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Summary: The inclusion of e~ther lactosylcerebroside or di- 
mannosyldig]vceride at a 9% molar ratio in small uni]amellar 
vesicles increased by two-three fold the fraction of the 
I.V. dose that appeared in mouse liver. For ]actosy]cere- 
broside containing liposomes, the half-time for clearance 
from plasma was 1.2 hours compared to 5.5 hours for lipo- 
somes of similar size, charge, and composition but lacking 
the g!ycol~pid. Uptake of the lactosylcerebroside contain- 
ing liposomes by the liver could be significantly reduced 
but not eliminated by the simultaneous injection of asi- 
aloorosomucid. 

The importance of specificity and selectivity for any thera- 

peutic agent has long been recognized as a prerequisite for its 

successful use against a disease state. One approach to achieve 

such specificity is to use drug carriers to deliver the drug to 

its site of action. The liposome is one carrier that has been 

proposed as a suitable site-directed carrier (i). 

Attempts to alter the in vivo disposition of liposomes by 

incorporating carbohydrates on the liposome surface as ligands 

for directing liposomes to the endogenous receptors ((2, 3) in 

Abbreviations: Dimannosyldiglyceride, DMG; Dipalmitoyl 
iodophydroxybenzamidlnephosphatidylethanolamine, BPE; Dipal- 
mitoylphosphatidylcholine, DPPC; Dipalmitoylphosphatidylgly- 
cerol, DPPG; Cholesterol, chol; Palmitoyldihydrolactosyl- 
cerebroside, LC; phosphate buffered saline, PBS; small uni- 
lamellar vesicles, SUV. 
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the liver have yielded ambiguous results (4). Recently, Ghosh et 

a!., 1982 (5) have demonstrated that liposomes containing asialo- 

gangliosides or that have been cova!ently modified by the addi- 

tion of p-aminophenolglycosides to a preformed liposome were able 

to increase the rate of uptake of liposomes into the liver. In 

these studies multilame]lar ]iposomes of a heterogeneous size 

distribution were used. These are primarily taken up by the 

liver(6) and thus the effect of the surface modifications on the 

extent of uptake could not be determined. Herein we report that 

smal~ unilamellar vesicles containing glycolipoids with either a 

terminal beta-galactose or alpha-D mannose residue increase both 

the rate of removal of the liposome from circulation and the rate 

and extent of uptake into the liver. 

MATERIALS AND METHODS 

Dipalmitoy!phosphatidyleholine, dipalmitoylphosphatidylgly- 
cero! were prepared as previously described (7, 8) Cholesterol 
was from A.B. F!uka (Bach, Switzerland) and was recrysta]lized 
from methanol twice. Dipalmitoy]iodophydroxybenzamidinephospho- 
tidylethanolamine was synthesized as previously described (9). 
Dimannosyldiglyceride was isolated from micrococcus luteus as 
described (i0). Dipalmitoyldihydrolactosylcerebroside was pur- 
chased from Sigma. Phosphate-buffered saline had the following 
composition: 137 mM NaCI, 2.6 mM KCI, 6.4 mM Na 22HPO4, 1.4 mM 
KH2PO-. Asialoorosomucoid was a generous gift o~ Dr. D. Doyle, 
Roswe~l Park Memorial Institute. " 

Small unilamellar vesicles were formed from multilame!lar 
lipid vesicles (Ii) by sonicating 20 umoles lipid/ml of PBS in a 
sealed vessel under nitrogen with an 80 watt ~ath type sonicator 
(lab supply, Hicksville, NY) for i hour at 45UC for the la~tosyl- 
cerebroside and nonglycolipid containing liposomes and 61~C for 
the dimannosy]diglycoside containing liposome. After sonication, 
the preparations were a!lowed to stand at the sonication tempera- 
ture for 30 min and then were centrifuged at i00,000 X G for 90 
min to remove large !iposomes. The supernatants which contained 
>90% of the initial radioactivity were dialyzed against I00 
volumes of PBS at 4°C which was changed 3 times over an 18 hr 
period. The following lipid compositions were used in these 
experiments: DPPG/DPPC/cho! : 2/8/8 (molar ratio); 
LC/DPPG/DPPC/chol : 2/2/8/10; DMG/DPPG/DPPC/chol : 2/2/8/10. The 
BPE was present in the liposomes5at less than 0.I molar ratio and 
at a specific activity of 1 x I0 cpm per umole total lipid. The 
size distribution of the SUV was determined as previously 
described (12). To examine the effect of plasma factors on the 
size distribution of the liposomes, 1 umole of lipid was incu- 
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bated in 12 ml of 80% fetal calf serum in PBS at 37°C for 1 hr. 
After incubation, the sample was chromatographed on a 1 x 25 cm 
Biogel AI.5 m column e!uted with 0.15 m ammonium acetate pH7.4 to 
separate ]iposomes from plasma proteins. The recovery of the 
lipid label from the column was 96.4% and the fractions contain- 
ing the !iposomes were pooled and examined by negative stain 
electron microscopy. 

