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Analysis of monosaccharide composition and monosaccharide ratio in
propylene glycol alginate sodium sulphate drugs by high performance
anion exchange chromatograghy -pulsed amperometric detection
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Abstract: The paper aims to establish the method to determine the monosaccharide composition and monosac-
charide ratio in propylene glycol alginate sodium sulphate (PSS). Samples were hydrolyzed with trifluoroacetic
acid, neutralized with sodium hydroxide solution after the reaction conditions for sample pretreatment were opti-
mized via orthogonal analysis. A high performance anion exchange chromatograghy (HPAEC) coupled with pulsed
amperometric detector (PAD) was performed on a CarboPac®PA20, using 200 mmol-L™* sodium hydroxide solution
and 1 mol-L™ sodium acetate solution as mobile phase. The established HPAEC-PAD method was validated by
testing the linear relationship, precision and accuracy, and showed exclusive, sensitive, rapid and wide use. The
monosaccharide composition of PSS from different manufacture can be accurately determined with great signifi-
cance for the structural identification of PSS.
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Figure1l The general structure of propylene glycol alginate sodium
sulphate (PSS)
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C5 A & R B AR, (5 IG5 RURE8E 2 (1 f R
ZRARK, B MG B [ (R &, BEAL RN 25 301k
JRAAIRKZE S, 1 G HIFE i B EE NI B s, H B A5m
P R I U, R S 55 oF 7= il (6 SR 0 L 4] o A 4% 1) B4
A, 5 BB 4R DA B M AT G ) B8 B X S R
BN E i 1) 45 R R IE B 25 501, 38 AT LA — 2 FR T b
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FAWE RN R 3 S0 A SRR S HEAT 40 0T, 5 WO i
BN K SAH EEEAR T, AR T B e
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C A1 mol-L BSERAN I W, B FE BN 0~10 min (70% A,
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ik i 22 B5 A W 2%, 4 T AE LR, Ag/AQCI = L ML, Y
FL A7 T ki 30 °C; #ERE R 5 L.
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AR R, B RIUH A K. A: 120 fi1140 °C; B:
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33, I IERZR L, (2°) GR L) #HAT LI A, HHE 5
ANHEN R HAEH.
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Table 1 L, (2*°) orthogonal experimental design of hydrolysis conditions of propylene glycol alginate sodium sulphate (PSS). A: Tempera-

ture; B: Acid solution concentration; C: Time; D: Volume ratio of sample solution and acid solution

Experiment No Column
Xperl : A B AB C AC BC D AD BD cD Combination
1 1 1 1 1 1 1 1 1 1 1 A1B1C1D1
2 1 1 1 1 1 1 2 2 2 2 A1B1C1D2
3 1 1 1 2 2 2 1 1 1 2 A1B1C2D1
4 1 1 1 2 2 2 2 2 2 1 A1B1C2D2
5 1 2 2 1 1 2 1 1 2 1 A1B2C1D1
6 1 2 2 1 1 2 2 2 1 2 A1B2C1D2
7 1 2 2 2 2 1 1 1 2 2 A1B2C2D1
8 1 2 2 2 2 1 2 2 1 1 A1B2C2D2
9 2 1 2 1 2 1 1 2 1 1 A2B1C1D1
10 2 1 2 1 2 1 2 1 2 2 A2B1C1D2
1 2 1 2 2 1 2 1 2 1 2 A2B1C2D1
12 2 1 2 2 1 2 2 1 2 1 A2B1C2D2
13 2 2 1 1 2 2 1 2 2 1 A2B2C1D1
14 2 2 1 1 2 2 2 1 1 2 A2B2C1D2
15 2 2 1 2 1 1 1 2 2 2 A2B2C2D1
16 2 2 1 2 1 1 2 1 1 1 A2B2C2D2
AT O U o B BRI A A G 0 T KA R _
W R ORD 2 5E JE, 4 i) % HR A MU RE i MLG B R 200-
80%- 100% FH 120% A 3 AN 5 7K ~F- 1) K i i o R g B
2 i
TR, BN IR AT 048 34, R B TSR 24 g 100
Tl pH T8 1 1) [T A% ® g 4 mol-L! TFA
BEEEE  QUMHIE AR (0.02 mg-mL™) 5 L, 0 2145 05 mol-L" H,80,
VEN BT @AY, 0T O, SR 66, G RSP TR Ty
F M I T B (peak area, A) ) AH X A5 #E fli 2 (relative (/ min
standard deviation, RSD). Figure 2 High performance anion exchange chromatograghy -

