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Abstract: Against the backdrop of increasing public health awareness, two-dimensional nanomaterials have been extensive-
ly explored in various biomedical applications due to their unique anisotropy and large specific surface area properties. Lay-
ered double hydroxides (LDHs) , also named hydrotalcite nanomaterials, have multiple physicochemical advantages, inclu-
ding excellent biocompatibility, pH-sensitive biodegradability, highly tunable chemical composition and structure, and easy
to form composites with other materials, showing great promise in biomedical applications. In this review, we summarize re-
cent advances in LDHs-based nanomaterials for biomedical applications. First, the material definition of LDHs-based nano-
materials and their preparation methods are discussed. We then systematically describe the great potential of LDHs for bio-
medical applications, focusing on comprehensive elaboration in biological fields such as cancer therapy, antibacterial, tissue
engineering repair, and biosensing. Finally, building on the current state of the art, we provide insights into the challenges
and future development strategies of this rapidly emerging field, which we expect to advance into biomedical applications that
benefit patients.
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AL AV WNEE R 717 T AR L LI/ & PSP S g
B Z AR S A ALY (layered double hydroxides, LDHs) IT4F
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Ay N TR BC AL 43 8 S8 AL B A, 23 AR ] A B 5
FUKSyF24La, @AM, M (0H), ] [A"],, -
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FHIZARER 5 75 WS 0L 400 A WRE 5 T B g, DTG T Bl K o
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HER ) R
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Fig. 1 Bioapplication of layered double hydroxides ( LDHs ) in
medical field
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Fig.2  Applications of LDHs in tumor therapy: (a) CoFe-LDHs-500 photothermal therapy guided by PA/MR/NIR imaging[“] ; (b) CD/

33

ICG-uLDHs nanocomposites for imaging and tumor therapy[ Vs (e) Ru( C-bpy) ,/mLDHs for tumor photodynamic therapy[w ; (d)

LDHs-based nanovaccine for tumor immunotherapy[m
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60% , SIRIEHFET GNR BDCHITFEM R, HHit
R PR, DAY R, LDHs 9KARHC IS A
YRR, IR VE AR EOR M R Rk A, e
E P EHGGRTE 7 T R R Ty, Rin, R
TRITFE— L IR R R B S, AHATYSR A7 75 3 Mk L
SEARTIH AP | B = AR R A A IR R 1 R
AR BB R AT BRI A, L 1E 41 2R R i 4
AR, BTS2, HMEBOCHGA TR 58 & AW
BIFRER,

2.2 }hAi&yr(PDT)

LN o i e e Ky NI R A A TR R AR T e
PR BRAT T2 M OGTE, SR, BUA e A B AR
MCRHGR B 2 B D AE A KM | AR R 22 A K
WG R ACRAT A I B, 7K W A R s 1Y B 36 i
U RAFIK AT O AR e SRR, AT A AR 3
TR EHIGN , SCERAE R R B T P A TR R R
i T M9 /9 56 3l J1 38 97 ( photodynamic  therapy,
PDT) . ZEMLFRBFGE A B C 2 T KA, IFREUE
TAREZAER, DHEC H R T — R 20 SMEOE I i
O3 F RGN (18] 28— H R/ 2 R AU S 464 IPA/LDHs 4
KEAY), HTESROCTIesh vk, ZWKER
YU AT S T R R 0. 74, 1E R 25 25 1 e B TN
1 808 nm [ ¥4 0% B 4R, IPA/LDHs 7 IPA ¥ JE N
0.153 wg/mL W RIATIA R 1C,,, AHECIAIZE —HI R (IPA) B
AHGRATE AR RE ), eIl A EE IO S TR R A
WHRRZMKEARETES, G T —FER = A
Wi 27 — AL R 5T Ru ( C-bpy ) ,/mLDHs, 5256 B 5% %
W, KA AR B R, T EAE
PR 488 5 800 nm YUK T HE Ik F R = AR I (] 2¢) .
AN, A H T Bl Ru( C-bpy),, Ru(C-bpy),/mLDHs
FEPE K 520 nm WGBS T REF = 2 R A,
I, Ru(C-bpy),/mLDHs i Al LR Jy—FlE 43 TR 97 24
Y, SCELRE BUR AN Sh iR IT A AL LA, BRI
A5 3 3A AK VR R A 22 B E KT ( ZnPe) B LDHSs [ 1
i, AR EA TR B G sl iRy MR i OBk
., ZE AR R Z A AR ZnPe IR
£ LDHs (14 FR 488 D3l b s B2 43 1, OF B 30 i 4 s
FURAERCE, SRR, SRR EERRE T R
TR ) FR RN, e A e M O A R R R
IO ROR B A R, i AU RS G e e A b
Pk 5 54 15 L far 9 LDHs 22 () A i b AR PR T, o o
DURER T I & T — R BUAY pH i 5 88 43 F e S5
LDHs-ZnPcS,, BAEHEZM T AEAGIEY:, BAEMIR
PEFRSEE (pH = 6.5) F BRS04 25 L 3005 . 45 0,

