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Figure 1 (Color online) The development of targeted drug delivery
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PEARIC B B CastrofFgy 4 HiRiE Tt
MBS B B B R ) 1 &2 24 DN AMLER A
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FRTEE, FTLAS S R SO HESE G KDL KB 3. T
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Y10 mT) F ASOR GRS BE T 3 (4 05 sk AT =48 A0,
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by SR AFAE, TEUE A LR 2 RS, 9KpLgR
I TR R ) A WA 2 L FE 4 SR AL R RN T
S A S RE A A SR 2 A ) . PRI, An e gk
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foulZs NS BE JHRRETE . A YU AR 251k B A AR TR R T
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& A 12 16 3 i R X, AT R B, K ks
ALK A AMC- 1 40 B 1 S 25 /N R BFHEE, A
ISR, £2iK55%8MC- 1411 & FIHCT11645 H
SRV AR B X, ZEFRIKIESIMC-1196. 24F1
72 W5, ANRICHRAERY, Ao A s, A1k
Febrth—PIIER . BREGYb e N AN, #E9Rsh =22 fL
LRGBS AN TDRE T 40 SRS S 2% IR YT R T
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KER. BB L Fr B Ik 3 Sh, TR TR
Y i gk e VR A sk 1585 A HES . X HL
YA T AR T GRRAILER Ay ] RN ] 4%,
i AR LT R sh B HAR &, T Tk & )
BRE . KEERDS FARE. S b, Bkl =Ca n]
QKR AT HU RS, 0 26000 1 min 'Y i TR
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HEAK Ik, A EBEIEGK A Y AR U s B .
Chienif-BiZH ™ ) FH oL 37 50 B T B IF WP R4
KoL, MATE S 90K o BB Ii-COOHDL-NH,
TTRER], JXLETT R TR /K AT B L B i-COO fI-NH
(TR B S i o S Y o s T ) | b
B35 E R AT e R, B 4
YR EAS 7, A i H 45 1 B sh i 4 i oK 2k
H S HES) 5 2N ) sk ). PR3 i e Ha 3 1)
s i it i e S O RRHED, 4 KR TV T A
PSR 3 B I 4. FanZs AP+ — ity
TR SR IRSE R F(TNF S5 &, IFIESE
T HAE R IR S I VE T vl TNF ol ) 36 2% 28 FAS
. 5 LIRS, G fa] A RSOk 2 TR B 4 ) 25 4 11
T SR A5 DT 1. B — A, X2 APy
132 B AR A IR Eh Aok ik, HAk
SRR Bt JZ R I J& Au-Ni-Au = B GKEL
ha] 2 AR BRANE B UL, B
T T 2 G K 3k B 4T RISl a2 i W
RO, SR T YK H R S 2 RO R R AR
AU, A HF MR AL A 25 B GE R

P T HL Y B 2 I A o 2 G, O L
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ER NG IR 7T L N g e M IS E RSN N B
M Z R, RS AN R IR sl — R 8%
(SRS StudartifR2H OHRE T —Fh b HL S ARG
3 UK 50 (4 R FEEAARE . AT Fe AL - g 1R 18 43
FIRE15 nmERZFN15 nmPYSAZ B, W= A
H13%(0.5~2.5 MHz) ™25 (1 A Ha Yk A I T 3 sh s {4k 7
B =S, W H S R S5 AR T 2
() AR (AR P P, AT SR (AR b R RN I 2. &A1
Jiti ST A 0 3 R LA SR 9% b o e AR T ()32 B0 1)
I, FHAUOREEAECRR T B e AR )RR S, Fan
I BT E T R L A RE Bk R 1 R S T gk
YR iz s, R IR T 379K o)
YORMLES AT LERSSC IR 2 B B =88, 1
JEM A FHZER N 254015 126 50k, 1IEAb, L3R shal Kk
LB AT R AR S m Rl FEZRENS54E
YRR A,
323 K

FeBR S —F Al s R S GRS AR X, 8
IR R . Dy A, AT SR R - R
TE VI S ) ). CIR SR LA A —
2D — OB R R, SRR AT 2 Rl
AR SERAT R RDEEAE AR, BTG IRVER
RSO ERE & A e O SR R N DG R
PSR, YAt ALK )38 & R R R L H, 0,
BB, PR AR RS 1. o, Liugg
NOURE T —Fh AT U4l 3 T T A SR
Cu, O KiK. ZCu,OH K Al A ELA R )\ ThI AR &5
M FHEAEZR R {100} AL 11 WIS S T =2 [RI T B T 53 I
4 SEEGAE R, 1 Cu, O K ik FUAR B B ERIE 40
K IRTEAiK b iYis sl BEPR M. 25 Bz sk BT
AR, AE SRS A I HL A 43 B FNARTE AL
R HRTE, XIECw,OH K Dikiz s g ay R, 5
S, ALK Tk 2 R H,0/E M EREL, 44 A PiAais
A, B TR 2505, ST BRI
Fe#I T (photothermal  therapy, PTT)Z&—FPE 213k
{RAVERAE VAT RS, B — i 6 i WSO 4
51 &P TR A K IEANAET - YT L. HET, W LA EH
P 7 S Sy AN 7 7 - BN K = 4L 7 e o1
INSFHE BB Xuan2g A58 T —Fp
F AT JE R A AL B REGOR TR, R Au7E

