HaHoOMaTepuanbl Ha OCHOBe
NoAMMepPOB Ana buomeguuUUHDLI



CoaeprKaHue

Knaccmpumkaumsa HaHoMaTepmanos
PU3NKO-XMMUNYECKME CBOUCTBA HaHOYACTUL,
MeToabl CUHTE3a HAaHOYaCTUL,

anN\EHEHl/Ie HaAaHO4YaCTUU METa/1J10B



Kiaccupukanus HAHOCTPYKTYPHBIX MAaTEPHUAJIOB

HaHoknacTepbl,
HaHovacTuubl

HaHonokpbiTus CnoucTtble
W HAHOMMEHKMU HaHOKOMMNO3UTbI
O0bLeMHbIe

HaHOMaTepuanbl




 Cluster
- A collection of units (atoms or reactive molecules) of up to
about 50 units
 Colloids
- A stable liquid phase containing particles in the 1-1000 nm
range. A colloid particle 1s one such 1-1000 nm particle.
e Nanoparticle
- A solid particle in the 1-100 nm range that could be
noncrystalline, an aggregate of crystallites or a single
crystallite
* Nanocrystal
- A solid particle that 1s a single crystal in the nanometer range



YTo TaKoe HaHouacTuua ?

MeTanamyeckaa HaHoYacTMLUA — 3TO Haxo4AWMMCA B cpede U3 NIErKUX aToOMOB
06beKT chepomaansHom popmbl, coctoAwmm n3 n ~ 10-1000 aTomoB, MMEIOLLIUX

pnameTtp d ~ 1-100 Hm 1 oTHoweHue n ., n .~ 1.

Hanoyacmuybl 61a20p00HbIX Memannoe u mamepuans! Ha ux ocHose, C.I1. [ybuH, I'.10. IOpkos, H.A. Kamaeea.

Full-shell Clusters Total Number Surface Atoms OBOJ/1I0OMKA

of Atoms (%)

1. Shell 13 92

2 Shells 55 76

3 Shells 147 63

4 Shells 309 52

5 Shells 561 45

7 Shells 1415 35

Source: Nanoscale Materials in Chemistry, Ed. K.J. Klabunde, Wiley, 2001
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Cnocobbl nonyyeHUs HaHOMaTepuanos
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MexaHun4yeckoe JUCIIEPrupoBaHue
MEXAHOXNMMAS B cuHTE3€¢ HAHOMATEPUAJIOB




I'Ionyqel-me HaHO4YacCTUuy namesZibdieHmem

45 —

40 \
]
g 35 - \
C
g i _ (32.5)
%)
o 30
£ - (25)
© [
O 55 T
|
20

Time, min
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MexaHOXMMUYECKUN CUHTE3 HAaHOUYaCTUL, OKCUAA LUPKOHUA

M/A

ZrOCl,.8H,0 + 2NaOH . ZrO(OH), + NaCl

400 - GOV 1/\r

Arperatbl ABYX TBEPAbIX
NPOAYKTOB NpeAoTBpallatoT
CneKkaHue okcuaa Zr

ZrO,
4-5nm

PeakunoHHaa cmecb (AGO-2,40 g, 5 min.) nocne
HarpesBaHuAa n npombiBku ot NaCl

(E.G.Avvakumov et al.)




JleuebHaA KOCMeETUKA Ha OCHOBE CNOUCTbIX CUIMKATOB

Layered Silicate Organic bioactive
(Talc) T substances
(Succinic acid)
M/A
NANO Succinic acid
on Talc

4................

TEM photograph of the composite Talk +
Succinic acid after 3 min of MA




[@a30MapoBOU CUHTE3 HAHOYACTUL,
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O6uw,an cxema CUHTEe3a HaHO4YacCTUL, B pacTBope:

M* + Crabunusatop (MAB) + BocctaHoButenb

=



Lycurgus Cup, 300 A.D.

Hanbonee 3HauMmbim cobbiTUEM ANA uUCTOPUU
pa3suUTUA HaHO4YacCTUL, 30/10Ta ABNAeTCA
coobweHune dapagea B 1857 rogy o nonyyeHuwm
KONNOUAHOro pacTBopa BOCCTAaHOB/JIEHUEM
BOAHOrO pacTBopa 30/I0TOX/IOPUCTOBOAOPOAHOIM
kucnotbl  (HAuCl)) docdopom B  cpepe
cepoyrnepoaa.




Monodisperse Colloid Growth (La Mar)

injection _ Nucleation

Ostwald Ripening  Siaturation
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CuHTEe3 HaHo4acTuy

KonnoupgHblie meTannbl U KONNMOUAOHbIE nonynpoBoaHUKOBbLIE
YaCTUlbIl NOJTYHalOT U3 PAaCTBOPOB XUMUNYECKUX coeaNHeHum-
npeawecrBeHHNKoB XxMmMn4y4eCKnmm peakumamMmu, B pesyrsibtate
KOTOPbIX 06pa3y+oTc;| HepaCcTBOpPUMbIE HYaCTUullbl MeTasiJyia Uiun

nonynpoBoaHUKa.
Chemustry

Mucleation Collision! L"Dlliﬂnn
o D ——— Cn’des-:ence %-‘r omEration

Surface Growth

Cruantum ¢he mistry

-

>

Unimolecular reaction theory
Classical molecular dynamics

o Acrosol dy ng mics 'q' -------------- > >




CUHTE3 HaHOoYaCTUL,

#Metal: Au, Ag. Pd, Pt, Co, Ni, Fe, Cu
#Semiconductor:

< (IV) 5i, Ge;

-V} ME {M=Bi, Cu, Cd, Sn, Zn,

Ph: E=S, Se, Te);

S (HI-V) ME (M=In, Ga; E=P, As)

S Oxide: Zn0), Cu0), TiO2, Zr02,

2 Fe203, Fe3dOd, La203, MaFe2O0d,

CaFe24
»High vield
#Size control!
Coordinating solvent f;;ﬂﬂdﬂpﬂ"i:r
Stabilizer at 160-350C e pe control.

>Alloying Sem h‘.'rHHfH{‘itm"
»Doping! property tuning at
»Heterostrutures nanoscale



CunHTe3 HaHo4acTuu 30n10Ta. MeTtoa |.

