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B Brief Communication B

A Hydrogel Film Containing Propolis Nanoparticles as a
Wound Healing Membrane

Jin Kim'Y, Yong Moon Kim'Y, Dong-Woon Kim’ and Ki-Young Lee**

'Department of Advanced Chemicals and Engineering, Chonnam National University, Gwangju 500-757, Korea
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It is desirable that a wound healing membrane acts as a barrier for coverage of a damaged skin and has the biological
activities such as anti-inflammatory effects. In this study, we prepared the hydrogel film containing the propolis
nanoparticles as a wound healing membrane. The propolis nanoparticles were prepared by incorporation of propolis into

the hydrophobic core of y-cyclodextrin. The incorporation efficiency of propolis in the nanoparticles was 50 £ 2.3%.

Propolis nanoparticles observed by a scanning electron microscope (SEM) were spherical with the size of 30~40 nm.

The swelling behaviors of the hydrogel film containing propolis nanoparticles showed a similar pattern with the hydrogel

film without propolis nanoparticles. The cumulative amount of propolis released from the hydrogel film containing
propolis nanoparticles in the buffer of pH 7.4 and 5.5 was 86.0 £ 2.0% and 64.6 £ 1.0% of total propolis loaded in the
hydrogel film within 9 h, respectively. These results provide a rationale for studying wound healing application of the

hydrogel film containing propolis nanoparticles in a clinical setting.
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Propolisi= 2l=E°] A& BE3l7] 98] 8|3k
TAA shEs wHEe] AF sk ey Egtste] v
© A w= b A B, HY JR-E v
AE ToRHE R 5 98-S gt Propolist
= resin, balsam, 12|31l phenol 3}FEZ A E o]
phenol 3}3122] T8 A2 flavonoids®]t}. Propolis
= &t (Velikova et al., 2000), At (Madhubala et al.,
2011), &L= (Sartori et al., 2011), FHFo]2] 2 (Amoros
et al., 1992), &%} (Watanabe et al., 2011), 48} (Isla et
al,, 2001) 2 & (Barros et al,, 2008) 28-S 7F<]aL Q)
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Fig. 1. Schematic diagram showing the design of the hydrogel film containing propolis nanoparticles.

o, HEZH (Dimov et al,, 1991)0 = #sciar &+
A ek o]y g AYSAEL dHemstdEd FA =4
=9 5 Oﬂ ofsl FeaitE ZHett (Burdock, 1998;
Markham et al., 1996). Propolis”} TFF3h ] 245 7%
Ul = 0}1 A, oJokE, s o %O
Hell &-&317] A= sdslor & EAEE] 2
Propolist= =0l &all¥# &= &4 44, 4 ‘3\}4’}
55 F& 7KL vk olE JiAdE7] 918, alginate
9} gelatin 52 UEA=Z &85} propolissS &} she=
A-Eo] Bol 8w 3tk (Kalogeropoulos et al., 2009;
Duran et al,, 2007). ©]ol] & Lo A= propolisE W=
4 Rz Agsown BelAel BAES A7)
, 553 &5 JA|AF Y. Propolis U =PAE A&
A2 AL 7153 slo|e 2 A ZEo] H7lElo 7 M
Ad F9le EYAR v FAAIZIAL FAlel o
Ae)@2dol S+ propolis®] % A HT- Ly
98 0T + 28 selek shol=zalel o4
%= HALE ZAFSFL propolis2]
FAEA Ul A58 244 B ol TFeAS A
T 2.9kt

Fig. 12 propolis U= A7} Zghd slo|=2Al0] He)
£ YEelY= 22 %o|t)h Propolis (Biopropolis Technology
Co., Ltd., Gwangju, Korea)= y-cyclodextrin (Wacker Chemie
AG, Towa, USA)¥} gum arabic (Sigma-aldrich Co., St. Louis
MO)S ol&ate] t=ixt Fej= APt sl y-
cyclodextrin (0.8 g)¥} gum arabic (0.2 g)= 50 mL 7=l
A7¥skar 5AIZF st nnkate] 8-3akSiTk Propolis (1.0
2= #7833 Ultra Homogenizer (M-110S Microfluidizer,
Microfluidics Co. Newton, USA)S 0]9“3]-04 10,000 rpmell
A 1583 dAskste] e AkE Alx=sk3iaL, HITACHI
AL S-4700 R FARAAIEW] ] (scanning  electron
microscope, HITACHI Co., Kyoto, Japan)= ©]-83}o] Uz

