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Large unilamellar liposomes prepared by an octyl glucoside-dialysis method were examined for stability at 37 °C in the 
presence or absence of human plasma, using the release of the entrapped ealcein as a fluorescence marker. The 
I;po~mes were acid-sensitive as they wen e composed of dioleoylphosphatidylethanolamine, oleic acid and cholesterol. 
The stability of the liposomes in the absence of plasma was significantly enhanced with increasing cholesterol content. 
However, the maximal calcein release at pH 5 decreased linearly with incrcasing cholesterol content of the liposome, 
indicating that cholesterol had reduced the acid-sensitivity of the liposomes, in the presence of human plasma, calcein 
release exhibited a biphasic behavior with a fast (~,,~r~t-sensitive) and a slow (plasma-resistant) comlmnent. Inclusion 
of cholesterol in the liposomes resulted i,n an increased proportion of the plasma-resistant component. Liposomes 
pretreated with human plasma, after remow! of excess plasr, a and the released caicein by gel-filtration, showed a 
remarkable stability both in the presence and absence of human plasma. The acid-sensitivity of the plasma-treated 
liposomes with 40% cholesterol was the same as that of the untreated liposomes. These results are discussed in terms of 
the mechanism by which these liposomes deliver their contents to the cytoplasm of the cells via the endocytic pathway, a 
known biological activity of the type of liposome described here. 

intr~uction 

Liposomes have been widely used as a delivery vehicle 
for drugs, enzymes, antibodies and DNA (for recent 
reviews, see Ref. ]). One of the primary findings of the 
liposomal drug delivery is that the liposomes are largely 
endocytosed by the ceils and the final cellular destina- 
tion is the lysosomal compartment [2,3]. Many drugs, 
especially the macromolecular drugs, are hydrolysed in 
the ly~,osome, and/or cannot effectively escape from the 
lysosome, thus resulting in poor biological activities of 
the delivered drug [31. 

In recent years, pH-sensitive liposomes have been 
developed by several investigator.,, 14-7] for improved 
cytoplasmic delivery of the lipo.,,omai drugs. These lipo- 
,,omes are primarily composed of PE. a lipid with a high 
tendency of forming hexagonal phase 18]. The bilayer 
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phase of PE is stabilized with a weakly acidic amphiphile 
which, when protonated at an acidic pH, triggers tl.e 
destabilization of the PE liposomes. The cytoplasmic 
delivery activity of these liposomes is considerably en- 
hanced as compared to the conventional pH-insensitive 
liposomes. Fluorescent dyes [5,9,10], anticancer drugs 
[11], toxins [12] and DNA [13,14] are efficiently de- 
livered to the cells cultured in vitro. However, the in 
vivo delivery activity of these liposomes is severely 
limited by the instability of the liposome in the presence 
of plasma or serum. It has been shown by us that the 
large unilamellar liposomes prepared by the reverse- 
phase evaporation method composed of DOPE and 
oleic acid (8:2 molar ratio) rapidly aggregate and be- 
come leaky when exposed to serum [15]. It was 
concluded that this type of pH-sensitive liposome is not 
suitable for dehvery of water-soluble drugs in vivo. 

Nevertheless, an attempt has been made to deliver 
intact plasmid DNA to the target cells in mouse [13]. 
The pH-sensitive liposomes used in the study were 
prepared by a detergent-dialysis method, modified from 
the original procedure of Philippot et al. [16]. In ad- 
dition, cholesterol was included in the lipid composition 
to increase the trapping efficiency of DNA [16]. The 
liposorne entrapped (or associated) DNA was injected 
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into nude mice bearing the target lymphoma ceils, Suc- 
cessful delivery and expression of the marker gene were 
detected in the target cells [13]. The results of these 
experiments strongly suggest that at least a portion of 
the liposome is stable under the in vivo conditions. It 
has thus prompted us to study the stability, both in the 
presence and absence of plasma, of the pH-sensitive 
liposomes prepared by the detergent-dialysis method. 
Furthermore, we have investigated the role of cholesterol 
in liposome stability. 

