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| Mictosomal membranes from rat liver and from the fast-growing Morris hepatoma 3942A hzwe been per-

oxidized to different extents and the order parameter of the membtanes measured by fluorescence depolari-
 zation of the probe 1,6-diphenyl-1,3,S-hexatriene. The data have been analysed by applying 8 mathematical

approach that takes into account simultancously static and dynamic fluorescence parameters. It appears
' thanmourmmuesaremomordered than the control and their order parameter does aot increase

with greater exposure to the actior of O; radicals in contrast to liver membrasies. The fatty acid composition

of the. mcmbrane i:p:ds has been stadied under different experimental conditions and correlated to the
B . behaviour of the physical parameter. ,

( Motris hepatoma 39244)

_ ! INT RODUCT ION

lt is well-documemed that the cytotoxncxty of

free rudicals is mainly due to their action on DNA,

~ proteisis and membrane lipids {1]. The basic pro~
«cess by which oxy- and related radicals cause niem-

brane damage is lipid peroxidation, which resuits

“in the formation of lipid peroxide, lipid alcohol

and aidehyde byproducts [2].

Changes in chemical composition of fatty acids . .
- lead fo alterations ‘in the structural organization
_and funetional properties of the membrane [3]. In

particular, sach membrane functional damage has

‘been linked to changes in molecular -order and

ﬁmdity of the bilayer [4-—61 These physical prop-

etties of th¢ membrane can be studied by the use
of ESR {7} and fluoréscence spectroscopy [8-10}.
It has beent reported that tumhour membranes are .

<characterized by changes in fipld constituents and
membrane lipid fluidity [11]. We have observed

lhag mlcfosomal and plasma membranes isolated -
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Lipid order  Fluorescence-

. from hepatomas with dnfferemdegm of difefen-
tiation exhibit an increase in the otder of the lipid

domain and a decrease in fluidity steictly related o
the  nature and content of phospholipids
{10,12,13]. In pamcular, the more undifferen-

" tiated and rapidly growing were the tumours, the
" lower was their lipid content, degtee of fatty acid

unsaturation, lipid/cholesterol ratio and lipid/pro-

" tein ratio. Similar alterations of chemical ‘and

physical properties in erythfocyte ghosts and nor-
mal migrosoinal nrembranes have been reported as

" belng caused by in vitro lipopéroxidation [5,6,14).

It has been posmlated that transformed cells

~ may undergo in vivo peroxidation damage due to .

the loss of ami-oxldant protective enzymes {15].

. The aim of this paper is to investigate the cortela-
tion between the peroxidizability of hepatoma

nucsoscmal membranes and the. chnngcs in
molecular order of the lipid bitayer. =

We chose the most deviated tumour, Morris
hepatoma 3924A, as being most representative of
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_the possible answer of tumours to in vitro perox-

*idation and carried out fluorescence depolarization -

studies of 1,6-diphenyl-1,3,5-hexatriene (DPH) to
" measure the physreal parameters. .

2. MATERIALS AND METHODS

Morris hepatoma 3924A wvas'propagated in in-
bred-rats of the ACI/T strain and utilized for

membrane preparation after 3-4 weeks of growth, . -

Normal male rats (150200 g) of the same strain
were used as controls Microsomal membranes

were isolated as in [16] and proteins estrmated by '

- the biuret method {17].

Lipid peroxidation was. measured at 25°C as
malondialdehyde formation, by the thiobarbituric’
acid assay, and as lipid hydroperoxide formation
by iodometric assay [2). Membranes (0.2 mg pro-

- tein/ml) were suspended in 0.15 M KCI, 50 mM

Tris-HCI (pH 7.5) saturated with oxygen, contain-
ing-1 mM ADP; 0.05 mM FeCl; and. 0.33 mM.

