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[ Abstract |

and quality control of anti-infective drugs of critical importance. In recent years, artificial intelligence ( AI) and big

Infectious diseases pose a serious threat to global public health, making the research, development,

data have accelerated the drug discovery process and improved drug quality control levels by leveraging their
efficient data processing capabilities and pattern recognition abilities. This article reviews the application of Al and
big data in anti-infective drug molecular screening, resistance mechanism research, and broad-spectrum candidate
drug development, while also summarizing their key roles in pharmaceutical production and quality control processes.
However, the application of Al and big data technology in the development and quality control of anti-infective
drugs still has limitations. In the future, it is necessary to promote the integration of interdisciplinary approaches
and improve algorithm accuracy to drive the development and quality control of anti-infective drugs toward a new
phase of efficiency and precision.
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FIRD SR i) D A A o 25, A AL A 3 226 5 BEL T 7
PEAfE EAE R E W TR R E A
R A 7R o L 24 0 0 1 R A
BT, A AL ) 32 0 95 0l DR 0 7 400 i JBE 4 o) 22 A
[ 5 A B, T A0 200 B B A B A R A
PUAF AR 2 10 B 1) g A O A A (e R
L SN 7 Y G = TS 2 I N 1 7 B R 2T IS I N
A A B AR AR AE o s R 2 i T AR
A A R B R A AR AL A A0 A D e BRTOK L el
A TG H 2 3 e BRI A IR R R e S A
AL P i ok ¢ o R T A

VER 2Bk 8 JE AR R A% 0 SRR A W) 22 4
W7 0 P O B e I, 70 U e 24 ) 4 T i RV AL o A
FENF NRAEFEAE I 7 B R STk, f1an: hrA R
F 4 Aol i 28 ML LA <5 40 7 JR% e AH G 1 B BURE R
KU T P 2 75 o R AR AT RO+ T e
P HRE B P It 2 A B 25 W A BE &
AUV o3 [ 5 DR A A RO S B0 2R IR AR B 3R T
MR E R A28 ] b o IAE R SR 25 )
BT 245 PE (R R H 25 7™ IR , & 8 4 BR A 28 T A T I
AR R 2 — , 25 W 2 1 Y BRI T B A 2
WA R B ) I N 5 s A% 1 L BOE AR T AL
AT DR R R ) R 2 W O & T 2
WFFE A Bl T 00 38 A A2 Tk SR e o i o Y Bk o

2 A R T AR R R 2 ) i PR T RN A B
P R OB T 25 W T 2 31 0 1Y 4 A= i Ji
o PR 2G4 S 3R B AR 25 74 2 b Y DG B
TR, FUBT A S OCT I (el RRE A L, 0 A 8 B o R
BB, 2023 452 H kb [ 45 e B
S 1 B B ), WA 4 2 P 2 01
5 U2 B B AR v, LA R v 24 A R A T A
Sk R B Sk 24 5 B R A R
KIEPIFE, A 20 b4l 50 AL &% 1L .60 A HL ¥
fb.70—80 4E AL S AL RE AL .90 4EARAE B4k, 3
21 {2 Jm % A s B ek i & R L dEA 21
et & 2 A, N T # GE (artificial intelligence, AT)
T IR 1) A e Je Ay 0 SRR 245 1) 14 o O Y A 4
TR T H I IR TR

PR 25 Wy W T k5 o 42 ) v] 3l 73 S 25
-2 I s R BN (1 2T KO N S8 i T <1 B
N2 i S AN 0 8 B EE A, AT 5 OREE BT
oA A i JE A R A B B, B O R R S 4
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il 5 70 J5 300 A8 B B, 4 3 o i — BOME DT R RE
Ko WA 2o [ B R A 2 U523 B
U BB 5 4 T S ACRE A I ST N DB 4 T A
TR S 18 A 2 R R BRI B 25 B BT
A R HURGL 25W) , 10 REAE 24 W) o 45 L O TEDE
I 3 24 o A B R R PR A B R R 4
REBGHAR R o A SORE AT R G 25 W) BIF | Tk 245 74 B
TR SR A A T, R G AL FIEL
P AEAR DG T b B (B, S 4 Sh B R e 25 ) 4 g
PO R IR 58 8 25 i MR A R R R i 2%
2 Al EXYERREHFAARELMMAEARPH
R F

Al 5HURGZ5 L 856K TH Bk
BALGYAL TT R e . i A AL &% o ) VIR
FE2E ] | H SR 1E S AL B (natural language processing,
NLP) | & #1 25 I’ 2% ( graph neural network , GNN) 1 4=
J KT ) 2% ( generative adversarial network , GAN ) 45
FEEEOR AT B WF 58 N Bt 7o R T B, T
Xof T B BT RO e £ TR IS AN AT LA K
25 FIBIL R ff B Aok 22 25 90 93 Ui 16 | A= 3% P 19
DT 245 4 FUI | 245 W A ELAE 0 BT 45 B R AR A3
SEF ST 7 ) R AR B s B 25 W) Rk AR
Woe ALK S5 0 T R JAS 4 )y 0 U e 2 ) R o 1 22 4
SR
2.1 MEZRRREREDGY (LEPUERLGYM
R BRARCRSE T e A U 5 A AR AR IR, O R R
X A = S AL 455 015 88 B A6 3R mk v 3 ik
TRBE 7 ) WO BT A 3R A9 20 7 45 4, 8] if e] LR A 2
MZGY) o F 45 H . Lin 0 BF 9815 21— A i B
ATBLRL b i 1000 J7 4> 25 0 IR kA #ii
KB 340 T AT B A4S M B BT g 18 4y 5, Horh 76
iy S FDA St A AL 25, XX E BT
PR T A 2R 25 W A 2 R A 2 LA
MZE M (E.

AT HERYBEXT 2459 43 1 E A7 HE A 25 80 0, 42
WF A A0 L, IR AR S S I 25 4> F P K o Ce-
saro 4 ZEIA T R GAN 28 43 (1 ) 45 65 £ (varia-
tional auto-encoder, VAE ) 2848 %1% i+ H & #1 & 7% M
(01, Sk SE RN g JIR 1A% 4 05 vk vh B O S i R
82 T VA AU A ME R . Choo 4511 35 M 45 4
T 5 ] v & 7 B 2% (fingerprint-enhanced graph atten-
tion network , Fin-GAT) B A 4 53 48 BUE 7 51y
fiE ok GAT 4203+ 1Y 45 A5 B, JF 4% 0 & 3% 4%
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JREAZ R ATy 2K ) BRI T P
TEPEFUI A VE B . Torres 2517 JF & T — A0k ik
472 1% 4 il A 4k (antibiotic peptide de-extinction
generative optimization, APEXGO) AT 4% BY | 2 4% 7Y 3
b GRS 53 3l S 85 45 , AT 0 BRI AT AT B AR
W £ 4 1 R 91, 7 6 2 A 20 AT R JER 2 Y I R
Hi/N BB o AT AR 7 TIPS S 2 R R B AH
Mo B AT AL, Ma S50 K A T 1A
(long short term memory, LSTM) . 1 7 77 ( attention )
PRI B T 7% Hs A 19 R [5] 2 % 45 B4 ( bidirectional en-
coder representations from transformers, BERT) H = 2%
PR IR SRR AE , DA 7 B TR 20 B b R s TE
FEHURR K, S T 4 LR TV o o T A R 8 Bt
T JIAC P X R