—ﬂr>

=

00 & H R

ot e JFI

sl Bedsk QA1 ARG AL el
B B2 AxE Fol RUSSIGR YEu S

= 2tel] 3 propolis®] WS A7) $18 10
mg Y=Y AE S/ dlebs (1:1 vwv) &3F &0
4FA1Z1 2 ultrasonicator (VCX500, Sonics and Materials
Inc., Newtown, CT, USA)Z 45t 94 |5tk 4
NS FHE EetRicol= S-S o]-&ste] UV/VIS
spectrophotometer (UV-160A, Shimadzu Co., Kyoto, Japan)=
420 nmelA FFEE St A A8t
AR o] 2 Axst7] 9180 propolis7t EFHE
U9 AE ste] =24 (propolis-sho] =24 A= Al H
7kste]l A& FElE Al ZsPoirh stol=m A A xof A}
4% Al9F2 BT Sigma-aldrich Chemical Co. (St. Louis,
MO)ollAl 9338t ARE-3F3ATE 100 mL SF7F 223+
250 mL 47 E8F2~F09) 0.75 g carboxymethyl cellulose
(CMC) 0.5 g pullulan, 2.0 g gellan gum3} 1.8 g agarES Y-
3 70CE 71959 slo]e g fle Al Wzh
AlA 50T =EsS Wl 0.1 g propolis”F £ 1
AAE M71e & #287] (Ultra Turrax T-50, Ika, Staufen,
Germany)i 5~10w%E TAdsteglet Axg 9 &
< petri-dishol] F-2 & 2204 2d7F AZE}SIT) S)o]
e 12 i A Asl] Foldlx] re uHAE A

szl sl A== O}Olciz“c’ 50 C94 %%—’FOH 48

(Compac-100, Sun Scientific Co., Ltd, Tokyo, Japan)E ©]-&
Sho] Aol A 537]'3]'03‘:} stol=d dFo Al 5
= 3+0.5 mmo]aL X
=4 A AR~ FJ= (cross head) &=+ 120 mm/min®| 33
o, Alo] 50% o]’ WMol o]Fo] A o] gk

< 10 mm= “'“j] 0]‘»\—7—- 1:1:5"1‘70}1':—

e
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Swelling (Os, %)

(the weight of the swollen hydrogels -

the weight of the dried hydrogels
= <100
the weight of the dried hydrogels

Propolis-3lo] =24 HE 0 2 HE propolise] W& I
e A7) g8 stol=2d I (3 g)e 40 mLo]
pH 7.4} pH 5.5 &4 Z}7} ©t ¥ shaking incubator
(VS-8480SF, Vision Scientific Co., Daejon, Korea)°ll 80 rpm
O F 37CoA LG AFE IHASE 5N | mLS F
3}e] UV/VIS spectrophotometer (shimadzu-160A, Shimadzu
Co., Kyoto, Japan)& ©]-&-5to] Z73}rh

stol=2 4 FAFe] AlE 548 5487 flal Hat
H stol=24 455 Axudd (DMEM, Dulbecco's
modified Eagle's medium, Gibco)®ll 0.1, 1, 10% (wv)2] &%
2 o] 37°ColA 24A13F o] wigFeto] s Ax
32T} 96 well tissue culture plateol] 1 X 10° cells/mL% Z}
well Z 100 uL¥ %%3}04 2417k 5ok wjoks RAW
26479 sfol=2A HAE §F9 (100 pL)E A28l
T 2443 5 oF=o] g0} gli= wiX|oll MTT &
(Sigma-aldrich Chemical Co., St. Louis, MO)= *] 2|3}
37°ColA 42)3E &3F WAL §- 570 nmol| A ELISA
reader (ELX808, Biotek Instruments, Vermont, USA)E ©|-&
ato] S48kl