- xanthine. The peroxidation reaction was initiated

by 50 xg/ml xanthine oxidase (Srgma. type I) and
0.5-m! samples withdrawn after 5 and' 10 min in-
cubation of the suspension in a Dubnoff metabolic

7 shaker under oxygen tension. Microsomes * perox-
idized® for 5 and 10 min were obtained by stopping - -

* peroxidation at the time indicated by the addition

“of 1.3 4M bovine superoxide dismutase (Sigma)
and rapid cooling to 0°C of the flask containing -

- the suspension. These membranes, spun down by
- centrifugation at. 105000 x g for 60 min, were

utilized for lipid analysrs and fluorescence

_ measurements. - .
Lipids were extracted from isolated membranes
by the method of Folch et al. [18]. Phospholipid

- phosphorus was determined by the method of-

Bartlett [19] modified by digestion with' 70%
- HCIQy4, according to Marinetti [20]. For analysrss
- of fatty acids by gas-liquid chromatography;
~ methyl esters were prepared by inter-esterification
_-of lipid samples for 4 h. at 100°C with 5%
anhydrous HCI/CH;0H, then extracted with light

petroleum  and’ exammcd with a gas chro-

‘matograph. The samples were injected ‘into a

- poly(ethylene glycol) succinate column operating )

- at 180°C. The column was calibrated with stan-
- dard methyl esters of the different fatty acids.
. DPH ' was obtained from = Aldrich-Europe

(Beerse, Belgium) and purified by sublimation.

s
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Acetone ~ and  all organic solvents 'were ~of
fluorimetric grade. All other chemicals were of

. reagent grade quality.

‘Fluorescence polarization measurements of

" DPH were carried out as described i m [10], using

a probe concentration of 5 X 100’M and a

* probe/phospholipid- ratio between 1:150 and

1:300. Steady-state polarization amsotmpy was
measured as in {10]. Measurements of fluorescence

- lifetime were carried out as in [14]. Fluorescence
. decay curves were deconvoluted using the non-

linear least-squares fit—fast Fourier transform
method developed in’ [Zl] The fluorescence inten-

-sities were assumed to decay via a blexponentral

ie. - .
F) = C.exp - (t/71) + Caexp - Wr) -~ )

- Fits were also perfor_medusmg a monoexponential

decay. However, when comparing the fitted and
experimental decays, poor ¥* and resrdue drstnbu—_

© tion were found.

3. RESULTS AND DISCUSSION

“In table 1 we report lipid peroxrdauon expressed
as formation of malondialdehyde and lipid
hydroperoxides with time in microsomal mem-
branes from rat liver and from hepatoma 3924A.

- -Clearly, peroxidation is rather fast and reaches

high values in rat liver membranes whereas rt rs

" severely depressed in the tumour.

- The dependence- of . the static ﬂuorescence
anisotropy of DPH on temperature in the two
membranes studied at different times of peroxida-
tion is reported in fig.1.' In both cases the
parameter increases markedly with peroxidation
time. It is well-known that in several previous
studies this has been interpreted as indicating a
decrease in membrane “fluidity’ [ll] Such an in-
terpretation is of course incorrect, since 7; contains
both static and dynamic components, i.e. it is a
function of-the order parameter, {(P:), of the rota-
tional correlation time of the probe, &, and of its
fluorescence- lifetime r¢ {22,23]. In order to
calculate (P;) and ¢ measurements of 7 are

_ rcqurred

* The 7¢ values of DPH measured under our ex-

- perimental ‘conditions are reported in fig.2. In-

some experiments fittings with poor x* and residue
distribution were found. As a consequence, only:
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Table 1
Relationship bclwccn formation of malendialdehyde and lipid hydropcroxldcs and changes in the double-
_bond index induced by peroxidation in rat liver and hepatoma 3924A microsomes

