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Targeting of Drugs Especially by Liposomes

Chang-Koo Shim and Jun-Ho Lee

(Received October 27, 1983)

The use of carrier systems for the delivery of drugs to areas in the body in
need of pharmacological intervention is now the subject of intense research in
many laboratories. Because of its obvious advantages (e.g. protection of drugs
from hostile environments, facilitated target penetration and avoidance of side
effects), drug delivery is expected to ease the pressure and expense of new
drug development by making better use of drugs in existence.

Generally, carrier-mediated delivery has been envisaged either as direct
transport of drugs to a biological target by a carrier that will associate with
it selectively, or as release of drugs from a carrier circulating in the blood or
immobilized in tissues, at rates compatible with optimal action. One system
that has attracted considerable attention is the use of liposomes as carriers of
pharmacologically active agents. 154 references were reviewed with special
emphasis on the targeting of drugs by use of liposomes in this respect. Recent
advances in the other carrier systems and in methods for the preparation of
liposomes were also reviewed briefly.

College of Pharmacy, Seoul National University.
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Table I —Drug Carriers in Biology and Medicine.

Macromolecules Immunoglobulins
Desialylated Glycoproteins
Albumin
Fibrinogen
Deoxyribonucleic Acid

Dextran
Cells Erythrocytes
Leucocytes
Hepatocytes
Synthetic Systems Non- Nylon Semi-Permeable Microcapsules
Biodegradable Polyacrylamide Gel

Liquid Surfactant Membranes
Glass Beads

Synthetic Systems Albumin Microspheres
Biodegradable Multiple Oil Emulsions
Lactic Acid Polymers
Ufasomes (Unsaturated Fatty Acid Spheres)

Liposomes

For more detail, see text and bibliographies cited in reference 6.

{(Modified Dosage (Classical Dosage
Forms) Forms)
Drug-Carrier Drug
Site of
Administration
In Body Drug—Carrier
//
Targetu, f
Y,
; (Target T1ssue {Other Normal Tissues)
Site of Drug-Carrier
Action
(CeTT)
Drug +
Carrier

Pharmacologic Expected Effect Side Effect
Effect

Figure 1—Concept of Targeting.?®
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zkel Bolgom AstS endocytosisy Fal A xulel Eol7t lysosomed fEHStA o
AZ FAEE vt Aes TAsSA "Feb ™ mz 2 KB (monoclonal antibody)dl ok
S AP0 AN A targeting e oS ZA S-S =A 2 Aolwh. e v
FAE o] 4T FAdE 24K EAA Y. F, ZARASFIAY FL Pk 2 Il
EolHql w9 globulin®] KR ojej-¢ A, = A5l & dd F4¢ FAHAH5L
L] WEE dwe] vt A, I ofEe] FAGNS 3AT2E #MH MEAER
(reticuloendothelial system; R.E.S.)ol A M43 AAS ] wlg 471 ook A, 389
A GBI A ehe] vhofit ester AR-E A7l A A7 FTHE esterasert lojok hrhe
A, 34 A9 allergy & 7H5A4-S mEdoksl vt A Fol FAE carrierz 2
gl o= go] & Aolrt.

A ¥+ FA 2 =3 Fegde AL asialoglycoproteine]v}. o] EA2 FAAA xd &
ol 49l A3 PEL Fa glo]A FEL lysosomePRz -uk XA Fvh. asialofetuin,'® =z
2l B 2 Bl &£% Bolsk AgAygS ZL agalactoglycoprotein, ahexosamine-
glycoproteink. ] 528 targeting 7| 4-& 23 v AW E3tAEolvt. Table Idl= &
RA o} tropic hormone, lectin,!® 2= 298] enzyme!” -3} 2 AHEASx thi
2 ol &L Yut. ol FL FALASE 2] 2 HFo] A9n ALY AAAHe] 7
HAR A4 EBAEHA A SolAel Aol F& Aol Aol 3.

