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Layered double hydroxides (LDHs) Yr-IAk= 57-2 S48 2g-%0lA ]‘?l Eejseta] B4 9 Az e}
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theranostics=therapy-+diagnosis)°l] T}J517] E-8= ] FOfR i]“ﬂtﬁ Y50] 80 7 9 A& Hje{ril
AHE fJEiA Bt et wE Xdr]Eo) Xaa]’;@‘] 8-‘?511 ‘:]’ o]F Adabr] 98k tijko® hierlse] A&
B e A B Aqtse] s dE T gl /o)M= LDH WA 7IHke s Sh= vho] e o]
n)% A2Ele] AiERel] Hste] Avlekal vlo] L ofn oC’ﬂ A3 {Z Ao 72 9l 3 el diste] Advgst
Stk B3 QP QoA dA Wol AMEHI e 53 & o] &5k B3R, AT EYF(MRI), B G (PET),
738 @5 ZY(CT) 5 vhFet ofollx] oJ9 A LDH WheARE of8ato] vhe Zen /s 3 5 9ler] a7
AHIE 71shiA Wi len) Huedrlse] 5% Qﬂ@‘l IS e Hlo] @ ou]rg AJAE s bl 7 A

ol thated sl ®orrt.

Abstract — Layered double hydroxides (LDHs) nanoparticles have emerged as novel nanomaterials for bio-imaging
applications due to its unique layered structure, physicochemical properties, and good biocompatibility. Bio-imaging is
one of the most important fields for medical applications in clinical diagnostics and therapeutics of various diseases.
Enhanced diagnostic techniques are needed to realize new paradigm for next-generation personalized medicine through
nanoscale materials. When nanotechnology is introduced into bio-imaging system, nanoparticle probes can endow
imaging techniques with enhanced ability to obtain information about biological system at the molecular level. In this
review, we summarize structural features of LDH nanoparticles with current issues of bio-imaging system. LDH
nanoparticle probes are also discussed through in vitro as well as in vivo studies in various bio-imaging techniques
including fluorescence imaging, magnetic resonance imaging (MRI), positron emission tomography (PET), and
computed X-ray tomography (CT), which will have the potential in the development of the advanced nanoparticles with
high sensitivity and selectivity.
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Fig. 1. Overview of layered double hydroxide nanoparticles and their related application systems. A. Fluorescence imaging, reproduced from
[30,17], B. magnetic resonance imaging (MRI), reproduced from [15,35], C. positron emission tomography (PET), reproduced from
[16], D. computerized tomography (CT), reproduced from [35,12].
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S0l ZJAE Eqlste] FH714 o= PP SAIA 22+
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Fig. 2. Intracellular trafficking pathway of the LDH nanoparticles with a size of A. S0 nm and B. 100 nm: (a) schematic diagram of endocytic
and exocytic pathways, (b) confocal microscopic images of the HOS cells treated with LDH-FITC (green) of 50 and 100 nm co-local-
ized (yellowish) in specific organelles (red), early endosome, lysosome, and Golgi apparatus at 0.5 and 4 h, respectively, reproduced
from [26]. C. (a) Intracellular trafficking pathway of active bio-LDHFA nanoparticles, (b) SEM image and size distribution of
LDHFA/siSurvivin, (c) optic and fluorescence images of LDHFA-FITC/siSurvivin, reproduced from [33].
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AAFE QL 3R 32T LDHO] Skl 29415 A4St ZPA =4S EYshs 19 7ssholth

