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Chitosan Nanoparticle System for Improving Blood Circulation

Ji-Soo Lee, Hyun-Sook Yoon, Eun Suh Kim, Hee Sop Nam', and Hyeon Gyu Lee*

Department of Food and Nutrition, Hanyang University
'Research & Development Center, Dongwon F&B

Abstract The principal objective of this study was to produce a chitosan nanoparticle (NP) system for improving blood
circulation. Chitosan NPs were prepared using fucoidan and poly-y-glutamic acid (PGA), denoted as CS/Fu and CS/Fu/
PGA NPs, respectively. As the chitosan concentration was increased, the activated partial thromboplastin time (APTT) of
the NPs significantly increased (p<0.05). When the concentration of fucoidan and y-PGA was 5-20 and 1-10 pg/mL,
respectively, the size of the CS/Fu and CS/Fu/PGA NPs was approximately 200 and 100 nm, respectively. With an increase
in the fucoidan and PGA concentration, the APTT of CS/Fu and CS/Fu/PGA NPs significantly increased (p<0.05). These
results suggest that CS/Fu and CS/Fu/PGA NPs could be used as a potent NP system for improving blood circulation.

Keywords: blood circulation, activated partial thromboplastin time, nanoparticle, chitosan

N
]I_,._EX

gt
S
Jo
ol
1o,
o
S
O
o
o
2
)
2

o
et Hi
o, o
Em%i

Jo 1
rl
o

AL @ S ofo ol o
o ofN Rkl v

et o
&

X,

o

1o

o

-0,

o

2,
o
%,
to
z
)
ol
ol

%l

o
ofr
-
> &

off

o X,
5
oot

N
olr
o,
1>
e}
2
R

B

]
ox, |

ads
H3 Jekd-8). 2y YA a%E THE 2
ZEHE, FEFEAlE o2 B9
84 AEEo)7] uliol AW Aol 8-Eo]
£ JNAs] SsiM e e
S SN ER HF F
B} okgd AEE AFHe S 3

N

1

i
N

-
ﬂojgxzﬂ

lo o N Ae
oo o &
2 3
X
Lo R
32
£
L
o

S
=
-z
S
i
ro

fr

oY
i

P

o,
ofN M ol ox X A

N
3
X
i

2

>‘

G
53

)
N

&
i, o

i

*Corresponding author: Hyeon Gyu Lee, Department of Food and
Nutrition, Hanyang University, Seoul 133-791, Korea

Tel: 82-2-2220-1202

Fax: 82-2-2292-1226

E-mail: hyeonlee@hanyang.ac.kr

Received February 5, 2016; revised March 25, 2016;

accepted March 28,2016

153

{0 o,
ar
e
e
©

.
e
>

2 rlo fopd oY @Y ofy

A
olu|e} o]HAE vl (masking)slr] 18 W
(12,13). A&l H8=o] ghd H&s
BE macrott micro ©H9]9] mlMIZiE, v]=, W]
|2 o]gHolgth(14). A2 V)] vEE ¢
e S92 7HAaAA mHde] F7hdl uEl 83|
F3go] AFE T A A FAZre] Frstel uelt
AA o) g-Eo] SVt A A3yt &gl wet dE
Ag Aoz YeAs o]88tarat she A77F &ds
AP Aok(15,16). W3t WHOZE BYx, 5997, o

=, liposome entrapment, coacervation, &-3A 34, ionic gela-

iy o H{ 2

32
£

tion 5] WHol AUtk17). L F E3] ionic gelation 718w}
o} 7ol Halgt BAL AMgalA] @on weAd glo] HlwE

kgt 2oM e 7heet] wEe] AF R YoE &
ofol|A Fo] o] &=L Urk(18).

A FHopol|A FEEAR 8 ALREE 7| EAK(chitosan)S 7
7hRel F8 74 ARl 7IRES gotAldstste] A4 tdR
Z Ql-olAd Y ZFF Z A (N-acetylglucosamine)Zt &FZ A (glu-
cosamine)©| PB-1,4-glycosidic 2= 718 T2 sho] WwHEH -
Z2 T At 53, 7|EAke AEsE A A s
540 glo] AF AR 2 SE AY EEE AREEHIL 9
(19,20). AR 7| B4R Mg 0A EelHE tRE T4
A= =R ol I HLA=ZA AT E3F BHIE Q)
ot o]& Egal] 98l Aol wow {g ofux= IFE Tt

A 87 71EA 0] A7E Avk21). 787 71EARS o]
HaL 4] FEoM A gallEe S THAAL JUTHR2).



