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Comparison of Three Methods for Determination
of Chondroitin Sulfate Sodium Shark

JIAO Guang-fei ”
Fujian Hai Tian Lan Bio-products Co. ,Lid. Longyan 364000, China

Abstract ; The content of chondroitin sulfate sodium shark (CS) was separately evaluated by enzymatic-high performance
liquid chromatography ( E-HPLC ), high performance liquid chromatography ( HPLC) and cetylpyridinium chloride
( CPC) -titration methods. After comparing and analyzing the detection results, it was found that E-HPLC method was not
suitable for determining chondroitin sulfate sodium shark. Moreover, the content determined by CPC-titration method was
higher than that of HPLC method. By contrast, HPLC was more suitable for determining of chondroitin sulfate sodium
shark.
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Fig. 1 Chemical structure of chondroitin sulfate
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Fig.2 E-HPLC chromatograms of EDQM CS reference standard (A), Yuanye CS reference standard (B) and CS sample (C)
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Fig. 3 HPLC chromatograms of EDQM CS reference standard (A) , Yuanye CS reference standard (B) and CS sample (C)
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£ ZEMBRKBENSBORMLER (n=3,x2)
Table 1  Content determination results of CS using 3 methods(n =3 ,; +5)
LioRIIWIRES B i e BOCVBUAH €L 12 = BB 15 CPC H {373 2 12
Determination method E-HPLC HPLC CPC-titration

ki WOLBRES  EDOM RS BOMRER  EDQMARMER  BOHERMER, EDQM f i
et (1) Yuanye RS EDQM RS Yuanye RS EDQM RS Yuanye RS EDQM RS

Yuanye RS - 119.53 0. 63 - 99.71 +£0.49 - 100.53 +0.49

EDQM RS 83.30 £0.47 - 98.96 +0.38 - 101.3 +0.61 -
2015032701 85.21 £0.96 94.99 £0.75 90.86 £1.05 90.38 +1.04 93.63 +£0.53 94.21 £0.42
2015052501 75.97 £0.75 90.32 £0.65 101.62 +0.45 101.08 +0.44 102.96 +0. 80 103.54 +0.76
2015061101 76.62 +0.74 88.61 £0.86 99.80 +0.03 98.76 +£0.03 100.57 +0.56 99.72 +0.68
2015070401 87.67 £0.83 92.37 £0.76 96.42 +0.47 95.17 £0.52 98.83 +£0.49 97.37 £0.59
2015072101 88.59 £0.61 90.61 £0.59 98.95 £0.54 99.85 +1.31 101.92 +0.68 101.56 +0.73
2015073101 92.03 £0.59 93.15 £0.66 103.74 0. 69 102.56 +0. 85 104.51 £0.89 103.94 +0.69
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RN R R T R SO R
3.5 SitaiR

XFER 1 rh 6 HEUCE i R B 2 AN S i B
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KT L =Ry ik 2 (B 25 S0 SPSS
20.0 Bk T ZH LB 0T, WK 3, 45 R R =
BCROAE 157 L CPC HL AN T 2 2% B G 00 445 SR AR ) 38
LLH R (P >0.05) T il fifk v 2850 v A 00 35 125 1 s )
GRS HAh 2 FhOr IR R E R R K (P <
0.01) ,CPC H 457 i 22 1 14 K6 I 445 51 LU v 38000 A 2
TV 1,96,
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Table 2 Single factor analysis of variance

25 S5 A ¥575 F{E P1{E
Source different Sum of squares df Mean square F-value P-value
#H [H] Between groups 1033.340 2 516.670 22.615 0. 000
ZH P Within groups 753.916 33 22.846
H3t Total 1787.256 35
£3 SHERNFANSELR
Table 3 Multiple comparisons of three methods
Gtk (1) A 75 v (1) R 7 12 FRME 2 (1))
7 e e P {8
Statistical Determination Determination Mean Poval
methods method method difference “value
LSD gt i R (385 75 E - HPLC @ 300HAR (374 HPLC -10.257"* 0.000
CPC Hififif E ¥ CPC ~ titration -12.218" 0.000
377 B 1 CPC — titration [ R0V AH (7,3 HPLC 1.962 0.322

" W2 S B MK 0,05,

* The mean difference is significant at the 0. 05 level.

