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Performance Liquid Chromatography-Tandem Mass Spectrometry
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Abstract: The approach combining ultra-high performance liquid chromatography with tandem mass spectrometry (UPLC-
MS/MS) for determining hyaluronic acid in dairy products was proposed in this study. The samples were degraded by
hyaluronidase, diluted with acetonitrile, and then purified by PRIME HLB cartridge. The analysis was conducted on a BEH
Amide column (2.1 mmx100 mm, 1.7 um) by gradient elution using 0.2% concentration of aqueous ammonia solution and
acetonitrile (containing 0.2% ammonia) as mobile phases. Qualification was achieved by negative electrospray ionization
with multiple reaction monitoring (MRM). Meanwhile, the external standard method for quantitation was applied. In
accordance with the results, the recoveries of hyaluronic acid in dairy products were 91.4%~106.2%, and RSDs
were 2.3%~6.7% at the addition levels of 0.5~200 mg/kg. Presumably, with a limit of quantification of 0.5 mg/kg, the
demonstrated method was easy and feasible for quantifying the hyaluronic acid in dairy products. This method was used to

detect commercially dairy products, and the tested samples meet the standard requirements.
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75 BH 5 2 (Hyaluronic Acid, HA ) J2: 4] 25 Wi
P A1 N- ., Pk 220 35 7 28 M 2H s i B8 = o T =2
M, oo il ik 107 Da, BRI/ E A
Z, ME— SRk R A A 58 M i 45500k
RN, SRR, BRI HA —f S F4H
h, BB EAREN . HA RAHARRRI Sy T4t il
PEBT, FEBE2Y . At RS T AT N P,
ARk HA 783830 5 i v 0% 1 FH e Bk e ik 52 1) =
AU, 2021 4F 1 A B DAMRERZE 5L st iES e
SR T8 B S b, LA e L R L S R
FER 0.2 g/kg"

HAT HA #9320 B 5 aAm et pest |
P N S N 1531 G e NI S E I K= S S N =11
RORAR S0 Bkl S i, 430
VA FEZ AT RO HA & L, R R R
25 RO BRI A B M 2 R HA i
L. HT HA B RFRWSGFR=4510, 57T HE
BH. i %€ {7 1% ( size exclusion liquid chromatography,
SEC) AR AT H M 5E HA, HHEHXF HA 195 F A
— BRI HA e 4 TR K U5 iFE W] T IR 1
(Hyaluronidase, HAase ) 43551 [t A i35 BH B R AT
A1 — ¥¥% (unsaturated disaccharides of HA, ADi-HA)
(DLIE 1), BAenT Dokl e HA 19 & &1, {2 ADi-
HA 5t DA R R 55 i S8 NI, AT 2EAd ] 2-
ST Pz (2-aminobenzamide, 2-AB )P 247 &
I BE fli] (2- Aminoacridone, AMAC) P 1-ZE KL -3
L -5-ntk i Bk Bl ( 1-phenyl-3-methyl- 5-pyrazolone,
PMP) 2> 23 S5 ADi-HA PEATAT2E, DATRE &5 (i
AR BE B ra] AR AU,

FLER SIS A, SAA RIS BT B 52K
SEWI IR, S X RAH (OGS 8 1 B T T shiAE(E
FATCHLIR Bl s e BE 22 vph 5 BT REANIERY, HATA I
BONER. B AT WA (5 53 BT 5 R FL
il HA PAHCHRIE . AT S XT o AT ikt
ekt S ifk, #E57 —Fh PRIME HLB [SAHZERUAE S
1h, 8w 2R A 015 58 BT 1 v A T L A &L
HA &k, ASCEEE S —Fh oA L T
e R A, RS IR, vT LN HFZLE S
HA & 55T A BT s 5 o
1 MRI5RE
1.1 MRIEEE

FLA . PR, Ry W T AR O .

FEEIRE , 5 AR SRR (s B Rk 0 L o Hr s ) i - 335 -
LIREE  {ajgali, Merck 2~ Wl BER —E4H . BEIR S

RN R UK Srbrall, E 28R bR TR
ONFEL HA XSFRES, Bt 98.5% (LB RFR 4N,
TR B YRR B AT BR N A B B R R I TS
5000 IU/mL, fEER A= R4 e A7 PR 2 715 GHP f4FL
PERR(0.2 pm)  ZEE Waters 2\ H] o

I-class # = RORAH S . TQS —HE PULLAT HREX
SR (FeAa HL 55 B8 TR (EST) A& Masslynx FdiE b
HZ47). BEH Amide (@5f:(2.1 mmx100mm, 1.7 um).
BEH HILIC i4£(2.1 mmx100 mm, 1.6 pm) . 20 {3/
EAHZERYYL . MAX [EAHZEEUE(60 mg/3 mL ), PRIME
HLB [& AHZEBUAE (150 mg/3 mL) 25 [E Waters 4%
¥]; Hypercarb PGC {4{%44 (2.1 mm>100 mm, 3 pum)

