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i E BY 2o dma i HsS Fo-2TARE(5-HME) S S8 75 %, oM L4 T TR WA L. Fi% KA
% R AR €38 % 4F 5-HMF # 47 & 20 2 , YA Shim-pack GIST Cs-AQ % &3 45 ,0.1% BB ik - W B2 (90: 10, V/V) A A8, AR A
30 °C, #l 3 ¥ 4 284 nm, ik 24 1.0 mL/min, #4854 20 pL, B REBER 3 5 5 £ 5 A 5-HMF 455 B iR E B
SR R, S YR A A AR, GER 5-HMF AW R 2R ) & T B 4 0.057~5.698 wg/mL(#=0.999 9) ; #-0l FR
5.70 ng/mL, & ML % 17.09 ng/mL; 45 % B & A fe 482 1 (24 h) X 5 69 RSD ¥ s T 1.0% (n=6) ; m A Wl & % 99.38%~
99.73%(RSD=0.53%,n=9) ., 8tAfsms# 4 4.10~35.13 pg/g. KB 3h /) 5 S AEdb 4 R Bow , M HR % % I & 5B iF
8] 3E K A 5% 5-HMF A& A%, 50.60.70,.80 °CF ,5-HMF A& 5 B it ) 3 28 M X R, A RBFH A FEA | R ik 4
Hoo R A4 6.789.7.715.8.815.,11.430, L5 AT S FM I k& Btk  RAUL Z EAELF ; B R B A B R 1] 2 % e R
AHEHEHR FO-HMF B R ERRA &, L6 TAMBFEREH N FHE,
KEIR HZRALABHEN 5-AT IR, S0rMES R SEMNE;, BRI HF

Content determination of 5-HMF in glucosamine hydrochloride tablets and formation Kkinetics study

NI Dongyu'*, WANG Qiongfen’, ZHANG Menggi*, LI Bin*, SHI Jing’, XU Hong’, ZHANG Shuai' (1. College of
Food and Pharmacy, Zhejiang Ocean University, Zhejiang Zhoushan 316022, China; 2. Zhoushan Institute for
Food and Drug Control, Zhejiang Zhoushan 316021, China)

ABSTRACT OBJECTIVE To establish the method for the content determination of 5-hydroxymethylfurfural (5-HMF) in
glucosamine hydrochloride tablets, and to analyze its regularity and influential factors. METHODS Quantitative analysis of 5-HMF
was performed using high-performance liquid chromatography. The analysis was conducted on Shim-pack GIST Ci-AQ column with
mobile phase consisted of 0.1% phosphoric acid solution-methanol (90: 10, ¥/V) at the flow rate of 1.0 mL/min. The column
temperature was 30 °C, and detection wavelength was 284 nm. The injection volume was 20 pL. Reaction kinetics test of different
temperatures was adopted to analyze the relationship of 5-HMF content with reaction temperature and reaction time, and utilized to
build its formation kinetic model. RESULTS The linger range of 5-HMF was 0.057-5.698 wg/mL (»=0.999 9). The limits of
detection and quantitation were 5.70 and 17.09 ng/mL; RSDs of precision, repeatability and stability (24 h) tests were all lower
than 1.0% (n=6). The average recoveries ranged from 99.38% to 99.73% (RSD=0.53%, n=9). The contents of the 5-HMF in 8
batches of samples ranged 4.10-35.13 pg/g. Results of data fitting in reaction kinetics test showed that the higher reaction
temperature and the longer reaction time, the higher 5-HMF content in the sample. At 50, 60, 70 and 80 °C, the relationship
between the content of 5-HMF and the reaction time was linear, in accordance with a zero-order kinetic model. The reaction rate
constants were 6.789, 7.715, 8.815 and 11.430, respectively. CONCLUSIONS The established method has strong specificity, high
sensitivity, and good accuracy; the reaction temperature and reaction time are important influential factors for the formation of
5-HMF in glucosamine hydrochloride tables. The change rule of its content conforms to the zero-order kinetic model.

