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Abstract: Objective Based on the quality marker (Q-Marker) theory of traditional Chinese medicine (TCM), and building on the
previous identification of 15 Q-Markers of Yiqi Fumai Lyophilized Injection [YQFM, VES 23 A E Mk (4T ]—including the
ginsenosides Rbi, Rgi, Rf, Rhi, Rc, Rbz, Ro, Rgs, Re, Rd, and ophiopogonin C, ophiopogenin-3-0-a-L-rhamnopyranosyl-(1—2)-B-D-
glucopyranoside, pennogenin-3-0O-a-L-rhamnopyranosyl-(1—2)-B-D-xylopyranosyl-(1—4)-p-D-glucopyranoside, fructose, and
schisandrin—this study aimed to identify and confirm 5-hydroxymethylfurfural (5S-HMF) as a safety-related process control Q-Marker
of YQFM, to establish a whole-process control strategy for this compound, and thereby to enrich and refine the Q-Marker system of
YQFM for assuring product quality and medication safety. Methods 5-HMF was confirmed as a safety-related process control Q-
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Marker by analyzing its formation mechanism and transfer behavior during the manufacturing process, in combination with
pharmacological and toxicological evidence. A dynamic monitoring and control system for S-HMF and other critical quality attributes
(CQAs) was established based on near-infrared spectroscopy (NIRS) combined with multivariate statistical process control (MSPC).
Furthermore, quality evaluation of the manufacturing process was performed using HPLC determination of 5-HMF content at each
stage under a three-tier quality control framework of “crude materials-extracts-final product”. Results 5-HMF was found to originate
mainly from the thermal degradation and conversion of Maidong (Ophiopogonis Radix) and Wuweizi (Schisandrae Chinensis Fructus)
during processing, and was confirmed as a safety-related process control Q-Marker of YQFM. The established NIRS-MSPC system
enabled visual monitoring of critical quality targets under complex manufacturing conditions and ensured inter-batch stability of the
process. Under the three-tier quality control system, the 5-HMF content in 20 batches of YQFM ranged from 21 to 29 g per vial, a
level considered safe and well controlled. Conclusion This study defined and confirmed 5-HMF as a safety-related process control
Q-Marker of YQFM, established an integrated research framework of “identification-confirmation-monitoring-control”, and shifted

quality assurance from end-product testing toward process control, providing a reference for accelerating the translation of the Q-

Marker theory and its research outcomes into the TCM pharmaceutical industry.
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KB FE4EH] Q-Marker, LPLi%#] 5-HMF & &N H
b, FEREF= i AR i v S I AR R A
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2.1 5-HMF AR SEFMR
2.1.1 5-HMF F24ENLH]  5-HMF MR 5-5% H 3E-2-
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3.0 g fEZ NIRS 2 HT R4 #5 Burker
Matrix-F fEZIT LRGN (o077 Ol Bt A2
), HECH OPUS 7.5 Hfli b3 & fF . $EHCR LTI
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R, REEEIFEESTE] 60 s.
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1 min K4 1 I NIRS. H-4&— & [ [a] [A] BRI 5
PERGEFESRAZ M Z5W, H HPLC ¥EE NS i
DRI Z59+ 5-HMF (& .
323 HuEaEE A OPUS 7.5 ML FER M
FBE BO e 8 G FAL BE 7Y%, 456 i /) — i
(partial least squares, PLS) %37 NIRS &5 Frill2H
oy o B E B, IR IR E R (R
RS XBSHIE R E REL (R BE R 8 REL(RY)
12 1E33 75 #i % 22 (root mean square error of calibration,
RMSEC). & XIAEYW T HRiI%Z (root mean square
error of cross validation, RMSECV). ik 7 iR iR
72 (root mean square error of prediction, RMSEP)
FAAXT 53 MR ZE (ratio of standard deviation of the
validation set to standard error of prediction, RPD) {E
RPN FR R o
324 LRAPRWGIFEF 5-HMF (18 &illE

(1) A VAR ) i e« U A AR IO R 253
3000 r/min B4 (HO¥AR 17cm) Smin J5, FEE
PRI 3G (—RIZ5E 2.0 g, —HIZGHEN 4.0 g,
UG 5.0 @), BT 10 mL B0 F, 2L
TG AL BT (s e KL AT, AT B, R

2179 1 mL/min, #RJE4k4EH7K 10 mL #3E, 750
HR FELA 40% FEEGEML, PeliliE T 10mL =
Mz R, ’A, RSN AR