Materials and Methods 

Materials. DOPE was purchased from Avanti Polar 
Lipids. Oleic acid, cholesterol, calcein and octyl gluco- 
side were purchased from Sigma Chemical. SM-2 beads 
were purchased from Bio-Rad. Freshly collected human 
plasma was obtained from Fort Sanders Regional Medi- 
cal Center (Knoxville, TN). [m4ClOleic acid (57 
mCi/mmol)  was purchased from, New England Nuclear. 
[t4ClOctyl glucoside (314 r~Ci/mmol), a kind gift from 
Dr. Carol Cunning, ham, was originally obtair, ed from 
New England Nuclear. 

Liposome preparation. Large unilamellar vesicles were 
prepared according to the method of Philippot et al. 
[16] with modifications. 10 tamol of lipid was dried with 
a gentle stream of Nz gas. The dry lipid was kept under 
vacuum for a minimum of 30 min and suspended in 900 
pl of PBS buffer/50 mM calcein/0.55 mM EGTA, 
which was isotonic to human plasma. [3H]Cholestanyl 
ether was included in the lipid mixture to monitor the 
lipids [17]. The lipid suspension was sonicated with a 
bath sonicator (Laboratory Supplies, Hicksville. NY) 
and the pH was adjusted to pH 8.0. 100 #I of octyl 
gluceside (100 ~,mol) were added. The mixture was 
vortexed and dialyzed at re,ore temperature against 100 
ml of the buffer used above containing 1 g of washed 
SM-2 beads for 48 h with slow stirring. The liposomes 
were separated from free calcein by using Bio-Gel A- 
1.5m column chromatography equilibrated with PBS 
(160 mM NaCI/3.2 mM KC!/1.8 mM KH:PO4/0.12 
mM NazHPO4/I .2  mM EGTA (pH 8.0)), w~ch was 
isotonic to the calcein-containing buffer. The liposomes 
had an average diameter of 500 +_ 200 nm as measured 
by dynamic laser light scattering using a Coulter NS4D 
instrument. 

Dissociation of oleic acid and octyl glucoside during 
lipcsome preparation. Trace amounts of [v*C]oleic acid 
or [14C]octyl glucoside were included in different 
preparations of liposomes. 20 pl of lipid mixt~,r',: from 
the dialysis bag were collected at different times and 
counted for ~4C radioactivity in a scintillation counter. 

Pretreatment of ;iposomes with plasma. 500 pl of 
liposomes were mixed with the same volume of plasma 
and incubated for 1 h at room temperature before 
passing through a Bio-Gel A-1.5m column. 
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pH-sensitivi O, of liposomes. Fluorescer-,ce was meas- 
ured by Perkin Elmer LS5 spectrofluorometer with ?'c, 
= 490 nm and hem --- 520 nm. Liposomes (10 pl) were 
added to 1.99 ml PBS at the desired pH and incubated 
at room temperature for - min. The pH of the mixture 
was adjusted back to 8.0 after incubation by addirg an 
appropriate amount of NaOH solution. Deoxycholate 
(final concn. 0.25fb) was then added to completely 
release calcein from the liposomes. 

The percent leakage of liposomes was calculated 
from the dequenching of calcein fluorescence according 
to the following equation: 

% Release -- (/~/F~' ) Ff - Fo × I00 
F,-ro 

where F 0 is the fluorescence intensity of liposomes in 
PBS at pH 8.0 before the incubation; Ff is the fluorc., 
cence intensity of the liposome after incubation; F, is 
total fluorescence intensity of liposomes incubated at 
pH 8.0 after deoxycholate addition; F t' is the total 
fluorescence intensity of liposomes incubated at differ- 
ent pH. Ft/Ft '  was used to normalize the amount of 
liposomes used in the measurement. 

Stability of liposomes in plasma and isotonic PBS at 
37°C 100 pl of liposomes containing 60 nmol of lipid 
were added to 900 pl of buffer (pH 7.4) or plasma 
prewarmed to 37 °C  and maintained at 37 °C in a water 
bath. 10 pl of the mixture were used for the fluores- 
cence measurement at different incubation time-points. 
Tile pert:cut leakage of lipt)~omal cal~:eia wa~ calculated 
as above, except F o is the fluorescence intensity in PBS 
at zero time and F, is the total fluorescence tntensity of 
l,~posome in PBS at zero time. The F t and F t" are the 
fluorescence intensity at a given time-point before and 
after deoxycholate-induced lysis, respectively. 

l he reproduobility of the leakage measurement was 
ascertained by measuring three or more different sam- 
ples and each data point was obtained as the average of 
duplicate measurements of each sample. The standard 
deviation was less than 10% of the mean. Repeat 
measurements on the saJ,~e sample were very similar to 
each other. 

