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An osmotic method h ~  ~ rood ~ s~dy the ~ c t  ~ the ~lyene antib~tics amphoW~n ~ nys~t~ and 
c ~ c ~ n  on the water ~ r m ~ i ~  ~ ~ m a  m e m ~  p~pa~d f ~ m  L e b h m ~  s~  The effe~ ~ 
am~oteficin B ~n the ~ r m ~ b i l i ~  ~ L e ~ h m ~  m e m b r ~  ~ a s~t such ~ ~ s s i u m  ~ U a ~  w ~  ~ 
inve~gat~.  A nondinear and saturate ~ h a n ~ m e ~  of wa~r and s~t ~ r m ~ b i l i ~  w ~  m e ~  ~ th  
~c~a~ n g  ~lyene ~n~n~ations,  w~ch co~d ~ a~us~d ~ H ~  c o o ~ r a t ~  equation. The ~ f i ~  
~ a f i o ~  ~ ~ ~ ~ ° C  h ~ m ~ i m ~  eff~ts  cn t~e water ~rm~biliW ~ L e i s h m ~  ~sicles 
w e ~  ~021 pM for c ~ c ~  ~21 pM for ampho~d~n B and 1A #M for ~ s ~ t ~  At 3 0 ° ~  t ~  
~ a t i o n  ~ a m ~ e r i c i n  B r ~ r e d  ~ i~duce half ~ ~ e  maxim~ ef f~t  on the ~ r m ~ b i l i ~  ~ 
L e ~ h m ~  vesicles ~ ~tas~um ~ a ~  ~as 1.8 pM. The ~m~rature ~ ~  for amphotericin ~ 
nys~tin ~ d  c ~ d ~ n  enhancement ~ t ~  wa~r ~ r m ~  ~ L e i s h m ~  veeries was ~ r m ~ o d  ~ 
u~ng Q~ ~ t a  at 20 and ~ ° C  The ~ f imat~  ~ a t i ~  ener~es ~ increa~ng ~lyene c o n c e n ~ n s  
• s ~  the same ~ n e r ~  ~ e m  ~ r  ~ t~ee  ~iyene ~ t i ~ o t i ~  inve~gat~,  that ~ a m a x ~  ~ f i v e  
v~ue at abo~ ~ e  ~lyene ~n~n~af ions  req~r~  for h ~ m a ~ m ~  effecL The s i ~ i f i c ~ c e  of the~ ~ s d t s  
~ r  u n ~ ~ g  ~ e  m ~ h ~ m  ~ a ~ o n  ~ ~ l y ~ e  ~ f i ~ o f i ~  on na~ral m e m ~  ~ ~ m s ~ .  

Most of the current ~eas about the nature of 
the structures ~ o n f i N e  of the p~meaNfity 
changes reduced by p~yene anfiNofi~ such as 
ampho~fidn B or n~tatin ~ ~e  ~ m a  mem- 
brane of ~nfifive ~ga~sms (~r  a ~ e ~  s~  
Re~. 1-3) have been derived from ~ u ~  of 
p~yene effects on ~e  p ~ m e a ~  of ~ f i f id~  
~ d  membmn~ to ~ns ~ - ~  water and small 
n o ~ d ~ ~  ~,8] w~ch ~ c ~ e d  ~a t  ad- 
• fion of ampho~rion B ~ n~tatin to bo~  tides 
of s ~ r ~ o n t ~ n g  b l~k ~ d  membran~ ~d to 
• e ~rmafion of aqueous pores of about 8 ~ in 
• a m ~  [%1~. 