154 =2 Z35k8] %] 4| 48 WA 2 & (2016)

71 RS B3] A R T FHsE el Y AR
= 4E ionic gelationol] 2J3] Fdd YA=
719 =fEs AT 4 7] wEel Aspix], 33k, 3
7184 AFEEoklr Y] - EAE S
A ATF-E I UTH(18). 3 Y EARS A X Z3E 7h
A3l Y3l ade] S-S FUANA NEAZH axHolgh=
AT A7t Arh23,24). ol FHskE He 71EAS 2AEE
Uehll= dava Y Abolo] o] 2# s zge] o 3
2 AEch2s). =3 AR gkt 7S wERA] 3
U 7B e dave] Ca %7} FUlEoe] 4 &
S AT LEA JrhR3). WE 7EARS vl o
Ul BEEdde Bl g4 3318 S &
Aoz Qs v S g FANAS T AgA =
Mol sl AT vlg mRg gl
Z2]- A F A poly-y-glutamic acid, PGA)S 43815 H=
e A IRAEAR A8 sl 54 glom, AR
3 HE 54S 7K Qo] AF, 9, E A %
A o] 8- UTH26). T3 SHEE A o] FHEE =
71EAk ) ez ks g4t <& 2 DNA, sl3k 59
GAZ AFEIT AThQ27-28). 53] PGAE HA-SIE AAAK
ozx g 2AEEA 7FeAd ts AFEa Ak
Az AEY AEQl FHo|H(fucoidan)yS +84 &
U3RE F2 FI(fucose)?t sulfateZ A} 21TH29,30).
FoIGE AUl FHER R HA wiEE ] QA g
e, Fufoles, HARHAR o] 85T ATh29). &
3] FIotke HAgw JAEA Ao FxF FAM
o o& FFAET AES dH, ALy P F EFV
(thrombin)e] A& oAlste] FAFTE A Ash= Floz U
1 M EAe) madE &

)
ob
o,

2,
g
2
&
oo
2

Azshe Aok, Azxd Wiegese] YR=17], polydispersity index
(PDI), derived count rates ZHFOTHA =24 5SS #5535

A, BN 1S5RS e Baw $UES Fg

AT A sk
= L g

Mz o Al

Yiedz; Az AR-E 584 71EAHMw 1,000-3,000 Da)y>
Kitto life Co. (Pyeongtack, Korea)ollx] FJ3tom, F3o|ct
(Laminaria Japonica)®} PGA (Mw 50kDa)= Haewon biotech
(Seoul, Korea)$} Bioleaders Corp. (Daejeon, Korea)ollX] Z}zt -
ARt 43 Halo] AREE citrate-dextrose solution (ACD),
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), bovine
serum albumin (BSA) 52 =5 Sigma-Aldrich Co. (St Louis,
MO, USA)IA 43ttt F24412 Chrono-log Corp. (Haver-
town, PA, USA)ZFE TY3% 9™, activated partial thrombo-
plastin time (APTT)3} prothrombin time (PT) A]2F2 Behnk
Elektronik (Norderstedt, Germany)ZF-E] F3te] AME-SIATE 2

Wl RE A 15T B HFE A

LicIXp M= 2HY

Y= AH= ionic gelation W (33)0l 28l 71 EAIT} Fo|d
PGAE ARS8t 7| EANFERO|THCS/Fu)d 71 EAHFO|T/PGA
(CSFuPGA)S] 2 FFE AX3ATHFig. 1). CSFu Y=YPA-E
Az37] Ysled, 71EAF & 10mLS 1,000 rppmeE WHK WiseStir
MS-MP8, Wisd Laboratory Instruments, Wertheim, Germany)3lA]
FAot N 2mLE ATHZ(Master flex 77200-60, Cole
Paramer Inc., Veron. Hills, IL, USA)E ©]&-3}o] 1.0 mLA-2] &
w2 dojmadl & 087t walslth CSFwPGA WA= CS/
Fu WAt Alzdys) SdaH Az, out F3201d43) PGA
T4 2mLE 7|EAF SHo) Hojrmy AZEH o

