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Abstract: To develop water-soluble chitosan as an effient gene delivery carrier, chitosan oligosaccharides (COSs) with
various molecular weights (MW) were studied for gene transfection agents. MWs of COSs fractionated by ultrafiltration
techniques were identified as narrow MW distributions with the average MW ranging from 1 to 10 kDa through gel per-
meation chromatography (GPC) measurement depending on the applied ultrafiltration membranes. Their structural char-
acterizations were analyzed by FTIR spectrophotometer and 'H NMR. The degree of deacetylation was determined by
UV spectroscopy showing the degree of deacetylation above 90%. The relative cell viabilities were maintained over
100% (10 mg/mL), independent of the MW of the fractionated COSs. The fractionated COSs of 10 mg/mL concentration
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with narrow MW distributions showed non-cytotoxicity in Caco-2 cells.
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Figure 1. '"H NMR spectra of COS1.5 (a); COS3 (b); COS7 (c);
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Figure 2. FTIR of COSL.5 (a); COS3 (b): COS7 (c); COS10 (d).
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Figure 3. GPC chromatograms of COS1.5 (a); COS3 (b); COS7 (c);
COS10 (d).
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Table 1. Characterization of High Purity Chitosan Oligosaccharide

Sample Membranes M PDI Intrinsic viscosity” DDA¢ Water content’ Residue’
(MWCO) [7] (%) (%) (%)
COSI1.5 ~1 K 1260 1.42 0.0250 94.55 2.78 0.96
COS3 1~-3 K 2700 1.24 0.0595 92.96 1.07 0.06
COS7 3~10K 6700 1.17 0.1451 91.32 1.40 0.00
COS10 10~30K 10500 1.13 0.2280 90.17 2.55 0.00

“Measurement by GPC (0.5 M ammonium acetate, pH 5.5, 25 °C). “Measurement by Gemini advanced rheometer (co-solvent (0.1 M acetic acid,
0.2 M NaCl), 25°C). “Measurement by UV first derivative method. “Measurement by TGA (heating rate; 10 °C/min, air).
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Table 2. Characterization of Molecular Weight and Viscosity
Viscosity” (cP)
Sample l\?ffln\l;/)rCagis M, (GPCY Fpr 0.5% 1% 202 3% 5%
COSI1.5 ~1K 1570 1.42 1.056 1.080 1.117 1.177 1.274
COS3 1~3K 3400 1.24 1.089 1.137 1.230 1.355 1.570
COS7 3~10K 6050 1.17 1.193 1.302 1.553 1.835 2.600
COS10 10~30 K 8700 1.13 1.337 1.541 2.005 2.720 6.010

“Measurement by GPC (0.5 M ammonium acetate, pH 5.5, 25 °C). "Measurement by viscosity Gemini advanced rheometer (fixed single stress of

0.3847 Pa at 25 °C).

0.034
(@) e
0.032 4
z .
o
=]
2 0.030 -
- .
2 >
o
Z 0.028 A
=
= L]
0.026 - /
0.024

Concentration (g/dL)

0.175

0.170 -

(©)

= =
= -
o o
= o

Intrinsic Viscosity
=
B
N

yd

e

0.150

Intrinsic Viscosity

Intrinsic Viscosity

0.145 T T T T

0.0 0.5 1.0 1.5 2

Concentration (g/dL)

5

0.085
0.080 - (b)
0.075 -
0.070 -

0.065

0.060 -

0.055 .
10
Concentration (g/dL)

0.0 0.5

0.32

(@)

0.30 4

e
Ld
@

e
L
&

s

=
ra
=

L

0.2

0.22 : ;
0.4 0.6 1.0
Concentration (g/dL)

0.0

Figure 6. Intrinsic viscosities of COS1.5 (a); COS3 (b); COS7 (c); COS10 (d).

Zan, #3848 A15, 20143



RBANEZA ] A 7873

| K=4.2446 x 10 6 (dL/g) 30 k~
a=1.1754

038 1 . 10-30k

13K 3-10k

Log|h]

-2.0 T T T T T T
3.0 32 3.4 3.6 3.8 4.0 4.2 4.4

Log(MW)
Figure 7. Relationship between intrinsic viscosities and MW of the

fractionated COSs. The Mark-Houwink’s constants K and a were
calculated by linear regression of log[77] vs. log(MW) plot.

Tt 7Kgl wmet SRS o ‘Eloi‘jr %3k GPC-MALS
£ o3t 7 AeE 84 71EA S A7) A
e TFHEZ5E Mark-Houwink 334K, a)S
T-sAt.

Mark-Houwink 4]: [7] =KM* 3)

[7]e AFAE, M A
Sk holth o] A& oA oo ® wde - ot

log[77] = a logM + logK @

webA] A g IR #hS log-log fitting(Figure 7)
sted 71879 HESZ K, a B2 7 5 Ut} o] A=
FH IeE 84 78R 2] £ (0.1 M oAl
E2F 02M NaCholl th3k K, a 32 zH2z} 4.2446x10°,
117540 A%FekA E} o] A= IFFEEFE A|xE o]
7 718 BRS84Sl 718411 HolHE Ay

ie
r
kd
. AL
>
lo
oo
12
=2
fu}

204 05%
—a— 1%
—h— 29,
. 18
o
(3]
S—
> 1
2 16
w
§
14
= /c
1.2
1.0

©

o 1 2 3 4 5 6 71 8
MW (kDa, GPC)

e Az} £ 91

# Aol
Figure 8& 0.5-2% 19| Fxe] A= (x )l e 7
&S ekl agoltt. 2-5% W] Aol Bk x 5l
w2 Age Jepd agolt) 14 dxE oy We dx

)N

Il rol oo

EAke] AE
7HA AL ‘Rl‘:]'

2 5

Aelr] o
NEEA) A3 Qe BHUS U & 2l°i°tt1 COs73}

COS102 %2

1.0 1

Relative Viability

0.2 1

0.0

0.8 4

0.6 1

0.4 1

=74 B AU 7I7I7F HestuE | olF gkl flste]
ol el A ] M= 3 HEg S5 TH Table 2). A% &
%X}%l VTS, 283 R SUVETE Fket
RAEs

nark.
TEE 84 JISt B30T HESY 2. dugo
2 F|EAe ATEAe] Y B4R dulA k. Teht 7

Ee 7] B s UHE WS
TEE 284 7R g2laRe] XSS

ol wheh 8% Ae Figure 9011 Ve 2t}
& & o] COS1.59t cos3 9]0

oA E A% xﬂi%@ o] giglon} B

s

=

—8— (a)
—a— (b)
—4— (¢)
—v— (d)

0

20

T T T T T T T T T

40 60 80 100 120 140 160 180 200

Concentration (mg/mL)

Figure 9. Cytotoxicities of COS1.5 (a); COS3 (b); COS7 (c);
COS10 (d) in Caco-2 cells.

6
—h— 2%
v 3%
54 —* 5%
-
o
L,
>
=
[}
o
8 31
>
2 4
1 T
0 1 2 3 4 5 6 7 8 9 10

MW (kDa, GPC)

Figure 8. Viscosities of water-soluble chitosan according to the various concentrations of water-soluble chitosan.
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