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Abstract: In this study, we prepared the poly(vinyl alcohol)-pectin(PVA:PET) hydrogel containing the byproducts of
Korean Pine nanoparticles for their use as a wound healing membrane. Phytoncide (Phy) which comes from Korean Pine
byproducts is an antimicrobial volatile organic compound derived from plants. Phy has multiple biological properties,
such as antifungal, insecticidal, and anti-inflammatory properties. The Phy nanoparticles were prepared by incorporating
Phy into the chitosan/maltodextrin (CH/MD) wall materials. PVA:PET hydrogel including Phy nanoparticle were devel-
oped, furthermore its applicability in the healing of wound was evaluated. /n vitro cytotoxicity tests showed that the devel-
oped Phy-PVA:PET hydrogel was non-cytotoxic. Antibacterial activity tests revealed that the antibacterial activity of Phy
in the hydrogel did show a significant difference compared with that of the control hydrogel. Furthermore, in vivo wound
healing tests showed that the rate of wound healing was greatly elevated with the rapid re-epithelialization in the Phy-
PVA:PET hydrogel group. The results obtained showed that Phy in Korean Pine byproduct has good wound healing
and antibacterial properties. These findings validate the use of this plant in the medical field for the treatment of
wounds.
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X Z. Poly(vinyl alcohol) (PVA, M, 70000~100000), pectin
(PET, galacturonic acid 74%), chitosan(CH, My 190000~
310000), maltodextrin(MMD)- Sigma Aldrich Co., Ltd(St.
Louis, USAPIIA Fi5te] ARE-SISITE M AA = ARE-SH
A F2HE A5 phytoncide(Phy, o, Bpinen 41%, L, D-
limonene 40%)= ()] 220l A] Algwtol ARE-3ITE.

LT 2LEe| ME BAM. FH1RS Phye] A& 48
$13te] gas chromatography/mass spectroscopy(GC-2010,
Shimadzu Co., Kyoto, Japan)’|715 &3l #4233t PhyS
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injection volume-2 1 pL, injection mode= split ratio 10:1
Z70M] AJEEA]S 31912, MSD(mass selective detector)
ol A] mass range 28~550, acqusition mode:= scan mode ==
o8 ARES ATt

Phy OMIA} M= & F=E24A]. Wanwimol 5 %
ste] Phy H&skE WPttt CH 1 ¢S 24 0.
Tol| 23] 83iA712 ¢ F, MD 10 g& FH71sle] §
Azt CHMD7F 3t &9l PhyS 20 g& H71staL
Tween 802 1.5 g2 7Iste] TR A Vo] A (Ika, T25 basic
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sto] Ayl AREERATh stol=24 7t Al Phy &S 7}
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Table 1. Main Chemical Composition of Korean Pine
Byproduct
Compound RT % Molecular
formula @ |
a-Pinene 22.989 27 CioHie
ﬂ'Pinene 25.984 14 ClOHIG
FMyrcene 27.088 9.3 CioHyg
3-Carene 28.273 5.6 C10H16 (b)
L-Limonene 29.595 26 CioHie
D-Limonene 30.006 14 CoHyg
a-Terpinolene 33.057 0.7 CioHyg ©
Thymol 43.600 5.1 C10H14O 1 13 12 i 10 3 6 7 5 5 4 3 2 T [
1 (ppm)
a-Longipinene 46.580 0.5 CsHyy
. Figure 1. 'H NMR spectra of CH/MD (a); Phy (b); the Phy-CH/MD
Junipene 49.124 2.7 CisHyy

T8 3RS GC/MassE ol-&-ste] £413F A% Table 101
A1} 7+o] monoterpeneZl B 2] slgtEo] thF AEHAAL o-
pinene(27%), L-limonene(26%), Spinene(14%), D-limonene
(14%), pmyrcene(9.3%), 3-carene(5.6%), thymol(5.1%),
junipene(2.7%), a-terpinolene(0.7%), a-longipinene(0.5%)<]
o2 w2 IS YERHAUTE. o-Pinene 3202 &
o, s, JEuE 5o JGarellA SHrEo] e A
o] FAEOE woody AE, ST R W7 ol2gh
terpeneZ| 2] F713HE-S Phye] 8 74 EE=2 dHA
ATh? Phye] A Hulo] 7P =A Uehstom shbr,
AR o2 2EY A Skl gay) Qi HAE QT
sk A8 E Y, ey 2 g5 FY2HE 44 523 5 )
G TheFeh Foke] Arlgd ol dtial Bard v glom
o|5 &3 WA % FFA o AESel AAK Am
o] AEE AREEHIL ek

