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[Abstract] Nanocrystalline materials have attracted increasing attention due to their unique size and superior physicochemical

properties, which enable their broad potential applications in the biomedical fields. The definition, category, preparation and modification of

nanocrystals, with particular focus on the recent progress of nanocrystals utilized for tumor diagnosis, cancer treatment, and other medicinal

applications are summarized. The fate of nanocrystals in vivo and current challenges in clinical translation are discussed. This review aims to

provide insights for further development of nanocrystal delivery systems for tumor diagnosis and treatment.
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Figure 1 Main categories of nanocrystals
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Table 1 Nanocrystalline drugs prepared by different preparation processes
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Table 2 Application of nanocrystals in tumor diagnosis and treatment

KFTMK A {ER% = EMEISTTAFEMNEA %3
HEEE B 5 Gy FIBRE: BB A B BGC-823 4T R T: iﬁ%ﬁ*ﬁﬁmﬁﬁﬁﬁ 4]
izﬁgﬁg* K T o T T R  L R ﬁggggﬁﬁ@;ﬁ%% (32]
FIL R B AEHOL R, LTS TSR, A AT AL T
SURE B, S HANE S T SO I R, ORI SRS W RGO AR 4 [54-55]
5ok R 6 7 B AR 3 1 2 AT R S BURE ] PR  h BN
kg IR, TSR, 4G AR, A (AT A
T T, W A T R S AT S R SO 2 %
itk (EMIOOES TS AT A SRS DEARR SR
g BB T, 2500l Haber-Weiss EERIAR R, TG IERTE BRI
BT HAKE KNSR MSORT, TN R MR 4 TR TR W B 1 [58]
Sk e %ﬁ%%ﬁ%ﬁ%%%éﬁﬂﬂ%;%ﬁ%%%%?m%ﬁ;%ﬁﬁz - 50
SAEAVKA RIAIISEACE, MR ARSI RS
RRATES) BT R TR

4.1 HYMK R

AR 25 23R 75 23 RE MR AR K i R PN 2 R
HXPFRLA DTER, XAk it AL e sy A
WEE S Fln, P B a5 25650 ot
8B 4 ()R, — Sl PR 259 ] A S T cE
VERREE , 25 1E B I IE WO i, A=A
JEPE R AL, 7 B E SR AR ek TR A n
M s A ) W, X T2 AN K b R
/NRBEBE Y Tmono 45 1 & BN K i 2R 1 18 1
Joi, FLFGRGERE BRI 5 i R R R AR s, o fef
B KR LS B 2 e e B TR 3 he

XFFHAREBLA LM T, A2 BR T R o b A VH W v
BRVEF, 5500 T 259 4 YR FH AR 3 5% ),
YK bR R T METR L 24 W A HIR S 114 A 3 R RO
VIR RE, T 25 IR B, X b e R B 2 22
AR 2454 038 2o F RN Z5 5 b i AR 78 45 o
WAL, KSR, Rif sk, BEERK T
251y JRy B BRI I

T RIKZG 2GS, 90K SR N AT o B 1
HCAE M3 A3 4 R . Shen 45 1 6 R R ke
SR R OK (QT-HNCs ) |, wEhifg kM

PPS

QT-HNCs H-A K ¥fig /7, QT-HNCs BEfE LA 5¢ %
IR TIE A ER K 35 48 h, H QT-HNCs 7E
JHF I SR AR AR e o (ELASH T B M2/ NRLAR 1 QT-
HCNs 5125 5 Bl 20 M B B, {FLAE A PR i BT
S5 QT YR A3 B i . Zhang %5 i LADY - ( 4-
FHIL) 2 (THPE) 90K ECABRL, ZR06R
FE UG R A2 HT B, 9K SR AT L5
Wb KB A 12 s AV 4 7 1 2 40 i
BRI, HAK 0 R R A ok B R, R W] KB
Z ARG K S P I T BB S R sk A . mFsTH
YR T IR W], 259 E W9 K
AL AN AL, B S A AR SR R OT RIS )
T, RIGEE— YR AN, Pi A T AR T —
PP T2 B R GOK B T9RE, 7E/NRB R IkiE
S B AT R A o R AR R i o
i e HA SR B s 2, SR gk o FHRE
HA RAFH I s ae )y, X Hr BN F T e
R AR S T — SRR