KEYWORDS glucosamine hydrochloride tables; 5-hydroxymethylfurfural; HPLC; content determination; formation kinetics
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FESOURRIE PSR 3 , [)isf ELA ph 2 a v — 2 i 3
PRUEEE , LA T A AR B 0k | b PRI 3 R s
5-HMF hy & B2 259 A= 7 R A7 v e A 1 3 LR A
Yy, CAEAH G2 S bn it e T BRAEL, 4 2020 4F it rh [
2 L) (—3% 8B ) sPLE T 20 2424 1) 5-HMF FR
H. HHEM, &T 5-HMF JE BLAL ] A1 2e 41 i 3172 38 42
210, WU A5 i 7 B TN A T 5-HMEF
BRI T, 45 B R, 5-HMF 2 2 8B R P49, %
N EAT AL, v] BEAF ARV e A B0 T

SR AR R IRH R KRR I 2 5 O
Bl EA R BE ARG 2086 i, BEE 1 s A, (2 i
P AMAEE , LRI AT E 5T RN T A E
SRy e R =B S R e R E R R SIS
[IE SRS E 195 &~V FAN SN =8 ik ki A< E= =N
& T R A S AE BN Y A5 A, 3 AT figh % 5-HMF Y JE
J, R HAT B Ko S A 2 WA DG 351 v 1) 5-HMIF 5 i
PEATHIFGT o 8 7 W o 391 = 2 DA R R R N AR R TP
FAEAE | i ER R S A 2 B 390 P e B DA %
IT R0 R T TR 2 A A M R0 DR Ot R R S A A
WG R ATz . BAT, AR T SRR
RE A 2 B JRURL 25 P 5-HMF B & 000 (E R ) CFF L
%) P 5-HMF 1) & i o i AR DR . R 1R 2 S A A
JIE 3 Sy SRk 3k O J LR, TR B O e AR R T
CHEONE IR, F T AR T 2S8R, X
XF 5-HMF A TE i LA 48 K mm ™, AR i 309 AF 52
KB, R R R T 5 A 7 1 Fh e S LA A v
5-HMF & i85 i, H SIS A7 AE — e R AH DG o
I, ASHIFGE SR FH e 0 A (3 (HPLC) 35 7 T R R 24
LA R 5-HMF 1985 12, 38 5 06 AN [ L I A 3=
W1 5-HMF & i A T4, T fE ST RN 8l 1 244580, A4y

P AR B R 2, B 0 I PR 2 4 I 24 9
HE%,
1 ##

L1 FEMNF

AHIFFE T E B A A 1260 % HPLC 1% (35 [ Agi-
lent A 7] ) \XSE205DU R o, 7 K- [ A4 8- FCF) 21X 2%
( ) AR ] . DHG-907 1A % i B i 046 ( i
K 22 SR A A FRZN ) \KQ-250DV i 45 H8 75 1k i
Peas B LT 8 A5 S A PR A 7)) A
1.2 FEHmEIRF

5-HMF %t F& i (445 111626-202215, 46 99.5% ) It
B b 2 R e S B, 8 R PR E L A (4
5 S1~S8, #5437k 201257 .210213.210503.210914

FREZ 5 2023 4F4f 34 4415 811

211102.,211121,220137,220326, $L#% 0.75 g/F ) \Eh iR
IR A P TERE T (FIE5 220622, BiA% 0.75 ¢/ ) 1Y
W H E LT R R R G Al B gt , K o
alizk .

2 AEEER

2.1 5-HMFREENE

2.1.1 {i%4 LA Shim-pack GIST Ci-AQ(4.6 mm X
150 mm, 3 wm) A AGERE, LL0.1% Bl 1Ak -H i (90: 10,
VIV) RSN 3 33 1.0 mL/min; KRR 30 °C ; K610 35
K0 284 nm; AR 20 WL,

2.1.2 XJ RIS R R FR I 5-HMEF X i
L, KA, B 5-HMF i 3% 8 0.142 mg/mL )
X IR AW, T4 COIRAE o R 25 I L R i 4 W
i, KRR RS i 5-HMF J5t i iR 2 5.698 pg/mL i
X BRI