LA R 5 7 A T 245, Tl B &% 2 >0 X
PUA: 2R 24 P AT F90I0 =) 40 T 40 25 P 98 8 T )
Lok 25 PEHE A, A B T 0 92 Bt A= 3R 28 25 W T 24 M
B, R fi BRI 25 M fE ML, Bilal 251 RGEMEPEAG T
TRBE 27 >) NLP 45 AT 55 AU 7 T 24 14 W D0 v iy i 1
S 22 YEECHE Bl TE DU A R 245 M F 1 i BIE SR A
{li . Nayak %6 JF % T — Bl oK g 9% A 11 Tt 245 e o6
B FL R0 ) AT BT aiGeneR 1.0, F| F R 2% >
AU 3 B e R 2 38 040 9 32 TS 245 P A OC 10 O B A
SVEEDR R B 5 Ti 24 P AR O 10 S SRR R TR, % K
B A T B T 24 B DAL (e i PR A5 ) 8 0l E A 36
ik 93% .
2.2 mRBXRGY PURTAYIT AL EE R
2L 49 i e B B 25 ) et EAT L (H 25 ) T Ak
S OCAE Bh W EE M AIE 5T A I DR 56 A4 3 R 1 A T Ak
BRI R SR I, I ik X BT TR O B R
AT B S5 X8 R T R B 1 2 W S oK . AR
K BEE G AW AL PR GE T LA A o) AR
RAKHE S THURRE 25 4 F & AR . Huang 221
S B E T IR B o 2] B B0 B IR I AL 7Y Deep-AV-
Piden, 3% F i} /3 % F1 ™ 4% ( temporal convolutional
network , TCN) B2 Hl 7 B 2 K A 73 28 5 T0 , 52
g R BT AL 507 1, RIERTE 1 35 BB 75
Or T E IR Pang % JF R T 3T HLA 3 )
() — il B B 43 26 T ik, A 5 DX 4 B e B IO
ELUA G Pk 2 i B AR XSS [R5 7 1 D RE s M L B
2493 5 500 B D) BEAR 5C 19 OC 8 KA AE . Mswabhili
SEUH SR B £ R R AE 9 O R B G L %
(relational graph convolutional network , RGCN) Tii jil]
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TUB R TEIR I B 259 , 76 I A 2 1Y 25 W Ak & -k
i FE 4L 5 (DCC-CoT) I Bt 4 b kA7 34 0 52 56, 25
BRI R &1k 97.30% .,

AT BRZf) Y ML 2% > 38 i 85 T8 88 43 B 58l , i
DT B 24 035 1, 36 AT 248 AT 25 W FE U T 40
(B, #3025 W 7501 T, [) T LA A A A A2 40 245 4 3
[F) 7 285, 5 B 22 245 Tk T b [v) 28007 79 28 9 AP Wi 2 , S 4
T2 AR Z e Hem . Timmons %5 JF & T
— b L T 4 B R R X 4% 4y A ENNAVIA
e 250 B8 2 B TR B LA R A A 5 A B b I 2% e
IO A0 g 5 KRG I T O A R R I8 93.9% . Novi-
andy %5 fé 1 it b6 I $2 T R ( XGBoost) 5 Bk
ZEFE) B WA 2% A 1T 4% (tree-structured parzen estimator,
TPE) 45 &, W4 & 17 X5 PN BT 48 5 2 NS3 17 1l
A A T O B % . AR, A AT B AR X
rh B 24k AL G W R AT B B SR R I 25 AR e IR
i #E 2 AL (SARS-CoV-2) Jif PE I 5 0 & , 1) T B AL
FEAK (random forest, RF) A1 32 57 1] & AL ( support vec-
tor machine, SVM ) 5 8%} v B 24 B4 4f8 2 v B9 165 40
HEAT IR PRI, R0 HY 1011 A HA ¥ A 0 2L e
IR BT MR L B W . Jin S5 R R 25 4l
B M2 1A ComboNet, 45 & 24 -4 23 AH B4 H 4L
I8 F1BR 25 B B 1 M TG ST R B e IR B JR
Y i) O R 25 W) 4H 5, A RTIZAL BL XS 11 600 /> fig 1€ 24
Yy 20 & JEAT e LU 18 , 02 2 BT AL A A 5 B[]
TERM 25 5 .

2.3 REEEHAY THR,REVEEEBRGHE
R RN, X 5 R B R A EEE AT
7% L T 2 1 0 8 s A O L MR TR S
PUELBA 24 W) 0 1L 7 1k, AL 2 T Bk Re R E A A
Fh L2 2 R B2 A AR A AR B AE N R
EUIEAE , 2 Ik L RO Y HIL g% o ) 155 A ]
PLIRU 4% Gt 43 A O ¥ JC U6 TR0 18 52 2 AR OGPk T
PNV TE A5 18 25 ) , W R X B BT B B T 25 W) Kk
PATF K B30 P75 5K o Singh 452§ T —F L T
TCN 8 {1 — 505328 7 15, B e 2400 vt sh Al 45
TR B BT EL I 42 F o Zhang S5 BRI T —Fp
TV 7 58 8 2 34 ) 4 AL ] 3 8L 8 (support
vector regression, SVR) 4 iIF Hi B B JIKk X /& Bk o @ 45
ELTE 18 20, BT DORE i 300 J7 2% i 3% Ik 7 41
e 3 A E A W BT B G MR 4> 5o Ahmad
AR T T T B B K Y Bl
2 7 AR AL R FE AT R A S B Y B b A T



Fe TR K 5% 5 AR 45 B ( fuzzy K-nearest neighbors ,
FKNN) RF £ (K 3T 4P 4% B ( K-nearest neighbors,
KNN) DL Jz SVM 45 #4125 22 4> 43 B A (1 410 5 1 ik 4R
B3 2545 IAFPs-EnC-GA | T3 i %4 &5 35 93.92%
Sharma %5 Fil FH 45 B 28 190 4% - X0 1] K S 042 1
2R R 27 ) 1 (1DCNN-BILSTM ) J- & 1 ¥ B 2 )
532 4% Deep-AFPpred , i 32 25 [ 57 77 91 ¢ AiF ] Bt
LA I, AR 50 E VR A R A 94 %

