
Candida albicans colonization on thermal cycled maxillofacial

polymeric materials in vitro.

Summary

In the present study, the colonizationof a single isolate of C. albicans on saliva-, serum-coated

or protein free (uncoated), thermocycled (4°C-70°C for lmin, respectively; 0, 1000 and 10000

times) fifteen commercial maxillofacial materials were investigated, by adenosine

triphosphate (ATP) analysis. In the case of control specimens (not thermocycled and

uncoated), the fungal colonization appeared to depend upon the type of commercial products

used. Thus, the lowest colonization was observed with additional silicone materials, soft

acrylic liners with visible light curing, except for one product, whereas visible light curing

liners comprising of single paste or single gel exhibited the highest colonization capacity, and

cold cured acrylic liners exhibited the intermediate. However, the fungal colonization on the

materials was significantly promoted both by thermal cycling (ANOVA; p<0.01) and a layer

of protein coating (saliva, p<0.01; serum, p<0.01). When the interrelation between the fungal

colonization and the surface hydrophobicity of the materials were analysed, fungal

colonization on 1000- and 10000-thermocycled materials correlated well with the contact

angles of the materials (Student t-test, p<0.01), being consistent with the thermodynamic

theory.

These results, taken together, suggest that the aging of the materials and the biological fluids

of the host promote yeast colonization on maxillofacial materials.



Intro duction

Denture stomatitis is an erythematous pathogenic condition of the denture bearing

mucosa and caused mainly by microbial factors, especially Candida albicans. It has been

shown that the main reservoir of C. albicans and related Candida species is the fitting surface

of upper denture (Davenport 1970) and that soft lining materials are easily colonized and

deeply infected by these organisms (Allison & Douglas 1973; Douglas 1979). In the

pathogenesis of denture stomatitis, the growth of large numbers of Candida on the fitting

surface of the denture and the following acid production by grown yeasts are known as one of

the most important factors (Odds 1988) through the direct cytotoxicity, activatation of acid

proteinase and phospholipase produced by these yeasts and promotion of Candida adherence

(Samaranayake & MacFarlane 1985, 1990; Samaranayake et al., 1984).

Despite the realization that successful candidal adherence on a denture surface is an

important step in the pathogenesis of this condition (Rotrosen et al., 1986), the role played by

saliva or serum pellicles during the colonization process and subsequent multilayer biofilm

formation is poorly understood. Indeed components of saliva or serum proteins, such as

mucins, fibrinogen and complements specifically bind to Candida blastospores and germ

tubes possibly modifying the process (Bouali et al., 1986; Bull and Turner, 1984; Page and

Odds, 1988; Tronchin et al., 1987). In recent investigations we have demonstrated the

existence of specific interactions between mannoprotein adhesin of C. albicans and sugar-

moiety of salivary proteins, including mucins, during candidal adherence to protein adsorbed

surfaces (Nikawa and Hamada, 1990; Nikawa et al., 1992-a), and that salivary and serum

pellicles promote fungal colonization on tissue conditioning materials (Nikawa et al. 1993). In

contrast, some researchers have demonstrated that pretreatment of acrylic strips and/or yeast

cells with whole saliva decreases the initial adherence of C. albicans to denture acrylic,

whereas a serum pellicle promotes adherence (McCourtie and Douglas, 1981; Samaranayake

et al., 1980). It is therefore evident that the relationship between the salivary or serum pellicle

on denture material surfaces and candidal colonization is a complex subject, particularly

taking the surface aging of materials into account.

Clinically, it has recently been pointed out that the continuous swallowing or

aspiration of microorganisms from denture plaque exposes patients, particularly the

immunocompromised host or medicated elderly, to the risks of unexpected infections (Nikawa

et al, 1998). Since the colonization of C. albicans on the materials frequently used for

maxillofacial protheses, is of importance in clinical terms, thus in the present study, fungal

colonization on some commercial products was investigated (Nikawa et al., 1996).



