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H E BW 2infZEBRAATIEN Po-ATABRKG-HME) A4S0 5 %, > LSS T AERYwR £, ik £A
B 2% A8 €18 % x4+ 5-HMF #4752 2| € , A Shim-pack GIST Cis-AQ 4 &84, 0.1% BB 78 7% - F B2(90: 10, V/V) A dh4a, AR A
30 °C, #im ik K 4 284 nm, ik A 1.0 mL/min, #4£ % 4 20 pL, @iE R BB E RN 3 ) 5 5% 8547 5-HMF &% 5 B8 R
S EF A 6 AR KM 2 S Y R B A AR, S5R 5-HMF AR B 3 R 64 &M TS 4 0.057~5.698 wg/mL(7=0.999 9) ; 4] FR
5.70 ng/mL, & & M4 17.09 ng/mL; 45 % B . & £ M A48 2 1 (24 h) X35 49 RSD 35 1 T 1.0% (n=6) ; hw 4 @ik 5 b 99.389%~
99.73%(RSD=0.53%,n=9), 8#tHfs&FH 4.10~35.13 pg/g. R W3 N F EHRBMELER BT, MA R IRE I & LB
) 3E K, # 5% & 5-HMF 2243, 50.60.70.80 °CTF ,5-HMF &% 5 K o 8] 3 2 &M £ &, 56 RED A FER, Bw ik 5
Hor A4 6.789.7.715.8.815.11.430, L5 PradaSnld ik Bk FAE G AR RS IR A B B R A R va 3 AR
AR EHBER FPE-HMF RN ELHF, L6 F TRMEFSRED N FHEE,

KER  HEBREURR FAEA 5-2 T AR S AURAR G 42N B ARE ) F

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

NI Dongyu'*, WANG Qiongfen’, ZHANG Mengqi*, 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/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 L. 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 pg/mL (r=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.
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FERSCIURRSR | I 3, W] B B P 28 B — a2 1 3
PRIREE , A3 T IR MR G L B JEk | I T R A
5-HMF N 15 B 2454 A 7= A7 o = A 1) 5 B2 fige =
Yy, CAEARDCZ SR e T FRAE, 4 2020 4F e rh
2 ) (—F8 . H) HELE T 20 24245 i (1) 5-HMF [|
. HHT, & T 5-HMF JE UL 6l A2 4 Pk %) #0855
210, B R I L B B PO AR S T 5-HMF
HYRER T, 45 J %, 5-HMF g 2 28 A B 20 i, %if
N EA s 5, v BB AR A E R B0 -

AR E RN KR R oK E O
B, B FEdE NARFE 20 B, wes e s A, £
BB MMIER , DL B FNE ST B T A B AA A
PIVERT Y, BT 2 SRR AR A R o A A SRR A
T SR S B XFR A Bz SO, PRI s i g v B 2L
2 T kA LA BN A5 A, 3 AT il & 5-HMF 1%
J, PR A BN A 2 W AF DG 1 551 v 7 5-HMIF 5 1
PEATORSY o 2 560 20 B 1 39 22 DL h R S A iR 62
IAFTE , T B8 R 2 5L 4 W ) ) A0 R e P Al B D) I
7 A8 AL R R A R R R b R R A
G R A iz . BT, AEINE TR
L A 0 JFURL 25 vh 5-HMF 1 & 50, (E H R R e
%) 5-HMF B 75 il o o R DI . R R 2 S A A
JE 2 Ay Sk ek e R AR T R R A T
CENER A R T ERERM T ESHORE X
X} 5-HMF FIE HAT 8RS AR DR iy A 5
IR, R PR R T 204 7 i R R 2 A A ) b A h
5-HMF & iy, B WA I T A7 — 2 i A e
I, A5 2R FH e OO 35 (HPLC ) 0 2 1 3h R 2
FLA TS B b 5-HMF 1) 85, 38 52 XS [R] L 2 g 1A 3/
1 5-HMF & it A T4, IF |7 SN Bl 1 #5880 A4y
TS AR S K 3R, BT I R 2 4 I 254
2%,

1 ##
1.1 FEMF

ARSI - BAL A A 1260 %5 HPLC X (36 [ Agi-
lent A 1] ) \XSE205DU I HE - JF- A5 ) -F6F 24X 2%
()4 FRZA )] .DHG-907 1A 7t PPE 18 TR 40 (1 it
K 2SI 5 A PR R ) (KQ-250DV R $i 2 #8751t iy
Peas (B LT 75 (S A BRA R 4 o
1.2 FEARBSRF