2.1.3 LR IA AR BRI A R 10 A,
B 22004, AIFAN RS 25 BRI (2 A 2 3k 1R 2 5L 4 25 1
500 mg)if i, B F 50 mL &I, insK 40 mL, M
(T3 250 W, Ji % 40 kHz) Zb 3 10 min, JI/K & 25 2 %)
B RS FRE 5 min J5 , I RTE IR, £820.22 pm JEEELT,
HIFC

2.1.4  BATERESVEW T & PREER PR AR A
FFIPEARE 42, 1.3 7 I J7 il 28 B A A

2.1.5 BIEMEIRLS 43 SRS B R ARk B A
T T VRORT B PR A VA, #2621 1 I T g A b A
Mg, st g . 255 WoR , fHR 5 A 5-HMF fil
AHER I 2 ] 5325 R A7, E B PERE s i h 5 5-HMEF A [R]
TREART I TC TR . 255 DL 1,

2.1.6 MR KERR KR ELZE K% W
“2.1.27 TG T B A A% VRGE A, KR B L il B 5-HMF
Jo Vi E 43 1R 5,698, 2.849 ,1.425,0.712,0.285 ., 0.057
pg/mL 9 R G BRI W . B LR R B bR T W, %
“2.L17I R S SRR e Sk ek, DL 5-HMF
JR MR B (o) MR A AR W TET AR () SN AR A 7 1 [
I, Z53EoR, 5-HMF [ [ 977 72 8 y=151.69x— 1.389
(r=0.999 9) , FBH 5-HMF £ I 57 8 v 3 1) P 3 Rl oy
0.057~5.698 pg/mL. BRI Bl P IR0 B vk 3 I T
(0.057 wg/mL) , IZKFREE, 73 LAE R L 10 1 4Ry
B, 3: LAE MR . 25 R B/R , 5By 17.09 ng/mL,
KPR 4 5.70 ng/mL .,

2.1.7 REHESRKE  HU2.1.37 TN A W (S
S1), ¥ “2.1.17 Wi T (1% 45 1 % 22 A 6 Ik, 1 S W T
Ho 25 IR, 5-HMF W TH ALY RSD 4 0.21% (n=6) ,
AT VNG B AT o
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5-HMF

t/min
AN BRI

5-HMF

t/min

B. i (45 S1)

#/min
C. BRI
1 5-HMFXRBAAR HilRma% PAEERBER
B HPLC &

2.1.8 EEMIKE WO (G5 S A1k, L6 17, 4
PR 2,137 TR kA A, PR 2,117
T o 25 Ak R I 2 , O SR 0 T AL, ki s v 2R 01
SRE A 5-HMF 5 1t 4053 U R 2 BE AT A8 0 b
WS R, 455K, 5-HMF A9 78 30.44 pg/g, RSD
$}0.59%(n=06) , KW I ERELE MR

2.1.9 FuEthils BRI (S S, il T E
TR R 0.4.8,12,18 .24 h A2, 1. 17T I (433 4% {4
HERRI 2 L G0 SR W A . 45 R R, 5-HMF i i LY
RSD H 0.36% (n=6) , % B Al i i Wi T %0 T e
24 h NERE Tk R AT o

2.1.10  JMEEE Y 2R T BURE N (Fh 2 S1) 4k i
(Z9HH Y T ER R & L W 44 250 mg) , 2L 910y K B FRE
53 T 50 mL 25 f P, #E HNEL Y 80% . 100%
120% H5 %A “2.1.27 T X6 BSR4 42.1.37 R
D5 A AR A A T, 2. L1 IR (3 A A pERE
SE ISR B TS AL M . 2551 BIR , 5-HMF
(49 0 R 151 i %k 99.38%~99.73% (RSD=0.53%, n=
9), R IRAETR LT

2.1.11 BRGNS EIE  RESPRECS LR 4%2.1.37 10
O A R R A, TR 2. L1 I g A A
D 0 s T AR AR A vf i 26 154 i b 5-HMF &
I R S TR S A A AR R i