I 3BT 24 i 2k A1, AL 2 L 3k %) 00 A8 AR 34 i PR
AR 245995 B AR A5 5., 000 Bt 2 R 24 ) 1 i 24
Karadzas 25" i 1 15 3 & 5% & 7 20 H7 3% A 38 7% 20
FohAS [R) e BT Ak 0 i 24 1 1Y) T 8 2 2k RN T e 3R AR
PRSI H R H %12 8 11 Holl 7l HE N & 4, 15
S R BT ) ATI-2307 , Shao %™ % 8 78 14 4t
PERE W EEE R D SQLE 5 CYPST R Y72 5 5581
ZROT RS s 245 BE YT AH OC IR B T AL 3K 3~ &R H
ShAE 53 AT 5 25 T 24 VRO B S B M e
2.4 PIHFLEHZ EHHFEMAH LT, AL E
B G oy e G AL g A 2] 3 AL, W] R AR
YrRCHE e 259 PR B G AR S v bR O 2 T A
Poap e i AL & 4. Kwofie 251 58 i WL 2% 2% >
ToU B A I W T P Y S A G W, S R R b
TS 24 S AL 1B BE AR o FEEE X BT A AT 2 e 25 P i Y
t , Harigua-Souiai 25 JF & T —Fh 3 THL 223 S
AL A, R 65 057 A6 A ¥ 43 F 48 BURRAE , 3k
HEAEMZ5Y 51, SVM BRI AT RF AR 5 34 B
197 Mt 85% HORE B B

TET 250 7 i, AT A] i o 4 G BE 2 B 1
20 R AEHE , W0 B AR O B AT 25 W B Vs AE T 2
GEARNL AT B3 AT 9 D P A T 2 PR Y LR, Zhang
262 T ) PR D R ST 2L 17 L T 7 T R 2
TN ALY | 2455 0 AT 7 R P 3 [ 238 RR S 2 H5 3 i ok
JEE I £ () 5% 7%, s A PR AR SR TR T T8 2K i 245 P
W J7 W J1 . Keshavarzi 257 JF % 1 3 F I8 )i 2
2R AP I 2 ) & A AU DeepMalaria, AJ §4
SR P 9 i B W AR 2, I i T
A i T 2 5 A 0 A

UEAh, AT 8 e 48 S i 25 A - P OC R A T R
LA 55 S HEZR 520 T X6 245 W)y 58 1) 0 o T 5
Ak . Borba %" BT 4% 5 —Fh 2 H LA 2 ) E i
S -1 PR OC R AR, T DUA R0 i R RO 4R OF
T G % 98 i L 22 A A= i TR T B B R T AR
Linciano 45" ¥ 4575 2 Ff IS 80 v g 3 2 075 1 3
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i3 456 A HAT I VE A4 2t 46 & ¥, FE T A0 ] DL - S
BEAY SR 27 2] J7 1k g A T A R R AT AL A W 3R
IE, B 5 T TR AR AR B[R] e R A T 4 e B A
VB B O 5 0 R R A 2 A R N-(5-IE E ) R
i ot e B 2R R B o
3 AIEXRYERARELRELFNEFHEA

18 Tl 2 RE i 6 A9 IR 52T, 25 0 B 45 o
HOE BEAL T B C W N AT M £8 f [RI I, 32 45 i 25—
FCME Vi F0 24 B SR R B HE 3D, 24 Ak SE
JE, B — 2B Ok T 24 i i Sk T R RE ) T A N TR
oK o —J7 T, i 2k 1l 3 5 R AR i 3 VE S il 24 45
FOHTEEOR , AL AAE T8 & T2 b 25 BRI
) B A Jm SR P 1 TT & 07 v A e 5 B 52 g
Jo e W 4 N TR R A, DA AT R IR A B R
I WA 245 i SR ik 1] A1 2 e o 5 — i i 5
T 7 AR Y R B ORI T AT S AR B s o3
Fre R BT K . HPTES R B BEE B HoR AL g
& R , il 245 U 58 N DA X 2728 & o3 T 7 v 278
gL R 7 B R B 43 A A A 2 A Ak 3R
AT TR R B A AL 5 25 B R
B A RLES G T4 i H SR 3 N T, 48 7t
TRUMURS BE 5 A0

e S ) 3 v, 3 B2 3 7 £ R (process analyti-
cal technology ,PAT) k¥ & X H EHIEH . PAT &
—FRSERE R A S R R S, A S 33
M A sk R R e 2% 7 it 1Y) O B Jo e A ME BB R
R ™ it BT i B R E PR o AR R, LAIE £0 A1 3 AN
P &G AR BEIE RoR 5 2o g i T B
o5 I A AR A T v, X 2 ) i AT bR L T 4 DU
B, 24 il ) P R RO B R M R A T
A TR S TR, B 2 O RO Y
1% G KA Ak 38 Ty ok T 1 0 o 2 T o ) BoHE A
B S oA R R 5K, AT R 23 A T 5
ZIARNGEGE o J5OREZG 1 3% 2 1 3 05 S ORIt 25 5 Tk
B A SR R 7 S A A AR BT, 2
F ) 3 2 0 B i TR A TR DR AR S
A cE I B AR A . I ADEIGFOR 5 AT BIL 4SS
R X B BR T HEAT S A AR R n] DL 3 4R T
Az PR DR 7 i B R M R AR AE 7 A T Y
SRR A
3.1 EEMARHFEFSFIBIHER HH
AE DS 2T ANIB R T 5 /N 3 ¥k 181 U ( par-
tial least squares regression, PLSR) #H4E &, & 37 1K
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Sk A AR R e R K A B R AR A .
sl EE R A F B R B R R E
(] 4y 151, 1) B 19 B0 Ak 2R 6 AT 3 1 JR A S B ) e
P R e AR pH M A AR SR, I A
Fo A9 -FR 3 -A o3 458 ) 2R B8 AT YT, A O 2R 7 I )
I F RS ST B A i 5k . Faze-
kas 257 DL Eh R 42 V4 6 2 K G RS N JE-B-BR RS
A 8 R 275 I o TR 2 TR SR R AR R FH v 3 HL
Fe AR 28 £F 270 8 R FHBL 2638 I 2T A& IR A
MLES AL 0 BT 5 R, SE3LT 25 900355 1 1l o0 vk
B PR A 2 DN B, O3 2ok 45 R 28 1 45 (convolution-
al neural network , CNN ) 55 5 of 245 ) 2 25 55 1l 1 Gk FF4
PEATSEEF YU . ENFE A OR HE LA gk
STV IRUD R JEORE RE | o (] A B 285 i i 4L
HMEAY | SV D B R e A 7 A R rh R i RE &
o ) A SO B A R R AR O SE A TR A ok R R
P 287 i R LML A5 {22 o0 2k [l
g 8 B S G b s 2B iRk e BT L Y AR P R SR AR T
et R e K i DL S i A PR R AR K R 2 T
) JOT F PRERC , 8 A 3T 2T A ' 1 vk S A M OGS T
SR T T B B G AR B 27 A B i S B, S
TEL i .

