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Abstract

This study was performed to investigate the average molecular weight range of chitosan hydrolysates showing
maximun effect in macrophage activation. Nitrite production by continuous macrophage cell line J774A.1 was
the highest at 10 pg/ml concentration of intact chitosan. Hydrogen peroxide production by J774A.1 showed
the high value of 894 pM/mg macrophage protein at 1.000 pg/ml concentration of chitosan hydrolysate frac-
tion 5 and 1,044 uM/mg macrophage protein at 100 ug/ml concentration of the fraction 6. Chitosan hydroly-
sate fraction 4, fraction 6 and intact chitosan enhanced IL-low production, while the others did not. The
production of tumor necrosis factor showed the high value at 1,000 yg/ml concentration of chitosan hydroly-
sate fraction 4, 100 pg/ml concentration of the fraction 5 and fraction 6, and 10 pg/mi concentration of intact
chitosan. In conclusion, fractions 4, 5 and 6 of the chitosan hydrolysates with average molecular weight of
24,000~64,000 calculated by HPLC analysis are the most effective in macrophage activation tested in this

study.
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HAMEEA Ao EE dAle] wHub-ge] Iteds)
3, BA3E HA M E= nitric oxide, hydrogen pero-
xide, cytokines, cytolytic proteases= M|l 3t
(anti-microbe) ¥ ¥F-SF(anti-tumor) 2H-S e =
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oA 71| 2282 chitosan 7HEE]E-S AR
W og Geleisbel] o8 dRMe} zFe] AlEFA
Chitosan 7FPR8lE3} oligosaccharideq! chitohexaose:
phosphate buffered saline (pH 7.2)oll, intact chitosan
2 0.5% acetic acidl] 83fA]7]1 0.2 um filter A<
g & 7zt 1, 10, 100, 1000 pg/mie] 22 238}
ARg-skA T [3-4,5-Dimethylthiazol-2-y1]-2,5-diphenyltet-
razolium bromide (MTT), scopoletin, horseradish
peroxidase, E. coli lipopolysaccharide, phorbol
myristic acetate}> Sigma*h(St. Louis, MO, USA)EH
B Fskec},

CHAIMIZE HHRE

AME-El M EFE= J774A.1 (monocyte ; macrophage,
mouse)EA] 8 M EZF 23Y(KCLB, AM£)0 83 Ee] 3
epitol AMg-EleiTl. J774A.1 (2X 10 cellsymhE 10%
heat-inactivated  fetal calf serum® 10,000 U/ml2]
streptomycin/penicilline]  E-f-¥ DMEMe| ©7] 96-
wellel]l 92 o3, Al&8F A7BsbAv AHrkskA] ekl
humidified 5% CO, incubatorgtell A 37°CellA] 48A] 7}
Fb viosle] Adddo| ol &5}t

2R EY

AxH 6712 289 chitosan 7FpEaEe] HAaE
AleS ZAs7] $sl HPLCE o #38fo] BA3lgi
Millennium 21018 o]-83}ed Bxlga} 1 BALEE A

Abst). o] W) B-zbaFe] maker®i= pullulan (stan-
dards: 0.58X10%, 1.22X10%, 237X 10", 4.8X10%, 1.0X
10°, 1.86X 10°, 3.8X 10°, 8.53X 10& AMslg{onm B
A 27 o532 22} Column, Ultrahydrogel 250,
500, 1000(Waters Co., USA). eluent, 0.1 M acetic
acid/0.1 M NaCl; flow rate 1.0 mi/min.

Nitrite £H|S

JTTAA 12X 10° cells/m)®] ®loFo] 2] nitrite 213}
AL microplate assay"E ©]-£3le] ZA i}, wA
48717 Ft MEE wioFst F, S 50 wE 38}
22 83| Griess A%F(1% suifanilamide/0.1% naph-
thylethylene diamine dihydrochloride in 2.5% H,PO,)
£ W3, Aol 1082 ubEAIZ S} o] o nitrite ¥
H5-& el WA E= ELISA reader(Molecular
Device. USAYE o]&38le] 550 nmelA] EJEE =3
3k}, Nitite?] EFEAZ sodium nitriteS A3}

2, J774A.12] AERo) v|A)- A &S] FgL &
o}l ¥ T2} MTT assay'“E &}gict.