O
OH =0
HAuCl, + | _ O
OH
500C COO  COOs e,
=
o0
O

6 HM

3

+HCOOH + CH,0 + CO;

I Turkevich HaHouyacTtuubl 30210Ta, pasmepom 11 Hm,

noJsily4yeHHble Nno metToay TypKeBMqa
J. Turkevich, J.; Stevenson, P. C.; Hillier, J. Nucleation and Growth Process in the Synthesis of Colloidal Gold. Discuss. Faraday Soc. 1951, 11, 55-75



aHHble [19M HaHo4acTuy, 3010Ta




Absorbance

| Cl
A
Au HT +

e

cl” ¢l

hydrogan
tetrachloroaurate

— Solution A
— Solution B

— Solution C
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Wavelength /nm

INEKTPOHHbIN CNEKTP TPeX pacTBOpPOB
HaHOYaCTML, 30/10Ta
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CMHTE3 HaHo4acTUL, cepebpa.

Agt+e=Ag"
E’=0.799 V
O,Na
2AgNO; + HO O,Na
CO,Na
citrate

E,=-0.56V

— 2Ag

O + CO, + HNO; + NaNO,

<02Na
<

CO,Na
acetonedicarboxylate



CMHTE3 HaHo4YacTuL, cepebpa

100 nm 100 nm

* rntoKo3a (A) 44 nm
ranakrtosa (B) 50 nm %
naktosa (C) 25 nm 0

Ag mbu'%zsrs 225, o

manbTo3a(D) 25 nm




Ctabunnmnsauma HaHo4YacTuUL,

3neKTDOCTaTuqFCKaﬂ Crepuyeckas AnekTpocTepuyeckas
O6pasoBaHue ABoWHOrO WUcnonb3oBaHue NonMmepoB (voHHbie TNAB,
ANEeKTPU4eCcKoro cnos lns cTabunusaumn NONUaNEKTPONUTHI)
O6nactu

ANeKTpocTaTu4vecKkoro

OTTMMH

n the presence of
steric interaction

- Surface-to-surface
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<< In the absence of
sleric interaction

(I

i Crepuyeckasn

YBeauuenne koHnenTpanuu  BaxHa TONWMHA U NNOTHOCTb cTabunusauus
! JJIEKTPOJIMTA CNoOS



Ctabunmsauma HaHo4YacTUL,

CoOoTHOLWEeHUe Mexay Npupoaou ctadounuInpyviowero peareHTa u
TUNOM CcTabunusauumm

MUOoHbI (HeopraHn4yeckme nnmv opraHn4yeckue) —) AneKkTpocTaTn4yeckas
_— He noHHble —) CTepuyeckas
NAB S
NOHHBbIe — dneKrpoctaTuyeckas /
AneKkTpocTepuyeckas
— Amphiphilic nonionic —D) Crtepunueckasn
MNonumepsbl —
MonuanekTponuTtbl —- AneKkTpocTepu4veckas



Monumepbl Ucnonb3yemMblie ANnA cTadbunmsaumm HaHo4YacTuL

BASF Sokalans PA20 (MW 2500) BASF Sokalan HP 80
and PA40 (MW 15000) (MW 30000)
" — (_' Polycarboxylatether (PCE)
—+CH; ', H +-
S CH, CH.
E‘ =0 T::Hjt:: ] [ ::H,i:—k
-'.I‘:-=n‘ ‘ | c=o0
(—) ‘.I < O Na = by i
Na coJb -1a *t-‘-Hg
[HouakpuI0BOM KHCIOTHI l'I:H-.;.



NMonumepsbl Ucnonb3yemble Ansa ctabMnusaumm HaHo4YacTUL

Sodium salt of alginic acid
from brown seaweeds that
is linear unbranched polymer
of D-mannuronic (M) and
D-guluronic (6) acids

Sodium alginate

(EO),;7(PO)6o(EO),;

Nonionic ethylene oxide/propylene oxide
block copolymer Pluronic P-103
(MW 4950)



[lony4yeHne HaHo4YaCcTULU meau
Cu

Cu?t+2e=Cu’
E’=0337V

CuCl, + 4NH,OH — Cu(NH,),Cl, + 4H,0

2Cu(NH,),Cl, + N,H, + 4H,0 — 2Cu + N, + 4NH,OH + 4NH,CI

2udpa3uH
E,=-1.16 V

NMpobnema - okncneHue



[MAB anAa nonyyeHnAa HaHoOYaCTUL, Meau

Cetyltrimethylammonium chloride (CTAC)  Carboxymethyl cellulose (CMC)

CH, of low and medium viscosity
| + ROCH,
CH.(CH,),,CH,—N—CH, CI| R=Hor
? 214 . I ? RO (\>_ \)-—0—-(_() 0}-9 |0|
(_';H:3 —CH, —C—0Na
CH ,OR
Cetyltrimethylammonium bromide (CTAB) Polyvinylpyrrolidone (PVP 40)
CHs Br- ‘
I
— N - ‘NT O
H3C(H2C)15=N"-CH3 B

CH, ),



lncnepcunmn HaHoO4YacTULU, mean

Cu/CMC  Cu/PVP Cu/CTAB Cu/CTAC

= CTAB 0.36%
L0 ——CTAC 0.5% [Cu] =1 mM
= PVP  0.5%
1 = CMC low viscosity 0.1%
0.8+
0.6+
» 4
<
0.4+
0.24
00 - T v T v L) v L]
400 500 600 700 800

Wavelength (nm)



[lonyyeHne HaHoO4YaCTULU meau

2AgNO, + C,H,(OH)(COO),Na, —» 2Ag + C,H,(0)(COO),Na, + CO, + HNO, + NaNO,

N,H,

seeds

B 2Cu(NO,), + N,H, - 2Cu + N, + 4HNO,
: >

Cu/Ag (atomic) = 30



[NonyyeHne Cu@Ag-HaHo4YacTuL

NMonyyeHune menbL/cepedbpo

Cu@Ag-1 core/shell HaHoyacTuy

1. O6pazoeaHue MeOHO20 core:

. CuCl, + 4NH,OH - Cu(NH,),Cl, + 4H,0

2Cu(NH,),Cl, + N,H, + 4H,0 > 2Cu + N, + 4NH,OH + 4NH,CI

CraounusaTtopsbl: CTAB, CTAC, PVP, CMC

2. O6paszoeaHue Ag shell:

$e833

SR ‘“\" AgNO; + 2NH,OH — Ag(NH;),NO; + 2H,0

<

4Ag(NH,),NO; + N,H, + 4H,0 — 4Ag + N, + 4NH,OH + 4NH,NO,



CuHTe3 HaHo4vacTuu 30n0Ta. MeTtoa |l.

