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EFFECTS OF GLUCOSAMINE ON MODEL MEMBRANES 

G.ALBERTINI1 , A.AMBHOSINI1, V.EALDASSARRE2 , 
M.EMANUELL13 , R.A.A.MUZZARELL13, 
F.RUSTICHELL1 1 and F .  L. SWELL12 
U n i v e r s i t a '  d i  Ancona - I t a l y  
1 I s t i t u t o  d i  F i s i c a  Medica 
2 C l i n i c a  Odon to ia t r i ca  
3 I s t i t u t o  d i  B iochimica 
(submi t ted f o r  publ icat icrrr March 25, 1987) 

ABSTRACT Glucosamine i s  one monomer o f  
c h i t i n  and ch i tosar i  polymers, which have 
found a p p l i c a t i o n s  i n  severa l  f i e l d s  o f  
medicine and technology. 
Th is  paper r e p o r t s  a s tudy  on t h e  
m o d i f i c a t i o n s  induced by glucosamine 
molecules i n  t h e  thermodynamical and 
s t r u c t i i r a l  p r o p e r t i e s  o f  model membranes made 
o f  DPPC liposomes. Such e f f e c t s  were detected 
+o r  molar r a t i o s  o f  monomer t o  l i p i d  g rea te r  
than 1: 1 0 ,  by us ing  x-ray d i f f r a c t i o n  and 
c a l  or  i metr i c techn i  ques. 
Suggestions a re  made on l o c a t i o n  of  t h e  
molecules and on phase separa t ion  i n s i d e  t h e  
b i l a y e r ,  i n  analogy w i t h  t h e  behaviour 
induced by smal l  l i p o p h i l i c  molecules and 
cho les te ro l .  

1 . INTRODUCTION 

I n  recen t  years c h i t i n  and ch i tosan  ( f i g .  1) 
have found many a p p l i c a t i o n s  n o t  o n l y  i n  t h e  
i n d u s t r i a l  f i e l d  as they  a re  f l o c u l a n t  f o r  organic  
mater i a1 s and che l  a t  i ng p o l  ymers f o r  metal sl, b u t  
a l s o  i n  medicine and p a r t i c u l a r l y  i n  d e n t i s t r y .  I n  
f a c t  these two m a t e r i a l s  have been used as 
biodegradable suppor ts  f o r  t h e  delayed re lease  o f  
drugs ( f o r  ins tance as a subcutaneous implanted 
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76 G. ALBERTINI er al. 
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FIGURE 1 Chitin and ch 
monomers glucosaniine and 

Glucosaniine 

tosan polymers and their 
acctylglucosamine. 

membrane carryiny pilocarpine2 ) , as a surgical 
suture3, as a wound healiny acceleratur and in 
the treatment of burns.’. Moreover they were found 
to have an important role in immunological 
processes for their imrnunopotentianting effect5, 
for their ability to inhibit the growth of tumors6 
and to activate peritoneal ma~rophages~. 

organisms responsible of’ some cutaneous 
pathologies and exert hemostatic activity. Due 
to this latter property they were used in vascular 
grafts’. In dentistry we found that they 
accelerate healing and completely prevent 
fibroplasia, thus giving evidence of an important 
biological actionlo. In all cases, these two 
polymers are progressively degraded by lysozyme 
and absorbed. 

different fields 0.F medical sciences the 
interaction of these polymers or their inonomerr, 

They have a bacteriostatic action on 

In spite of such interesting applications in 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
12

 1
9 

Fe
br

ua
ry

 2
01

3 



77 GLUCOSAMINE ON MEMBRANES 

glucosamine and N-acetylglucosamine (fig. 1 )  with 
membranes has been scarce1 y stlrdi ed to date. 
This paper presents an investigation of the 
interaction of glucosamine with model membranes 
constituted by liposomes of 
dipalmi toylphosphatidylcholine (DPPC) in water. 
This study was undertaken as a first step to 
obtain information on the Sate uf the degradation 
products in vivo and on the mechanism of the 
interesting biological action nf chitin and 
chi tasan. 

