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The effects of ~ h ~ a ~  on the ~ lymo~hic  phase b e h ~  of c a r ~  and ~ y ~ s ~ ~ -  
fine ~ m ~  have been i n v e ~ a ~ d  ~ f ~ ~  dec~on m i ~ .  A n i s ~ a ~  ~duces ~ e  
~ r m ~  ~ ~ c  ~ d ~  ~ ~ r d i ~ n  ~ m ~  ~ pH %0 ~ d  ~ n ~  H n ~ s  ~ pH && W ~ n  
the m ~  ~t io  ~ ~ a ~  ~ d  ~ ~ d ~ l ~  is 4 ~ 1, I~dic ~ d ~  ~ n  ~ ~ e d  ~ 
the ~ fac~. 

The fip~s in bidoNcN membran~ are a~anged 
in a bHayer structur~ In recent year~ 3ap-NMR 
and ~eeze-~actu~ decUon mi~oscopy ~ u N ~  
have ~po~ed that at phyfi~oNcN ~mpermu~, 
some hpid~ such as unsaturated phosphatid~- 
~hanMamine (PE) [1,2], mono~ucosyl~acyl- 
Nycer~ [3], car~oliNn (~ the presence of C~ +), 
prefer hexagonal HII  ~ r u c ~ ,  w~ch can play 
important r ~  in phyfio~NcN funm~ns of cells, 
for examN~ cell fufion, ~ansb~ayer movement of 
fipid~ etc. The ~anfition from bilay~ to non-bi- 
layer pha~ can be modMmed by factors as tem- 
perature, pH, drugs and ~vMent ions. ANso- 
damine is newly i s l a n d  ~om Chinese m e d i u m  
herbs and s y n t h ~ e d  fi~t by CNn~e sNent~ts. 
TNs drug, showing an inNNt~g effect on the 
chNin~Nc nerve funm~n as wall as improvement 
on mi~ocirc~ation, is e~ensNdy used in diN~ 
~pedally in case of to~c shock and organophos- 
phorus ~to~cafiom But the mechaNsm of tNs 
drug is still undea~ In p ~ o u s  papec we re- 
ported that an~odamine in,eased the fl~dity of 

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

neutral phospholipid d~Mmito~phosphat i -  
d~choline (DPPC) fiposom~ [5]. Recent~, we 
found that a~sodam~e can promote the transb 
tion of b~ayer to HI~ in phosphaf id~e than~  
mine (PE) fiposom~ by u~ng 3~p-NMR and 
freeze-fracture electron microcopy [6,7]. In t~s 
study, it has been shown that an~odamine can 
~so induce the hexagon~ H~ phase in car~ofi~n 
and dioleo~phosphatid~choline (DOPC) l@o- 
som~. Lipi~c particles appeared on the fracture 
faces at pH 7.0 and at M k ~ e  pH a~sodamine 
can ~so induce hexagon~ H u tubes ~ cardioli~n 
l~osom~. A~sodamine ~duces formation of 
fipid~ part id~ in DOPC fiposom~ when a~so- 
damine/DOPC rat~ ~ 4 to 1 ( m ~ / m ~ )  or higher. 

Car&oli~n and DOPC were obt~ned from 
Sigma Co. and showed a fin~e spot by thin-lay~ 
chroma~graphy. A~sodamine was obt~ned from 
Chengdu Fir~ Pharmaceu t~  Factory. 

Preparat~n of liposomes. The appropri~e 
amount of cardi~@in or DOPC (di~oNed in 
c~oroform) were dried under vacuum and ~ 
ov~night. The fipid films were resuspended in 10 
mM Tfis buffer (pH 7.0 or 8.8) contai~ng 100 
mM NaC1. The fin~ concentration of phospholi- 
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Fi~ 1. Freeze-fracture micrographs of cardiolipin dispersed in buffer containing 10 mM Tfis, 100 mM NaC1. (A) in the absence of 
anisodamine at pH 7.0 (47000 × ); (B) in the absence of anisodamine at pH 8.8 (47 000 × ); (C) cont~ning  30 mol% anisodamine at 
pH 7.0 (60000×);  (D) containing 30 tool% anisodamine at pH 8.8 (60000×);  (E) in the presence of 10 mM Tfi~ 1 M CaC12 ratio 

Ca2+flcardiolipin 2:1 at pH 7.0 (120000×).  
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N~ 2. Free~e-fracm~ mi~og~phs ~ ~Meo~ph~ph~chMine ~ e ~ e d  ~ buffer comNNng 10 mM Tfi~ 100 mM N~CI. (A) ~ 
the absence of an~odamine at pH 7.0 (29000×); (B) ani~damine/N~eo~ph~phatid~ch~e (m~ar ratio 4:1) at pH 7.0 
(29 000 x ). 

pid was 40 mg/ml.  Liposomes were prepared by 
dispersing with a YKH-1 Vortex mixer for 12 min 
at a Wmperature higher than the phospholipid 
tranfition temperature. Then 30 mol% of aniso- 
damine was added to phospholipid fiposomes, for 
cardiolipin liposomes 1 M of CaC12 (Ca2+/hpid 
= 2 :1  in molar ratio) was added. Different con- 
centrations of anisodamine (drug/fipid = 1 : 1, 
2 : 1, 3 : 1, 4 : 1, 4.5 : 1 in molar ratio) were added 
into DOPC liposomes. Pure cardiolipin or DOPC 
disperfion was used as con~ol. 