RMSEEE R R R VR bR VA LR T R VAT
0.005.0.01.0.02.0.05 £ 0.08 mg-mL™ 73 5| itk 4, 2 %2
T3 VX MG T b I IR 1 S 2 Y

&R

1 MEHKMEGEREER

1.1 KEEFR R 5T TRA LR BRI O B 1
KRR L, 5 AN [ 7K At FH TR 1) €23 1) 5 R IR, RN 7R
IKFRRCRAR L, TREAAE 97K fif FH R A it % ] v R K
il 5E A= (W SRR IR 5 /0, 45 31 1¥) G AT M I T B BE K, 7E—
SEFEE B UL KR S s 4 (K 2); Bhah, BRIR /K ff )
FRIARE it € 1 P v 2 L R 2 25 06, A T AR o 7K A
T ) AL I 2 3K, I 5 B R EL A ) SR AR K
EIRE BRI T 38 POl 8 R A G R 2
T, BERE AT R B LB, A TFA AR EL, B Ab 2 (125 1%
PLA S 2%, IR k3 F TRA VR oK ff P R B8 Jin 7 1

1.2 JKfRBE KM 4 mol-L* TFA ¥ 17 B 1E 100
120 i1 140 °C & % 11 F 7K fif 60 min, M. G U [l FA 7
120 °Cik B KA J5 T B, mT WL FE R K 7= A2 1 48
KT 2 M, Tt P A I K A e 4, T e B i v 23 B

pulsed amperometric detection (HPAEC-PAD) chromatograms of
PSS hydrolyzed by different acid solutions (factory code: Q; sample
code: HN-Y5). 1-3: Degradation impurities; 4 and 5: Incompletely
hydrolyzed oligosaccharides

K FRAS B B2 4y, DR MR 120 °CAE /K AR S
1.3 BEREGRE  7£120 °CIR KT 20 I LL 2.4 Al
6 mol-L™* TFA 2. 60 min, 45 5 5 7% G I i FH 35 A
FEANAR M I T AL AE 4 mol-L™* TRA 4641 R ik 1) 5 K fH.
Ja T AR E, AT LKA T R AR JE %o 7K A 2 R 5
Wi /N o (HFE 2 mol-L* TRA AN AE 78 20 K 4 /K i 52 42,
5 8 BITE /K AR 56 4 H RS LT R B 38 FH 3 0 7D 7K Ak 2% A
DAOR AP B I 1R, DR ) 20 A 7 >R FH 4 mol- L™ TRFA ¥
AT KA
1.4 JKfREFE]  7E 120 °CHE /K °F K R A 4 mol-L?
TEA 43 51l 7K fi# 30,60 #1190 min, M. G I [fii #17£ 60 min
IS I BWEARL I 1 B4, 11125 6 60 miin Ay K e [
2 AER2KFKBEGERIHER

2 G A M U [ AR BEAT 77 22 73 Mt (% 2.3) WA, &
DR 35 B0 /N HE 3 A7 P88 > B ) > 3 B8 B [ > L
WP > 5 x PR B LL, 3 % 06 TR B3 K K A8 AR FAE



DA R A ST - Rk o BT 3 R O Y ) B 2L S L A5

+ 2349 -

Table 2 L, (2*°) orthogonal experimental results of hydrolysis
conditions of PSS

Experiment number Combination Peak area
G M
1 Al1B1C1D1 5.113 9.248
2 Al1B1C1D2 5.023 9.754
3 Al1B1C2D1 14.449 24.586
4 AlB1C2D2 14.329 24.623
5 A1B2C1D1 7.998 14.366
6 A1B2C1D2 8.957 15.376
7 Al1B2C2D1 13.372 22.735
8 A1B2C2D2 12.757 25.164
9 A2B1C1D1 12.602 21.731
10 A2B1C1D2 12.882 22.988
11 A2B1C2D1 10.885 25.633
12 A2B1C2D2 6.107 20.045
13 A2B2C1D1 13.302 29.965
14 A2B2C1D2 9.761 21.765
15 A2B2C2D1 5.539 18.822
16 A2B2C2D2 2.735 16.272