~ n ~  ampho~rion B and all p~yene a n f i ~  

tics e x i t  its ~ o ~ c f l  d ~ s  on membrane per- 
meaNfi~ from o~y one ~d~ there has been inter- 
est to inv~t~a~ t~s type of action by ufing oth~ 
fipid membrane modal sys~ms [11-13]. Ma~y 
and Finkelstein [11] by ufing planar ~pid bilaye~ 
prepared without s~vent, found that the con- 
centration range of nysmfin and amphoteficin B 
that was m q ~ d  to produce a one-tided increase 
of membrane conductance was g~a~r  than that 
~ q ~ d  for the two-tided effect. Van Hoogev~t 
and De Kru~ff [13] observed that the magnitude 
of the potasfium ~akage induced by ampho~fidn 
B across ~posomes was smaller when added u~- 
~ t e r ~  to the ex~rn~ s~ufion than that ob- 
t~ned by incorporating the anfi~ot~ to the ~pid 
phase before the ~posom~ were formed. 
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The changes of permeabifity induced by on~  
sided addition of amphotefi~n B to wate~ urea 
and s ~  across hposomes have ~so been mea- 
sured by u t n g  a rapid mixing osmotic method 
[14]. This ~udy has reve~ed that the structures 
formed rapidly by o n , t i d e d  addition of ampho- 
tefi~n B to fiposomes behaved more like ionic 
channds than to the aqueous channds known to 
be formed by two-tided addition of the antibiotic 
to black fipid membranes. Recenfl~ it was pro- 
posed that amphoteri~n B may form both types 
of channds in ergosterol-containing liposomes, d ~  
pending on antibiotic concen~ation and time 
dapsed after mixing [15]. 

The ~ m  of the present work was to investigate 
the effect of one-tided addition of various polyene 
antibiotics on the osmotic water permeability of 
Le~hmanm sp., a polyene senfifive organism [2], 
which is the causative agent of leishmaniasis, a 
~ o p ~  disease second in importance only to 
m~af i~  The presence of ergosterol in the cyto- 
plasm~ membrane of Le~hmanm [16] make these 
organisms senfitive to the action of polyene anti- 
biotics. For this purpos~ we have prepared verities 
from the plasma membrane cf L~hmania ~p., 
su~able for osmotic experiment~ 

M ~ e f i f l s  ~ d  M e ~ s  

Preparat~n of Le~hmanm membrane ves~&~ 
Le~hmanm sp. strain NR was cultured in a mod- 
ified LIT medium as pre¼ou~y described [17]. 
1.2-hter cultures were harvesmd after seven days, 
when the cells had reached lat~logarithmic phase 
(approx. 7.107 cells/ml) by centrifugation at 1000 
× g  for 10 rain at 4°C. The cells were then 
washed twice with 75 mM Tfis-HC1 at pH 7.6 
containing 140 mM NaC1 and 11 mM KC1 (buffer 
A) and once with an hyperosmot~ solution con- 
taining ~00 mM mannitol, 10 mM KC1, 3 mM 
magnesium acetate and 10 mM Hepes and pH 7.6 
(buffer B). After washing the cells with buffer B, 
lhe ~ c ~ d  pellet of cells were mixed in a m o l a r  
on ~e with ~ass beads of 75-150 ~M (~gma 
Chemic~ Co.) in a 4:1 ratio. The mixture was 
ground by gentle rotation for 5-10 min, the pro- 
gresgve rupture of cells bong  monitored by u~ng 
a phase contrast microscope. This procedure was 
stopped when no more than 2-3  intact calls per 

f idd could be seen at the microscope. After grind- 
in~ 25 ml of buffer B was added and the suspen- 
sion was then centrifuged at 1000 × g for 10 rain 
to remove ~ass beads and unruptured cells. The 
supernatant from this centrifugation was centri- 
fuged at 5000 × g for 20 min and the supernatant 
from this was further centrifuged at 16 000 × g for 
40 min. F i n ~ ,  a microsomM fraction was ob- 
t~ned from the last supernatant by centrifugation 
at 40000 × g for 50 min. This fraction was resus- 
pended in small aliquots (0.2-0.5 ml) of buffer B 
prepared without mannitol and frozen im- 
mediatdy in fiquid ni~oge~ These frozen v e td e s  
were stored at - 7 0 ° C  until use. 

Purifica#on of ~e m&rosomal f r a ~  Purifi- 
cation of the microsom~ r a t i o n  was performed 
in a continuous denfity gradient of 18% Percoll 
prepared in 0.25 M sucrose and 10 mM Tri~HC1 
at pH 7.4. For this purpos~ 2 ml of buffer B 
prepared without mannitol were added to the mi- 
crosom~ fraction and layered on top of the Per- 
coll s~utiom The denfity gradient of Perc~l was 
autoformed by centrifugat~n of this prepar~ion 
at 40000 × g for 1 h. After centrifugation, two 
layers of materi~ were observed at 1.036 g /ml  
and 1.10 g/ml.  The 1.036 band correspond to 
purified plasma membranes. This band was fur- 
ther characterized by d e~ ro n  microscopy and en- 
zymat~ an~ysis after washing of Percoll by 
centfifugation at 105 000 × g for 1 h. 