3.2 EAM—WSTHRORA EhRRAY L
77 il BT R A R Gk B R LR AR ) 45 G g
PR A3 B O B o i A M, O TS — I 207, X
A4 ORI S 2T A0 e 3% B AR AR 55 /) — F 3% ( partial
least squares, PLS) 7 5 5 A5 AL, 52 B X 3k 461 7
WKL OC S T 5 8 1k K R E A — I XUPE, Le
2 U T 4T AP i B R 55 PLSR ) B 2 B 45 4k
B 3 W R el FUNIE 2l Dasl R S RE N
L IR/ IS - & N TNy N DY 3 ]
MR or A TR VS W T 5 4 00 5 o . Vasconcelos
SR AN RS S R RIERBAR E2 A
W LL AT AL 2Z 0] 3 AT 22 728 S 4 o (BT A% 3, X AN [
ZLAI A IR] s 00 2 52 5 o 50 v A S A S R A
AT IR, 52 B T 24 500 5R) eb S AN R AR
ErRE A RN A o 28 B AR SN R AT PLS 9k 7 K
o3 € B RS SC BT AR Sk A K P K B B i PR
MO E 5 AR AR L, 1 B B A T A
71 IRV R TR S8 T P

3.3 AAYRBEMRIOEA IR AYFE
Z i BV, 0] i R b 288 R L L 1) 7y 4 o) O AR UE 24
it 22 A e AR R BT AT AR DL R A A e A
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(95 . Trenfield %5 Fil I 3T £1 4h 6 1% Rl 78 28 i
B EIE TR AR, # ST PLSR R | Rl T Fim T A il
JoR WA [ A A3 B T 25 ) A3 T e RS B i R WA
21 A RN 2 15 7 A B I I S TG A B B T Y
IASE R A
4 Al 5REHBR ARES RS R Z iR R A
24 i B 7 R R v 4% T RE Ok R T R R AR
T2 AR B =, A R ROK T R
B2 R AT G 2 MUbR A PR A . A 2 A
HAE AP AR oK T, Ze B U 5 24 kS fE =k 2
A S T A )RR S O B AR o 38 4 A AT
S50, AT DAPRUR 2% i AR A e T2 S8
U/ RV, -7 H 0B i 25 PR e 6 ] A U
Bk KBS ol R R E A% e, MEAYE
T 258 Z Ak B o A 1 H R ™A AL 5843 B 7 vk
TEAL I 22 4 oy JUAE IR B 2% 0T T B S A A R W
s T I ok 5 B R
4.1 HEZERHSHHPHEAE Al @EEHERESES
BLAS 2 2 B0k 5o/ o ik 5 | BB 0% = A% 2 Il &R 44
R AR i I AT 8 B, LI 25 ) T o) R 2 R
F BB 07 4 . Chong 4550 3 4 %) 24 ) 2% B 3% 19 43
BT, 38 2k 243 BT v 13 4 B B8 P bR 2% I 43 Ak 5
5, b g PEAN AR T BT 5 9 bR v i 4k R B 0
2510 T2 PR 04 FH T 21 4 s 3 6k 45 & PLSR
FIVER A b ik, 28 37 BT 5 VG K o 1 4 R B0 vl oy 5
(LR NN VR4 3 3 & & i IR N B S -2 7 e
R A SRR A Bl T bR 4 T Hb A R R T
B, Naguib 287 &1 i R0 B2 58 e vh 2 5 2- 1
FE-5-fif B -1 H-BRIEEFT 73 B, Lb 3 T PLSR il SVR iX
2 TR BT 4 R SR B 2 iR L ) e 3 R B A R
SEVE S ERGPE {H PLSR 60 B Jin1 2 50 i 46
4.2 FEZERWBEPFOELB FEAREELRES AL
T 22 Yk T2 S B0RN T G T B i B4 B2 2 ) AR
I B 2% B i A O B R 2R, S B0 ) A L i
R TR, BT R T — R TR
P o3 A 4 AR B T2 2% ot 5 R A 2 0 G &R I e AT
W 38 2k BLRYRR OC o B Oy T R T A 2 MR 2
A 570 g T A 2% B[R] 179 ¢ 2R 850, 1938 2o 5% 2R BT
TR HE A% S 2 o | i A 2% S5 A O AR e A% A R i
T (A% 338 56 21, DT ) 17 T2 4% Joi A0 2% i 2% Joi (]
A RF G B 3% 7 1k T LA IR A F2 4 120 4% Joit R fidk 2%
JZ Al AR OGO 2R, R 245 ) G B A% T iy 455 i AN T 2
AL TR BE R M B o e o, o 2 ) 2 41k



TGS G VA ) 25 s A1 Al R R AT R R 3RS
S B IR AR L 3 245 B, O R B o B 4R A A
MSHGIF R T —Fh 5 A B DG 2% BT i & A1 L 3R 15
An 0 55 2% BT A4 A% 338 O R, T A A AL bR VI i 1) 15 40
AR IR S 25 v B R R R

TE R W 2R B0 A= 28 09 ot 6 95 ) T 52 o, 9 1) il
AR B R EL G E W EER T Z —, 2010
A WU EMA il 2 5 TR B b G A R A
SRR B P A 1 TR BT A R 2% S5 AR 4
SR R — e Y 2% T I (L, S A 4 A R 2R PUAE R
ok o T H 2 W R 2 R
RAT R BB A A 05 1) 245 50 A R A ) iR
JEE 1 7 4 S IO ) | SR A T2 7 A T A )™
A S B A PR L i R R R
FIRE IR Tl RIS R R G B
R TR J IR A T ik L TR T HE R G B
B Tl AE S B A AL KN S A8 180 | 2% 45 48 1 R
A kg 45 R Rl Il S B AN R R G AR
e % ol A7 TR IR R IR A2
5 ALSXYEFRREAREERFPHN A

H T, AR 2 [ R SE 0F 25 M DA 2 kA AT AR
Ky B BUR 548 55U, [R]85 #E3h B RE L
WA 45 ) H5CHE S Bl B ST IR W A 100 245 ) o e A o R e
D5 1] AR BT 24 5 A bl R B 2 AR
B R B e R R R R T2
BRI RL P, 6 FDA A T3¢ F Al
T8 24 it A2 77 v L B S A 2 e AUBRORT Y A Y UK K
J& S IEHESAT AL R R R
IR kAT T2 W N TR R AL 137 BT
BN CERUT T AT TR 24 i WA SR 2 Fh N 5
(ORI FNCE N RIIE PSS R ) (R
5.1 HEXERE R 25470 R sE S I E R e
JE LA R ST B A ] P A SR 2 i A
1% G2 19 2 i K6 TN i) 4 ok R 4 ) e R, 2% 28 5 I )
ARAEH B, AT B2 B T 2R g8 P Y BT DR R AE 2R
2004 4, S [F FDA $2 1 5¢ T PAT (il 25 Tk 48 &
J ), I I 4 L BT R T 83 (quality by design,
QbD) HLE, BIAE 25 W) A 7 R it B Bl TR A 7% 1 o
AR 38 2k BT O A R AR A A OR 7 BT
R AT SR

ICH 250t 4 4 5 )50 ( Q8 ) $& Hh S i i 47 il
& (real-time release testing, RTRT) Ji Il ; « 2L F i 7%
B VA 5O T S R B R R

Chinese Journal of New Drugs 2026,35(16)

