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Two types of sonicated verde have been prepared from dip~mitoylphosphatidykh~ine (DPPC) by 
incorporation of phosphatid~ino~tol (PD to ~ve negativdy charged veeries and ~earylamine to ~ve 
po~tivdy charged ve~de~ The absorption of the vesicles by rat I~er has been investigated by peffusion 
technique~ A ~eady state of vesic~ absorption is ra~dly e ~ a ~ b e d  in approx. 2 min and the inifi~ rates of 
absorption decrease with PI content of the vesicles and increase with stearylamine contenL In the ~eady 
stat~ the uptake of vesicles by the I~er ~ ~mihfly dependent on verde  charg~ b~ng inhibited by PI and 
enhanced by incorporation of stearylamine in the ve~de~ Fractionation of the I~er into subcdl~ar 
fractions following peffusion showed that mo~ of the ve~cular Hpid could be found asso~ated with a nuclear 
(~us ~asma membrane) fraction. The suppression of vesicle absorp~on by PI may be of v~ue as a means of 
bypas~ng the I~er in relation to the use of vesicles as a dd~ery sy~em. 

In~oducfion 

The potential use of hposomes as a means of 
ddivefing drugs and genetic matefi~ to cd~ has 
led to numerous studies concerned with the inter- 
action between fiposomes and cd~ [1-3]. Of pa~ 
t~ular interest in this area ~ the uptake of fipo- 
somes by the fiver and spleen, which are the 
organs hrgdy responfible for the clearance of 
fiposomes from the blood [1,~. The relationship 
b~ween liposome prope~ies 0.e., compofifion, fize 
and charge) and hposom~cell interaction has been 
invesfiga~d for numerous c~luhr sy~ems [5-1~. 
It has often been found that negafivdy charged 
fiposomes are more readily endocytosed than neu- 
tr~ or po~fivdy charged hposomes. This observa- 
tion has been reposed to hold for the uptake of 
liposomes by cultured Kupffer cd~ [10] and 
hepatocy~s and Kupffer cells in ~vo [~. In con- 

* To whom co~espondence should be addre~ed. 

trast to these studie~ the in~oduction of pofifive 
charge ~.g., by the incorporation of stear~amin~ 
into fiposomes has been shown to increase hpo- 
some infraction with cu~ured rat pefitone~ mac- 
rophages [6], HeLa cd~ [1~, rabbit thymocy~s 
[13~ routine L1210 cd~ [1~, and erythrocytes 
[~51. 

These conflicting observations relating to the 
effect of fiposome surface charge on fiposomoce~ 
infraction have led us to investigate the uptake of 
lipid from v e s t , s  prepared from mixtures of di- 
pNmito~phosphatidylcholine (DPPC) with phos- 
phatidylino~tol (PD (negatNely charged) and 
DPPC with stearylamine (positive charged) by 
perfused rat hve~ Phosphatidylinositol (PI) is an 
in,resting membrane phospholipid in that iu de- 
gradation and resynthe~s are stimula~d by a 
variety of hormones and neurotransmitters [20]. It 
has also been shown to inhibit liposome fu~on 
when incorporated in phosphatidylsefine fipo- 
somes [211. and hposomes incorporating PI have 
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been reported to suppress phagocytic function and 
phospholipid in macrophages [22]. 

Two procedures have been used to determine 
the uptake of veficles by perfused rat fiver: a 
flow-through procedure, which gives initial rates 
of fipid uptak~ and a recirculating procedure, 
which gives uptake in the steady state. Both proce- 
dures demon~rate that when PI is incorporated 
into DPPC veficles it inhibffs the uptake of the 
reticles by rat fiveL in marked contrst to 
stearylamine, which increases veMcle uptake. 