2. MATERIALS AND METHODS 

2.1 Sample preparation 
Synthetic DPPC (1,2(dipalmitoyl)3-sn- 

-phosphatidylcholine) was obtained from 
Calbiochem (San Diego, CA, U.S.A.). Glucosamine 
(D(+)glucosamine hydrochloride) was obtained from 
Sigma (St.Louis, MO, U.S.6). Appropriate amount of 
glucosamine was added to the lipid in a molecular 
ratio R ranging from . W l  to 10. For small quan- 
tities a water solution was used. The specimens 
were then high vacuum dried and afterwards 
resuspended in distilled water in a in weight 
ratio of lecithin to water T= 1/7. Multilamellar 
liposomes were obtained by incubation o f  these 
mixtures for some hours at about 5S°C and by 
vorte:<ing several times. 

2.2 X-ray diffraction. 

using a conventional powder diffractometer. 
Ni-filtered Cu-#a radiation (X=l,54#) was used. 
The divergence of the primary beam impinging on 
the sample was about 8'.Phe generator - sample 
distance was X 1 8  cm and the sample - counter 
distance was R 2 0  cm. The sample had thickness of 
E1.5 mm and was sandwiched between two very thin 
aluminium sheetsf ixed to a circu1a.r hole in an 
aluminium matrix with a diameter of a1 cm. The 
heating wa5 obtained by a hot stage containing 
electrical resistors and temperature was 
controlled to +.IoC b y  a BT .300/301 control system 
supplied by SMC (Grenoble, France). Data were 
obtained at different temperatures in the range 

X-ray diffraction patterns were obtained by 
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78 G. ALBERTIN1 er al. 

f r o m  room temperature tu 6 0 D C .  

2.3 D i f f e r e n t i a l  scanning c a l o r i m e t r y  (DSC) 

Perk in  Elmer Calor imeter ,  model DSC-2C w i t h  
r e l a t e d  da ta  processor. The scan r a t e  bo th  i n  
hea t ing  and i n  coo l i ng  was 2 , 5 O C .  min-l .  Aluminium 
conta iners  a f  20 p l  capac i t y  f o r  v o l a t i l e  samples 
were used. 

Every sample underwent a t  l e a s t  two complete 
cyc les,  each one c o n s i s t i n g  of a hea t ing  and a 
coo l i ng  scan. 

Ca lor imet ry  curves were obta ined by us ing  a 

3. RESULTS 

FIGURE 2 
C a l o r i  me t r i  c scans 
obta ined hea t ing  
DPPC l iposomes w i t h  
d i f f e r e n t  glucosamine 
content .  
The r a t i o s  R (=moles 
of glucosamine/moles 
o f  DPPC) are  repo r ted  
i n  t h e  corresponding 
p a t t e r n s  . 

3.1 Calor imet ry  
F igu re  2 shows 

the c a l  or i metr i c 
curves obta ined f o r  
1 i posomes by 
i nc reas ing  t h e  
temperature f rom 
2 5 O C  t o  65OC. 
Every p a t t e r n  i5 
l a b e l  1 ed w i t h  t h e  
corresponding r a t i o  
R between g l  ucasami ne 
and DPF'C moles. 

t 
0 

Z 
W 

n 

I 0.01 cal . g-' 5' 

30 40 50 60 T ~ C )  

