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Preparation and Pharmacodynamics Study of Hydrogel Patch Combining Earthworm Syrup with
Nano-silver

LI Fanglong, LU Xianyun, FENG Xin, CHEN Rong, WANG Huaiying, LI Lixia"(Nawural Medicine Research
Center, College of Veterinary Medicine, Sichuan Agricultural University, Chengdu 611130, China)

ABSTRACT: OBJECTIVE To study the prescription and preparation process of earthworm syrup nano-silver hydrogel patch,
and evaluate the effect of promoting wound healing of deep second degree burn. METHODS Optimizing the ratio of the
dragon and caster sugar in the preparation of hydrogel patch, taking the protein content as an indicator. The formulation process
of hydrogel patch combining earthworm syrup with nano-silver was optimized by single factor experiment, which factors
containing glycerol, glyceryl aluminum hydroxy, and sodium polyacrylate, then response surface methodology was used for
evaluation of the formulation process, with stick power, shear strength, peel force and appearance as comprehensive indexes. The
model of second degree scald in mice was constructed. The efficacy of the hydrogel patch was evaluated by wound healing rate,
the water content and hydroxyproline content in the wound skin while the Jingwanhong scalding cream was used as control.
RESULTS The fittest ratio between the earthworm and caster sugar was 1 : 0.8. The optimal formulation process of hydrogel
patch was as follows: 25% of glycerol, 0.4% of sodium glycerol, and 3.5% of sodium polyacrylate. The healing times of mice in
the burn ointment groups were shorten. Meanwhile, the healing rates and the content of hydroxyproline were increased in the
burn ointment groups. These edema in the early time of scald in mice were relieved. CONCLUSION The hydrogel patch
prepared by the optimal formulation process has neat appearance with even quality and the adhesiveness meets the regulations of
Chinese Pharmacopoeia 2015 Editon, and has a healing effect on deep second degree scald.

KEYWORDS: earthworm syrup; hydrogel patch; matrix formulation; response surface methodology; preparation technology
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Tab.1 Scoring standard of appearance
ANSRIEA 1ioix
THABEREAS) , BIREE T, RIBELF ; REDEH, T, 100~90
TR Hes TR ICIE ;WG T K ik Tk
BRBEER S, WIS, RIEDEW, A0 F Ak 90~80
s BRI AT B Ik Es% 9
PHORBEERIRAE, 5 ORREE, MR MAT, A KIRSOUS 80~60
Bl AR RAB WA T B o TR
FERBEPE IR, FHABT, WM, ARG, Ak <60
REE BRI B AT KRR 5 R T B ik
(PN Vit
242 HHEZRKXE o0l EE KA H
(20.3%, 24.3%, 28.3%, 32.3%, 36.3%, 40.3%).
K2 (B)H #48(0.04%, 0.24%, 0.44%, 0.64%,
0.84%, 1.04%). B R (C)RNIEIRING.1%, 3.5%,
3.9%, 4.3%, 4.7%, 5.1%) 6 AS[A]FH K217
PADHZREY , FE “2.27 TR 7 A% e ah
AR KBEER G, @i “2.4.17 TR PEM 5 gkt
TER BTy, SR ETE M ERR R, A 3 B R P
WA, SR ER, 3 NHEEW R
24.3%. RINKEIREN 3.5% . HEE 0.24%,
2.5 HilgE T2 N AR AR AT AT
251 FREIFSSE UHMA) . HEHAB).
RWEHRNCO) R I EZEN R, KEER T
CRGVRr AR AR, SR W T R R,
173 W& 3 KPR Rt ik, REFAEI
2, WITMEERILE 3,
2.5.2  [IEABIRIE S FJ 208 R Design
Expert 8.0.6 514, X133 B vEATRIT 00T, 5
V(X HIA) . HEREB®B), BNER
BI(C)R [T )7 2« ¥=+83.52+2.62A+2.82B+1.67C—
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0.58AB-1.72AC+0.21BC-3.99A%-2.08B?-6.47C2,
W EVER Y AT 22 0T AR 40 B P=0.000 3<

w2 HEELNER AT

Tab. 2 Analysis factors and levels of response surface

K- A(HN/% B(H Y% CCRIHEIREN)/%
-1 20.3 0.04 3.1
0 24.3 0.24 35
1 28.3 0.44 3.9

®3I AFREERTITE

Tab.3 Screen experimental design and results of prescription

B% 4y
‘ N YA

FBOOA B C SN MR BSEH BN
1 -1 0 1 83 83 36.0 78.8 73.18

2 0 1 1 83 81 75.5 65.0  79.30
3 0 -1 -1 80 81 41.0 76.4  71.04
4 0 76 88 36.2 60.0  76.84
5 0 0 0 87 85 83.7 86.2  85.36
0
0

6 =1 1 86 81 60.0 804  79.20
7 0 0 86 84 65.0 89.2  81.72
8 0 -1 1 78 87 51.4 83.0 7498
9 0 0 0 84 83 81.5 78.0  82.70
10 1 1 0 85 86 84.2 65.0  83.04
11 0 1 0 78 82 55.0 812 7452
12 1 -1 80 80 66.0 71.6  76.36