5-HMF % F& i (45 111626-202215, 46 99.5% ) 11
A 2 AR E ST B, 8 LR R Z S A A e (4
5 S1~88, #5492k 201257 .,210213,210503.210914
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211102.211121,220137,220326, #L4% 0.75 g/} ) . Eh R
IR EINE R FAERE & (FE5 220622, 804% 0.75 g/ /) ¥
W TR R R gkl R ARl K i
alizK

2 AEEHER

2.1 5-HMFRIEENE

2.1.1 @i 4F LA Shim-pack GIST Ci-AQ(4.6 mm X
150 mm, 3 pm) A 3, L0, 1% BRI - FH E(90: 10,
VIV) R sAR ; ity 1.0 mL/min; A1 30 °C ; K¢
K 284 nm; #HEFE RN 20 wL

2.1.2 XFREAAIRATI A R PRI 5-HMEF X B8 i
B KA il 5-HMF J 4 5 4 0.142 mg/mL (1)
XTI W, T4 CCORAE o K %5 W B b A At 4 VR
a7, K HR B i AL 5-HMF Jit 29 5 5.698 wg/mL [
XoF RETH AR

2.1.3 il n s BERRR AL A A 10 A,
B A, AN, R %% BRI (24 A Y T 4k 1R 2 5 ) 25
500 mg) ifi it , E T 50 mL 5 f)ff v, MK 40 mL, 75
()% 250 W, 1 % 40 kHz) 40 3 10 min, i1 /K 5E 25 2 %1
B HRS), FE 5 min 5, ISR, £600.22 pm BEREIET
HIFE

2.1.4  BATERESIS AT PRI A A
BV i, 4% 2. 1.3 73T Jr il 28 B A

2.1.5  LJRYERES 53 SR B B ARk R v
T R VRORH I RAE S VA, 352,117 I T A SR kA
M e %R, 4558 Bow , (5% 5-HMF il
FASRIAE 2 [H] 53 25 B4, 7EBAPEAE S A T 5 5-HMF A [
PRER I AN TE T Pevd . G55 UL 1,

2.1.6 ZMEOCR Mo IR KRS R %
“2.1.27 TG XoF B A A8 VR A, KRR B, i L 5-HMF
v B 43 1)k 5.698.2.849 . 1.425,0.712.0.285.0.057
pg/mL 1) 3 5 bR HE T . B A R B bR M R, Fi
“2.1.17T0 S AR L e SRRl . DL 5-HMF
e B (o) M A b W TET AR () SN AR A T e 1 17
5. Z5R IR, 5-HMF i[5 /5 &k y=151.69x— 1.389
(r=0.999 9) , 2 W 5-HMF A 57 0 ¢ 5 1) £ P 1Rl Ry
0.057~5.698 pg/mL . HUZM: 78 ] P 5 I 0k ok B
(0.057 wg/mL) , IZKARE, 73 LAE I L 102 14 by d
R, 3: LA RTIRR . 25 BR B 17.09 ng/mL,
Kl R 5.70 ng/mL .,

2.1.7 KEw IR HC2.1.37 IR AR AW (9 S
S1), #%“2.1.17 W T (3% 5 41 % 2 A 6 K, 10 s T
H, 250 R, 5-HMF IR AR A RSD 4 0.21% (n=6) ,
T TN B R4S

China Pharmacy 2023 Vol. 34 No. 8 + 951 -



t/min
AR TR

t/min

B. AW (4 S1)

03—

t/min
C. BAMERE S
1 5-HMFXRMmAR HilRE% BHEERER
A HPLC &

2.1.8 HEEMIAE BORES (4i'5 SD 40k, L6 4y, 8
BEPRAE 2. 1.3 IR Tyl R, AR 2,117
T 6 1l S A AR, T SR T R AR AR AR v £ T
SRE Y 5-HMF &5 10 {4053 U R 22 SR AT A0 b
EEE, 5RER,5-HMF % &4 30.44 wg/g,RSD
$410.59%(n=06) , KWL HEEER L,