NMR &3}, Figure 1= MD$} CH, Phy 22|32 CH/MDe]l
A€ Phy 3 &) NMR 225 Jepd Zo|t}. CHe
3f 9|3 NHCOCH;S- (a), (c)2] & 1.96 ppmell] &2k 4=
AN, (b)e] Phy 2.d°] AW=313HE (aliphatic) CH, CH,
7 CH;S (B)9+ (C)9] e Zol| A § 1.0~2.0 ppmoll A =
g 4= QQlth MDSF CH 249] BE4 Yo Phy’l &+
H s A dSl

Phy-Z{Z @71 MD$} CH ©]&3fo] A3k Phy 3
e FA Ao SIS Wl F(sphere)e] FEISA
ow =4 AF 100 nm ©Jste] A7E 7L s &
218k 4= A THFigure 2). ZETA A ¢ =74 23} 3146 mV
£ SQlsisith A< Wl Phye] ©A] 585 BH7Ie A3 A
o A7Vl 48+3.4%7F A H AT GufopdeA] 45
1-8314 AlzE MDe= #2411 Holl lojx = hydroxyl7t
E-E wigkEo] A Hog 24A3E WL lom TRk
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Figure 2. SEM image and size distribution of the Phy-loaded nano-
particle.
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PVA/PET slo|=E2H9| 4. Az sle|=24 9| £7
# 570 ¥7}= Table 201 YERAT Phy Fi<&o] 34 st
o2 "EQ] FEE 5453435 MPao| 12, Phy F<0]
FEA B2 sfol=2d FE0] s 892441.71 MPag]
t}. CH/MDZ &3} PhyollA] E£A5l= OH &l 2|3l
slo|=2A FAPA| ] STHERA Slo|=2A e
of S Fol UFAEE aATE TS she A=
A@Z{L%q_.llﬁ

PVA/PET slo|=2H2| &, Phy F&o] TfH 3tol
T2A9 g+t g5 Qs Qs Axd 7] AS
Staphylococcus aureus<} Staphylococcus epidermidis7t 3%
 ARujA] ] H7keE & +F AelsS B 718k Figure 3
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Table 2. Properties of PVA/PET Hydrogels and Phy-PVA/PET Hydrogel

Film formulation Thickness (mm)

Tensile strength (MPa)

Swelling index (%) Gel fraction (%)

Hydrogel 1.68+0.19 892+41.71 173.82+2.3 82.64+4.44
Phy-hydrogel 1.57+0.06 545.3+35 149.03£15.13 77.87£5.15
os 2 = Ao, AZke] Al wet i Aslse] EokA
. Cortrol a - - s ,
o VA BEThycge @ = 7S Phyel WE) o9 AL AR 5 Uk
| R CHMD-PVA:PET hydrogel 5 . 225 = o
0 Wt S PVAIPET 24 A% A2ig 2ol thasuch e
3 OD 72 UePH A& PVAPET 2A0] a5 A7l E20]
©
5 o HE GFito] Hol FHE gho] ot e #AY 4
21k
© = — -
¥ o021 i} oy * PVA/PET SI0|E2H2| MEZSHM. MTT assayS ©]-8-3}
-3 of #F3 Phy & FHr slol=g2Ale] w8509 A
ot ) 54 HHe BE FEoA 05% o[4oR B4o] gl 2
ok B * S stk w20l wt Figure 40 VFERASITH A3 2
oo [ [ [ 3} 7t SR A AL 05% o) el AEEE B
' on 12n 24n o B A o]gH AL AEEAC] flE A 2AZ &
Time (h) &) ks, Tt AN ERS] §-8% 45T 5 itk
05 A0l Chet SO, XS LIt Figure 5= P4
= corir ®) AolA e F 202 ABAH7A B control,
[ PVA:PET hydrogel * -
04 B CHMDPVAPET tycioge PVA: PET hydrogel, Phy-PVA: PET hydrogel)oll 4] &}t
N rogel
3 S | £ el e 53 BAow Bse A ¥
< 03 . 35 vehd Zlojtt, A gl e AT £ 20
% I d AR At tiZ<(control groupy Bt
S Azg Aeld 2R 1097 G534 0] s
: : 2 BT USITh. WA 20900] Ak AFoIME 3]
° . - @A 7t Ao Qe IS BFY & ATk AL,
0.1 *
*** i * H
00 D = |:| = 120 4 I Control
6h 12h 24h =3 PVA:PET hydrogel
Time (h) " B Phy-PVA:PET hydrogel
100 kR ¥ . *k
Figure 3. Antimicrobial activity of Phy-PVA:PET hydrogel at dif- = M=
ferent exposure times against (a) Staphylococcus aureus; (b) Sta- & g0
phylococcus epidermidis ( n=4) . *p<0.05, **p<0.01 as compared g‘
with control and experiment. g e
>
3
ol A oA uix] €] optical density(OD) S tHZTEOE o} 40 1
e A7VelA] e w9 JE9 &, PVAIPET 24 A 3 20 -
7} 25, PhyE €3t 617] 93] H=4d= A8E CH/MD
2A07% F7F8 PVAPET 4 A 4, Phy <o) H71e 0 . . , ~
. — 23 7‘%1 :LE N S171 HHO]: = Xﬂ‘SH 1o H]_’é‘]— Control 1,000ppm 5,000ppm 10,000ppm
PVA:PET &4 woE 2 o T M= AR Concentration