AR S5 AT, W€ G U T RR Ak B d K IR K A 2% 1A
120 °C4 mol-L™*.60 min, #&fH LA 313

3 FHEFEER

3.1 EWEE  7£80%-.100% 1 120% Mnt5 /K F T, G
[ AL AE 88%~102% P (n =9, RSD = 6.1%); M [ [a]4i
FA{E98%~105% N (n =9, RSD = 3.8%). 7 il Z1 /K fift
FMF, BERSRR AR T, R A IR RIS R s v, B 1
FE il 7K 0 BR AT I AR REBR AR A, T HL AT M AR EE, G
TERR IR P B IR e, BRI G 1 [l R I T M.
32 WEEE IFEELLIEFE 6 £ G A1 M U [ AR K
RSD 435l 4 1.89% £10.93%.

33 ELTREM FHEFSA (0.02 mg-mL™) [ i K
M. G 43 B 5 KT 20, 43 55 B3 2 B oK

3.4 LMTEE A LA G R M T AL A YA bR
Xof Ot YA AR ) JOT VR © (mg-mILT) DA AR b 22 i A
HEh 2k, G £k 7 FE N A = 865.17¢c + 0.473 2, R® Ny
0.999 8, M {1 £k ¥4 J5 F2 v A = 984.64c - 0.175 8, R Ky

0.999 7, % I M 1 G #£ 0.005~0.08 mg-mL™ ¥ /& P4 £
PER R RIT.
35 HEmARREM MK AE 5 i E 0.1,
2.3.4.5 8112 h J5#E#F 70 #r, & 2 58 it b B S i) it
IR I TRCE R e P, A5 R R EE IR RTE 4 h AR
SE, 12 h 5 W T AR B SR B, DR UG R 7E 1) 4% S8 RS 4 h
W 58 ERE 73 1T
4 tE@NE

AAN 7GR 7R I SE R OB S R 3 13 HEAE
JE 25 R (R 4) R, 2R i MG ERAE ) KT 1.5, H
Q ML AW AV R 73 A 5 MIG 3 7E 2.0 BA |, T 4k
H1D AL FE S B MIG ELAE I AE 1.5~1.7 Z 7], $27R AN
7] JEURE 24 25 P2 Ak ) MIG EABAT — 5 22 5

Table 4 The M/G ratio results of PSS samples

No. Sample Factory code Sample code M/G ratio
1 PSS API T T-1 1.67
2 PSS API w Q4-1 1.95
3 PSS API w W2-1z 2.23
4 PSS API W W2-2 2.38
5 PSS API W M3-2 1.57
6 PSS API D H-5 1.55
7 PSS API D J6-1 1.64
8 PSS API D HN-Y3 1.57
9 PSS API D WZT-7 1.73
10 PSS API Q Y20-4 2.54
1 PSS API Q HN-Y5 2.24
12 PSS API Q Q7-1P 2.26
13 PSS API Q BD2-3 2.13
g

TR LI By A o A B TR R B 2K
W, FEIRIK LA 2 MIRLHT, 6% i i kT K
LA Bz VA T8 152 B 85 4 (A LAt 25 0T 4t 3 A
WETER R — o W HL AR HEAT TR 10 5 RRAE 2 T
G MBI T FL 2 BRI P RS E N TR A B

%W B0 B AR v B AR D B B A ik G PR AN

Table 3 The orthogonal experiment variance analysis of the influence of four hydrolysis conditions on the area of M and G peaks (‘P <

0.05; P < 0.01; ""P < 0.001)

