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Anti-inflammatory Effects of Chitosan-phytochemical Conjugates
against Propionibacterium acnes-induced Inflammation

Ji-Hoon Kim!, Jae-Young Je? and Young-Mog Kim!3*
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Propionibacterium acnes infection in skin tissue often causes acne vulgaris, commonly characterized by inflammato-
ry papules, pustules, and nodules. Chitosan and its derivatives possess strong anti-inflammatory effects. In this study,
the anti-inflammatory activity of chitosan-phytochemical conjugates on P. acnes-infected human skin keratinocytes
(HaCaT) was evaluated. We designed a model of P. acnes-induced inflammation in viable HaCaT cells. Nitric oxide
(NO), an inflammatory marker, was successfully elevated by P. acnes infection in HaCaT cells in a dose-dependent
manner. Furthermore, the levels of NO were reduced by treatment with chitosan-phytochemical conjugates (chitosan-
caffeic acid, -ferulic acid and -sinapic acid) in a dose-dependent manner. Among these conjugates, chitosan-caffeic
acid exhibited the strongest NO suppression in HaCaT cells infected with P, acnes. The results obtained in this study
suggest that chitosan-phytochemical conjugates could be used as a potential therapeutic agent against acne vulgaris.

Key words: Acne vulgaris, Anti-inflammation, Chitosan-phytochemical conjugates, Human keratinocyte (HaCaT)
cells, Propionibacterium acnes

S — 88 Aupo] AL 0123 9rk(Gollnick et al., 2003; Han et
al., 2010; Ravenscroft, 2005). 3}A| 7t o] E£0] 2] 5of| F& A}
of 2] WA o F g AltSoll ofsf o Fdeto] ehAsh=d] o] B Al i WS 2= P oacnes w9 &3, w5
oA AEFE ti3EAQ] 92k F9 shto|th(Ki et al, 7, &5 1R AL A w5 A wtF wskol ok 23k A
2005). 5ol HF-S Yo7]= AletE 52 skl Propioni- 5o A ARGl 27t thefR FArgo] HarE|ar glo] ATl
bacterium acnes= 2521 3 A Wol EA k= th#2|¢l |71 Ao g BAgo] A HAES o83 o =g A=A o et
A OB A AL 2 A, 1] ]| 9] A A RS Baflstal 1 ARt o7} Gs) o] o] x|l §lth(Eom et al., 2016; Kim et al.,
Bo] o2 ¢2g gutsitial &) A 9lth(Choi and Seo, 2016; Nam et al., 2003; Tan, 2003). E3F, HAE-S 0]-&3} o
2007; Tenaud et al., 2007). ZF&%/d A|2Zo| A P acnes= tu- T Aol gt 2 A= et aiet FHS avs A
mor necrosis factor-o 2} interleukins ¥} -2 % v 7|4 cyto- of 7} 31 Q)= M Ao f$t A7} 2L vkl 9JtHEom et
kines®] HH|E 2XA7]41, 21 A3} A|EZEY nitric oxide (NO) al., 2016; Lee et al., 2014a).
7Fs7Veke] Aol e Tkl 4 A Qlck(Eometal., 2016). =g A5l tiEt 2o At w1 Az P
O EE A 7ol UHbA O & tetracycline ¥ -2 A S 0| acnesE At A5kl 9ES S E3FA, ultra violet (UV)
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590 AAE AN - A

S A o g o A EE Aeste] d5E F=gt
o, 3t avts dal Yoh(Kim et al., 2009; Lee et al.,
2014b; Poquet et al., 2008). 3}A|1t, P acnes A& ©]-8-5}¢]
o7 FEAlEZe] HE5S skl o] & o &8 A== &
A5 Ao dis] ALt =2 79 gitk(Eom et al., 2016).
ool & Aol A= 2 %3 Al2£3] HaCaT cell ]| P acnes Ay
= AEo] H5E =S sEAE BmdE Skl gt
ol &5 2 o+t 9 vt A EAd o] qlrkar Harwof ¢
= A FIFF2I chitosand] phytochemical2- conjugate
A]Z1 chitosan-phytochemical conjugatesE- ©]-8-510] o] =5+
o7 9gFo] =% HaCaT cell of ti3t 95 B44= 54