AuCly (Boga) + N(C3H17)4Jr (Toayosr) — » N(C8H17)4+AuCl4' (Tostyo.1)
mAuCly (toayona) + nCy,Hy5SH (Toaryoar) +3me —— »

—> 4mCl (Boga) + (Auy,)(C12H5SH), (Toyo0.1)

v

Tonyon AuCl, TOA"

BOJa

TNOJI

NaBH,
Au TMONAT g

Synthesis of Thiol-Derivatized Gold Nanoparticles in a Two phase Liquid-Liquid System. J.
Chem. Soc., Chem. Commun. 1994, 801-802

Chemistr>_cc

Bottom



CuHTe3 HaHo4YacTUl

i Oct ,N'Br . . H—=o0(RSH) BH«
[AuCl 4 ] phase transfer [OCt4N ][AUCI 4 ]tOI reduction > P\U I(SR )X ]bl +RSSR reduction
Q
growth ° ? passivation T /O
%) > > S HaHo4yacTuubl
f(T, [RSH]) f(T, [RSH])
Aue nonnancrnepcCHbI

nucleation

MeToAbl OMMCTKN: pacTBOpPEeHUe, BbICaXXnBaHMe, xpomaTtorpadpus

AHanuTu4yeckue npmbopbl ANs oueHKu pasmepa: TEM, EC-LC, GPC,
UV-VIS



Au;3(SCH;),,
Hakkinen, H.; Barnett, R. N.; Landman, U.
o @ @ Phys. Rev. Lett. 1999, 82, 3264-3267

Au,,,(C6)s;

1.6nm Au
trunc octahedron
96 surface Au
44 internal
(SHOWN NAKIED)



M3M ans Augy(PhC,S),, MPCs; DIA. 1.11 £0.32

60V
Au(38) dia: 1.11 £0.32
500 - 08 1
4 0.6 |
00 HPLC
Sy ‘E’ < 04
5 S 300 A
: 8 0.2
200 -
0.0 .
0 2 4 6 8 10 12 14 16
100 -

Diameter /nm




CepocopepKawme coegnHeHUAa anAa
cTabunnsaymm HaHoyacTUmL, 30/10Ta

/\M — —
R SH s—s
Tuonbl \ / \ /
Ouapunaucynodpup,
@SH R\/\/\ /\/\/R
S
TuodeHon Avankuncynobdpuabl

S R

Auwankungucynopmp



CunHTe3 HaHo4YacTUL,

%¢S_§ s,
% 38

3.9+ 0.6 nm 6.2%1.0nm



Ilonrydenagmue
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HaHOCT® EDXH®eeuUu
e 3 a PO NbBLIUIE BEIU M€T O II

e JIBe cTaguWuWU, I OJIYUeHUe
3 a poagbIIed+pocCT

C. J. Murphy, T. K. Sau, A. M. Gole, C. J. Orendorff. J. L. Gou, S. E. Hunyadi, T. Li,
J. Phys. Chem. B 2005, 109, 13857-13870



Mexagui3M IOy UYUeHUH
HaHOTCTS®€eDpXHA

STEP 1: SYMMETRY BREAKING IN FCC METALS

A) NUCLEATION B) GROWTH C) DEVELOPMENT OF FACETS

STEP 2: PREFERENTIAL SURFACTANT BINDING TO SPECIFIC CRYSTAL FACES

- & & &

B) CONTINUED GROWTH IN 1-D
A) BINDING OF CTAB UNTIL THE REAGENTS
TO AU(100) FACE ARE EXHAUSTED

411 {100}

£ = CTAB

THE POSITIVELY CHARGED CTAB BILAYER STABILIZES THE NANORODS




llonydeHHUu e
3 0J O TBH X

HaHgoC CTG® €RDPpSIXHE®en

I. Synthesis of seed Gold nanoparticle seeds

2.5 x 10 M HAuCl, + (~ 4nm diameter)
2.5 x 10* M Na-citrate

0.6mL0.1M
é *  |ce-cold aq NaBH, —> ﬂ

Il. Stock solution i
Addition of %?iﬂ%ﬁ'?;‘
Stock solution Ascorbic acid Au™ results
2.5 x 10* M HAuCl, = . :> in disappearance
- __J
Il. Three step protocol for nanorod synthesis
Step C
Q step A Step B
0  Add1mL
% |%> % —> i
1 mL seed + 1TmLA+
9 mL of stock 9 mL of stock
solution solution 10mL B+

90 mL stock



Ilonrydenagmue
3 O J1 O TH X

HaHOCT® EDXH®eeuUu
e a K TODPH BJIU AU U € H a
P OC T

1. Pas3sMep 3 apo Bl a

2 PasmvmMep “xBocrTa’

CTAB )
(I TNE- TR P BN AT TN \M” MBO H

nit 6 poMuI;I) /\



Mexagui3M IOy UUeHUH

HaHOCTT €eDpXH

“Zipping” fashion formation of gold nanorods

e

:C, TAB

N/ Br
/ \




[Mony4yeHne HaHoYaCcTUL, pa3HOM popMbl

_ TEM images showing cubic to rod-shaped gold
[AA] increases from A to C and particles produced with low AA concentration

seed concentration increases in the presence of small quantity of silver

nitrate. [CTAB] is increased (A) to (B, C, D).
from C to D. Scale bar = 100 nm [Au3+] decreases from B to C, and seed

concentration increased form C to D. Scale bar
= 100 nm



CuHTte3 CdSe/ZnS HaHOKpuUcTannos

A. ®opmupoBanue CdSe saep HAaHOKPHUCTAIIJIOB

BnpbsickuBaHue cMecu:
Se (MopoIIoK)

JIluMeTHnJ1 KaaMust
Tpuoxkruiadochpuun

b. ®opmupoBanue ZnS 00010YKHU

BnpbickuBaHue cmecu:
Tpumernmiicniaancyabpua
Tpuoxktuiapochpun

A3 TI1 nMHKa (B renraHe)

TpuokTHiagochun oxcua

TpuokTHiagochuH oxcua
TpuoxkrTuiagochun
Hanoxpucrasmiabl CdSe



Mukpockonuuyeckoe n payopecueHTHoe
u306pa»(e|-|m| CdSe/ZnS HAaHOKPUCTANNOB

daexktpoHHas (II9M) muxkpodororpadus dDiryopecueHTHOE U300paKeHue
CdSe/ZnS HaHOKPHUCTALIIOB HAHOKPHUCTAJLJIOB

Hanoxkpucrasibl 0CaKIeHbl HA KOJJIOAUEBYIO Hanoxpucra/uibl 0CaKaeHbl HA IOBEPXHOCTH CTEKISHHOI0
IUVIEHKY U3 pacTBOpa B renrtaHe. cjaauaa. MI/IKPOCKOH Nikon Diaphot 300.
Mukpockon JEOL JEM-100CX Bo30y:xxnenune — 480 um, smuccus — 590 um.