A EAFE 248 Eolyow 4L mE Aoxw DNA®S} ¢glvl. DNASL daunomycin
E¥ adriamycing YA FEE FAT A olF FE AAFAHol FaWHY o
FTUA2EAE FRAA Aol ARV FEHVG gs] rase] v

ot 2439504 A $42E albumine] ek E3ulol AYF f-amaniting T
ARE = 4] sinusoidald = B AAY ZHAnRAE(] AxEE AL & endo-
cytic uptaked)e] A= Aql Fs] & o 70] nas el

2) HZE 0|25l targeting
THAzE A 2A AXE &3t ™ol 9.
dlAdd HETE A FES ALt ¥ fE
Aol ¥ #74(entrapment) Fol] BT 57 Fo] Wz FErid AETF ke o
A FEE ANEFE T A48 felde A= 5. ALTE 2 O 2 F de F

B 59 2ARAAHY AN Ak BT GAT BHE Azl (ATH FAL)E
BEE 9 Qo)

3) MAGENRE SRMES 0185 targeting

AdAzE AR B4 S FHEAE S 2 ol &5t ol
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A zE ZANANA L SAERL 2t AAEAL A2 o) &ste Wyeolnt.
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2 HEts FES W8S A ‘17?1-9-‘4 2 el FE& Aeoldr](entrapment)® 743 4
A, 2z o2 T2 veFete] 2R SAe] og FEAEY FAol seddE A %

ARl oA v FAlEret & A3E wa gleh. E GRAAE o] HEedAE 5

T oFE-o] targetingel] MAS ZF3 =L ot

o

gzo

Iz = &

AA AL Fgad Febslm AR Fabo 2 ¥y liposomeolst 2] ugst |4
HAct. (Fig.2)

Table I —Characteristics of Liposomes. 27

Size(nm)  HALA(ul/mg) B FR(%) 5 A
SUv 20—50 0.5 0.5—1.0 Size Y37} 7
o5 2o Ege] e
° o AR MBS 7t FiE—
LUV(REV) 200—1,000 13.7 35—65 Haolld . ggo] ax),
- ZA gl BA

C

400—3,500 4.1 5—15 Z A

7+
obg A kB
%E% -Té:

Ay ATz (A ZEFBTZE ZFL e AA2NE o BEse Aiute wuwt
o2 o Fe3eA o Tell dE] o] g5 st

T #HxHe AFY KEd g8 $59 EAE FdE@#HA) 57 don(welang)
Ast vt A44) Azl §F(fusion) FohER Al zell A8 Eo] 7kehER (endocytosis) 5}
7V gl Al ERE Ainule 2 (carrier) 24 ol &3v}h. o] PEge] ofES A
of Ael md w FEY ANAFTE HxH 46 I8 zARYE AL AT 4
A w9 Tl delvh. dlxd AAe AW £ & wton(biodegradable), W mx
HARM] A1 SAE ¥, = ulmd Aol B FAd wide] =] =Rl vk
e Fel o1& F don Her] ddzant 2 Td A= HEe e

O 3L o 2
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Figure 2—Illustration of Iiposome structure. MLV
is shown as an example.

e

liposome containing drug molecules

Key: a) phospholipid; b) water soluble drug molecule; ¢) lipid soluble drug molecule;

d) drug molecule that penetrates into lipid

g5 24T + dE T B
o] Qo] A &4 & @

A x E3] targetingg Aoz gl

£ 3
@

1) 2l=&e| MY

AL Az A= HEge

phase.

o4& AT 2 ool

zolth. A7 AL kAR Fokll A dF, ZFd
TG 2 AAAgd Hs dFeaA @t

B =4S o PkEk %@ =4 (multilamellar vesicles, MLV), =& —#iEz] £ (sm-

Table J]—Preparation of Liposomes.™

Method References
MLV Vortexing 31-38, 129, 132
sSuv Sonication 32-33, 34, 39—42
Pre-Vesicle 43
Ethanol Injection 44-45
French Press Extrusion 30, 73-74
Surfactant 46-50, 51-52, 72
LUV Cat+2-Induced Fusion 53-57
Ether Injection 58-60
Annealing 61
Freeze Fusion 62
w/o/w Emulsion 63-65
Micelle 26, 66
REV Reverse Phase Extraction 67-68, 133
For the vesicles of single-chain amphiphile, see ref. 69-70.

For LUV preparation, see also recent ref. 144.
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all unilamellar vesicles, SUV), & —#l&e] =< (large unilamellar vesicles, LUV)# 3
ANz £FA

o] 3 Blx&e 5A% (Table 1ol Rolvh. o714 HALA st AAA dA S HA
T de F5Y 84 wabe] HAR oIt Az Aol SFACFR)NT HEFdil

BHAR oo %E 2k olF H=xs Ade A dovt Ar1AE Aol £H

}

2) 2lZ&e| i SHY

THE Al mhAbA R elxse AW FHE Elxgel AWdA e AdRAA K
w7gel whel wakslA vk, B4 EENe 9 A A gty AFev vhA]
oAl Ql FA 2R Y kB

e et whel 2ebA Aoth. o] AzdA Ed—otERAY FEld dEE vAE
1 8- }

Table Wd| A=z]slgct.