Results 

It was important to ascertain that the stability of the 
liposomes prepared by the detergent-dialysis method 
was not affected by the residual detergent, octyl gluco- 
side, left in the liposome preparation. As one can see in 
Fir:,. I(B), there was an undetectab!e amount of [14C]oc- 
tyl glucoside left in the liposome preparation after 48 h 
dialysis against a buffer containing SM-2 beads. In a 
parallel experiment, [l'C]oleic acid was used to see if 
any oleic acid was lost during dialysis. Total retention 
of oleic acid was observed under the same dialysis 
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Fig. 1. Dissociation of oleic acid and octyl glucoside from liposomes 
during d,alysis. A trace amount of [n4C]oleic acid or [t4Cloctyl 
glucoside was included in separate lipo~me preparation either withou, 
or with 40~ cholesterol. 20/zl of lipid mixture from the dialysis bait 
were collected at different times and counted for 14C radioactivity. 
(A) Dissociation of oleic acid. (B) Dissociation of octyl glucoside. El, 
tiposome without cholesterol (curve 1); U, iiposome with 409~ 

cholesterol (curve 2). 

condition. Inclusion of cholesterol in the lipid composi- 
;ion did not change the conclusions, as liposomes with 
or without cholesterol gave essentially the same results 
(Fig. 1). 

In order to systematically investigate the role of chol 
in the stability of the pH-sensitive liposomes, liposomes 
containing 0-50% cholesterol were prepared. In all cases, 
the molar ratio of DOPE to oleic acid was kept at 2. 
For example, liposomes containing no cholesterol had a 
composition of D O P E / O A  = 6.66 : 3.33, and those lipo- 
somes containing 40% cholesterol had a composition of 
D O P E / O A / C h o l  -- 4 : 2  : 4. The acid-sensitivity of the 
liposomes was investigated by measuring calc,:in release 
after an acid treatment. The results shown in Fig. 2 
clearly indicate that, although the pH value at which 
half-maximal calcein release teok place remained at 

about  pH 7, the maximal calcein release which took 
place at pH 4 -5  decreased linearly with increasing 
cholesterol content  of the liposome (Fig. 2 inset). There- 
fore, cholesterol in the liposome membrane  caused the 
liposomes to becc, me less acid-sensitive. For  example, at 
40% cholesterol cor~tent, only about  40% calcein could 
be released at pH 4. This number  was approximately 
half of those of liposomes containing no cholesterol. 

Cholesterol also affected the release kinetics of calcein 
from liposomes incubated in PBS at 3 7 ° C  (Fig. 3). The 
release of calcein at 37 ° C  followed first-order kinetics 
(data not  shown), with the rate constant  decreasing with 
elevated cholesterol content  of the liposomes. Thus,  
inclusion of cholesterol in the liposome membrane  sig- 
nif;cantly enhanced the stability of the pH-sensitive 
liposomes in a protein-free, PBS solution. 

It is also impor tant  to investigate the stability of the 
liposomes in the presence of plasma. Liposomes were 
diluted 10-fold with human  plasma and the release of 
calcein was measured at different times of incubation at 
37 ° C. As can be seen in Fig. 4, the kinetics of release 
was biphasic. The fast phase (plasma-sensitive phase) 
was so fast that  it was difficult to measure with our 

0 
3 

1 M1 

2 

6 O 

~ 00  

|Ts 

~25 

0 T - i 

0 20  40  60  
Chol. Contonl  (%) 

p H  

Fig. 2. Effect of cholesterol on the acid-sensitivity of pH-sensitive 
liposomes. Percen: calcein release from liposomes is plotted against 
the pH of the incubation buffer. Curve 1. without cholesterol; curve 2, 
with 10~ cholesterol: O, with 20% cholesterol (curve 3); ~ ,  with 30;$ 
cholesterol (curve 4); HI, with 40% cholesterol (curve 5); [] with 50';$ 
cholesterol (curve 6). Inset, the percent calcein rele:~,se at pH 5 vs. the 

cholesterol content. 
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Fig. 3. Stability of iiposomes in PBS (pH 7.4) at 37°C.  Percent 
calcein release from liposomes is plotted against the time of incuba- 
tion. Curve 1, without cholesterol; curve 2, with 10% cholesterol; • 
with 20% cholesterol (curve 3); O,  with 30~ cholesterol (curve 4); I ,  

with 40~ cholesterol (cttrve 5); 1:3, with 50~ cholesterol (curve 6). 