(2) XIS IIH & B 5S-HMF XA E
B, MEVE, H 40%HEEH] 8 0.015 mg/mL )
TV, RIASXT IR VA

(3) il 5% fF: ity Waters Symmetry® Cs
K (250 mm X 4.6 mm, 5 pum); L EE-0.05%M %
KIEBONIRBNAE, HATEREBEM: 0~3 min, 5%H
fi; 3~4min, 5%~10%HE; 4~13min, 10%H
B, 13~15 min, 10%~50% ¥, 15~20 min,
50%~100%F ¥ ; 20~23 min, 100%F FE; 23~27
min, 100%~50%H f¥; 27~30 min, 50%~5%H
fig; 30~33 min, 5%HEE; RN 30 Cs Kl
K4 284 nm; AFRVLE 1.0 mL/min.

(4) RGP B S-HMF % I8 5w, 1Es:
HEFE S WK, SRR AR IETIIAN Y RSD<<2.0%, HiEER
>3 000,

(5) WMEVE: 3 il 25 W O HE v v 5 ik
AV 10 uL, N OB A, e, Jp
5o EENETIEFAESE R IE 1.

R1 ELKIERTD 5-HMF S E8NESEFIRIFER
Table 1 Method validation results for determination of 5-HMF in aqueous extract of Ophiopogonis Radix (OR)
T H BE 4 EES
TR S AETIEER R e T 7S R ITE S-HMPUE AL B AL K 0, & 2R
RYCE MM S5 IR SIS AR IRSD<C2.0%, BB A>3 000 S-HMEX & AL (IRSDN0.2%, FRIGHEIREA22 794, FF&EK
AR 5S-HMFFRHE 260 56 72 40-20.999 L[] )5 75 FE 9 Y=159 050 900.790 1 X+12 108.576 4, r 9 0.999 98,
5-HMF7£0.204 4~58.420 png/mLE&MERIT, &R
5-HMF & 8RSDM2.13%, FF&ZER
fl— N R — A FRE, M4 RRSDA1.38%, AR A AR
BB I RS ERSD0.25%, WELINTF6%, FFaER

HE M 5-HMF# &RSD<3.0%
a2 5-HMF5 ERSD<$6.0%

HEm S-HMF AR [ IR 7E80%~120% i W SRR AP INEE Y R 7E90.25%~ 109.60%, 74 B3R
FaE 5204 hp o VA R AT R T, MR 24 h 5-HMFIE T FIRSD 40.38%, Xt B8 M4 24 h RSD

5-HMFIS TR IRSD<<2.0%, i\ NiATifaE N0.27%, —HEYINT2.0%, FFEER

3.2.5 T NIRS EARRIZ A2 HUEFEH 5-HMF 3))
(1) i Bl L b HE: 22 4K Igid fE 24
TR NIRS JRan v WA 1-A. H R A6 B wT 4,
BB 4500~4 000 cm™! 3B OGRS, HjE
B 12 000~10 000 e A0 1 H b 65 B>,
5300 em ! T H B A BRI WA UG 3 2L H-O-H B 45
A HIZEH51HE, 6 000~5 700 e AR ISH B 3 2
f&-C-H M—gaizshsli&em . 560 BEE, Xt

RIEERDGE MR, TR Fgk. REE. £
JUHU R IE (multiplicative scatter correction, MSC )+
P IE D A8 (standard normal variate, SNV) £
[F AL 7%, FHAE B OPUS 7.5 Ak a il
AR BRI B & YIS AL B v, AR T
TR T OGS P AL PR TV N — B 24+ MSC, 17
RPN, A B RE 6 102~5 446.3 cm s

(2) E BB P S0 YRS REE Rt
TR ZEHERR G R ARG, B 27 HhIR 235 0 FE Ay
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Fig. 1 NIRS of aqueous extracts of OR (A) and
Schisandrae Chinensis Fructus (SCF, B)

RIS 22 fhik 191 ks S AR RIS 5 ik
44 U RE L, FRIE SNSRI SERE SO A AR IE 4R
PR . RS IESEAREETE ] 2.31~19.60 png/g, i
LR FE TG 2.43~16.80 png/g. AL H A E AR B
AOGE AL 77 V5@ TSR G NIRS 5 5-HMF &
B IERR, 5-HMF NIRS BRI TME 55 %14
ok R EWE 2-A B, HERHEL, flES 2%
2 Aot R AP, RIEAERRIK) R2=0.941 4,
RMSEC=0.943; = XIiFEA R.,2=0.920 7,
RMSECV=1.07, RPD=3.55; IiF&ERR] R2=
0.8915, RMSEP=0.976, RPD=3.10; 7] i, & f 7
(AR IESEFNIS UE S TR e REIEIE 0.8, KA
HF (P E = b1 G s 2 T 57 o= | N S [ o T e S
gEIR IR, NIRS A FR0AH X 22 5 N 0.8%~
33.3%, “FIITMAXwZE N 9.0%, & EF
AT ZE /N T 15%, AR & EREA 1 i
KIRMMRZIA R 33.3%. 1%FaFr £ 2 Tl it
Wi g, AR BUTHIE « N2 e A S,
ZAE AT R 22 AP R S-HMEF R4k 35
3.2.6 TR THREGIFEF S-HMF 1 &l e