Thermo 2\ 7); FE28 # pH it #4332\
Tl IREVRTEAY  EE IKA 24 F]; D-16C &Ll
FEZFH T

1.2 X%
1.2.1 FESHTARIE
1.2.1.1 $EEC FREC 1 g 3R T B0, A pH6.0
FORSEBRELSZ 0P 5 mL, NGB EERIE 1 mL, 1R2,
42 °C % 2 h, /KEZZE 10 mL, 4k,
1.2.1.2 %k PRIME HLB [EAHAHEE: B ImL fff
R IA 4 mL 2, ™ BEIR -], 8000 r/min &5 >
10 min, B¢ ¥ #ad PRIME HLB [EARZEHUE:, etk
VR . 22 0.2 um BN RS, 1M .

MAX [ AHZE Bk : fd AT 3 mL FH B,
3 mL 7KiE 1k, 3 mL 2% FAR/KIE k. BX 1 mL RfffE
Wt B AHZE BOAE, 3 mL Kk yk, Fe 243l
W JH 3 mL 5% Z/K PR, AR e - 15k
A 50 °C RIWKH4R 2301, MERRINA 1.0 mL Z -
7K (80:20) W e, WATETR T, FH 0.2 pm JERET &
J&a, RE
1.2.2 {XERFKAF
1.2.2.1 WAREIESEME BEH Amide (Aii%HE(2.1 mmx
100 mm, 1.7 pm) . FEE: 40 °C. #FEE: 1 pL. 3
i#:0.30 mL/min . #ahAH: A: 0.2% &K B: LI
0.2% & /K) o BEEEVERG: 0.0~1.0 min, 95% B; 1.0~
3.5 min, 70% B; 3.5~5.0 min, 70% B; 5.0~5.1 min,
95% B; 5.1~8.0 min, 95% B.
1222 Bk B TR s 2 1 E (Elec-
tronic spray ionization, ESI), 71 2 F#iz((ESI); &
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Fig.1 HA degradation by HAase
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AR 2 KV B IR : 120 °Cs i 70 i )% .
350 °C; BRI 1000 L/h; #5028 22 52
Wil (Multiple rection monitoring, MRM )R T4
M BEESF . FE1 . HEfLH R A aE e IR 1.

# 1 ADi-HA iS4k

Table 1 Mass spectrometry parameters of ADi-HA

2R HET  FET(m/iz)  #LHBREV)  hEEfER(eV)
ADiHA 378 175 -10 15
" 378 87 -10 25

T R IR E R T

1.2.3 FE2AIGHE B HA SRR SL 10 mg T 10 mL
RO 1.2.1.1 JrikBgfE, S5 HA X5 B 5 i g
W BLZS HELEY . BRWIFE 4% PRIME HLB FEAHAE
HCATARFR T il 4 25 R T . ZUR . IR WOAE SR
HHER: 435 FH2s I 3R R HA X B8 S i v,
HA&4 HA 0.01, 0.05, 0.1, 0.5, 1.0, 5.0 ug/mL [
FEREME RV, e filbriEh k. AR IRESL: &
57k (80:20) 145 WUFR e HA X & 5 B ok, o EL 45
HA 0.01. 0.05. 0.1, 0.5, 1.0, 5.0 pg/mL Z&VERFIE
W, ZxHIbRrEr 2.

53 B HATGHE BE HA X RO A 2 LK .
BR 4% . 5 A WA &k b, #8545 MR L (signal-noise ratio,
S/N) = 3 BT 7 1546 H BR (1limit of detection,
LOD), {5 M b S/N = 10 ¥R BE 138 )7 15 58 [
(Limit of quantitation, LOQ) ., FE5S RS 430 5Es
Jin 0.5, 10, 200 mg/kg 3 PUBEEIKEBY HA X Id
FBUSE IR 6 D SPATREAS ST, 1T [l 3 7%
FAXTARAE R 2
1.3 B

fifi i Masslynx( SCN 950) Kk 14} & £ 51 3% K],
TargetLynx &b ¥ 4% &, #5122 7 o Excel 2019,
Origin 2022 X HEEF AR E]