- Microsomes ' . . Double- ~  Malondialdehyde * Lipid
. ‘ - bond “(nmol/mg - hydroperoxides
index = protein) . (nmol/mg protein)
Rat liver (ACI/T) L S : : . ’
Control - . 102 o= - - ,
Peroxidized, 5 min. - - : 73 358 +£4.2@8) .. 88.5 + 17.2(6)
Peroxidized, 10 min e I - 681 £59@8) 201.2 £ 26.8 (6)
Hepatoma 3924A - SR : o
Control R 32 - e -
Peroxidized, § min R L1204 419 55(D)
Peroxidized, 10 min 21 13.12 LI (D) ) 53 4+ 547

* The double-bond index was calculated as the sum of the values obtained by multnplymg the percentage
, of the unsaturated fatty acid by the number of doubie bonds in that fatty acid. Values are expressed as

means SE (number of obscrvatnons)

' those fits with x* values not too far from unity (x*
<'2) have been considered. It is possible that the
 scattering of the 7§ values is due to the presence of
a residual fluorescenice in peroxidized membranes
amounting to about 20% of the fluorescence inten-
sity: of . DPH. Such fluorescence, due to end
products of lipid peroxidation, has been rcportcd .
previously and has also been used to determine the
degree of peroxidation of biological membranes
. . , . - [24). To solve the distortions caused by the near
Ne. S - .+ coincidence of Aex and Xem Of this fluorescence with ~
© \. . L “that of DPH, we have subtracted, during the
» ' Lo ' deconvolution process, channel by channel from
" ‘the histogram of the sample with DPH a blank
monitored for the same time period (typically:
1000 s). The reason why DPH shows two lifetimes
in normal membranes is- not cleary. understood.
Similar behaviour has been noted by Brand and co-
workers [25] in model membranes: A possible ex-
planation could be the loca'ization‘'of DPH both in
- the core of the lipid bilayer (long lifetime) and in
a more polar envnronment near the polar heads of

- Fig.1. Dependence’ of the static .anisotropy on
- temperature of microsomal membranes. Rat liver
microsomes: not peroxidized (a), after 5 min (O) and
- 10 min (0) ‘peroxidation. Hepatoma 3924A micro-
somes: not peroxidized (A); after S min (w) and 10 mm~

(e) peroxidation.
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: Fig.2. Dependence of DPH lifetime on temperature after
incorporation into microsomal membranes. Symbols as
_in’ fig.1. The values in the range 3-6 ns are relative to "

" lifetime 7y and those between 8 and 11 ns to lifetime r;.

the bhospholipids (short lifetime), as in organic -

solvents. Conversely, in tumour cells DPH con-
~ sistently shows a single lifetime, independent of
temperature, which is longer-than that-in normal
- membranes. It can-be assumed that the higher
‘molecular order’ in tumour membranes discussed
below, segregates DPH in the lipid core. In perox-
idized membranes,_ the probe lifetime changes are
" not casily explained due to the complexity of the
environment experienced by the probe.

Fig.3 reports the dependence of the order
parameter, (P;), of DPH on temperature in
_ microsomal membranes of rat liver and hepatoma

at different degrees of peroxidation. {P,) has been

calculated as reported in [12]. The order parameter
varies significantly with the time of peroxidation in
normal membranes, while it is nearly constant in
- the transformed mcmbrancs. It is important to
note that (P;) reflects the order of the lipid region

‘where DPH is located. Experiments carried out
with the spin probes, $-, 12- and l&doxylst&nc»
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Fig.3. Plot of the order parameter of DPH vs

temperature. Symbols as in fig.1.

acid, located at different depths'c'of the bilayer [26]

- in model [7] and microsomal membranes- f14],

showed that peroxidation resulted in an increase in |
the order parameter of the bilayer, dependent on
the peroxidation time, temperature and location of:

. -the probe within the bilayer. Of .the 3 probes,

lZ-doxylstearatc was the most sensitive to changes
in membrane organization, monitoring the higher -
degree of order caused by peroxidation. This is the |
bilayer region where DPH should be located.
Howcver. ‘it should be pomtcd out that such com-
parisons should be made with great.caution, since |

