‘JPA 5 M 4> B 22 E ChinJ Pharm Anal 2017,37(1) .43 -

BFeESEREEFIHEEESMERTEENMR
BR A =, B L, TR B K

(WA R A 53R T A2, B 310015)

HE HH:ZIiMB T HREESS, FTARGATHAEEZERIMRRCEE. AE: aEARNZ
A BT X ik — AR kot 2] i (HPAEC-IPAD ) #F 5 #F & B 45 ( B A& DP=2~6 ) 47 e A S it
T8 » B %M. £ DIONEX CarboPac® PA10 (4.0 mm X 50 mm ) #& 4 4 4= DIONEX CarboPac® PA10
(4.0 mm X 250 mm ) M7 4, ok iZ R A SRR, By PRF L3550, RERELZHGH B FiE5
TR R AT B RN, BREFHREEBENRGN RS> ARER T, 2L FBRESA
(DP) 5 ARG HF (K )X KR MBEILOMA KX R R oh T EMEBAT M, IF R R F k5t
Rone B BHATRIE, SR 2 EBERS AN HMASEREE FHONHMALALER LR, DA EHK
R =09987,#| A ey X w)a r Rt Pe) 4 ke BRAFRGERERASXE 2N B &
HHEFe o 48 3R £ < 5.66%. T k3t Rdn o R R ATT Bk, RIE SR ABF R P AEL . T
ZHE N R BN ek e Efe e A\, BB T RS A AR TFEES B REATIHE
RN RAER AL T R TAT

KR KR T ENE; R o A oW A ok RAERE AT BT &# (1C);
G Bk B 3%

FESES:RI17 X HERFRINAD: A XEHS:0254-1793 (2017 ) 01-0043-08
doi: 10.16155/].0254-1793.2017.01.06

Application of ion chromatography separation and retention factor
calculation in the qualitative analysis of chitosan oligosaccha
of low degree of polymerization”
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Abstract Objective: To developed a method for qualitative analysis of chitosan oligosaccharides using an anion
exchange chromatography and retention factor calculation. Methods: Five kinds of chitosan oligosaccharides
[degree of polymerization ( DP ) =2-6] were separated by high performance anion exchange chromatography with
integrated pulsed ampere detection( HPAEC-IPAD ). A DIONEX CarboPac® PA10 guard column (4.0 mm x 50
mm ) and a DIONEX CarboPac® PA10( 4.0 mm x 250 mm ) separation column were used for the chitosan
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oligosaccharides separation. The mobile phase was sodium hydroxide. An integrated pulsed ampere detection

was utilized for detection. Then, the chitooligosaccharide samples were separated and characterized by the

established separation method. The retention factors of sample were calculated in accordance with their retention

time and linear correlation between the DP of chitosan oligosaccharides and retention factors. Finally, unknown

chitosan oligosaccharides were qualitatively determined according to the above relationship. Results: There was

a good linear correlation ( R> = 0.998 7 ) between logk ' ( retention factor ) value of chitosan oligosaccharide and

corresponding log DP value. The DP of the unknown chitosan oligosaccharides in the sample were calculated and 4

chitosan oligosaccharides ( chitoheptaose, chitooctaose, chitononaose, chitodecaose ) were qualitatively determined

by established linear equation. The error was below 5.66%. Result of mass spectrometry test also showed 8 chitosan

oligosaccharides ( DP=2-8 ) existed in the real sample. Conclusion: The established method can be used as a

qualitative method for chitosan oligosaccharide homogeneous when there is a lack of reference substance.

Keywords: chitosan oligosaccharide; chitosan; chitobiose; chitotriose; chitotetraose; chitopentaose;

chitohexaose ; degree of polymerization ; retention factor; ion chromatography ( IC ); integrated pulse ampere
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Fig. 1 Chromatogram of 5 kinds of chitosan oligosaccharide standard

solution using elution 1
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Fig. 2 Chromatogram of chitosan oligosaccharide sample using
elution 1
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Tab.1 Data calculation of degree of polymerization ( DP ) and retention factor ( k' ) for