2 HERESHh
2.1 BIEHRERF

ADi-HA EA SRR PEFsRA P, ZEE L C, (il
A EJLEAERE . Z2fLA Sk i% A (porous grap-
hitized carbon, PGC) Fll 3= /K P4 A0 & AFE FH 354+ (hy-
drophilic interaction liquid chromatography, HILIC)
ST E M R A ) T 2P, Hypercarb PGC
(AT 5 AR e BT [ e AH AN [R], G A A B
B2 i S AR PR LH 43 & AE AR B AR, i AE 2143 B 4E
FH. BEH Amide Fl BEH HILIC %418 T HILIC
i, Amide # DL =8RG AU L (Amide) 8
HAH, Ht 52 pH {e B 7 (pH Ju [Fl 2y 2~11), 5
BEH HILIC #:AH b S5 S B e 30 AH . 525653
BT ADi-HA 7£ Hypercarb PGC. BEH Amide &
BEH HILIC A2 80R . ARNREEAEXT ADI-
HA B94355 DLIKl 2, BEH HILIC {4345 i TR sh 4
pH 1 JHIE FEIFR ], ADi-HA H 3R XU A BE Wl A 24

il . Hypercarb PGC #E N 5Z pH £, HX} ADi-
HA A8 00458, {5 BEH Amide 1E% A VLIAE L
B F Xt ADi-HA #7060, Hbnfb 5255 31
Ak, T e B A B v, I HL AT A X 43 AN TR SR A BE Y
HA Sl . S22 £ BEH Amide (5384 T
ADi-HA 94355

a 4x107 4

3x107 A

N R
[\®)
X
S

1x107 1

4 5 6 7
A ] (min)
b 1.2x107 1
1.0x107
i 8.0x10°
=
i 6.0%10° {
=
4.0x10°
2.0x106

0 t -
1 2 3 4
s TE] (min)
Bl 2 A @RS ADI-HA (9535
Fig.2 Separation of ADi-HA on different columns
{E: a. BEH HILIC {5j%4; b. Hypercarb PGC (A4

2.2 REhHRERE

SIHFEL T K- . 0.1% B K- (F 0.1%
2K L 0.2% & IK-Z g (FF 0.2% 27K ) . 5 mmol/L
R E-Z W5 . 10 mmol/L Z. R 4% -2} . 20 mmol/L
CPREE - X4y BRI RE I . ADI-HA i T25iE
IS, ST LA o 8¢ B 22 ] AR ITE XAFLE, A
THFEOK-CNEAR R b s g . L REITAS
RPNl 4328, I HL B CLIRE R s, (R 5
A ELZHTIE K, 5 SN B E R, a. B 225
Z (B ASHE I G2 AT Al 3ok v pH B AR IR AR Y, Srk:
K I AT B S A € g 1 432 DB A v
pH T AT DAHE & 88 TARRCR, AT R A g e s e,
TC % BEATER A 00 A A sl A TS A& A B AT R4 T S A
., ZHE P EUK BN A AT G b AR R pH., 3
JERL € A At FH i . R G0 AR L R B A e
P, B PEAISEIEIRE 40 °C, 0.2% ZK-ZIE(F
0.2% FAOVE R SIH. RFEFsIFH ADi-HA 198
ETmE UL 3.
23 RIEEHEEE

ADiI-HA HTRELIAAAE, 153 TR b 2 5 0k
FREABETFMERAE T 5351% ADi-HA RAHIEE
FARE RN B 2 AR R, A IR R A s AR
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a 6x10° - b 6x10° -
5%10° A 5x10° 4
6 - 6
% 4x10 % 4x10
VEJ‘\ 6 il 6
E 3x10 E 3x10
= 2x109 1 = 9x106 1
1x10° 1x10° UL
0 T 0 T
4 5 6 7 4 5 6 7
8] (min) Hf[E] (min)
¢ 3.0x108 4 d 1.2x108 ;
2.5%108 + 1.0x108 4
8 7 4
. 2.0x10 o 8.0x10
bl 8 bl 7
= 1.5x10 = 6.0x10
= =
= 1.0x10" A = 4.0x107 q
5.0x107 1 2.0x107 1 L
0 T 0 T
2 3 4 5 2 3 4 5
HF 1] (min) ] (min)
e 8x107 | f 1x107 ;
8x10° 4
6x107
Eﬁ:( % 6x10° 4
H H
= 4x107 1 =
4@ g 4x10° A
2x107 4 2%10° -
0 7 0 T :
2 3 4 5 3 4 5 6
HsJ 1] (min) ] (min)

Fl 3 ADi-HA iy EE TR A
Fig.3 Total ion chromatogram of ADi-HA
1 a. IK-Z 3 b. 0.1% EK-2E; c. 0.2% &/K-ZNE; d. 5 mmol/L ZFREL-ZNE; e. 10 mmol/L ZFREL-ZNE; £. 20 mmol/L ZFREL-ZNE -

ADi-HA FEE8FF T 5, HiFscTHugs . fEf
B PARECR, 38 ad BOAS Rl R R R, B R S
W, A EFETE T m/z 175, m/z 87 NEMWE T,
Horp S BT T m/z 175 NERE T
24 MHRBICIERERK

FE S I AR £ 22 vl Al v A, Sl g B
JEFRIE pH6.0 A7 5T - AR — A s MRS, AR
PR i | BENG I, 0 e A s B ) 325 P o RS P
W 1.0 mL, 42 °C [ 528 2 WU ZLHE A S A 1
KA YRR MR A5 L5y, AN ESHE i 1 75
iy, W25 L ROY T3 B b fb G a2, itk
T X TRE AU T 2 AiAL . 925653 5)%) PRIME HLB
N MAX P FP EAH AL BOE I T AL BOR 0 AR . AN
] BT &b B 7 35 9 IS R UL 1R 4, MAIED 4 AT LA
PRIME HLB [# AH % BUAE f9 [B] 45 3R 2 5 F MAX.
MAX PUERHE 265/ . A8 Ry F56 53 1) BH 25 128 4 3]
FHFEECH:, B SOAH AR B TS 738 e SR AR B A
ADi-HA B AR SS9, 76 MAX A _ AR

100 ] EZMAX [ PRIME HLB .