(1) B I 4 BUHR THREUK 6.0 g,
FEEMRE, BT 10mL &fF, IMAFECEEZ
B, FRAMRAIERINE O, 3000 t/min &0 (F

A 20 7

O+-T—TrTTTrrTr T T T T T T T T T T T T

1 5 9 13 17 21
SHAH/(ugg™")

TR/ (g™

10 20 30 40 50 60
ZHEMH/(pgg™")

2 X% (A) RAKT (B) KiZiZi2ZiK 5-HMF NIRS
BETNESSEZEXR
Fig.2 Relationship between predicted and reference
values of S-HMF near-infrared spectral model in the water
extraction process of OR (A) and SCF (B)

A% 17em) 10min, B ETHEBGT 0.45 pm ALK
FLUEME, HUSRPERAE LRI (—. ZRIEE
WA 40% FFRERRE 5 5D

(2) WISV 25 U S-HMF 4R i
B, FEEKRE, M 40%F BEH & 5-HMF 0.02
mg/mL VAR, RIASXS I VAT

(3) Bl 26 a4y Waters Symmetry® Cis
K (250 mmX4.6 mm, 5 pum); L EE-0.05%M R
KIEBONIRBNAE, EATHEEEBEL: 0~12.4 min, 5%
HliE; 12.4~12.5min, 5%~15%HE; 12.5~15.0
min, 15%~48%FEE; 15.0~20.0 min, 48%~51%
HEE; 20.0~24.0min, 51%~57%H &; 24.0~25.0
min, 57%~65%HE#; 25.0~33.0 min, 65% FfE;
33.0~35.0min, 65%~100% HE£; 35.0~40.0 min,
100% FH % ; 40.0~45.0 min, 100%~5% F % ; 45.0~
50.0 min, 5%HEE; FEiEH 30 Cs Ry 284
nm; ARV E 1.0 mL/min.

(4) M 3 ol ks 5 WO HE v 5 itk
AV VR A 10 uL, VENGEE S RO A, Wil , Bp
5. ErElE TR R LR 2.
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2 AKRTFKIRRD S-HMF S 2MNES EZFRIELER
Table 2 Method validation results for determination of S-HMF in aqueous extract of SCF
M H AR bR 4Rk
a1k 7 E S A i E T A A BRAES-HMF AL B AR AR g, IRFA 2K

AGUE MY SEXIRIEIARSD<2.0%, HiHs

LeMERVEE S-HMFFRAE # 28 AH 5% 2 %0-=0.999

5-HMFt B i T AR AIRSD AN0.2%, FIGEERBUNS 894, 44
>3 000 TR
LePEEIH S FE: Y=71856 694.226 5 X+2424.9077, r790.999 99,

5-HMF7£0.2~21.2 pg/mLE&MEE T, & 5K

HEM 5-HMF & #RSD<3.0%
A S 5-HMF 4 &RSD<6.0%

5-HMF & #RSDNO0.159%, FF&2K
Fl— NRE—AXEA R REL, Wi RRSDA0.70%, ANFEA G

TR 45 RRSDAN0.58%, P& LI/NT 6%, &R

WERfI R 5-HMFIEE B R LER0% ~120%

s . FFTEIRE RSF R Bl Z 55 51 2998.53%~102.38%,

62K

FaE
IETARIRSD<<2.0%, A RNETRAaE

#5236 hIN IR A R e, S-HMF A5 A 36 h S-HMFIE AL IRSDA1.53%, 54 EoR

3.2.7 2T NIRS HAR BTk FHEHGEFEH S-HMF
AR

(1) GBI Bk L TAbEE: FkF/Kigid 2
25 NIRS JR1G 0 WL 1-Bo B R a6 6% ] %,
4 500~4 000 cm ™! I Bt 2 B WG AR, HLAE
12 000~10 000 cm™" 7 Bt & 1) H bR 6 145 B
B, 5300 e BT HH IR BRI SO 3 -O-H 1
R4 S @iz zh 518, 5 700~6 000 e ARSI BE
FER-C-H M—ggiizsh s, thah, 6 900
em ! PR BRI USSR T--O-H I — i 4712 50«
AU RER, MRIEERDCIE ML, ik
HiE. S8k, MSC. SNV Z5 A8 ] [ AL B 7 72,
FHAE B OPUS 7.5 31k F e @ Ak B A il
TETRACEE 715, B BRI F T 8 ST (1 6 1 7
WFR TN — I S HMSC, 17 ST, A B
WPt 6 105.8~5446.3. 8454.8~74983 cm™'.