Hydrogen peroxide 24 |5

Hydrogen peroxide 48] #* ¥3¥ microplate fluoro-
meter(Fluoroskan Ascent, Life Sciences International
Coyg ol&ste] ZAsldet'” 2 J774A01 2X10°
cells/ml) 2! A|8F 96-well plateol] Ho] 37°Cl|A] 48
Az gt wiokst ¥ dEelska 37°C2] 0.9% NaCl
fdoz HEE o AAd AFHsidAA 30uM
scopoletin, | mM NaN,, 1 purpurgallin-unit/m/¢} hor-
seradish peroxidase, 100ng/m/2] phorbol myristic
acetate H-aF WhSNE 7 welld 100w A7t
[t L uE 370 2417 Rl kAR F s
o FAEFE FA3 wed AkE A A4
sldch. 7 wellell assay 719 33 cell protein®
bovine serum albumin® EFEA L 3lo Lowry %9
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interleukin-1¢e % tumor necrosis factor 2H|=

WA AAF Bele A9 T AR
J774A.13F Al 85 96-well plateol] o] 4847 S<b
CO, incubatoroll A 37°CH FA18bH A wliofgt ¥ A4
AL sl HAMFE7} BHlsl= interleukin-1or (IL-1ct)
#} tumor necrosis factor (TNF)&] %= ELISA kit
(Genzyme, Cambridge, USAYE ¢|-8&}o] 450 nmol] A
o FA=E Sl
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Table 1. Molecular weight distribution of chitosan and its hydrolysates

(C(}:Sﬁt%e;:% ) Molecular weight range Mn" Mp® Mw? Mz Polydispersity”
CH-1? < 1,000 628 475 866 1723 1.39
CH-2% 1,000~3,000 2,197 6.724 6.620 11,830 3.01
CH-3% 3.000~10,000 7,322 8.996 12,820 18,980 1.75
CH-4% 10,000~30,000 14,430 19.040 24,370 34,740 1.69
CH-5% 30,000~100,000 29,370 37,290 41,970 55,800 1.43
CH-6" >100,000 44,730 53,520 63,760 86,700 1.43

Chitosan - 563,000 795.200 989,900 1,629,000 1.65

YNumber-average molecular weight
YPeak-average molecular weight
PWeight-average molecular weight
YZ-average molecular weight
"Mw/Mn :

polydispersity, rough measure of the degree of heterogeneity

“CH-1, chitosan hydrolysate fraction | ; CH-2, chitosan hydrolysate fraction 2 ;
"CH-3, chitosan hydrolysate fraction 3 ; CH-4, chitosan hydrolysate fraction 4 ;
*CH-5, chitosan hydrolysate fraction 5; CH-6, chitosan hydrolysate fraction 6 ;
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Table 2. Nitrite production by continuous macrophage cell line(J774A.1) treated with chitosan hydrolysates, intact
chitosan and chitohexaose

Lipopolysaccharide”-induced

Treatment Treated dose(ug/m/) Nitrite(UM/2 X 10° cells) nitrite(UM/2 X 10° cells)
PBSY 1.9+0.71% 494+ 1.70
Acetate 0.6 £0.35 44.8+0.85
Chitohexaose 1 1.7+0.26 39.2+£2.13
10 3.0£022 400+ 1.84
100 9.1+0.74 428+ 1.72
1000 2771+ 1.06 5244042
CH-1* 1 6.1 £0.64 4524035
10 7.7+0.83 4401146
100 26.4£0.93 459+ 1.15
1000 20,1 +1.16 41.5+1.88
CH-2¥ 1 721073 41.0+1.12
10 99+1.42 44214180
100 348+ 1.35 50.7£1.88
1000 341+0.80 62.11+0.58
CH-3* 1 76092 434+258
10 209+1.55 39.5+2.00
100 28.6+0.58 424+193
1000 921124 54.5+1.38
CH-4" 1 6.2+0.69 479+0.62
10 12.6 1 1.06 4641239
100 15.6£0.70 2051035
1000 17.1 315 2721197
CH-5* 1 6.4+0.82 429+0.96
10 22.310.80 37.8+0.62
100 22.7+0.69 206 £0.12
1000 21.5+0.92 27.8+0.93
CH-6" 1 3.0+0.56 434+223
10 258+ 1.02 2R £1.17
100 18.8 £0.43 13.7+0.62
1000 4.7+0.46 26.8+1.32
Chitosan 1 1.2:£0.57 43.0+2.73
10 35.0+£3.04 43.0+0.93
100 2.9+240 27.2+1.52
1000 6.71£0.70 3181162

"Treated dose of lipopolysaccharide was 10 ug/ml.