MaS t i f f s  ~ d  M ~ h ~ s  

b ~ D ~ m ~ o ~ M ~ y ~ h ~  (DPPC) 
was obt~ned from ~gma (Londo~ C~mi c~  
Company ~ p r o x  99% pure ~ m d u ~  numb~ 
P0763). b ~ D ~ M m i ~ ~ ~  ~ m e ~ #  
3 H ~ h ~  ~ode TRK 673) was obt~ned from 
A m ~ a m  I n t o n a t i o n .  ~ ~ d ~  (PI) 
from wheat germ (as the so~um s~t, m ~ e c ~  
w ~  846 [23D was Grade I obt~ned from ~ d  
P r o d u ~  South Nmfid& U.K. S ~ a ~  ~ .  
49-56°C, 90% C~s ch~n~ 98% NH~) was ob- 
t~ned ~om K ~ g ~ ,  H a v ~ ,  Suff~L U.K. 
So~um pentobarb~one C S a g ~  concentration 
60 mg. ~ - ~ ,  was obt~ned from May & Baker 
( D ~ ~ .  Hepafin from pordne ~ s t i n ~  
muco~ (as the so ,urn  ~ was obt~ned from 
~gma London C~micM Company ~ m d u ~  num- 
ber H 7005). 

Vesicle preparation 
Vefide suspens~ns were prepared by add~g 

the ~ q ~ d  amounts of phospholip~ s~ck s ~  
tions (concen~ations 2-4 mg-cm -3) in c~oro- 
f o r m / m ~ h a n ~  ~ :  1, v / ~  p~s approx. 2 ~Ci 
[3H]DPPC ~ge th~  with 50 cm 3 of c~oroform/  
m~han~ to a 1 fitre round-bot~med flask. The 
~s~ting s~ut~n  was rotary evaporated at 60°C 
to form a find film to w~ch was added 10-15 cm 3 
of K~b~Hensd~ t  ~ c ~ b o n ~ e  buf~r [2~ (pH 
7.~ (120 mM NaCI/5 mM KC1/1.2 mM 
KHePO4/12 mM MGSO4/2.5 mM NaHCO3) 
pre~ou~y purged with ~ o g e n  gas. The ~sulting 
suspen~on was so~c~ed for 1 h in a Decon 
FS100 frequency-sweep so~c~or  at 60°C. The 
sonicated v e ~ d ~  we~ co~ed to 37 o C and gassed 
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with oxygen/carbon &ofide (95% : 5%) to give a 
pH of 7.4. CMdum cMofide was then added to a 
fin~ concen~ation of 2.6 mM. It shodd be noted 
that verities defign~ed as 'purC PI ~so cont~ned 
[3H]DPPC labd; howeveL the m~ar  ratio of PI to 
[3H]DPPC was in the range 5 • 10 ~ to 1 • 106 and 
hence the effe~ of the hbelled fi~d on vefide 
properti~ was confide~d negli~N~ 

Perfuswn of rat fiver 
Perfu~on of the fiver of Sprague Dawley rats 

(180-250 g) was carried out u~ng the m~hod of 
Berry and Friend [25] as modified by Elfiot et M. 
[26]. The rats were anesthetized by intrapefitoneal 
injection of sodium pentobarbitone (60 mg plus 
650 units of heparin per kg body woghO. The 
abdomen and chest were opened and the inferior 
vena cava was cannulated with a heparinized 16- 
gauge needl~ The hepatic poem vdn was cannu- 
lated with a 19-gauge needl~ Both cannulae were 
figa~& The fiver was peffused at a rate of 25 
cm3/min in lhe phy~ologicM d~ection u~ng a 
p e f i ~ t i c  pump (Watson-Marlow 501) with a 
combined bubble wap-depulser located b~ween 
the pump and the p o ~  cannul~ Two methods of 
mesufing fiposome uptake were used, a fin~e 
flow-through m~hod (i) and a redrculating 
method (ii). 

(i) Flow-through perfusion. Reservoi~ cont~n- 
ing vefide suspenfions of the required compofi- 
tion and concentration (tot~ volume 100 cm 3) in 
Kreb~Hensd~t buffer and a reservoir of buffer 
were m~nt~ned at 40°C and gassed with 
oxygen/carbon dio~de mixture. The fiver was 
initially flushed with 100 cm 3 of buffe~ The con- 
tents of each vefide reservoir were passed through 
the fiver and for each ve rde  suspen~on samp~s 
(100 ~b of the outflow were taken at 3 s in~rv~s 
over a period of 3 min. B~ween perfufing the fiver 
with each vefide suspenfion the fiver was washed 
by peffufion with 100 cm 3 of buffe~ The 100 ~1 
samples were added to 2 cm 3 of sdntilhnt 
(PPO/POPOP cocktail T, BDH ChemicMO and 
coun~d on a Beckman LS 9800 s~ntillation coun- 
ter. 