(2) sEBBAH) A SU0E: MR 5 IREE B
TR ZEHERRO G B S B 36 kX 702 4 R g3
R IESE 30 fhik 582 e s AAMRESIEEE 6 ik
120 3 Fff, PRUEAMRIRIUE SRR AL R F A IE
R AL IR . BIEER & 70 BUAE 11.80~58.22 pg/g,
IR B0 % 12.55~56.08 pg/g. LA H A s
B BRI AL J7 v 8 ST A2 UG NIRS 5 5-HMF
GEMESIERER . 5-HMF NIRS A G 5 2%
ERRREWE 2-B Fiw, HEWBE S 2%
B2 AR R AT . RRIESEBAN R2=0.878 9,
RMSEC=4.20; =& XIiFFTH R.>=0.862 5,
RMSECV=4.42, RPD=2.70; & ilFSEHH Yo g 2k
R*=0.8339, RMSEP=5.16, RPD=2.83; #J L%

BRI R AR AR AE R b e REUS M 0.8, &
AR TY ()40 & RE D AN TN ME B R4 . bAh, SMEE
WESEZE 7, NIRS 5 3L P00 AR i 22 1 A
1.2%~43.9%, V¥ FIAHXT i 224 13.4%, Hm
B EFEAR TN R ZE 38 /8T 15%, AN NG & =4
A B R T 225 B 43.9%. iZ4RbR T T
FEfas s, MEHER&BUTHE . Nt MA
FETT 5 » AR A3 2 vk AR = i FE ot S-HMF
AL MR T R
3.3 ETMSPCEANEZELZF AR FRENLFIEE
AT LR, kT H5EA/ERIUSFES 5
5l 5-HMF &&Fhe, Bk, &% L7 sk
MSPC. X2 &M AT /KR TP, ERERIGR
FE R E A BRI B HKEIKIRE
4 N REESFESHL, M MSPC B, ARl sy
194 (PC scores). Hotelling 72 5 DModX 3 F i
B O(E 3. 4), BT IR R A r= i FE i —
k. B 3-A 5 4-A ARIGIFER PC1 1550451
B, PA43 f5anEZ (£3s) fE AR, &t PCl
BEIS 18] (R AS fh ey, al B S A SR FE )
S A S HEIRAR 43 L2 E A s | PR
P, REHGKE SR . B 3-B 5 4B N
Hotelling 72 ##11&, K 95%EA5 X A1 _FFR1E R
PR, FH SR PPl A5 A P 3R i A AE S AR
fho BT, SHbk T2 EBERS T AR A f R A A
— U H A TEHIBR A, REAFEHK IS RS
R R WM. B 3-C 5K 4-C Jy DModX #%
HIEL, PA+3s fEN ERRAEHIRR, FH TR Ao
SERR R AENAE, 4 DModX H# SRR,
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t/min

A5 1 EEr B EHIE: B-Hotelling 72 #5H11&]; C-DMody #5841 El; 5] 4 .
A-first principal component score chart; B-Hotelling 7° control chart; C-DModX control chart; Same as figure 4.
B3 FZKiZidI2 MSPC HETIE[E
Fig.3 MSPC monitoring charts for water extraction process of OR

PC1 54>

T*ci(99%)

T ci(95%)

Hotelling 7*

DModXx

t/min

B4 AIKFIKIEZIE MSPC REE
Fig. 4 MSPC monitoring charts for water extraction process of SCF
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PORNZFEARANREH O @ L AR L . B
DModX A 5 4 FEFE I IR P, 28 B SR S B f2 o
KEESHEDE DR — B 7ESEPRBRY R
3 Mg EITERE R IR DL B, AT A E et oAk
TR HRMAE R E R, FEafist—2
fif DR AT S R R U3 5 2
4 ETF 5-HMF B “ZA#f-12BU-H057” £RIER
EEFHER

NT I RIER] YQFM Hzz 4P Q-Marker 5-
HMF FI8 8K, FRAK T a7 1) e 2t KUK,
PR T AT “2M- BRI -7 R E A R,
SPGB 2 R A B ] S-HMF & &1 H 1.
4.1 HIKRFRZELZHM+ 5-HMF REEH