Mz H A
ez

Chitosan (average MW 310 kDa and 90% degree of deacet-
ylation)2 67| E&}o] Z(Seoul, Korea)of| A A5 kon, H
o] ARR-E phytochemicals$l caffeic acid, ferulic acide}
sinapic acid= Sigma-Aldrich Chemical Co. (St. Louis, MO,
USA) oA tufjsto] ARg-sHITh. 71 9] 1kof] ARG-H AJeke

B 1 ool TS ARSI
Chitosan—phytochemical conjugates?| &4

Chitosan-phytochemical conjugates+= Cho et al. (2011)2]
v o) what gAIS ). 0.25 g9 chitosans 2% acetic acid
25 mLoj| 591 5, 0.054 g2] ascorbic acid-S %<1 1.0 M hy-
drogen peroxideS 0.5 mL £33} 5t} 0] 2, 3087 Al-2-0 A
W25t 5 0.14 mM 9] phytochemicals (caffeic acid, 0.02514
g; ferulic acid, 0.02709 g; sinapic acid, 0.03128 g)2 %7}s}
o] 24A17F &7t Ao A BEGAIF T ¥Eg-o] o]Fo] 2|2 oF
2 phytochemicals dialysis tubing (Thermo-Fisher Scien-
tific, Rockford, USA)S o|-&3}0] S-H7+2 F4 (molecular
weight, 1 kDa)A|7] & 527 % sFo] AR &2 ARSIt T4
= chitosan-phytochemical conjugatesS 22} chitosan-caffeic
acid (CCA), chitosan-ferulic acid (CFA), chitosan-sinapic acid
(CSA)= grgslal bzl (unmodified chitosan) phyto-
chemicalsS 7FsFA] ¢l H7H-2 Wb of wha} A z3ghct.

w32t HHX|

£ Aol AME-H #21 P acnes KCTC 3314+= ¢l
AHAlE]| (Korean Collection for Type Cultures; KCTC, Dae-
jeon, Korea)of| A H9F dto} AME-3}4t). P acnesy= brain
heart infusion broth (Difco Inc., Detroit, USA)ef 1.0% glu-
coseS 7t o A|of| FE3F F 10% CO, ol A v}t

o=

MIZ HHS

HaCaT cell-> 37C, 5% CO,9] Z71°4] 10% fetal bovine
serum (FBS, Gibco Co), 100 ug/mL streptomycin, 100 U/
mL penicillin ©] 715 Dulbecco's Modified Eagle Medium
(DMEM)©|| 4] vjoFstict. HaCaT cell2 75 cm? flask (Fal-
con, USA)ol A 53] SAIA1Z1 - v 3 714 o = vl of A
3 39S phosphate buffer saline (PBS) 8-2.© 2 washings}
fAtt. 0]% 0.25% trypsin-EDTA 8942 ¥ 17 incubatorof| 4] 1
7 A28t ohS trypsin-EDTA-8-9H- B]2] 11 37T ol|A] 55
2 Bstol ALE BE AT S AEE 10% FBS}
3E3FE DMEM 15 mLE A28 vjoF&-7] o £ 1:209] split
ratio= 37C, 5% CO, 2| =710l A v a3t

NZE 428 =3

HaCaT cell-2 1x 10° cells/well®] =296 wello]] 100 uL
©] DMEM Hj %]} gHA| 273t 7, 37T, 5% CO, incubator
ol A 24417t v F & vi A5 A A 5L PBSE washing 3t T2
ZH8- 9Fo] uljx]2} 0.05 N HCIoj| %21 chitosan phytochemical
conjugatesE Z1Z+9] H¥HE ZF wello] A 2]a}al 244|171 Hj
ot wjekel E17] 4417 Aol PBSelll mg/mL9| w1
2 9l 3-(4,5dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide (MTT)E 20 uL® Z} wellol| H71sta dFulE A
2 912 A7 5 4417 B2 37T, 5% COLolA] HjeFste
t}, o] &, HjoFol-S- A| A48} dimethyl sulfoxide 84 200 uLE
A 7}ste] 37T incubatoro] A 1At BHg- A 71 3 Infinite F200
Pro microplate Reader (TECAN; Ménnedorf. Switzerland) =
ol8:310] 540 nmoll Al FHES Z4slo] i3,