E&~ron microscopy. Pellets of PercoH-pufified 
membranes obt~ned by centrifugation were fixed 
in 3% ~utar~dehyde  in buffer A (see abov~ and 
postfixed in 1% OsO 4. The fixed pell~s were 
washed with the buf~r  and dehydrated with a 
graded series of ~hanol  solutions. Fin~ dehydra- 
tion and removal of the ethanol mas accomplished 
by use of prop~ene o~de.  The pelle~ were em- 
bedded in EPON and thin sections were ~ n e d  in 
sequence with 1% ~ad ~ a t e  and 1% uranyl 
acetate and were examined with a Hitachi H-500 
d e ~ r o n  microscope. 

Enzyme analysis. 3'- and 5'-nudeotidase were 
assayed by incubating 0.2 ml of microsom~ frac- 
tion cr Perc~l-pufified membranes with 0.7 ml 
buffer A and 0.1 ml Y-AMP or 5'-AMP (50 raM) 
for 2 h at 37°C under constant st~rin~ The 
reaction was termina~d by adding cold 20% tri- 
chlcroacetic a~d (1 ml). A~er centrifugation of 



this suspenfion phosphate was d~ermined in the 
supernatant by the m~hod of Fiske and Sub- 
baRow [18]. 

Add phosphatase was measured by the rdease 
of p-nitrophenol from p-ni~ophen~ phosphate in 
the presence of acetam buffer (pH 5) following the 
procedure of Gottlieb and Dwyer [19]. 

Sucdna~-cytochrome C o~doredu~ase was 
assayed according to Sottocasa et ~. [2~. 

Extraction of lipids. The microsom~ fraction (2 
mg/ml) was washed twice with bidistil~d water 
by centrifugation at 40 000 × g for 1 h. The resul~ 
ing pellet was resuspended in 2 ml of water and 
lyophil~ed for 12-18 h. The dried product was 
extracted in chloroform/methanol (2:1, v/v)  and 
then fil~red through Whatman paper No. 2. 
Organic solven~ were evapora~d in a rotary 
evaporator and the thin fipid film formed sus- 
pended in chloroform. Phosphates were de- 
termined by the m~hod of Ames and Dubin [21] 
and ergosterol by the m~hod of Stadtman [22]. 

Chemical analys~ Protons were estimated by 
the m~hod of Lowry et ~. [23] with bo~ne serum 
~bumin as standard. 

Osmot~ measurements. Osmotic volume changes 
of Le#hman~ membrane verities were followed 
by measuring the 90 ° fight scat~ring intenfity at 
450 nm, in a D urum stopped-flow spe~ropho- 
tom~er (D-110) as described pre~ou~y [2~. It 
was found convenient to use the 4:1 ratio drive 
syringe, that permi~ one volume of verities to be 
mixed with four volumes of an hyperosmotic ~u- 
cose solution prepared in the same buffer in which 
verities were finally suspended (buffer B w~hout 
mannitol). In all experimen~ Leishman~ veeries 
were diluted to a protdn concentration of 1.2 
mg/ml before mixing. 

To study the polyen~induced changes of the 
osmotic water permeabifity of Leishmanm veeries 
the maxim~ rates of initi~ fight scat~ring in- 
a n i t y  changes (d I /d t )o  were measured from the 
slopes recorded 50 to 100 ms after mixing, due to 
the presence of an injection artefact. For this 
purpos~ veeries were mixed with a 500 mM ~u- 
cose sdufion prepared in buffer B but w~hout 
mannitol. Before mixin~ amphoteri~n B, nystatin 
or candiddin d~solved in dimethylformamide were 
added in microfiter amounts to the ~ucos~con- 
tnining solution m~nt~ned at a constant ~mpera- 
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ture. In all cases the orga~c s~vent fin~ con- 
centration was ~ss ~an  0.5% by v~um~ C o n ~  
experimen~ indicated that at t~s concentration 
~m~h~formamide had no effect on fight scatter- 
~g  change~ The p~yene concentrations were ex- 
p r ~ d  as ~M, c ~ c d ~ e d  ufing ~e  m~ecdar  
w~gh~ of the pure compounds [25]. 