F ig.Z(a)  r e p o r t s  t h e  curve obta ined by hea t ing  t h e  
c o n t r o l  sample, w i thout  glucosamine (Reg). A peak:, 
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GLUCOSAMINE ON MEMBRANES 19 
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corresponding t o  t h e  so-ca l led  p r e - t r a n s i t i u n  (La ,  
->P t r a n s i t i o n ) ,  p e c u l i a r  t o  s y n t h e t i c  l e c i t h i n s  wits o n l y  one t ype  o f  chain,  i s  v i s i b l e  a t  * 36°C. 
A sharp t r a n s i t i o n  peak corresponding t o  t h e  
a l i p h a t i c  cha in  m e l t i n g  (P -:>L t r a n s i t i o n ) ,  t h e  
CBO c a l l e d  main t r a n s i t i u n , " i s  eciclent a t  h igher  
temperature ("42°C). The remain ing p a r t  of  
f i g u r e  2 shows t h e  c a l o r i m e t r i c  curves obta ined 
f o r  i nc reas ing  concent ra t ions  o f  glucosamine. The 
p r e - t r a n s i t i o n  peal:: i s  no more de tec tah le  f o r  
molar r a t i o s  R grea te r  then .l. The main 
t r a n s i t i o n  peak broadens a n d  4 1 a t t e n s  f o r  
i nc reas ing  concent ra t ion  o f  t h e  tnonomer and a 
shoulder appears on t h e  h igher  teniperature s ide;  
t h i s  shoulder p rog ress i ve l y  t rans+orms i n t o  a 
broad and separate peak:, moving toward h igher  
temperature for  i nc reas ing  R value5,. A t  t h e  
h igher  molar r a t i o  i nves t i ga ted ,  o n l y  t h i s  broad 
peak remains which i s  l a r g e r l y  broadened and 
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ao G. ALBERTINI era). 

s h i f t e d  i n  temperature. 
F ig .3  r e p o r t s  t h e  temperatures corresponding 

t o  t h e  maximum of  t h e  p r e - t r a n s i t i o n  (0) and main 
t r a n s i t i o n  (0) peaks as a f u n c t i o n  o f  t h e  molar 
r a t i o  H. F r e - t r a n s i t i o n  i s  n o t  de tec tab le  f o r  
R > .  1. The temperature o f  t h e  narrow main 
t r a n s i t i o n  peal:: does n o t  var-y g r e a t l y  i n  t h e  range 
(5 5 R 5 1 0  , a t  t h e  m o s t .  i nc reas ing  f o r  h igher  
glucosamine content .  For molar r a t i o s  R 2 0.1 t h e  
est imated p o s i t i o n  o f  t h e  center  o f  t h e  shoulder  
t rans forming  i n t o  a l a r g e  peak i s  a l s o  repo r ted  i n  
t h e  f i g u r e .  A s h i f t  g rea te r  then 7 OC i 5  observed 
a t  t h e  h ighes t  R value. 

F u l l  w id th  a t  h a l f  ma:.:imctm (FWHPI) of  t h e  
narrow main t r a n s i t i o n  c a l o r i m e t r i c  peak i s  
repo r ted  i n  f i g . 4 :  t h e  average va lue  o f  t h e  

FIGURE 4 F u l l  w id th  a t  h a l f  ma::imum (FWI-itl) o f  
t h e  narrow c a l o r i m e t r i c  peak a t  t h e  main 
t r a n s i t i o n  a5 a f u n c t i o n  o f  t h e  molar r a t i o  R. The 
l i n e  i s  a gu ide f o r  t h e  eye. 
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GLUCOSAMINE ON MEMBRANES 81 

heat ing and cool ing scans of t he  f i r s t  two 
complete cyc les i s  reported. A broadening of  the 
peak appears w i th  increasing g l  ucosami ne 
concentrat ion, i n  p a r t i c u l a r  f o r  molar r a t i o s  
R>1(j 

Entalpy v a r i a t i o n s  i n  the temperature reg ion 
around the main t r a n s i t i o n  were also  considered. 
The t o t a l  t r a n s i t i o n  entalpy AHTOT i s  def ined as 
the sum of the entalpy A H N  of the narrow peak and 
the  entalpy AHL of t he  l a rge r  peak:. Their values 
were evaluated a f t e r  s t r i p i n g  peaks by hands. 
Fig. Sa show the r a t i o  A H L /  AHTOT as a f u n c t i o n  
of R. The r a t i o  i s  d i f f e r e n t  from zero f o r  K 2 
0.1 and increases w i t h  increasing R values. 