XU A 25005, 8K i a4 il 12
FK/NET LATR BB P BRI o ARG ST A A A T i 1 3L
YK ShaE LR S T 4R 1A H 250 A 73K,
R BOES NG TSRS S, 259 A5

. Prog Pharm Sci  Feb.2022 Vol. 46 No.2

HFd A conoion macn Hom



$HFd h2o2man mack mom

OISV AR e A MR, A0 E A VG 20 & 44
SPRL, FOREUR I T 25 00 A L R AR S i
JESFRZR . 2GWAE TR PN B W SORE Rt e 2 il 5]
H/ VRS I 25 ) i ARV B b I i 25 Wk B, BEJS
Y R EAS R RO AL, 2t R R 2
fiff R RE R BR AL IR, T T S A B A0 B R B A
P PR 25 A 5 2 W 0K, 3 o R R R R 2
L2y R 25 RE T
4.2 TTHAK S

HHEL T 299K &, TGk kL ELR
TCREMBL, HARNAT B GEEPEBUIAC, 2
K AP & MEm L, JET HIO, MK T 45¢
S 43 eI S B AR RIS . S T HiLB) HEO, NCs
FE MR R A, Li % IR T — Rl ko 8 4
() HfO, NCs DUMSRHT R, IR780 pric T4k
WnER, SUFES IR780 AH LG, 40K 4 78 i DX 3
W A TSR OGRS, Sk 1 R R AR
HEHLWZ 4 ( computed tomography, CT) Wif%
WIS TE T 9K S e & 4R AR . IkAh, BT
S L IR 200 RN T 4K i i A AR
FH#EA B 20M, ALV 28R, K4 HEO,
NCs 7£ 3 1~ H P9 58 ik AR BB BR 2L F2 . Li %
FE T AR L AR S A O R R 2 Y T ik
WFSE R IR BTN R KA KR 32 4 2 Bk oh o
AL FERE RN AR S AN S- TUPR W W ELAT i 4 Ff e S
M Be . Wk SR /NS, E BN AR L
WAL, H 25 BE AR I N R R A S
48 h Wi THESTS 24 h, X BEMSTEREIR & BT
RIS, & S PR AT A . Ly 28 Vi ad K ik
H T BB A AL GOK S TR RGRYT, JOF
SR CT RS W IR P T S 40 oK i AR N AT R T
S5, s S A 200 e B B S,
HEAKWIGE B retE. teoh, JOHLAK Yk
WAT IR SR IEEMIA 5. Liu % U FERF7E &L,
TEYAK T aE L 38 D-2E 7 1 3R < B 1000 BEH]
falE (TPGS) By, AI 4 A EAG 5 e 1 4 i
BUR , 40k S BENS o 2 1 B PR 412 . Ak,
YK S RS R/ 2 2 i AR AT R, i Gu
25 U R ARG A RN, FE U8 P I R

PPS

A TEDERES , [ 9K R T 1Y PEG E R R B
EATRRTEIR ; [RIE/INRT A 9 K i 2 80 T PR i
R R SRR, X RIAYOK S KNS 25
TRE A W R R I AE T BRI B R . TN
KATE T AT R Bk, DU S E 4
JE IR BRI AR, H ot A 0 BRI I 75 2 A
Kk, WA, K EERTRERNEAE KIS
FUREME, ARITHEME PRI, FR M AR 7 78 XU KR
P ik, RRMBE—BRRIp, 22 & H R
BLAK S R, R 28 O R RIEH]
4.3 Hihdk R

H R CNCs., CQD “F7EMMIE 2T SN W HA
BRI EME, SR, SIOHGRRIERL, Hik
AT AR T B4 AP G TE . Imlimthan 45 U JF % T 3
T CNCs 7 FBUGIRE, Bon i BRI AE I H 2
P LML FW, CNCs R4 B4 Al
WEAHML R4 (MPS ) &7 B8, 38k Xf HAb 1
MPEAk, ArLA> MPS (35 R . SR A2 &
B, Tian 5 ™ REHIE T CQD X HLIAR I IETE
P, ARSI K IR SE CQD 5 B M X B 2z ) TG
WEER, SEYERNE A JCER YA EAE,
A FHPEA RO G2 9K RS . 90K SR Y
A AR AR AR AR 4T 8, De France %5 7™ %
MIBZ CNCs MUK E A KB LA AR SR
W BRI R, T L SRR A 5 104 240 L 285 R R S A4 L
HapE, HArLIBE#E CNCs sl 2w, ik,
CNCs K AR5 [ 2 78 13 S A2 1 B LA TEAT A 4%
BHLR, BRI RGN bR A S A
A, TEAEY AR SRR SE P ARAS T — RS A A5
PIRFFE LA, SR, RN PRET AN RIS f
T EEE R R S R TR, 43 AR
WEFIHE ST R, T RS BB B AR R, HET
M FLA 22 . BEAh, SXSSHT R R A ER Y
P RN, Hom B e 5 AR AR N R =2 ) A
HAEH M ELZ IRAFIE