LDHs-ZnPcS, H AT 95. 3% By Bpygi il %, 525 T pH #U
], LDHs %% F&AK T ZnPcS, (G REE, itk al I,
LDHs 7E4 pH Wi i M2k 4, 2 BGR0Mg vy 7 i e, —
SEFRIE FIRREAS T 25 W RIVE . Tiebdg 440 it s EL A ]
T ARE T, ARG ) e 4 Bt RS 60 7 3k T 1CG
F AR 144215 ( PTX-BSA) i LDHs (LIPC NSs), M3 T
RS ) el (% 20 AT — R &, POk
PREEXTLL & B, AL THREE A LDHs i 2 ICG 1 PTX-
BSA(LIP) , i 40 i A0 b (45 LIP RSB RE S 2 T
2f%, WUk, B G ERARE 1ICG( 1. 2 mg/kg) Al PTX-
BSA(0. 6 mg/kg) , ZAKT-HWREII SR AR, 56
PIRITAEAEM RIR ML, J6sh iRy Az e A A 4
FHEWE MRS, I H—2F HoLEGn, flan 1ce, &k
NIRRT A A AE G P R, I AL BT B AR
P2, KRS 538 3 R HE
2.3 BEEFT

GBS TV — PP B L R AR R A B e RGO A
BERIRE (0BG T F B, IR H B4 lUs TR R,
HET, BF50 NG 8L 7 T TF & R A% 00 00 02 1) e s
Besh) (AN AE R STING % 1 S5tk & . T
BRI T A A R R T I DL R R B T
% VP2 TRk B S A0 K T R LA MR 1 B B iR
IrI L K AR E A A, T DL i — e
ST ICIAKIE N, RS e RS0, AR I e ih
7. VA A BR3P R i sh ) CpG fn #k A
LDHs 94K L, a7 —Fh g ke i (| 2d) . #7758
PO KRG+ B R O I I R AL G R A R
RSSO, R BYPTIIRE BONE,  2E I A aEA feggg r
K, SXTRAML, SCE A MR AR DT 75% ~
90% ., FETIXEEHFITLE R, MATHH T kAL T4
TE SRR 0 E B R R SR, IR YT SR T LA 27 R
WA B16F10 Mg i & f , JF 0T LARER IR 3 F
] X1 % 0 1 LDHs 94 K 50 385 16 1% 42 19 it A O
FE A 2( Trp2) FONGIWERE 2, 3-XUIN 4 B siRNA (silDO ) ] #
FEIRAAE(DCs) . LDHs ZKPURIAR 45 5 % DCs Wi, If
MR B A b, 5B Trp2 KX siIDO #H 1,
T3 LDHs 94K 50k i3 2% 19 Trp2 Fl siIDO AT 5 25 401 ] 22
o 2/ B 0 b A K, B Al i 2, 3- 00NN 4R
(IDO) ATy GE I, HIFL DCs MBIFTE bR Py 45 5+
PET 400, Ik, LDHs 99K BURLHEAT 42 = 19 kB siRNA
AL ST, HeA BRI AL 38 Trp2 A1 siIDO, TRk i
Mz, Wk T AU S, &3 s SRV T e 2
Y., LDHs 7EMPE Sere ity y hiitos B ik, AUR
FRF1E R D RE M fo e i sh M ik, 1 LDHs A & 48 &
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3 KBRESMERAIRA
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LDHs H4:J@ & FRmT i, W 7 LDHs n] LA
M R B A EEMN N SR T ee ),
LDHs BAHIHE M IIAE, Dutta 25 R FHALUTHE M7 4
BT Zn,Al-CO, LDHs, RH Bauer Kirby 48R 4 #iti: it
1% LDHs X >% [G B P AT 18 DA K2 8 2% EG BH T B A 0 41
B, G5B, Zn,Al-CO, LDHs Xf ik 2 R o9 4 K
VIR PR, He 2 B A B A K 0 i
W HF9E A B it — 2 1) ZnAl-LDHs H43 A HAth 2
P TR M:, RO, BN, Geetanjali%:wé‘
T 4RE T15 2409 ZoAl-LDHs, SR A0 S 60490 1 1 fi ik —
AR T ZnAl-LDHs MIBTIBE ), PR BB 5 5 AN [F]
Jie R RERRER 26 E /e BREE AL IR A, BIfEAE 1 : 20 1
Fo B A TH T LU 5 400 ) R I AP AR BR T &
MBS LDHs Z 4k, & HAhE 7 LDHs tl) iz HF
RARIFPE A PRI 2L R K A 7 £k
A 1 # T GaSr-LDHs, 7E 250 °C BB % T GaSr-
LDHs (2 ERTEAR AR, 7E4KSR1AITE LY LDHs #ERS5
F TR RIE AL, BRRSEREIY Ga™ Wifg Rtk
PR S — R IR G A R A, DA R R A 1 R 4
BOH R IRE R AV B ER . Hik, SIABRAHRE
TR 4 B T T AR T A AP e, [RIEBe s K
A ] DABERE A AR AR AR AR - R TR
3.2 GEMEREMEYR