<

Table IV—Variants of the Liposome-Drug Unit and its Interaction with the Environment.?2®

Liposomes Size (minimum about 20nm)
Composition
Membrane Fluidity
Surface Charge
Permeability
Stability
Surface (Targeting) Groups

Associated Drug Molecular Weight
Solubility
Charge
Shape
Multiple Drug Accomodation
Multiple Liposomal Drug Populations

Interaction with the Environment Toxicity
Immunogenicity
Biodegradability
Transport (e.g., through membrane)
Mode of Association with Target
Mode of Targeting
Mode of Drug Action

AAA A9 Bz F2E gds] Adnr g vk AYFARZ F4 =
vtz @459 HDL(high density lipoprotein)el] o] F#-& wro} e A&FAo] wik &
FEo} AT R il ddFow Aol oA Ak FAA 4L L HEg
b ow Aol 9li= [E7%E macrophaged] &slA A AH = g, A= =

AsAgstA k. @59 monocytes)t A zAtgstE Bxge Fo] gl Eabslet.
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Nucleus -

\@ Lysosome

Endocytic vacuote

Plasma membrane

‘Drug-containing liposome

Figure 3-~Cellular uptake and lysosomotropic action of lipost?me-eni:ralpﬁede g?:gi;)sf;
liposome containing drug molecules(Q) is taken up into a cel }}(r n ) é hich.
The endocytic vacuole fuses with a lysosome, the hydrolas?s( ) c:: | hich
disrupt the lipid bilayers releasing the entrapped c}rug. 7)Th:sz can the
locally or diffuse out and act in other cellular regions.”

£%9 2 x2de FAAAZA =28 & Jdud: 298 247 g .

A A o] endocytosise] s 3d Bolzl Hx4& lysosomeo . Sk o] AV 4sty

+ 21U FEE fe¥sA s, s o] e lysosome Wlo) A QbR Eiriw lys-
osome WollA GEE A Iysosomentoz FArE o] Alzule] el stA] w2}
A A= (14 Fig.3 #F=).

Zd ol lysosomed] 251z Bild FEE =PAAFE oozt lysosomex]akA gl
ATl AxFY AR SEAANE A AFn Q= Rl

FHZY QT b Bl=gel g HDL® it fFAE 288 44984 2 4 9
B 3. & Bl2g 25358 TASE AR EA} cholesterold] Arleke zAFo wA
FEol HATFAA Aolvhe: % 5¢ 92 2AF 4 A 2 Aok, Yoo o=y
T A Aeived ¢4 ¥ = gon AN AolvkeA & FE 9. 328
Azt AW %2 pH 39, 2 43 g8 257} Hold 24-¢ slzde] 248 o
Zukz FEo] Aoued HEse BE & Yrkk RAolHh®

Hxfo2iee] FEGE @ Fod g mshl] 2AAE mEHlAY e
ERALEE FPDAS. 259 WA WAE TN e 208 TUdE
A HxEEdE Bor WRBANGEA std J&d o}F FHom o)y sAL RESY
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Bl 25 uptake 5Ho] xahsux F-& RFY LE® g e

E 2t vy "o 2 A AE A Adehe AL S4E &

8 AN AT Aoivh. HTY AT abe Hxgd AR 24 zAs
Bl 249 Felolsti(clearance)r} A= vln qel. o)A gorsld E=d

= HExdd size, BEME, oz o dqAAzdoz 2449 & e A 2l
3) 2l=&09| targetingol| WEE n|X[= QUK
B9 targetingol] S nlxe AL wg FAAA A EFH9 cholesterol Atk

jhE ohieh. AeistA] QA5 A=A Table Vol midt.

Table V—Parameters Influencing Interaction of the prosome Drug Unit with Target.2®

Inherent Liposomal Characteristics  Size
Lipid Composition
Fluidity
Charge
Permeability

Acquired Liposomal Characteristics Associated-Drug Properties
Surface Probes (Antibodies, Lectins, etc.)

Nontarget Environment Blood Elements
Anatomic Barriers.