S T NN

N NN N

> §§ @\\ NN
S N\ N NN
< 60 - N N\ N\
’ A\ T NN 77N\
i 77N\ 2N\l A\
ZN\W77/ N\ /N
NEB NBR N\
210N AN )N

0 7/\\ NN 77N\
Pk [k} fiif -1

Kl 4 AFFEAZEBAEXT ADi-HA [ #5200
Fig.4 Effect of different solid phase extraction columns on the
recoveries of ADi-HA

#:55. 1M PRIME HLB J2&— i 584 [& A 2 B [ 77,
HZH il T2 TR B 2 A e, T AAR G- i B
JE, X ADi-HA AR o FESh £ el LIS R
J& HiZmmid PRIME HLB [EAHA RSk, 45 221450
B ST IRDO [RIB L E A P A BB R
T4 2 NGRS, vl B0 m 25 PRI & A e Lt
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B ZNE, AT, B AT B G 60 35 3 750 500, B e
Az, PR R TRY
2.5 EFEMMN (matrix effect, ME)

TE LM 55 B IR SR T 88 i A b, LT ks
F ADi-HA 7] LIARHE 554, 1520 ME., ME <x&
L ADi-HA W55 08 A A R AR B A998 55 s g 5
S Sy AT FLRS . BRYY . R AR IR ME AT T E
9%, ME L ADi-HA 75557 g AR (A) FTAHXT 7 ik
BE 1y 2l 90 0 T AL (B) 2 L3 (ME( %) =A/Bx
100) B, /INTF 100% Fm A7 78 JL TN sy, KT
100% FRRFFIESL ISR . ADI-HA FEFLB . iR
5 ffoR s ME ULIEL 5. MAIEL S FRRT LR Y, 7Eft
LR L TRSOV AN BH S, I AEFLRY L BRI
P — B MO I TSR ALY, . KB ADI-HA Z83d
PRIME HLB [& A& B ik, AT A 28R4 E o
SR 2 PRI AN, B, FLRY . BRI SR 3
SRV HECIR A T f T o

140 1

SOV (%)

\E; 60
% 40.

L R
K5 R[S BN,
Fig.5 Matrix effects of different samples

fif A1

2.6 FHEFWIE

2.6.1 FRAEMTZL . KR SERR  HA XIS AR
BN 0.01, 0.05, 0.1, 0.5, 1.0, 5.0 pg/mL. LI
ADi-HA fY5E H B I AR (y ) S AAR bR, AH N Y J5T
HEREE (x, pg/mL) S A AR bR E AT eV [0l U, 45 3]
HA TEAS [R]85 v i Se kO #2 S AHSC R B (5R 2) o
TE 0.01~5 pg/mL Ju N ADi-HA 2 R i py gt oe
R, BMETT R AR FR B IR 3. FHIRHEE HA X AR
FRTAR BRI SS FRE S, DL S/N = 3 W 7 K H R
24 0.1 mg/kg, S/N = 10 #fixE S5 E RIS 0.5 mg/kg.

F 2 N[EIRE ST T R KA O R B
Table 2 Linear equations and correlation coefficients of
different sample matrixes

T A ] MR AHIEF B (r)

FLb R y=741584x+4054.03 0.999

RS HE BT y=704105x+7090.77 0.999
7K (80:20) y=464851x—1180.28 0.999

2.6.2 JBRENCSFIXT R EIR2E  BUELKS . FRYY . fif
A As PR LRI, 43 0 IR (0.5 mg/kg) |t
(10 mg/kg) . & (200 mg/kg)3 U K HA %
W, FERESRTAR IR, 7K E 6 Uk, THA ISR

FAXAREIRZE (RSD) . 3 3 FIA], ZLH A HA 7
0.5~200 mg/kg FHNAE T AN 91.4%~106.2%,
RSD >} 2.3%~6.7%, M1 KA 8 B T A ARG 2R

# 3 FLlE R HA BIAR ECR AR X bR
T2 RSD (n=6)
Table 3 Spiked recoveries and RSDs of HA in dairy
products (n=6)

0.5 mg/kg 10 mg/kg 200 mg/kg
WEY  miex  rSD  EMgE  RSD % RSD
(%) (%) (%) (%) (%) (%)
o 100.1 6.7 92.1 2.3 94.3 2.4
BEEYE 1045 23 100.8 3.1 106.2 7.5
[} 1023 53 94.7 6.8 91.4 438