5T LDHs WY#AFEPE, (1 H LDHs 520 G M
FEIE T 7 Z A F5%, Komarala £ L8] e 1 75 R VR
T, FUFH B B T 58 3 0 T BE A T 67 3 Sk 76 0 S il Y
MgAl-LDHs, I 5# O RAEME G153 CLF E &Y
(E3a) . ZAOKE AN L5 itk me fak 8 T
72.5 wg/mg( 18 3b), 7E pH=~7.3 [ T HRee Bt fa)
Kk 72 h, ML S HIBERS B, % A HAA
PIPTRRTE Y, OF B R, X HA T it 254
W R RARIE A 98% AN EIER (K 3c) o B THiE
FHb, HABUEE IE Y T RE f 2 AF LDHs |, B4R
S5 UCORE 7 T B 771 2 7E MgAL-LDHs | (8] 4a) , JRHR
FE T RTR) 7 38 5 o Lo ) B B W AE AN TR) pHL (B R B B I 1
W25, KIF AR/ LDHs fgk ikt b 0.8 H pH {H R
3~9 WG RRAN B R ROCR Ty Horf LDHs X 48 3 A 347
PRI BREAE T, 40 TR T 1) 24 7 76 5 AT T8 1) 4 T T B
L 75 TR T T A M S A2 LDHs W M RE BRI, B K
vk, TR ) MgAL-LDHs "5 AT Zn™ #E47 B0,

BT A IS S5 K 1Y) ZnMgAl-LDHs, 5 MgAl-LDHs #il
ZnAl-LDHs # L, 16254500 () ZnMgAl-LDHs HA7 5 5
VR R, O FLEG R B K, R 1 2 1 AE A5
T Z 405, R B T A B P, W TR R R BT
TP 5 s ) 5 AR A G, s o T VR B 4 v R T TR
SRR MESY | N e A Ak A LR T LDHs 5
VS TR S o R | U LA R T 5 A AR R A —
&, BORFREE AR TR RS, JF A S E
7R 2 R LA I 2R R X 240 T EL A T S Y I B i
71, BEOEA R TR R AR AN A, 2, LDHs fE bt
BTSSR R KRB RAEHT, JOF HLAERS
R BT PR Y A TR M, X T RES LDHs ZEK T 4
BB BIFE I ], DL LDHs A B BB 0 K 40, 4%
B TPURR S 40 B kAR A O, SR, W fer it
— 38 4 LDHs 2544 sl PER B i i A0, UIRIF R
Xt 2 B LA A A PSR 19 LDHs Z AW, AR E—
AR
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Fig. 4  Application of LDHs in antibacterial: (a) MgAl-LDHs loaded with lysozyme for antibacterial 7 ; (b) Ag-Ru/LDHs contains Ru com-

plex and silver nanoparticles towards photodynamic antibacterial >*) ; (¢) synthesis scheme of GNR@ LDHs and the application of photo-

thermal antibacterial '’

4 KiBAEBREETEYMIBPEINA
4.1 HEREHHEA

B T FHUm Sk, LDHs 76508 i 7 b F 5]
TR ERNXE, LDHs FERE T FEAERA . HE
e 25RO RS AR DL SRR 25, &
J6, SET LDHs (925 W8 ORREPE 1 08 0l K 27 56 S0
B il 4 T MgAl-LDHs LI K 5% W 01 28 pifithrin-a B
EAY), AT pifithrin-o BT HREEMEREL . Z5REH, A
B R F) 75T T A B AE B AT BT Y A A 2 T Rk
B, JFAE pifithrin-o B9 /E FH T PR 38 58 3 0B 43 1k