method. The slow phase was very slow; essentially no 
significant calcein leakage was detected up to 8 h in- 
cubation (Fig. 4). Interestingly, the component of the 
slow, or plasma-resistant, phase was dependent on the 
cholesterol content of the liposome. As the cholesterol 
content in the iiposome increased, the resistant phase 
compo~ent became larger (Fig. 4, inset). For example, 
liposomes with 40% cholesterol only released about 605g 
calcein after 8 h of incubation, whereas the liposomes 
without cholesterol released 100% in the same time- 
period. The kinetics of the calcein release from lipo- 
somes was essentially the same when the plasma con- 
centration was reduced from 90% in the routine experi- 
ments to 50 and 25% in some experiments. Below 25g 
of plasma, calcein release was slower and less complete 
(data not shown). 

It was interesting to see if the plasma-resistant com- 
ponent of the cholesterol.containing liposomes is sensi- 
tive to acid. Liposomes containing 40% cholesterol were 
exposed to 50% plasma for 1 h at room temperature, 
effecting the release of calcein from the plasma-sensitive 
component. The liposomes were then chromatographed 
on a Bio-Gel A-1.Sm column to remove free calcein and 
most, if not all, of the plasma proteins. The resulting 
liposomes were then tested for the acid-induced release 
of calcein. As shown in Fig. 5, the acid-sensitivity of the 
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Fig. 4. Effect of cholesterol on the stability of pH-sensitive liposomes 
in human plasma at 37 o C. Percent calcein release from lipo,,~mes is 
plotted against the time of incubation. Curve 1, without cholesterol; 
curve 2, with 10% cholesterol: 0 ,  with 20~ cholesterol (curve 3); ~ ,  
with 305g cholesterol (curve 4); I ,  with 40~ cholesterol (curve 5); ;2, 
with 50% cholesterol (curve 6). inset, maximal calcein release vs. 

cholesterol content of the liposome. 

plasma-treated liposomes containing 40% cholesterol 
was indistinguishable from one without the plasma 
treatment. Thus, the acid-sensitivity of the plasma-re- 

TABLE 1 

Transfer of oleic acid from tiposome to plct~ma component(s) 

Liposomes containing [14Cloleic acid, with or without plasma treat- 
ment, were chromatographed on Bio-Gel A-1.5m to separate liposome 
(void volume) from the plasma component(s) (included volume). Data 
are average of the two experiments. Plasma treatment was the same as 
described in Materials and Methods. 

Cholesterol Plasma % [t4Cloleic acid 
content in treatment eluted in 

liposome ~ (~) void included 

volume voIL..)e 

40 

no  100 0 
yes  41 59 

no I00 0 
yes  22 78 

Lipid composition was DOPE/OA (2:1) with 0 or 40% cholesterol. 
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sistant component was the same as that of the original 
liposome population. 

One explanation of the above data was that the 
plasma-liposome interaction was reversible such that 
the plasma-treated liposomes reverted back to untreated 
state after the removal of plasma proteins. This possibil- 
ity was investigated by measuring the calcein release at 
37 °C in the presence and absence of human plasma for 
the plasma-treated liposomes (Fig. 6). The plas;,_la- 
treated liposomes showed striking stability both in the 
presence or absence of plasma; only 20-30% of calcein 
release was observed after 8 h of incubation. This is to 
be compared with the untreated liposomes which were 
much more unstable either in PBS or in 905[ plasma 
(Fig. 6). Thus, the plasma treatment of the liposomes 
was not reversible; the plasma-resistant component of 
the iiposome stayed resistant after the excess plasma 
was removed. 

