&E % (32.30£3.97)
g/(m’h), FLEFE 45 245 ] SE KB WA . BSP 7K
B AL 25 1 h J5 1) TEWL B I T KigieTH. B
PETT IR 5K Bk BSP B 0 3 R BLIE A 5% . 3L
o, KBRS (BSP i34 2%) fE4525 1h G
ff) TEWL {8, Hh (53.00£4.08) g/(m>h), i
i T AN AL (P<<0.01),

K 6 filiik T %0504 ER A BEIN T AR A0 1) 2k .

*2 BHRFENMREKE TEWL ELK (X ts5,1=6)
Table 2 Changes in TEWL values of mouse skin after administration of BSP gel (X *s, n =6)

TEWL/(gm >h™")

. ok 1 Bk 2 POl 3 Bk 4 B 5
Y5257 1.0 h 27.15+3.62 27.44+4.27 26.58+3.84 27.98+4.15 28.7244.51
#5255 1.0h 32.30+3.97 37.11£5.10" 39.72+6.37" 49.18+7.72" 53.00+4.08"

15h 28.35+4.34 33.88+3.38" 37.15+4.99" 42.65+6.01" 43.17+9.07"

20h 27.51+2.04 32.81+4.13" 36.60+4.06" 37.20+4.39" 34.48+5.10"

25h 27.83+2.88 29.75+3.30" 28.01+3.77" 30.69+4.39" 29.22+3.97"

3.0h 28.98+4.66 27.70+4.05 26.74+4.35 28.59+4.80 29.4242.98

4.0h 27.35+4.29 27.07+4.10 26.70+3.50 27.80+4.55 27.98+3.35
L4255 TEWL (AALL: "P<<0.05 “P<0.01

P <0.05

P <0.01 vs TEWL value before administration
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administration (X *s, n = 6)
5251 h 5, S43hH) ER HARYE K&+ BSP
JRCRE BRGNS L T A FIREEE R e o,
HEKE 5 1 ER {Hdc =, 0 1.84, 5382 Hrimgh
XN EAREREMZE, 721 h)G, AP
ER fH#BL% T FE, 3 h i ER 5T 1.
2.6 BSP ZKERREEMEITN
2.6.1 1L-IISHE (bleeding time, BT) M 2%
SCHRTEEIAT BT 5™ Kt 30 FU/INER CHfERE -2
MR 1 KB LU BEL 2> 5 4, B4 6 L.
MTEw TR RN RS 5 mm AR, SERIT
FIVREA 100 pL AN KB IF AR T . B 15 #20
1K M3 DA AL s ke AOT 4 I
F I I TR /N BT 55 6 FUNBRAE N
AR E I 2 CHERE -2, E AR B I A AN AT AT it
FRAEBITVE RS AL, R DA RS LI
X BT.

FHLR P BT WEMAE 3. AR M
AR 1 ARLEE, 2 S BT EHIF
WX (P>0.05). 1l BSP 7Kk ] BEAK S
BT fii, HAEMACR. HikmERk s BSP it/

#& 3 BSPKERI/NR BT BISIE (X £5,n=6)
Table 3 Effects of BSP hydrogels on bleeding time in mice
(X £s,n=06)

Percentage changes of ER in mice after

28 5 1AL IR [ /s
EENIHIi! 40062
BT 1 435+ 64
B 2 420+56
B 3 41064
B 4 36046
B 5 295+38"

SR 1 418 "P<0.05
*P<0.05 vs gel 1 group

BORIEAHC, Horh, BRI 3. 4 R 5 4123
BT {2 F R THEL 1 41 (P<<0.05).
2.6.2 L 4 BENE 2% SO EIEA TR 4 T5
MU, A TSI AL, A7 TR 3.8% T %
BN, FEEER T 10 000 v/min S04 8 10
min, /NOWRICEREIMS, 752 h W37 SER

Bl M 100 pL, 23 mlinA 25 pL A [F] BSP
JTCEE 3 BB ot IR A B ER 7K A DAy B )
WO, WA, 37 CHER, H XNO6-IV A 3K
R I3 BT ASCHEA T ¥ I i BN (] Cprothrombin time,
PT). &EIMLEFHSA] (thrombin time, TT). ¥WHALEE4>
FEIM A A] (activated partial thromboplastin time,
APTT). #F4es )5 (fibrinogen, FIB) & o
FERPBERTAT 4 IXSESR

HHE 4 a0, S5ER 1 44, BSP /KB4l
(¥ PT AR &AW Wl 2542, 10 APTT A1 TT fELH BLAS
IR BRAIG, PRACREEE Y BSP i /r B E FAH
Ko J3—J71Hl, FIBHREA BSP J5ti 7> £ n 2
LTt FIREE R W BSP 7KEE T i S e [ ke 2]
gt 1,
F 4 BSP RN 4 THEFRAIRNE (X £s,n=4)
Table 4 Effects of BSP hydrogels on plasma coagulation

time of mice (X L5, n=4)

415 PT/s TT/s APTT/s  FIB/(gL™)
FAMENT IR 8.4240.26 33.1720.57 24.80+0.58 1.2740.25
BERE 1 8401032 33284045 24.40+0.74 1.35%0.18
BEBE 2 8431030 32.76+1.38 24.90+-0.43 1384028
BEBE 3 8284024 31.80+0.58" 22.9840.69 1.66+0.19"
B4 82140.18 29.484+0.56" 21.974£0.56 1.93+0.217
BERE S 8514022 273940617 21.4540.437 2.0940.19™

U 1 AL TP<<0.05 TP<<0.01
'P<0.05 "P<0.01vsgel 1 group
3 itie
A S5 I K SR EEDTE N A S AR S B T
BSP, JFB LW f# A Sevag VL3 T4k . it FTIR.
TGA. DTA. XRD % /754 BSP MATRAE, H54¢
AE T P 55 AH O STHR FL e I, S5 16 4% 1K) BSP 48
JER e HA R 584
ASEIG T T — RS BSP it - Bbh . (0~
2%, REHFIARPARAZ R 45 A3 2 ACRERE . T I i
ARG, BSP 5 R 2 A 7)1
TFARPLL IR GG, oAl TR IR . HL il
1+ BSP w1y s SR 2 [ A ELAE T, KB I HY
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