TEHE AR 26 Tl 4.0 (i A0S 3, % 2647 Ml iE 7%
MK W 6 0 42 1 1 e e i o A A R LG
B A AL RSB A S AR AL, LA R
A g 3 ik A o W T L AT A
UK B 5 TR 245 9y 4 2 A R0 0 Sk 45 R . R4, ICH
SIBTITEE T 2 15 T (Q14) B B8 3 IF: 32 1 78 40 7 7
JF % o P 22708 R SRR S AL B0, T X
SR R BB AR A IR TRt T A RE

h T ORE X 24 R W A SR — B R %
P 26 7 T B9 Pk R, I T84 FUTAT Al B9 37 24 4 R 26 [
FDA F 2017 4ETFdG 4R I # 57 7 Rl B 3F 4 A0
ZER AL IS R G, 1% 2 S0 K 25 R B AR 45
Al SC AR s A g e T [ 54 W A R R SR, AT
H2 e W P S 0 — B A A L

X FAbf i & PAT, (32 [ 24 3 ) (R 24
i) K (A N R 2 ) 4 4R R G AR o It
()4 3l 7 24 3 A R e < S R A R
B (ZEEZGH0) BIRR PAT T ELbR v 545780 00 3iF 22
SR, IR 24 L) 388 5 4 T 45 w6 4% TCH R it ik &
(Hpte A B G 24 ) 038 3T 2 4% bk 0 i A 4% o
15 G U AL R4 S E R R A A3

PRI T UL, 4% 24 W ML R R 24 S 3 7 4 3
5 e TR X 8 A R RE S S RO PAT R Ak
75 S BG4 4 A i o 30 10 5 R A B, D o 25 T
b B B AL R 2 T IR S LA
5.2 EHHG—HETEN/BIENROEE i
R SRR R B O R ek R AR
71 LR I I 45 3 By T — B R 2 . 5
W25 4 L, 075 41 24 69 40 4 K S AR X IR B L LA AR B
(R TE A R A BRI 2 0 3 2 At 3k
YRTLE T4 BE 25 3, 005 ) 25 R (AT LA R A 1 7
P T, 00 AT LU w5 26 AT Rt . K 2 7 o 25 i
SEAE PR, R RN A B B R R T AL B
2 3] FR (Y 7 s B P T K R T 4 o 24 5
—FOPE 7 ¥, N 2 R R T A 1 A o

i o 4 26 0 A S BT TR M B LR 3R 4T Ak
— BRI 2 7 T ) % SR 5 1A A i ot R
R L I P 900000 225 SRS oA A 5, T 2 S — SO A 0
T LK 435 L300 45 005 ) 90, o 0T T 07 o 2
it T 5 A P S 1 R L X 4T

Wi e 27 ) T AT A A0 1 O A TR R
FE ST TR ST 26 9 74 bR G A I 3E B 0 — SOk A 5
R R 3 AR 7 A b 4 9 ST — B A 0 A R

1741 CEgj
PEH ARG 2026 F55 35 555 16 £ ‘



Chinese Journal of New Drugs 2026,35(16)

PEATI0AE , 3 K 24 e 08 A 201X 4 2 % T3 R
IE P13, 7 g 7 7 A TS A, T T R
S5 K VU ARG AT [0 H 24 5 e v 2

WA T T A LN M
o A R PR 2 BT A B T ek A 2 A 7
R B i O B A R B L AL R E AR L 25 7 R
S TR R AL ST R S s
PO S S B PR, EE ST T T AL A 5
XL 3 A5t B0 2 3 3 3% S, BIF 5 S B T %4 o1
25— B TEA T2 KU RS TR R AR
BT, RS T SMAE TR TS A/
25 AT B 55, 1% 2 G 3 i o 58 R B R 4R 2
JEL A BOHE B RV 25 5 (0 VR0 SR L B 1L e
JE BB G G 8 TR 5 2 0
JEUUA B 2R B 25 5L, I 4 IR A B e ST A 45
[F] 25 28 B0 A A8 B 17 1 A AR A7, AR T A5 5
J5 i % RGO 1 2 R A S L R
BRI T AT I R A S e e
TEEEST T b e T AR R B 1 24 G S
B PR RE 7 1, 6 R — AT R R 7 R R
F2 1% IR 45 R 43 (Bl 1, ISR () £ i 7 5
[ R0 R 24 i 6 R 5 T TR B RN R
A% 2 i) T RRAEAE 60 JC 06, A it — A TF 8 25 B 2 BF 3¢
24 il 5 A v BE S 443 07 0, %o 26 i T 2l 24
dit B 1 e LA 4 S T ORI N (R
5.3 GaHRRERERERNER HEHL L
i B A 4 5 i b o R R SR 9 25 R
FHAR B A 72 T B AR sl e =2 BR R P . 05 25 0
RS 5 ik O A RIS () )5 24 b B bR S 1 X T 2
WA LA T N, VT LT A AR DA ek
PeLA K AN R RN s, B2 R T
25 RS I b 2T N IR A BT v AL 2 2 BL
P 3 7 1 W5 A BB AR I T I 85 45 e o 2 )
ST L BEK B 25 5 sk D S S A A

o2 24T ST AR L — Fh VAE BEEL, B30 43
KRR 29 AT R 4 Fh25 Y, g HhiR W
UK A £ 1 ST 198 0 ofe i S8 2 IR SR 3k ek
SEWE A, TR 228 4 2 MR B S0 8y % v HA IR
SER ARV RE | R B R e A T PR A . B
AR B 2 A0 BT R A R A LB
1 A A S R A X 3 S P Sk A e 2 R[] SRR
ST 432, S B ) SR 24 of Y s 43 26 e )
R PR o R T T 2 R 08 A I i

1742
Cy" PEHMBRE 2026 F35 35 £ 16

A N T4 28 W 2% 357 (artificial neural network , ANN)
A PLS, HEST T UM 75 25 9 5 0 5 W I T Ak
M2 e 5 1% 15 1 S B O ASEAY , SCBL T X 3 b 2 W Y
PR R ARSI

H1 T 25 W) 1 30T 21 A0 35 Bt A7 AR 1 A A S
A AR 7 A5 I T, XoF T 21 A0 Ol i R A Y 1 B 7 AR
T i, B s 5 T R R T — b ) P e /0 £ T U
(least angle regression, LAR) 5 %5 4k H & I H AL
K Ff (competitive adaptive reweighted sampling, CARS)
HASE G B LL AL IS AR i e B U7 5 i T A B
TCRFFAE P A 32 07 vk S A [R) T 52k 48 5 i
h, 4 LAR-CARS ffi & H} 9 428 5 237 1) SVM 43 28
BRI fee e ik 100%

Yabré 5 OH 21 S0t R 45 4 4 43 BT, OF
T8 B G3 53 A 4l R e b 7 B8 3K Bl ) o Ny
#5343 2% ¥ (data-driven soft independent modeling of
class analogy, DD-SIMCA ) , X} & B Bt A 25 B i 7] oF
12y B OW S50, WF 58 3 W% 7 vk RE 68y S P 3tb iR
IESTTLE R % RV SuX vallkv EAs