2.1.9 R B A (G5 S, il TE
T R R 0.4.8,12,18 .24 h I #%2.1.17 30 T (8,33 5% 14
HEREI R 0 SR AR o 45 R, 5-HMF 6 i ALY
RSD 2 0.36% (n=6) , & W] At it V5 W T~ % 0L T
24 hINARE T R4 o

2.1.10  fnAE IR ge  BORE AL (S5 S1) 20k il 1
(LAY T ER R E L A4 250 mg) , 3L 910y K B FR
S35 T 50 mL 25 f P, # 2 RNEE ) 80% . 100%
1209% K5 %8 “2.1.27 TR X BE S S, 4% °2.1.37 T
D5 A SR A A, T 2. 11 IR (3 A 1 R
FE L IC S BT T ROIARE B, S5 53R BoR , 5-HMF
B A W] i 3 K 99.38%~99.73% (RSD=0.53%, n=
9), LA IRAE LT

2.L.11 FEMEEIE ORISR AL 4%2.1.37 1
O A AR A, PR 2. LI g SR A
D7, 0 S T R, AR Ml s v il 26 1SR b 5-HMF &5
SIS A X T AR R S S AR R bR R i i
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HERESCPATINE 3k, 5L 1, R 1Al L, AS[Rltt
CKE S 5-HMF &5 0 4.10~35.13 pglg, & 2% 5%
Ko fHi ] SPSS 26 F A4 A7 st [ia] (A7t ] Ay 2 7= H
SIEIRE S RTINS ] 2022 4F 6 5% 7 1 ) 55 5-HMF & fi##17
A AT, 25 R R A7) E] 55 5-HMF % 5 2 B 3
IEAHSE(P<<0.01) , KB R WR 2 245 % 0 F v 5-HMF %
el AN NGt Y SR
F1 SHHERFBS-HMFHESENELER (n=3,pg/g)

£ =R SHMFER | %5 R S-HMF A&
] 20041211 308 ) 241 1097
s 21420 3513 86 N 631
83 2UESH 2665 87 NEIH 8.9
$4 2AEIH 18.84 S8 NEIH 410

2.2 5-HMF R Eh T ZEH R
2.2.1 NN ISR HUORE AL (45 S8) ik, 2k 4
By FEE T AR N gE % B L 405 & T 50.60.,70,
80 °CPHIRA A 7 d, B ff 1 d A it (Z9A0 Y T
£ R 24 B 45 % 500 mg) , K5 FRE , P AT 3 M, 4%
“2.1.37W0 R Iy A A A U, P 2. 11T g
SN FRERENNE M ARt £ S 5 P 5-HMF &
3 A T Eh PR S S AR s A i, 45
SR SN R R, 2 R TR, B i 5-HMIF 75
s, 8] — SR T 5-HMF & £ 5 52 i ] 5 1E A
Ko HCESE 0 FAHR SN A L, 50,60 °CT i
55 1 RIS 5-HMF & s34 /NF 5 4% 570 .80 °C R UE S 1
KA 5-HMF & et b7, A0 il B 55 0 A [ s i
JEIT, 5-HMF & s 3 Imia o 1075, 2B 24 52 07 1 B R 1o
60 °CHJ, S AFTE RS ], 45 R IK 2,
Fx2 ARERARE BB TH#S$5-HMF & E0E
Z£R(x+s,n=3,pg/g)

Iffid 30°C 60°C 70°C 80°C

0 4.10£0.03 4.10£0.03 4.10£0.03 4.10£0.03
1 14211027 18.63£032 4257£0.88 50.58£1.48
2 2587035 31171156 52.56% 146 04.65£ 112
3 36.1210.68 4203£112 66361 1.23 82.17£2.98
4 4153£1.9 50.560.98 7148244 91.32£2.03
5 433210.66 3252112 80.34£1.23 99.02£121
6 51924148 $9.1221.43 86.161.28 111.50£3.74
7 57811 1.08 68.27£1.08 97.19£3.74 120402 178

2.2.2 5-HMF JE 8l J) s R AL o b R AR & op
5-HMF % it Fifi iof [R] 28 AR R A , AT oR IR 2 gl g 2 il
BB S 2T A, S AR BN R EE F BY
IO T FH K (k) , F57) F Arrhenius 23 303 5-HMF [ 46
WITALAE(E., kI/mol) , Az R,
KRB TR Co= Cothoot voevvreerneernseennns (1)
— R B JJEFRETL . Co=Co exp(kiet) woovveeeveenes (2)
A, Col BB 5-HMF 5 12 (ng/g) , Co A 5-HMF
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B IR & (ng/g) ¢ A I E] (h) |, ko 220 2 07 TR
WEL b RN AR