" the observable determined is the order parameter .

of the probe; having such probes with quite dif-
ferent - steric properties; they can mimic their
molecular environment in quite a different way.
The order parameters calculated from fluorescence
depolarization data are in good agreement with

. those available in the literature [6]. However, the

increase or decrease in these parameters, as well as
in r; values, has been interpreted as indicating -

* changes in- fluidity. It has to be stressed that the
“order parameter is a purely static, structural
“property of the system, giving no direct informa-

tion on the fluidity of the bilayer “which is a
dynam:c property. In fact, comparison of figs 1
and 3 shows that r, and (P2) behave differently

- with temperature, the difference being due to the

fact that the dynamic component, $, also con-

tributes to the formcr.

In order to measure the corrclauon time, viz. the .

.~ Jocal fluidity, tnmc-dcpcndent polarization studies

are now being pcrformed
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- The increase in molecular order of normal mem-

branes upon peroxidation and the consistently high
value of the parameter found in tumour mem-
branes correlate well with the alterations in
chemical nature of the fatty acids (see table 1). In-
deed, the double-bond index is severely reduced as
‘ a result of exposure of the normal membranes to

O3 radicals. In hepatoma 3924A, on the other

hand, the double-bond index is already lower for

~.control membranes than for the most peroxidized
rat liver membranes and does not change greatly
upon pcroxndatxon -The insensitivity of this
parameter to peroxidation is certainly attributable
to. the very low content of upsaturated fatty acid
chains in this kind of tumour membrane. In fact,
fig.4 shows that in rat liver microsonies peroxida-
tion causes an increase in saturated fatty acid con-
tent, a very shght increase in monoenoic and. a

- marked decrease. in polyenoic acyl residues. In -

" tumour membranes an initial lowér content of
© saturated fatty acids is also followed by an increase
after 5 min peroxidation and tays constant upon
further exposure to the oxidizing agent. However;
the most noticeable feature is the initial very low
conterit in polyenoic fatty acids, which does not
undergo variations with peroxidation. The mono-
enoic fatty acids show a slight increase as prevxous-
~ ly noted for normal membranes.

The fatty acid composition and molecular order

of the lipid found for tumour membranes, when
compared to normal membranes, seem to be in-

dicative of a membrane that behaves globally -as-

one which has already undergone peroxldauve

damage in vivo. This can be partially explained by.

the decrc;a<c in the protecting effect of cytosolic

iy

1 3 F‘A tlasses
R
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o

Fig.4, Changes in percentage (w/w) of saturated (e),

monounsaturated (a) and polyunsamratcd (m) fauy

- . acids (FA) induced by 5 and 10 min peroxidation in rat

liver (A) and hepatoma 3924A (B) microsomes. The

fatty acids reported are 16:0, 18:0, 18:1, 18:2 and
: 20:4.
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“superoxide dismutase and glutathione peroxidase’
~previously reported (15,27]. However, to prove

further the hypothesis that tumour membranes
undergo oxy radical-induced’ damage in vivo,
measurements of lipid peroxidation ‘end products
within the membranes are needed and are now in
progress. .

ACKNOWLEDGEMENTS

This work was supponed by MPI and by CNR,

special project Oncology, grant no. 84.00593.44

(T.G.), and grant no. 84.00669.44 (L.M.). Wé

~ thank Mr Guglielmo Palombxm for skilful
" technical assistance.

REFERENCES

n Freeman.B A.and Crapo.] D (1982) Lab. Invest.
417, 412-426.

f[2} Bucgc J.LA: and Aust, S.D. ('1978) Methods
. Enzymol. 52, 302-310. - '
3] Stubbs, C.D. and Smith, A.D. (1984) Biochim.

Biophys. Acta 779, 89-137. )

‘-‘['4] Viadimirov, Y.A., Olenev, V.1, Suslova. T.B. and'

Cheremisina, Z. P (1980) Adv Lipid Res..
. 173-249.