The effect of amphmeridn B on the permeabil- 
i~  to KNO 3 of Le~hmanm verities was measu~d 
by ufing the 'ma~mum s~pe' m~hod as de- 
scribed p ~ o u f l y  [2~. A~ measu~ments were 
done with water continuou~y ~rcuhfing through 
the drive syringes and mi~ng cuvette at constant 
~ m p ~ u ~  (20 and 30°C). 

R e s ~  

Characterization of Leishmanm membrane v ~ l e s  
We have prepared a subcdluNr fraction from 

Le~hman~ sp. promasfigotes wNch has en- 
zymatic characteristics of plasma membrane. 
Gottlieb et M. [1~ have proposed to conNder a~d 
phosph~a~s as marker enzym~ of the plasma 
membran~ of Leishmanm, ~nce cytochemicM 
~udi~  of ~M~ed membran~ of tNs organism 
have shown that tNs enzyme was confined to the 
ex~rnN face of the membrane. The data pre- 
sented in Table I in~c~e  a 4-fold enrichment of 
the spedfic acti~ty of and phosph~as~ in the 
PercoH-pufified membrane ~actio~ a vMue wNch 

TABLE I 

MARKER ENZYME DISTRIBUTION DURING PURIFb 
CATION OF PLASMA MEMBRANE VESICLES FROM 
LEISHMANIA sp. 

~A., specific acti%~ (nm~/min per mg protein). The number 
~ pa~n&esis represents the rdafive enzyme acti~ty with 
respe~ to &e h o m o g e n ~  n.d., not detectable. H, homo- 
gena~; M~ microsom~ ~action; P~ p e ~ b p u f i f i e d  mem- 
brane ~action; M, mi~chondfi~ 

Aod 3~Nudeo- 5 ~Nudeo- Succina~- 
phosphatase fidase fidase cytochrome c 

o~do- 
reductase 

H 
MF 
PP 
M 

3&~l) 61.2(1) 1.8(1) 15.8(1) 
95.2(Z5) 12~8(Z~ 1.8(1) 2.6(&16) 

14~3(3.8) 215.6(X5) Z~l.3) n.d. 
8V.0(5~) 



is comparable to the 5-fold increase reposed  by 
Gottlieb and Dwyer [19] for a sucros~grad~nt 
purified membrane fraction of Le~hmania 
donovani. The spedfic acfi¼fies of 3'- and 5'- 
nudeofidases in the crude (2.1) and purified (3.5) 
Le~hmanm membrane fraction (Tab~ I) are ~so 
comparable to that obt~ned for Le~hmania 
donovani [26], including the absence of enrichment 
of 5-nudeofidase. On the other hand, sucdnat~  
cytochrome C oxidoreductase activity, an indica- 
tion of mitochondri~ contamination, was very 
sm~l in the non-purified membrane fraction and 
no acfi~ty was detected in the Percoll-purified 
membrane fraction (Table I). 

The purity of the Le~hmania verities a~er and 
before the Percoll s~p was ~so assessed by fin~ 
structure dec~on microscopic examination (Fig. 
1). The m~ority of the verities appeared sphefic~ 
with an average diam~er of ~24 ± 0.11 ~m. 

The sterol composition of the membrane 
verities ~olated by the present method from 
L~shmania sp. was quanfitated on the bails of 

phospholi~d and p ro ton  content (see M~hods). 
The ~ g o ~  ~ phospholi~d m~ar  rmio was 
0.27 whereas the phospholi~d to protein ratio was 
c ~ c d a ~ d  to be 0.18 ~ m ~  of phosphol i~d/mg 
protein. 

Osmotic behavwur of Le~hmanm membrane v ~ l e s  
A~er mi~ng of Le~hman~ verities with an 

hyperosmotic ~ u c o ~  s~ufion a rapid ~ e a s e  of 
~ght scattering ~ n f i ~  at 90 ° was ob~rved (in- 
set to Fig. 2). The inifi~ ~crease ~ figh ~ r i n g  
co~esponds to the shrinkage of v e f i d ~  due to the 
efflux of water ~om the vefide~ It has been 
p ~ o u f l y  c ~ c ~ a ~ d  by Lat im~ and Pyle [27] 
that as small pa~ic l~  shrink, 90 ° ~ r i n g  in- 
creases. T~s  theorefic~ p ~ n  agrees quali~- 
fivdy with the present beha~our  of Le~hmanm 
vesicl~ and the observed behaviour of ~posom~ 
[15]. 

