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In vivo fate study of drug nanocarriers: the applications of
environment-responsive fluorescent dyes
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Abstract: The in vivo fate is a crucial factor that governs the successful translation of nanoformulations.
However, one of the current biggest challenges is with the real-time monitoring of the body of the nanoparticles
themselves. Conventional radioactive or fluorescent probes give signals even after they are disassociated from
the particle matrix, generating interference to bioimaging and leading to misjudgment of results. Environment-
responsive fluorescent dyes are regarded as promising tools due to signal switching in response to the changes
in the environment. Currently, there are three categories of dyes in bioimaging of nanoparticles based on Forster
resonance energy transfer (FRET), aggregation-induced emission (AIE) and aggregation-caused quenching (ACQ).
They have similar characteristics that strong fluorescence is emitted when they are embedded in the matrix of
nanocarriers, whereas the fluorescence quenches upon release from the matrix due to dissociation of nanocarriers.
The fluorescence switching reflects the existing status of the nanocarriers and therefore helps to interpret the in
vivo behaviors. FRET and AIE probes have been widely used in elucidating the interactions between nanoparticles
and cell models. However, they show intrinsic defects in studying in vivo fate of nanoparticles. ACQ-based dyes
are sensitive to water, a universal factor in the biological environment. Therefore, with the help of bioimaging
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equipment, the in vivo trafficking process of nanoparticles can be unraveled. This review article tends to provide
an overview on the rationale, pros and cons and applications of the three categories of environment-responsive
fluorescent dyes in the investigation of the in vivo fate of nanocarriers.

Key words: environment-responsive; fluorescent dye; aggregation-caused quenching; Forster resonance

energy transfer; aggregation-induced emission; nanocarrier; in vivo fate; real-time monitoring
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Figure 1
searching Web of Science Core Collection using the key words
"nano*" and "drug delivery" (accessed to Jul 1, 2019)
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Figure 2 Schematic demonstration of the principles of labelling
particles with non-responsive (A), Forster resonance energy trans-
fer (FRET) (B), aggregation-induced emission (AIE) (C) and ag-
gregation-caused quenching (ACQ) (D) fluorescent dyes
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Figure 3 The schematic demonstration of principles indicating intact nanocarriers in vivo by ACQ dyes (A) and a comparison of monitor-
ing SLNs in vivo lipolysis process by ACQ dye P2 and conventional dye DiR respectively (B). Cited from reference® with permission.
Copyrights 2019 Elsevier
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Figure 4 The chemical structures of four typical ACQ probes and water sensitivity in blnary solvent system of acetonitrile and water. A:
Fluorescence spectra of P2 in binary solvents with different contents of water; B: The curve of fluorescence of P2 vs water content indicating
the water-sensitivity threshold; C: ACQ effect upon dispersing the acetonitrile solution of four probes into a 100% aqueous medium (ABS:
Acetate buffered saline; PBS: Phosphate buffered saline; FaSSGF: Fasted-state simulated gastric fluid; SGF: Simulated gastric fluid; SIF:
Simulated intestinal fluid); D: Visualized ACQ effect of P2 in acetonitrile (emitted) and water (quenched). Reprint from references“®*% with
permission. Copyrights 2015 Elsevier
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FR) I 43 2 4% I 4285 i A, A 7 LAk R TG AR,
it FRET 208 3 BH BT 5 28k 26 99 KORLAE A4 PN #1843 R A 58
BRI G, FLBEE 250 e s 1tk 14 5, JHL o TSk U 2% o

REVAAKRLE JEBA — & MR, 77 R E AIE
ekl oy 7 B, DR AT BLR T ALE Jek) il 4796
brid, UAWF7E HAR N 72 . R A AIE ekl TPE-TPA-
DCM Fric A& A9 KkL, VES 4 TR/ s, KI
FRNAS SIEMR AL B, KRR A EAPK
or EL A R A e B0t o I SR 4 KR 1 5 ALE
T B, T T T2 8 I Y, e Ah, I6 A i
YRR L B ALE 5865 F-HEAT 630 1808 B 72