{5) Rice-Evans, C. and Hochstem P (1981) Biochem.

_ Biophys. Res. Commun. 100, 15371542,

[6) Eichenberger, K., Béhni, P., Winterhalter, K.H.,
Kawato, S. and Richter, C. (1982) FEBS Lett. 142,
59-62.

{7} Bruch, RC and Thayer, W.S. (1983) Bmchlm
Biophys. Acta 773, 216-222.

(8} Lipari, G. and Szabo, A. (1980) Biophys. J. 30,
489--506. '

{9] Heyn, M.P. (1977) FEBS Lett. 108, 359-363. -

{10} Galeotti, T:, Borrello, S., Palombini, G., Masotti,
L., Ferrari, M.B., Cavatorta, P., Arcioni, A.,-
Stremmenos, C. and Zannom, C. (1984) FEBS
Lett. 169, 169-173. .

1iun thmtzky, M. (1984) Blochlm onphys Acta 738,
251-261.

{12} Masotti, L., Cavatorta, P., Sartor,. G., Casali, E.,
Arcioni, ‘A., Zannoni, C., Bartoli, G.M. and
Galeotti, T. (1982) in: Membrarnies in Tumour
‘Growth (Galebtti, T. et al. eds) pp. 39—50 Elsevier,
Amsterdam, New York.

: [13] Galeotti, T., Borrello, S., Mmotu, G.. Palombml,.

‘G., Masotti, L., Sartor, G., Cavatorta, P.,
_ Arcioni, A. and Zannom. ‘C. .(1984) Toxicol.
Palhol 12, 324-330.°

- 308




Volume 198, tiumbcr 2

- ! ) -

{14] Curtis, M. T., Gilfor, D. and Farber, J.L. (1984)
- Arch. Biochem. Biophys. 235, 644-649. -

(15} Bartoli, - G.M., - Galeotti, T., Borrello, S. and
Minotti, G. (1982) in: Membranes in Tumour

Growth (Galeotti, T. ‘et al. ecds) pp.461—470,.

. Elsevier, Amsterdam, New York, :
{16] Bartoli, G.M. and Galeotti, T. (1979) onchxm
-Biophys. Acta 574, §37-541. :

{171 Lowry, O.H., Rosebrough, N.J., Farr, A.L. ‘and

Randall, R.J. (1951) J. Biol. Chcm 193, 265-275.
{18] Folch, J., Lees, M. andS!oanc-Stancy.G H. (1957)
-1, Biol. Chem. 226, 497-509."
[19] Bartlett, G.R. (1959) J. Biol. Chem. 234, 466-468.
[20] Marinetti, G.V. (1962} J. Lipid Res. 3, 1-11.

306

FEBS LE’ITERS

. . d |
- [22] Van Blifterswijk, W.J., Van Hocvcn. R.P. and Van"

- {24] Tappel, A.L. (1980) in: Free Radicals in Blology,

, [25) Dale, R.E., Chen, L.A. and Brand, L {1977) .l

,(AZG] Hubbel, W.L. and McConnell, H.M. (197) J.Am

1
Marth 1986)

" {21] Arcioni, A, and Zannom. C. (1984) Chem Phys.“
88, 113-128. - i

Der Meer, B.W. (l98|) Biochim. Biophys. Acta
644, 323-332.
l231 Kinosita, K., Kawato, S. and IKegami, A. (l977)
- Biophys. J. 20, 289-305.

volIV. (Pryor, W.A. ed.) pp.1-47, Academic]
Press, New York. - 3

. Biol, Chcm 252, 7500-7510.
. Chem. Soc. 93, 314-326.

{27] Bartoli, G.M., Bartoli, S., Galeotti, T. and Bcrtoh,
" E. (1980) onch:m. Biophys. Acta 620, 205-211..