“Phosphate buffered saline(pH 7.2)

Mean :t standard deviation

*CH-1, chitosan hydrolysate fraction | : CH-2, chitosan hydrolysate fraction 2 ; CH-3, chitosan hydrolysate fraction 3 ; CH-
4, chitosan hydrolysate fraction 4 : CH-5. chitosan hydrolysate fraction 5; CH-6, chitosan hydrolysate fraction 6

ARBHAIA nitric oxideE AAJAIZIC} o]RA A7) nitric
oxidex P|AYEF M Eo HFle] FAE-E ehle
oz odsx glop . gt nitric oxide: BHEA]
o] 7Fsle] B2 Alzlol| nitrite(NO, W} nitrate(NO, )2
s A} A3 o] 9= SH, heme Sof F-3sjem=
nitric oxide A HFE EA8}7] kA Griess M-S
o]-&3te] FY %l tHAMIEQ] nitrite-} nitrate® %3}
ot webr wkhgA AAF FulFedl wlXE chitosan
THeEEES] g AN F nivie ¥E E4E
3 A Rk

AN E7 AAEE nirite®] ¥ XX Table 204 ¢}
e} negative control¢]l PBS7} 1.85 uM/assay, acetate

7} 0.64 pM/assaysd -2, A EE H7lslE w0~
35 pM/assay®] FEEA, BE AE7} HRA "aE
Hl5g velloh CH-191M CH-57121%= 1, 10, 100,
1000 pg/mi®} AlEEE FolM 100 pgmid = & A
BueA FHare] e XTI CH-63F intact chitosan
= 0pym/d = H31e] kg vjeldel 1A} 13
L2 ZApE g Algwrols Hie] g viehy
A8FS Xl | pgmid] FNeldE sEeEEE
tel 2ol & vebfA] ekgkem | 10 pg/mplME 7.7~
258 UMEA] TEA} 3o gpE Zolsle e
veRdel, AldSE 100 pg/mid = 7 A 8ES 1)
H¥m, CH-191A4 CH-67}%] 264, 348, 28.6, 15.6,
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227, 18.8 uM/assaysl-2®, 71pE3lE FolA CH-29)
nitrite #4050 7H 2. 72 A|BellA F31e) R4
£ vehd 100 pg/miel Mo} A7} 2Eal ZYHE
A Hal BE oA o] gA Epd ol MTT assay
£ T YEE AHelM TEA EH(CHA, S, 6%
K A2 B g0l o Rl dEel Aoz A
543 n|AA). 3}, intact chitosan®] -9 10
ug/mid o), 350 uM/assay®] HI FEE JeRY T,
chitohexaose ™ # I 27.7 uM(1000 pug/mHe] F ==
nirite’} #01€E & 4 U+

g, whed LT MASE Ade HeE e
Z E. coli lipopolysaccharide(LPS)*"& chitosan 7}
A5 34 Aelgt F nivite A $H5E A
¥ A, chitosan 7HeE-siEgle] LPSTH #H718E A5
o] PBS} acetater™= ZH7} 49.4 uM/assay '@ 44.8 uM/
assaydth. o] &3 WP @, chitosan 7FEIE,
intact chitosan ! chitohexaose 2.5 LPSE A7 18t A
EubEre] nitite 8] HE7} F7R8E Ao Hel
LPS7} chitosan 7HRE-s1E-2] nitrite A4 5ol 33FS
F2| b= AHLoZ Holr, 1000 ug/m! 5% CH-27}
o= Al&Ee] Blal LPSE 713l S o nitrie Y%
o] %7t Frlslelch. eIl efA Ml L] g EEol
ol AlEet 2 = MMy 23]8 negative
controld] PBSY acetateZt Rt v} P& k& viehd
At