BEE AY dye HA gk (mean)@ XTH A} (standard
deviation, SD)= 3EAISIT). tjZ=at ) A3t Alo]e] &
A el A2 Student's ttest= H] L3} o1 p<
005 o #2138 zpol7} Q= AoR Artsii.

y-cyclodextrin®} gum arabicS ©]-8-3}o] #|Z 3 propolis
Ui Rk AR o & SIS Wl 7+ (sphere)
o] Yl o 30~40 nme] A7]E 7HAAL e
sk 4= A} (Fig. 2). Y=Y A+ U] propolise] HA A&

B7reE A3 A A7 50 £ 23%7F HAHA
. y-cyclodextrin® 3}8tx 0 2 Flo|=E2 7|7} o7
Wgslo] glol Bomi: A4S W ot CH 7|
oF ole| 2 A W wjgkE o] glo] ie A4

0ot n

L]
AR 15.0KV 12.2 mmx100 k SE(U)

Fig. 2. Scanning electron microscopy (SEM) image showing
the nanoparticles containing propolis.
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Fig. 3. Swelling properties of the hydrogel film containing
propolis nanoparticles.

S = e FHY BES 6}ﬁ AT} (Lee et al., 2002).
w2hA], y-cyclodextrine 454 A& S48 UlF-l
A = e 540l dolM shdE Al
SoF T WS FokillA o] &HaL Utk AFAEE
prop()hSt y-cyclodextrin®] W50 FA @2 4
Hlo] 24 A Al 9= propolis”
A& y-cyclodextring T o2 A|F3sled] TS
= 94T} (Charoen et al., 2011).

Propolis-slo]| =24 HAFo
propolis Y=JA7F EEE] A ‘3%%
FEE 6897 g- em3it). dto]=24 FE Atolo|| propolis
Wieizte 459 454EE A7) 988 ke
Ao AztEreh

Fig. 32 sto|=24 d&5°] W& A
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Fig. 4. Propolis release properties from the hydrogel film
containing propolis nanoparticles in pH 5.5 or 7.4 buffers.

at 9\)\‘:}. stol=24 5 SRl B 5 204
ghol] Az FAL 13281744 SBH3813aL, 26471744
c}iE T2 A e9kTh Propolis-sto] =241 g
& BE AE 20413l Ax FAO 1388174 FTVet
RAL L o] F-= FAZE FHAdke] 2641t 12208 %t

Propolis-3lo| =24 & © ZXE| propolis®] WEE5A
< Fig. 40 YeRSITE B4 2243 95 WA pHE
a3t WE AE2 pH 749} pH 5.5 2704 42 &4
g3} Propolists dlo|=2 A HE 0 2 HE] pH 749}
pH 5.5 B304 9AIZE 52t 242} 86.0 + 2.0%%} 64.6 +
1.0%2] &S BTt (P<0.001).

Propolis-sto| =24 AF9] A|E SAS AuR7]
3l RAW264.7 Al3E0) propolis-3lo] =24 F& 8-F<
AEleh 5 AR AEES H7FISIT Fig SolA] &
0] propolis-3Fe] =24 E-& MEZ 54 st
Zkom M3 AESL propolis-3to| =24 ES g
S 2 AEe} AA Ao]E Kol LUt (P>0.05).

B A A3 propolis”t HAIE 30~40 nm 17|19k
T3 YA s AFgHoz AT = YAt Ay
EA29] &8 propolis QU AE slo]=24 FEFo
=3 A7RremA o] 28-S 5 e FHE Ax
3k 4= Y Propolis-3lo| =24 HELS AX 542

gkomn, stol=gdl FE O ZHE propolisE
¢ MM WEShe 5A4S Btk o2l At
tal & ull, propolis Y=AE E$H3E slo|==
S - G9lef o 8 Alole] EelH

= =
e AT o S WRE okdet propolis®] &, ¥
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Fig. 5. Cell viability of RAW 264.7 cells treated with the extracts
of the hydrogel film containing proppolis nanoparticles.
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