Data show t h a t  t o t a l  enta lpy o f  u n i t  mass of  
sample decreases f o r  increasing glucosamine 
concentrat ion. A s ,  however, t he  t r a n s i t i o n  could 
be a t t r i b u i t e d  only  t o  the l i p i d  pa r t ,  t o t a l  
entalpy f o r  u n i t  ma55 of  DPPC i s  reported i n  
f ig.Jb f o r  d i - f ferent  molar r a t i o s .  Reported 
values are the  average of heat ing and cool ing 
processes. A decreasing of  t r a n s i t i o n  entalpy 
f o r  h igher concentrat ion i s  evident. 

I n  p a r t i c u l a r  molar r a t i o s  R (3.1 can be 
regarded as c r i t i c a l  a l s o  fur what concerns th i s  
entalpy va r ia t i ons ,  as i t  wa5 t h e  case f o r  
A H ~ / A H ~ ~ T  ( f i g .  5 a ) ,  f o r  the narrow peak width 
( f  rg. and f o r  t he  entalpy v a r i a t i o n  AHq f o r  
u n i t  mass of DPPC, reported i n  f i g .  5c. 

3.2 X-ray d i f f r a c t i o n  
X-Ray d i f f r a c t i o n  pa t te rns  g i ve  in format ion 

about the l aye r  th ickness i n  t h e  low angle region, 
and about the i n te rcha in  distances i n  the h igh 
angle region. 

t he  Bragg law: n.A= 2-D.sin ( I X / ~ ) .  Where IX i s  the 
angular p o s i t i o n s  o f  t he  low angle peaks, A i s  
:<-ray wavelength and n i s  the order of  
r e f l e c t i o n .  

Liposomes of  pure l e c i t h i n  i n  excess water 
are known t o  e x h i b i t  an increase i n  thic1::ness D 
from about 65 & t o  about 70 & i n  correspondence of  
the p re - t rans i  t ion’ ’ .  

case f o r  a l l  those samples showing a pre- 

Layer th ickness U were obtained by using 

A s i m i l a r  increase was a l so  observed i n  our 
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0 j 
h p 15- 

I3 I 

9 

c 

- 3 - f  : 10- 0 
Y 

z -  
T 
Q 5 -  

b), . I I I ,,,,,, I , ,,,, 11,, I , 1 1 1 1 1 , ,  , 1111,111 

0 .OOl .01 .l 1 10 
MOLAR RATIO R- 

FIGURE 5 T r a n s i t i o n  en ta lpy  f o r  t h e  l a r g e  peak 
AHL f o r  t ho  narrow peak (AHN) and t h e i r  s u m & T O T  
a t  t h e  main t r a n s i t i o n :  

a- AHL/AHToT r a t i o  
b- AHTOT per u n i t  mass of  DF'FC 
c- AH.,, per u n i t  mass uf DPF'C 

The l i n e s  a r e  guides f o r  the eye. 
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GLUCOSAMINE ON MEMBRANES 
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t r a n s i t i o n  c a l o r i m e t r i c  peak, i . e .  those 
charac ter ized  by RLO.1. The behaviour o f  U f o r  
samples which d i d  n o t  show any c a l o r i m e t r i c  p re-  
t r a n s i t i o n  peak: was a l s o  i nves t i ga ted .  An increase. 
i n  l a y e r  th ickness  a t  temperature around those 
c h a r a c t e r i s t i c  o f  t h e  p re  t r a n s i t i o n  was observed 
a l s o  i n  these cases, a5 shown i n  . f ig .b  f o r  a 
sample w i t h  R e 0 . O .  

l iposomes i n  t h e  P S I  phase i s  charac ter ized  by a 
narrow peak at, 1x%::21~,  which corresponds t o  a 
parameter o f  4.8 A i n  t h e  hexagonal arrangement o f  
t h e  hydrocarbon chains. Chain me l t i ng  a t  t h e  Fa, 
->L t r a n s i t i o n  corresponds t o  t h e  disappearance 
of %hat peak and a l a r g e  d i f f u s i v e  peak, centered 
a t  a(#19.Ei0, remains a t  h igher  temperatures. Low 
concent ra t ions  of  glucosamine do no t  a l t e r  
s e n s i b l y  t h i s  behaviour, wh i l e  h igher  
concent ra t ions  induce a permanence o f  t h e  narrow 
peak i n  a wider range of temperatures. 