Healthy female Swiss Webster mice, 20-25 gm, w~ injected 
via the tail vein with 2.7 umol of lipid containing ---I BPE in a 
volume of 0.2-0.3 m]. Groups of 3 or 4 animals were sacrificed 
at the indicated times by chloroform anaesthesia and 1.0 ml blood 
sample rapidly removed from the heart with a heparinized syringe. 
The indicated tissues were quick]y removed, rinsed in PBS, 
weighed, and counted in a Beckmann gamma counter. Counts were 
corrected for liposomes in the blood remaining in the tissue. 
Studies with the lactosy]cerebroside containing liposomes and the 
nonglycolipid containing liposomes were repeated three times. 
Studies with the diaminosyldlglyceride were repeated two times. 

RESULTS AND DISCUSSION 

Previous studies that have demonstrated an altered distribu- 

tion of liposomes containing surface situated carbohydrate 

]igands have used multilamellar vesicles which have poorly 

characterized size distributions (ii). 

Thus, the effect of liposome size has made it difficult to 

determine the effect of the carbohydrate on altering the distri- 

bution. We have approached the problem by preparing SUV with a 

we]] defined size distribution and surface ligand density. The 

number average diameter of the various liposome preparations com- 

puted from negative stain electronmicrographs are listed in Table 

I. These ]iposomes have a diameter of about 500 A that is unaf- 

fected by a 1 hr incubation with serum at 37°C. Thus, we believe 

t h a t  the observed d i f f e r e n c e s  in d i s t r i b u t i o n  shown |n T a b l e  I I ,  

p a r t i c u l n r l y  the  i n c r e a s e d  up take  in the  l i v e r ,  a re  due to the  

p resence  of the c a r b o h y d r a t e  sequences at  the l iposome l u r f e c e .  

I n c r e a s e d  up take  of l iposomes c o n t a i n i n g  g l y c o l l p i d s  by the  l i v e r  

r e s u l t s  in decreased  l e v e l s  of  l iposome a c c u m u l a t i o n  by o t h e r  

t i s s u e s ,  except  in the  case of  the  [3vI~ SUV c o n t a i n i n g  l iposornes 

where s l i g h t  e l e v a t i o n s  compared to the  DPPG/DPPG/chol SIN a r e  
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TABLE I 

Number Average Diameter (~) of Liposome Preparations 

After Preparation After Incubation With Serum 
Composition Diameter ~ S.D. n Diameter + S.D. n 

DPPG/DPPC/cho] 530 ~ 181 152 546 ~ 126 126 

LC/DPPG/DPPC/cho! 503 ~ 172 374 526 ~ 167 154 

DMG/DPPG/DPPC/cho~ 496 ~ 147 299 not done 

seen in  the  s p l e e n  and femur ( T a b l e  I I ) .  T h i s  may be due to  t h e  

p r e s e n c e  of c e l l  t y p e s ,  i . e .  m a c r o p h a g e s ,  w i t h  s u r f a c e  rnennosy l  

r e c e p t o r s  in  t h e s e  o r g a n s .  The d i s t r i b u t i o n  f o r  the  

TABLE II 

Disposition of Liposomes in Mice I hr post injection* 

Tissue 

Liposome Composition 

DPPG/DPPC/cho! LC/DPPG/DPPC/chol DMG/DPPG/DPPC/chol 

Liver 20.9 + i.i 

Spleen 1.7 ~ 0.3 

Lung 1.7 ~ 0.2 

Brain 0.2 + 0.05 

Small Intestine 2.1 + 0.3 

Heart 0.8 + 0.3 

Kidneys 2.1 ~ 0.2 

Stomach 0.2 + 0.02 

Ovaries 0.02 + 0.01 

Thymus 0.3 ~ 0.03 

Lymph Node 0.3 ~ 0.04 

Rt Femur 0.5 + 0.07 

Plasma 

46.6 + 2.9 39.4 + 2.6 

0.9 + 0.i 2.4 + .05 

1.0 + 0.I 0.8 + 0.i 

0.i + 0.03 0.i + .02 

1.5 + 0.2 1.8 + 0.4 

0.3 + 0.i 0.4 + 0.4 

1.5 + 0.5 1.2 + 0.08 

0.i + 0.03 0.6 + 0.03 

0.04 + 0.02 0.06 + 0.03 

0.2 + 0.05 0.i + 0.06 

0.2 + 0.03 0.3 + 0.I 

0.4 + 0.08 0.7 + 0.1 

32.6 + 3.48 23.4 + 11.8 18.1 + 2.6 

*Percent injected dose per tissue except plasma which is % dose 
per ml plasma. 
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Fig. i. Clearance of Liposomes from the circulaton. (e), 
LC/DPPG/DPPC/cho] SUV; (o) DPPG/DPPC/chol SUV; mean + 
S.D., n=4 

DPPG/DPPC/cho l  SUV a r e  i n  c l o s e  a g r e e m e n t  to  p u b l i s h e d  v a l u e s  f o r  

s m a l l  u n i l a r n e l l a r  v e s i c l e s  w i t h  a n e g a t i v e  s u r f a c e  c h a r g e  ( 6 ) .  