4 HiR5ER
R Ao T L B it v SRR L | v BB (3

¥ (CPCHL AR S 15 G 2 £ B R A 3R A ) o5 i
B0 B, M) A s 0T €0 35 06 A 00 . £ B TR
R 2R B R R AT RO (3 R A



Vol. 28 F) R =R E R

WK R & il LA 1775

e, T CPCH A7 % 2 T Az I %) 4 1 K B 28 4N
o TR AR AR sk R 2 A Bl
T A WA SEAN TR 5 19 T B R B R BN A T o,
YTt P v 2SSO 3 TE R ARG I 55 e & B, A SR L
iR AR YRR A BR S B 0 i R R R AR
A AT RE S R EDQM. A AR R 50 4 (V9 ) A
e (5 & 100% ) & &R 83.30% ., ez, ik
EDQM {4 R 4B 4 (U VE ) Al i (7% £ 100% ) 2y
X R R b Vi R A L A BR A W B %
TR 3 A (58 99.5% ) & K 119.53% ,
TR i ASSCTRR 20 33 ARG  F Jr BEELJR AE  2i 2R A
FRER K 2 ABC BEVEFF BB R i 25l i i o0
TR AE 2 M W 0T, 78— 19 HPLC &4l
T, FHBRFR B R AR AE SV R IR 38 bRk DL —
WE R AR AR B i, TR e SO AH (i A
) 8 A0 A7 TR 30 2R A A5 45 IR 15 S PR & SR AH 22 7R
Ko [FEE R T R PR A U5 A E & EDQM. A I
R AN A P A it TR RO 20 33 Pl B J A ) (AL
K 2) @ B IR R 2 ABC il i 7 4 £ 5 8 2k
ZHIRE S T HPTLC TR & B0, BRR Jk 5 2 ABC
FEANRESE 2R e AR TR OB R (R8BI ) , S5
FR¥NH 25 ABC. [t il fiff Wit 455 152 668 60 22 % 30 42 () A
"', Silva CM" WFSEIE M SRR KB £ ABC il 2 —
FhANIING , SRR AKCE 2 ABC g5 5 ) T /K fff 70
NEIBRBR R F T HOK R IR A R A MIRCE L
RRE R C MRCRE &, 1 & AR s R 17
Yo E8AE 64.2 ~60.0 kDa, #H HL 5 & R U5 B #0|
ENTRAS ~5 5 SRERIRIBR RS
EH, AR E ZERMUEARZ NIRRT
R C,HRERRHCEE A, HB A —E =N
MR 2 DI M R A R BN T AR R 4k
‘B2 ABC [ & i IR 5 2 80 BLURG A AS 58
MG, It HAS R B a2 K B0 $i BB i iR 4k
BEEN A CDERSEHES, XFZFD
AIFE R R 4k E 2 ABC i AN 58 &[5 B ik iR
B AN R R AR — B0, DA S BOR  25
MZES(WE ) o HHNRINTT LR Z 4tk e fa i
TR 2N & AT 10% ~16% MG fa il ZE "
AL FE R 2 Fa A T B R 2R 1 2 M b o o A PN
A —E BRI AR TR &R E
ZWILPASHRBRMIRE . BRA LBRRR
F 77T AR A e AR A 5 A 22 B, TR
MR 2 ABC Wi AN REK BB f R Z ™ Xt e

R D T i v A0SR €0 i 2 A TN B £ B R K 2R Bk
ifﬁﬂilﬁ’]% AR o e 24 B A 2 S8R A
TV T B 2 R IR 1) A T R 2R AN, R TR A
@&ﬁ RV 5+t 13.7 ~18.7 kDa, & ik 5
BRI R 2R o0 1 B /IMR 22, i) H A B R R
A LRI A AR E D MR
JRE L BB R R B X SRR AT LLAR B
BB R R ABC BEREMEIIC, BT LA b E 25 i F Y
Tt it v VA €535 2 A L TR 20 B R
W MZ O EAANTE T8 AR R R & i
i, {EE AT AR A B R B 2R AN 1) S 2 K i
FRACH R AR IE I —Fh 7k
TR Y v SRR €L 35 2 ) T b A ity ELARAGE
AR LA R A PR A BR A H 8 s R A
Bt it % Bty A EDQM. B RR 144 (T )
PR in (& & 100% ) & 5~ 99. T1% , [ Z i
EDQM (BB M () rifidn (& 5 100% )
X B, A i 5 AR R A R 2 W B R
PR 2R AR TE S (35 5 99. 5% ) &% &t i 98. 96%
(DL 1) o FRBOBORE € 12 A6 ) e £ B R K 2R 4N
SRS R RN . B RROR i vk A I e £ B
PR H R N PR FH S B IR R B 22 AARE it 43
B8], LK i, WO G35 53 B35, fE K 192 nm
MSE  SMREEE & o BRERACE R A B I SN,
U8 T TR A0 AR, 78 192 nm Ab, A7 8
TR AT, 171 2 11 Jo R R A 32 Ak e WA 0, s 1
SN AT A R TS NPV R SR i
5 6-FilR-N-C Bt LA A 0 i 1 B1-4 Wi 5 20 1
1) A kg 3 SR S DS B, ROHE =2 [R) ) B1-3 b
FE IR 5T SRR EKE Z 4
6L, 7E 192 nm A7 W ISCIG B 92 0B 2% P 114 A TR )
T F AT LAl I #|
[FFE, I CPCHL AR 5 V2 08 T A b v it B AH
R, a2 DAL g s A W B R 2 W) ) e £
PR 0B Z2 ANARAE S o X B Al EDQM E’Jﬁﬁa@k
BRERMCEE) WRES (58 100%) % &N
101. 3% , [ Z 40 EDQM 1) iR 518 8 (I ) A
e (53 100% ) AR S, A0 b i 5 - A= Py Rt
BA PR A ) 0 e 0 5 IR R R bR E S (F
99.5% ) T iR 100. 5% , CPC HL A i 22 5 I 5 A
TR R ZR BN i SR I B R A R AN R B
TSR TS EHERELRE (CPC) AR FIAE ROEE ), 1
HAE TR MR E TR B, 5 C VR FE 1 B R %K