CtpyKtypa CdSe HaHOKpucrtannos

eKcaroHanbHaa ynakoBKa, KPUCTANIMUECKaAA CTPYKTYpPa — BYpLUT
PaccTosiHua mexay atomamu Cd —Se = 2,5 A
(B cnyyae atomoB Zn - S = 2,2 A)
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a. JiaexkTpoHHasi Mukpodororpadgusa (III2M) CdSe nanokpucrasia.

b. Ctpykrypa CdSe HaHOKpHCTAJLIIAa, IOKPBITOTO cjioeM TpuokTHiIdochun okcuga (TOPO).
CTpyKTypa paccuuTaHa METOJIOM MOJICKYJIsIpHONW MexaHUKH. AToMbl Cd 1moKa3aHbl OpaH)KEBBIM,
Se — 3enenbiM, C — cepbiM. Bup co croponsl mitockocty 001 (cHapy»xu ciioil aTOMOB Se, MOJIEKYJI
TOPO c 310l cTOPOHBI HAHOKPHUCTAJIA MPAKTUYECKH HET).



Bapbupya ycnosua CUHTE3Q,
MOXXHO NONY4aTb HAHOKPUCTaNNbI pa3HOU ¢dopMmbl

CdSe/ZnS CdSe HaHOKpUCTaNAbl  HapokpucTansbl B
HaHOKpUCTaNbl CTEPKHEBUAHOW  (hopme TeTpanoaos
chepuyeckon popmbl  popmbl (quantum rods (MeTKa - 20 HM).
(quantum dots - QDs) - QRs)
anameTp 3,5 Hm AnameTp — 4 Hm,

ANnHA — 20 HM



MarHmnTHble Mmatepunanbl Ha OCHOBe
coeaAnHeHUN XXenesa

MarHetur (Fe;0,)
Depputet (MeO . Fe,0,,
Me = Ni, Co, Mg, Zn, Mn)
Marremur (y-Fe,O,)
['penirur (Fe,S,)

['emarur (Fe,O,)



NcTopua

Fe?t +2Fe® 2R (o

= WERAY
1960s — Nannen, nepBble MarHUTHblE 1980 —MaccapT, nepBblii XMMUYECKUN CUHTES
*KMUAKOCTU HAHOYACTUL, MarHeTUTa



MarHuTHble MmaTepuanbl B npupoae

* MarHetut 6bln Bnepsble naeHTUPUUMPOBAH B 3ybax
XuToHa X. JloBeHctamom (H.Lowenstam) B 1962 .

(MOpCKHME  MOJUIFOCKH  KJlacca  MNOJUIIaKkodopa
(POLYPLACOPHORA))




MarHuToTaKkcucHble 6aktepun, 1975 - P. Baakmop

* PasnunyHasa mopdonorusa

* [pamoTpuuaTenbHble
NPOKapMOoTHI

* MarHuTHbIe YacTuubl
NPUCYTCTBYIOT B

MarHMTOCOMaXx r
<
<

N




Tpu BaxKHbIX BUO!:

* buocoBmMecTMMOCTb
* buopasnaraemocCTb

* bBUOMMMETUYHOCTb




HaHoTexHonorum B MeanumnHe




MepaununHcKoe ncnosib3oBaHue
HaHoMmaTepuanos

- ANArHoCcTuKa
- JlocTaBKa 1eKapcCTB

- UmnnaHTMpPOBaHHble HAHOYCTPOMUCTBA ANA
aBTOMAaTU4YECKON AUArHOCTUKU U NeYeHUs



UmmyHopnyopecueHuusn

AyTOMMMYHHble 3aboneBaHmA
obHapyXMBalOTCA NyTEM
MOHWUTOPUHIA aHTUTE.
Hanpumep, BoaopacTBOpUMBbIE
HaHoKpwucTannbl ZnS / CdSe /
NONNINEKTPONANUT BblNn
NOKPbITbl MOKPbIBAIOT
COOTBETCTBYIOLLMM QaHTUTEHOM.
CbIBOPOTKa KpoBK obyyaeTca
Y®-nazepom, MHAYUUPYOWNUM
dnyopecueHumto
dnyopecueHUMA B NPUCYTCTBUMN
N B OTCYTCTBUE aHTUTEN

OT/INYaEeTCA NPONOPLMOHANIbHO
NX KOHLUEHTpaLuuu.



[InarHOCTMKa OHKONOrMYEeCcKUX NaTto/Iormm

$ MMillions

[AMarHOCTUKA OHKO/IOTNYECKUX
3aboneBaHM B Mumpe

0,000

15,000 |
10,000 |

8,000

s

s

2010
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20a a0t

O X.rayicomputed tomography
O agnetic resonance imaging

@ Ultrasound
O Positron emission tomography

[MpMmeHeHne KOHTPACTHbIX areHToB ANA
MPT anarHoCTuKu

[o sBegeHna KA

&

Nocne BBeaeHuA KA

T2-B3BelWleHHOe N30bparkeHne neyeHn YenoBeKa
[0 1 nocne BBeAeHMs npenapata Feridex Ha ocHoBe
okcupaa xenesa (ll, 1)



KOHTpACTHbIe areHThl .
MunpoBOU PbIHOK KOHTPACTHbIX areHToB

l T1: T2: O6wmit 06bem: 4 mapa. S B roa
Xe"aT"b:d . MpounsBoacTso B mupe: Bayer Schering (FTepmanus),
komnnekcbl Gd(ll) / \ Nycomed (Hopserusa), Guerbet (®paHuwusa),
MpounssoacTso B Poccun: otcyTcTByeT

HaHovyacTuubl okcupa Komnnekcbl
xene3a (I, 1) Mn(ll)

Mpenapatbl Ha ocHoBe Gd(lI1), Mn (11):