ZRIGE DU R K W R R A
UM i, B — R TR o ) N B L Ok i
BT 5k, R P 98 B2 45 AR A XTI 2% ((deep con-
volutional generative adversarial networks, DCGAN)
B2 Wy in 8 06 1k TR AL, JOf A CNN L8 gE 47 7
2, ST B 98.52% oy FEMETR A, A B B Yy
a2, A, DCGAN ib ] L9 78 B4 45 i K A
A O N TR ] A
6 HERREE

AT 55 R 1y PR e e LA B 5 BT sk e 245 Wy 5
U R L R 1E AR B AP WU B B 1 2 W) AT ST AR
o AR, 3X — 2o A% vt T e 32 22 Pk AR 5 D st Ak
F1R SCHIE A fR P (7 AT ASE AR 1 )11 2 00 96 T TR s PRT W
SEEANZ e I R ME LUIE N 2 2% 2 7R 10 A
PREREE . oAb B S AL A B = FAR AL T
VERITR JE A5 A [) o U5 A0 5000 X LA &, BR- ) 1 IF
FERITRE R B R A R R R R 2
PIWF ey — D EE Dy ), i Z e RS ALY S, o
B K 1 A ) S Al o 45 B8, HEAT 25 i v
it 15 | 25 Wyt 245 AL AE 58 B T i RS S 25 W) K B
SRAFFE , DTN 0 SRR 245 ) 1) F 0 R

TR E ML EOR PAT B T 25 6 Ak 5
Jrre A i) i AR TR DAY A DA 5 AL 8 ¥ JBUA S 5 R A L
AR, IEAE A B R — B S QbD HE A AR



FHRF 7 ARG A AR 1 L AT 5 R e PR
Y2l il e 2o it 55 R ) bt A7 AR AR 22 06 2T v iR
R TD R, 451 < X AN [ G 00 25K i 32 4% e 8l Ak 2
8 BAR Ty A e O KR 22 A T g RS TE R[]
LAt B A S0 3 1 R PATT AH DG B {2 152 it 5 4 1
FPTERGE 1847 R B LA K #R A R b2 115 1k B A )
FOR LS R o3 M TR RIS B A5 24 i 4 A i J) 300 B
BEIR P RERE AR RUE S — 5 0 AL RGO HE
AE I o BEAROB T U 2 di i) B  55 2Aek . PHLE
O B PR 24 I A 7 e R A R B AT R R A X
AT ZGE 09 R IT J A T ik 5 BF 5, L 36 ik HC A oy
BlEe ] SEPE SRR ME . ROR, BEE Bk & W TR 4R
o K DI O, AL B R B I Sh TR e 25
W o A ) S5 B e A RO WA Y A

[10]

[11]

[12]
[13]

[14]

[16]

[17]

[ & % x # ]

BN, PURP YISO B SR RN T LT]. 2,
2021, 45(6) : 401 —402.

A, ERUEAE. BUA 3R 28 24 Wyl PR R BB K 1R HT L 3 A
[J]. A 259 B 36 2% i, 2023, 29(6): 999 - 1001,
1011.

KA, M. PO YR LR BT R R[], BE 2
ZEWR, 2013, 19(21) : 3971 -3973.

XUHRFE, BN I V. B AL T I 25 W 0k O R AR
JHRLAPLHILT]. P EER S 4ek, 2023, 23(1) ¢ 121 -
125.

BARRY. BUar 2k B2 W R AF T HL R B XS PR B OR RORRE
[J]. FRIBORIBE , 2010(8) : 93.

JREE , XU E. B-PN I I 28 2 2 78 L 30 i U e 1k
BRI B A AT (], REGEEEE, 2024, 9(17) ¢
137 - 140.

ZRURIE. METE BT A FIR YT B AR R M S 14 I IR 24 27 B
gElJ]. BIRILEZ, 2024, 37(3) ;: 574 -577.

VNG, LS PUERAMM TR IR LREIT]. +HE
Beideak, 2019, 28(8) . 961 —966.

MASER P, BERNHARD S, BRUN R, et al. Key contributions
by the Swiss tropical and public health institute towards new and
better drugs for tropical diseases[J]. Chimia, 2023, 77(9):
593 -602.

World Health Organization. Global antimicrobial resistance and
use surveillance system ( GLASS) report 2022 [ M ]. World
Health Organization, 2022.

HES). “PUERA S BEER SRR RS,
Byl & R L0 E A R Ak ik, 2023, 48(3): 236 -
238.

by R 55 e o e e I 55 B D kKRR ik o R R B 2
FYIN]. AR B, 2023 -02 -07(001).

BB ). R g s AR B SR LT].
R fi Ak F e, 2019, 44(3) : 27.

LIN K, YANG Y, CHENG F.
plainable Artificial Intelligence Framework Identifies Novel Can-
didate Antibiotics [ EB/OL]. (2024 - 07 - 09) [ 2024 - 12 -
01]. https://doi. org/10. 1101,/2024.07. 08. 602516.

CESARO A, BAGHERI M, TORRES M, et al. Deep learning
tools to accelerate antibiotic discovery[ J].
cov, 2023, 18(11) . 1245 - 1257.
CHOO HY, WEE J, SHEN C, et al. Fingerprint-enhanced
graph attention network ( FinGAT) model for antibiotic discovery
[J]. J Chem Inf Model, 2023, 63(10) : 2928 —2935.
TORRES MDT, ZENG YM, WAN FP, et al. A generative artifi-
cial intelligence approach for antibiotic optimization [ EB/OL].
(2024 - 11 - 28). https://doi. org/10. 1101/2024. 11. 27.
625757.

A Molecular Image-based Ex-

Expert Opin Drug Dis-

[18]

[19]

[20]

[21]

[22]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[37]

Chinese Journal of New Drugs 2026,35(16)

MA Y, GUO ZY, XIA BB, et al. Identification of antimicrobial
peptides from the human gut microbiome using deep learning[ J].
Nat Biotechnol, 2022, 40(6) : 921 - 931.

BILAL H, KHAN MN, KHAN S, et al. The role of artificial in-
telligence and machine learning in predicting and combating anti-
microbial resistance[ J]. Comput Struct Biotechnol J, 2025, 27 ;
423 -439.

NAYAK DSK, MAHAPATRA S, ROUTRAY SP, et al. aiGeneR
1.0 an artificial intelligence technique for the revelation of in-
formative and antibiotic resistant genes in Escherichia coli[ J].
Front Biosci, 2024, 29(2) . 82.

HUANG DC, YANG MX, ZHENG WX. Integrating Al and deep
learning for efficient drug discovery and target identification[ J].
J AI Powered Med Innov, 2024, 2(1): 44 —63.

PANG YX, YAO LT, JHONG JH, et al. AVPIden: a new
scheme for identification and functional prediction of antiviral
peptides based on machine learning approaches[ J]. Brief Bioin-
form, 2021, 22(6) : bbab263.