In Fig. 2 the reNprocM of the ma~mum extents 
of shrinkage exhibited by Le&hmanm veeries a~er 
mi~ng with ~ e a s ~ g  ~ u c o ~  concen~afions are 

~ 1. ~ t ~ n  mi~o~aph of thin section of the Leishmama vefid~. Hasma memb~n~ ~ e d  by PercoH-gradient were 
concen~a~d to a pellet by ~n~ga f io~  fixed and fl~ed (see Me~od~ Ve~des ~ame~r range ~om 0.13 to 0.35 ~m. 
Mag~fication × ~ 00~ 
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~ 2. Rdafions~p b~ween ~ r ~  ~ the 90 ° ~ s c ~  
~g ~ n ~  ~ s  at eq~fibfium ( 1 ~ )  of ~ m a m a  
veeries and r e o w ~  of ~ucose con~nu~n  ~ M - ~  In- 
set: fim~urse of ~e changes of ~ t  sc~fing after ra~d 
~ of ~ m a n m  veeries ~ an h~erosm~c ~ucose 
s~ufion (5~ mM). 

p lo t~d vs. the inverse of ~ucose concengation. 
As predicted by the Boyl~ Van't Hoff equation an 
ideal osmot~ behaviour was observed. The defla- 
tion from fineafity that can be observed at glucose 
concenuations higher than 800 mM, are not unex- 
pected ~nce ~ucose was slightly permeable 
through Leishmania veeries. 

The effe~ of amphotericin B on ~e  permeability of 
Leishman~ membrane ves~les to potassium nitra~ 

One of the resul~ of the action of polyene 
antibiotics such as ampho~f idn  B and nystatin on 
sen~tive organisms ~ a decrease in in~acdlular 
potas~um ions. It follows that it is of some impov 
tance to investigate the sen~ti~ty of the mem- 
brane ve~cles prepared by the present m~hod  to 
this type of effect. This was done by measuring 
the effect of increa~ng concentrations of ampho- 
teri~n B on the permeabi~ty of potas~um nigate 
across PercoH-purified and non-purified veeries 

KN~ ~ ~ ~ T=30 °C 

~--PE~OLL*~R~FIED LM VESICLES 
~--NON-~RIFIEO LM VES/CLES 

~ 4 ~ ~ M  ~ ~ ~ ~ 

Fi~ 3. The effect of ampho~fion B on the KNO3 permea~h~ 
across Leishma~a veeries before and aRer Percoll pufific~ 
fion. Leishmanm veeries (1.2 ~g/ml) suspended ~ buf~r B 
wi~out man~td (see M~hod~ were r a ~ y  mixed (1:< 
v~ume r a t ~  wi~ an hyperosmot~ KNO3 s~ufion (600 
mosM) cont~ng ampho~ridn B at increa~ng concentra- 
tions. Or~na~: rate of change of swell~g after ~e ma~mum 
shrinkage (dV/dt On mV/s). Abaca: amphotefion B con- 
cen~afion (in ~ML All experiment~ v~ues shown are an 
average of at ~ast five determinations. The ma~m~ s~ndard 
de~afion was ~ss ~an ~e ~ze of ~e symb~s. Temperature 
30°C. 

(microsom~ fraction, see Methods). 
It can be seen in Fig. 3 that both membrane 

fractions exhibited a fimilar response to increasing 
amphotefidn B concentration~ Thus, at con- 
centrations of amphotefion B higher than about 
0.2 ~M, a non-linear increase of salt permeabifity 
could be measured. The figmoid curves (continu- 
ous ~nes in Fig. 3) were traced in both cases by 
fitting experimental points to the equation of Hill. 
The v~ues c~cula~d for the cooperativity order n 
were n =2.3  ( r=0 .99 )  for purified membrane 
vesicles and n = 1.8 ( r =  0.99) for non-purified 
membrane vefide~ It was c~culated that h~f  of 
the maximM effects of amphoteridn B on KNO 3 
permeabifity of non-purified and purified verities 
were obt~ned at concen~ations (Ct/2) of 1.8 ~M 
and 1.9 ~M, respectivdy. 