O0 Recircu~ng perfusion. Two reservoir, one 
cont~ning 170 cm 3 of vefide suspenfion in 
Kreb~Hensdeit buffer and a second containing 
only b u f ~  were m~nt~ned at 40°C and con- 
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finuou~y gassed with oxygen/carbon dioxid~ The 
fiver was initially flushed with 100 cm 3 of buffer 
before perfufing with vefide suspenfion in a dosed 
loop. The perfufion was continued for 1 h, during 
which 100 #1 aliquots of riposome suspenfion were 
removed from the reservoir at 5-rain in~rv~s.  
FinMly, the fiver was flushed with 50 cm 3 of 
buffe~ removed from the carcass, rapidly frozen 
at - 8 0 ° C  and stored for subsequent analys~. 

In the perfufion experimen~ the ~ass, vefide 
resevoirs and the sil~one rubber tubing were 
~ea~d  with dimethyldichlorofilane solution (2% 
in 1,1,1-tfichloroethane (BDHD. C o n ~  experi- 
ments showed that the ~eatment reduced loss of 
fipid due to adsorption on the glass and tubing to 
neglible ~vds. 

Subce~u~r fraaionation 
The frozen rivers were ~awed slowly on ice, 

chopped into sm~l ~eces and homogen~ed in a 
buffer (pH 7.~ c o n t ~ n g  5 mM Tris, 0.25 M 
sucrose, 1 mM EDTA and 0.5% ( w / ~  Tr i~n  
X-100 at a liver wright to buf~r  v~ume ratio of 1 
g :5  cm 3. The r ~ t i n g  homogena~s were ffa~ 
tionamd by &fferenti~ centrifugafion by a method 
based on that of DeDuve et ~. [27,28]. Briefly, the 
i~tiM homogena~ was spun at 1900 rpm (MSE 
6L centri~ge) for 10 min. The ~s~ t ing  pallet was 
~ s p e ~ e d  in an equ~ v~ume of homoge~fing 
buf~r  and spun again at 1900 rpm for 10 min to 

~ve  a n u d d  pellet (N). The supernatant was 
combined with the supernatant from the first 
centrifugation and spun at 8000 rpm for 3 min 
(MSE 18 centrifug~ to ~ve  a mitochondria pellet 
(M). The resulting supernatant was spun at 15 000 
rpm for 7 min (MSE 18 centrifug~ to ~ve a 
~sosom~ pallet (L) and a supernatant which was 
spun at 4000 rpm for 30 min (Beckman L5-65 
centfifug~ to give a microsome p d ~ t  (P) and a 
fin~ supernatant (S). The p d ~  (N, M, L and P) 
were fina~y resuspended in 0.5% Triton X-100 for 
assay. 

The tot~ vdumes of the initi~ homogena~s 
and the volumes of the resuspended p d ~  and 
supernatan~ were recorded throughout the frac- 
tionation so that the tot~ radioa~i~ty in each 
organd~ fraction co~d  be determined. During 
the fractionafion, 1 cm ~ ariquots of each fraction 
were taken and stored at - 2 ° C  for subsequent 
counting and protein assay by the Biuret method 
[29]. 

R e s ~  

The resul~ of a typic~ flow-through experi- 
ment are shown in Fig. 1 for sonicated DPPC 
verities covering a concentration range. For a 
~ven vefic~ar fipid concentration a smady state 
of lipid uptake is estabrished in approx. 90 s. In 
the smady state, the lipid concentration ~a~ng  
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Fi~ 1. (LeflO Initial uptake of lipid from sonica~d dip~mitoylphosphatidylcholine verities by perfused rat hve~ The fipid 
concentrations ( # g . c m  -3)  en~r ing the fiver were as follows: (3, 18; a, 38; [], 118; O, 217; m, 666. The ~f t -hand axis is the fipid 
concen~ation flowing from the inferior vena cava at a flow r a~  of 25 cm 3.min-1.  