+ 952 - China Pharmacy 2023 Vol. 34 No. 8

FERE A TATINE 3R 25 R 1, R 1 AT UL, AN A4
UL 5-HMF & 18 4 4.10~35.13 wg/g, & 1 22 548
Ko fdiH SPSS 26 B A4 XTI A7 8] (A7 (8] R A= 7= H
IR S AG I E] 2022 4F 6 5 7 A ) 5 5-HMF & b4 7
AE AT, 253 R |, WAERT (] 5 5-HMF & & 52 W 3%
IEAHE (P<<0.01) , R HIER MR 2 AL 0% Fr h 5-HMF &
i RS PN A < R

*F1 SHtEMABS-HMFHIEENELE R (n=3,pg/g)
£l R SHMF&E | 4% A=A S-HMF 4
s 200124 3082 s 2AENH 10.97

S 2AELH 3513 ) 2AENH 681

$3 2AHESH 26,65 §7 00HE1H 8.09

s4 2149 18.84 S8 2043 A 410

2.2 5-HMF TR 3h 5=

2.2.1 BN BORE AL (5 S8) diiky , 3 4
By P TR R, ngs % 55 L 51 & F 50.60.,70,
80 CCHHIRAR I E 7 d, FFf | d Ak i (A T
£ iR 24 5L 45 A5 % 500 mg) K W FR A, AT 3 M, 4%
“2.1.37 50T 7 A A A A T, AR 2.1 TR A
SRR SE AR HEARE I T RE 5 T 5-HMF &5 291
B A Y TR AW A AR i i, AR
SR SO i R, B B )RR, A v 5-HMIF 75 i
R, [l — SN R B 5-HMF & 2 5 52 i 7] 5 1F A
Koo A 0 AR SN A L, 50,60 °CTN ilE:
55 1 KB 5-HMF 5 =38 /T 5 4% 570 .80 °CR i #5451
K 5-HMF %t PR b T, AH LG CE 5 0 R AH R B i
JERT, 5-HMF & i3 I 10 7%, 2024 507 it B 8 1ot
60 °CH, SN AFE RS T . 4RIk 2,

F2 ARERAREE . BETH# &P 5-HMF & 207E

Z£R(xts,n=3,ng/g)

fiffElld 50°C 60°C 10°C 80°C

0 410£0.03 410£0.03 410£0.03 4.10£0.03
1 14211027 18.63£032 4257+0.88 50.58 148
2 2587035 3L1T£156 5256 1.46 04.65£ 112
3 36.12£0.68 208£112 06361 1.23 82.17£2.98
4 4153+1.99 50.56£0.98 7148244 91324203
5 433210.66 $325£L12 80.34£1.23 99.02£121
6 51924148 59.12£1.43 86.16£1.28 111.50£3.74
7 57811 1.08 08272 1.28 97.19£3.74 120402 178

2.2.2  B-HMF JE L8l J1 BB A3 M # o A && r
5-HMF & & [l (8] () A2 AL A, m] R P Bl ) A
B — 2B S AT oA A AR BN [ IR T 1
W R E (k) , TR FH Arrhenius 23 2158 5-HMF ) &
SEALRE (., kI/mol) , 232 an R
BRI IR o Co= Cothoe f vvvvreevennseeeennens (1)
— 2B SRR . C=C, exp(kl-t) ............... (2)
A, C R B 5-HMF & i (ng/g) , Co i 5-HMF
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B A i (ug/g) , ¢ I HTE] (h) ko R 28 40 S I 3 R
HEL, kR — PR AL

Arrhenius 232 sk =kiexp(— EJRT) -++eeeeeeeveeee (3)

i ke R T (1), R S % %[8.314
J/(k=moD)], T A ~A IR (K)o

A J5 ST A AL LUAR P-4 )5 2% (root mean square
error, RMSE) . [BJH £ (R*) A1 5 ¥ (accuracy factor,
Ar) F i 22 A 7 (bias factor, Be) X A% B AT VM, 24 X
R,