5 458
KB A 1 L A SR AR T A W I 2 4T,
PR ERAG )R, % IR 87 L 2 4B T 25 W T

Prog Pharm Sci Feb. 2022  Vol. 46 No.2 -



124 | ##. % wkSRBHREIELT AHHRHRE

Prog Pharm Sci

FERIHAT RAFRBEBEVE I, MNP e s X7
Yo TS ST A A, it B o e R A A 47
A PIAREE B R R T A W) AR LI, T g o
PR A R T vy A 8 0 1) P ) 24 W) 1 AR 2R
So WAK, AR A TE RS 25U b Y TR SR
FOEWIRY, Ht HATA RS, 29K SRS M i
I R AL i 5 2 — AL AL RN 5835 . Y AT 2540 K &
ARG PR B AIT 0 007 24 T B8 SR AR A A B AR | R e il
& T EBCR MBS AR ENE £ MILZ T,

Al-Kassas R, Bansal M, Shaw J. Nanosizing techniques for improving
bioavailability of drugs[J]. J Control Release, 2017, 260: 202-212.
DOI: 10.1016/j.jconrel.2017.06.003.

Chang T L, Zhan H, Liang D, et al. Nanocrystal technology for drug
formulation and delivery[J]. Front Chem Sci Eng, 2015, 9(1): 1-14.
Kalyane D, Raval N, Maheshwari R, et al. Employment of enhanced
permeability and retention effect (EPR): nanoparticle-based precision
tools for targeting of therapeutic and diagnostic agent in cancer[J].
Mater Sci Eng C Mater Biol Appl, 2019, 98: 1252-1276. DOI:
10.1016/j.msec.2019.01.066.

Hao L L, Wang X Y, Zhang D R, et al. Studies on the preparation,
characterization and pharmacokinetics of amoitone B nanocrystals[J].
Int J Pharmaceut, 2012, 433(1/2): 157-164.

Miao X Q, Yang W W, Feng T, ef al. Drug nanocrystals for cancer
therapy[J]. Wiley Interdiscip Rev Nanomed Nanobiotechnol, 2018,
10(3): €1499. DOL: 10.1002/wnan.1499.

Lu 'Y, Chen Y, Gemeinhart R A, et al. Developing nanocrystals for
cancer treatment[J]. Nanomedicine, 2015, 10(16): 2537-2552.

Gao L, Liu G Y, Kang J R, et al. Paclitaxel nanosuspensions
coated with P-gp inhibitory surfactants: I. acute toxicity and
pharmacokinetics studies[J]. Colloids Surf B Biointerfaces, 2013, 111:
277-281. DOL: 10.1016/j.colsurfb.2013.06.004.

Yang X F, Liu Y Y, Zhao Y N, ef al. A stabilizer-free and organic
solvent-free method to prepare 10-hydroxycamptothecin nanocrystals:
in vitro and in vivo evaluation[J]. Int J Nanomed, 2016, 11: 2979—
2994. DOI: 10.2147/1IN.S102726.

Masaharu T. Microwave-assisted synthesis of metallic nanomaterials

Feb. 2022 Vol. 46 No. 2

BUFIHABA A S i 25 125 B A B Re 6
Eeh THAR NS RS A, TR0 B4 oK At 1) 2 2L )
RIS IRAT BESE RN, Ll RIEAL AT SR A, o5
BEMRE R HAR N 22 BERI R AT, R4k
ZrF R ILIRMIRE. NI, 0K AERE 2T
AR ISR A AR K B IE I 2E , 6 TR s AR
FRPSEATE S R B BEE AR AR BN W R
FIRF AR -5 A 1 57 1 S8 EL PRI B AR, K
Fr 7 A ) I~ U R 94 O R 260K 26 T Y S

in liquid phase[J]. ChemistrySelect, 2017, 2(2): 805-819.