Fig. 2. (Right)  Uptake of fipid from sonicated dip~mitoylphosphatidylchofine verities by perfused rat fiver as a function of lipid 
concentration. 
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TABLE I 

RATE CONSTANTS (ki) FOR THE INITIAL UPTAKE OF 
LIPID FROM SONCIATED VESICLES BY PERFUSED 

RAT ~ V E R  AT 37~C 

Verde  compo~t~n 10 ~k i (No. exp. . )  
~m3.g ~.min -~) 

DPPC 60 ± 23 (15) 
DPPC + ~ % ( w / w ) ~  34 (1) 
DPPC + ~%(w/w)H 19 ± 5 (~  
DPPC + ~ w / w ) ~  24 ± 9 (~  
DPPC + 7 5 ~ w / w ) H  24 ± 12 ~)  
PI 31 ± 13 (8) 
D P P C + 5 ~ w / w ) s t e a ~ l a m i ~  86 (1) 
DPPC + 1 5 ~ w / w ) s t e ~ a m i ~  ~ 3  (1) 

~itiM u p ~ k ~  w~le s~arylamine ~ e ~  the 
rate constanL 

The ~ n e t i ~  of uptake of v e f i c ~  f ind ~ ~ e  
s~ady state was ~ v ~ t i g ~ e d  by the ~circ~at ing 
perfus~n m~hod  w~ch ~ q ~ d  o ~ y  a sin~e 
vesicle ~ s p ~ f i o n  and allowed up~ke to be m o ~-  
tored over a period of approx. 60 min, ~ e  uptake 
of f ip~ by the fiver bong de~rmined from the 
~ss  of f ind  ~ the ~ r v ~  

If the flow rate is F (cm 3. min-~L ~ e  v~ume 
of the ~ r v ~ r  is ~ (cm 3) and Cin and Co~ t are the 
lipid concen~ations entering and ~a~ng  the fiver 
(mass M (~)  from ~ e  ~ r v ~ r ,  ~spectivd% ~ e n  
the rate of change of f ip~ concentration ~ the 
~ r v ~ r  and fiver are given by 

the fiver remains constant at a value below that of 
the concen~ation entering the fiver and the change 
in concentration (AC) increases with fipid con- 
centration entering the fiver. Fig. 2 shows the rate 
of uptake as a function of the envy  concentration. 
The uptake rate is related to flow rate, F, and can 
be expressed per g of fiver by the rdation 

Uptake r~e = F~C ( ~ g . m i n - ' . g - ' )  (1) 

Rate constants (k~) can be determined from the 
initial ~opes of plots such as Fig. 2 and these are 
given in Table I. The errors in the estimates of k i 
for a given v e r d e  compo~tion arise largely from 
variations between different fivers. However the 
results eleaddy show that the introduction of PI 
into DPPC ve~cles reduces the rate constant for 

= 

If the change in fipid concentration (Ac = ¢ in -  
Coo t) is assumed to be directly proportional to the 
fipid concentration and the mass of the fiver then 

. . . . . .  

(3) 

w h e r e  kp is defined as a perfufion constant. In- 
tegration of Eqn. 3 gives 

c = c o e -% r~t,~ (4) 

where c o is the initial fipid concen~ation in the 
reservoi~ In order to test the appficabifity of Eqn. 
4 to perfu~on in the steady state, the data 0.e., 

TABLE II 

PERFU~ON CONSTANTS (k~) FOR THE STEAD~STATE UPTAKE OF LIPID FROM SONICATED VESICLES BY 
PERFUSED RAT LIVER AT 37 oC 

Vefidecompofifion0nifi~ concen~afion, ~g.cm 3) c o (~g.cm -3) 102kp (g-~) 