To examine whether oleic acid in the liposome was 
transferred to the plasma component(s), liposomes con- 
taining trace [14C]oleic acid were pretreated with plasma, 
then chromatographed on Bio-Gel A-I.5.-n gel-filtration 
column to separate Iiposome (void volume) and the 
plasma component(s) (included volume). The results 
presented in Table I clearly show that most (60% or 
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Fig. 5. Acid-sensitivity of plasma-treated liposomes. Percent ealcein 
release of liposome containing ,10qb cholesterol was measured at 
different pH. D, plasma untreated (curve t); II, plasma-treated (cur~-e 
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Fig. 6. Comparison of the stabiliD of plasma-treated and untreated 
liposome containing 405, cholesterol in plasma (90~) and PBS (pH 
7.4) at 37 o C. Percent calcein release from liposomes is plotted against 
the time of incubation. II, untreated liposomes in PBS; (curve 1) 0,  
untreated liposome in plasma (curve 2); El, plasma-treated iiposome in 

PBS (curve 3); ~,  plasma-treated fiposome in plasma (curve 4). 

greater) of the liposomal oleic acid had transferred to 
the plasma component(s). Furthermore, liposomes con- 
taining 40% cholesterol showed a greater decrease in 
oleic acid than those containing no cholesterol. 

Discussion 

In the absence of cholesterol, the stability of the 
pH-sensitive liposomes composed of DOPE and oleic 
acid prepared by the detergent-dialysis method is very 
similar to that of the liposomes of the same composition 
prepared by the reverse-phase evaporation as previously 
reported [15]. These liposomes, although relatively 
acid-sensitive, are unstable at 37°C, especially in the 
presence of plasma. However, the presence of cholesterol 
significantly enhances the stability of the liposomes. For 
example, the first-order rate constant of the calcein 
release decreased from 1.8%- min-I  to 0.25[. rain- 
when the liposome's cholesterol content increased from 
0 to 50%. Such a remarkable effect of cholesterol must 
be related to the effect of cholesterol on the phase-tran- 
sition behavior of PE as previously reported by Epand 
and Bottega [18]. Cholesterol lowers the bilayer- 
to-hexagonal phase-transition temperature of dielaidoyl 



PE up to the mole fraction of about 0.1. At mole 
fractions above about 0.3, the effect of cholesterol is to 
stabilize the bilayer phase. In the current study, the 
cholesterol content ranged from 10 to 50~. Thus, only 
the bilayer-stabilization effect of cholesterol was seen. 
Epand and Bottega have attributed the bilayer-stabiliza- 
tion effect of chol to the poor fit of the cholesterol 
structure (e.g., single hydrocarbon chain) into the in- 
verted hexagonal packing of PE. Furthermore, 
cholesterol is known to form a weak complex with 
phospholipids in the bilayer phase via H-bonding with 
the carbonyl oxygen of the neighboring phospholipids 
[19]. While the conformation of the phospholipid in the 
hexagonal phase packing is not known, cholesterol might 
not be able to form H-bonds with the neighboring PE, 
thus raising the free-energy level of the hexagonal phase. 

pH-sensitive liposomes without cholesterol rapidly 
released calcein when exposed to the human plasma. 
This behavior has previously been observed with lipo- 
somes prepared by reverse-phase evaporation method 
with the same lipid composition [15]. Inclusion of 
cholesterol in the lipid composition dramatically 
changed the stability of the liposomes in the plasma- 
containing mea'.-m. Apparently, there were two compo- 
nents in the cholesterc,l-containing lipmomes: a compo- 
nent which was rapidly lysed by the action of the 
plasma and a component which was essentially resistant 
to plasma (Fig. 4). The proportion of the two compo- 
nents depended on the cholesterol content; liposomes 
with higher cholesterol content showed a larger 
plasma-resistant component and vice versa (Fig. 4 inset). 
This result can be understood by assuming that there 
are two opposing processes occurring when the lipo- 
some encounters plasma: a lytic reaction and a stabili- 
zation reaction. The stabilization reaction is apparently 
missing or the rate of the reaction is negligibly slow 
when the liposome does not contain cholesterol, because 
only rapid lysis of the liposome was observed in this 
case. The rate of stabilization must increase with in- 
creasing cholesterol content in the liposomes, since an 
increasing amount of the stable liposome was found at 
the steady-state. The lytic reaction is so fast a process 
that the initial rate of the reaction could not be mea- 
sured with our method (Fig. 4). This process may be 
directly or indirectly related to the transfer of o!eic acid 
from liposome to some plasma component(s) (Table I), 
most likely the albumi:~, leaving the liposomes with a 
low level of .~leic acid which is insufficient to stabilize 
the bilayer phase of the liposomes. Insertion into the 
bilayer of apolipoproteins such as those in the HDL is 
known to cause liposome lysis (for a review, see Ref. 
20). Small unilamellar liposomes with a high radius of 
curvature interact more extensively with lipoproteins or 
apolipoproteins than do the large multilamellar lipo- 
somes of the same composition. Bilayers at phase-tran- 
sition temperature are most sensitive to the insertion of 
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the apolipoproteins. Both the extraction of oleic acid 
and the interaction with the lipoproteins may be operat- 
ing for the lytic reaction of the liposome. The molecular 
nature of the proposed stabilization reaction is not clear 
at the present time. DOPE is a lipid molecule with a 
weakly hydrated headgroup [21] and with bulky acyl 
chains, which are the reasons for its high tendency to 
form the inverted hexagonal phase at the physiological 
conditions [22]. The bilayer phase of lipid molecules 
such as DOPE can be stabilized by adding amphiphiles 
of the opposite molecular characteristics, i.e., molect ies 
with strongly hydrated headgroup and relatively non- 
bulky acyl chain [22,23]. A number of plasma compo- 
nents, both proteins and lipids, can be the candidates 
for the stabilizer, e.g., lysophospholipids, gangliosides 
and apolipoproteins. Identification of the stabilization 
reaction and the stabilizer wilt have to await further 
investigations. 