High angle d i f f r a c t i o n  f rom pure l e c i t i n  

f 

FIGURE b Layer th ickness  D as a f u n c t i o n  o f  
temperature f o r  liposomes con ta in ing  glucosarnine 
i n  t h e  molar r a t i o  R=O.E3. 
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I I FIGURE 7 R e l a t i v e  g R . o o  i n t e n s i t y  a t  i x C 2 l o :  
1Oi:)%= h i g h e s t  v a l u e  of  
i n t e n s i t y ;  

- 

a - LIX=  i n t e n s i t y  i r r  t h e  
I L., p h a s e .  

1 0 0 - x  R = 1 2  - Cont.r(:)1 samp1e (a) a n d  
D P F C  1 i posomes  
c o n t a i n i n g  ql u c o s a m i  n e  
i n  a molar r a t i o  
R=.2 (b) , R = l  (c) a n d  
R=4 ( d )  . 

- 
- 'The l i n e s  are g u i d e s  \ f o r  t h e  e y e  

0 C 0 -  - 
n r  I 

- 

I 
I 

0-d , - 
I 

I n  a more q u a n t i t a t i v e  way,  f i Q . 7  s h o w s  t h e  
maximum i n t e n s i t y  of t h e  p e a k s  at ix=:2 lo  as a 
f u n c t i o n  of  t e m p e r a t u r e ,  f o r  d i f f e r e n t  v a l u e s  of  
molar r a t i o  R. T h e  t e m p e r a t u r e  r a n y e  A t  i n  w h i c h  
t h i s  i n t e s i t y  v a r i e s  f r o m  t h e  h i g h e s t  value t o  
z e r o  i n c r e a s e s  f o r  i ncreasi ny q 1 ucosami  ne 
c o n c e n t r a t i o n ,  as r e p o r t e d  i n  f i g . 8 .  

4. DISCUSSION 

R i s i n g  of  a s h o u l d e r  close t o  t h e  main 
t r a n s i t i o n  peal:: w a s  a l r e a d y  o b s e r v e d  i n  l i p o z o m e s  
i n  which  external molecule.;  were a d d e d .  J a i n  a n d  
W u l '  s u g g e s t e d  t h a t  t h e  k i n d  of  rnodif i c a t i o n  
indc i red  i n  t h e  t h e r m o d y n a m i c a l  b e h a v i  o u r  i s 
r e l a t e d  t o  t h e  l o c a t i o n  (3$ t h e  a d d i t i v e  along t h e  
b i  1 d y e r .  
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0 .o 1 .l 1 
MOLAR RATIO R- 

FIGURE 8 Temperature rangedf, corresponding to 
the variation from the hiyhest intensity to zero 
o+ the peak at I x C 2 l 0 ,  as a function of the molar 
ratio R. 

In particular lipophilic small molecules 
when located in the hydrophobic-hydrophilic 
interface produce a shoulder either on the low 
temperature side (type HJ- ) or on the high 
temperature side (type B1. ) of the main transition 
peal::. In both cases the area of  the shoulder 
increases while that o f  the narrow peal:: decreases 
by increasing additive concentration,the sum of 
the two areas being costant for low 
concentrations. Our data on hydrophilic monomer 
correspond to a behaviour similar to that of Eif 
type. 