-1 76 80 27.0 804  67.44

0
0

14 0 0 0 89 83 80.0 74.0  84.50
0 1 81 84 49.0 81.2 7522
0

0 84 83 75.0 83.0  83.30
17 -1 -1 0 80 84 32.0 68.8  70.68

x4 DEURBRTESAN

Tab. 4 Significance test and analysis of variance

SRR PO HmEE By F1{H P{A

FEEY 439.63 9 48.85 20.69 0.000 3
A 54.92 1 54.92 23.26 0.001 9
B 63.39 1 63.39 26.85 0.0013
C 22.18 1 22.18 9.39 0.0182
AB 1.35 1 1.35 0.57 0.4749
AC 11.83 1 11.83 5.01 0.060 2
BC 0.18 1 0.18 0.075 0.792 5
A2 67.13 1 67.13 28.43 0.001 1
B? 18.27 1 18.27 7.74 0.0272
c? 176.42 1 176.42 74.71 <0.000 1
B 2% 16.53 7 2.36 - -
AT 8.22 3 2.74 1.32 0.384 7
aliiR 8.31 4 2.08 - -
eyl 456.16 16 - - -
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Fig. 1 Response surface and contour plots
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2.6.3 BT JH SPSS 21.0 Giiterak ittty
SCIEHE AT, RIS X s FOR . A HER
KA ANOVA K25 gttt # X, P<0.05 3%
NESHAA BEGIEE L,

2.6.4 ZHRCERFRAE R
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FIBE . H AR WG T #h e 5 PR s 00 L i A o
HR3E , AHFFEAE R ) 77 b e B8 R A 19 1 25 7
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WA LG R 12 0.8; HAZERPHERR T Mol iA
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=5 DMREKREFEMN=3)
Tab.5 Healing rates of mice skin(n=3) %
Fif ] Wil AREKA mUTAA YPRERAD sRERA

3K 17.120.82979 113+£1.14 17.3+£1.4299% 12.6+0.98 11.4+1.21
TR 484+£1.089Y) 289+1.37 47.1+0.98923 39.7+0.89 34.7+0.75
211K 61.9£1.31929 375+£0.95 60.1£2.10"2% 47.3+1.65 40.1+4.19
15K 83.1£1.39979 48.8+1.25 80.1£1.3992%) 56.7+2.51 51.5+£0.95
2520 K 97.8+1.95999 546+1.05 96.2+3.41993) 60.1+1.95 58.4+1.25

TE: SAEMEKALILE, DP<0.05; SHORALLE, 2P<0.05; S
JERER A L EE, DP<0.05,
Note: Compared with normal saline group, "P<0.05; compared with

nano-silver group, ?P<0.05; compared with earthworm syrup group,
)P<0.05.

£6 NEEKRAEALKEMN=3)

Tab. 6 Water content of mice skin(n=3) %
N AR . e -
0 111 1 A ok SUTELAH AR Wl IEH4H

%53 K 79.3£7.379
%7K 60.3£1.5392% 80.0£2.00 64.0+5.29 54.0+2.65 68.7+3.51 61.7+4.04
%5 11 K 60.0£2.00
%515 K 53.0£2.00
%5 20 K 56.0+£1.73

77.3£3.06 80.3+3.21 82.7+0.58 83.7+3.21 66.0+2.00

56.3£6.51 60.0+4.00 53.7+4.16 67.0+2.00 63.7+2.50
54.3+4.16 53.0+£9.85 52.746.66 53.3+3.06 64.0+£8.72
52.742.89 55.3+6.66 53.3+£1.15 52.749.61 65.0£2.31

e SAEREKA LR, DP<0.05; SURMA L, 2P<0.05; S5
WS LLE, YP<0.05; SIEWHILE, 9P<0.05,

Note: Compared with normal saline group, "P<0.05; compared with
nano-silver group, ?P<0.05; compared with earthworm syrup group,
)P<0.05; compared with the normal group, ¥P<0.05.

Tab.7 Hydropxyproline content of mice skin(n=3) ug-mg!
Fisf i) g ilkaEl A 3ER KA T YRR H e A IEH4
RPN 0.60+0.26% 0.56+0.12 0.62+0.26% 0.57+0.11 0.62+0.16% 1.02+0.26
TR 0.73£0.2792% 0.65+0.209 0.72+0.18D23% 0.64+0.20 0.69+0.159 1.07+0.32
11K 0.85+0.24D2% 0.74+0.25 0.83+0.2192% 0.71+0.18 0.82+0.19924 1.06+£0.23
15K 0.95+0.32123) 0.79+0.26 0.94+0.2612?) 0.78+0.22 0.88+0.23124 1.06+£0.36
220 K 1.03£0.3912% 0.84+0.31 1.00+£0.24D23) 0.83+0. 26 0.93+0.2612% 1.07+0.21

e HAERIERKA LE, VP<0.05; SHUKAA LE, 2P<0.05; SRR A bE:, YP<0.05; SIEHALLE, YP<0.05,

Note: Compared with normal saline group, "P<0.05; compared with nanosilver group, ?P<0.05; compared with earthworm syrup group, »P<0.05;

compared with the normal group, ¥P<0.05.
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