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Determination of related substances in Loxoprofen Sodium Gel Patches by HPLC
assisted by artificial intelligence based on ASKCOS platform
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Abstract: Objective To assist in predicting degradation products in Loxoprofen Sodium Gel Patches using an integrating Al-driven
big data platforms, and to establish an HPLC method for determining related substances. Methods Through the ASKCOS platform,
artificial intelligence was used to predict potential degradation impurities in Loxoprofen Sodium Gel Patches. Impurity 1 (loxoprofen
glyceride), impurity 2 (loxoprofen glycerol ketone), and impurity 3 (loxoprofen menthol ester) were qualitatively confirmed.
Chromatographic separation was performed on OMNI Phantom Cis column (250 mm x 4.6 mm, 5 pm), with the mobile phase
consisting of phosphate buffer (pH 2.5) - methanol. Gradient elution was performed at a detection wavelength of 222 nm, a flow rate
of 1.0 mL/min, and an injection volume of 20 pL. Quantification of the impurities was conducted using the principal component self-
control method with correction factors. Results Impurities 1, 2, and 3 all exhibited good linearity within the ranges of 0.05 — 15.48,
0.13-15.48,and 0.10 — 15.26 ng/mL, respectively, with average recoveries of 101.5%, 100.9%, and 97.6%, and RSD values of 1.42%,
2.2%, and 1.95%. Conclusion The method is simple, rapid, and provides accurate quantitative results, offering reference value for
establishing quantitative methods for related substances in loxoprofen sodium preparations.
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Fig. 1 Prediction of degradation product structures with

their formation probability and molecular weight analysis
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Table 1 Mass spectrometric information of degradation impurities
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I3 (IE RIS AT R AR D CosHas03  [M+NH4]* 402.30 142.00, 408.30, 201.15, 423.20
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Fig.2 Schematic diagram of the impurity degradation pathway
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A-acid degradation, B-base degradation, C-thermal degradation, D-
photolytic degradation, E-oxidative degradation.
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Fig.3 HPLC Chromatograms of the forced degradation test
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Table 2 LOD, LOQ, and linear range for loxoprofen sodium and related impurities

B s EYEpp 2R VU (g mL ™) Frf(ugmLl™) AR/ (ug-mL™) r f
WRIEFW  Y=35.144 X +0.090 5 0.05~15.79 0.05 0.017 09990 /
07 1 Y=30.412 X +1.0770 0.05~15.48 0.05 0.017 0.9999 1.2
&7 2 Y=29.447 X—0.519 7 0.13~15.48 0.13 0.040 0.9998 1.3
&7 3 Y=25.836 X +3.945 8 0.10~15.26 0.10 0.030 0.9999 1.4
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Table 3 Results of related substances in Loxoprofen
Sodium Gel Patches (n=3)
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Fig. 4 HPLC Chromatograms of blank solution (A), impurity reference substance solution (B), and Loxoprofen Sodium Gel

Patches sample solution (C)

3 g

HH T I8 BV S5 ANIRE IR U B 3 il B2 ik 21k ot PO A
PEAEAES 28 (RT 1 SRk IR, R 0T 3 ik
PRELSRD , SR FH 55 P e AR e DA B 207 & - (A
SeeFERR BE BRI 7 X, I A S R S A s
PR S SRR R R Eeie), RS A0 Cis
OIERE R ORERAT Ny, P B BN AH IR e i 5
B, MIARAL % 2% T AE At BRI OR AR . Rl
FEARIIT 3 B K PR, 75 EE G I AR AR P I 7 A
PAMEBEIE AT 3, FFEE S IEAT N 7] DLEGE IR,
FETVITIE R B A E A

f£ HPLC J7 ik iEd i, B %2 7 ikt
Xof B AR 5 B RCR ISR 25 SRR W, SR A OMNI
Phantom C;3 (250 mmX4.6 mm, 5 um). Welchrom
Cis (250 mmX4.6 mm, 5 um) PFFEGEFER, H
PRI B R T . IR BN T ORIF— B, W
RERGUEHTEER . SR, 2 A At Y
(1) Cig BUIERERS, PRIEDRRE RN, MR iy
PR 22 57, AH AR iU AT B W43 B AN R Bl 3