Lhcelxtel S21% S4 &%

=92} HAklS disposable cuvetted]] ¥ 3. Marvern Zetasizer
Nano ZS (Malvern Instruments Ltd., Malvern, Worcestrshire,
UK)E o]&3l YA} =7], PDI, derived count rateS =733
th 2421 A peakE B4l YUERE £ 3= multiple

Peristaltic Pump

7~/ Chitosan (CS)
Fucoidan (Fu)
* Poly-y-glutamic acid (PGA)

Needle
° e. or |® )s. i Chitosan
csts )'(.)(.X
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Fig. 1. Schematic diagram of CS/Fu and CS/Fu/PGA NPs.
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intensity distributions -3l Hlw EASI T &

ol Zgske] Haghom Ve,

Washed platelets@| Z=|

A& o] A8 rabbit (New Zealand White Rabbit)e
(Pyeongtaek, Korea)ollA T3l om, A3 =
16-27°C, 40-60%°F FABINL, AlE+ L2]91ENI0] 2 (Sungnam,
Korea)oll Al +9J3te] Fw3ataitt. e 3P NFS vHste]
250l skl o] gWol|A] AN FH 3T} Washed platelets (WP Yu
S®°l o8 Hid WHe Wyste] AN A ZE
citrate-dextrose solutions AFE-3IATE AL 1087 Y4EE

sto}e]

Bl i
= i

(230xg)3t & =A< platelet-rich plasma (PRP)S AU ™,
PRPE ThA] Y4 E2](800xg, 10)3te platelet-poor plasma
(PPP)2} HA&T pellete 2 FE359}. E4F pellet 12} wash-

ing buffer (137mM NaCl, 27mM KCl, 1 mM MgCl,, 3.5mM
HEPES, 5.6mM bD-glucose, 0.35% BSA, 04mM EGIA, pH
6.5 o]&3l] AX A2=3H (cell suspens10n}— wEo] FE39
A e T, 1087 A41E2](800xg)sted ATt pellet 55

sFth o] gL 27 washing buffer (137 mM NaCl, 2.7 mM
KCl, 1mM MgCl,, 3.5mM HEPES, 56mM D-glucose, 0.35%
BSA, pH 6.5)2 °l-&ste] WHEFHIT Eejd 4 pelletol
suspension buffer (137mM NaCl, 2.7mM KCI, 1 mM MgCl,,
3.5mM HEPES, 5.6mM D-glucose, 0.35% BSA, 04mM EGIA,
pH 7S 71kl AE H2ARE A% 5, BPAR] Vet
ABC, Horiba, Kyoto, Japan)g ©]-&-3t A3 7471 3.1x10Y
me] HES 2% ¥ AT o A¥e Baeka 52
291959 FRAMY-IACUC-12-063) Hiokom £191s]9] &

=48 FAF ol met ARgsha Agskar.
gam SEs 54
Aol 23152 aggregometer (Chrono-log 490, Chrono-log

Corp., Havertown, PA, USA)E ©]83l] B SYHoz FA35}
At} Washed plateletsg 37°CollA 387 SHESAIRl & ARE

AL 3% ¥ 4T SHFE=EZL collagen (5 pugmLyS 9
< % light transmissions 5783t 4% S5 SHsIATH

(34).

HAST(PT, APTT) &M &N

ooy 7JA 2= Yol 2ol AR nx
2317] 918kl APTTS PTE -3 A5 54 7] (Fibrometer,
Behnk Elektronik, Norderstedt Germany)E ©]&-3l] &3
(35). WP #E|#44 01]/\1 < PPP (90 pL)ell AIE(10 uL)e} PT
reagent (200 uL)E 713t 7°Ci v]2] incubationdt ¥ 25 mM
CaCl, (100 pL)E ¥ 2 1)\]7L—- =439t APTT 53 PT =
A3 e FHoT BAE O PT reagent )2l APTT
reagents ARE-St AT ST

fr

ojdroe H
363:21‘

Sz

=
e AR 33 ol Wk Fsiol, AdAaE SPSS 17.0.0
(Statistical Package for the Social Science, Chicago, IL, USA)<
o]-g-3to] YA EAHLY (one-way ANOVA)CE H| T HA &
B+ EFUAE Yepich $AIA o442 p<0.05 el
2] Duncan’s multiple range testoll ]3] 7373} Th.