Nitric oxide (NO) &H

HaCaT cell (1 % 10° cells/well)ol] G52 -Gx=3517] 9184 P
acnes (10°-10° CFU/mL) & A &3to] 72417t &<F 37T, 5%
CO,oIA HiFet 3, 220 Al RE s=EE 7 wello] %2
Stof 24417t FF i Fsiaint. HiSF =, iAol AAE NO=
Griess reaction (Sun et al., 2003)2 o|-&35}o] 24353t} 100
ulLe] vz Ayt 532] Griess reagent (0.1% naphthyl
ethylenediamine dihydrochloride and 1% sulfanilamide in 5%
H;PO4) & 411 30571 A-20) A W] gt F Infinite F200 Pro
microplate reader (TECAN; Mannedorf, Switzerland)E ©]-&
5k 540 nmof| A SF =S S 5to] Bl skt

Zot ¥ nFE

P. acnesg 0|88t HaCaT cellilA2 EE F=

B Ao A= P acnes AY+tS 217 HaCaT cello] 353}
A5 FE3F in vitro A2 §HA5AL 0|5 0]t chitosan-
phytochemical conjugates®] 3+%% @ ato] thsl] AF+s1ich.
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Fig. 1. Effect of Propionibacterium acnes cellular population on
cell cytotoxicity of HaCaT cells.
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Fig. 2. Effect of Propionibacterium acnes cellular population on
nitric oxide (NO) production in HaCaT cells.

WA, P acnes AYtoll O3t HF F-% HAS 5317 9l5k
P. acnes vt<>0l| W2 HaCaT cell®] A|22 AE&3 NO A
of thigt /gt BAE ZASHAT. 71 A3, P acnes 2] 7-F- ©F
10° CFU/mLE HaCaT cell o] % 3192 wlo]= Al =4
o] UeUA] QFQFth(Fig. 1). 3, P acnes 50l ¢3¢t HaCaT
cellof A 2] AFEAQINO AY4o] 7HsehA] &jlatr] flaf of
oF3t =2 9] P acnest-& HaCaT cello]] A&3+g)a, 1 A3}
P, acnes 5=l 2]&24%1 NO /32 218G th(Fig. 2). ©]
&3 A3h= P acnes A2 HaCaT cellof] 35t d5=4
o] NO A Adof| thall -3t Eom et al. (2016)2] 2119} U 2|5}
it} olof oF 10° CFU/mL®] P acnes v HaCaT cello]] &
Z3o] g5 GEd AY mdS o] gste] T4 (S A
Yateict.

HaCaT cellof tHgt chitosan-phytochemical
conjugates?| MZ=4

=S A5 A 7E Y%t A=A 24 chitosan-phytochem-
ical conjugates®] 7}s/dol thsll A-Lslr] fIsto] WA o]&

%] t3} chitosan-phytochemical conjugates®] 345 a1} 591
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Fig. 3. Effect of chitosan-phytochemical conjugates on cell cy-
totoxicity of Propionibacterium acnes-inoculated HaCaT cells.
HaCaT cells were inoculated by P. acnes (about 10° CFU/mL) and
then chitosan conjugates were treated. [_], control (unmodified chi-
tosan); =, chitosan-caffeic acid (CCA); [, chitosan-ferulic acid
(CFA); 74, chitosan-sinapic acid (CSA).

SsHE2] HaCaT cello]] tfgh A3 EA]-S ARSIt HaCaT
cello] thefsgt 52 chitosan-phytochemical conjugates (0,
50, 100 % 300 ug/mL)E A2]skal 2443t vieFate] MTT
assay® A|EZEALS H718ltt Chitosan-phytochemical
conjugates= = 7oA ARG-E o =31 300 pg/mLojl
A %= HaCaT cello]] thgt &5/40-& ¥Hak=| =] eIt wiA|
Al). T3 10° CFU/ML5%=2] P acnesZ 5% HaCaT cell
oA chitosan-phytochemical conjugates &= o]&£4 o2
HaCaT cello] A A= 2% a3 UeR th(Fig. 3). ©o]Are]
ZA1}= Chang liver cello]] T3t chitosani} chitosan -F-%4] 9]
A B35 Fto] tfal] B335} Cho et al. (2013)<] Ak} 2%
5}3iTt. o]ofl HaCaT cello]] /32 UEhA] &= 7H =& 5
21300 ug/mL 2] chitosan-phytochemical conjugates& ©]-&
a0 P acnesatol| 2J3] 20| 3= % HaCaT cello] o3t -]
2% me] oistel 2AkSHoLH