TEZ) Sl E R AR AR R, JESkERE
ANATERER R O IR . IET AT RS R,
X TR S A2 B E RS 5-HMF #2547
PR B ], IESKFRREA 5-HMF i 2 51
MR 2 Atk bRt . WE RN S T & RS
REERRN HPLC-UV JE € Hk T & FE L Zh
i 5-HMF & & (HPLC FEILKE 5). ZhiE&id 7
YT IESEIGAE, RENSENR. AT SE e BRI vk
T M FZL VM) 5-HMF /K.
42 ARFRELERYH 5S-HMF REEH

FIR TR L ZMTE RS R 2574 5-HMF,

5-HMF
A
0 3 6 9 12 15 18
|
B 5-HMF
0 3 6 9 12 15 18
5-HMF
C
0 5 10 15 20 25 30
D |
Iy 5-HMF
0 5 10 15 20 25 30
t/min

5 5-HMF XB& (A, O). AKRFHH B). 5%
# (D) # HPLC [&
Fig.5 HPLC of 5-HMF reference substance (A, C), SCF
(B), and OR (D)

NT WA TR TR A A AR BT R R AR S-
HMF /K, (5 BAEE S T & 8 1 5 R R
HPLC-UV &l E Tk F1 22 & 52 iU rh 5-HMF %
B (HPLC WK 6). &7 ik4id 7653 17 1: 24 56
WE, BEWEHERR. T 5 HhE A R A AR
YR 5-HMF & .

‘|5-HMF
A |
\
|
|
| 5-HMF
’ .
] ‘l ,\‘J}L //./w"‘““\
— A ol o M N
| 5-HMF
C I
|
|
| 5S-HMF
D ||
‘ \
|
‘| 4\2 .}’_LI“.M__ o B
0 4 8 12 16
t/min

El 6 S5-HMFXHm (A. O HRKRFIRE B). £%
EE4 (D) B HPLC &
Fig. 6 HPLC of 5-HMF reference substance (A, C), SCF
extract (B), and OR extract (D)

4.3 YQFM 1 5-HMF RE15H|
4.3.1 YQFM ' 5-HMF & &€ J5

(D tBiEFA 5 Rguda MR D)\ bk
fEkEs S RER NIE AR ((EHFIE A 150 mmX 3.0
mm, RN 2.5 um B¢ 3.0 pm A E TR, DLREE-
0.05% M5 R /K I W A im s A, BEFEVEML: 0~1.70
min, 5% E¥; 1.70~2.27 min, 5%~8% FHf¥; 2.27~
7.37 min, 8% E%; 7.37~8.51 min, 8%~ 50% H ¥,
8.51~11.34 min, 50%~100% HE¥; 11.34~13.04
min, 100% 5 E%; 13.04~15.31 min, 100%~50% H
% 15.31~17.01 min, 50%~5%HE%; 17.01~18.71
min, 5%MEL; FEIEN 23 C; MMEEKSN 284 nm;
AR E 0.45 mL/min; FSHREEE 5-HMF 5 5N
AMET 6 000,

(2) SRR IR A £ B 5-HMF %) B i od
&2, FEWE, H 40% BRI S-HMF 0.01
mg/mL R, BG5S RSV o

(3 XIS & B EE R AT
ALK 2 1.3 g, FEEPRE, 10 mL KiE#E, 2
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L TR SE AL R 4T () ProElut™ PLS SPE £ (500 mg/6
mL), AT BFE, AFURES | mL/min, $R/54%
ZrHK 10 mL gk, FERVH: FERL 40% I bk
fii, VEmimET 10 mL BB LI, 8A, H

AP

(4> MTEE: 73T a W DO T v LB itk
AT 2.5 L, FEABUAREIESCIE, RIfg. &
EE AR R IR 3. il LA 7.

&3 YQFM #IFIth 5-HMF & 8NE 5 EFIEIFER
Table 3 Method validation results for determination of 5-HMF in YQFM

