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Abstract: Molecular dynamics simulation technology relies on Newtonian mechanics to simulate the motion
of molecular system of the real system by computer simulation. It has been used in the research of self-assembly
processes illustration and macroscopic performance prediction of self-assembly nano-drug delivery systems
(NDDS) in recent years, which contributes to the facilitation and accurate design of preparations. In this review, the
definitions, catalogues, and the modules of molecular dynamics simulation techniques are introduced, and the cur-
rent status of their applications are summarized in the acquisition and analysis of microscale information, such as
particle size, morphology, the formation of microdomains, and molecule distribution of the self-assembly NDDS
and the prediction of their macroscale performances, including stability, drug loading capacity, drug release kinetics
and transmembrane properties. Moreover, the existing applications of the molecular dynamic simulation technology
in the formulation prediction of self-assembled NDDS were also summarized. It is expected that the new strategies
will promote the prediction of NDDS formulation and lay a theoretical foundation for an appropriate approach in
NDDS studies and a reference for the wider application of molecular dynamics simulation technology in pharma-
ceutics.
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Table 1 The corresponding time scale, space scale and applicable

research objects of different physical models

Time  Spatial Applicable

Physical model scale/s scale/m research object
Quantum mechanical model 10" 10" Atoms, molecules
All-atom model 10° 10° Molecular system
Coarse-grained model 107 10°* Dispersed system
Dissipative particle model 107 107 Nanometer system
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Table 2 General characterization techniques for self-assembled NDDS

The relationship between molecular dynamics (MD) simulation process and laboratory research process of nano-drug delivery

Characterization technique

The provided information

Steady-state fluorescence measurement
Dynamic light scattering (DLS)

Isothermal titration calorimetry (ITC)
Transmission electron microscope (TEM)
Small angle neutron scattering (SANS)

Small angle X-ray scattering (SAXS)

Fourier transform infrared spectrometer (FTIR)
Differential scanning calorimetry (DSC)
Nuclear magnetic resonance (NMR)

Hydrophobic microdomain formation
Particle size

Hydrophobic interaction
Morphology

Microstructure

Compatibility between drug molecules and carrier material molecules;

verification of the drug loading
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Figure 2 Applications of MD simulation technology in self-assembled NDDS
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Figure 3 Molecular visualization analysis of self-assembly process. A: The time trajectory of molecular self-aggregation behavior of the
mixed micellar system. Adapted with permission from Ref. 21. Copyright © 2020, American Chemical Society; B: Microdomains within the
aggregates through profile analysis. Adapted with permission from Ref. 21. Copyright © 2020, American Chemical Society; C: Distribution
of drug molecules within the mixed micellar system composed of Pluronic F127 and Solutol HS15. DTX: Docetaxel. Adapted with per-
mission from Ref. 22. Copyright © 2021, American Chemical Society



<122 - 242224 Acta Pharmaceutica Sinica 2023, 58(1): 118 =126

By FIAT A G, S HT o T 25 18140 A, DUE T i
245y 775 NDDS H [1) 73 A5 1 2 (B 30), K 259 5%
TIE G NANE T B AR T B, 2 PR AR T
TERRREE O, DUEM S 29 5 FE R R 1 A0
2.2 NDDS MR IMEZH =R

IS MD HAR, SREUB R R OS2, G 8T
WREMIMERG MR IR A5 E KA
MD FE S E AR N 520 NDDS 5 8544 R ~F 1 [ & AT 45
W, BRI EL > T3 R T 2 b R b S 3
2250 R <) L4 . 7E Pluronic F127/Solutol HS15 4
R R E IR A I A AR ROT 5, K I e F127
B I AR L v B A9 HS 15 1k 2% i B PR bk 1) 85 e )~
R T IRTE R R R ARCY . S B 70 R B
NDDS 1 RLF TE 5 AL 32 B8 KL 43 7 (1 45 #9029 9k
FERSI AR RLIC B PSS b Ty R 2R R s R, [ B PR
T P P TR R S PO S I R BT A A ) % B K A
S5k RS ARLCY, kR R I N ik =
JE LA (CTAB) A1BT B T SEBIRAN (SOS) KRk
Jie RT3 Bk T4 L o0 B B e I o - TR LG 481, o
SOS & &k R W E L L A F A NER-BL -4, 1
1 CTAB & &k RN & & Pl - BRI S A, 5
AT 5 T HERR 1) B 34T, R BLRE R T
o, T A S SR 4 AAER P AN A 308 b 2 Sy A ER 5
2.3 NDDS {95 M % sE R 52 AT