Materials and Methods

Microorganisms and growth condition

Candida albicans IFO 1385, purchased from the Institute for Fermentation, Osaka,

was used and cultured as previously described (Nikawa et al., 1989, 1993, 1994; Nikawa &

Hamada 1990). Briefly, the yeasts were grown at 37°C with reciprocal shaking (150 rev/min),

in yeast nitrogen base medium (Difco, Detroit, USA) containing 250mM glucose. Batches of

medium were inoculated with overnight cultures of the yeast, the yeast was harvested in the

late exponential growth phase, washed twice with distilled water and suspended to final

concentrations (107 cells/ml) (Nikawa et al., 1997a,b)

Acrylic resin and lining materials

Samples of acrylics (Bio Resin, Shofu, Kyoto, Japan) and fifteen commercial

maxillofacial materials summarized in Table 1 were processed according to manufacturer's

directions, and each of them was prepared to a uniform size (10mm X 10mm X 0.7mm

thickness) with smooth surfaces by placing glass slides over them as previously described

(Nikawa et al., 1994, 1995,1996).

Specimens of each of the materials were thermocycled between 4°C and 70°C with an

immersion time of 60 seconds in each bath, and the growth assay were taken after thermal

cycling 0, 1000 and 10000 times.

Saliva and serum

Pooled unstimulated whole saliva was collected from five healthy candidates and

clarified, according to the method of Cannon et al. (1995) with modification, by centrifugation

at 12,000X g for 15min at 4*C. Human serum was purchased from Sigma Chemical Co. (St

Louis, MO, USA). Whole saliva and serum were stored at -25°C before use (Nikawa et al.

1990, 1996).

Assay procedures

The colonization assay was conducted as follows (Nikawa et al. 1993, 1996, 1997b).

The specimens of acrylic resin and maxillofacial materials were coated with saliva or serum

by placing them in wells of Multiwell tissue culture plates (NunclonR Delta, Nunc, Kamstrup,

Denmark), into which were dispensed 500 U 1 of the protein solution per well, and incubating

for 1 hour at 37"C. Saliva or serum was substituted with an equal volume of sterile distilled

water in the control wells. After incubation the protein solution was aspirated, 50 microliters



of yeast suspension (1 X 107 cells/ml) was inoculated on the surface of each specimen and the

whole assembly was incubated at 37°C for 2 hrs to promote yeast adherence and colonization.

Subsequently, 2.0 ml of Sabouraud broth was carefully dispensed into each well, incubated at

37°C for 120hrs.

Afterwards each specimen was carefully removed, to determine the amount of

colonization including, cavitation or invasion, washed vigorously and ultrasonically for a total

of 15min with distilled water to remove the biofilm yeasts other than firmly attached,

cavitated or invased organisms (Nikawa et al., 1997b). Then, the washed samples were

immersed in 1.0 ml of the reagent containing benzalkonium which extracts intracellular ATP

(Siro, Romer & Lovgren, 1982) and allowed to react for 15 min at room temperature (Nikawa

et al. 1996). The resultant reagent solution was then subjected to an ATP-measuring system

(ATP-AF 100, TOA Electronics Ltd, Tokyo, Japan) to determine the the amount of fungi

colonized (Berlutti et al., 1993).

The assays were carried out on two independent occasions, with quadruplicated

samples on each occasion and the values obtained were averaged to give the final data with

standard deviations. All the numerical data obtained were analyzed by analysis of variance

(ANOVA) and Tukey's multiple range test at 5 % level.

Results

Surface hydrophobicity of the materials

The surface hydrophobicity of each maxillofacial material were shown as Young's

contact angle against water, in Table 2, silicone materials essentially showed the highest

hydrophobicity, reduced in the order of VLC acrylic materials or cold curing acrylic, and heat

curing acrylic exhibited the la\east (ANOVA, p<0.05; Table 2).

Effect of maxillofacial materials on fungal colonization

As shown in Fig. 1, the colonization varied depending upon the materials and times of

thermal cycle on which Candida had grown. In the case of unthermocycled and uncoated

samples, the fungal colonization was greatest on PER form, decreased in the order of

Lightdon-U^ Resiline, Light Liner Hard, Rebaron LC^ Astron LCHs^ Rebaron,

CosmesilTOOl, Ever Soft^ Light Liner Soft, Ideal, and resin Cosmesil HC, Astron Soft,

Silkskin and Episil showed the least adherent capacity (ANOVA p<0.05; Table 3).