«Magnevist» 260%

«Omniscan» 150$

«Gadovist» 220%

«Primovist» 290%
«Teslascan» 400%*

* - CpegHsa ueHa 3a 1 ao3y



KOHTpaCTHbIe dléHTbl Ha OCHOBE MAIrHUTHbIX

[

y3na 3a npep,ena’hq‘,'
onepauuoHHorg fons,
npeacratesibHag J
Kenesa

HaHoYacTUL 7“"‘3

b I-IOKprTme “

®epup DOekactpaH MeyeHb

e KC
CuMHEeD HdeKactpaH NInmdparnuyeckas cucrtema,

eMm npocrara, weA, rosa0Ba
Pe 30B /[eKkactpaH MeuyeHb

MCT j

. PaK mo/io4HOM XKenesbl

KnapuckaH nar Mukpococyabl onyxoneu

Jliomupem XKKT



Tepanusa OHKONOTMYEeCKMX MaTONOMUM C
MCNOJIb30BAaHMEM HAHOYACTUL,



JlocTaBKa NeKapcts C UCMNOJ1Ib30OBAHNEM BHELUHETO
MalfrHUTHOTO NOJA

Professor Dante G. Scarpelli, M.D., Ph.D.

[TpUTAXKEHME MaArHMUTHbLIX HAHOYaCTUL, BHELWHUM 1927 1998
MarHUTHbIM Noaem

YMeHbLleHne A403bl 32 CHET HAKOMNJIEHUA B ONYX01N:

* MeHee TOKCUYHO

BHyTpuBEeHHOE
BBeAeHue

Magnetic
Nanoparticles

Magnetic
Hyperthermia
Therapy
A

lD O (' Magnetic Microspheres: A Model System for Site
Tumeur Specific Drug Delivery in Vivo
Experimental Biology and Medicine, 1978

Tumour



Superparamagnetic
nanoparticles for
biomedical applications

Nanostructured Materials
for Biomedical Applications,
2009

K coxaneHutio Takume napaMeTpbl KakKk @U3NKO-
XUMMYeckme CBOUCTBA 3arpyXeHHblX HaHo4yacTuu,
HaMps>XeHHOCTb MAarHUTHOro nMosd, €ero reoMeTpus,
rnybnHa HaxoXxaeHnsa odara, CKOpoCTb KpOBOTOKa U T.A4.
CAEP>XMBAKT AAHHYIO TEXHONOMMto.



MarHmutHaa rmneptepmma

MdAarHuTHbIe
HAQHOYACTHULbI



MarHnutHaa rmuneptepmma

“Quae medicamenta non sanat; ferrum sanat. Quae ferrum non sanat; ignis sanc
Quae vero ignis non sanat; insanabilia reportari oportet. Hippocrates.”

«YTO He UcuenaeTneKkapcTBo, TO NEYUT XKee30, YTO HE IeYUT XKene3o, TO NeYunT
OHb, @ YEero OoroHb He M31Ee4YMBAET, TO AOKHO CYUTATb HEM3NEUYMMbBIM»)

B 1893 roay amepuKkaHckmuit xmpypr Bunbam Koneir (William Coley) Bnepsble
MCMONb30Ban B MEAMUMHCKOM  MPAKTUKE  HEOYUWEHHbIA  3KCTPAKT
IM3NPOBAHHbIX GaKTepuit, NOAYYUBLIMKA BNOCNEACTBMM Ha3BaHue «Konen-
TOKCMHa». C nomoLllblo aaHHOro npenapata Konen nposen Kypc tepanumn 894
nauMeHTam C NoATBEPKAEHHbIM AMArHO30M «KAapLUMHOMa» UAN «CapKoma» U
pobunca 45% yBennyeHMA NATUNETHEN BbIKMBAEMOCTU OOAbHBLIX MO
CPaBHEHUIO C TPAAMUNOHHBbIMK ANA TOro BpemMmeHun cnocobamm neyeHus.

THITMOKPAT
460-370 ao n. ».

[\
N |
4




MarHutHaa runepTepmMmms

Temperature (OC)

®* MAarHUTHbIE HaHOYaCTUL bl B YCNOBUNAX

MPUNOXEHHOTO BHELWHero nepemeHHoro Time (min)
o npunoXkeHus

MArHUTHOroO  nonAa  cnocobHbl BblAENATb MarHUTHOrO NONs

3Hepruto B BuAe tenna

°3TO MPUBOAUT K pa3orpesBy A0 TemnepaTyp

42-46°C

* MEHAIOTCA  CBOMUCTBA bOMOMoONeKkyn, uTo

npuBoaAUT K rmbenun KneTok MNocne npunoxkeHua
MarHMTHoro nons

Ito A., Honda H., Kobayashi T. Cancer Immunol Immunother Res
2006 55; 320-328




be3onacHOCTb NpUMeHeHUA:

15 MUH 1,54 3y 24 4

dnyopecueHTHasa BM3yanmsaUMA OMyXOaM y KpbiC ¢ capkomoih M-1. Ha
doTorpaduax (A) npeacrtaBneHbl KUBOTHble cnycTa 15 muHyT, 1.5, 3 n 24
yacoB nocne BeegeHua ®C, Ha pucyHkax (B) - BM3yanusaumsa onyxonu y
*KMBOTHbIX C HAHOCTPYKTYpMpOBaHHOM dopmoit npenapata PC-Au

Yactunubl 6onblue 200 HMm
HaKan/MBaloTCA B
ceneseHke. MeHble 10
HM BbICTPO BbIBOAATCA.

10-100 HM — naeanbHbIN
pasmep

80-90% - neyeHb; 5-8% -
ceneseHka; 1-2% -
KOCTHadA TKaHb.



«HaHOXUpyprnua»

[BuXXeHne  HaHoYacTuUL,  MOXHO  perynupoBaTtb
pasnnyHbIMKM cnocobamu (NasepH, MarHUTHOE rMone u
T. ). CylwecTByOT nccnenoBaHus, HanpasfeHHbIE Ha
BO3MOXHOE MNPUMEHEHMNE «HAHOXMPYPrUM»  3TUMMU
MeTogamum.

Ann. Biomed. Eng. 1998, 26, 141.



MyabTunaekcHoe obHapy»XeHue araimTos

s
o Dy Labal Ng;j

1,50, Targel GNA 'r . =MM- HVA 5 TTAGAG TTG CAT GGA ~TTAACT CCT CTT TCT ¥
is%qq_édq_' l " ﬁ_ﬁi‘;—& : c-ll— YA () S-Cy3AATCTC AAC GTACCT  AAT TGA GGA GAAAGA -5
. : . LI LB ..