DPPC (89.5) 
DPPC + 2 5 ~ w / ~ H  ~ 1 ~  
DPPC + 5 ~ w / ~ H  (87.~ 
DPPC + l & 0 ~ w / ~  (92.5) 
DPPC + ~ % ( w / ~ H  (~.5) 
DPPC + 5 0 . 0 % ( w / ~  ( 9 1 ~  
PI ( ~  
DPPC + 5%~/w)stea~larnine (103~ 
DPPC + 1 0 % ~ / ~ s t e a ~ l a m i n e  (95~  
DPPC + 15%(w/~s~a~lamine  (9&~ 

85~8 ± 125 3~68 ± 0~73 
73.56 ± 1.42 Z557 ± 0~74 
77.87 ± 1.83 1~58 ± ~082 
81.21 ± 2.28 1541 ± ~106 
81.12 ± 1.13 ~396 ± ~038 
83~4± 2~1 ~440 ± 0.067 
8357 ± 1.14 ~456 ± 0~38 
95A7 ± ~07 &299 ± ~179 
93~6 ± ~34 5.227 ± ~229 
95.82 ± 7A7 ~302 ± ~637 
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Fig. 3. Change in lipid concentration in the v e r d e  reserver  
during redrcda t ing  perfufion of rat fiver with sonica~d ~ -  
p~mitoylphosphaf idylchol ine  (DPPC)-phosphaf id~inos i to l  
(PD verities. The figures deno~  the % (w/w)  PI in the verities. 

values of c as a function of t) were fitted by 
nonqinear regression ufing the method of Walms- 
ley and Lowe [30] to obtain the best values of c o 
and kp. The resulU of the computations are given 
in Tab~  II, where the calculated values of c o are 
compared with the experimental values. The mean 
difference between the calculated and experimen- 
tal values of c o is -6 .9%.  This deviation probably 
arises as a consequence of unavoidab~ leakage 
from the cannulae during 60 min of perfufion. It 
follows from Eqn. 4 that In c should decrease 
fineafly with time. Figs. 3 and 4 show the in c vs. t 
plots for loss of DPPC plus PI and DPPC plus 

s.0  
% ~o |~m~ ~ ~ > ~ .  

~ ~ ~e~ 
~ I ~ O~o e ~  
z 3"0 E • X 0 I ~  
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~ o  
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Fi~  4. Change in fipid concen~ation in the v e r d e  reservoir 
during redrculating peffufion of rat fiver with sonicated di- 
p~mitoylphosphat idy~hol ine (DPPC)-s~ar~amine  vefide~ 
The figures denote the % (w/w)  stearylamine in the vefide~ 

stearylamine veficles from the reservoir during 
perfufion, respectively. The regression analysis and 
the fineafity of the In c vs. t plots suggest that 
Eqn. 4 is a satisfactory way to represent the data. 
For the DPPC/s tea ry lamine  vesicles some deriva- 
tion from finearity of the In plots was found a~er 
perfufion for more than 30-40 min for veficles 
containing 10 and 15% stearylamine. Such an ef- 
fect might arise should stearylamine have a toxic 
effect on fiver function which results in inhibition 
of veficle absorption after prolonged perfusion. 

However, another pos~ble source of error is the 
metabolic breakdown of fipid giving rise to water 
soluble (labelled) mater ial  [31,32]. Should 

TABLE Ill 

DISTRIBUTION OF LIPID (% w/w)  IN SUBCELLULAR FRACTIONS OF RAT H V E R  F O L L O W I N G  P E R F U ~ O N  WITH 
SONICATED VESICLES 

Fraction de~gnations: N + PM, n u d ~  ~ u s  ~ a s m a  membrane;  M, mi~chondr ia ;  L, ~ s o s o m ~ ;  ~ microsomes; S, supernatant.  