Effect of thermal cycles of maxillofacial materials on fungal colonization



As shown in Fig. 1, the fungal colonization was significantly promoted by

thermocycling on Astron Soft, Ever Soft and Light Liner Soft (ANOVA, p<0.01). In the case

of 1000 thermocycling, the amounts of yeasts colonized on resin and Light Liner Soft,

Lightdon-U, Rebaron, Astron LCH and Resiline were the greatest, and CosmesilTOOl, Episil,

Ideal, Cosmesil HC and Silkskin were the least, whilst resin, Astron Soft, Rebaron LC, PER

form, Ever Soft and Light Liner Hard were intermediate (ANOVA p<0.01; Table 3). In the

case of 10000 x thermocycling, the differences between the materials were significantly

reduced (ANOVA, p<0.01).

Effect of proteinaceous pellicles on fungal growth

As shown in Fig. 1, biological fluids, particularly the serum, essentially promoted the

fungal colonization on the materials. The effects were, however, varied depending upon both

protein-coats and materials used (ANOVA, p<0.01;Tables 4 & 5). When the effects of saliva-

coats on fungal colonization was analysed, saliva-coats essentially reduced the differences in

the amount of colonization on the materials (ANOVA; p>0.05; Table 4).

In contrast, the fungal colonization on serum-coated samples seemed to depend on the

components of the materials. For example, serum-coated silicone materials tends to show the

lower colonization capacity, whilst VLC materials comprised of single paste or single gel,

cold-cured acrylic materials or heat-cured acrylic resin (control) tends to show the greater

adherence capacity (ANOVA, p<0.01 ; Table 5).

Surface hydrophobicity of the materials and fungal colonization

When the interrelation between the fungal colonization and the surface hydrophobicity

of the materials were analysed, the exponential of the amount of fungal colonization on

uncoated 1000-thermocycled or 10000-thermocycled materials apeared to negatively correlate

well with the contact angles of the materials (Fig. 2; Student t-test, r=0.698 and r=0.680; p<

0.01), altough the higher correlation coefficient were obtained when the curves of second

order (Fig. 2; Student t-test, r=0.894 and r=0.761; p<0.01).

Discussion

In the successful colonization, subsequent plaque formation and development of

pathogenesis, the adherence of Candida to solid surfaces such as acrylics or denture lining

materials has been thought to be the first step (Rotrosen et al., 1986). The following

colonization, then included the growth of adherent cells or the coadhesion of floating or



growing cells to adherent ones. Only limited data has been available on the interactions

between maxillofacial materials and fungi. In addition, although the materials are known to

show age changes in their physical properties, little attention has been paid on the growth of

Candida when they changed.

With nonthermocycled and uncoated liners, the fungal colonization was greatest on

PER form, decreased in the order of Lightdon-U^Resiline, Light Liner Hard, Rebaron LC^

Astron LCH^ Rebaron, CosmesilTOOl, Ever Soft*^ Light Liner Soft, Ideal, and resin

Cosmesil HC, Astron Soft, Silkskin and Episil showed the least adherent capacity (ANOVA p

<0.05; Table 3). These results are consistent with the results of the previous part of the study,

in which the antifungal effects of materials were observed in relation to the type or ingredient

components of the products. In the previous study, Light Liner Soft and Astron Soft exhibited

the antifungal effects on both initiation of fungal growth and growth rate. Besides this, the

finding that all five products of silicone liners also exhibited the lowest colonization capacity

should be explained by the hydrophobic interactions between fungi and the surface of

materials based on thermodynamic theory (Minagi et al., 1985; Nikawa et al. 1989).

When the finding that saliva-coats essentially reduced the differences in the amount of

colonization on the products, is consistent with our previous study, in which the saliva-coats

minimumized the effects of the surface hydrophobicity of tissue conditioners on their

adherence (Nikawa et al, 1992-b).

In contrast, the finding that the fungal colonization on serum-coated samples seemed

to depend on the components of the materials should be of interest in clinical terms, because

these materials often contact the inflamatory tissues. However, the mechanisms of this

phenomenon should be complex, because interactions between liners, proteins comprising

serum, and the yeasts should be involved (Nikawa et al, 1996). Further analysis is requied to

clarify this phenomenon.

The findings that the exponential of the fungal colonization on uncoated 1000-

thermocycled or 10000-thermocycled materials correlated well with the contact angles of the

materials (Fig. 2; Student t-test, p<0.01) should be of interest, because the thermocycling

process essentially reduced the residual unpolymerized components which showed the

antifungal activity in the previous study, resulted in the thermodynamic (hydrophobic)

properties of the materials predominantly affected the fungal colonization, since fungi

colonize on uncoated materials in monolayer (Nikawa et al, 1993). In addition, Minagi et al.