. G M
Source of variation Sum of squares df  Meansquare F value P value Sum of squares df  Meansquare F value P value
A 4.188 1 4.188 3.522 0.119 0.5575 1 61.502 11.142 0.021"
B 3.035 1 3.035 2.553 0.171 45734 1 2.144 0.388 0.560
C 1.286 1 1.286 1.081 0.346 1.7289 1 66.781 12.098 0.018"
D 7.168 1 7.168 6.028 0.058 0.9477 1 7.698 1.395 0.291
AB 14.648 1 14.648 12.319 0.017" 0.7662 1 10.567 1.914 0.225
AC 163.199 1 163.199 137.249 <0.001™" 127.0766 1 256.338 46.440 0.001™
BC 15.532 1 15.532 13.063 0.015 5.9486 1 54.929 9.951 0.025
AD 7.530 1 7.530 6.333 0.053 2.4590 1 22.709 4114 0.098
BD 0.105 1 0.105 0.088 0.779 5.7834 1 0.775 0.140 0.723
CD 2.194 1 2.194 1.845 0.232 0.0002 1 0.004 0.001 0.980
Error 5.945 5 1.189
Total variation 224831 15




- 2350 - 2% %4 Acta Pharmaceutica Sinica 2021, 56(9): 2346 —2351

I B AR A S AR (R IR S A L B R A 55
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SEAETR, AT LR B DR SO AN ERSR, PR A R v T
IR BORBE A 20 (ERER ) BA SR A PR A BRI
VRIS, 27 R AR o v, T ELASE P S - (it
AT 73 BT, BRIR AR 208 Bl s P AR R IR, R 2R &
BRS B R AR (TR . 1M TRA WK A R i) 75 20K
B, AEBREBON TRIE, DX AR 18 F TRA BEAT 7K A% -

FUREAL S AR I I 1 S At B e BNy R T
SN T VERE SRR RN, R T RERR ) M, 7R
FEDRALE 73 B AR B RT3 A0 K el i B o S AN 2 58
BEAEFA B 720t L REAT N EES 757 K R
A EE) R IR (B2 0 B R4 BY) A7 5%, 78 1R WL Te Y 7K
AN 58 4 FR SR B (i W 12 MG S TSR ML, BB 7K A
SR SE PRI 0N, S B VS TR AR B R B, R ER T B ML
G g T AR A, KA 58 4 (R I A B T AR (181 2) B2
(EVSYIN R U BRI TR S

VBORH Bl SO Bl 2 2 0 HOR A SRR S5 T 1Y
T3 B BOREOM, SR R R S AT AR AT AT AR A AL 2, P
A G KNE B AN B A MR S S BEAT RN . X
TR %, AT ALELD BRECE BORE dh R, AT 2 A

S MAAT AR AL RCR, AT AP0 B RS T th 2 S Ml S 45

R, IR EAGI 25 A AR L RS B i BN E IR % . AR
FA 0 7 5 el 22 B9 W] B SR K B 20 B E
IR EAT A AT RSO R B v AN
HLH AR A s el

5 T T AR B IR AE AR S R R R 3L MR
BE A AT S 23 U PE ) 1 KPR R G, HAE
I TR AR I B RV, BB S B R 2R RS A T
A AR AL, T HL i AN R A S AL B MUG B E
WASEINE, oAb, v R B 5 MR G R B i B
J5E X PR 1 BB JBE, P AR S AN Ao 524 e
Zyr P AL 1 MIG LUAE A P 22 57, 3875 %% 257 Al iy
PR R B A 7 24T B X, A8 R — 2677 Al (7
a4 SR ELBRE, W] 2 SR AR A 7 T2, MIG
BUAR 2 AT DA AR — N AEE VG HE Y AR o TR R UL Y

AR S BT E AR, AIER S G E RS
s PAC EE 0L AGRE i) L 5, TR abb 2 122 A Ji e 24 it A
6 MIG G HE AT A R A 42 1 o A ST 3 AT SRR
TR UL B9 OB 245 LRGBS W A8 R TR 2 ) S 4L
ARSI, A ALk AT RASE D R AR R AN A T
PRUEZG i BRI R BOCR, 8D AN RSB R A

B STk: 000 5T SR BT AN St L 45 R B S A
SERIVEE S AR AR TR 97 B S 6 £ S e A KR 4 ) B B AR
ZERAE A TR 2 SIS TAR; R B8 T STMRH YR A
B RIS I H

RS A SCHETE A A TCAR A 2 H 2%
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