REE(DP)5SRBETF (k') HikE

chitosan oligosaccharide sample using elution 1

JPA

145 ( peak number ) St (analyte ) DpP log DP tn I ' K logk’
10 55750 ( chitohexaose ) 6 0.778 3.45 10.284 6.834 1.981 0.297
9 FETHE ( chitopentaose ) 5 0.699 3.45 11.300 7.850 2.275 0.357
8 FEVOBE ( chitotetraose ) 4 0.602 3.45 12.701 9.250 2.681 0.428
7 &= (chitotriose ) 3 0.477 3.45 14717 11.267 3.266 0.514
6 FE M ( chitobiose ) 2 0.301 3.45 18.484 15.034 4.358 0.639
5 KM (unknown compound ) 3.45 9.517 6.067 1.759 0.245
4 KA (unknown compound ) 3.45 8.917 5.467 1.585 0.200
3 KM (unknown compound ) 3.45 8.434 4.984 1.445 0.160
2 414 (unknown compound ) 3.45 8.067 4617 1.338 0.127
1 ARH14 Cunknown compound ) 3.45 7.7840 4334 1.256 0.099

T Cnote ): 1, NFEIFTR] (LUK G U] ), 0 25 TE SERE R PR B INFE] 0 25 2 SEE BT B QR BRI IR] , /= 2}, /1,, (1, was death retention time, 1 was

retention time of each chitosan oligosaccharide ¢} was adjusted retention time of each chitosan oligosaccharide, k'= t}; /t,, )

R2

FMSER 1 R ENEEREERREE(DP) 5iRE

Tab. 2 Calculation of degree of polymerization ( DP ) and deviation for chitosan oligosaccharide sample with elution 1

RAH et 2

ARSI Togh' (8 (loghk’

(DP) (linear equation ) value of unknown peaks) 50T or br A1
5-9 logk’ =—0.621 1 log DP+1.103 4 0.999 2 0.565 0.867 73621 7 51724
4-8 logh' =-0.615 9 log DP+1.101 3 0.999 8 0.520 0.944 8.790 2 9 223308
37 logh” ==0.616 4 log DP+1.101 3 0.999 8 0.477 1013 103039 10 3.0386
2-6 logk’ =—0.615 2 log DP+1.099 80 10000 0.429 109 123027 12 25224

7 (note ): A=(“DP” —=DP ) /DP x 100%; “DP” ; #R#m et )5 #1154 ( calculated according to the linear equation )

— — —_
o ) e
1 1 1

5, 5H (conductance) /us
(o]

T
0 10 20 30
t/min

1. A J (unknown peak ) 2. % 104 (unknown peak ) 3. 7 J11 ( unknown peak )
4. A (unknown peak ) 5. 75754 ( chitohexaose ) 6. FE T ( chitopentaose )
7. 5EPUHE (chitotetraose ) - 8. 52 =Ml ( chitotriose ) 9. 52—}l ( chitobiose )

B3 MR 2 hENESEERBIEE

Fig. 3 Chromatogram of chitosan oligosaccharide sample using elution 2
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*3 FAMER2KETENTZERERESE(DP)5REAF (L)
Tab.3 Data calculation of degree of polymerization ( DP ) and retention factor ( k' ) for
chitosan oligosaccharide sample using elution 2
I = YA

( peakt:;bm : ( i ffyii’) DP log DP 0 I Uy ¥ logh'
9 76754 ( chitohexaose ) 6 0.778 3.343 18.970 15.627 4.675 0.670
8 FETUR ( chitopentaose ) 5 0.699 3.343 21.130 17.787 5.321 0.726
7 FEVURY ( chitotetraose ) 4 0.602 3.343 23.925 20.582 6.157 0.789
6 F& = ( chitotriose ) 3 0.477 3.343 27.660 24.317 7.274 0.862
5 F& i ( chitobiose ) 2 0.301 3.343 34.661 31.318 9.368 0.972
4 FH04 (unknown compound ) 3.343 17.235 13.892 4.156 0.619
3 FH04 (unknown compound ) 3.343 15.819 12.476 3.732 0.572
2 FHH14) (unknown compound ) 3.343 14.613 11.270 3.371 0.528
1 KH1%) (unknown compound ) 3.343 13.567 10.224 3.058 0.485

1 (note ): 1, HBCHTIE] ( RAAK Gl Rt 1a] ), 1 4570 SRR B IR el R 45 5T SERE R IR BL DR B B8], &'= ¢4 /1, (1, was death retention time, 1 was

relention Lime of each chitosan oligosaccharide, ¢ was adjusted retention lime of each chitosan oligosaccharide, k'= ty, /t,, )