X H 41%E NDDS [ 8 52 P #2587 2GR L
P8 M A i S VR R B VEANY, SRR ST A . JE i X AR
e RIAT IS B 1 S HOEAT 45 BT, MD B
R AT S B S 2R G5 1 % I e T
2.3.1 NDDSTREMBIMRMIM FaE M2 vF 0
NDDS ¥ 8 B br 2 —, A 7 S8, B E R
REWIIIT RS %4k . NDDS R ARk H 2 0
NINE— B E G, I AT BRI R . S
=R VAN R G Re e T I AR AT R AR K 0 A
zeta FEALSE, (HIR N B 7> 7 2, s2m ik REE M+
BRI 2 S 1 18] B A ELAE T, AR 259 0y 1 5 Bk
RS 18], LA R SR AR ) 5 2 0] T BRI % Fo 55 A
AR a e A S R SRR Y @
W, o3 1A AH EAE Y e, SRR 1) 7 T HER) 'R
S, AR e YR E; o F A EAE A 08055, R
I T HERIRA T, FEAR e T AR

AR LT 3 % MD B AR FA kLo T2 1)
Y TS REMRZ M SR HE . — B2 s
AR 2 BB E I, 7 i &R 5 (density) . [B1 5%
4% (radius of gyration, R,)~¥# 7 7] K AR (solvent-
accessible surface area, SASA). 1% [1] 4 41 B8 % (radial

distribution function, RDF). ] 77 iR { %5 (root mean
square displacement, RMSD), PA¥EAr 431 18] #H EAF F
FRO R R A5 T 45 22 O TH S8, FIWT i R v SRR IR AR
€M . R H CGMD #% AR X% Pluronic F127/Solutol
HS15 8 & B AR I R PR 34T T 07T, KB R,~ SASA
BN AR S AT PRk R, HLAS B T S50 = B BRI
v E AR R R R AR 1 BE & 0 AT (energy
landscape) DA TR B SE A4 & i Ae e M. 1@ H AR
AR FE Y R R AR BRR S I 7 LOBCR, 7R RS, =
2, MFEAFEE . 540, MD B E A E 7] 38 i I 4t £
J5 T NDDS [ A% M, i ik v ST R () A AR
VIR B G IR R 5 2 4 R 2 TR R I 22,
B RMSD, FiU I3 55 60 &) i A 17 dd ok v AR
AN B A PR 0 A LR R K Re BN, R
PEAG LSS R AR Mk, S T B OR TN ) A A B
W7 ERER IS TR T [ A2 S5 S H AR AR 1

232 NDDSHEZABAMME L=, @
K FH e SO B 1% (HPLC) %5 75 7425 4% [ 41 %% NDDS
ML 2R BB, HUVFI R R B2 RE ). T
MD A5 AR DR H ] #E AL B D e, W2 254 5 F
TE B SR 1) 73 A0 15 DL, AT 40 Bt NDDS X T 24 1)
AL 15 By, 30 mTd@ Id v A AAE R AR
T HRE, SO EAY S 75 RERN RERENSE
XA AU R 1) 30 2 e TR AT R AT, S B SE R Gu K
ZyRe SR TN o i s v AR 24 ) B o R SR AR AR
W24 oy 1 B, TEAR REQE I, 96% 2545 1
R BTI 1T B Pluronic L64/A[ 1 45 4H 1% 1 44
R IR E 2L 80%, 45 F 5 5 i Hdl — 2™,

2.3.3 NDDSEIMNERMIBRBIAT I 2GRt
AE 1 7% 52 A& i 7R LA P9 VH A0 T8 AT I 55 264 (o
W5 A5 ) pHE 35 B 2255, X i 7 o 25 ) )RR
O 2 J BT R AT I E . MD AR B A A A] A
AE— 38 5 T IR O R, o @A R B
ZHE, BUAEA R PR T 250 BRI, 3R B 7%
BIECHE, 2 AT R LA A S 4, i SR 2
UIAE SRR I 3 AR 1 O, X 25 RE TR TRAR: L 25 3%
I 2R UG, OB T A, s A
BEG 1 R 25 53 1 Z 1AL I 55 A0 7, RS Tfh 1000 24 40 1) R
BOEHE . — MR UL, A5 AT AL Bk B, R S AR
A 52 B 250 53 F IR BRI, B SR L L O ) o
MR GBS, MEE G SR E R, B4+ 5 TGk
Z [B) A ELAE T B, W 250k T 2218, I, TIDRE
TR ARG