An alternative explanation differing from the above 
kinetic considerations is also plausible. The liposome 
population could simply be heterogeneous in the lipid 
composition. For example, the cholesterol distribution 
among the liposomes could be uneven, such that the 
cholesterol-rich liposomes are resistant to lysis by plasma 
and the cholesterol-poor liposomes are sensitive to lysis 
[24]. Increasing the average cholesterol content in the 
liposomes would increase the cholesterol-rich propor- 
tion in *.he liposome population, resulting in more re- 
sistant liposomes. Heterogeneity of the liposomes pre- 
pared by the detelgent-dialysis method has been re- 
ported before. Liposomes containing reconstituted HLA 
antigen [25] and palmitoyl antibody [26] show heteroge- 
neous distribution of the protein among the iiposomes. 
The heterogeneity might have its origin in the uneven 
distribution of various lipids in the mixed micelles from 
which the liposomes are derived [27]. Heterogeneous 
distribution of cholesterol is, however, difficuh to dem- 
onstrate experimentally because no significant dif- 
ference in hposome size, charge or density is expected. 
Although the resistant liposomes can be isolated t rom 
the excess plasma proteins after the plasma treatment, 
*.hey are unsuitable for the lipid composition analysis. 
Tiffs is because the plasma-sensitive liposomes, although 
losing all the entrapped calcein during the incubation 
with plasma, co-purify with the plasma-resistant lipo- 
somes under the chromatographic conditions used in 
the present study (data not shown). 

While the hypothesis of the liposome heterogeneity 
remains speculative, it provides a theoretical basis for 
the observed acid-sensitivity of the cholesterol-contain- 
ing liposomes. The data in Fig. 2 show that there was a 
subpopulation in the cholesterol-containing liposomes 
which was acid-stable. This subpopulation increased 
with increasing average cholesterol content of the lipo- 
some. It has been shown that the inclusion of cholesterol 
in the pH-sensitive liposomes reduces the sensitivity of 
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the liposome to acid treatment [4]. The PE bilayer-sta- 
bilization activity of ~ holesterol discussed above may 
become important wh~,l the oleic acid is protonated at 
acidic pH. Thus, liposo:nes enriched with cholesterol 
were still stable even w:'ten the oleic acid was proto- 
nated. Liposomes poor ir~ cholesterol would rapidly lyse 
at the same pH because of the lack of the stabilizing 
chol. 

These observation,, are important in view of our 
previous work using the detergent-dialysis liposomes 
composed of DOPE/OA/Chol (4 :2 :4 )  to deliver the 
plasmid DNA to the target lymphoma cells in mouse 
[13]. According to the data presented here, a portion of 
the liposomes might be resistant to and/or  stabilized 
with plasma component(sL and may have delivered the 
DNA to the target cells. The delivery mechanism most 
likely involved an acid-induced destabilization mecha- 
nism because the plasma-treated liposomes are still par- 
tially acid-sensitive (Fig. 5). Thus, the pH-sensitive, 
cholesterol-containing liposomes prepared by the deter- 
gent-dialysis method show potential as target-specific, 
cytoplasmic delivery vehicles for the water-soluble drugs, 
such as DNA. 
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