P. acnesdl| 2lsif & F=E HaCaT cell0f|Af
chitosan-phytochemical conjugates® NO A
oM g0t

NO= E55H8-9] o8] ZSHE uj7dl= A &2 o851 9]
t}. ool P acnesol| ©]sff -84 %ol that chitosan-phyto-
chemical conjugates®] 915 A A5 AR WA P
acnesol|l 28} 9% =% HaCaT cello 49] NO A &S &
013}¢1 1, chitosan-phytochemical conjugatesE #2] 3%
o, NO A= Hst= gkelsleith 71 A3} chitosan E+= chi-
tosan-phytochemical conjugates A 2|& 314 &2 21}t
H] W 3}41-S ], chitosani} chitosan-phytochemical conjugates
A 2]of &gk NO AdeFo] 5% ojEd o= AAH AL &<l
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Fig. 4. Effect of chitosan-phytochemical conjugates on nitric oxide
(NO) production on Propionibacterium acnes-inoculated HaCaT
cells. HaCaT cells were inoculated by P. acnes (about 10° CFU/
mL) and then chitosan conjugates were treated. [ ], control (un-
modified chitosan); &, chitosan-caffeic acid (CCA); [, chitosan-
ferulic acid (CFA); Y, chitosan-sinapic acid (CSA).

3} tH(Fig. 4). E3E, chitosan X Th= chitosan-phytochemical
conjugates”} Bt} 21140 2 NO A oA a7 YEly™
1 FollA CCAZF 71 733t NO A/ Al & akE 7HA= A
o2 Uehgth CCA9| 7 P acnesol| o3 4 50l
HaCaT cello]l 50 ug/mL, 100 ug/mL 1] 12 300 ug/mLE ]
23S 7%, ZH2F ok 40%, 55% 9 65%2] NO A4S A
Sh= Ao 2 UET o]#3t A= chitosan -2 2RHE&
o] F&o] F=H RAW 264.7 cellof| A 44.1%-50.2%2] -2
2 NO AAL 2JAIZHH= Yang et al. (2010)2] 23k} G415}
%At} Chitosan -2 2}gHE52] NO A4d SA] 7142 induc-
ible nitric oxide synthase (iNOS) ¥& oA wj+ 0.2 ¥ 315}aL
Qltt. 3L, caffeic acid, ferulic acid 12|31 sinapic acid 5+
-2 phytochemicals o] ©]gFNO A3/ A4 2 iNOS & oA
of gt A= B3 3 QIti(Hédmaldinen et al., 2007; Ou et
al., 2012; Shan et al., 2009). & Ao A= P acnesol] &J3l &
% =% HaCaT cellof| 4] 2] NOAJ A ©] chitosan-phytochemi-
cal conjugates©]| 2Jsfj &2 0= AA|H = A= AHFo =
TR sHAIR, P oacnesoll 93l 95 =% HaCaT cell
oA NO A4S AAlste HIAUSE BEsHA A=A &
o} & o] 5 1sl7] s+ A=A cytokines W chemokines
I P AR E oA of] gk S A7 g E]of
oF g A o2 whErt.

ol2fst A= 2 9Fsl X, chitosan-phytochemical conju-
gates+= P, acnes"§ ol 23l -2 A5l tiet et s
BIE 7HAAL QAL BRI iAo A2 Zlow deA

4= choitosan -F5=40]7] Wizl g3 o] & o83t
Ao A 7A 7o 710 & 4= & A o= weker)

o] =2 Ffralte] Yo P F | LA
(20150220, s &5 vho] &9 A 24 4483} 77l
A7) Aol osf R AF U B o] =2 et

AF =Yt}
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