MSWAHILI ME, NDOMBA GE, KIM Y], et al.
graph convolution network with multi features for anti-COVID-19
drugs discovery using 3CLpro potential target[ J]. Curr Bioin-
Sform, 2025, 20(1) . 18 -30.

TIMMONS PB, HEWAGE CM. ENNAVIA is a novel method
which employs neural networks for antiviral and anti-coronavirus
activity prediction for therapeutic peptides[ J]. Brief Bioinform
2021, 22(6) : bbah258.

NOVIANDY TR, MAULANA A, IDROES GM, et al. Machine
learning for antiviral drug discovery: application of XGBoost-TPE
for predicting bioactivity of hepatitis C inhibitors[ C]//2024 In-
ternational Conference on Electrical Engineering and Informatics
(ICELTICs). 2024 62 - 67.

BERE. FIURIALAS 2 ) K i B BT R s ek S (D] B
B RBIETOR %, 2023.

JIN WG, STOKES JM, EASTMAN RT, et al. Deep learning i-
dentifies synergistic drug combinations for treating COVID-19
[J]. Proc Natl Acad Sci USA, 2021, 118(39) : €2105070118.
MUELLER SW, KEDZIOR SK, MILLER MA, et al. An over-
view of current and emerging antifungal pharmacotherapy for inva-
sive fungal infections[ J]. Expert Opin Pharmacother, 2021, 22
(10): 1355 - 1371.

SINGH V, SHRIVASTAVA S, KUMAR SINGH S, et al. Accel-
erating the discovery of antifungal peptides using deep temporal
Brief Bioinform, 2022, 23 (2):

Relational

convolutional networks [ J ].
bbac008.

ZHANG J, YANG LB, TIAN ZQ, et al. Large-scale screening of
antifungal peptides based on quantitative structure-activity rela-
tionship[ J]. ACS Med Chem Lett, 2021, 13(1): 99 —104.
AHMAD A, AKBAR S, TAHIR M, et al. iAFPs-EnC-GA . I-
dentifying antifungal peptides using sequential and evolutionary
descriptors based multi-information fusion and ensemble learning
approach[ J]. Chemom Intell Lab Syst, 2022, 222 104516.
SHARMA R, SHRIVASTAVA S, KUMAR SINGH S, et al.
Deep-AFPpred: identifying novel antifungal peptides using pre-
trained embeddings from seq2vec with 1DCNN-BiLSTM [ J].
Brief Bioinform, 2022, 23(1) : bbab422.

KARADZAS MT, MICHEL AH, MOSBACH A, et al. SATAY-
based chemogenomic screening uncovers antifungal resistance
mechanisms and key determinants of ATI-2307 and chitosan sen-
sitivity[ EB/OL]. (2024 - 09 - 20). https;//doi. org/10. 1101/
2024.09.20.614104.

SHAO YK, SHAO J, DE HOOG S, et al. Emerging antifungal
resistance in Trichophyton mentagrophytes: insights from suscep-
tibility profiling and genetic mutation analysis [ ] ].
crobes Infect, 2025, 14(1) ; 2450026.

KWOFIE SK, AGYENKWA-MAWULI K, BRONI E, et al. Pre-
diction of antischistosomal small molecules using machine learning
in the era of big data[ J]. Mol Divers, 2022, 26 (3) . 1597 -
1607.

HARIGUA-SOUIAI E, OUALHA R, SOUIAI O, et al. Applied
machine learning toward drug discovery enhancement: leishmani-
ases as a case study [ J]. Bioinform Biol Insights, 2022, 16
11779322221090349.

ZHANG HR, GUO JT, LI HY, et al. Machine learning for arte-
misinin resistance in malaria treatment across in vivo-in vitro plat-
forms[ J]. iScience, 2022, 25(3) : 103910.

Emerg Mi-

1743 @7
PEHM DA 2026 F55 35 B 16 5 ‘



Chinese Journal of New Drugs 2026,35(16)

[38]

[39]

[40]

[41]
[42]
[43]

[44]

[45]

[46]

[47]

[53]

[54]

[55]

[56]

KESHAVARZI ARSHADI A, SALEM M, COLLINS J, et al.
DeepMalaria: artificial intelligence driven discovery of potent an-
tiplasmodials[ J]. Front Pharmacol, 2020, 10 1526.

BORBA JVB, SALAZAR-ALVAREZ LC, FERREIRA LT, et al.
Innovative multistage ML-QSAR models for malaria: from data to
discovery [ J]. ACS Med Chem Lett, 2024, 15(8): 1386 -
1395.

LINCIANO P, QUOTADAMO A, LUCIANI R, et al. High-
throughput phenotypic screening and machine learning methods
enabled the selection of broad-spectrum low-toxicity antitrypano-
somatidic agents[ J]. J Med Chem, 2023, 66(22) . 15230 -
15255.

ICH. Q13 Continuous Manufacturing of Drug Substances and
Drug Products[ S]. 2022.

R, BB, TR, Al R AR S R U 7R B R 2547
W RS ATLT]. s E 2 b, 2024, 25(1) 2 5 -9.
XEEE, Hak. PLasIos 5 T S 75 25 b BT 42 ] i
W[ T]. RAFRMELL, 2025(8) : 21 -23.

ARSCHE, R, BURE, M. RO B 7R 24 4 S i
BB SR (] BT 25 2% Ak, 2021, 30(10) : 937 -
946.

SR, BE, WA, F. T2 R R R AL
¥ ALK K f e AR B TR R T K o SR LT ). R
Kep2aH, 2017, 34(7) . 558 —564, 574.

W, WY, R IS BORTE R BRI A A ] Y AL
RRRLI]. SITRHEOTIE, 2025(2) ¢ 99 - 101,

FAZEKAS B, PETERFI O, GALATA DL, et al. Process analyti-
cal technology based quality assurance of API concentration and
fiber diameter of electrospun amorphous solid dispersions [ J].
Eur J Pharm Biopharm, 2024, 204 . 114529.

ENGE, SRFEAE, R E e, W IR R T 4T A E 2R R
RG], B EZE, 2022, 31(14) : 83 -88.
BB, BB, RN, SE. B ST AR B A 7 AR B
TR I]. hEPAE RS, 2022, 47(6) : 575 - 580.
RXH, AR, TR UTLLANG I R S BT Sk F0 T BURL Y 5
e R R I e [T ] P E B R ek, 2022,
47(2) : 203 -209.

LE LMM, EVELEIGH L, HASNAOUI I, et al. Rapid discrimi-
nation and determination of antibiotics drugs in plastic syringes u-
sing near infrared spectroscopy with chemometric analysis: Appli-
cation to amoxicillin and penicillin[ J]. J Pharm Biomed Anal,
2017, 138 249 -255.

VASCONCELOS DE ANDRADE EW, DE LELIS MEDEIROS DE
MORAIS C, LOPES DA COSTA FS, et al. A multivariate control
chart approach for calibration transfer between NIR spectrometers
for simultaneous determination of rifampicin and isoniazid in
pharmaceutical formulation[ J]. Curr Anal Chem, 2018, 14(5):
488 —494.