The d i s a p p e a r a n c e  o f  b o t h  OP l :~ /DPPC/cho l  and LC SUV f r o m  

p lasma a p p e a r s  to  f o l l o w  f i r s t  o r d e r  k i n e t i c s  ( F i g u r e  1 ) .  The 

h a l f - t i m e  f o r  d i s a p p e a r a n c e  o f  t he  DPP(3/DPPC/chol  SUV i s  5 . 5  h r s ,  

w h i l e  t he  LC SUV a re  removed w i t h  8 h a l f - l i f e  o f  1 .2  h r s .  The 

l i v e r  u p t a k e  o f  t he  DPPG/OPPC/cho l  SUV p l a t e a u s  a f t e r  1 h r  

w h e r e a s  the  u p t a k e  o f  t he  LC SUV c o n t i n u e s  to  i n c r e a s e  up to  f o u r  

h o u r s  ( F i g u r e  2 ) .  T o t a l  r e c o v e r y  o f  l a b e l  f r o m  b o t h  t y p e s  o f  

SLJV was 87% a t  1 h r ,  80% a t  4 h r s ,  and 50% a t  24 h r s .  A s i m i l a r  

l o s s  o f  i o d i n a t e d  l a b e l  f r o m  the  a n i m a l  was o b s e r v e d  when m u l -  

t i l a m e l l a r  v e s i c l e s  we re  used  ( 9 ) .  The a p p e a r a n c e  o f  t he  LC SUV 

i n  t he  s p l e e n  peaks a t  1 h r  and d e c l i n e s  o v e r  t he  n e x t  23 h o u r s  

as compared to  t he  DPF~ /DPPC/cho l  SUV w h i c h  c o n t i n u e d  to  i n c r e a s e  

o v e r  t he  24 h o u r  t i m e  p e r i o d  ( F i g u r e  3 ) .  A t  t he  end o f  t he  24 

h o u r s  t h e  DPPG/DPPC/cho l  SUV had a c c u m u l a t e d  t o  a f o u r - f o l d  
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in the liver. ( • ) , 
SUV; (o) DPPG/DPPC/chol SUV; mean + 

g r e a t e r  e x t e n t  t h a n  the  t C  SUV. A l t h o u g h  o n l y  3% o f  t he  t o t a l  

dose o f  DPPG/EPPC/cho l  SUV was f o u n d  i n  t he  s p l e e n  on a pe r  gram 

o f  t i s s u e  b a s i s ,  t h i s  i s  t w i c e  as h i g h  as t he  dose i n  t h e  l i v e r .  

The s i m u l t a n e o u s  i n j e c t i o n  o f  a s i a l o o r o s o m u c i d  a t  1 mcj/rnouse 

w i t h  t h e  LC l i p o s o m e s  r e d u c e d  t h e  f r a c t i o n  o f  t he  dose i n  t he  
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Fig. 3. Accumulation of Liposomes in the spleen. (•), 
~LC/DPPG/DPPC/chol SUV; (o) DPPG/DPPC/chol SUV; mean + 
S.D., n=4 
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l i v e r  from 4 6 . 0  ± 2 .3% to 27 .6  £ 2 .7% ( n = 3 ) ,  which is s i g n i f i c a n t  

at  the 0 . 0 0 1  l e v e l  us ing  the S t u d e n t ' s  T t e s t .  

P r e v i o u s  a t tempts  to t a r g e t  l iposomes by the i n c l u s i o n  of 

c a r b o h y d r a t e  c o n t a i n i n g  l i g a n d  have produced c o n f l i c t i n g  r e s u l t s  

( 4 ,  5,  13,  14,  15, 1 6 ) .  The r e s u l t s  h e r e i n  show tha t  a p p r o p r i a t e  

c a r b o h y d r a t e s  on the s u r f a c e  of  SUV enhance both the r a t e  and 

e x t e n t  of SUV uptake  in to  the l i v e r .  We are  c u r r e n t l y  d e t e r m i n -  

ing i f  t h i s  enhanced r a t e  of uptake  is a s s o c i a t e d  w i t h  an 

enhanced d e l i v e r y  of v e s i c l e  c o n t e n t s  in to  l i v e r  c e l l s .  
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