The effe~ of po~ene antibioacs on osmot~ water 
permeabili~ of Leishmania vesicles 

In the fight of the resul~ described in the last 
section indicating that no ~gnificafive differences 
arise between the osmotic s~t  permeability of 
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non-purif ied and purified membrane  veficles and, 
since for osmotic expef imen~ re la t ivdy large 
a m o u n ~  of material  were needed, in all the fol- 
lowing exper iments  non-pur i f i ed  Le~hmania  
vesicles were used. 

Fig. 4 i l lu~rates  the effect of increasing con- 
cen~a t ions  of a m p h o t e ~ d n  B, nystat in  and 
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Fi~ & The ef~ct of ~c~afing concen~ations of different 
p~yene anti~otics on ~e water p~mea~fiff of Leishmanm 
verities at 20 and 30°C. Ordure: I~fi~ chang~ of 90 ° fight 
sc~f ing  intensiff change~ Abfi~a: p~yene antibiotic con- 
centration (~M). (A) Amph~efi~n B, (B) n y ~ i ~  (C) 
canards .  Verities (1.2 mg pr~dn/ml) suspended m buffer B 
wi~out man~t~ (see M~hod~ were r a ~ y  mixed (1:'4, 
v~ume ratio9 wi~ a 500 mosM ~uco~ s~ufion contai~ng 
p~yene anti~ofic at increafing concen~ation~ In ~1 experi- 
ment~ ~e fin~ (aRer mi~nD find concen~ation was about 
0.05 ~m~/ml ~.24 mg protein/ml). ~ d  vMues are ~e 
means of at least ~ght determinations at each concen~ation. 
The ma~m~ s~ndard de¼afion was ~&l mV/m~ Ins~s: 
Effect of increasing p~yene antib~tic concen~ation on the 
~tal activation e n ~ e s  for osmotic water p~mea~fiff of 
LeBhmanm verities. PloWed vMues were estima~d from Q~o 
data at 20 and 30°C (in kcM/m~). Abs~a :  p~yene con- 
cen~ation (~ #M). 

c a n d i d d i n  on the inifiM fight sca t~f ing  changes 
exh ib i~d  by L ~ s h m a n m  verities after m i ~ n g  with 
hyperosmotic Nucose sNufions (see M ~ h o d ~ .  In 
this f igur~ measurements  at two ~mpera tures  20 
and  30°C are shown for all polyene antibiotics 
tested. 

It can be observed in Fig. 4 that a m p h o ~ r i N n  
B (Fig. 4A), nysta t in  (F i~  4B) and candiNdin  
(Fig. 4C) induced a nonf inea~ cooperative en- 
hancement  of water permeabil i ty but  at d~ferent  



TABLE I1 

COOPERA~VITY NUMBERS (n) AND HAL~MAXI- 
MAL CONCENTRA~ONS ( ~ )  FOR POLYENE~N- 
DUCED WATER P E R M E A ~ T I E S  ACROSS LEISH- 
MANIA VESICLES 

n v~ues and C~/~ were c~cda~d  by u~ng ~e  H ~  e q u ~ m  

Anfib~fic n (mean±~D 0 ~ (~M) 

20°C 30°C 20°C 30°C 

Amph~erion B Z8 ± ~3 &5 ± ~3 0.32 0.21 
Nystat~ ~5±ff2  Z6±~5  2.0 1.4 
C a n ~ o ~ n  3A ± ~7 &8 ± ~8 0 . 0 3 1  0.021 

polyene concen~afion ranges. The expefiment~ 
points were fitted in ~l cases to the equation of 
Hill. 

The polyene concentrations C~/2 required for 
h ~ m a x i m M  increase of water permeability were 
cMculated from the fitted curves (Tab~ II). At 20 
and 30°C, C~/2 vMues were 0.031 ~M and 0.021 
~M for candiddin, 0.32 ~M and 0.21 ~M for 
amphoteridn B and 2.0 and 1.4 ~M for ny~ati~ 
respectivdy. It can seen in Table II that the coop- 
erativity order n v~ues range from about 3 to 5 
for the three antibiotics investigated. 