KT H ] RS2 b

i

L 2 LA R AR S TE T

RYUE T SE IR SIS ARSD<2.0%, HigHs
W% =300 0

ek 2}

LR FIVE ) S-HMFARAE 2840 ¢ R %0-=0.999

T AV RAES-HMFUEAL B A AR b, FFAEEK

5-HMF 1R S I T AL R SD N0.22%, B ISR $iR 1k h22 318,
FFEEER

fEMELE 10 ¢ 1A S-HMES IR SR VR T S0 EL A 10 0 1 S-HMF X R 5 2R 8 13.34 ng/mL

2R PE[E 7572 Y =44 138 988.893 29 X+6 130.767 87, r40.999 99,

5-HMF7£0.013 34~111.200 pg/mLEE PR T, & E R

HE M 5-HMF& #RSD<3.0%
A RS 25 B 5-HMF & 2RSD<$6.0%

5-HMF# B IRSDN0.28%, &3k
5-HMF & & IRSDN2.4%, FFEEsk

R B T S-HMEINRE FISCR 5 980%~ AR . sk BE (K~ B IR [ 7E89.93% ~ 94.89%,  fiF A
120% R
FesE Z 572 WAL VRN RS E M, 5-HMF A 72 h S-HMFUE EIFARSD N 1.2%, fF&EKk
WETEIFAIRSD=<2.0%, A NTEFaE
S-HMF F4 20 HHERDMELER
Table 4 Determination results of 20 batches of samples

B
5-HMF l . &
| ;
I ST N 2
0 4 8 12 6
t/min

7 S-HMF XfB8& (A) & YQFM #l5 (B) #9 HPLC
Fig. 7 HPLC of 5-HMF reference substance (A) and
YQFM (B)

432 YQFM # 5-HMF FEMELSR £ YQFM
A, M B SRS AR PR AR I AT e 5 B
A 5-HMF RO, FERT B 2 i i E 3L R B F20E 1)
5-HMF & &€ 777 BEH LA 20 #t YQFM #il7),
2k, 5-HMF & 83K T 30 pg/ s (& 21~
29 ug/37), YA N 249 png/% (s=227 pg/37), 4
RKH], 5-HMF fb[a]—SEatr . &8 e 45 58 W,

* 4.
5 g

AW FCUER , 5-HMF J& —Fh B A 24 B 14 A
FOEAER T, Ho& S e A BRE N AT

s fit= S_HM}:/ it S_HM}:/ it S_HM}:/
(ng32 ™ (ng3™ (ng3™h
SI 27 |s6e 24 |[si1 25 |[Si6 25
2 22 |s7 29 |s1i2 23 |sS17 26
S3 23 |s8 21 |s13 28 |S18 27
S4 25 |s9 22 |[si4 29 |[s19 25

S5 25 S10 25 S15 23 S20 24

Wedenz, LM R W SRR S, A2
BARTASHR N ST, HAEZ P
T2 K TP sr A R E S IR R KH 2
HATHES: . BB M %45 (European Food Safety
Authority, EFSA) T2 IEBIS INBLER K HFEN &
s S-HMF R ASE FR AN 1.6 mghl;
TR A% BALB/c /NRITREIT 30 d TS
PR [NOAEL=97.0 mg/(kg-d)], Z ICH Q3C
(R8®) F5 F RN, K NOAEL it 54t H fovr 5455
& (PDE). PDE=NOAEL X 14 Jiii £ i ¥ Z $/(F1 X
F2 X F3 X F4 X F5), H:#, NOAEL H 97.0 mg/(kg-d),
FONAR T T R R ECR A ICH ArdE{E 50 kg, £1f
HA 4.04 mg/d,

YQFM #iA% NEHI 0.65 g, IR : A B o0
fikmE H VIR Bk 8 i, 7R 2 B, R
Yh7. BIBENES S 4B R EEGE NREI, )
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PR, B2 e a2k ek, &
W LA EFSA Hi5E R 1.6 mg/d 1ENA S 5-HMF H &
e LIR. & HERHE 8 IS, HHF+ -
HMF ) oV e R & &N AT 200 pg. K ICH
Q3CPDE ¥ (4.04mg/d) 15, WAIERE N 505
pgo %71 5-HMF fETHENIEAL (in silico) P H
SBE R (2 KRBE R AT, NTP KA
FEIRALER B MEPE /IS BRI 40 i R IRe Fdess o A e Tt i
Gk o 4 o) SR A A A ) e AT RN, B
EFSA [HIH O 25 1§ 15 5c 3R 85 2R & AU DPAl
RIIELL 1.6 mg/d 7EAZ25 54 5-HMF (1) H 5% -
IR, BSZHIFIF S-HMF 1 R oK BRAE S AN I
200 pg. AEAMmEEMELS R, YQFM i+ 5-
HMF & &K AT IRE -
6 Hip

74 Q-Marker iR A2 i EAEHITFRE T 4
HF AL, AR B R R 25 PR A 1A
MM A, DA TR TR, TR ZRET
A XA Q-Marker, #1424 PEA SR S AT
FATEC NS S-HMF fEE s il N A M, W2
it (1) 22 AV SRV TR IR o o 243 S 774 il S-HMIF
&, TR IR IR 2t A R
o AHFFAERTHINT YQFM [1] Q-Marker A 75 25 it
b BB N AR AT R S
FE S-HMF SN YQFM ‘&2 4= PR AH 9% 3 R 42 il 7 =
brEY, MI5EE T YQFM Y Q-Marker /£ R .