2.7 EPRERNE

LUAS Ty 2% 0 1 Ak B 2% A ARS8 3 4R
HA mZLH] S T8 e, BriliAs 3556 E b
WEFESR, KM &5 WL 4,

F4 FLBRHER T HA SERIEER
Table 4 Analysis results of HA in actual samples

BEE RERA <u‘g§ﬂ(§§%§% £ AR 0)
FEML A 170.5 5.6
K2 sy ] 190.4 53
3 78] 50.2 6.4

3 g

ASSCHEST. T PRIME HLB A HGHE s 50 AH
Ak BB IR TS A DN FL ] S HA SR HA
TE Ao 2 PR A YRS SR R S PE R i o ADI-HA, &
JI5#5 B¢ 5 , PRIME HLB [ AH A HOURE Ak 25 BR A% T,
SE/AKPEAR B AR (34 BEH Amide WA 53523,
R SO (33 BRI BRI R , AMPR ik E B . AT
IR H BR A 0.1 mg/kg, 2 & FR 0.5 mg/kg; 7F 0.5~
200 mg/kg ¥ T FBlIN, BICERSY 91.4%~106.2%,
RSD 2l 2.3%~6.7%. %J7iEToi AT AL, Ui S AHBE S
At e v B R S JCHILIR,, HAT B4 Ay B aie st nl
HERR I E FL ] HA B35, S HA 19 BT R4
BT E PR HEAT A T B

S 3k

[ 1] &4k, RARR, $A8. Sh40R 20 RSN TR P B e A 40 T 09
MW7k [T]. P EELR AR, 2019,23(30): 4861-4867. [ ZHANG
W, CHEN J L, HU K. Methods for detecting glycosaminoglycan in
the extracellular matrix of animal cells[J]. Chinese Journal of Tis-
sue Engineering Research, 2019, 23(30): 4861-4867. |
[2] BERGSTRAND S, INGSTAD H K, Moystad A, et al. Long-
term effectiveness of arthrocentesis with and without hyaluronic acid
injection for treatment of temporomandibular joint osteoarthritis[J].
Journal of Oral Science, 2019, 61(1): 82—88.
[3] DUH, LIU P, ZHU J, et al. Hyaluronic acid-based dissolving

microneedle patch loaded with methotrexate for improved treatment


https://doi.org/10.3969/j.issn.2095-4344.1428
https://doi.org/10.3969/j.issn.2095-4344.1428
https://doi.org/10.3969/j.issn.2095-4344.1428
https://doi.org/10.3969/j.issn.2095-4344.1428
https://doi.org/10.2334/josnusd.17-0423
https://doi.org/10.3969/j.issn.2095-4344.1428
https://doi.org/10.3969/j.issn.2095-4344.1428
https://doi.org/10.3969/j.issn.2095-4344.1428
https://doi.org/10.3969/j.issn.2095-4344.1428
https://doi.org/10.2334/josnusd.17-0423

544 5 8 1Y)