R4 RAMER 2 HKETENZTEEERRESE(DP)RERE

Tab.4 Calculation of degree of polymerization ( DP ) and deviation for chitosan oligosaccharide sample using elution 2

PN 4 L I '
5~9 logk' =-0.626 6 log DP+1.161 7 0.999 1 0.619 0.866 7.345 1 7 4.9300
4~8 loghk" =—0.622 7 log DP+1.160 2 0.999 6 0.572 0.945 8.8105 9 -2.368 8
3~7 logk' =-0.622 7 log DP+1.160 1 0.999 8 0.528 1.015 10.351 4 10 3.5140
2~5 logk' =-0.621 7 log DP+1.158 5 1.000 0 0.485 1.083 12.106 0 12 0.8833
I (note ): A=(“DP” =DP )/DP x 100%; “DP”: #R#aZM: /7 FEi155 ( calculated according to the linear equation )
28
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Fig. 4 Chromatogram of chitosan oligosaccharide sample using elution 3
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x5 AMERIKEHTEEEBEERESE (DP)5REBEF (L) &HE
Tab.5 Data calculation of degree of polymerization ( DP ) and retention factor ( k' )

for chitosan oligosaccharide sample using elution 3

15 ( peak number ) M (analyte ) DP log DP Iy In . K logh'
9 FEH ( chitohexaose ) 6 0.778 3.345 11.620 8.275 2.474 0.393
8 ST ( chitopentaose ) 5 0.699 3.345 12.867 9.522 2.847 0.454
7 FEDVUHE ( chitotetraose ) 4 0.602 3.345 14.490 11.145 3.332 0.523
6 52 =4% ( chitotriose ) 3 0.477 3.345 16.724 13.379 4.000 0.602
5 72 M ( chitobiose ) 2 0.301 3.345 20.861 17.516 5.236 0.719
4 KA1 (unknown compound ) 3.345 10.635 7.290 2.179 0.338
3 FH (unknown compound ) 3.345 9.847 6.502 1.944 0.289
2 KA (unknown compound ) 3.345 9.200 5.855 1.750 0.243
1 KA1 (unknown compound ) 3.345 8.527 5.182 1.549 0.190

7 (note ): ¢, FFERFA] ( LK Gl HIER] ), o, A5 TE SEREI AL BRI ], 0 oR 45 FE SR A TR 4L R B IS, &= 14, /1, (1, was death retention time, t; was
retention time of each chitosan oligosaccharide,; was adjusted retention time of each chitosan oligosaccharide, k'= ty /t,, )
F6 FAMKRIMETENREERERRLRE
Tab. 6 Calculation of degree of polymerization ( DP ) and deviation for chitosan oligosaccharide sample using elution 3

TR logh

WA (DP) L PEJ)TRE (linear equation ) R’ log DP “DP” DP A%
(logk'value of unknown peaks )
5~9 logk'=—0.676 5 log DP+0.924 9 0.999 0 0.338 0.868 73790 7 5.4149
4~8 logk'=-0.670 3 log DP+0.922 3 0.999 7 0.289 0.945 8.8105 9 -2.1057
3~7 logk'=—0.670 7 log DP+0.922 4 0.999 8 0.243 1.013 10.303 9 10 3.0386
2~5 logk'=—0.669 4 log DP+0.920 7 1.000 0 0.190 1.092 123595 12 2.9956

# (note ): A =(“DP” =DP ) /DP x 100%; “DP” : H#n2kt: J5 FE 155 ( calculated according to the linear equation )

x7 HRAICEERERRESE(DP) EREBEATF (1 ) HIETHE
Tab.7 Data calculation of degree of polymerization ( DP ) and retention factor ( k' ) for chitosan oligosaccharide sample with

30 C column temperature

&5 ( peak number ) ST Canalyte ) DP log DP L, Iy 'y k' logk'
9 FE75HH ( chitohexaose ) 6 0.778 3.345 11.62 8.275 2.474 0.393
8 FEFHE ( chitopentaose ) 5 0.699 3.345 12.867 9.522 2.847 0.454
7 FEVIRE ( chitotetraose ) 4 0.602 3.345 14.49 11.145 3.332 0.523
6 FE =M ( chitotriose ) 3 0.477 3.345 16.724 13.379 4.000 0.602
5 F& W ( chitobiose ) 2 0.301 3.345 20.861 17.516 5.236 0.719
4 K (unknown compound ) 3.345 10.635 7.290 2.179 0.338
3 K (unknown compound ) 3.345 9.847 6.502 1.944 0.289
2 FH04 (unknown compound ) 3.345 9.200 5.855 1.750 0.243
1 A A1) (unknown compound ) 3.345 8.527 5.182 1.549 0.19