1776

KIRF=YIBE R 5T K

Vol. 28

R AT I TR SR 2 I, T RS 0 A TR K
R AR TR L A TG 4 f0 R R B
RS R TR A, IR R R RN
(G AORS 22 W AN TR 7 T 3R L BALTIR B R 3% 2 [ — 28
R F PR G YA -RHoIE 8 o 3 0% AL 4L
B RN, # A R

A 2o Xt F 3 BT = ol 00 TR K B R R T
V5 BBV AR i AR (350 N REAT 8 A D
H e R BRI 1 3R Y LS i, TR R OB B
TR NI A0 T 0 B R R 2R N AT AR, (L
PRt et 28RO R 3 T LA R B R AR B 2R B M
LHAVHIBRIR B E RV —FhJ57%5 . CPC HLALIR
TE VRGN T B TR R BB R R TR
5 PR ARCIBOR (01 1 BE Al ) B W Y 3 £ A TR 29
AN S, Al DU D G e B R 3R
FEMAMT A,

&% 3k

1 JI D,Roman M, Zhou J, et al. Determination of chondroitin
sulfate content in raw materials and dietary supplements by
High-Performance Liquid Chromatography with ultraviolet de-
tection after enzymatic hydrolysis : Single-Laboratory Valida-
tion. J AOAC Int,2007,90:659-669.

2 Im AR, Sim JS,Park Y,et al. Isolation and characterization
of chondroitin sulfates from the byproducts of marine organ-
isms. Food Sci Biotechnol ,2009 ,8:872-877.

3  Fu YH ({# if %€ ). Determination of the content of shark
chondroitin sulfate by carbazole method. Chin J Biochem
Pharm( " [E A= fk 259 2= ) ,2007 ,28 .54-55.

4 Jiang SQUITALA) Liv YMCIED) , Qian TT( HAH)
et al. A comparative study on the two methods for the deter-
mination of the shark chondroitin sulfate. Chin J Naut Med
Hyperbar Med ( FRAEfIEE <7 5 i UK B %4458 , 2011,
18.:105-108.

5 Tyler T, Khandelwal B, Norden D, et al. Determination of
chondroitin sulfate in raw materials by Liquid Chromatogra-
phy. J AOAC Int,2002,85.:567-571.

6 Chinese Pharmacopoeia Commission ( [# K 25 #2514 ).
Pharmacopoeia of the People”’ s Republic of China ( H14E A

11

12

13

14

15

16

18

F L A0 [E 24 #) . Beijing: China Medical Science Press,
2015. Vol 1T ,1340-1341.

GB/T 20365-2006 Determination method for chondroitin sul-
fate and glucosamine hydrochloride-Liquid chromatography
method. 2006.

European Pharmacopoeia Commission. European Pharmacop-
ceia-8th Edition. The Directorate for the Quality of Medicines
& Health Care of the Council of Europe,2013. 1876-1878.
Panagos CG, Thomson D, Moss C, et al. Characterisation of
hyaluronic acid and chondroitin/dermatan sulfate from the
lumpsucker fish, C. lumpus. Carbohydr Polym,2014,106.25-
33.

Silva C,Ramon NC, Reis RL, et al. Following the enzymatic
digestion of chondroitin sulfate by a simple GPC analysis. A-
nal Chim Acta,2015,885.207-213.

Volpi N. Analytical aspects of pharmaceutical grade chon-
droitin sulfates. / Pharm Sci,2007 ,96:3168-3180.

Maccari F,Galeotti F, Volpi N. Isolation and structural char-
acterization of chondroitin sulfate from bony fishes. Carbohydr
Polym ,2015,129 ;143-147.

Shi YG, Meng YC, Li JR, et al. Chondroitin sulfate ; extrac-
tion, purification, microbial and chemical synthesis. /J Chem
Technol Biotechnol ,2014 ,89 :1445-1465.

Gargiulo V, Lanzetta R, Parrilli M, et al. Structural analysis of
chondroitin  sulfate from Scyliorhinus canicula: A useful
source of this polysaccharide. Glycobiology,2009,19: 1485-
1491.

Zhao T,Zhang JF,Liu XM et al. Analysis of chondroitin sul-
fate from different sources of cartilage by electrophoretically
mediated microanalysis. RSC Adv,2015,5.52314-52319.
Pomin VH, Piquet AA, Pereira MS, et al. Residual keratan
sulfate in chondroitin sulfate formulations for oral administra-
tion. Carbohydr Polym,2012 ,90:839-846.

Galeotti I, Maccari F, Volpi N. Selective removal of keratan
sulfate in chondroitin sulfate samples by sequential precipita-
tion with ethanol. Anal Biochem ,2014,448.113-115.

Sisu E, Flangea C, Serb A, et al. Modern developments in
mass spectrometry of chondroitin and dermatan sulfate glyco-

saminoglycans. Amino Acids ,2011,41.235-256.