FEIEIRE | 5 S AR (i ERIBC B M E

Lt - 339 -

of psoriasis[J]. ACS Applied Materials & Interfaces, 2019, 11(46):
43588-43598.
[4] VASVANI S, KULKARNI P, RAWTANI D. Hyaluronic acid:
A review on its biology, aspects of drug delivery, route of adminis-
trations and a special emphasis on its approved marketed products
and recent clinical studies[J]. International Journal of Biological
Macromolecules, 2020, 151: 1012—1029.
[5] GRA¢A M F P, MIGUEL S P, CABRAL C S D. et al.
Hyaluronic acid-based wound dressings: A review[J]. Carbohy-
drate Polymers, 2020, 241: 116364.
[6] YAFTALI N A, WEBER K. Corticosteroids and Hyaluronic
Acid Injections[J]. Clinics in Sports Medicine, 2019, 38(1): 1-15.
[7] WANG S J, WANG Y H, HUANG L C. The effect of oral low
molecular weight liquid hyaluronic acid combination with glu-
cosamine and chondroitin on knee osteoarthritis patients with mild
knee pain[J]. Medicine, 2021, 100(5): e24252.
[8] %, 2FB. &Y IA L 25 b a9 58 [J]. 4
I %48 4R, 2018, 44(8): 62. [ LIU S, WANG J Z. Characteris-
tics of hyaluronic acid and its application in food[J]. Chemical En-
gineering Design Communications, 2018, 44(8): 62. ]
[9] RATF, &%, £M, §. BN AR EMNEEA LT
a4 5 R ik e [T, Ao g4 §-1),2022(1): 162-165. [SONG DY,
WANG R X, LI S, et al. Functional mechanism of sodium
hyaluronate and its utilization in food [J]. China Food Safety Maga-
zine, 2022(1): 162-165. ]
[10] BEEAMER X THRIETRK(ALEM) F 15/ =
#F R 5" 49 2% [EB/OL]. (2020-12-28) [2021-01-07]. http://www.
nhe.gov.cn/sps/s7892/202101/59f6380209494ea6b67a49648¢59fd84.
shtml.
[11] 2 B384, 0, F. KR kn 2 TAANEHBE
Hﬁﬁ?l’iﬂﬂ)}ﬁ:ﬁ&;%%%’i[ﬂ. o5 #rit#,2019,28(1): 95-98.
[LI M, HOU Z M, LI X Y, et al. Determination of sodium
hyaluronate in recombinant human lysozyme eye drops by modified
carbazole method [J]. Chemical Analysis and Meterage, 2019, 28(1):
95-98. |
[ 12] NIMPTSCHK, SUB R, RIEMER T, et al. Differently com-
plex oligosaccharides can be easily identified by matrix-assisted
laser desorption and ionization time-of-flight mass spectrometry di-
rectly from a standard thin-layer chromatography plate[J]. Journal
of Chromatography A, 2010, 1217(23): 3711-3715.
[ 13] HUANG X, SCHMIDT T A, SHORTT C, et al. A competi-
tive alphascreen assay for detection of hyaluronan[J]. Glycobiolo-
gy, 2017,28(3): 137-147.
[14] XU X, WEN C, Al C, et al. Quantitative analysis of acidic
polysaccharides using hydrophilic interaction chromatography and
mass spectrometry after acid hydrolysis[J]. Current Pharmaceutical
Analysis, 2018, 14(5): 443—-449.
[ 15] RUCKMANI K, SHAIKH S Z, KHALIL P, et al. Determina-
tion of sodium hyaluronate in pharmaceutical formulations by
HPLC-UV[J]. Journal of Pharmaceutical Analysis, 2013, 3(5): 324—
329.

[16] M =48, L, fi4 ui %, BaoRAn &% i i YRR
aE AT ], 255 AR, 2020,39(3): 146-148, 180. [ CHEN
Y J, CHEN W W, QIAO L P, et al. Determination of sodium
hyaluronate by HPLC [J]. Journal of Pharmaceutical Research, 2020,
39(3): 146-148, 180. ]
[17] WENDEF J, GOHIL S, MOJARRADI H, et al. Determina-
tion of substitution positions in hyaluronic acid hydrogels using
NMR and MS based methods[J]. Carbohydrate Polymers, 2016,
136: 1348-1357.
[ 18] YEUNG B, MARECAK D. Molecular weight determination
of hyaluronic acid by gel filtration chromatography coupled to ma-
trix-assisted laser desorption ionization mass spectrometry[J]. Jour-
nal of Chromatography A, 1999, 852(2): 573—581.
[19] SIMEK M, LEMR K, HERMANNOVA M, et al. Analysis of
hyaluronan and its derivatives using chromatographic and mass
spectrometric techniques[J]. Carbohydrate Polymers, 2020, 250:
117014.
[20 ] KIRAN G, SRIKANTH C B, SALIMATH P V, et al. Diet-in-
duced hypercholesterolemia imparts structure-function changes to
erythrocyte chondroitin sulphate/dermatan sulphate[J]. Journal of
Biochemistry, 2015, 158(3): 217-224.
[21 ] AALTONEN K, NIEMELA T, SANKARI S, et al. Determi-
nation of the unsaturated disaccharides of hyaluronic acid in equine
synovial fluid by high-performance liquid chromatography and fluo-
rescence detection[J]. Acta Veterinaria Scandinavica, 2015, 57(1):
12.
[22] SEDLAGEK J, HERMANNOVA M, MRAZEK 1J, et al. In-
sight into the distribution of amino groups along the chain of chemi-
cally deacetylated hyaluronan[J]. Carbohydrate Polymers, 2019,
225:115156.
[23] %%, Ak, 27, 5. BRI AN-Z RN E S
M 2 B AL He &b P 3 WA R ER (T]. 2 ALAR 3E (4L 5 ), 2019,
55(8): 898-903. [ HUANG F, DENG X, WANG Y Q, et al. HPLC
determination of hyaluronic acid in mask cosmetics with acid hy-
drolysis and precolumn derivatization[J]. Physical Testing and
Chemical Analysis Part B:Chemical Analysis, 2019, 55(8): 898—
903. ]
[24] ZRsh, X3, RARK. FARMEAR EE-ZH0 IR ES
MR R HE B B b R MR [J]. o AT 4L 52, 2015, 43(8): 1198-1202.
[WU C L, LIU J F, ZHANG Z Q. Hydrophilic interaction liquid
chromatography-quadrupole-time-of-flight mass spectrometry for
analysis of glycosaminoglycan oligosaccharides[J]. Chinese Jour-
nal of Analytical Chemistry, 2015, 43(8): 1198—1202. ]
[25] HETRICK E M, KRAMER T T, RISLEY D S. Evaluation of
a hydrophilic interaction liquid chromatography design space for
sugars and sugar alcohols[J]. Journal of Chromatography A, 2017,
1489: 65-74.
[26 ] OSAGO H, SHIBATA T, HARA N, et al. Quantitative analy-
sis of glycosaminoglycans, chondroitin/dermatan sulfate, hyaluronic
acid, heparan sulfate, and keratan sulfate by liquid chromatography-