The experimental data presented in Fig. 4 ~so 
indicate that the osmotic water permeabi~ties of 
L~shmania verities treated with the differenti~ 
polyene antibiotics increased with a rise of tem- 
perature at aH polyene concentrations tes~d. From 
the co~esponding Q~0 v~ues, activation ener~es 
for water permeation across polyene-~eated 
Le~hmania verities were estimated Onsets to Fig. 
4). The estima~d E~ values for water permeation 
across un-treated verities (8.6 ± 2 kc~/mol)  are 
very fimilar to that measured for water permea- 
tion across dosed ~pid verities [28]. 

The resul~ shown in the insets of Fig. 4 are 
replot~d in Fig. 5 as follows: for each polyene 
concentration and temperature, inifi~ ~ght scat- 
tering changes ~om con~ol verities have been 
sustracted from the initi~ ~ght scat~ring changes 
from po lyen~ea t ed  ~posomes and ufing average 
data of at ~ast two separate experiment~ the 
contributions to the total wa~r activation ener~es 
of the presence of polyene molecules at increafing 
concentrations were c~culated. It can be seen in 
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Fig. 5. Activation ener~es On kc~ /m~)  for polyene-induced 
water permeation across Leishmama verities estim~ed from 
Q10 dab  at 20 and 30°C. At each ~mper~ure, p ~ y e n ~ -  
duced w~er permea~fities were c~cd~ed  by substracting the 
i~t i~ ~opes shown by c o n ~  verities exposed to hype~on~ 
~ucose salmons wi~out drug-~om ~e  co~espon&ng ~itiM 
~opes from p o ~ e n ~ e ~ e d  verities. Hoaed v~ues are ~e  
means of two separate experiments each done with at ~a~ 
Oght determinations ~ each p~yene concen~ation. The ma~- 
mM standard derision was abo~ ± 10 kcM/m~. ©, ampho- 
~fi~n B (×1 ~M); ~, nys~tin (×10 -~ ~M); ×, c a n t e e n  
(× 10 ~M). 

Fig. 5 that such calculation~ yidd a maximal 
pofifive value of about 25-30 kcal/mol, at ap- 
proximatdy the polyene concentrations at which 
half of the maximal effects on water permeability 
were measured. 

D~cus~on 

The osmotic measurements carried out in the 
present work show deafly that rapid mixing of 
L~shrnania verities with hyperosmotic glucose 
solutions cont~ning amphoteridn B, nystatin or 
candicidin at increasing concen~ation~ ~d to a 
non-~neaL saturable enhancement of the water 
permeabi~ty of such vesicles. The overall magni- 
tude of the measured changes of water permeabil- 
ity are small when compared with the 20-fold 
increments induced by two-~ded addition of 
nystatin or amphoterion B to black Hpid mem- 
branes [7,8]. HoweveL the observed polyen~in- 
duced maxim~ enhancement of about 2-fold in 
the water permeability of Le~hmania verities is 
fimilar to that found before after one-tided ado 
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dition of ampho~fidn B to ergoster~ontaining 
hposomes, at fimilar po~ene concentrations and 
~mperature [14]. 

The measured changes of water permeabifity 
with increafing polyene concen~ations (Figs. 4A, 
4B, and 4C), were fitted to a figm~d curve by 
using the equation of Hill and the corresponding 
n v~ues and p~yene concen~ations required for 
half ma~m~ effect were thus c~cul~ed. For ~1 
the polyen~induced wa~r permeability n range 
~om about 3 to 5 (Table II), suggesting a common 
mechanism underling such changes. 