5By PAT £OR 513, R NIRS HiARLEA: ™
WAL T 5-HMF HITELRAS I 7%, —J7Ha] LA
SERHE BRI B L2 P s, ik
R HAREE R AR P ARG n A ST
M4 &2 Z RS REEHEAR, BRESRBIX TS
Tb R VR D] — B (R T o S ST N 2 -FE B - |
A7 ent R AR, REERSIZGA . IREU
K 5-HMF & &K, #iiRr= i S-HMF &
BT AT RE 51 R e A I BRAEL, TR BRI
IR 2510 22 41k

AT FLHR HURE 5-HMF 45\ YQFM 7= il Q-Marker
1 RIER AT R B, BRI — )R
BR: YQFM A TEMEHAK. KB TEW AL,
AW FFIER S-HMF 7828 WA 2078 15 385 T
¥, MARSEICH LB . 40 IR, 5
SR AT AT — B4R B YQFM 77 4 i P2 o 8 il 24
B, B 240 TR 5| AFET Q-Marker FJSERS I

MEA, 5 Q-Marker FHFH 7T R I5 L 1L, B

o AR IR . A, AW RS ]

BAS R 25| 24T S Q-Marker BT ERR . ##E T

WA AR P B AR R IR — E S H S5
HBEAR AL EFRAREEAZ TR

SE K

[11 ®EZFE, Bk, B, & B REREY Q-
Marker): HZj 7 S EE S S 0] R,
2016, 47(9): 1443-1457.

[21 OKERZE, BN, BT, & TR e
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49(1): 1-13.
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[6] R ES (h ARSI RBARIEH) WS
4l P FTEIR ST EORTER (1], hE 2, 2025,
56(7): 2249-2252.

[6] Ay, WO, WZE, & EHAGAEK (FT) 5%
&8 Z a7 St O WU ZEI I R A 7T (3], IR
Y5k, 2025, 40(6): 1445-1450.

[7] ZE4Edp, 502, &8, & FEHHBREK (FT)
R EAR ST A [J]. FEZ, 2019, 50(2): 290-298.

[8] Ok#&, 75/0N5, ZEflEnh, &5 FETINPRYT RS H
AENK (KT BREMREWHEE [J]. hEZ, 2021,
52(18): 5741-5750.

[0 #WEFE, Pz, 5hE, F EHHEREK (5T
P oy K s B TR R (7], 2 PRIN AT A,
2018, 41(3): 365-371.

[10] Flsfise, Mg, E2I0, 55 FEHMAmEIEMK (KT
2 B 43 ) UPLC-Q-TOF/MS 43 #t [J]. 23434 it
9, 2018, 41(3): 446-450.

[11] LiuCH,JuAC, ZhouD Z, et al. Simultaneous qualitative
and quantitative analysis of multiple chemical constituents
in  YiQiFuMai
chromatography coupled with ion trap time-of-flight mass
spectrometry [J]. Molecules, 2016, 21(5): 640.

[12] &3, FEE, RbuE, 5. 5-2 P IEER A %2
PEAAEYEAET AR [ &8 DR, 2016,
37(11): 372-377.

[13] BAg, TRERIR, 2Bk 5-F2 ASEE AT SOl (0], BB
FLER, 2016, 22(17): 3431-3434.

[14] Ciarlone G E, Swift J M, Williams B T, et al. 5-

Injection by  ultra-fast  liquid



F 8B 2026108 $57% B208  Chinese Traditional and Herbal Drugs 2026 October Vol. 57 No. 20

* 8323«

[15]

[16]

[17]

(18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Hydroxymethylfurfural ~ reduces  skeletal  muscle
superoxide production and modifies force production in
rats exposed to hypobaric hypoxia [J]. Physiol Rep, 2023,
11(14): e15743.

Greilberger J, Herwig R, Kacar M, et al. Alpha-
ketoglutarate or 5-HMF: Single compounds effectively
eliminate leukemia cells via caspase-3 apoptosis and
antioxidative pathways [J]. Int J Mol Sci, 2022, 23(16):
9034.
Hansen S, Wood D K, Higgins J M. 5-
(Hydroxymethyl)furfural restores low-oxygen rheology of
sickle trait blood in vitro [J]. Br J Haematol, 2020, 188(6):
985-993.