electrospray ionization-tandem mass spectrometry[J]. Analytical


https://doi.org/10.1016/j.ijbiomac.2019.11.066
https://doi.org/10.1016/j.ijbiomac.2019.11.066
https://doi.org/10.1016/j.carbpol.2020.116364
https://doi.org/10.1016/j.carbpol.2020.116364
https://doi.org/10.1016/j.csm.2018.08.006
https://doi.org/10.1097/MD.0000000000024252
https://doi.org/10.3969/j.issn.1003-6490.2018.08.058
https://doi.org/10.3969/j.issn.1003-6490.2018.08.058
https://doi.org/10.3969/j.issn.1003-6490.2018.08.058
https://doi.org/10.3969/j.issn.1003-6490.2018.08.058
https://doi.org/10.3969/j.issn.1003-6490.2018.08.058
https://doi.org/10.3969/j.issn.1674-0270.2022.1.spaqdk202201054
https://doi.org/10.3969/j.issn.1674-0270.2022.1.spaqdk202201054
https://doi.org/10.3969/j.issn.1674-0270.2022.1.spaqdk202201054
https://doi.org/10.3969/j.issn.1674-0270.2022.1.spaqdk202201054
https://doi.org/10.3969/j.issn.1008-6145.2019.01.023
https://doi.org/10.3969/j.issn.1008-6145.2019.01.023
https://doi.org/10.1016/j.chroma.2010.04.005
https://doi.org/10.1016/j.chroma.2010.04.005
https://doi.org/10.2174/1573412913666170525163234
https://doi.org/10.2174/1573412913666170525163234
https://doi.org/10.1016/j.jpha.2013.02.001
https://doi.org/10.1016/j.carbpol.2015.09.112
https://doi.org/10.1016/S0021-9673(99)00647-0
https://doi.org/10.1016/S0021-9673(99)00647-0
https://doi.org/10.1016/j.carbpol.2020.117014
https://doi.org/10.1093/jb/mvv037
https://doi.org/10.1093/jb/mvv037
https://doi.org/10.1186/s13028-015-0098-y
https://doi.org/10.1016/j.carbpol.2019.115156
https://doi.org/10.11895/j.issn.0253-3820.150228
https://doi.org/10.11895/j.issn.0253-3820.150228
https://doi.org/10.11895/j.issn.0253-3820.150228
https://doi.org/10.11895/j.issn.0253-3820.150228
https://doi.org/10.1016/j.chroma.2017.01.072
https://doi.org/10.1016/j.ab.2014.08.005
https://doi.org/10.1016/j.ijbiomac.2019.11.066
https://doi.org/10.1016/j.ijbiomac.2019.11.066
https://doi.org/10.1016/j.carbpol.2020.116364
https://doi.org/10.1016/j.carbpol.2020.116364
https://doi.org/10.1016/j.csm.2018.08.006
https://doi.org/10.1097/MD.0000000000024252
https://doi.org/10.3969/j.issn.1003-6490.2018.08.058
https://doi.org/10.3969/j.issn.1003-6490.2018.08.058
https://doi.org/10.3969/j.issn.1003-6490.2018.08.058
https://doi.org/10.3969/j.issn.1003-6490.2018.08.058
https://doi.org/10.3969/j.issn.1003-6490.2018.08.058
https://doi.org/10.3969/j.issn.1674-0270.2022.1.spaqdk202201054
https://doi.org/10.3969/j.issn.1674-0270.2022.1.spaqdk202201054
https://doi.org/10.3969/j.issn.1674-0270.2022.1.spaqdk202201054
https://doi.org/10.3969/j.issn.1674-0270.2022.1.spaqdk202201054
https://doi.org/10.3969/j.issn.1008-6145.2019.01.023
https://doi.org/10.3969/j.issn.1008-6145.2019.01.023
https://doi.org/10.1016/j.chroma.2010.04.005
https://doi.org/10.1016/j.chroma.2010.04.005
https://doi.org/10.2174/1573412913666170525163234
https://doi.org/10.2174/1573412913666170525163234
https://doi.org/10.1016/j.jpha.2013.02.001
https://doi.org/10.1016/j.carbpol.2015.09.112
https://doi.org/10.1016/S0021-9673(99)00647-0
https://doi.org/10.1016/S0021-9673(99)00647-0
https://doi.org/10.1016/j.carbpol.2020.117014
https://doi.org/10.1093/jb/mvv037
https://doi.org/10.1093/jb/mvv037
https://doi.org/10.1186/s13028-015-0098-y
https://doi.org/10.1016/j.carbpol.2019.115156
https://doi.org/10.11895/j.issn.0253-3820.150228
https://doi.org/10.11895/j.issn.0253-3820.150228
https://doi.org/10.11895/j.issn.0253-3820.150228
https://doi.org/10.11895/j.issn.0253-3820.150228
https://doi.org/10.1016/j.chroma.2017.01.072
https://doi.org/10.1016/j.ab.2014.08.005