ZEIRAR, RMM, B, S5 T LT AN T kM B A M A 4 Sk
AEBKLT]. PEZ0, 2020, 23(10) : 2052 -2056.
TRENFIELD SJ, JANUSKAITE P, GOYANES A, et al. Predic-
tion of solid-state form of SLS 3D printed medicines using NIR
and Raman spectroscopy [ J ]. Pharmaceutics, 2022, 14 (3) .
589.

CHONG XM, ZOU WB, YAO SC, et al. Rapid analysis of the
quality of amoxicillin and clavulanate potassium tablets using dif-
fuse reflectance near-infrared spectroscopy[ J]. AAPS Pharm Sci
Tech, 2017, 18(4): 1311 -1317.

NAGUIB TA, ABDELALEEM EA, HASSAN ES, et al. Partial
least squares and linear support vector regression chemometric
models for analysis of Norfloxacin and Tinidazole with Tinidazole
impurity[ J ]. Spectrochim Acta A Mol Biomol Spectrosc, 2020,
239 118513.

By, TR, WA, % ETREGESFHEARN T Z0mS
[ fife 2% i O 2R 1940 A 779 . CN119811549B[ P . 2025 - 08 -01.
X, ZEEAR, SRR, GE. TR O Sk F R K £ R SR AE T ik
MIRFSE )], T E P A R Ak, 2020, 45(3) @ 286 -292.
e, B, IV, G RS R ALY R A
5 BUE A SC K R A H Jr ik i E, CN119780366B[ P .
2025 -07 - 18.

European Medicines Agency (EMA). Guideline on setting speci-
fications for related impurities in antibiotics[ EB/OL]. (2012 -
06 - 30) [ 2025 — 08 — 13 ]. https://www. ema. europa. eu/en/
documents/scientific-guideline/adopted-guideline-setting-specifi-
cations-related-impurities-antibiotics_en. pdf.

1744
PEHARG 2026 F55 35 555 16 H

[61]

[62]

[63]

[64]

[65]

[69]

[70]

[71]

[72]

[73]

[78]

[79]

[80]

[83]

[84]

[85]

I 5% 24 i M A LR 24 i P R R R R A AL 2 B
PR R A R BRI 2 45 55U [ EB/OL]. (2025 - 07 -
30) [2025 - 08 - 13 ]. https://www. cde. org. cn/main/news/
viewInfoCommon/becOeOdcee2419aca4 ¢59¢79063 ffch8.

EE, SkIEEE, B, S5 T AL KNN ) 5l it 20 2065 vk )
BT HER CBERBEREE S]] il 56
#r, 2025, 45(4): 1008 - 1014.

FU LX, JIA GS, LIU ZM, et al. The applications and advances
of artificial intelligence in drug regulation: a global perspective
[J]. Acta Pharm Sin B, 2025, 15(1) . 1 - 14.

U.S. Food and Drug Administration. Artificial intelligence in
drug manufacturing[ EB/OL]. (2023 - 03 - 02) [ 2024 - 07 -
15]. https://www. fda. gov/media/165743/download.

K20 B PR 2R 5 A N T R AE 24 O M A St e 7Y
W %54 B[ EB/OL]. (2024 -06 - 13) [2024 - 07 - 15].
https://www. nmpa. gov. cn/xxgk/ggte/ ypgete/ ypqtggte/202406
13143003179. html.

AFNAN AA. PAT-A Framework for Innovative Pharmaceutical
Development, Manufacturing, and Quality Assurance[ D]. Den-
mark ; University of Southern Denmark, 2004.

BERRIDGE JC. ICH Q8: Pharmaceutical development[ C]//
Pharmaceutical Quality Forum. Arlington: CASSS, 2004 1 -22.
BORMAN P, HAMILTON P, DIERICK JF. ICH Q14 analytical
procedure development[ M ]//ERMER J, MCB, MILLER JH.
Method validation in pharmaceutical analysis: a guide to best
practice. 2nd ed. Weinheim; Wiley-VCH, 2025 217 -235.
R, PR E, A5 K E FDA SR 05 25 5 8T R 4
KASA A 24[J]. 2593 E M5t , 2023, 46(10) ; 2071 —2075.
wE, OB, BT, AR RIS A XS B OR s e R kAT
—BHITEM e (1] TREESRE, 2019, 41(8): 730 -
732.

BRABE, S M. T 98 1% VU AR a1 & L 30 3 21 A — 2k
R A [ )], Ml 2%, 2021, 33(5) : 63 - 64.
ZHAO Y, HU CQ, YAO SC, et al. A strategy for population
pharmaceutical quality assessment based on quality by design
[J]. J Pharm Anal, 2021, 11(5) : 588 —595.

o, B, Bk, SF. —Fh O 2y TR Oy
FMZ% . tE, CN110147939B[ P]. 2022 — 04 - 08.

B, REIOERH R A R STAEAF. 240 BT & R BUE F
£ 45 (DQBES) [Z]. 2020.

A, L, BB, & N T AN RS R
Fk. BE, CN113705942B[ P]. 2024 - 05 -21.

B, EB, BB W, . BT EAS RSO R Y 25 G G R
Jo e S MR O % . R, CN119811696B[ P]. 2025 - 10 —
31.

MWk, piete, WA, . TR 205N AL 4 A i
AR R 2 26 25 (e 30) [T]. il 5638 40, 2020,
40(12) : 3946 -3952.

SRR R 2O A BT A
HRYURHE 259 A PO E AT UFSE (D] R Pk
2%, 2021.

B, dkEE, BRI, . MRS5S 3E S M A I R
AR 1 I 2080 6% e Kk (1], D6l 2% 5 03 4y
#r, 2021, 41(6); 1782 - 1788.

YABRE M, FEREY L, SAKIRA AK, et al. Green analytical
methods of antimalarial artemether-lumefantrine analysis for falsi-
fication detection using a low-cost handled NIR spectrometer with
DD-SIMCA and drug quantification by HPLC [ J].
2020, 25(15) : 3397.

FRIG, FZWE, B, 5. JET DCGAN iy 7 20 1k £
Y R MU T T]. 6% 50640, 2021, 41(2) :
400 -407.

LIANG LK, HU JF, SUN G, et al. Artificial intelligence-based
pharmacovigilance in the setting of limited resources[]].
Saf, 2022, 45(5) : 511 -519.

KUSH RD, WARZEL D, KUSH MA, et al. FAIR data sharing
The roles of common data elements and harmonization[ J|. J Bi-
omed Inform, 2020, 107 103421.

AL MESLAMANI AZ, SOBRINO I, DE LA FUENTE J. Machine
learning in infectious diseases: potential applications and limita-
tions[ J]. Ann Med, 2024, 56(1) : 2362869.

By, BIRgE, TR, RS R A 2 R e R
M HILT]. 25958 Br ik, 2018, 38(5) ; 748 - 757.

Molecules ,

Drug

% 4 0| M/ BE % H 22025 - 12 - 02