(1985) have reported the number of adherent cells negatively correlated well with the

hydrophobicity of the denture materials, whereas we observed the similar correlation between

the exponentiol of the colonized fungi and the surface hydrophobicity of the materials. This



may explained by the colonization parameter theory of Caldwell (1984), who exhibited the

adherent cell exponentially increase during the colonization process.

On the other hand, when the curves of second orders were applied, higher correlation

were observed (Fig. 2), and the peaks of the colonization were observed at 76.8 and 73.3 in

degrees of contact angles of the materials. The findings may imply that the colonization of C.

albicans prefer to occur on the surface of materials of contact angles of approximately 75 in

degrees. It is generally accepted that the aggregation or adherence between two materilas or

particles prefer to occur when the thermodynamic properties of one material is similar to that

of another. Further analysis is required to clarify the relationship between surface properties of

cells, that of substrates and colonization.

Finally, our findings, that either the thermocycling or the proteinaceous pellicles,

essentially promoted the fungal colonization on resilient liners through various mechanisms,

suggested that appropriate control for denture plaque is essential to the long-term usage of the

maxillofacial materials.
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Legends to Figures

Fig. 1 Colonization of Candida albicans grown on thermocycled acrylic and lining materials.

Asterisk indicates the significant promotion of fungal colonization caused by thermocycling (
*p<0.05).

Fig. 2 Correlation between fungal colonization on 1000-times and 10000-times thermocycling

lining materials, and the surface hydrophobicity of the materials.



lah
lc

1
iiia

Ml
lol

act
.il

nia
lcii

.il:
.

ma
nuf

act
ure

r
typ

e
As

tro
n

LC
H

ar
d

a
As

tro
n

LC
So

ft
a

CO
SM

ES
IL

H
Cb

CO
SM

ES
IL

T0
01

b
EP

IS
IL

b
Ev

er
So

ft
c

ID
EA

L
b

R
es

ili
ne

a
Lih

gt
Li

ne
r

Ha
rd

a
Lig

ht
Li

ne
r

So
ft

a
Li

gh
td

on
-U

a
PE

R
fo

rm
a

a
Re

ba
ro

n
LC

Re
ba

ro
n

c
SI

LS
KI

N
20

00
Bi

o
Re

sin
(re

sin
)

As
tro

n
De

nta
l

Co
rp

,
W

he
eli

ng
,

IL
,

US
A

As
tro

n
De

nta
l

Co
rp

,
W

he
eli

ng
,

IL
,

US
A

Pri
nci

pal
ity

M
ed

ica
l

Lt
d,

N
ew

po
rt,

U
K

Pri
nci

pal
ity

M
ed

ica
l

Lt
d,

N
ew

po
rt,

U
K

D
re

ve
-D

en
ta

m
id

G
m

bH
,

U
nn

a,
G

er
m

an
y

M
ye

rs
on

Au
ste

na
l

Lt
d,

M
idd

les
ex

,
UK

O
rth

om
ax

,
Br

ad
fo

rd
,

UK
De

nts
ply

/Y
or

k
Di

v,
Yo

rk
,

PA
,

U
K

H
J.

Bo
sw

or
th

,
Sk

ok
ie,

IL
,

US
A

H
.J.

Bo
sw

or
th

,
Sk

ok
ie,

IL
,

US
A

D
re

ve
-D

en
ta

m
id

G
m

bH
,

U
nn

a,
G

er
m

an
y

W
ha

led
en

t
De

nta
lpr

od
uk

te
G

m
bH

,
Fi

el
db

er
g,

G
er

m
an

y
G

C
In

c.
To

ky
o,

Ja
pa

n
G

C
In

c.
To

ky
o,

Ja
pa

n
D

eP
uy

He
alt

hc
are

,
Le

ed
s,

UK
Sh

of
u

In
c.

Ky
ot

o,
Ja

pa
n

VL
C*

VL
C

co
nd

en
sa

tio
n

cu
rin

g
add

itio
n

cur
ing

add
itio

n
cur

ing
co

ld
cu

rin
g

ad
dit

ion
cu

rin
g

VL
C

VL
C

VL
C

VL
C

VL
C

VL
C

co
ld

cu
rin

g
add

itio
n

cur
ing

he
at

cu
rin

g

*V
LC

:
vis

ibl
e

ligh
t

cur
ing

aV
LC

ac
ryl

ic
ma

ter
ial

s
cu

re
d

in
the

TR
IA

D
20

00
cu

rin
g

un
it.