Concerning such a mechanism, it is impo~ant 
to note that the measured changes of water per- 
meabifity of Le~hmanm veeries occurred in a 
na~ow polyene concentration rang~ Thus, most 
of the ampho~fidn Bqnduced enhancement of 
water permeability occurred b~ween 0.2 to 0.4 
~M (Fig. 4A); beyond about 0.5 ~M amphotefidn 
B, no further increment could be demon~ra~d. 
By contrasL the onset of the ion permeabifity 
induced by amphotefidn B across Le~hmanm 
verities (Fig. 3) occurred at concentrations very 
near the ampho~fidn B concen~afion at which 
half of the ma~m~ effect on water permeability 
was measured (Tab~ II) and extends up to 
amphotefidn B concentrations as high as 3.2 ~M 
(Fig. 3). On the other hand, the fi~ing of the 
amphoteridn Bqnduced changes by using the 
equation of Hill ~dds  n v~ues of about 2 (see 
Resets). Such n v~ues are about h~f of those 
c~cula~d for the co~esponding ampho~fidn B- 
induced water permeab~ty changes (Tab~ II), 
eventhough the overM1 magnitude of the changes 
induced by amphotefidn B in the permeabifity of 
Le#hmanm verities to potasfium ni~ate was about 
2-3-f~d greater than those measured for osmot~ 
wa~r permeability (compare the ordinate ~cMes of 
F~. 3 and Fig. 4A). 

These observations can be taken as a dear 
indication that water and ionic enhancement of 
membrane permeability by a polyene antibiotic 
such as amphotericin B, under our experimental 
conditions, are two disfin~ phyfic~ phenomen~ 
In this sens~ it is suggested that the rdativdy 
modest osmotic water permeabifity enhancement 
exceed by the polyene antibiotics investigated 
across L ~ h m a n ~  ~efides may partly ofi~nate 
~om a disturbance of the membrane permeability 

TABLE III 

A N T I F U G A L  A N D  A N T I P R O T O Z O A L  
RANGE OF POLYENE ANTIBIOTICS 

ACTIVITY 

Anti~ofic M ~ u m  ~ ~ n ~ n ~  (~ M) 

Candida Sacchammyces Le~hmanm sp. 
a l b i ~  a ~ v ~  a p ~ m ~ f i g o ~ s  b 

Amphotericin B 0.54 0.27 0.12 (0.21) ¢ 
Nystafin 3.3 3.24 1.76 (1.2) 
Candicidin 0.033 0.016 0.006 (0.021) 

~ Taken ~om Re~. 2, 32 and 33. 
b Taken from ReL 3~ 

¢ The v~ues in parenthe~s correspond to h ~ b m a ~ m ~  v~ues 
(C~/z) of polyene-induced water permeabififies across 
Leishmanm veeries at 30°C (see Table II). 

produced by the insertion of polyene m~ecules 
into the membrane phas~ pre¼ous to the form~ 
tion of the ~nic channd~ respon~ble of the 
potas~um permeability. 

The ba~c suppo~ of this in~rpretation is the 
fact that Leishmanm verities m~nt~ned its full 
osmotic response in all the amphotefidn B con- 
centration range where the potassium permeability 
is expre~ed (Fig. 3), thus indicating that the ionic 
pathways created by the pCyene molecules in the 
membrane are not simp~ aqueous channds. 

The finding that the osmotic water permeability 
changes induced by low concen~ations of ampho- 
teridn B, nystatin or candicidin display a positive 
~mperature dependence Onsets to Fig. 4) con- 
trasts with the negative temperature dependence 
reposed for pCyen~induced membrane perme~ 
bility ~ r a t i o n s  under other expefiment~ condi- 
tions ~29-31~ Such a positive ~mperature 
dependence may correspond to the energy required 
for pol3ene m~ecules for inse~ion into the mem- 
brane barfie~ A fimilar pofitive ~mperature 
dependence of amphotefidn B~nduced water pe~ 
meability changes has been observed in ergos- 
terol-cont~ning fiposomes [1~ but no explanation 
was ~ven. 

Finall~ the relevance of the water and ionic 
permeabifity changes reported here for under- 
standing the mechanism of a~ion of polyene anti- 
blot ,s  on biolo~c~ membranes is indicated by 
the fact that the concentrations of ampho~fidn B, 
nystafin and candiddin, exerting h~f of the maxi- 
mal effect of osmotic water permeability of 



Le~hmania veficle~ do  show a co r r e l a t i on  wi th  

the  m i n i m a l  c o n c e n t r a t i o n s  o f  such  an t ib io t i c s  

r e q u i r e d  to inh ib i t  g r o w t h  o f  Leishmania pro -  

mas f igo tes  in v i t ro  [34] and  of  o t h e r  senf i t ive  

o r g a n i s m s  (Tab le  III) .  
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