agzo|t}.

z}zre] 5 1ol Phy &o] H7HE wollA <]
e AN = Ae FET S AAt HED 240
7 AR E CHE AHAA oz o Adllsg

r o ox

Figure 4. Cell viability of RAW 264.7 cells treated with the extracts
of the PVA:PET hydrogel and PVA:PET hydrogel containing Phy
nanoparticles. *p<0.05, **p<0.01 as compared with control and
experiment.
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Sday
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Oday

o

' 4

PVA:PET(5:5)-Hydrogel

20day

Hydrogel treated

Figure 5. Photographs of the wounds at Oth, 5th, 10th, 15th and 20th day are representative of four rats in each group. Wound reduction of
PVA:PET hydrogel and Phy-PVA:PET hydrogel treated SD rats. The data represent the mean+SD of four rats.

120

—e— Control
—O— PVA:PET Hydrogel
100 4 —y— Phy-PVA:PET Hydrogel *
3
<
T 80
®
(o))
=
T 60+
[0}
L
he)
5
3 404
2
£
20 +
0 T T T T
0 5 10 15 20 25

Days after wound

Figure 6. Size reduction of wound treated with sterile gauze,
PVA:PET hydrogel, and Phy-PVA:PET hydrogel in rat dorsum.
Each value represents the meantS.D. (n=4). *p<0.05, **p< 0.01 as
compared with sterile gauze(control) and hydrogel(experiment).

PVA:PET slo]=2418 %23t 7ol 15U ZHaAgel
AEE R ske} 5o] o wElzl Ag A 4= dSh
AR5 W3h= Figure 63 7to] 24 AT BAH
&8 A i F 5 RS 23.97+1.57, Py At

Zan, #3948 A43, 20153

2 22.56+2.23, Phy7} -HE1A] 28-S oA 24.48+1.88,
1094 thZES 51.11+1.189, Phy 3Hr A 67.10+4.20,
Phy7}F $H=IA] o8 ollAl= 53.67+2.38, 1594 tlza-
60.83+8.18, Phy St A<-S 94.4242.24, Phy7} SHrElA] oF
< A= 70.2142.34, 2087 i~ 90.9+2.35, Phy &
fr A2 96.511+0.9, Phy7} $H7-51A] 942 oM 93.18+
4362 A=At
Figure 72 SD rat ¥%-2] H&E 94 & vz A+
o] 24& AT Nz 2 YA A
7t AEEHE 2 AEE 5 ASIT) Phy7t H7HE &fol
=243 H7HEA] 2 sto|=2A S AR A A=
Phy7} Sl oA H% & AX= HAsial 4] 2|
Ul FAE S gAs] A& 5 AUt Phy7F T+
sto] g2 XX R UAH O R scardll F B A+t A
Ef7F -A1= 32, monoterpeneAlE<] S9HEQ] a-pinene(27%),
L-limonene(26%) “di- Aot o] S24 9 weddel 9
e FiL GSEAEE Asfste] FTe1e] Ao w3t
1 A& s 5 S A8 & 43 2719 &
AR= AT 237F YA EEA scarol] B FIF
A AAom, s FAHEoA Ao
Phye JAHAHE M 5 e 284 FH= AL
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PVA:PET hydrogel

Phy-PVA:PET hydrogel

Figure 7. Histopathological studies, photograph 40x magnification (a, b, ¢) and 200x magnification(d, e, f) were at 20 days after injury. (a,
d) sterile gauze treated; (b, ) PVA:PET hydrogel treated; (c, f) Phy-PVA:PET hydrogel treated.

7Fsde EE < i
# =
A7 e FakEelM dojAl= Phys IRAIRI
A

vl EA o] Aol gk Atolth Al AR-E Phy=
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