Arrhenius A3 :k=kiexp(— E/RT) -+veeeeeeeeeeee (3)

K ke HCRE (1), R AR R $[8.314
J/(k=mol)], T Ayl (KD

PG J5 N7 A AR LUAR SF- 35 5 2% (oot mean square
error, RMSE) . [M1F &% (R®) KA T (accuracy factor,
Ap) Fl g 2% M 7~ (bias factor, Be) X8 B 4TI, A2
L/(1 N

RMSE=+/ 3 (FUHE — STE)/ (n— 1) -eeeeves (4)
P L s (5)
2 T D PPN (6)

=, n S SEME AL

K FH Excel 2016 %1% 1 H11) 5-HMF 7512 45 75474
A G R ,50.60.70.80 °CF ,5-HMF & 5 [
I R MR AT B WS 12 E Y k(B R S0 iR
JETF R K, BRI 25 5 B, AN SO I R 2 1
PUE B R* KT 0.96, 4 F BAHYIHET 1, RMSE RY{H
JIN R [R] 52 7 385 R TR S B 90 A 4005 1 RS A
GF 4RI BE A AR AT 3R 5-HMF 55 1 B S v st
AR LR . 5-HMF [ E.°4 16.00 kJ/mol, E A%, #
Y sz o, 3 24 5% I o ik EL A A i ) AR P, 8 v S g I
£ A Gy e O 7 N R R 2 7 R [ s 5 )
RPR A LA A b 5-HMF B U P 2, 4550 0
2,43,

140

0 °C
120 = 70°C
® 60 °C
100 ® 50 °C
80 S
~ n
60
*
*

40
20
0

5-HMF %% i/ (pg/g)

,_4
)
w
= A
[S)]
o
-

B2 AERLEETS5H-HMF WA E-AtiE s
X3 H-HMFERFNZERHER

I il k R 4 B RMSE
50 C=115346.789¢ 6789 09629 108I 100l 2922
60 C=15.28+7.715¢ 7715 09657 100 1012 314
70 C=35.78+8.815¢ 8815 09870 L025 1002 2190
80 C=4080+11.4301 11430 09853 1030 1003 3013
ki 2548

E/(Kl/mol) 1600

3 1tig

3.1 REhiRIEEF
AT 2 RT3 43 56 K- B L 0.1% B R 5 -
P 0.1% W R Vs W -FH L sh AR R AT 42, 45 R B

TEZD; 2023455 34 55 8 1

7, LK - B R S s AR N, 5-HMF 167778 W Y A R
PR AR T Ao 2 PR sh A . i — 2 iR,
0. 19% B 2 V5 - FF L 0.1% F R 15 9 - ) 1 i 4% 5-HMIF
WA B AR — 3, 1A 2% e 28] HH R 5L A 8 o e AR ik
TEHE 0.1% WEFRVS - BE R i sl o [RlBs, AR IR ABTZ
XT0.19% W 5 R R R (95:5.,90:10,85:15)
HATOEAL, 45 R B, 2 A R BLEE R 90 10 B, BT A%
5-HMF I T fe A3 , B E 4 0.1% Wi R 75 - T % (90 10,
VIV) A 5-HMF & il 5 W i s A o