A, 27H4] 22 3704 559 i 8ol 971 s A7
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Fig. 3. A. SEM imaging for Gd-DTPA/LDH, schematic of possible
configuration and interactions between [Gd(DTPA)[> and the
positive hydroxide layer (inset image). B. The relaxation time (T,)
map for (a) Omniscan™ (L: 2.87 mg/mL, R: 0.287 mg/mL), (b)
Gd-DTPA/LDH (L: 1.14 mg/mL, R: 0.114 mg/mL), (c) saline,
reproduced from [38,43].
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At A2 EA AEYold] AR GE] dEF - 37 dvE -9
2E3) D AZIE ARE) AEE - ZAA - 2%4 - FAA)S
ujz} o] g3t Hi=t) ol B4 A, A4, dlE, 2l 5 5
o072 AxE o] Itk 100 nm W QA7 Al L)% 20 4
Aol Bk EAjsh=d] BEekod, 50 nm e AR f 4, ZX A
s EAlSHE Z1 0 HAE It AFAAZNE it
=7t LDH Wieqiztel] sl oFE 52 3212 Al 2uiA) s}
gAY o] FellA Fast S she YAt 275 Alojste] A5
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T3|A] o] 4= 9lo] fxk el o] Ax}Ao|th(Fig. 24, 2B).
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7} A%tElo] Q1= =418 LDHE siRNAS 43X A Uhx slo]B
YEEA S A Fto] siRNAS] A2 o 2 AY g 84S &
A ZH FS FHA R 22T 4 it AFATE
B EATH33] (Fig. 2C). siRNAE SE2A|FollM 54 F-1x}2) &
A5 Alojeh=d] Beet a9t ol 2 0% vl 4k X 54
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siSurvivin 3Fo] B8] = A| A B3} LDH-FITC/siSurvivin 30| B8] =
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e T, 2YAG T, 2AAZ BFAL T, 29 E B
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Fig. 4. A. Schematic illustration of synthetic procedure, B. (a) TEM image, (b) STEM image, C. structure related multifunctional properties

of Mn-LDH nanoparticles, reproduced from [34].

o] B4 T2 A &= 3 v|wsle] ¥ A58 Hol7|
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LDHE 7|WFo & dh= e 294 o A= A 29415
T8t T, 42 gl SR A S E Hol she A7 8
o]Fa glom, T 234 sdsrt grste] allf-sel +32&5 4
A o2 WEksiA| A E 4= QIrk AR G Al o221 2] S4do]
ZFato] AHEAFl DTPA £-2 DOTA (1,4,7,10-tetraazacyclododecane
N,N'N"N""-tetraacetic acid)®] Z3}5HAL} 22 23}5to] 7153t 7]
TIES 2 Y AR A E& 715 2e s
< 3/dsto] ARS-ETE g MRI A7 AA] Ujel|A] P2 o =
A faest A 02 Tdske aE YER Y] flEliAE
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o] JQsirt,

LDHE 7|RES = 3= MRI 22%A| 27] 472 x4l Aldl=
Gd-DTPAS} 22 294 B4& Fakskes 77154 S1tel AFdsto]
T, Z9A A 28S Ao 33 52 LDH S48 245
Alzek 3 o] 2w e 0 7 Wi 2JA| FAJo] 7hetrial Hars]
oItH3843] (Fig. 3).

2 OIFE WS AAES ZYAR ol Thed 27F 52 37F
w55 0]2(Gd*", Mn*, ete.)& LDH 7] & 3
SHgshe thie 2FAIE Aok ATE AEH ow Jdsgion,
Z2GA LS T 3l wE oleE T 2] =5 ol

P

0o ==t E =t =] 1_’%
3 Al7]= P02 LDH 7|9 e 29412 ARy sh= A
g 52 34 LDHE AlZeh Uk B3t 7329 gf o] 0=
Ao ks veygate] Azl Egsigict.

22 A5 ES AT R, Mg AI-LLDHoA] Mg & 43 Mn?*
FE0] 20 % X|3keto] A|E2 Mn-LDH T, e ZJAE /st

QATH[34] (Fig. 4A). 7NEHE e 2 2= ok (pH 6.5-7.0, 9
A2 A3 9] pH H$1) g oA RES2 2] relaxivity: pH 5.0,
9.48 mM's™!, pH 7.0, 6.82 mM's" (pH 7.4, 1.16 mM's = L}E}
e o Aol E&7 0= Ajskd 91; YA HellA 24 o]
el 21 7IZK71E Gd71Rke] 29A1 9] A 24171 nl Ry st §_3'+
207 MRI WA IS HES 5= QS v F7]F ¢l T, %
AZA XA 85 7]zl x 2] Tkt 3-8 7s & sk ?i%li
TS gl

Mn-LDH Wiz Z2G A= pHell 53] vzt 5438 vehliet] ol
LDH 35 EHMIAH Mn**¢] HIHHL HglelA] 7]l 2oz
o et XA F8e Al F2EA S Sato] A ekl th(Fig.
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Fig. 5. A. Shematic illustration of MLDH and DOX&ICG/MLDH. B. (a) STEM image of MLDH nanosheets with corresponding EDX map-
ping images for Mg, Al and Gd, respectively, (b)) HRTEM image of DOX&ICG/MLDH. C. In vivo T,-weighted MR images of the
tumor bearing mice at different time points after i.v. injection of DOX&ICG/MLDH (tumors are indicated by the orange arrows),

reproduced from [27].
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