VeMiEL %, B, 8 R GE TR IE T 4R
(5r B G (P BSE=1.2), DLAR T IEEAN ]
SEIG A IS B, DR € e O e S B
IIMT IR -

TE U B 55 58 o Tt - o A28 2 Jort P N
AL, O R AR I 25 PEBR ). 3 gy
JRAE 196 nm Ab B 5 5 KSR AR, (R K
AL TR B R B EOE R (205nm) BAR, S5
TP (EMR L RS NI, e L IR R
I R R AR EETR R . MIEEZ R, 222nm
BRI AR e KR, AR 1K T % 2= 0
(IR AL B8k EE AT AT 858 v KT, HLc i 267 2% 5 TR
IR BARAE L KE B A TG B E ST, AR
I o B R AIAR - i It . [RIE, ARk AR 222
nm 1E A % K o

RIEFaE SRR, RIS ER B TR
g A FIRE 6 MG, &1L 2. 3 BIRES
B KE 1.24%. 0.72%- 0.85%, WKk
o BRI, BECH IR IR AR R R A AT 2 1 o



EaBE1LYE 20251248 AR & 5tk &

Drugs & Clinic

Vol. 40 No. 12 December 2025 - 3053

PR FAEN, BT 1. 24 3 W RER IR R IE SN
5 ) R A R A A S I A R R, 1%
AR I A R RF SR AT, IR AE iR 25 T
W BTz e BT, LT TE

PR 2 TR TAT PR R, B 3 B 3 e ™ 42 1

A RN I T A B WAV TR A Tt A7, T

AT BBEGAN IR e 2 o 1 77 A
25 LRTR, AT 7T ASKCOS “F 5 7% 2

TSNV BB AE PR AR L, 55 SR U0 0 E T

SE T ARBHIRLIER T, IR A AL I PR 1 A7)

5 X RIS B 2% AT € o b, ORI

PR 8 B A RAER, X SLIR RIS IR A

KM E B ITIERAZHE Lo
FIBAR FANAH R RAAEA AR

SE R

[11 HWENE, MO, AR, SE. RIS SN G R 2 R A
1. HEZMMIRE, 2022, 32(5): 413-416.

[2] BT BREFTWERIE SRV [D].
Eifg BN R, 2020.

[3] %, £F, 22, % HPLC BERMIE & 2554l
Fr 5 ST (1], T EZ S ERE, 2023, 242):
153-158.

[4] FAfEtE, A5, HEE. IERIEFNRIT 2-[(4- LBk
TR ) IR R R T AT (9], S AT Ak A, 2015,
35(12): 2199-2203.

[6] SR, fiT#, Bk, S5, W8 RIS SF BB NG B T s
R FLNE [J]. RELTTE, 2023, 21(5): 24-26.

[6] Waterman K C. The application of the accelerated stability
assessment program (ASAP) to quality by design (QbD)

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

for drug product stability [J]. AAPS PharmSciTech, 2011,
12(3): 932-937.

Prausnitz M R, Langer R. Transdermal drug delivery [J].
Nat Biotechnol, 2008, 26(11): 1261-1268.

HEEE, MR, 28R, NLTEEeNH TERL%RS
S I SRR TR (7). P E 255, 2024, 35(4):
494-499.

WIE, RIIE. FET AT B4 2 R S0t = BT R 4 1l 7
%] TR 5254, 2025(1): 124-126.

Gao H, Struble T J, Coley C W, et al. Using machine
learning to predict suitable conditions for organic reactions
[J]. ACS Cent Sci, 2018, 4(11): 1465-1476.

Coley C W, Jin W, Rogers L, et al. A graph-convolutional
neural network model for the prediction of chemical
reactivity [J]. Chem Sci, 2018, 10(2): 370-377.

Tetko 1V, Karpov P, Van Deursen R, ef al. State-of-the-art
augmented NLP transformer models for direct and single-
step retrosynthesis [J]. Nat Commun, 2020, 11(1): 5575.
Tu Z, Coley C W. Permutation invariant graph-to-sequence
model for template-free retrosynthesis and reaction
prediction [J]. J Chem Inf Model, 2022, 62(15): 3503-
3513.

RIRE, BUHIZ, BEM, 55 K HPLC iEIlEf %
PIFN C A BT T (3], TE 2R bR, 2010,
11(4): 278.

FKFIYR, RICFR, Rk, 55 HPLC K IEFF¥E € Je
ATHUR FIGE PR (1] TR EZE, 2023, 37(7): 808-
816.

SRIEME, TREE, FIER, S RSP A RY)
Jit HPLC J5iEfAt (3. hEAbT7 2, 2023, 21(9): 40-
44.

[Fiemss MFE]



