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Advances of targeted delivery vectors for inducing browning of
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Abstract: Obesity has become an important inducer of many public diseases such as diabetes, endocrine disorders,
and so on. Anti-obesity treatment has become a hot topic. Inhibiting fat synthesis and promoting fat decomposition are
important ways of drug anti-obesity treatment. With the in-depth study of the distribution, morphology and function of
adipose tissue, brown adipose tissue containing multi-compartment fat drops and rich mitochondria have attracted
people's attention. Beige adipocytes which are similar to brown adipocytes in morphology and function have aroused
great interest, such cells can be transformed from white adipocytes by external stimulation or browning agents. This
process is called "white fat browning". The expression of promoting energy consumption proteins in these cells increase,
so that the function of adipocytes changes from energy storage to energy consumption to increase excessive energy
consumption in the body and reduce lipid accumulation. The browning of white adipose tissue has brought new ideas
for obesity treatment, but the systemic administration of browning agent has the risk of adverse reactions to non-target
tissues such as heart and central nervous system, which limits its application in inducing white fat browning. Browning
agents to white adipose tissue can reduce its adverse reactions and improve its bioavailability by constructing a drug
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delivery system targeting white adipose tissue. In this review, the mechanism on browning of white adipose tissue, the
commonly used browning agents and the targeted delivery carriers that induce browning of white adipose tissue are

summarized.
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Figure 1  Mechanism of drugs induced browning of white fat.
B3-AR:  B-Adrenergic receptor; CcAMP:
monophosphate; PKA: Protein kinase A; CREB: cAMP response

Cyclic  adenosine

element-binding protein; PGCla: Peroxisome proliferator activator
receptor gamma coactivator 1 alpha; RXR: Retinoid X receptor;
PPAR: Peroxisome proliferator activator receptor; AMPK:
Adenosine monophosphate activated protein kinase; SIRT1: Silent
information regulator 1; UCP1: Uncoupling protein 1; PPARy:
Peroxisome proliferator activator receptor gamma
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Figure 2 Ligand peptide mediated targeted delivery system. PEG:
Polyethylene glycol; R8: Octaarginine
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A 45 HE FL A adipo8, HAS 5 AT ] HoAh 2 g & A&
I3 BRO AR T T A M 45 A . Yu 250K adipo8 124 T
PLG-PEG J& B 44 K B (A 3 1T, T K3 3R A 4 1 3
%, WG AR RS E BRI, SR E
71, adipo8 [ &5 & KR HG 5 1 40 K &k Xt 7346 3T3-L1
YRR PR A, AT AR e MR N 1k 3T3-LL 4 M 9 1 24
YIRS . T RS O AR RS E 12, A T R F IR D
X O AR SR ) 5 50 1) 46 T DNAGKAL 25835 3% R %, I
I i A AR HE R R A S TR RRER R, B
233 ZR SR 0t I D7 200 B PR A ) R 0 RN AR E TR RS 2
THEE, AR X AR R 2L RE AR AR AT Y

422 $REfEERERAM 52 SRR R DT 40 A
bl, K€ 1 17 4 it 2 e a7 268 53 T4t L (ASCs) 1)
o A B TR A R s T . R, d i
58 ASCs 7] 2K £ i 77 48 B (%) 43 A0 A8 52 R 1 6 T i 4H.
LR AR K ORI Bk B2 FE I RCRE I — M 55 1Y) 55
W% . Daquinag S5“ 2R BLREIEALAL M B Z A% O R A R
B# (glycanation site-deficient decorin, ADCN) 7E A Fl1/)
SRPRT 6 T T 2 R I A A B BR T ASCs K 1, H
B P R I K S PE (1) Ik CSWKYWFGEC fig %
L5 ADCN ZZ iRk et 45 & . Zu S 4% 7 A % Resv
(1) 22 M ASCs BE [ JIK A& 1 1 245 4 346 32 & 48 (L-Rnano),
I I 25 4 336 1% 2R G0 IR B ) 1 R 4 AR AR R kAT TR
fro &5 R B IR, L-Rnano X ADCN FH 14 41 il B 45 B &
(R A AR/ SR B )l DT 4H 2R ) ASCs i R
FRJE N B2, B L-Rnano 40 2 20 1) i 1 40 At A 42 0
W, FEH L Z R A, UCPLRIAE E W n.

] ASCs [ 24 )8 1% 5% 495 R ey 728 771) 8 45 AR A8 AR
TR BT >R T 8 LK .

