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Figure 1 (Color online) The bar chart illustrates the temporal evolution of publication counts indexed in Web of Science from 2000 to 2024
(accessed March 27, 2025) using the following keywords setting: ALL=(“artificial intelligence” OR “machine learning” OR “deep learning” OR
“neural network”) AND ALL=(*“drug formulation” OR “drug delivery” OR “pharmaceutics”).
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Table 1 Rankings of top 10 countries/regions, top 10 authors with their affiliations in terms of the number of Al-related pharmaceutics publications
from WOS database (based on the same search keywords setting as Figure 1)
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8 LHE] Mine Orlu; University College London, England
9 [iipZ Lilla Alexandra Meszaros; Budapest University of Technology & Economics, Hungary
10 JIIEYN Laura E McCoubrey; University College London, England
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lationDT'" V0 F T 25 9 - % B} HE 25 1E 4F 0 1)

PharmDE™" P T[] {73 fA A s e 09 A e Tt
PharmaSD"", UK ¥ AN AN 8 B 2450 E 77 T
F- £ FormulationAT”?. 33 6~ 5 Syt <7 i 455 710 - )
PR RGP 76, HeSh TN T REEAY)
3 IR AU PR AE A B . Rk, Bl A B L LI 58
BRI PRSI, X IP G A AR 3 S A b
J7 T R AT RAEH.

4 RAKHE(2025~): ALERE) 254 34

2534636 AU I3 1) — A AL AN AT B 2H R
SRR, KAYE S AR (large language models,
LLMs) ¥ H 30 DL % 22 B R IR BE R & 55, TR
TR HEEE SN ) 2k R A GiE T
il BT AR LG,

LLMsilid i EHAR IS5, 76 3 3300 1. HIHA
FRIURN A2 28 A TR ) S5 AU R B 1 3508 ). 20224F
ChatGPTHIHEH, #rEHE ANLEMRIE S L ILAETIHIR
il, AR SR AL TR E A S A TR, ik
Gl a5 >R 75 R E A U AR T L AR A
7], LLMsfVratse N\ R B RTE S B SRR
H, M FRRAE T HORTTHE. XL TLLMs R G5 £
AN O LR o R B A R, LR 1 1 R TR
M m AR ETtY . 2 E e LR ek
E 3R 00, fE25iHi% 0, B ATLLMs 3 Bt
T2 E R T R, ARk
Tt LLMsTE 249312 S (1) B2 FH G B2k — 0 3 g
B M SCHRERIA B HHE PER 15 3B 7 et TS
B0 25 T B A AR, X R AR S
B, (R I AR R IR R 7.

T, LLMsH] DU i & SCuk i B 3041,
SN SR BOCHE R E R, AR 52
Vg IE A R BIAZ A0 MORLERIC 77 248, L Re g4
BRI R T 200 5 W U I s B e . IX
SO T DA S MRRE I SIS . ZAREIUAT
RNEZYEFERE, NSRRI RGNS E L
FF. fEMCEEAL b, SO 52RT DURFHLLMs A4 )25 1)
e 7 BEVE 7 RESEIR AR, AN NI 25 Pk R 4
FER. Ak, LLMsA: sARAS B S50 77 RN 1t R st
T AR A BRI TR T Re M, JCHRAEE R
SEES SRR T RIS T T . EONE R, RE
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Ab T RE B B, LLMs BRI R Es T a6 77 7T g
B T T ©A Sei B B ab 77 seae a5 1, izl
VIR T2 . Ik R B A A A, XN
O TR IRNIR R AGGAE, (5 H A FNR B2 BRI P
PRI A RO A RTINS AE IR RE ), TR
EVNIBIE RGTT KSR eI BRI, IF R
AR FE 7 3L | H B E R

w5 ek & R AR R sk A A E .
P S I o~ 75 11| =l (o R WF PRy S VR ey (T S
BN LR RN 2 RO @R GI N iEix, A B
BEGHE T RERDY. 2 R @R E T
AR E T /)% (quantum mechanics, QM) 41
#) 77 (molecular dynamics, MD)#EIY, s
P, A2 2540 5h 712 (physiologically based pharmaco-
kinetic, PBPK)HEAR Rt ARALH P JoA11 09 45
RIEH TN LRGeS 2 RE@EBIRERE, DAL
HEHLIREN 25T K. B B 18 B Ak S (self-
driving Labs, SDLs)fRF T Bl 78 1 B KR, 724k
SR 2 W e 12k AL A EE N RN TR ) K R T
S X R A T Ak, Pl S B
AR, CAIREEET 25 T ARRE ARG & BURIT &1, i
1, AI-SDLs A DA i 176 #5381 sl ] v 2 IR
RIS A, DA 5 42 1) 24 W08 T ) e P e A Ak
7‘5‘[106]-