HIE2M MAE RIS

N 72 o] EAlg M EsL gAEHA = ¥
A 2ate]| Qli= EAel] 2J3led Ab4A7} superoxide anion
232 BFEIT A<43le] hydroxyl group, singlet

o
2

oxygen @ hydrogen peroxide® AJ31AH o} of
HhS-Al Al4F(reactive oxygen species)°] €} 3P At
olu} M Eol] el HARE-E Jehdut. WAl A
4253 o] A E} A st FulHE R
A 3EbEalel wbeAl AbAE FelA hydrogen
peroxide ¥u}%5-S ol H¥= Fig. 13} Zv}. Assay
systemel] phorbol myristic acetate(PMAY} 71| -
=5 9bA ARRE P chitosan THPEEE
chitohexaoseo| M B vjebytet. 7+ A]8 hydrogen
peroxide 443 8(UM/mg macrophage protein)yg AFHE
A3b, CH-1S 4238-699.6 UM, CH-2: 89.1-478.8
UM. CH-3+ 84.0~387.8 uM, CH-4+= 211.3596.7 uM
& #REE R, ol E FolMe CH-19] #ugel 38
o 4= glglct. Wbd, CH-33 1-1000 pg/mi®] 5%
Aol A Sekuks vlE AAE 3] e e

CTs

CH-6

CH-5 R R s,

CH-4

CH-3

Treatment

CH-2 = 1000 ug/mi

® 100 ug/ml
& 10 ug/mi
O 1ug/mi
0 200 400 600 800 1000 1200
Hydrogen peroxide
{(1M/macrophage protein)

Fig. 1. Hydrogen peroxide production by continuous
macrophage cell line J774A.1 treated with chitosan
hydrolysates, intact chitosan and chitohexaose. Values of
PBS and acetate treatments(negative controls) were 239.9
t 599 and 248.3 * 19.3 M/mg macropgarg protein,
respectively.

COS-6, chitohexaose; CH-1, chitosan hydrolysate fraction 1 ;
CH-2, chitosan hydrolysate fraction 2; CH-3, chitosan
hydrolysate fraction 3; CH-4, chitosan hydrolysate fraction
4. CH-3, chitosan hydrolysate fraction 5: CH-6, chitosan
hydrolysate fraction 6 ; CTS, intact chitosan

296.0~894.3 uMe] ARRE-E ¥} CH-62 1~100
pug/miel EE7E] 2887, 5103, 10444 uME F713)
ot 1000 pgmelMe 2318 Zasde BE &
24 CH-601 100 pg/mi =0l A 10444 uM2] A+
2%g Hulsle Hzo| FAE leplch

Intact chitosan 4 chitohexaose® 7+7Z} 82.2~201.8
UM 3 207.0~349.9 uM &) hydrogen peroxide #¥1%
4 ebdEd], intact chitosand- nitrite ¥¥]%50] ZH
73t v]wd o), hydrogen peroxide F-8}%-2 ©}E A]
2ol w3 AlHez wlg S o & UdH
Murine candidiasis® #5}e] chitin ¥ chitosan®] ®
o) EIE FAY ATl Candida albicanss 73 2.
2 HEYE o chitino] o Az olglon}, BFeR
X 28)-2 dl chitosan®] mouse peritoneal exudate cells
9] 429} o] B9 uheA AAE AAHE FIMTIE
¥ B eld S-S Rausiolett. el B el A
1= intact chitosan®} chitosan 7}-RalE-S WIS
o, intact chitosan hydrogen peroxide ¥4d%°] 79|
$daL, whEel] chitosan 71-EalEe] LA F-(CH-
4, 5, 6)°] Bt o] Zoh =3, mouseol| Listeria

monocytogenesE 74 X)7} chitin oligosaccharideq! N-
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acetylchitohexaose?] Wlo] E2}E FARE Fyof|A B2}
22 ABE FY3 F macrophage®] hydrogen
peroxide WA dFo] AB2E FsA] L dEe f
olHeog Frigvtn RAsu® B QFoMe
chitosan 7FpE-aEo] 2H-E& WFU S =2 chitin
oligosaccharideZ- AH4-8}x] 93 chitosan oligosaccha-
rideq] chitohexaose® AH&-REdl chitosan 7R E
off wlg] ¥hgA ARAE FH)So] wl¢ Hl oMt intact
chitosanell ®¥]3j41& o . Chitin B chitosan®] &
Fe} HAR A ATdS AGAA el ERE d7E B
1528 FE N-acetyloligosaccharide 53] N-acetyl-
chitohexaoseZ} E347} zc}3l R slgd ot B of o)
A vebd ulel Zo) chitosan 7lrEaEe ERE 3
B2 olo digt vl 7} Yo FaFeiol & 7
o2 g