"S
ilic

on
e

ma
ter

ial
s

cu
re

d
at

ro
om

tem
pe

ra
tu

re
23

+
2o

C
an

d
50

+
5

%
rel

ati
ve

hu
mi

dit
y.

cA
cry

lic
ma

ter
ial

s
cu

re
d

at
ro

om
tem

pe
ra

tu
re

23
±

2o
C

an
d

50
±

5
%

rel
ati

ve
hu

mi
dit

y.



Ta
ble

2
Co

nt
ac

t
an

gl
es

of
ma

xil
lof

ac
ial

ma
ter

ial
s

co
nta

ct
an

gle
*

As
tro

n
LC

H
As

tro
n

So
ft

CO
SM

ES
IL

H
C

CO
SM

EI
L

T0
01

EP
IS

IL
Ev

er
So

ft
ID

EA
L

Re
sil

in
e

Lih
gt

Li
ne

r
Ha

rd
Lig

ht
Li

ne
r

So
ft

Li
gh

tdo
n-U

PE
R

fo
rm

Re
ba

ro
n

LC
Re

b
ar

on
SI

LS
KI

N
20

00
Bi

o
Re

sin
(re

sin
)

70
.42

±4
.76

86
.07

±2
.07

11
3.0

8
±0

.91
10

9.4
3

±1
.81

10
5.1

2±
1.3

8
99

.58
±2

.29
11

0.9
3±

2.0
3

60
.02

±3
.63

87
.68

±5
.18

79
.07

±4
.69

86
.68

±2
.98

99
.82

±2
.06

84
.70

±3
.85

81
.70

±0
.88

10
8.1

0
±5

.37
58

.80
±1

.20

*
M

ea
n

co
nt

ac
t

an
gle

+
SD

ca
lcu

lat
ed

fro
m

six
sp

ec
im

en
s

by
the

ses
sile

dro
p

me
tho

d
us

ing
dis

tille
d

wa
ter

as
se

ns
ing

liq
uid

.



Ta
bl

e3
M

ult
ipl

e
ra

ng
e

tes
to

n
the

da
tao

l
lun

ga
l

co
lo

ni
za

tio
n

on
un

co
aic

il
iIii

/iiiu
h^i

kil
tit

ni
uu

in
n

i

co
nt

O
co

nt
10

00
co

nt
10

00
0

Ep
isi

l
Si

lk
sk

in
A

str
on

So
ft

Co
sm

es
il

HC
re

s
in

Id
ea

l
Lig

ht
Li

ne
r

So
ft

Ev
er

So
ft

Co
sm

es
il

T0
01

Re
ba

ro
n

As
tro

n
LC

H
Re

ba
ro

n
LC

Lih
gt

Li
ne

r
Ha

rd
Re

sil
ine

Li
gh

tdo
n-

U
PE

R
fo

rm

Co
sm

es
il

T0
01

Ep
isi

l
Id

ea
l

Co
sm

es
il

HC
Si

lks
kin

res
in

A
str

on
So

ft
Re

ba
ro

n
LC

PE
R

fo
rm

Ev
er

So
ft

Lih
gt

Li
ne

r
Ha

rd
Re

sil
ine

A
str

on
LC

H
Re

ba
ro

n
Li

gh
td

on
-U

Lig
ht

Li
ne

r
So

ft

Ep
isi

l
Si

lks
kin

PE
R

fo
rm

R
eb

ar
on

Co
sm

es
il

HC
Id

ea
l

Co
sm

es
il

T0
01

R
eb

ar
on

LC
re

s
in

A
str

on
So

ft
Ev

er
So

ft
Lih

gt
Li

ne
r

Ha
rd

Lig
ht

Li
ne

r
So

ft
A

str
on

LC
H

Re
sil

in
e

Li
gh

td
on

-U

N
o

sig
nif

ica
nt

dif
fer

en
ce

s
w

er
e

ob
se

rv
ed

wi
th

the
sa

m
pl

e
co

nn
ec

ted
by

ba
rs.