Roy A, Bulut O, Some S, et al. Green synthesis of silver
nanoparticles: biomolecule-nanoparticle organizations targeting
antimicrobial activity[J]. RSC Adv, 2019, 9(5): 2673-2702.

Bian F, Sun LY, Cai L J, et al. Quantum dots from microfluidics
for nanomedical application[J]. Wiley Interdiscip Rev Nanomed
Nanobiotechnol, 2019, 11(5): e1567. DOI: 10.1002/wnan.1567.
Perevedentseva E, Lin Y C, Cheng C L. A review of recent advances
in nanodiamond-mediated drug delivery in cancer[J]. Expert Opin
Drug Deliv, 2021, 18(3): 369-382.

Yang Y, Chen Z, Zhang J X, et al. Preparation and applications of
the cellulose nanocrystal[J]. Int J Polym Sci, 2019(5): 1-10. DOI:
10.1155/2019/1767028.

Katsuhiko O, Keisuke U, Zhao Z J, et al. Mechanistic study of
preparation of drug/polymer/surfactant ternary hot extrudates to obtain
small and stable drug nanocrystal suspensions[J]. Int J Pharmaceut,
2020, 591: 120003. DOL: 10.1016/j.ijpharm.2020.120003.

Talekar M, Ganta S, Amiji M. Development of PIK-75
nanosuspension formulation with enhanced delivery efficiency and
cytotoxicity for targeted anti-cancer therapy[J]. Int J Pharm, 2013,
450(1/2): 278-289.

Yu Y, Nishikawa M, Liu M. Self-assembled nanodiamond
supraparticles for anticancer chemotherapy[J]. Nanoscale, 2018,
10(19): 8969-8978.

Toziopoulou F, Malamatari M, Nikolakakis I, et al. Production
of aprepitant nanocrystals by wet media milling and subsequent

solidification[J]. Int J Pharm, 2017, 533(2): 324-334.

HFd A conoion macn Hom



i, 5 pRSBBHEREMESTAEHAER | 125

Wil , B8se , FBEM, &5 . SRR SR W i & MR
fiE [3]. BB 255, 2016, 33(9): 1097-1102.

Zhang J J, Huang Y T, Liu D P, et al. Preparation of apigenin
nanocrystals using supercritical antisolvent process for dissolution
and bioavailability enhancement[J]. Eur J Pharm Sci, 2013, 48(4/5):
T40-747.

Wang Y, Han X, Wang J, et al. Preparation, characterization and in
vivo evaluation of amorphous tacrolimus nanosuspensions produced
using CO;-assisted in situ nanoamorphization method[J]. Int J Pharm,
2016, 505(1/2): 35-41.

MaY Q, Zhang Z Z, Li G, et al. Solidification drug nanosuspensions
into nanocrystals by freeze-drying: a case study with ursodeoxycholic
acid[J]. Pharm Dev Technol, 2016, 21(2): 180-188.

Shen G, Cheng L, Wang L Q, et al. Formulation of dried lignans
nanosuspension with high redispersibility to enhance stability,
dissolution, and oral bioavailability[J]. Chin J Nat Med, 2016, 14(10):
757-768.

Morakul B, Suksiriworapong J, Chomnawang M T, et al. Dissolution
enhancement and in vitro performance of clari-thromycin nanocrystals
produced by precipita-tion-lyophilization-homogenization method[J].
Eur J Pharm Biopharm, 2014, 88(3): 886-896.

Li Y, Wang Y, Yue P F, et al. A novel high-pressure precipitation
tandem homogenization technology for drug nanocrystals production-
a case study with ursodeoxycholic acid[J]. Pharm Dev Technol, 2014,
19(6): 662-670.

Salazar J, Ghanem A, Miiller R H, ef al. Nanocrystals: comparison of
the size reduction effectiveness of a novel combinative method with
conventional top-down approaches[J]. Eur J Pharm Biopharm, 2012,
81(1): 82-90.

Salazar J, Miiller R H, Moschwitzer J P. Combinative particle size
reduction technologies for the production of drug nanocrystals[J]. J
Pharm, 2014, 2014: 265754. DOL: 10.1155/2014/265754.