< 97| Eqt vie i aks} 155

40
(A) ePT

a a a
30 | BAPTT
b
20
10 |+ a a a a
0
2 4 8
40
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30 | mAPTT
20
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Coagulation time (s)

(B) ®mpT

Coagulation time (s)

Fig. 2. Coagulation time (APTT and PT) of CS/Fu (A) and CS/
Fu/PGA NPs (B) prepared with different concentration of
chitosan. Values are means+standard deviation of three experiments.
Different letters on the bars indicate significant differences (p<0.05).
Fucoidan concentration of CS/Fu NPs in (A) was 5 pg/mL. Fucoidan
and PGA concentrations of CS/Fu/PGA NPs in (B) were 10 and
1 pg/mL, respectively.
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SOl 2 FIEA Lhc@iRie] HHST &Y
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PNZIRJAAES] AEHHQ B3t oz dout
HE AN 3 & Soll o WA
Az} oo o3t 9ol A= 23] 3] He] =7 (fibrinogen)
o] F|HH(fibrin)>.= Ws}ety o] FJETH36). olw WHld
Bzl g G QAL APTTE 233t 91914 H=ol
o3t A AAPA7FS PTE A3t} 71EA B27t Uedx)
o) Gelg A vIAle FTE B3] Fistel, G )
EAF F5oA CS/Fu ¥ CS/FwPGA WeYAE A|Z3E 3 APTT
9 pTE z_xqtr}oizyq ooy FAS = oo}%q(Flg. 2). CS/
Fus} CS/FuPGA BT, 7|B4F T=° wet PTe o4 WHls
Rolx| @& W APITE 7|EA 5571 2mgmLE 71
/\1 SoFo 7 ZrlEQon 1 ol EroE ik =7}

£ Mol 212 Aol el Asley. mepd 1Rl o
6H CS/Fus} CS/FWPGA T+ F/9] Wiz BF Q914 7=
ot g ALt Xlﬁu:% & AU

7=
e
o), P gae

IIEM S0 ME J|EL LE=RXIe

1B =7t Yiedake] davt %@%01
A3l7] Yaled, tiksk J|EAN FeoA AZzE CS/Fu 2 CS/Fw/
PGA W=9Ate] E4a% 7858 5% o}iit‘r(ﬂg. 3). CS/Fu¥}
CSFWPGA W=gial BT 7184} Frt old4s dad &
Asol Yoz TrtEe ALS Zih o)y dde de
gk mpe} o] ofdste] 71EAlY 2730l Havte] o] A4
282 B8l 3ol FEHAAY, A Ca FEE SV
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Fig. 3. Platelet aggregation of CS/Fu (A) and CS/Fu/PGA NPs
(B) prepared with different chitosan concentration. Values are
means*standard deviation of three experiments. Different letters on
the bars indicate significant differences (p<0.05).
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|

T EEZQ] F3o|t PGAS] F=o| wE F|EAF Yyt
o] 23 A Fsly] g, WA Fio|dhe] FEE 1-
100 pg/mLe] M 9lolA CS/Fu W=@dAE Axd & J=xp=719
PDI, derived count rate Z7 I THFig. 4). FHo|He] vt
1 pg/mLollA 10 pg/ml7HA] F7Hdel Wt 4A=2717F frel & e
2 Zasigrl, FRold TRt 2 ol TR wEie
k3719 zpo] glol AAIEE AFE UETh ol 42
SR FaLo|Te] st S wet sl 71 ELk
Ao AaAHA FRFoz UG YFgo] FAH 7] u
9 Zoz FoEd PDIe AWk oz oF 04-05 AR F
Foldt T wWslol| w2 FHe AES VERNA] &ttt Derived
count rate F3OIH FE7} 1 ug/mLolA 20 ug/ml7HA] F7H2
F= FHsH Zehe A Bed, FEold T 20 pg/
mL odelXE F7PFe] tah FaEe S YeRh o
= F3oldt Tt 120 pgmle] F MM E FRod &
Z7Hl webd BAEE Wi=dgzte] F7F F4350 F7HEA
I, 1 o) F7FE W= AlxEs Gt & SHAA AAA
o3 TS Aolvt flo] EE&H oA g2 Ao

T
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A BEAQ Yy 45 ekl Faod w29 10 py

e
)
£

A EAEEA A 48 A A 2 F (2016)

800
£
£
[
N
(2]
<2
9o
£
©
o

1

B)

08 |
” 06 | 4 a . 5 a
o a a a

04

02

0
12,000
@ © a
& a a
X 9,000 b
o b
©
1S
€ 6,000 | c
3
8
§ 3,000 | d
= e
[
=)