Ta
ble

4
M

ult
ipl

e
ra

ng
e

tes
t

on
the

da
ta

of
fu

ng
al

co
lo

ni
za

tio
n

on
sa

liv
a-

co
ate

d
ihc

iin
oc

yc
lcd

iic
nu

uc
hm

sa
1 
0 

  
  

  
  

  
 

sa
1 
1
0
0
0 

  
  

  
  

sa
1 
10

0
0
0

E
p
is
il

S
il
k
sk

in
  

 
I 

  
  

 
E
p 
is
il

A
st
ro

n 
S
o
ft

E
p
is
il

E
v
er

 S
o
ft

R
es

il
in

e
C
o
sm

es
il

 T
O
O
l

R
eb

ar
o
n

C
o
sm

es
il

 H
C

C
o
sm

es
il

 H
C

Id
ea

l

Id
ea

l
Id

ea
l

S 
il
k
sk

in

C
o
sm

es
il

 T
O
O
l

A
st
ro

n 
S
of

t
C
o
sm

e
si
l 
T
O
O
l

L
ig

h
t 
L
in

er
 S

o
ft

E
v
er

 S
o
ft

re
si
n

C
o
sm

e
si
l 
H

C

L
ig

h
t 
L
in

er
 S
o
ft

L
ig

h
t 
L
in

er
 S
o
ft

S
il
k
sk

in
E
v
er

 S
o
ft

A
st
ro

n 
S
o
ft

re
si
n

R
es

il
in

e
re

si
n

L
ih

g
t 
L
in

er
 H

ar
d

R
eb

 a
ro

n

P
E
R 

fo
rm

P
E
R 

fo
rm

L
ig

h
td

o
n
-U

L
ih

gt
 L

in
er

 H
ar

d

A
st
ro

n 
L
C
H

R
eb

ar
o
n

R
es

il
in

e

R
eb

ar
o
n 

L
C

L
ih

g
t 
L
in

er
 H

ar
d

L
ig

h
td

o
n
-U

L
ig

h
td

o
n
-U

P
E
R 

fo
rm

A
st
ro

n 
L
C
H

R
eb

ar
o
n 

L
C

R
eb

ar
o
n 

L
C 

  
  

  
 

A
st
ro

n 
L
C
H

*
N

o
sig

ni
fic

an
t

di
ffe

re
nc

es
w

er
e

ob
se

rv
ed

wi
th

th
e

sa
m

pl
e

co
nn

ec
te

d
by

ba
rs

.



Ta
ble

5
M

ult
ipl

e
ra

ng
e

tes
t

on
th

e
da

ta
of

fu
ng

al
co

lo
ni

za
tio

n
on

sc
ru

m
-c

oa
le

d
th

en
m

ic
ye

ki
i

iU
ut

im
in

n

se
r

O
se

r
10

00
se

r
10

00
0

Id
ea

l
Si

lks
kin

Co
sm

es
il

T0
01

Ep
isi

l
Re

ba
ro

n
LC

As
tro

n
So

ft
Co

sm
es

il
HC

As
tro

n
LC

H
Lig

ht
Li

ne
r

So
ft

Ev
er

So
ft

Re
ba

ro
n

PE
R

fo
rm

R
es

ili
ne

re
si

n
Li

gh
td

on
-U

Lih
gt

Li
ne

r
Ha

rd

Re
ba

ro
n

LC
Id

ea
l

Co
sm

es
il

HC
Co

sm
es

il
T0

01
Si

lk
sk

in
Lig

ht
Li

ne
r

So
ft

Ep
isi

l
Lih

gt
Li

ne
r

Ha
rd

As
tro

n
LC

H
A

str
on

So
ft

Re
b

ar
on

PE
R

fo
rm

Ev
er

So
ft

Re
sil

in
e

re
sin

Li
gh

td
on

-U

Si
lk

sk
in

Ep
isi

l
Co

sm
es

il
HC

Id
ea

l
Co

sm
es

il
T0

01
A

str
on

LC
H

Lig
ht

Li
ne

r
So

ft
Ev

er
So

ft
A

str
on

So
ft

Re
sil

in
e

PE
R

fo
rm

Re
ba

ro
n

LC
Li

gh
td

on
-U

Lih
gt

Li
ne

r
Ha

rd
res

in
Re

b
ar

on

*
N

o
sig

nif
ica

nt
dif

fer
en

ce
s

w
er

e
ob

se
rv

ed
wi

th
the

sa
m

pl
e

co
nn

ec
ted

by
ba

rs.