Brough C, Williams R O. Amorphous solid dispersions and nano-
crystal technologies for poorly water-soluble drug delivery[J]. Int J
Pharm, 2013, 453(1): 157-166.

Morath C, Arns W, Schwenger V, et al. Sirolimus in renal
transplantation[J]. Nephrol Dial Transplant, 2007, 22(Suppl 8):

viii61-viii65. DOI: 10.1093/ndt/gfm652.

HFt A 202220 Hack H2W

Junghanns J U, Miiller R H. Nanocrystal technology, drug delivery
and clinical applications[J]. Int J Nanomedicine, 2008, 3(3): 295-309.
Srivalli K M R, Mishra B. Drug nanocrystals: four basic prerequisites
for formulation development and scale-up[J]. Curr Drug Targets,
2015, 16(2): 136-147.

Rayahin J E, Buhrman J S, Gemeinhart R A. Hybrid nanocrystals:
University of Kentucky US20060280680A1[J]. Expert Opin Ther
Pat, 2012, 22(3): 341-348.

Hollis C P, Weiss H L, Evers B M, et al. In vivo investigation of
hybrid paclitaxel nanocrystals with dual fluorescent probes for cancer
theranostics[J]. Pharm Res, 2014, 31(6): 1450-1459.

Arvizo R R, Bhattacharyya S, Kudgus R A, e al. Intrinsic therapeutic
applications of noble metal nanoparticles: past, present and future[J].
Chem Soc Rev, 2012, 41(7): 2943-2970.

Evans E R, Bugga P, Asthana V, ef al. Metallic nanoparticles for
cancer immunotherapy[J]. Mater Today, 2018, 21(6): 673-685.
Conde J, Oliva N, Zhang Y, et al. Local triple-combination therapy
results in tumour regression and prevents recurrence in a colon cancer
model[J]. Nat Mater, 2016, 15(10): 1128-1138.

Porto V, Borrajo E, Buceta D, ef al. Silver atomic quantum clusters
of three atoms for cancer therapy: targeting chromatin compaction to
increase the therapeutic index of chemotherapy[J]. Adv Mater, 2018,
30(3): €1801317. DOIL: 10.1002/ADMA.201801317.

Chakraborty B, Pal R, Ali M, et al. Inmunomodulatory properties
of silver nanoparticles contribute to anticancer strategy for murine
fibrosarcomal[J]. Cell Mol Immunol, 2016, 13(2): 191-205.

Moyer T J, Kato Y, Abraham W, et al. Author correction: a engineered
immunogen binding to alum adjuvant enhances humoral immunity[J].
Nat Med, 2020, 26(5): 804. DOI: 10.1038/s41591-020-0861-0.
Bonvalot S, Rutkowski P L, Thariat J, e al. NBTXR3, a first-in-
class radioenhancer hafnium oxide nanoparticle, plus radiotherapy
versus radiotherapy alone in patients with locally advanced soft-
tissue sarcoma (Act.In.Sarc): a multicentre, phase 2-3, randomised,
controlled trial[J]. Lancet Oncol, 2019, 20(8): 1148-1159.

Zeng Y P, Zeng W N, Zhou Q, et al. Hyaluronic acid mediated
biomineralization of multifunctional ceria nanocomposites as ROS
scavengers and tumor photodynamic therapy agents[J]. J Mater Chem

B, 2019, 7(30): 3210-3219.

Prog Pharm Sci  Feb. 2022  Vol. 46  No. 2



126 | =i, 5. teR@BHEREELT RETFREE

McHugh K J, Jing L H, Behrens A M, ef al. Biocompatible
semiconductor quantum dots as cancer imaging agents[J]. Adv Mater,
2018, 30(18): 1706356. DOI: 10.1002/adma.201706356.

Liu X Y, Braun G B, Qin M D, ef al. In vivo cation exchange in
quantum dots for tumor-specific imaging[J]. Nat Commun, 2017,
8(1): 343. DOL: 10.1038/s41467-017-00153-y.

Chauhan S, Jain N, Nagaich U. Nanodiamonds with powerful ability
for drug delivery and biomedical applications: recent updates on in
vivo study and patents[J]. J Pharm Anal, 2020, 10(1): 1-12.