Vesicle compo~tion C d l ~ a r  f f a ~ n s  

N + P M  M L P S 

DPPC 55 4.5 7 7.5 26 
DPPC + 10%(w/w)PI 67 5.5 6 6 15.5 
DPPC + 25%(w/w)PI 75.5 4.5 5 4 11 
DPPC + 50%(w/w)PI 65 4.5 7 6 17.5 
PI 71.5 5 6 6.5 11 
DPPC + 2%(w/w)stearylamine 33 11.5 14.5 15 26 
DPPC + 5%(w/w)stearylamine 61 4 5.5 5 24.5 
DPPC + 10%(w/w)stearylamine 5.6 3.5 5 6 29 
DPPC + 15%(w/w)stearylamine 66.5 3.5 4.5 6 19.5 



water-soluble labd ~ave the river then it could 
~ad to an underestimate of ripid uptake from the 
veeries. However, the time course for metabolic 
breakdown is re~tivdy long, with a lag phase of 
about 15 rain and for cultured Kupffer cells 
amounts to approx. 20% after 60 min for labelled 
egg phosphatidylcholine [31]. This would have no 
effect on the data obt~ned by flow-through perfu- 
~on, but could resuR in an upward curvature of 
the In c vs. t plots at longer times if an appreda- 
ble fraction of watermoluble labd diffused out of 
the river. Thus for veeries containing 10 and 15% 
s~arylamine this could be another po~ible cause 
of the deflations from rineafity. 

The trend of the perfusion constants with ves- 
icle compo~tion in the s~ady state reflects the 
~end observed in the rate constants for initi~ 
uptake (Tab~ I). Increasing the PI content of 
DPPC vesicles decreases the peffu~on constant~ 
whi~ increa~ng stearylamine content increases 
them. 

The di~fibutions of ripid in subcellular frac- 
tions are ~ven in Table III for DPPC plus PI and 
DPPC plus stearylamine ve~de~ For both types 
of vesicle the ripid is predominantly assoda~d 
with the nuclear fractions. The nuclear fraction 
obtained by differenti~ centrifugation cont~ns 
not only n u d o  but ~so plasma membran~ cell 
debris and erythrocytes [33~4]. There is no sys- 
tematic variation in the location of fipid in the 
subceHular fractions with ve rde  compo~tion. 
From over twdve ~actionations the fipid distri- 
bution is as follows: nuclear (plus plasma mem- 
brane) fraction, 59.5 ± 10.5%; mitochondri~ frac- 
tion, 4.9 ± 2.0%; lysosom~ ~action, 6.8 ± 2.5%; 
microsom~ ~action, 6.8 ± 2.7%; and supernatanL 
21.8 ± 6.3%. It should be noted, howeve~ that 
because of the duration of the ve rde  preparation 
and perfusion experiments the rivers had to be 
frozen before subcdlular fraction~ Although it 
would be preferable to fracfionate fresh fissu~ 
~nce most of the ripid was found to be assodated 
with the plasma-membran~cont~ning fraction it 
is unlikdy that this arose as a result of di~upfion 
of subcellular organdies due to ~ee~n& 

D~cussion 

Perfu~on of the rat liver with sonicated v e ~ e  
suspen~ons at a flow rate of 25 cm 3 • min-~ estab- 
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fishes a s~ady state in ~ss than 2 min. Uptake in 
the s~ady state is a d e q u a ~  described by a first- 
order equation (Eqn. 4). Both the initi~ rate con- 
stants (k~) for uptake and the ~eady-sta~ perfu- 
fion constants (kp) are markedly dependent on 
the vefide charge. For the DPPC/PI  verities the 
v~ues of kp decrease by a factor of 8 from pure 
DPPC verities to 'purC PI verities (Table II, Fig. 
3); the decrease ~ not uniform over the whole 
compofition range but is h rgdy  re~ricted to PI 
content from 0 to 25% (v/v). The fize and the 
dec~ophorefic properties of sonic~ed DPPC/PI  
vesicles have been ~udied pre~ous~ [35] to ob- 
t~n the z-average diameters ((d~ ~))- a by photon 
correlation spe~roscopy and the de~rophoretic 
zeta po~nfi~s (~o) by microelectrophoresis. These 
param~ers are shown as a function of vesicle 
composition in Fig. 5 tog~her with the vMues of 
kp. Although the solution conditions for the mea- 
surements of ((d~X)) -~ and ~o differ from those 
used in the perfu~on expefimenm, the difference 
would not be expec~d to affect marked~ 
( (d~l ) ) -~or  the trend of zeta po~nt i~ with ves- 
icle compo~fiom Fig. 5 illu~rams that over the 
compo~fion range 0-25% PI the decrease in kp 
co .dams  with the increase in zeta pomnti~ and 
hence surface charge den~ty, ~nce ve rde  ~ze 

9o ~ 

 0t\ 
4o 

I0~ ~ • I0 
. 