TAMRA (TMIR)
1.1,

Ao AL
0 cy3s
B- M BA  5.GAG GGATTATTG TTA --AAT ATT GTAAAG GAT -3

@ -5-C/5CTCOCTAATAACAAT  TTATAACAT TTCCTA -]

400 800 1200 1600
Frequency (cm™)

HVB  5.TTG GCTTTC AGT TAT --ATG GAT GAT GTG GTA .3’

t‘*SnT ME-8AC CGAAMG TCAATA  TAC CTACTA CAC CAT —Sql
H

{J-.-"

HIV 5 acaAGA TAT TTG GAA TAA —CAT GAC CTG GAT GCA-3'
C-S--TH-TCT TOTATAAAC CTTATT GTACTG GAC CTACGT —S-»,]—I

HeMe Laser

Ry 5- GGA GTAAAT GTT GGA —GAA CAG TAT CAACAA -
C‘.-B—C}'H.E-CCTCAT TTACAACCT CTTGTCATAGTT GTT -E-\]-I

w 9-AGT TAT AAC GOAAGA -—TGC AAT AGT AAT CAG -
c-S—Fl!nﬂ-TerMTI'G COTTCT  ACG TTATCATTAGTC —S\FI

(‘n-e) Kjisusju] uBwEY |

ONIMTOHYKNEOTUAbI, KOMMNIMMEHTAPHbIE K Pa3/IMYHbIM BUPYCAM, MAaPKUPYIOTCA PAa3IUMYHbIMU
KpacuTenamm, MPUKPENAEHHbIMW K MOBEPXHOCTU HAHOTPYOKK. Hannuune cneunduyeckoro
BMpPYCa onpeaensetca usmeHeHmem ¢lyopecLeHLUMN COOTBETCTBYIOLWErNO KpacuTens.
YyBCcTBUTENBHOCTL A0 1 MM AnA 0ANMHOYHOIO BMPYCa UAN A1 MHOXKECTBEHHON BUPYCHOM
aTaku.

C.A. Mirkin et al. Science, 2002, 297, 1536



HaHO-4unMbl

[MepegHunn n 3agHU BMAO Ynna
c 34 HaHOpa3MepPHbLIMU
nyHKamMu (MOHeTa — ass
cpaBHeHus). Kaxxgast n3 nyHok
cnocobHa coaepxaTb 24 HI
npenaparTa.

MOo>XXHO Npon3BOAUTL YMMbl C
6onee 4yem 1000 nyHkamw.

[lepcnekTuBa: Ynnbl C
pasnnyHbIMN BUoCceHcopamu n
pasnnYyHLIMM rpenapaTamMu.
Korga patuunk obHapyxmBaet
OTKJTOHEHME COCTaBa KpoBU OT
«HOPMaJSIbHOro COCTOSAHUAY,
BbICBODOXOaeTcs
COOTBETCTBYIOLLUM Mpenapar.




[JNnHammnyecKaa aHrmorpadpma

Mcnonb3oBaHME KBAaHTOBbIX TOYEK MO3BOJIUIO
NpPoBeCcTU ANMHAMMNYECKYIO0 aHTnorpaduio B
Kanunnaspax XunBbiX MblLLEMN.

[NybrHa NPOHUKHOBEHMNA NPUMEPHO BABOE
bonbwen rnybmnHbl 06bIYHbIX
aHrmorpadmyeckmux maTepmanoB, MOLHOCTb
obayyeHma ~ 1/5 no cpaBHEHUIO C HUMMU



AApecHaa AO0CTaBKa

e BaHA!
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Composition

Homopolymer

Block copolymer Statistical Copolymer  Gradient copolymer

Graft copolymer

X

Telehelic

X
X ;E;
X X X X
Brushes

Topology and functionality

Networks

Stars

><><><><
XXX X

X X

Hyperbranched Dendrimers




Long half-life of polymer in the
blood compartment, ¢, ,  (min)

Polymer Circulation Time

—&— PEGylated triazine dendrimers
(12-14 arms)*

— 4~ - PEGylated poly(L-lysine)
dendrimers (32 arms)'®

— B — PEGylated poly(ester)
dendrimers (8 arms)*'

—&— Albumin®®

--@ - Linear PEG*

—H=— Cyclic poly(e—caprolactone)®

— & — Poly(ester) dendronized linear
poly(4-hydroxy styrene)*

—© — Linear poly(s-caprolactone)®*

—&— Poly(vinyl alcohol)*

—© — Gelatin®

- - A - Dextran™

Molecular weight (kDa)

1000

10000

Adopted and modified from: Fox M.E., Szoka F.C., Fréchet J.M.J. Acc. Chem. Res.
2009 42(8): 1141-1151. PMC2759385



Biodegradable Polymers PGA, PLA and PLGA

Chemical structure of poly(glycolic acid) (PGA), poly(lactic acid) (PLA), and
poly(lactic-co-glycolic acid) (PLGA).

Gt

i i
‘EO—CHz—C% AEO—CH—C%
n n
PGA

PLA

0 ey
{O—CHZ—C%—EO—CH—C%—
m n

PLGA

| Table 1. Properties and applications of PGA, PLA, and PLGA"™

: Degradation
Polymear [Eiry
d Crystallinity TAC) Rate®
PGA Highly crystalline 35~ 40 2-3 months
(T =225-230°C)
PLA, ;
Semicrystallng 60 - 65 = & yaars
(L. fowm (T.=173=176°C)
PLA Amorphoass 55 ~ 60 12-16 months
(D, L form)
PLGA Armorphouss 45 ~ 55 1-6 months®

a. Rate depends on molecular weights of the polymars,
b. Rate may change according to the ratio of LA and GA.

Typical applications

Suture, Soft anaplerosis

Fracture fixaticn,
Ligament augmentation

Dy delvery system

Suture, Fracture fixation, Oral
implant, Drug delivery
micrasphars

Kinam Park, 2003



“y

Hydrolysis of PLGA

Lactic Acid

H+ O O
S — -+
ot A
OH HO

Glycolic Acid

N/

Metabolic
Pathways




Biodegradable Polymers PGA, PLA
and PLGA

A typital synthetic roite of a PLEA-PEG diblack copolymier.