Chen D G, Chen B, Yao F S. Doxorubicin-loaded PEG-CdTe
quantum dots as a smart drug delivery system for extramedullary
multiple myeloma treatment[J]. Nanoscale Res Lett, 2018, 13(1): 373.
DOI: 10.1186/s11671-018-2782-0.

Jha S, Mathur P, Ramteke S, et al. Pharmaceutical potential of
quantum dots[J]. Artif Cell Nanomed Biotechnol, 2018, 46(Supl): 57—
65.

Feng T, Ai X Z, Ong H M, et al. Dual-responsive carbon dots for
tumor extracellular microenvironment triggered targeting and
enhanced anticancer drug delivery[J]. ACS Appl Mater Interfaces,
2016, 8(29): 18732-18740.

Hua X W, Bao Y W, Wu F G. Correction to "fluorescent carbon
quantum dots with intrinsic nucleolus-targeting capability for
nucleolus imaging and enhanced cytosolic and nuclear drug
delivery"[J]. ACS Appl Mater Interfaces, 2018, 10(19): 16924. DOI:
10.1021/acsami.8b05530.

Li S H, Su W, Wu H, ef al. Targeted tumour theranostics in mice via
carbon quantum dots structurally mimicking large amino acids[J]. Nat
Biomed Eng, 2020, 4(7): 704-716.

Cheng M X, He H, Zhu H X, et al. Preparation and properties of pH-
responsive reversible-wettability biomass cellulose-based material for
controllable oil/water separation[[J]. Carbohydr Polym, 2019, 203:
246-255. DOLI: 10.1016/j.carbpol.2018.09.051.

Shankar S, Rhim J W. Preparation of nanocellulose from micro-
crystalline cellulose: the effect on the performance and properties of
agar-based composite films[J]. Carbohydr Polym, 2016, 135: 18-26.
DOI: 10.1016/j.carbpol.2015.08.082.

Wang H R, He J L, Zhang M Z, et al. A new pathway towards

polymer modified cellulose nanocrystals via a "grafting onto" process

Prog Pharm Sci  Feb. 2022  Vol. 46  No. 2

for drug delivery[J]. Polym Chem, 2015, 6(23): 4206-4209.
Barbanente A, Palazzo B, Esposti L D. Selenium-doped
hydroxyapatite nanoparticles for potential application in bone tumor
therapy[J]. J Inorg Biochem, 2021, 215: 111334. DOI: 10.1016/
jJjinorgbio.2020.111334.

Lelli M, Roveri N, Marzano C. Hydroxyapatite nanocrystals as a
smart, pH sensitive, delivery system for kiteplatin[J]. Dalton Trans,
2016, 45(33): 13187-13195.

Zhu D W, Liu Y, Liu M X, et al. Galvanic replacement synthesis of
multi-branched gold nanocrystals for photothermal cancer therapy[J].
J Mater Chem B, 2020, 8(25): 5491-5499.

Ahmad T, Sarwar R, Igbal A, et al. Recent advances in combinatorial
cancer therapy via multifunctionalized gold nanoparticles[J].
Nanomedicine(Lond), 2020, 15(12): 1221-1237.

Chugh H, Sood D, Chandra I, ef al. Role of gold and silver
nanoparticles in cancer nano-medicine[J]. Artif Cell Nanomed
Biotechnol, 2018, 46(Sup1): 1210-1220.

Wang S H, Riedinger A, Li H B, et al. Plasmonic copper sulfide
nanocrystals exhibiting near-infrared photothermal and photodynamic
therapeutic effects[J]. ACS Nano, 2015, 9(2): 1788-1800.

Chaturvedi V K, Singh A, Singh V K, et al. Cancer nanotechnology:
a new revolution for cancer diagnosis and therapy[J]. Curr Drug
Metab, 2019, 20(6): 416-429.

Tjo K, Varamini P. Nanodiamonds and their potential applications in
breast cancer therapy: a narrative review[J]. Drug Deliv Transl Res,
2021. DOI: 10.1007/513346-021-00996-5.

Lugoloobi I, Maniriho H, Jia L, ez al. Cellulose nanocrystals in cancer
diagnostics and treatment[J]. J Control Release, 2021, 336(7): 207-232.
Tuomela A, Saarinen J, Strachan C J, ef al. Production, applications
and in vivo fate of drug nanocrystals[J]. J Drug Deliv Sci Tec, 2016,
34:21-31. DOI: 10.1016/.jddst.2016.02.006.