TRENE, TKRR, 45, 5. 5-F% B R0 5 5 AR
WG AL S JG P-synapsin 1 25 [ RIEHIFEM [1].
T E R E, 2015, 35(9): 2305-2307.

Wbk, WSE, EIRUX, 5. FE T S-HMF [ AL
B AR AWEE S AR T 2 T AR AR RO SO
0] FEFEEMES SR E, 2023, 29(3): 507-514.
Pagare P P, McGinn M, Ghatge M S, et al. The antisickling
Other
pharmacological applications [J]. Med Res Rev, 2024,
44(6): 2707-2729.

National

agent, S-hydroxymethyl-2-furfural: potential

Toxicology  Program. Toxicology and

carcinogenesis studies of 5-(hydroxymethyl)-2-furfural

(CAS No. 67-47-0) in F344/N rats and B6C3F1 mice

(gavage studies): NTP technical report No. 554 [R].

Research Triangle Park (NC): U.S. Department of Health

and Human Services, 2010.

WRHER, MREE, ISR, . 5-FR H RS (0 Sk B MR

MR VERE 5T (3], P E 25K, 2018, 15(4): 205-

209.

FRE, EitH, T, 5555 PR Sk

PEREFE [J]. TR Tk, 2024, 45(18): 83-92.

TARIE, FNEHE, XUBR, 5. 552 FRORRE X /s A

WREREREFAL (9], RO K254, 2025, 60(3): 49-

57.

YR, TG, BN, . ARB 55 F MRS S L TR

A DB BRI (], B2 E A, 2023,

20(2): 157-162.

R RW, BER, F AR AT S A
TERELEHI 7. RS IR, 2019,

31(9): 1567-1572.

R, R, BER, FOARGELS 5KGM 57

FH R BT 5 R A SRR e b [0]. o SR T R A 2

&, 2019, 25(20): 136-140.

ZIT I, b, R, & RRFBRIER TR T

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

MR RIS 0] S E R4, 2014, 39(15):

2900-2906.

TEAT, BB, WA, 25 UPLC YAPGEN & A4 kit

SHRR LA S RS S (7). N EE

[E24, 2018, 29(9): 2087-2089.

ARk, BTHE, ZflEbh, S TR TR S s

SRR AR R S R R BT (). T E 2 ),

2015, 26(28): 3980-3983.

Food and Drug Administration (FDA). Guidance for

Industry PAT: A framework for innovative pharmaceutical

development, manufacturing, and quality assurance [S].

2004.

BEY, PRz, B, % BETIEa AN ERAR

SR 3 A PR R [J]. P ERZ AT, 2020,

38(9): 154-156.

KR, B, £E, & B TIRLIMGE R AR

J i Ak AR B = VPN T (0], R EEZY, 2025, 56(10):

3449-3459.

REE, EHE, SRIEME, & 2SR AR B M

UK I ZL AP 1 I 78 AR SR VRS R 2 S (0], o [ e

ZigeiE, 2018, 43(14): 2857-2862.

FWE, RI5H, KK, &5 AERIUTLLAM G A AR

LR FERACR TR K M5B TT ()], ThEegy,

2019, 50(22): 5249-5438.

JARMR, AL, RRGE, & EAAMGIEEARE=L

PREUREFE A g [3]. H 24, 2019, 42(10):

2367-2370.

KK, XUEER, ZEHuik, &, JE T LLsh e

DAY IR TR STV S AR AL SR BRI 4 L v | 4

SE AR AR [J]. B2, 2025, 56(5): 1587-

1595.

BT, ST, AN, S RSN EORAE RS

ME ANk (KT AR b 2 Gt i 8L 2t fig

[J]. 2503 9T, 2021, 44(11): 2314-2321.

RE M ET . b 24 A b 24 0 R — Bk VR A DT VAT AT

[D]. Wi WK%, 2013.

Louwerse D J, Smilde A K. Multivariate statistical process

control of batch processes based on three-way models [J].

Chem Eng Sci, 2000, 55(7): 1225-1235.

Bersimis S, Psarakis S, Panaretos J. Multivariate statistical

process control charts: An overview [J]. Qual Reliab Eng

Int, 2007, 23(5): 517-543.

Younes M, Aquilina G, Castle L, et al. Scientific opinion

on flavouring group Evaluation 13 Revision 3 (FGE.

13Rev3): Furfuryl and furan derivatives with and without

additional side-chain substituents and heteroatoms from

chemical group 14 [J]. EFSA J, 2021, 19(2): e6386.
[FriEsmid  #RALAE]