Schematic presentation of block copolymer structures: (a) A-B diblock, (b) A-B-A,
(c) B-A-B, (d) alternating multiblock, (e) multi-armed structure, and (f) star-
shaped block.

BN AN

HaC 0 0
@ CH;O—PEG—OH + O;[ & ch:
oV VAN CHs

(b) (c)

L-lactide glycolide

(d)

. —

(e) (f)

[ : Hydrophobic and biodegradable block
(PLA, PGA, or PLGA)

VY Hydrophilic PEG block

CHy O

O
Sn(Oct)» Il |
——» CH;0—PE O—CH—C 0—CH,—C

PLGA-PEG diblock copolyker

Kinam Park, 2003



TT loading at

10 an

d25C

(0.64-1 mg/mL TT in normal
saline, pH 6.8, under mild agitation)

b

|

Healing of PLGA

pores

at38 C

l

Fig. 4. Active self-healing microencapsulation of tetanus toxoid [TT) in PLGA micro

spheres, The surface morphology of 3.2 wt.% Al{OH }:-PLGA-3.5 w3 trehalose-5 wi i

diethyl phthalate microspheres before and after encapsulation of the antigen,

Reproduced from [97] with permission,

Erosion over time

Kang and Schwendeman
MOLECULAR PHARMACEUTICS VOL. 4, NO. 1

S.P. Schwendeman et al. / Journal of
Controlled Release 190 (2014) 240—
253



Applications of PLGA nanoparticles

e \accines

Target - Toll-like receptors, C-type lectins, Siglec,
Claudins, avf31 integrins, STAT3

* Drug delivery

Cancer - Paclitaxel, 9-nitro-camptothecin, doxorubincin,
cisplatin, siRNA

CNS — superoxide dismutase, loperamide
(neuro) Regenerative — GDNF, VEGF
Cardiovascular — DNA

Infectious — Sparfloxacin, Gentamycin
Osteoporosis — Calcitonine

Diabetes - Insulin

Adopted from Danhier et al. Journal of Controlled
Release 161 (2012) 505-522



Examples of Block Copolymers

ﬁoly(ethylene oxide)-block-Poly(propylene \
oxide)-b-Poly(ethylene oxide)

HO‘[ CH,CH,0 CHZCHO CH,CH,O ]—
n/
CH3

PE0-P0-PE0; Plosamer i||||ii|i|i
£ N

oly(ethylene glycol)-block-Poly(D,L-

lactide)
H,C {CH2CH20 (O)?HO}H
m
1 CH,
PEG-PLA

/Poly(ethylene oxide)-block-Poly- \

caprolactone-block-Poly(ethylene glycol)

m n
O

{ /

k PEO-PCL-PEG

/

L-aspartate)

PEG-PBLA

=

O

|
O=CO-CH2@

/ Poly(ethylene oxide)—block—poly(B—benzyl—\

[
H3C~ECH2CHZOJ;CH2CH2NH [C-(EHN}COCH:;
m

CH,

%




Preparation of PLGA nanoparticles

Schematic representation of a general procedure for PLGA-PEG block copolymer
nano/microparticles.

™ o P £

,"‘: 7250 nm ParticleS@
fs v ) F0RN T

l Water containi I
m!
e | =

Homogenizer




Polymeric Micelle Corona:
Stability, Biocompatibility, PK

Targeting moieties
\ - Surface density of hydrophilic chains

- Solubility

- Charge density
Corona - Block length
- End group modification

- Dispersion stability

- Interaction with proteins, cells
- Biocompatibility

- PK and biodistribution

- Targeting

Modified from A. Eisenberg, in Polymeric Micelles in Biology and
Pharmaceutics, Kataoka & Kabanov (eds.), Elsevier, 1999



Drug Release Mechanisms

] - ] ]
o o
diffusior/
drug cleavage r
from micelles i . ll
break up . = pv 'y ’l;
~ & +~8 -

Arug cleavage

from unimer

e diffusion of the drug from the micelle

polymer-drug interactions
localization within the micelle
physical state of micelle core
length of core forming block
molecular volume of the drug
physical state of the drug

AN N N NN

e micelle stability (CMC with and
without drug)

o (bio)degradation of the copolymer

e drug cleavage (for chemically linked
drugs)

v'  cleavage from micelle

v'  cleavage from unimer




Poly(2-oxazoline)s: Water Solubility & Micellization

i "““"-\N AN
e
N\_/O ] R/&O I

o)
0=$=0 ©oTos K\ \
+ N/\_\O —»_ENI\—(\Q %*N/\'I?N/{/\o —_—
T T A

Oﬁ/\ - °Y\
LN g TRl ST = ¢ N\A\N\ 0 =
C X ¢

H,
°H _Hor % — N%
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Formulation of Paclitaxel with POx

+
-solvent

-

film
+ solvent

» dopmynsaumsa. ¢ PTX asnsetca
CcTabunbHLIM MULENTISIPHLIM PAcTBOPOM
* Hukaknx 0ONONHUTENbHbIX
cTtabunusatopoB (He TpebyeTcs)

» Tepmunyeckn ctabunbHbl (HaNpuvep.
Mpun 200 ° C B TeueHmne 24 yacos

* MoxHOo cTepunmsoBaTb, TO €CTb
yAansiTb 9HOOTOKCUHbI

PTX loaded micelles:
» Stable, Small & Clear
*R,=12-22 nm
¢ Uniform: PD = 0.04-0.12
\\ J/

micellar
solution

= ':‘*'.-E'._:ﬁ?g”ﬁ (Ho b

Pty |

Taxol Taxol
day 1 day 2 day 2

POx-PTX

A. Kabanov, R. Jordan, R. Lurennhofer, 77 fw:n. tF2C79/004655
R. Luxenhofer, A. Schulz, C. Roques, S. Li, T. Bronich, E. Batrakova, R. Jordan, A. Kabanov, Biomaterials 2010, 31, 4972.