Freeze-fracture decUon microscopy was per- 
formed according to estabfished procedures [5]. 
Glycerol was added into the fiposomes with a finM 
concentration of 20%. Aliquots of the samp~s 
were equihbramd at the required quenched tem- 
perature for 15 min prior to ~eeNng in the liquid 
ni~ogen, fractured by a BAF400D ~ e e z ~ a c t u r e  
de~ce and shadowed by platinum-carbon at a 
vacuum of 5 • 1 0  - 6  mbar. The repl~as were washed 
with chloroform/methanol  and examined under 
JEM-100CX decuon  m~roscopy. 

In general, cardiolipin liposomes are organ~ed 
in extended bilayer~ When cardiolipin fiposomes 
contNn 30 mol% of anisodamine, at pH 7.0, lipidic 
particles with 10 nm in diameter are found on the 
~ e e z ~ a c t u r e  faces. At pH 8.8, the hexagonM H~ 
tubes is 7.3 nm (Fig. 1, A, B, C, D and E). In our 
resul t ,  the repeat di~ance between tubes of the 
hexagonM H~ phase in cardiolipin contNning 

Ca 2+ is 5.2 nm; it is in good agreement with 
pre~ous study [8]. In biomembranes, PC and 
sphingomyelin are typ~N bilayer-forming lipids 
which play impo~ant ro~ in mNntNning the bafic 
structure. When different m o h r  ratio of aniso- 
damine were added into DOPC, hpidic p a ~ s  
with a fize about 13 nm can be observed when the 
molar ratio of anisodamine and DOPC is 4 to 1 
(Fig. 2, A and B). This r e se t  showed that transi- 
tion from b~ayer to hexagonM HI~ phase in un- 
saturated PC occurred only at a high concentra- 
tion of an~odamine. 

Many experimen~ showed that PE fiposomes 
contain unsaturated fatty ac~ chNn, adopting 
hexagonN H~ phase at physidogicN ~mperature. 
The more unsaturated the PE spede~ the more 
readi~ the hexagonN H~ phase is adop~d. Ca 2+, 
dibucNne and chlorpromaNne induce the form~ 
fion of hexagonM HI~ phase in cardi~ipin lipo- 
somes [4]. Gramiddim trichloroeth~ene induce 
PC and DOPC liposomes to hexagonN H~x phase, 
respectivel~ but high concentration of drug were 
required [9,10]. All these phenomena are closely 
r d a ~ d  to the physioloNcN function of biomem- 
brane and molecular mechanism of drug. 

The preference of a fipid to adopt a p a ~ u l a r  
phase can be explNned in terms of different 
m~ecular  shapes. Lipids with a smN1 polar head 
group and rehf ivdy  large hydrocarbon area are in 
'cone shap f  and thus pre~r  the hexagonN H n 
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phase  [11]. I t  has been shown that  [1~ the ~an f i -  
t ion from the lamel la r  l iquid-crysta l l ine  to the 
non lamel la r  h e x a g o n ~  HI~ phase  in l ipids  makes  
the increasing of concen~af ion  of gauche b o n d s  in 
the acyl c h i n s .  Such a m ~ o r  ~ r u c t u r ~  rearrange-  
ment  triggers the fo rmat ion  of  the non-bf layer  
phase.  Accord ing  to this suggestion, the posf ib le  
mechanism of an i sodamine  wilh card io l ip in  and 
D O P C  f iposomes may  be con~de red  as follows. 
F i ~ t l y ,  an i sodamine  increases the content  of 
gauche conformers  and the f luidi ty  of phosphol i -  
p id  membranes .  Secondly,  an i sodamine  ~ a drug 
of p o l y h e t e r o c y d ~  structure.  The in terac t ion  of 
a n ~ o d a m i n e  with membrane  ~ m ~ n l y  with the 
po la r  head group of fipid bi layer  by  d e c t r o ~ a t ~  
force [5], thus the conformat ion  of  the head group 
of phospho l ip ids  are changed,  result ing in the 
fo rmat ion  of  non-bHayer  structure.  F u ~ h e r  inves- 
t igat ions are in progress.  

We  would fike to thank Professor  Su-min W a n g  
for her help and fruitful  d~cusf ion .  
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