ACQ YLl 538 A F SR AIF 70 57 7K P 40 K KL 1) Ak Y
g, HeZEBILL ACQ 4kl P2 brit K 4 LR Ol
B (MPEG-PCL) 4l K i, i ik it J5 , & I PEG & 1fi
AT DAL JE K G KORETE A4 A B A0 A B ), fHL 2 5 R AN e
W FTARGE A R A ROk B KA E R
XPRLF B 11 2 (R AZEE) B )1 34T T X gy
BT, IR N ML S, 290 st 57, 2 200
H S AN F BB 71 54T 9, B 2 1) 2 GKORL o A gk N
ZH 2118, Meng 25B49% ] DIR #ric PLGA g4 K ki %
PN A3 AT HEAT TS, (H T DIR B A IR B ¥ K RN
H I 58 A kK, Ry M &5 B — & 1 e PR A
[ I ACQ J4hth 4 F T~ Wt 70 9 oK R R B 45 24 ¥ 5 i
RERR, R LB B AR PN AT A AR R N KR i
% A LI L, 9 AR AT IR R BT ok, T R TR 240
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IF T A5 HE NP s
3.3 BERZNAKL

JIg R 44 K kL B4 55 SLN L NLC A Jig Jiit 265 4 3L 40
) (LDC) =M 2, Sl ) vz T4 v v 1k B R
F2RZP0 O RAERIRE . BT IR B RS N
JUE 107 T 9 i, IR A TT TR g 3 P IR IR s BT B
fiFeTeel, Hu S8R H ACQ J4 kL P2 frid SLN J, X
WEFL T SLN TE K BB 738 ) SEBT g i /8, 45 5%
A SLN 7E 5 Hh i B B (R 4, T gk N i 1 AT i gl
R ft, [F) NI 28 UL 52 21 K R 25 & I . R IR ik &
A NG 7 B A ) 55 (3R =] Ad) RS SLN T E
TE#5I8 FI PR MRS I 53 4h, SLIN A 32 26 9 11 R W A F
HLH — BEAFTE 41, A 1B SLN H 5 v] DA% 41 i
PRI H e i N MG R, AT A2 R U . Hu 250058
it ACQ Gk Aric & B SLIN #i DA 235 AL M s, wf AZR 1
AR . Ma 25 O4VRIE 5 JU) 5 B U Hh W8 %% 1) SLN ()l 555
PeAE T, T W SLN A5 2 1 AR Ak 2D 2 W s 1\ RE 1 o
DL A6 K ACQ Bkl (P4) #EAT AT, 3L IR 5 B s
W8 R B SLN AR & Jig 3R ¥ AT 4 Caco-2 41 il K & %
W, {ELAR A 273 41 g B0 2018, ACQ S b id i SLN
TE G VR B 1k 9 AT S B W0 4% 21 SLIN TE il 358 e #7118
P890 AN S i 0 A A R 1 A F A TS R R, T g
23 R T EL I O R B, NI TR SR S50

Zhao %5114 Cy7 5 i FUE £z, J+K QD710 H A
HF e B4R, VRS S 30 min RIU SR 21 44 K i 7R
i SR AR, FF 98 FIB TR K, RGO R AT R
¥ M Cy7 i Y638 BE R BLUAR AT AL BT 4R
W, 3B 7E & A9 B . JE i QD610-Cy5.5 A i i 5 44
KRLAIEFL T A9 KRLTE AR P 1A R 30 ) 2, 3R A 9K kL
E I P A AR 58 2 3008 42 mint9, | FTE & L AIE
JeREFH Tt 9015 5t 4 KRR P A is i HRIE
34 PMKRASHI

4 Cy5.5 1 Cy7 B0 28 T 4 K FL P 1% 7] 7= 42 FRET
BORE, ARANIT TR 92 FRET EL A7) 5 40 K 3L 5 5 ek 4 O
VEST G 6 h 2 I P A7 71% 1 55 56 3, 11 8 s o AR
H 40% R FF s B0, Tl ACQ YLk ARic KT, 1
S I R B AE I R R B A R, 30 min 5 R K4
30% K FLOR 7 e BE 45 1), 1X 5 FRET RN i 13 45 R
BH—EERE, Rk, A0 LR A T R
D5 VE R 95 A0 P . Xia 500 4 K L4 1R s 44
P B AR FEREAT T AT AR 9T o I VA A 5%
RI, GUKFLAE B T8 A 0 A0 R0 4 i 55 R A R AR
(R - Rt 157 b NIV AT B i DU = g 4
WAL 4 A 1 BT R FR T 358 o 6355 S BF 72 A & 1 80 nm
4K LR B NG 1 R R H TGV SE B 5 0F, T 40