Interleukin-10e % tumor necrosis factor £H|s
Interleukin-1(IL-1)X& 17 KDa® s AZA] T cell®}
AARS F7HA171E B cell?] @43} 9 A QARE
771 5 AA o8 dy9r)s - 3]
I3y Hy 2AEA Fo shield. L1 5HA
o we} IL-lofpl 5.0 IL-1B(pl 7.0} 2572 FF
B3l glom o] Ffel M EA EHlEu 53] &
A2El 2z A Fo] EH]EE cytokine>E U

CTS
CH-6
CH-5
CH-4
CH-3

Treatment

CH-2

= 1000 ug/mi
2100 ug/mi

CH-1
COs-6

! N 1 " )

0 ) 10 15 20 25 30

Interleukin-1a(pM/2x10° cells)

Fig. 2. Interleukin-1 o production by continuous macro-
phage cell line J774A.1 treated with chitosan hydroly-
sates, intact chitosan and chitohexaose. Interleukin-1 o
was not detected both in the PBS and acetate treat-
ments(negative controls).

COS-6. chitohexaose ; CH-1, chitosan hydrolysate fraction
1; CH-2, chitosan hydrolysate fraction 2; CH-3, chitosan
hydrolysate fraction 3 ;CH-4, chitosan hydrolysate fraction
4; CH-5, chitosan hydrolysate fraction 5:; CH-6, chitosan
hydrolysate fraction 6; CTS, intact chitosan

27 ok aebA chitosan 7Hp-EEEo] HAME
4 FAERE vielis 3 AEE2H Y Fo
IL-lo %52 ELISAH22 &Xslgiv}. 2 A7} Fig.
29} ZFo] IL-la7} ®¥|® A&+ CH4, CH-6 H
intact chitosan®]$1T, =& A|B.ER
yepdA] gkt & CH-42] 1000 ug/m! 52l A
7.60 pM, CH-6% 1000ug/mi XA 2605 M,
intact chitosan<- 100 pg/m/eiA 249 pM, 1000 pg/mi
oA 2825 pME ViElth. o|Ale g Hol uhSA] AL
2% A59 FAFH CH4 o] TEAL 2o
A xS -1 ¥¥)58 o %;‘V]ZJ% o 4 sl

Tumor necrosis factory= G5 3 o 59 AZA
weizolu} thake] Ao '?ﬁi‘{*. &g HFsh= o
oA wizpRlAbelvt. HAM E o FellA AU M7
ol o8 ZA3lEld okake] TNRE —‘?‘Hlﬁ]*‘:‘ e

2 48 sloh. TNFY #2h4-5 955 TNF 24|
o] EAo| olsirelr] Hr} TNFe —459 3= 1
(chemotaxis), 2435l HAME, cytotoxic-T cell 2
natural killer cell %o} AJAM&lE nitric oxidert
hydrogen peroxide®-o] TMEE FYo24 eh)=
ALg FEHHI QA

wreta] A 27} BH)El= TNES

FAg A

CTSs Ravte

-
CH-6 s SRR X
CH-5
CH-4

CH-3 S Cova s e e s e

Treatment

M 1000 ug/mi

CH-2 IRy
B8 100 ug/mi
CH-1 [T 8 10 ug/ml
0O 1ug/mi
COs6
0 05 1 15

TNF(uM/2x10 cells)

Fig. 3. Tumor necrosis factor production by continuous
macrophage cell line J774A.1 treated with chitosan
hydrolysates, intact chitosan and chitohexaose. Tumor
necrosis factor was not detected both in the PBS and
acetate treatments(negative controls).

COS-6, chitohexaose ; CH-1, chitosan hydrolysate fraction
1;CH-2, chitosan hydrolysate fraction 2; CH-3, chitosan
hydrolysate fraction 3 ; CH-4, chitosan hydrolysate fraction
4. CH-5, chitosan hydrolysate fraction 5; CH-6, chitosan
hydrolysate fraction 6 ; CTS, intact chitosan
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Fig. 35 Zom, RE A&7} TNF 288 2AA71L
o T dslvh 2AE FEHAE 595 nMollAMRE FH
Il 13416 nMe|gith. CH-1, CH-2, CH-3efjA{R.h=
CH-4, CH-5, CH-60l|A] #uFH & TNF ¥u|%o| 7
Lom, I FE¥= CH49 7§ 549~1341.6 nM, CH-5
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