2.3.4 NDDSERITAMMER MDBLLE AN
TR 2 R S5 K A3 T 29 i AT A 5 T A



KD F4E: 53T E) SR BRTE A A 90K 0% 24 R Goit 70 b (¥ R0 ik Je - 123 -

NEH . HH T8 R BE 2 g NDDS Be 75 4 i 25 A2 )
I FE | R A B ) AR AL I GBI 3R 2 —, I AE SR
MD #4845 AR 7E NDDS 5 A 78 H 1) 87 FH 72 58 4 1
. 50 NDDS 5 B RE i /AR 2, i RF R AR
B 1 55 R 1 5 1B 2 ) AH LA A AN R R 2
FIREIR . sl i Ry g CG AR, BF 5 T AN RS (1~
5 nm) A [F) 1T ALAT ) 5 9 KR (AuNPs) T A5 0L 5
JR G IR 2 E I, 45 R AR W] 2 nm AuNPs H2E 3
5K, 3 nm {H & AuNPs 7815 F /N, HaE R 5 5%
9o 4 B — 8 @ id R CG AL, B Jt 7 NDDS
ST RN 3 2 375 i Joi L2 IS 1) s, 5 SR B, bt
BRI, F I (ARE Y GBI A DP AR AL, BE AL T 4N
KL TR 22 57 VRL - BB 46 51 1) %oF 40 KR 1~ 5 41
RE RS, F ST RE 7 PR 4 fi 10 FR B FLAE B2 d 200 SRy
0 it e 2> s kL (1 B R AR . AN AU & M
T, BAURL T~ P RS S oL P e A2 P R i), i IR
SE UK £ J5E W B e 5 v B 5 s R, T R RIUAE D £ 7 2
B2 AT AR Y, [F R, MD B R 7E H A IS R 1
AR B U FEUD L TR A K S B R A AT b R
HEREEH.
3 MD R AREE S HLEEF S FEHIFI4 75 700 5 9
7

BE & ML 7 o) SRR A HET, O HE
MD B+ AR 5 4188 27 > 25 6 H T i 500 4k J7 i F0i,
T2 EL R Rk YSCEE H A ] R A R R SCEREE, IR AL
A5 20, O AR HEAT A T AR B, ST S N 245t Ak
T3 7 IR (R R, A DL S a6 U v e MD B4 R R i
WEALT7 o Wngs A pLds 5 2 0 B A W (central
composite design, CCD). 7 TRl J 5256 5 L4 % H
FUAEE 2 RGHAT 7 AT TOBY, SR T 44958

g

Strong |

Molecular dynamics
simulation

Experimental results

experiment

hands
O S S Formulation for
Experimental
verification

Formulation for
simulation

FLAG I 2] 2 40 ib T7 s, SR LA 7 ) AU = Jo AH
K, F CCD i€ S 4L U7, I H MD B0 52 AR A4
T HFAIE L] R G 5T AR LA, S8 E T T
IHER IS 2 T 89.5%. TE 254/ IR 0. & 4 R (1
FEO7 T, R AL A 27 21, % 57 v R P TS Y 4
MD AL AR SR AR R 450 B ) A RE RS R, 2T
Xof Kb 75 0 R RO TR . AH DG HIE AL AR B, DA MD A AL
FORFN L8 T AR A ST, DIHLES 22 156N
A B SR AR S B ORI 6 1) 7] Ak 7 T T B AR AE
i (E4).
4 REERE

NDDS 7E o 5 He V5 V£ 25 W0 (1 2148 3 ) 2% 280
PE 7 T B A MR 5, i B R, mT S AL Ty
T2 RTINS B fk, 55 Q0 R A . (H i 2 300 4
J O e B R SRR, e LSS AL 77 TR . 8 F MD
FOR AT e 4T K& AL T7 A4, DA & i, BV ad o
MD A5 H L AR A (5] 85 7K 4 245 ) 7 A [F) 34 R BE b
J5 VL L R8T i 4% NDDS (137 St AT B, A
[F 2549 AR AL T7 R BOBSOUAR 2 IF T 2 WL R, g 57
2R K A 75 AH RS AR RO S5 4 L S W e
Z AN CEE; b H AR 2> T B /K 1%, 15 NDDS (#4k
Ji AR B L o 2 SRS A G HLAR I B R 5 7 B
TGO (B 5).

1M 2 5& & 76 BTG 3% 5 T NDDS &k 7 & T. 2.7
D, AN 5 A 5 5 1) SO, 3 LA 31 % B4 17
e BB FHE R R, JEAA G I 0 S ok i) T S 7Y
2 (B 6). 1ZAb 77 TR AT LA Ak A B AR -2
I 2 ) = Rb T3 TR - A Ty B IE SR, B s SR K #K
2, NDDS Hff 78 545, 19 22 248 48, I 5 B4l k47 T vk,
Fo Bk ie) B B R, o BOE BEAT R AE SR, W 2 25

Machine learning

Simulation data ~ =———> D

Carrier material
formulation

N
Central coposite
design

Smart
brain

Figure 4 Prediction of drug delivery system formula based on the combination of molecular dynamics simulation technology and machine
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