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[ Abstract] Objective: To systematically elucidate the pivotal role of computational pharmaceutics in
unveiling the structure-function relationships of nanodiamond ( ND ), addressing the challenges posed by their
microscopic complexity in experimental research. Methods: This review focused on multi-scale computational
approaches, including molecular dynamics ( MD) simulation, density functional theory ( DFT), and machine
learning, summarizing their application strategies and progress in ND research. Results: Computational simulations
successfully revealed the pH-responsive drug release mechanisms governed by ND surface modifications, the influence
of shape and charge on transmembrane behavior, and the optical stability of vacancy centers (e. g., NV/SiV).
The simulation results showed strong agreement with experimental observations and provided atomic-scale insights
into ND dispersion properties and interfacial interactions. Conclusion: Computational pharmaceutics serves as a

core driver for the rational design and application development of ND. Advancing high-precision machine learning
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potentials and deep multi-scale coupling will accelerate innovative applications of ND in cutting-edge fields such as

precision medicine and biosensing.
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simulation ; machine learning
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ZRATAN 7 v, T R A S R A Y A L AT A
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I AEA5 , o He S Ol ) 42 45 A 0 100 T i 4 B e 5 S
S
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(111) ((110) A (100) b b #Y 2 B ALz . R
JH DFTB + fCAD o S 304 13 ¥ H for 25 B2 bR S R 4l
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AN F T A LR ST T R AR AR, #8581 OR
Xof LB 1~ A2 46 45 1 RE B H BRI
5.2 FEMEELSHWHEMEIET

2024 4F , Ahangar %5V 5@ o DFT 18, 8% T
% Z H & ( doxorubicin, DOX) | 3 ¥ £ ( melphalan,
M) 5 B #f ND (Cy Hy ) 4% (Cr) 4% ND (Cy
CrH,, ) M AH BAE AP . 50 R 2 Fh ND ¥ihg S
A, B R SRR E , Cr 15 4% n] 1Y O 25 W) 1 3
fig 7 5 A0 AR AR, B DOX 5 2 Fh ND # AH B 1
FHEI8 T M, g 70 e 8 24 9 336 5% R pE Ak 2 43k 208
SCHE . EAH,2011 4F Datta %4545 DFT iH 5 5 47
TR BT B B PR BE X ND S5 48 19 52 W, Kk
BB FE DL e & T ND (100 ) 3% i B4 il HEH 4G, 3R
FE A 0] T 45 & 30 2 M TR AL i 9 it 25
T2 ND R b R S 1 5 0 A0 5 42 A1 7 OC B G
S
5.3 A¥SFHEERSEMEREA

NV .0 BE R HEE TOLIE A5, fE# 1
15 BAL 3 AR W) A% I e B8 1) ik R YA 9T 15 38 B T i
B F K)o 2019 4F Liu 4™ 1| DFT BF58 T
/N3 5 (40 DNA RZ B AL ) 5507 £ fap NV APl
IBREE ND 2 8] 5 AH BAE o B9 45 R0 M 3R B,
ND 5 4% B 5 22 [ f9 AH X 3B 1] ok 3 908 452 i 45 2% AL 4
BHH T PE BT B OCE B, BRI REZ T LAR 2 ND iy
HIHTBLIE IRl RE S 0 T e S A OC . X R0, d
VR RL A RSE R T W TR R O
P AL s L R AR I ] 45 22 R 28, T RUE Wit S
B R R E D RE B9 SE A AR DR ). i R S
SHUA AR 53 1 2 BRI BE A DR R 1 R T
BEET D REER AL TN R AR WA A W R T B AR
AEEZ X,
5.4 BASK/ €EBHFREXDOKFZEFE

Wi A M AB ¢ ND 23 i 00 A2 E MO 50 v
2023 4F Beck 45" {5 B DFT 25 4 FA f 454 80, fF 5
He Ne Ar Kr Xe ix 5 ffiffi £ AR5 2% ND 1 Bk g
H RSO0 R, K BLBR Xe i 4 25 AU Y Al BY A1, B
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A TR DL 18] B B A B R AR E , H K Xe 8 2%
AL AR AL L/ £ AN G MR R, SR B FND B3 4 it
HOg S8 e s A R R i A OO
FL A F ST H AT ) R N R BRI 280, ST & R
7% 5t BB 15 5 ND ;= 4= %¢ ), 2015 4E, Kovalenko
S DET UL, W B 48 28 O ND &
JGAF R 0 S AL ] A 9308 i S oK R T R 45 Ak
RS E S A4 ND ROt G i 4 T2 4
FUEFIBHE .
6 HihE X7 ND Fii A