32 ARGIRIZMNHBIEEFHEER P5-HMF 2
=ap=A1]

AR FH AP IR T RRT KA AR R 2 A
AR SR LI, AR ZA " T 28 . T 25
BE S OR, 5-HMF & i AHFE L . 5-HMF 5 22
AT SR S 0L A i ), AN R DR T 2% 5-HMF
BABREFEm . AR5 HER R 2 S a0 R R H
MR TRIRL , T 25 ) ORI A T R A 3 PRI I TR R
FJgE st () A B R MR i R 5-HMF 5 i, IR i
BB, At T 5-HMF J Bl s o IR FH Tk iR AR
7 52 A A e AN V0 BT A B 3 Ao X 4 HEAS [ A
H A RE S AT I A2 | % P 5-HMF (172 &5y 2.4
pg/go AN USEAL i 2 200k R T2 A T e
FIHSE ], 1 B2 3 77 A R F i 45 21 50,60, 70,80 °C
T2 h 7 A 9 5-HMF 5 & 43 91 4 12.09., 15.93
36.51.43.75 wg/g; M4 h 1Y 5-HMF 7 1243 51 4 12.66 .
16.57.37.25.44.70 pg/g. FHINEE R o, 7650 0 [R] 4 i
PR AR e, SRl R A LY SR B E] % 5-HMIF 33 it 52 1)
K. % 8% 5-HMF Ry R 8 44 i HAE I A7 ) 2
FRELIE A, R SR i H 5-HMF 35 i S AT e 2
o FEVRIEHIRL T 20w ) ARSI B T
TR (U150 °C) 38 S AEA TR ], FEAS 52 007 250 1 Hip
PR, P R ARRE A R 5-HMF (&, ISt
SR 5-HMF % i 5 OB SR A EAEAH DG , AR
WER) Fa K, TRk A W —) &K, H¥RK
tH 5-HMF , 3% BH $h iR 22 3545 2% 0% 7 rh il 45 149 5-HMF 1R
AT RE R A PRI A7 R 7= A o A, S 2 e 7
W SERAE SN R 3R A A %, A 2 A R et
(i) A 27 45 1 1) A 25 1 1 P R 2 52 ) 5-HMF JE ) A K]
R — WU SA R ek 1 TS
3.3 TFEE&MHXS5-HMF & 00

AR A2 2 20(3) , i 5-HMF Ay E, T 15
F710.20.30 °CF 4 kB4 51y 2.836,3.577 . 4.443 , 4
TN ER R S L A R b 5-HMEF JE iR R X
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Tk 5 ELA A v AR , el A A7 3 % 5-HMIF %
MU . 2 EBIRELE T 5-HMF U 8l 77 2= 5 A%t
Bl LA T B S A — s Ay, PR R R A
N AU EE TG . 45 TR E L w4505 h
5-HMF JE Jl 52 07 8 56 5 R B ELA A DG, DRI A b 06}
LA S A EATAG 5, RIS T, 2 P AR B Ay 3
o, A B A RATE .

34 DITIRAERESEEN

ERTR S LA AR B T IRYT FITI £5 206 R,
HIFBRADT 6 JH ., F IR E PR A2y 5 AR P 25
12020 47 R H 24 ) (U3 ) Wik g st A% B 4 4%
Tl T B A DG LR | 2 2L PR B 4 I 1) B B2 G 1
B LA 20 pg/d 1, [ IEEE A R 52 b, 4545 2]
Eh TR S BE A A0E A b 5-HMF & & A9 BR JE 4 0.001 3%
(13.33 pg/g) o AHFFE A, S HUAE S AT 4 LB i PR
B, BXCSEARE T A H AR R L SRR X e 2l i
J B 5-HMF & s 5AIC, (HAE IR T R A7 [ i K
5-HMF & it 2 sh S e, R, B nish i 2- o b
Hl R, IR I [E] %) 5-HMF 998 i B A &5,
AT, 75 T ER 5-HMF PR (9 56 2 2 55 0 26 8 i 70 2E
FE A T AR R, B BRSO AR AR 0.1%
(1000 pg/g) , 12 BRI vay T 56 T8 B2 OC T IE Y PR
JE LR 5-HMF VR — A L R F 4%
JO s i A TE T ARG b 2 A A, B
SRR . PR, AR TR] T A — e 2 i B I
B I, WAZBL ™ s e B B 2 G T A ) R ke L A T 4
il ASBEFE Y, BARER IR S S 408 AR Y 5-HMF
AR, AETE I A7 3 i v o 2 ) S < 17 34
T 5 R A v v R R A, I AT e S T S
(20 il H % o 2 B R (R AR 0 R IO o) 2 1 59
HIZ 4R A B BE I, AN 2 SR ) B I8 R A AR
FE R AT TR] A3 R S b o 390 A R PRk
ABCH R EE(EIETT W AS34 0.01%,

ZE LTI ASHE G ST Tk R A LR A M A b
5-HMF (& sl g i 1207 i % @ Mo A0 s
0 T 5 52 O 5 8 RS2 7 sF [0 2 2 i 5 T 2 35 A 2 M
H15-HMF A R E N . 5-HMF & 2 (b AT &
TG Bl 2R U PR T A R AT BER AR Tk
TR, [ s 24 5 O ' BRI A 2 DA DR AT
SZ 3k
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