KAKL T AT LI B ALIE R 21 H K7 DL T 588 um®, 24
VIR TG AT — D i B N B 44, Ahmad &5
it ACQ YR ric gk AL, WL T & B2y s
b AR, HIE S 58 B G R A A AR M S i i % 2 N S,
T AT 324590 3 1 1R R FSUR AT B 20 A i
35 YRS

gk g E T T DR RS RO 2 R iR
7, TR A 25 O R AE R R S T TR T 2 1
MBS 25 2 AN SR BT, andE v DURE (Tricor®). B
% UL 35 (Emend®). H Hh %2 il (Megace ES®) A1 i F1| Wk
Bl (Invega Sustenna®) 5. 44K 45 dh it A& N J5 1)
il FE— B AR TR S . ], BN IR —
S B B RG24 ) (W 75K -6), K 3L i) Ak
gkl i E B AR S AR, (HEER R R A D
BRI 250 A H R0, 2 2tk gk 45 B E R,
HHEFFE R R+ (6% 2 P B.DiD.DiR.
Cy5 2507 e b N 254K 45 db s A%, DT SEBL T X6)
YRG5 A P I 0 S W SR8, (H X S YRR B
RS me BEVE, ToVE R X 5 29 (0 45 AN IR AS .
Gao P S K F AIE Yok} (TPE) B 9T T 40 K 45 i 76
i 988 4411 B R ) A B ) 2 R, 3 I K 4 o T A
i B O E R R B I . R T TPER K
BOE, A& G AT R N T R . Wang SEROTR
ACQ B4kl (P2) brid T LB RYIKEE &, MG 25K
LK oK 25 o T I Hp A SRR I B, B £ O A & AN
i, 2 2D 3 43 45 & W] A6 AL YA 3E b 4 £F 48 h. Shen
Spuoro2p — 35 DL ACQ YR T 1 IR R 9K 45 i 1
S5 AR R, VE AR AR TR B K S SR T AE B
Jir i W A7 2 12~18 h, A —E ok g Tl b
J 240 M 2 5 W SCRE N IV BR, B IS S A T R
J3Ah, AT ALE Caco-2 2 A 5 2 455 R F 5 RS A s Wl 1) 52 5
TACYK G i, IX 3R B G K 45 i DUB AR T Uk 5 02
FiE A el
3.6 BERR{E

I JOR A 2 R T R ) K ) 5D, AL A
A N 1 S8 EE A S s i R SR AN LB I . FRET 2806
ek vT 4 A T R 5 RLay 2 R T PR AR FRET &K
N, Li Z502) F] FRET 2GS HE 78 17 A o2 4 75 40 ffg 4 %
Bl R e . PR ANE AR, 2 e T AR A 5T
RS, VA 50% LA F I FRET KGR o X E 2L
S BT AR I ekl 7 B R SR A, iR R
P ISR IR RO S, T R AR IR, ATH SR AT BAAR
B2 2 A PR Fi 45 SRR B, KB IR o A m] A o B
HFE I N A0 P, T R A 2 10% 1) 58 % A 5 A BT B
iz a2 . AR FRET 208, &3
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AU 7T 0.1% 1) 56 5 i S5 A o] 125 3ok 1 i o 2031, 3R
55 i 57 789 %3¢ 56 G R HEE I T A A 7Y i B A R R N P A
RERE—PIRER.
4 HZip5RE

YK TR R & B4 R, e PR A4 38 31 1) B K P iy
TE - b 36k FAA P 4T R O HERA DA S0, T A P 4T M R R
FUKHR T - Flobr e F B, DRk ke B 1A A S o 490 K 385
1 B B R 9 A7 SRS I bR e T B A AL A AE
M. FRET.AIE & ACQ B4R} i T H A R 558 mi B 5 4,
4 HAL BT G oK B4 R m] e S 5RO, P BE A 9K 3
T E BRI B AR, IREE 0 TR TBUS R AEAS 5 V)4 R
TR o FIFHIX — R 55, AT SEE G KR A N iz 1
S VR M A, R O R — 2 0T K B AR A A A IR A
B B4 M E R HRM I R AT A R E 5. AR SR
R =R GURHE B ST KR A iz 7 T B A —
SEMRS, L7575, ACQ YR T I& & TR N frig i 7t .
ACQ JL KL AW A 53 A (1 K e 7 R B s, HLad oK
FEAVRK LV STV E VR, 2RI T RS
MARBAEEAFREEHFENEN SR HE,
ACQ A& —A~ g KA H 73R8 1 B g 2, A&
T B A R KB SR 8N B 9K 3, A& T B
KR A WD L GRS — 7T, K651 5
&N RN T 95 AN SEL L8 & A RN ]
SEUOCE I, £ — R LIS KT .
I, AR AR T B R ACQ Hh i BR e o He 347 45 4
B Ak, 33 T S v A b s B 0 K R A (K R 9 AT A, A
BN YN R0 I R AL SR A P SE A A T -
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