4.3  INERRIBL

431 WES  TZDs Wi 2 Hub IR 1 A 2 e i g
05 L EA S 0, e RS R B R i E 45 7 TZDs ¥R 97
DI B e AN RN = o R L = T
G, R Z SR 2N Rosi E [ a1 2RS4 210
B ) 25 250 SO D BUOH X SR A R RN, IR
Fr a4 9896y R0 . Saatchi ZEFONNE AL T OREPE 9 K kL
(magnetic nanoparticles, MNPs) {F 4 Rosi i#: 1% % 14 %}
N W7 AR AR 1R] o &5 AR, B 7K IR )2 RT R Rosi BT
F] MNPs |, W Fff F MNPs |E f Rosi f£ £ T i &
PPARy #E LR R IA 68 77 . HUH 1 AR Rosi-MNPs [1)
WSy A B R, B2 15 Rosi-MNPs (& 2 18 5% 1 Rosi
FE TG B2 T N N JRE /0N B3 rhoxst B A i 7 123 1)
TENL . WERA AU RS & & Fh 254, Il i it 5 40 f
JIESAH B AT RO 4 48 B e T A DR BT H bR AL 2
ST DR b, A T T R 1) 11 2 3 0% R R AN
TR E AL T B R AR Ak, 1] K AR
JRE 7 240 v £ A R T, B i 4 7 ) )4 T R
432 @BFEIFES BMPT /S PRDM16 #1 PGCla Jf
14 fin UCP1. PPARy #1 CCAAT [X /1 38 T 45 & & 1
(CCAAT/enhancer binding proteins, C/EBPSs) (1) % ik i3
ML 5 B BRI A ARG . (HBMPT X L
AR S5t 2 7= A2 1 2 52, DA UL, K BMP7 B8 [t 1%
EAMCBEAMNERLEE, GuoZE SNk i
7 #8755 e6 (chlorin e6, Ce6), Jf i i Bk 4 i #t % 122 it
5 4h Uk 1A CD63 25 & 11 ik CPO5 (CRHSQMTVTSRL)
FIPEG, Hitb#4# T 30 BMP7 mRNA [ 75 #8 [ i
KRG I s AR W7 AL Z AR S T AR K
T T AR B I 2R G (1 R 4 T R 2, B 4R PEG Y
AR A A M A 33E NI 07 40 S R T BMIPT, 3 in UCPL
Ik, BE AR b BERE o X P IE iR 7 A B I B
PRI RS T MG AT &, ATARYEEE
AT 1R A7 L IO 3 0 U0 K I U, R IR A 2R A Rk
FI) [ 2 1) B 1) R AR A8 71 25 P R R

44 FHERHTA

441 BEEFWRBERSE LA RER, @i
PG s 9 O 2K 8 =25 259 (benzodiazepines, DBZ) #fi
il Notch 15 *5 18 % 8 175 5 (1 €4 i 1o 40 g 48 4219, {5 %
LG5 FFIE A Noteh 15 5 38 6 (10 417 i 17 FH 2 52
JFF W R0 R O 1) 7 AR R RS, R I, ¥ DBZ BB [ 3
1% R E I U 2 RN 5 R A R O e e
BN, Jiang PO & T B H DBZ HI R AR -5
iz JL B ¥ (polylactic-co-glycolic acid, PLGA) 44 K ki



MGG A 1545 1 B IR T £ A P R 1) 8 R PO T 2 i

+ 2055 -

DBZ-NPs Jf J& #f 73 4 2 M e va) G g i 23 o &5
J R, NPs AT 4 € i85 5 240 I B 208 B i 37 3L
A, JE I AT R S i DBZ 4101 Notch {5 5 2 3F (1 € iR
7 41 Jfa 5 A8 I 0 BE R R4S o Hiradate 255944 2 11
CKGGRAKDC 5 R8 XL 7] [] Rosi Zj )i 15 R 41t 2
IR A A 2, AT D A B N R B, 3 AT
A ZGNAE I 7 LA PN R A R R AR R
442 s WMEHABEFERAE LR RBS
25 AL A AN RS HAS T Bl N SRR FI AR 5,
A5 L oM Q47518 52 R0 1R B T AT R H 4R 207
T 25 25 2 RS 5 (1 0 I8 B L Uk b i) — Rl
#0073 Zhang 250 DR UK 1) A5 e w1 SR ME AT ARk
JORH 2% 0T B R A e, L3S A Rosi 7 608 44 K kL
SR A A S RN AR E RS NG R h =R Ad
Pt 0 3k A A S, O TR e T A R R B O T
AR IR, ST R AR TR . TR I, R
FRTIUE 78 BR MR PR R RO AR ), AR RN B R IX
W, FiAtE kR £ UCP1.CIDEA M1 PGCla 25 () %
ik, BET AR E (€ g 7 2 25 1) A R AR M 4 4R AR BY,
B L, TR I R 7 ) S S B ok A X3
B R a2 T A8 S0 AR B I TE AN RV
5 REBES5RE

T (L R AR A TE AR BRI T o — P &
2 RVE ISR, X AR S (iR 7 20 Uk Gtk AL
Hil O SRS T — R, TR s iR
H LR EAAE NI AR YE T T R S NP A S AR 1 5 9
BT 5. BRI, € g I A b 1) 255 1 52 g 15 o7 2 (1)
SO 55 R R R AE B, BRI A 0 HE AR BE 5 5] i
Jo & Z AT, T B R 2 1 M R R L [ R () 3 22
M0 5 FF AR AR . kb, 1 60 1 7 40 P AR 2 P 2 i A
Ji, 2 P AE € R A A AR AR I 2 W 2 1 A
S 3R 6 R MR PR AR R - SR AR 8 R 5, DRI R RER L ) I
B W% AU (1) & Bz K F B R g s (R E AR . 47 71
A [ 1% A5 R Bk P AT 1 1 £ B 2L TR A R T AR AR
TR A R S L 51D 1 AR 1 0 TR R 9T R, > &
GA RN SR, B AT E I 2R b
YR B A BRI DG T S ) 3 2 R 4 B AT HROE(H
Py, AR Y248 T 2 (A €5 B 4L 2310 A= 0 hs £ P A
Fa) A S O ) 254036305 R 4155 S IR R0 P9 I 13 e i
o 20 2385 Ak LA B B R SORIT R T 5

YEF TTik: HME 52 7 5T IR 3 B E FME O VR
W MS 5 CEESOHREE B A, E . E it ST
T ~ e 6% 67 5 SRR W ) 4 AT 5 1) R A S i A A P 25 3R AT F
SAMEEL; Mo 55 5157 5033 R g AN A B S

Pl 3 BrE VR 4 7 R AEAE R 28 vh 58
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