N T e 5K IR Ha 400 & e 0 A HAE R TR T o
WEAZ MR, FEAARIAEN A 2 Yk
RGMRAL B LT filtn, fEREREvRIT b, TR
FEFRICA BIHE 17 4K TIOR3 45 REK A0 TT 2410k T e ik
ZEpg e phah, RN RE % T LA g R
THE IR GBI, B e 24 3 a2 )RS A R 2K
21091

5 FFAERIBEE

JE N TR BEAE 25438 USRI & AR 1)
KRS, (BRI L ) 2 e AR i PR 5 B ) it
FEr, VAR — RIS v AR R

s, BB S R A N T R AR
RO PR, 2544 USRI B R H Rk, A
P Hm R S, JCHAE RS RIS, B R
JRAEANA FE Bt — 2D el 7 Bk, Bildm, A
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() ) A B 22 S R RS B BN AR S BRI 2 4%
PEFIBENLE, 5 1A 2 A DU $E 52 A 2B Wit A2 AR I K
A, HERvRero A mESOR S, RECH
SRE R B R AN Al AT /N B R S5 ), (HIX Ak
JTE BRI R M v R AR 4 36 IE

ok, BEAITER A FE v 19 3E F AT AN 2
RIS K. A AR HEE(ADME) 5 £
JERAEIERE, X FE A7 B 22 Fh A BRI LR 2K 1
AT, SR, BA B 25 E bR B R —
BEMNATES, LIRS Z M E A TN LS
SR BN, 29I RCRE R AYIFIE . HIER
GRS MEE RS2 RREILFEEMH, E
DA BERAE A B X Fh 2 o 5 52 2R PERT B DA PR, X Fh
AN R B BRI T B LE I PR v SR A 9 S A A T T
HEE.

=, N LA Re B AU 7E 178 B 14 R0 AT AR 14 7 1D (1)
AR, MRER AR L T I R b Ak A3 1 32 Bk
ik, HAEn, R B TR, IRREA
GIRAR=R A pi AV By Ty R h R N T 5
T HEIE BEANSE bR ANME. IR, 1 WISHAPHI
LIMESS ] fiffe T B8 A, F DA /R B AL 1Y)
WRZ . AR, XU T H A N e St R id R,
HME D4 T Jre AR 2R 1) 4 JRjAT A TG XS 52 4 SR A () A 1Y
(WIIRE 2 SR, X st T HA kgt — P2 R,
L ] e 7 AR B SE PR R OZ AR I R A R I B )
AL R BR 1) TN T BEAR Y AR S B B A A R A
M. DRI, AR ) B A R i 7 i — 2P
5ot DAY 2 W AR R R A A3 N T RE AR K5 4T
oK.

BEAL, N A BRAS AR PR A 2050 A 22 4 1 36 i 7 22
A TR R BR . 24543 126 A 0T A 78 il &5 SR 1) 50 1 3
AR T ST B L STt R R SCRF, T X S 4 1) SR
FNGGAIE 75 L2 T A (I RIS AN A J 4tk Ik,
% E IR ENA IER R & — R YBUE s N TR R
T2 24450 5 Y, (33 G I SR ) St R R Fy 06
UEATS e 2 B[]

R bATR, UET AN LR R AR R
AW AR AR L 3% I DA R I B R] A5 T A R BR
P, B ST AR KA DAL B et R H
BIIAEAE T 2Pk, (RBHAE BOR G037 R SRR A A i
ERRNHEE, BT ANTHRNASIERSAE
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I ORI LN, RS LT AN AL IR T PR A
SRA SRR S

BY RIS, AN TR RES 250 7T 2 W )
Rl RONERG RS 5. R IUE F AR DL N T g5 3

6

MR A . N T e LR Oy DA I 2585t 7T AN AT

AR Z 18 [ 2 AR, D9 RN I R A A
PEALZ5idis i R T R B, B B X — 8 ),
ARG ANA BRM LW AR RERREINNE
2B N TR e LR AR 5 TIRBCRE A, X T
AN TR, 2 B N TR EARBAW A
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Abstract: Artificial intelligence (AI) has emerged as one of the powerful tools to address the limitations of traditional

experimental methods, offering unprecedented opportunities to accelerate drug delivery research and development. This

review first explores the application progress of Al technology in drug research, summarizing its technological evolution

from its early stage to the present. Secondly, we present a framework for developing Al models in the field of drug

delivery, aiming to provide practical guidance for researchers utilizing Al technology. Finally, the article discusses the

potential applications of advanced algorithms in future stages and the emerging opportunities brought by

multidisciplinary collaboration, while emphasizing the current challenges, including data quality requirements, model

transparency, and regulatory considerations.
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