1 5 10 20 40 60 80 100
Fucoidan (ug/mL)

Fig. 4. Particle size (A), PDI (B), and derived count rate (C) of
CS/Fu NPs prepared with different fucoidan concentration.
Values are means+standard deviation of three experiments. Different
letters on the bars indicate significant differences (p<0.05).

mLZ} 20 pg/mLol A PGAS] 5= ThdsA dlol CSFWPGA
Y2 Azsan. 28t F30)w 20 pg/mLold CSFw
PGA WeiAh Al Alolle WedAb7E 3 S (aggregation) == &
o] AZHTh waby T e Ao YERA|
e 10pgmlE THE ¥, PGA = W3H(1-500 pgmLyel o}
Al EE)A S4S ASSITHFig 5). PGA s/t S7F
of wet Y=k =719k PDIE HlwF frAkek 43S Uehile
, PGA 5% 50 pg/mL7HA] f2ld 2}o] glo] §A=Etr) 21 o]
4 w57t F7FEC wEtde foldow FvkEe Aee e
WAtk WA, derived count rate= PGA &% 10 pg/mL7HA] <]
% Ao] glo] fAEGI} 2 ool FrANE felHow ¥
glo] ZayE AFS Uehith wabd gAar9 AR EE
2 AP EES TS o, PGA FE 10 pgmL ©|8}
9] oA Ymgigo] AxHUS W, oF 100nm L] 2
719 Yegigo] vy gdd BES Holn FfHoR §
59icka ghere .

& i,

Z30|H PGA S0 [ME €S &Y

FHo|k} PGA FEM3l W CS/Fuzt CS/Fw/PGA Y=g
Zpe] Ngy TS #=3 AFKFig 6), FIZo|ET PGA &
=7Hel =

w2} Prol= 49l F&FS mAA Ut 1t
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Fig. 5. Particle size (A), PDI (B), and derived count rate (C) of
CS/Fu/PGA NPs prepared with different PGA concentration.
Values are means+standard deviation of three experiments. Different
letters on the bars indicate significant differences (p<0.05).

W APTTS] A9, F3o|d3 PGA F=7F 571 we} CS/Fu
9} CS/FuPGA Y=Y} BF feldo=z Frtshe 43S vEt
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Z30|¢Het PGA =X0f [ME €4l SHs

7|EAF FEE 2mgmLE 73t Fiolgd PGAS FE
Halo] W2 CS/Fuzt CSFWPGA YPAte] d43 $35S
=43tk F 7 YefEe 25 F3Ho|v PGA T= |
sl W2 i S5 FolA AolE JERA] 23tTh(data
not shown). °|&J¢t A= F3io|dx} PGA EF &y 33
AT 7RG BIEA7] Wil 71EA 9%t AT &
ASS o AN T IS Aolge A bE 44
th ol & dAFdie YdAte] 283 548 aste] 4
A F3oldF PGAS F=7F 27t FHoh 20 ug/mL 10 pg/mL
2, 1 22 FEoA vefigo] AREI] witel Faod
I PGAo| o3t Haw S5l wo] oYY seg 4
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Fig. 6. Coagulation time (APTT and PT) of CS/Fu (A) and CS/
Fu/PGA NPs (B) prepared with different fucoidan and PGA
concentration. Values are means*standard deviation of three
experiments. Different letters on the bars indicate significant
differences (p<0.05). Chitosan concentration of CS/Fu and CS/Fu/
PGA NPs was 2 mg/mL.

S%e] 7] w8
S A3 edgAEA S8R XY 7B o0&
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4 A AR AAATE aAe fs y=iles
Az3Ath= AollA u)7) Iokx Akt w3 CS/Fudk CS/
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YAHEEZE el 35 e sk okt S48
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HYPNAS 9 =g =dE Az 9k, A ¢
A il 71BN i AR deA e FaLol
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&g AxA 7182 9 5ELQ 7B Tt S1E w
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Roy i ST T3 FUEE AT YERY mEbA
7B s daed 2% %l & 2 Ao]7k 1t
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W3 B2 305 9FS U4 @) i FF g
49 FWRH BYHELS THT + e a2
89 # U 20w BuEn

HAlel =

o] =E2 20149 BRI FEAT)Y QLo g
FAEe] KPS o} =EiE 7] ZATAIIY (2014M3A7B4051898).
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