Choi 45 il 4% 1 51 41 A ZEWE AR L A ZnAL-LDHs B &,
FHs H 5 2R - L TR LR W) — W] B 25 76 A= W mT izl
B3k L, T SR A B 1 0% TR B R i 24 W A o 1 T
A, LIRSS D], /E LDHs 25 ERIEN T, WE
TZESYNE A L BAR T L5 E W, FHaEik
BN, JFH LDHs &R B F A F T ARG X 4
53N

bR TAERE 25 ok, IRt ) vz B B iRk R
JrE s, B R G S MR EAT B AT 0 AR O
FLREMSAEIR IR, BRI A 28 B B 1 i RS AR AR A
SRIMEE G ST E M REAEE . 5 8 Ttk LA K8 i S 350



559 1] x B

IR AT DA R A ) 1 2745

Bk PP AR TS 755

PRI pH SO BRI TR YT BEXTRL ER A, R
BB b R R SR T X 5 AT A 3 3 K Bk A 4
B AL e A A 3 A L T BUE Y MgZnAl-
LDHs i, BT TS & RIFPUEMIERE, Fa, Mg™
PR P LA 12 A BSUR A 1 400 i (xBMISCs ) Pl 5 12
G DA B i M B Rk, NI R 5 i o Ak s Zn™
FIRECRT DL R A8 R AP BU I G e, LR E5 R R, Mg-
ZnAl-LDHs PR T T 86 & 4 R 4T Ay J8 b ok DA R BT 187 1
PE( 5a il 5¢) . BE3E LDHs 78375 S 8B 04k 77 1 19 15
ARIEFuk, THABN A BT MgAlYb-LDHs 1 25 5 £
I TR A 1) 0 K R 0 0 05 R Sk R BE B3R T
(&l'5b) ., 1% LDHs X B¢ B2 84 45 =535 98. 6% (1 171 4%
BOR, FFHEMEWERERT, A5 8 J8M& MK
TR 2 B A 0 B2 DA R 1 B % A ) T 42 XoF IR 20 1)
2,77 M1 4L AE; RIS, B A AE LL B XS B4 T
1.52 4%, Mfi15ETF DL L BF5E 4041 T 85 3% LDHs A1 8L A%
B U, EERMAELLT 2 7. O LDHs

PLEARRAESCR ;. @ LDHs A DL i 40 Mo g B, I 78
20 B N B A R TR B B B A4k

WAL, LDHs fEASMEER, BN BUsAME 6T H
W HA N ST B RGAEIG R X B BB A E 1R 97 4K
TR A0 G B ST P I A, 2 T S A i
BB AT AR VR, BRI TIRIT RO BT
TR, i SR FAT A0 33 ek P 6 2 Ak 25 ) R AL 40 K i
OIESEAY) CALC(E 5d), ##3 T —Ffh & T B8R b Fith
[Fi) G2 B 358 V81 0 %) JO0 80 A A 11 135 R A B8 R T AR
FE FRBAME R PE A S, 390t CALC 40K A o]
DL IR IR Ca®, HE T 5 PN JEPE W IR R 08 IR TR
FEYRIIURL (CAPs) , X B s A B A 6 7R 97 4K
H. ZELFTIR, LDHs 1B 25 W8k T LIS 259 R i
FERCEVERT ;s 3807 DG AR ST s 25 4, ] isf 14 5
PR AR (AU, W R R T A RO R
SRR RE D, DA KOR JE R RS MERY LDHs Bl M4 RHE
ARIRE,

TR & i B R AYE, AT AR B S R A T BT N

Wﬂ

Anﬁbactcrhl
ol >
°
.... —_— x
PEO/Mg-Zn-Al LDH x
composite coating Enhanced osteogenic
C
Mg-3.5Li-0.5Ca alloy
)
1

]

translocates into nucleus / _1_

5 KA RE A Y R N . (a) BEA 4 T AU 8 MgZnAl-LDHs ﬁﬁ?ﬁiﬁ"“’”
#0900 (o) BEA 44T hBMMSCs B 4- bl 8, (d) CALC JI T8 BRsiAs a7

Fig. 5 Application of hydrotalcite in osteogenesis and other biological fields: (a) LDHs wrapped magnesium alloys for osteogenesis'**’ ; (b) osteogen-
[59]
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ic mechanism of LDHs loaded with alendronate'™'; (¢) mechanisms of magnesium-based alloys promoting osteogenic differentiation of

hBMMSCs %! ; (d) CALC for osteoporosis reversion" !
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