RMSE =/ 3 (Bl {1 — SEI )/ (1 — 1)-seeeeoee (4)
A 1O FHIIIIN oo 1evereesersreeeseenssessseesseens (5)
B 1 QS MBI ooeireveersereeeseeessseessssaeenns (6)

%, n o SEME A

K Excel 2016 X} 3% 1 HH Y 5-HMF & 25 5 361 740
& o R PIR,50.60.70.80 °CF , 5-HMF & & 5 2 v
B R SRR M OC R AT B BB 1R kI 0z it
FETH R R o AR PR 25 S R AN [R) R e
PIEH R KT 0.96, A F BAH YT 1, RMSE HY{E 4L
N W [R] Sz 7 ik R A8 S i ) 4045 o R A
TP PRI G AR I M3 A 5-HMF 25 B 2 3 B
[ 284 ML . 5-HMEF (1) E. 4 16.00 kJ/mol, E A%, %
B S 7 oK 23 %o I o R EL A A i R S, 4 v B iR
JE R ARG K OB, 4 S5O T R S B [ 2 5
R G LA A AP 5-HMF JE A B R R L 45000
2,43,

140

>
%

120

100] 5
80

T 60
10

:

20

5-HMF 75 i/ (ng/g)
*n
2232
884848
.\

\;

—_

2 3 4 5 6 7
td

E2 AERRIEET5-HMF & E-itiE fhsk
X3 H-HMFERINZERIRER

Higec WA k R A4 B RMSE
50 C=1153+6.78% 6789 09629 1081 1001 292
60 C=152847.715¢ 7715 09657 L0700 1012 314
70 C=35.78+8.815¢ 8815 09870 1025 1002 2.190
80 C=4280+11.430¢ 11430 09853 1030 1003 3003
ke 2548

E,/(Kl/mol) 1600
3 Tt

3.1 RENHEIEEE
A TR ZH HT 3 43 00 % K- B L 0. 1% B I s v - H
P 0.19% W R v - P i shAR AR R AT % 58 5 IR I

FREZ 5 2023 4F4f 34 4415 811

7, LK -H B i sh A, 5-HMF 167778 W S B R
VR AR i AR T S b 2 Rl sh Al . i — 4 L,
0.1% B TR 175 W - H B L 0.1% W IR ¥ W - HP B P 45 5-HMF
WA JE FE AR — 35, 0 2% 1 381 FH I LA T e ek AR, il
PR 0.1% W RV W - T BE i sh Al o [RlBs , AR IR A2
XF0.19% BERR VW5 H B AR FR L (95:5.,90:10.85:15)
AT, A R, Y A ARG R 90 10 B, BT A
5-HMF W& i 442 , B0 3E 5 0.1% W R 75 - FF B (90 - 10,
VIV) R 5-HMF & 2 (R S
32 AEHMNIZHEREETEEFH5-HMFEE
spAl|

AV FT A VAR AR TR TR] T SR AR R 2 2k
WA R S RER AR R T 28 T LS5
BEREK, 5-HMF S it Ea . 5-HMF /E &%
I E S SN AR A ), AN IRV TRRE T 22 %) 5-HMF
BARRWFE . AT R R 22 J w40 R R
VAR, 5 X 244 UK EA T T A A 3L, R LM Tl
T H s ) 0] B M RE R 5-HMF 7 i, R R i
()RR B i R 5-HMIF 35 sl o 7R FH it i £6
P G2 S A A o AN P S A B 3 Ao X 4 HEAS [ A 7
A B RE S AT 5 | & B 5-HMF 19135 & 8k 2.4
pg/go AR F I S 2 Rk R T2 A TR R
FIESF ], 1 B 21y g 2 A A i 7551 50,60 .70 .80 °C
T 2 h 7 A 1 5-HMF 5 & 43 91 2 12.09. 15.93
36.51.43.75 we/g; M4 h iy 5-HMF 7 243 71~ 12.66
16.57.37.25.44.70 wg/g. WML R R , F6 55 ] H] A i
PR, SO R EE AR L SO IR A] % 5-HMEF 5 2 52 i)
BR8] 5-HMF 3R B2 i H AR A 25
FEELIE A, DRGSR i v 5-HMF 7 )8 AT e R 2]
e flo ERIEHR T2, @) RO ek B AR T
EE (41150 °C) , 3 AT TR E], 7EAS 52 ey 7 R Y Hip
PR, FE— B R RE S b 5-HMF ()& B, R IGIEA A
S 5-HMF & i 5 JFOBHA 2 AR A DG , AR P
HE M Fa kB, JFR 25345k | W] —T K, HRK:
tH 5-HMF , 35 W] $h R 22 145 % 0% 1 rh 75 149 5-HMF 1R
ARG R LA P R A R A 772 o A, B2 A %
W A SRR 1) PR 3R A8 5 20, 2 i 2 A R e
[i] A 27 R 1 18 A 25 1 1T R U2 52 ) 5-HMIF JE i A
K2 —  WUE A e e 1 T 9T
3.3 MFLMX5-HMF & 28200