High sensitivity DSC studies on the ef+ect of 
cholesterol in DPPC liposomes also showed the 
rising of a broad peak at temperatures slightly 
higher than that of main transition.13 As in our 
case, this peak broadens and shifts to higher 
temperature when the entalpy of the narrow peak 
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reaches t h e  zero value.The presence o f  two peaks 
was considered as due t o  a l a t e r a l  phase 
separa t ion  i n t o  domains w i t h  d i f f e r e n t  c h o l c s t e r o l  
content .  A s  i n  our case, p r e - t r a n s i t i o n  
c a l o r i m e t r i c  peak disappears a t  low concent ra t ion .  

inc rease i n  l a y e r  th ickness  c h a r a c t e r i s t i c  o.f t h e  
p r e - t r a n s i t i o n  also f o r  R 2 . 1 ,  where nu 
c a l o r i m e t r i c  peak o f  p r e - t r a n s i  t i o n  was detected 
7'0 exp la in  t h i s  d i f f e r e n c e  m e  can consider  t h a t  
x-ray da ta  were obta ined a t  constant  temperature 
and the re f  o r e  i n  a more equi I. i bra ted  s t a t e  w i  t t i  
respec t  t o  WSC data,  which were obta ined a t  
constant  r a t e  o f  heat ing.  Anyhow a d i f f e r e n c e  
between ca lm- ime t r i c  da ta  obta ined f o r  R 2 0.1 and 
those obta ined f o r  R .< (5. 1 ind ic :a tes tt1a.t 
processes i n v o l v i n g  d i f f e r e n t  r a t e s  occur i n  t h e  
two cases. 

w i t h  a ther  a d d i t i v e s ,  as .For i ns tance  a l c o o l s  nr 
anaesthetic14 1 5  , does n o t  i x c u r  a . f te r  adding 
glucosamine. I n  f a c t  t h e  main t r a n s i t i o n  
temperature as obta ined from cal .or imetry  
measurements does no t  decrease, i n  case i t  
increases f o r  h igh  concentrat . ions,  ( f i g . 3 )  and 
moreover x-ray d i f f r a c t i o n  da ta  ( f i g .  7) show 
t h a t  m e l t i n g  of t h e  cha ins  o c c u r s  i n  a wider 
temperature range f o r  h igher  conten t  of monomer 
and i n  t h e  r e g i o n  o f  t h e  c a l o r i m e t r i c  shoulder.  

On t h o  o ther  hand our x-ray da ta  p resent  an 

F l u i d i f  i ca t . i on  o f  t h e  tnetnbrane as i t  happens 

5. CDNCLUS I ON5 

Model membranes of  DPPC liposotnes i n  water 
do n o t  produce de tec tab le  v a r i a t i o n s  by adding 
glcrcosamine monomers i n  a molar r a t i o  Fir l e s s  than 
about 0.1. For g rea te r  R va lues changes a r e  
observed i n  t h e  s t r u c t u r a l  da ta  and 
thermodynamical c h a r a c t e r i s t i c  o f  t h e  system. 
These m o d i f i c a t i o n s  are i n t e r p r e t e d  as due t o  t h e  
l o c a t i o n  of glucosamine molecule5 a t  t h e  
hydrophobic - h y d r o p h i l i c  i n t e r f a c e  o f  t h e  
b i l a y e r .  

1 a rye r  mol ecL\l e o f  c:holesterol , separ-at i on of  
phases w i t h  d i f f e r e n t  con ten t  o f  glucosamine 

I n  analogy w i t h  t h e  behavinur induced by t h e  D
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GLUCOSAMINE ON MEMBRANES a7 

cannot be excluded. 
A proyress ive  decrease o.f t h e  main t r a n s i  t io r r  

temperature f o r  i nc reas ing  a d d i t i v e  conten t ,  
i n d i c a t i n g  an induced f l u i d i f  i c a t i o n  o f  membranes, 
which could have s t rong  e f f e c t s  from a 
p h y s i o l o g i c a l  p o i n t  of  view, and which was 
observed i n  t h e  case of o ther  a d d i t i v e  molecules, 
was no t  observed i n  t h e  present  i n v e s t i g a t i o n .  
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