Maximum tolerated doses (MTD)

q4d x 4
POx: > 1000mg/kg (x 4)
a b
160
120- ]
£ =100 2129
R ; q
2 = 807 « saline E 80.
> B0+ * Taxol 20mg/kg O 40
2% 00 =
QxR 40 Abraxane 90 mg/kg = 0
o~ 5| * POXIPTX=50/40 150mglkg R
j 3
0..2.4.6.810 14 18 <2
time (days) N

ESHELMAN
SCHOOL OF PHARMACY

@l | UNC



A2780 Xenograft tumor model

i\ 1400 b 300
"é 1200 - 250, |
— 1000 -
o 800 200 P i
5EJ - 1508 Abraxane |
o 000 - ] “;‘***
> 100 |
g 400 - | H
2 200, 507, [t F I?I/H
0 - 0- - ' T ..-~-_-__7_ . -
0 4 8121620242832 02462810, 14 18
A4 4 S
time (days) time (days)
c

saline  Taxol POX/PTX=50/40
20mg/kg 150 mg/kg

@l | UNC

ESHELMAN
SCHOOL OF PHARMACY



CUHTE3 MarHUTHbIX MULLENN

* Nanoparticles in THF

 Added to polymer in DMF in defined ratio

 Water added gradually to desolvate

e Cross-linker added: 2,2’-(ethylenedioxy)bis(ethylamine)

DMF/THF DMF/THF/H,0

f
4 ”
\11 dd cross-link
~n, water @@ PAA
! P/ \’\N” @ »,_'17 dialyze

o] OH

Experimental procedure for magnetomicelles preparation




MwuKpockonua

Average number of encapsulated particles per micelle:

Controlled by varying relative concentrations of nanoparticles
and polymer

Increased particle concentration = Increased numbers of
nanoparticles incorporated

Frequency

a 20 40 60 a 20 4.0 =1 ] o 20 40 [:11]
NMumber of particles per micelle. N



JInnocombl — chepunyeckmne Be3nKybl,

fl M n OCO M bl nmetowme oAUH UIN HECKONbKO AMNUAHbIX
bucnoés. ObpasytoTcs B
cmecax pochonnmnmaos ¢ BOAOK.

Hydrophilic

Hydrophilic Head

[

oo’

o7 o

‘f F Hydrophobic Tail

e

e
e 9

- MO0 XMMMUYECKOMY COCTaBY /IMMOCOMbI CXOAHbI C MPUPOAHbIMU MeMbpaHamMn KNETOK;
- He BbI3bIBAlOT a1IePruyecKkmnx peakumi.



| C{/o-»i H O
~c ; | = H

Jinnnabl AnAa nonyvyeHmA 1MNOCoOM

H>

H,C /PKNO/ .

Phosphatidylethanolamine

C/

H;

NHs*

C/ '*;, CH2
| 2
O O=— C-H )
R ™~ C/ |: - gz I-{I/
| HaC. /A%C“O// e\ “cHy
0O Ha CH3
Phosphatidylcholine
R]\_\ 0O
s sl “CH,
0O O=— C-H o)
Ra~ & : || -
@) \0 HO OH
H OH \OHH

Phosphatidylinositol



Synthesis of Liposomal Nanohybrids

A

— —

Lipids dissclved Solvent Dry lipid film
in organic solvent evaporates Hydration

5% SUCrose Centrifugation Extrusion Vortexing
Freeze drying < = Y S— {—

Sonication




Remote Loading of Drugs

RH* /R = [H*], / [H*], = 10°

eLiposome prepared with a pH gradient,
inside acidic.

e\Weak base drug partitions according to
pH gradient.

eLoading can be ~ 100%

eDoxorubicin and other drugs
successfully loaded

Pieter Cullis et al



Doxil, Pegyalated Liposomal Doxorubicin

o OH i

==

Doxorubicin (Adrigmycin): R = —CH,0H
Daunprubicin: R = —CH,

it

Figure 82-7. The anthracycline antibiotics, doxorubicin and
daunorubicin.

Drawings by Dasha Alakhova Lietal, 1998



JlInnocombl: noBeaeHue in vivo n buopacnpeaeneHue

e [lornouweHne peTuKya103HA0TENNANBHOM CUCTEMOMN
(BM3), To ecTb maKkpodaramm.

 KopoTtkoe Bpems uupkryaaumm (t%, 10-30 muH.)
 OrpaHMYEeHHOE NOrNoLWEHNE ONYXONIAMMN.

*  OO6bIYHO IMNOCOMbI HAaKaMNIMBAKOTCA B NEYEHMU,
ceneseHKe, Nerkmnx, KOCTHOM Mo3re U
MMMPaTUYECKUX Y31aX

*  Masble aunocomsl umerom bosbuiee spems
HU3HU, YeM KpyriHble

*  3apsaxeHHble nunocomel boicmpee
8bICB0HOHOAOM UHKATICY/AUPOBAHHbLIU npenapam




pH Low Insertion Peptides

| L O
) N
Qs

IR
Healthy tissue fi?f‘_. .

L h?f.__ pHLIP - Cargo molecule: therapeutic, diagnostic agents,
nanoparticles, liposomes, dendrimers
&/
— Cleavable fink - Cargo molecule: therapeutic, diagnostic, cell or gene

regulation agent pHLIP-C(aph) pHLIP-K(rho)-C(aph)



Liposomes with cell penetration

peptides (CPPs)

Liposomes with shielded TAT

pH-sensitive
bond

T ‘ Long PEG

= chain é TATp

-

3
#ﬁ' «—*Shielded” TATp

A —
NS !::“‘w\ e :
b d

)— g

>
—— mAb265 ——

2C5-PEG; 4 -PE newmm
PEG,-HZPE v
TATp-PEG,-PE wipe

Koran et al. J. Control Release, 2012

T Non-"shielded’

Trans-activating transcriptional
activator (TAT) is a part of the
transactivator of transcription
protein of HIV-1 virus.

Promotes penetration of
payload through plasma
membrane.

There are several different cell
penetration peptides (CPPs).
TAT covalently attached to the
tip of PEG-lipid and
incorporated into the surface
of liposomes) enhances
liposome uptake by cells.
Drawback: No cell specificity.

Drawback: Immunogenicity



Mechanism of nanoparticles
penetration inside the cell

Outside
of cell

Carbohydrate
chains

Proteins

Cell o
membrane PSS 1T R ety tariptiy " W
ey ey 1\ \\JI( Rty If'(fh’mmﬁ ;?}
et A N T
Insid NI NN T by
Or}séEﬁ Protein MH . %

(cytoplasm) channel Lipid bilayer



Endocytosis

Phagocytosis

Yo
[ )

DIlAc n -
Plasma

membrane

Pseudopodium

Phagosome
(food vacuole)

Pinocytosis Receptor-mediated

endocytosis

A } | |

L 2 b _ /.‘ -
= ( - o
A Q
*
Coated pit Receptor

Vesicle

cytoplasm

Coat protein

Coated vesicle