Modified Nontarget Environment Circulating (formed) Antibodies
Changes in Vascular Membrane
Permeability (e.g., edema)
Competitors (e.g., Blockade of the
Reticuloendothelial Systems)

Target (Molecules, Cells) Chara- Molecular Weight, Tertiary Structure,
cteristics Membrane Composition
Membrane Fluidity
Membrane Receptors
Membrane Function (Endocytosis, Fusion)
Adsorption

Acquired Target Characteristics Modified Membrane Composition
Modified Membrane Function (e.g., Induction
of Endocytosis, Fusion)

oiE FolA 53 AL Tw e FadxEd a4 olstdl AHstast gt

1) liposome?] sjize 3385139

HExxd 775 24 o) Fa 73l vjabel s oF R uptakel o] Exm gz A ) AR Y
uptake: F-7h¢etaL ghep.®vew

(@) B 7] 2.15,79~80,86~91, 128, 148~149, 153

TR =l wtE targeting?] telE zAEL7] $15te] inuling AT MLVE A9 o
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Foz s £ Aa} TEFAT do] A, ¥ B ddle inuling A& A
= 49 25 TR 425 e dshde B9 <dshd
& &3ty d¥e] RE BVt A WA HAH5] o E KoLV 7144
2249 THE A%st7] A5t markers4 inuling AH4SHE AL olzel £3IHA &

L 3524 dxddA £49 Aovtex] gor glxde JdHEwFd qhsEA] gon
S8 AeE A, uAet Hek e A AR EoUtA] &7 UH—'&: 1o}, 90 et
A AANA AT v Ao} inuline] uptaked gtz st AL #Flxz ol HEAE A E up-

take= ¢ -&-& ehd ot

E.43 %ol 74 = (intratracheal, intraarticular, I3} F492 55 Fo)=z A}
corticosteroid, 44 ¢ lz£-¢ Fo 24 25 Wior FAF Afns GEH
Bl zgo] TAYY A FFHG. 50 gnw Fod ¥lxde BA phospholipasert
gEAR e sAES] Feh 2P e ATRAA BRGA REE(ES £ insuling 2
Foll do] ATFAN1E008 nolely] MmEEST Fobd FEOA HEERA B 4
de BARAA Aolx —H5e FEikd 44T A= 4 4499, AL HEs
FAA g BAEE £ Aol ok Blxdo] S AR TR
e £ er 2355k diqd A Feh 0

® RES Apwglell 938 targeting®] §-8 5}18%,92~94,97~107

Gl A QAFe nkel o] Ao F4F BESE 2 v 54 RESH 3 o4 3-¥
uptakes el MEl 2 4397 RESH ol FE-& sz fd] do] T o A7 0.

RESe @A 44k, fo= stdd colloids] &fEM, 559 ABALd Fod &2 T

o A

v

o100 §AA9 BgEA, cortisoned] Foj& RESSH 51%-& 941"-5tx cholined =1 7}
& ARG Ao ek At v 3Y RESE o" o= i}v}fg_} F 9ot
Aoz F o B¢ H=dd E2A4 & 08 Aod. e A3 £4 5 F4ldextran,

carbon, methyl palmitate, latex beads 1} FE-< of ¥-& gz T ox RESE g4
AA #lxde HAR FEE fBxAd F2A78E 77005 . o] g AtAlE
0] fofok sl FEol X 2 HEzdd F4e] flomz dAHq AdARAL
o] & &b o Aelvh.

ggoz Bxdd HEA obE RES Algtg a2 48 » Ar}t. RESE dextran sulfate (Mw.
500,000, Pharmacia G.B.)® 253 = oz 53 B24S E435ial 2709 ddom
T8 24550 243t 1, Bldele GE uptaker F1E WAl A4 sl up-
take® 7b= itk (Table W) 2o} Bo 2 3445 9 =4L dextran sulfatez RESE
et Fo Fddx ddow R 44455 W zHde] uptaked] Wbyl Yyl o]
E obul= dextran sulfated] - [k} liposomesd] fRfkhe] A5 2bgsl: wf Eol A 2t}
2 A old fRez HERA Blxde A 9dE RES A4dA 2 carbond Ag3kw}, 102 o}
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Table V—Tissue Distribution of Negatively Charged Small Unilamellar Liposomes
in Normal (Unblockaded) and Reticuloendothelial-Blockade Mice. 10

Radioactivity (9% of the injected dose)

Tissue
#C-Inulin 3H-Cholesterol
Unblockaded Blockaded ~  Unblockaded ~ Blockaded
Liver 52.44 1.7 21.24 3.7 37.7+ 6.0 26,1+ 1.5
Spleen 4.2+ 0.56 2.84 0.51 1.64-+0.05 1.784-0.4
Kidney 0.79+0.05 0.83-+0.4 1.8+ 0.11 2.07+0.33
Lung 1.37+0.19 3.63+0.5 0.98+0.1 2.63+1.0

1 mg of small unilamellar liposomes with 3H-cholesterol containing “C-inulin was
injected intravenously inte blockaded and unblockaded mice, and the tissue distribution
of 3H and “C radioactivity was examined after 1 hr.