0 ~ ~ ~0' ~0' ~0' ~ ~ ~ ~, 
~ 5. Per~on constant (fp, ~ vesicle ~meter ~<~ ~ >)- ~, 
~) ~nd ~e~ophore~c zet~ p~e~] (~% ~) ~r so~c~ed 
• ~ l ~ o $ ~ h ~ n e  (DPPC~osp~d~nosi~ 
(~) v¢~es ~s a func~on of PI con(ent $h¢ ves~ ~m~s 
and ~ p~c~i~s ~ere t~cn f~om RoE 35 and ~ef~r to ve~es 
• spersed ~ ~ater ~B 6.~ and ~os~atc-saI~e buf~r ~ 
7~ ~c strcn~h 0~3~ ~) at 35°~ resp~t~. 
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changes only ~owly over this pa~ of the compofi- 
tion range. 

In contrast to DPPC/PI verities, the peffufion 
constants for DPPC/stearylamine verities are 
larger and increase with stearylamine content. 
Taken together these resul~ show that vesicle 
uptake by the fiver is inhibi~d by negative charge 
and enhanced by pofitive charge, as found for 
sever~ other cell types [6,12-15]. It follows that 
PI is a suitable inhibiter of reticle uptake by the 
fiver and might be succes~ully used to bypass the 
liver in vefide delivery sys~ms. PI has an ad- 
vantage in this context ove~ for example dextran 
sulpha~, which has been sugges~d as a fiver 
blocking agent [36], in that it is a natur~ly occu~ 
ring membrane component. It is not howeve~ 
unique in its capadty to inhibit uptake by the 
five~ expefimen~ u~ng sonicated DPPC veeries 
incorporating phosphatidylsefine gave fim~ar re- 
sults (unpublished observationS, howeve~ the 
posfibifity that the effects observed here may not 
be enfirdy expficable in terms of the charge of PI 
and that PI spe~fic~ly inhibi~ phagocytofis as 
observed for macrophages [22] cannot be 
eliminated. It should ~so be no~d that our resuRs 
apply to an e~enti~ly blood-~ee system and that 
in ~vo infraction b~ween the vehdes and blood 
plasma components could have a mediating effect 
on vesicle uptake. Such in , r a t i ons  might account 
for the differences between our results and those 
oL for exampl~ Spanjer et ~. [7] who found liver 
cells took up negativdy charged verities more 
readily than n e u ~  or po~fivdy charged verities. 

There has been confiderab~ discusfion about 
the cells responsib~ for the uptake of verities by 
the five~ both parenchym~ calls and Kupffer calls 
ha~ng been impfica~d [37]. Scherphof et ~. [38] 
found that parenchym~ cells had a preference for 
sm~l verities (about 50 nm diam~eO and that the 
fize distribution of fenes~ations in the endotheli~ 
calls determines the extent of vefide uptake by 
parenchymal calls. It was fu~her suggested that, 
while the initi~ rite of uptake was Kupffer calls, a 
secondary ~an~ocafion process occurred which 
resul~d in the ~ansfer of fipid to parenchym~ 
cells. The ~actionation ~udies here were not ~med 
at determining the cells responfib~ for uptake but 
at estabfishing the overall location of the fipid 
a~er perfufion. The highest levis of fipid labd 

were ~und in ~e  nuclear fractions wNch Nso 
contNn Nasma membrane [32]. Nnce 73.4% of the 
vNume of pl~ma membrane in a fi~er homo- 
gen~e can be aafibuted to p~enchymM calls [39] 
and oNy 34% by vNume of the nonparenchymN 
cells are Kupf~r cells, parenchymN cell N~ma 
membran~ world predomina~ in ~e  nude~  
~action and, Nthough ~e  posfiNfiff cannot be 
elimina~& it is probably unlikdy that ~e  vefide 
fipid is exdufivdy a~o~a~d with one call type. 
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