JZ 1) JRy 3G RN A T ST LT MO G RR S 7= A ket
FEUR SN KA NTELE K P PGE R . 5 TeLEH
PR EL, A PGB REEAS TR 5 09 A= 1l B g vk
FUREEE. Belr, WangZs N IF & T —FSUE S A L
A F, T8 SR MR A SURRRIAR, SRR
YR, AP EEEAT P IR0 51 (37.8%)
BRI R AR A PR . /D BRI SE 5B, 7200
AP T B AT RAFR MR E . BRoGE
R EIER [ B 2 A1, EBUE BRI G A1k
SRR R WAEE . R A RS YL
SEPERUR AR, AT K LR A SRS 3l 5.
KB R FHEOCIE ARG IELLAMEREOE. 54k
HAEE B P BT EZ IR, Rl FARSMFE. i
LTHMGIIE K 650~1000 nm, 7EAE Y2 b A SR8
BB, It B AR FRHELLAN RIS D, 2
KB AUOR MR N R 2 ROETR. Br T AR 3]
Ah, IELLAMGIE AT TG UG SR AR AL g A
EAEPRNIZESEER, SOOI R LS Y
B AT R, SEIA A A B B AR KA L A R
FBOCHERIRSDEIR, HRFOCIT DR, 559
SIEAY AL A, BRI T HSEER .
3.2.4 B I

[T R A P VA £l e o 16 A s o N S
HEFE A, AR T AR B B R R B TR EE I S 4R
YIRS P IR SIAOKRHLAR A, I HL R i (WM Hz
BB W) R G A FE R AR, I A IR A
AP A YA R T S8, 7F R ) 259058 3% 7
T ELA AR o AT 0. R IR B AR X S
S IBAIKAE, (ER 4R YN KA ) M P HEE AL N
SBA%. Malloukifiigl "> LA A IR 309 Au-Ruil 4 &
YUERFERBIFTERT G, P& TP AR A HEEAL . L
A 7 Tl ik R 7 A R 7R S A R G kb AR fk, 249
O R A R O, A I AR RS R
1) Au-Rud4s JB 40 AKHE, (AR N IR A G
i B Sy, HESHCPRE AT E, B AT 15200 pms™. 0
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Progress on nanorobots for targeted drug delivery systems
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Nanorobots are artificial intelligence systems that simulate the construction of biological nanomachines and important
biological events in the life process. They move autonomously in the biological medium by taking advantage of various
forms of energy around and interacting with cells or tissues. They are nanomachines with sizes ranging from 1 to 100 nm.
The nanorobots targeting drug delivery systems are a multi-interdisciplinary subject intersected by nano-science,
biomedicine, and mechanical engineering. Due to their small size, autonomous movement, and precise control, nanorobots
show great potential in biomedical fields such as precision therapy and nano-diagnosis. Nanorobots of small size are
capable of moving into the deep area of the narrow-body tissues. Different from the nanodrugs delivered through the blood
circulation system passively, nanorobots show their advantages in the autonomous movement towards targeted cells or
tissues in various bio-mediums by being propelled by surrounding chemical/biochemical energy, external fields, or motile
cells/microorganisms. Nanorobots research on targeted drug delivery aims to deliver the drug to the pathogen cells without
affecting healthy cells, which improves drug efficacy and minimizes side effects. The study of nanorobots is a pioneering
research field and their application in targeted drug delivery is supposed to promote the development of clinical medicine.

In this review, we first retrospect the development of nanorobots for targeted drug delivery systems. Three key
technological stages that promote the development of targeted drug delivery from the proposed concept to the
demonstration are introduced. They are PEGylation, enhanced permeation and retention effect, and nanorobots technology.
We then classify nanorobots into the following three types based on their materials, which are cell/microorganism type,
artificial material type, and their combinations. Various fabrication methods of nanorobots that follow the bottom-up and
top-down design principles are also presented in the classification part. The sustainable and reliable propulsion of
nanorobots is an essential prerequisite for successful targeted drug delivery in a biological environment. The common
power sources can be divided into chemical/biochemical energy, exogenous energy (magnetic fields, electric field, light,
and ultra-sound), and bioenergy from motile cells or microorganisms. We review recent progress regarding nanorobots
propelled by different energy and their application in vitro and in vivo targeted drug delivery. The mechanisms, merits, and
limitations of each propulsion are also discussed in this part. At the end of the review, the key research challenges and
directions of nanorobots are given. In order to meet the practical needs of biomedical applications, nanorobots still face
many challenges in biosafety, actuation, in vivo navigation, in vivo safety, and other aspects. Considerable studies are based
on in vitro experiments and in vivo experiments of animals. Due to the limitations of current biological imaging
technologies and location tracking technologies, it is difficult to achieve precise control and positioning of nanorobots deep
into human organs and tissues. Particular emphasis should be placed on the evaluation of biological safety, autonomous
navigation, and precise manipulation in the complex bio-environment, visualization, and tracking of nanorobots. It should
be noted that current research of nanorobots in targeted drug delivery is still in its infancy, it needs rigorous verification
before the realization of nanorobots in human bodies.
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