1 (note ) : ¢, FERTE] ( LK Gl AR R] ), o A58 AR DR BE BP0 ¢ 1o 45 50 SR PR S AR BRI [R] , /=t /1, (t,, was death retention time, t; was

retention time of each chitosan oligosaccharide ¢} was adjusted retention time of each chitosan oligosaccharide, k'= t} /t,, )

hhiHE i
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*8 REEMERHRETE
Tab. 8 Calculation of degree of polymerization ( DP ) and deviation for chitosan oligosaccharide

sample with 30 C column temperature

KN logh' {H

RGP (DP) )72 (linear equation ) R , log DP “DP” DP A%
(logk' value of unknown peaks )

5~9 logk’' =-0.676 5 log DP+0.9249  0.999 0 0.338 0.868 7.379 00 7 54149

4~8 logk’ =-0.670 3 log DP+0.9223  0.999 7 0.289 0.945 8.810 50 9 21057

3~7 logk’ =-0.670 7 log DP+0.9224  0.999 8 0.243 1.013 10.303 9 10 3.038 6

2-5 logk’ =-0.669 4 log DP+0.920 7 1.000 0 0.190 1.092 123595 12 2.995 6

1 (note ): A =(“DP” —=DP ) /DP x 100%; “DP” : #R4FZM: 5 LI ( calculated according to the linear equation )

R9 FREAHO6mL-min' EEEESEESE(DP) 5SREBEF (1 )EETE
Tab.9 Data calculation of degree of polymerization ( DP ) and retention factor ( k' )

for chitosan oligosaccharide sample with 0.6 mL * min~' flow rate

4% ( peak number ) ZrHT Canalyte ) DP log DP . Iy 'y k' logk’
9 FE75H# ( chitohexaose ) 6 0.778 2.243 7.818 5.575 2.486 0.395
8 ST ( chitopentaose ) 5 0.699 2.243 8.711 6.468 2.884 0.460
7 FEPIRE ( chitotetraose ) 4 0.602 2243 9.888 7.645 3.408 0.533
6 FE =Mk ( chitotriose ) 3 0.477 2243 11.524 9.281 4.138 0.617
5 FE W ( chitobiose ) 2 0.301 2243 14.485 12.242 5.458 0.737
4 KH14) (unknown compound ) 2.243 7.118 4.875 2.173 0.337
3 K4 (unknown compound ) 2.243 6.563 4.320 1.926 0.285
2 KM (unknown compound ) 2.243 6.115 3.872 1.726 0.237
1 K1) (unknown compound ) 2.243 5.714 3.471 1.547 0.190

1 (note ): ¢, AFEITR] ( LLAK G706 W 18] ), ¢ S5 5 SERE R PR BB I TR] , 01 25 e SEME A A CR B I 8], /= e, /1, (1, was death retention time, ¢ was
retention time of each chitosan oligosaccharide, ¢} was adjusted retention time of each chitosan oligosaccharide, k'= t} /t,, )
F10 FiEH0.6mL-min" TEEHFRKBRAE(DP)HERHLRENE
Tab. 10 Calculation of degree of polymerization ( DP ) and deviation for chitosan
oligosaccharide sample with 0.6 mL * min™' flow rate

ARINERY Togh'

AT Lt e :
ne . I R { (logk’ value of log DP “DP” DP A%
(DP) (linear equation )
unknown peaks )
5~9 Logk’ =-0.710 5 log DP+0.954 3 0.998 7 0.337 0.869 7.396 10 7 5.658 6
4~8 Logk' ==0.703 9 log DP+0.951 7 0.999 6 0.285 0.947 8.851 20 9 1.6533
3~7 Logk" =—0.704 4 log DP+0.951 9 0.999 7 0.237 1.015 10.351 4 10 3.5140
2~5 Logk" ==0.702 9 log DP+0.949 9 0.999 9 0.190 1.081 12.050 4 12 0.4200

H (note ): A=(“DP” =DP )/DP x 100%; “DP” : #RIFLMEIr #2155 ( calculated according to the linear equation )
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Fig. 5 Mass spectrum of chitosan oligosaccharide sample
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