Imono M, Uchiyama H, Yoshida S, ef al. The elucidation of key
factors for oral absorption enhancement of nanocrystal formulations:
in vitro-in vivo correlation of nanocrystals[J]. Eur J Pharm Biopharm,
2020, 146: 84-92. DOI: 10.1016/j.ejpb.2019.12.002.

U, EWH VPR, S UK EAIRARZ R RIS
R [7]. P E 255 4 & |, 2020, 55(24): 1993-1999.

Shen B D, Shen C 'Y, Zhu W F, et al. The contribution of absorption

HFd A conoion macn Hom



[66]

[67]

[68]

[69]

it h2o22mon mack mom

of integral nanocrystals to enhancement of oral bioavailability of
quercetin(J]. Acta Pharm Sin B, 2021, 11(4): 978-988.

Zhang J F, Corpstein C D, Li T L. Intracellular uptake of nanocrystals:
probing with aggregation-induced emission of fluorescence and
kinetic modeling[J]. Acta Pharm Sin B, 2021, 11(4): 1021-1029.

PiZ X, Wang J F, Jiang B, et al. A curcumin-based TPA four-branched
copper(I) complex probe for in vivo early tumor detection[J]. Mater
Sci Eng C Mater Biol Appl, 2015, 46: 565-571. DOI: 10.1016/
j.msec.2014.10.061.

LiYY, Qi Y C, Zhang H B, et al. Gram-scale synthesis of
highly biocompatible and intravenous injectable hafnium oxide
nanocrystal with enhanced radiotherapy efficacy for cancer
theranostic[J]. Biomaterials, 2019, 226: 119538. DOI: 10.1016/
j-biomaterials.2019.119538.

Li T J, Hua C C, Ruan P W, et al. In vivo anti-cancer efficacy of
magnetite nanocrystal-based system using locoregional hyperthermia
combined with 5-fluorouracil chemotherapy[J]. Biomaterials, 2013,
34(32): 7873-7883.

Lv ZJ, LiJ F, Yang E, et al. Antimony-doped tin oxide nanocrystals

B, LHAEN

A AR,

[70]

[71]

[74]

P

PPS

for enhanced photothermal theragnosis therapy of cancers[J]. Front
Bioeng Biotechnol, 2020, 8: 673. DOIL: 10.3389/fbioe.2020.00673.
Liu H Z, Ma Y, Liu D, et al. The effect of surfactant on paclitaxel
nanocrystals: an in vitro and in vivo study[J]. J Biomed Nanotechnol,
2016, 12(1): 147-153.

Gu L, Fang R H, Sailor M J, et al. In vivo clearance and toxicity of
monodisperse iron oxide nanocrystals[J]. ACS Nano, 2012, 6(6):
4947-4954.

Imlimthan S, Otaru S, Keindnen O, et al. Radiolabeled molecular
imaging probes for the in vivo evaluation of cellulose nanocrystals for
biomedical applications[J]. Biomacromolecules, 2019, 20(2): 674—
683.

Tian X M, Zeng A, Liu Z Y, et al. Carbon quantum dots: in vitro and
in vivo studies on biocompatibility and biointeractions for optical
imaging[J]. Int J Nanomedicine, 2020, 15: 6519-6529. DOIL: 10.2147/
1IN.S257645.

De France K J, Badv M, Dorogin J, ez al. Tissue response and
biodistribution of injectable cellulose nanocrystal composite

hydrogels[J]. ACS Biomater Sci Eng, 2019, 5(5): 2234-2246.

[ ZRIE | B - PEARARFZGH, MEESIN, HENERERNS TREEFESE, 158
FHEESIIGHE, T W SETEPSEANL, EHEZRIEAREEE]
o AR TE BRFAWHR, W TREHRERIE TR R, HEEEERLEREE
ISR EBE ML R R LIE. HRTEZERF T AAMIRGRS . T 2G5%: ., 20
BB 2O ARIN RN AT TAES , ELTEZG5 I BAR GRS M WA 18 3C 50 %57, 51
FI 1000 2k, TEATIE ST ALRER “T=#" Fieselfl &AL, ER AP ESSLTER A
Bk EZSIRIAS “HEARIER 5 BEEES N AAREITIRE R 2RERER.

Prog Pharm Sci Feb. 2022 Vol. 46  No.2 -