7E ND #YIH R BB, MD 5 QM BEBLUE i
BWHAMZO TS, NE A T 58 FIRR S A
FE QM J7 ik (4n DFT) WA HL 2 18 1 & #1745 1
A 5 T MD J7 325 0 Bk 1 22 56 94 ek 40, TR A 5 JE L 1
TGO T R P B, T IR R,
DFT 3 # $E47 55355, i MDD Af 3 5 #4GR ok %5 5
LA TUAT 25 ¥ TR0 7 Sy s ek . PE
TEWFFE ND I AH 46 AH 18, B[R] £ P T 4 25 2 v #6240
FROHS B 5 AT SR

Bk MD 5 QM 4 ,MC k. ML 2 2 285 i 4l
By T H . MC J& — ik i 20 280 RT3 07
VIR SO HC A R LA R 2l S 2
)R, e A SRR b N )z R 2 R
HERE A ZR AP S A S LA 2 sk KK
P A Bl T MU A U S OC &R , S2 BN R R
P BT 732 P S, A AR T B S G T A A TR
JERLG  TESRE T AL 2 N A L TS5 AT
HE A TR, B RS2 T R SR
6.1 MC 7 &R M
6.1.1 256 ND RERHMNMAL BAZEMa0
i) FND A HATG S5 00 R e 1, 76 A2 W) iR PR B ek
22 AE, 2020 4F, Yanagi 45 BT T O AU A
TGRSO ND AR S 401 P il RS 40 K 4R B Y R AT
PE, il MC i E 1 H T 06 7 K i % L 4R (opti-
cally detected magnetic resonance, ODMR ) J& & Jil] &=
8 B A AR A 8 0 T O 04 0 0 T ) T S e, AR
L5 5250 45 4 A5 I B D00 RS RE AR T 1.5 AL AR
b 7 T FND (9 5t ODMR i B2 4R £ OKE B, A
T8 A0 RS AIE 5 i B o3 A 5 s A AR A R TR T
B HEZ) 1 i AR AR A A Y g
6.1.2 ND [ ROFARH ) 2= PERE ND i ey £l J32
HAE 5 B A (AN T 56T AR R b B
R S, {HH g A 1 e T RE BE R ST 2 Ak, 2008



4FE , Remediakis 2=l s S MC 454 MD e
WS T /N kL ND (9 07 22 R3S . B & &R R 8
AN, FUTE R H G N, 530 ND O B AR A
XA T ND AR W A R 3 RUSE 8%08E AT g XoF
yae s mE s, H AR AL ML 5 2 B 1S i — 20
R
6.2 ZRE&ENE ML #FERKRA
6.2.1 AW5r+7E ND RER3h J1#F5 ND [H
HARTE R AP R AR AH A R B Rt R A, 9
R T4k BS540 FHEE/ER
PO LA A W 8 . 2016 4F, Dhindsa % 45 & 1ff
SR HUS SE8R 5 MD BLEL, L HR T 4% iE RNA
(tRNA) #E3£ 7K ND R 8h 1247 8 5 H K&
RETH 2SR, 450 FY,#E ND RIH/KE M (RNA
I F A3 2%, X 4R, R ND g K 0k;
4 AT BB Bl A8 (RNA 852 W) K 4 7 1 S6 AR i B 1
S, T s LA B RE . X RS kil ND &
A=W 53 F 45 A DA SR bR PR BE (AT B TR M L )
YR U REIAYT ) SR AL T IOW B
6.2.2 ML#RHESHFEMT ML RHEAKR
ND $2 4 T 3 iy 38 K T H, 2023 4F, Popov % ™' 3R
H—F ML J5i - [i] #——4%F 7K & % ( moment tensor
potential , MTP) 2% & 7 2 3%, WF %€ 2 ~5 nm ND fE
1064 nm P K 19 R0 2 80 S 4R 28, IR I 4
0.9 nm ND (/i FA% B, W98 KB ND thfEAE )
B T B A W I A R G v R Bl A T
F Tamm AR, BRI T ML #AE4578 ND 75 F 500
2 2% T2 7 1 (1) g
7T HEitERE
ARILRGLER T R 255 2% 5 Ik 76 ND B 58
B H] g . MD QM (¢ %512 DFT) \MC Fil ML 4§
R R R ) R N NTE AN N A 7/ BLIE 757 =
T HAE X7k e i n ND R F R 450 5380 )
2 WS AW 0T (i R R ) /YA H
YE ML | B B ik Ry o 2% 5 7 2% M AR A 4 B AR IR
VL B AR AT Sy 25 W 3 R 5l A= 4% 8T & i Dy fig &
75 1 JR B OR AT R AR N (B . TSRS (L RE B
BRSO G, O A, L R T A el T b et
PR 48 S S0 BT KR B AR & 5 R v
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