AR R I2 22 20(3) , fi 5-HMF Ay E, i 15
F'1 10,2030 °CF 14 k{E 43514 2.836.3.577 ,4.443 , 1
TN T ER R L A R P 5-HIMF T A SR R X
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T g ELA e A , Pl AR A7 T % 5-HMIF % 1
SR, IR T 5-HMF 20 8l ) 24 B R %)
B LA P AT RS A — s A, R I R TR AS:
B EAOE B BONME . S5 TFEhma S
5-HMF J¥ iU 0 3 2565 1l B2 EAG R G | FRLI A a0 B %
HI LA T B R, d i 5, 2 AR Sk 1
I, B H A RAE

34 HUTHRERESEMES

ERTR S EE I FH IR YT R A 20 R
HIFREAT 618 e B =B A 20 S iR A &
12020 AF R € 24 ) (U358 ) Wie 3 110 3 A% B PR 2% T i
TR T I A DG ZE SR, 2 28I PR B4 2% o 1) B B2 G T
B LA 20 pg/d 3B, [ IRFEE A I R 52 bk , 4575 2]
b R 2 5L 88 - h 5-HMF & &2 9 B B2 R 0.001 3%
(13.33 pgl/g) . ARWFFEH, SHUEES A 4R T 1% R
B, SRR S A AR 7 IR L e S A X e 2 i
J B} 5-HMF & it 8K AR AE 2 i T Bl A AR ] A
5-HMF & & 23 A naH, Wik, B msh 2584
AL B, R A A X 5-HMEF TR BB A 3 25 R0
H AT, 76 2003k 5-HMEF B2 19 5 1 22 35 485 4 4 ol 57 =
A AR, R R B O R4S 5 0.1%
(1000 pg/g) , 2B BE 7L ey T35 T 75 2 OC T 13 18 1Y PR
B AR AR, 5-HMF AR — bk pg S R d e 2y
JOT M 3 A7 AE T BB TG R b 2 A b,
AR . P, AR Hofh— e 2 rhobe e 1) 3 R i
F T, WO 20T e B B G T A 1 PR B X LR AT
il o ABFFE T, BUAR AR S S AT HE A H 1) 5-HMF
E A ARAE A7 Ao i v L 5 a2 i ) ) S K T 14
T, 5 T e b v e B R 2, T R S T R
B 24 Pz 4 0 2 e RS (AR R o IO o) 1 75
HIZ 4% A B BE I, AN 2 B ) B I8 et AR
PR ATAT I ] 3 17 SR b o) 590 fry 22K o PRIk
AP BRI TT AT 0.01%,

ZE LTI AW G ST T h R a1 SE A A 0 b
5-HMF (95 Sl 2 71 107 % @ Mo 2 s oy
0 2 0 5 5 Ok 3 R S5 7 o 1] 2 i 5 T 2 i o 2 W
W 5-HMF R EZ N % . 5-HMF & A (b AT &
TG 1A A 7 T A RAT RESR A 44
TR TR 20 5 O T ' BRI A 2 P AT
S 2 3k
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