AE AT del A A JEstaxk g,

@ i‘ﬂ%ﬂ% 5-311. targetingﬁ] E%i}. 108~120,130~131,134~135,137~138,145~147)
X9 -4 cholesterol®] 6-aminomannose X aminogalactose -§-= 3l 2 435l 4
olAl 2ol B 244 targetingdle v 19%%e] of 5w glv}. o] aminosugar G A8 C-6
fr obel s8] QASEA G AT AR ol v £F AFIOE B
ARG H gloa} A

T 54 PAzEel AT 9T FAEE FAAAE Aol dE A RNAE sz
ol £ FAztgdel] o RNA RE5eel Aons Qobte Aol FA Fdisgl

O

Table VI—Studies of Liposome Targeting. 12D

Type Y for  Ligand Cell Receptor Cell Type  Result
MLV in vitro None* Heat-aggrega- Fc receptor Dogfish phag- Phagocytosis
ted IgM ocyte
MLV in vitro None* Heat-aggrega- Fc receptor Human poly- Phagocytosis
ted IgG morph
MLV in vitro None* IgG antibody  Surface antigen Tissue culture Phagocytosis
MLV in vivo None* Desialylated Recognition Mouse hepatic Slight enhanced
glycoprotein site for desial- cells accumulation in
ylated glycopr- liver
otein
MLV in vivo None* IgG antibody  Surface antigen Mouse tumor  Accumulation
cells in tumor
SUV in vitro Glycoprotein Plant lectins  Glycoprotein Human eryt-  Cell association
hrocyte
SUV in vitro Trinitroph- IgG anti-TNP Dinitrophenyl Human SUV bound to
enyl hapten  antibody hapten lymphocyte cell, but conte-
il_ts élOt interna-
ized.

*Ligand bound to liposome by nonspecific forces. For more recent details, see also ref.
108-120, 130-131, 134-135, 137-138 and 145-146.
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1;}. 114~116)

EA B4 targetingsl g FuldE AL Edd 248 AT S A® WHTE
ol wgolvh. o] Wdl Wid AF5& A= Aol Table Molwt.

Zv LA 117,110, 130~131, 134, 137136, MOIL =) | AL B- Jectin®®, Ji sial =bxlal 493} L ligand
E Zdxgd Eq FUi,BeBLENA Wy gy glrl. bleomycine] Bl E Blxf W
o] HeLadl=ol ot &3 & 29 o1& HeLad x ol A §olA z(fibroblast)E FAol =4
AZd\Y bleomycin-g: HeLaxl 2o A-fotAlzns} 25 vt ez ST .
= up$-29 L-929 A x5gql H-259] monoclonaldt# & HMFAEE A4 zlxs 3ad
AEE(T0%)2 Aol dely L-929 Axont Ao slxdo] FH vk et B0 o]
A ATER Y 2434 Ktk sensor (ligand)E 2] 2o] oz siA =559
Adgom ofEg targeting@ & glov bl FE 1f4 AERIAHE Eole Kl ¥
Agolt S ER-HPOAD & & ¢kt

V. g =

ol AAA B xHE Doz e targeting/§ FAldl At WG TAXNEA
HAow RS sensors] ALz P xLg T3 targeting e =% A g Aow o
Aheh e A4z dede dle S48 @ WY mE BAE FEE YA
AFER N EERA HAS= U st A AAZAY  GRAHHUGOL oja B
17} & Aolsk. | |

2% P EHERE HAHE FES HAEEE MLVA 10% §iR, REV7} &3 65%0]4).
(Fig. 2), 4% ¢REH@st 2o F=x FYo| & FE& ofF Fadyhd HASA g+
th 97 o8l okEol AHAE ion-pair KIES o] 43t JalE FAANAA HAZES =
ol& Helel 405 gasnn JFAs |

TR 25y A 2T AFE AT F¥sieh. A9 Ringsdorf PO =z B
K#: chaind] —C=C—C=C—A¢-¢ 22 Y& KEE €9 d=2ds zAsd dxd9
A S FAH o] WEEEAA nEget 48Ad B4 sl v lEdez W
2ol FAF 4 ok shgeh

dom ol el AFs} Pl targeting M Fho A HEse dPe] o
AAL e Ak, o] Sl g8k SRS LRI 1915,27728,77,80,82,131~123, 141~ 143,150~ 1516 A]
4 &obd o3 ¥ Aol FEd e T olsh & A AedE AdEE A
oleha FustE o).

pu A
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