- 340 - £ Tl B4

20234 4 A

Biochemistry, 2014, 467: 62—74.

[27] Am, 1L, FHA, 5. FAAERN G- R EH A Hnl 2 Kt
W5 Apar By, SRR E,2020,39(11): 1322-1327. [ ZHOU
P, WANG Z, GAO X, et al. Determination of 5 free saccharides in
teas by hydrophilic interaction liquid chromatography-mass spec-
trometry [J]. Chinese Journal of Analysis Laboratory, 2020, 39(11):
1322-1327. ]

[28 ] GHOSH R, KLINE P. HPLC with charged aerosol detector
(CAD) as a quality control platform for analysis of carbohydrate
polymers[J]. BMC Research Notes, 2019, 12(1): 268.

[29] GUO X, SHI'Y, SHENG J, et al. A novel hyaluronidase pro-
duced by Bacillus sp. A50[J]. PLOS ONE, 2014, 9(4): ¢94156.
[30] & kex, 5, A% A, F. A& T 0% &5 4) PRIME

HLB-HPLC i & R At ] 4 5Lk 5 4k IR ka5 8 5 2549 [J].
R onFHH, 2021,46(8): 276-283. [ PENG D H, MEI Y Z, HAO A
Y,et al. Highly sensitive detection of five restricted fluoro-
quinolones in milk by PRIME HLB-HPLC based on response sur-
face analysis[J]. Food Science and Technology, 2021, 46(8): 276~
283. ]

[31] B 2=, 2%, B34, 5. KUK &4 E-HPLC-
MS/MS i Fl il 52 F A & @ K 208 8 A Stek Al 1], £ At
%,2021,42(12):328-333. [LIAOH Y, WU Y, MA M J, Et al.
Simultaneous determination of eight sweeteners in dry food wrap-
pings by using matrix matched solvent calibration-high performance
liquid chromatography-tandem mass spectrometry[J]. Food Sci-
ence, 2021, 42(12): 328-333.


https://doi.org/10.1016/j.ab.2014.08.005
https://doi.org/10.1186/s13104-019-4296-y
https://doi.org/10.1371/journal.pone.0094156
https://doi.org/10.7506/spkx1002-6630-20191128-278
https://doi.org/10.7506/spkx1002-6630-20191128-278
https://doi.org/10.7506/spkx1002-6630-20191128-278
https://doi.org/10.7506/spkx1002-6630-20191128-278
https://doi.org/10.7506/spkx1002-6630-20191128-278
https://doi.org/10.1016/j.ab.2014.08.005
https://doi.org/10.1186/s13104-019-4296-y
https://doi.org/10.1371/journal.pone.0094156
https://doi.org/10.7506/spkx1002-6630-20191128-278
https://doi.org/10.7506/spkx1002-6630-20191128-278
https://doi.org/10.7506/spkx1002-6630-20191128-278
https://doi.org/10.7506/spkx1002-6630-20191128-278
https://doi.org/10.7506/spkx1002-6630-20191128-278
https://doi.org/10.1016/j.ab.2014.08.005
https://doi.org/10.1186/s13104-019-4296-y
https://doi.org/10.1371/journal.pone.0094156
https://doi.org/10.7506/spkx1002-6630-20191128-278
https://doi.org/10.7506/spkx1002-6630-20191128-278
https://doi.org/10.7506/spkx1002-6630-20191128-278
https://doi.org/10.7506/spkx1002-6630-20191128-278
https://doi.org/10.7506/spkx1002-6630-20191128-278

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 样品前处理
	1.2.1.1 提取
	1.2.1.2 净化

	1.2.2 仪器条件
	1.2.2.1 液相色谱条件
	1.2.2.2 质谱条件

	1.2.3 方法学验证

	1.3 数据处理

	2 结果与分析
	2.1 色谱柱的选择
	2.2 流动相选择
	2.3 质谱条件的选择
	2.4 样品前处理条件优化
	2.5 基质效应（matrix effect，ME）
	2.6 方法学验证
	2.6.1 标准曲线、检出限与定量限
	2.6.2 加标回收与相对标准偏差

	2.7 实际样品测定

	3 结论
	参考文献

