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Reversal of carbon tetrachloride induced changes in
microviscosity and lipid composition of liver plasma
membrane by colchicine in rats

J A Solis-Herruzo, M De Gando, M P Ferrer, I Hernandez Munioz, B Fernandez-Boya,
M P De La Torre, M T Munioz-Yague

Abstract
Colchicine is beneficial in the treatment of
cirrhotic patients, it prevents changes in
plasma membrane bound enzymes induced by
CC14 intoxication. In this study, lipid com-
position and microviscosity were measured in
liver plasma membranes isolated from rats
given CC14. Microviscosity values increased in
rats given CC14 for six weeks but fell consider-
ably in those given CC14 for 10 weeks. Both
these changes were absent when colchicine
was given with CCI4. The cholesterol/
phospholipid molar ratios and lipid peroxide
values increased but plasma membrane
phospholipids, the length of fatty acyl chains,
and the unsaturation index fell significantly
after CCL4 intoxication. Colchicine treatment
also prevented these changes. Changes in the
lipid composition of liver plasma membranes
were significantly correlated with lipid
peroxidation. Colchicine prevents changes in
the physicochemical properties of liver plasma
membranes induced by longterm CCL4 treat-
ment, probably by blocking peroxidation of
unsaturated fatty acids.
(Gut 1993; 34: 1438-1442)
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Preliminary trials of colchicine in animals and
patients with liver cirrhosis showed that this
drug produces an improvement in liver function,
reduces the fibrous content of the liver' and may
be beneficial in this disease.2 More recently,
Kershenobich et al3 reported the results of a

longterm, controlled study and confirmed that
colchicine prolongs survival in patients with
mild to moderate cirrhosis of the liver and
improves liver histology in some cirrhotic
patients.
The mechanism of this protective effect is not

clear. Colchicine has an extremely wide range of
biological actions. It inhibits collagen produc-
tion,4 stimulates collagenase activity,5 and blocks
mitos0S6 and some functions of polymorpho-
nuclear leucocytes,7 some of which are related to
its antimicrotubular effect.8 In addition, changes
in plasma membrane bound enzymes were pre-
vented and the high cholesterol/phospholipid
molar ratio was reversed, when colchicine was
given simultaneously with CC14 in rats that
already had cirrhosis after eight weeks of CC14
treatment.9

It is well known that a number of membrane
bound enzymes may be affected by the lipid
environment of the hepatocyte plasma mem-
brane. "' This membrane consists of a lipid
bilayer into which a variety of proteins (struc-

turals, enzymes, receptors, transporters) are
inserted." It has been shown that the structural
order in membrane, determined by its lipid and
protein content, can influence a variety of func-
tions and physicochemical properties of plasma
membrane, includingenzyme activity, transport,
fluidity, and microviscosity."I Microviscosity ( )
of anisotropic bilayer membranes is related to
motional resistance and increases parallel to the
packing of lipids. In contrast, fluidity, applies
to the relative motional freedom of the lipid
molecules into the bilayer membrane'3 and its
increase expresses a decreased structural order.
The purpose of the present study was: (1) to

investigate the effect of CC14 on the physico-
chemical properties and lipid composition of
liver plasma membrane and (2) to evaluate the
preventive effect of colchicine on the changes
induced in these membranes by longterm
administration of CC14 in rats.

Methods
Male Wistar rats weighing 200 to 250 g had free
access to a diet of Purina chow and water.
Animals were divided into six groups. Group I
(five rats) received 150 uld/100 g body weight of
corn oil by intraperitoneal injection, three times
a week for six weeks. Group II comprised seven
rats that received 10 [tg/day of colchicine for five
days a week. Colchicine was dissolved in water
and given by intragastric tube. In group III (five
rats), 150 ,ud/100 g body weight of a 1:7 (v/v)
solution of CC14 in corn oil was given by intra-
peritoneal injection three times a week for six
weeks. In animals of group IV (six rats), CC14
administration was maintained for 10 weeks.
Animals of group V (eight rats) and VI (seven
rats) were given 10 kg/day of colchicine for five
days a week, in addition to CC14 as described for
animals in the groups III and IV, respectively.
This study was approved by the hospital research
committee and the standard criteria for the care
and use of laboratory animals in research were
followed.

PREPARATION OF LIVER PLASMA MEMBRANES
Rat liver plasma membranes were isolated and
purified according to the method of Neville,'4 as
modified by Emmelot. 'S The purity of the mem-
brane suspensions and the degree of contami-
nation with intracellular organelles were assessed
by phase-contrast microscopy and by marker
enzymes. The 5'-nucleotidase activity'6 was used
as a plasma membrane marker and glucose 6-
phosphatase and cytochrome c oxidase were
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TABLE I Enzymatic and relative specific activity ofmarker enzymes in plasma membrane
preparations (values median (range))

Specific activity

5'-NT
(onol phosphatel/lmg protein) Specific activity ratio*

Group Membrane Homogenate 5'-NT G-6-P-ase Cyt. c oxidase

I 67-3 2-57 26-0 0-24 0-17
(654-69 0) (2-5-2 68) (254-26 6) (0-10-0 39) (0 05-029)

II 66-7 2 53 26-2 025 0-17
(59 8-73-2) (2 28-2 70) (25 2-26 9) (0 05-043) (0-03-0-36)

III 69-1 2-68 26-1 0-26 0-19
(570-83 2) (2-15-3-30) (25 3-27 5) (009-040) (005-038)

V 64-0 2 5 26-0 0-24 0 18
(506-78 0) (1-963-20) (254-26 5) (0-13-0-37) (0 05-032)

IV 68-7 2-66 26-08 0-26 0-18
(620-75 5) (2 38-2 88) (25-6-264) (0-14-0 40) (006-033)

VI 70-2 2-70 26-1 0-28 0-17
(59.0-81-1) (1-943-40) (25 5-26 5) (0-11-041) (0 07-033)

*Enzyme specific activity ratio of purified plasma membrane preparations/homogenates.
5'-NT=5'nucleotidase; G-6-P-ase=glucose-6-phosphatase; Cyt. c oxidase=cytochrome c oxidase.

employed to detect microsomal and mitochon-
drial contamination, respectively. 17 The
5'-nucleotidase activity of the liver plasma
membrane preparations isolated from control
and experimental groups was 67-8 (1 9) [tmol
phosphate/h/mg protein, while for liver homo-
genates this value was 2-6 (0-09) [tmol
phosphate/h/mg protein. Thus, a 26-06 (0 38)
fold purification of the enzyme marker was
achieved. The corresponding values listed for
cytochrome c oxidase and glucose-6-phospha-
tase, showed a low level of contamination and
were essentially identical in the control and
experimental groups (Table I).

Fluorescence polarisation
This was measured using 1,6-diphenyl 1,3,5-
hexatriene (DPH) as the fluorescent probe, as
described elsewhere.'8 The probe was dissolved
in tetrahydrofuran (20 mM) and added to 5 mM
TRIS-HCI (pH 7 4) in 0 25 M sucrose. The
mixture was stirred until a stable dispersion was
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Figure 1: Effect ofcolchicine on plasma membrane microviscosity in rats exposed to CCl4. Data
are presented as median (range). NS=not significant, c=p<OOO1 between groups with and
without colchicine. ***=p<O0OO1 between control and experimental groups.

obtained. To 1I ml of plasma membranes
(adjusted to 0-28 optical density at 365 nm,
200 ,tg of protein), 0 4 ml of DPH was added to
get a final concentration of the probe of 9 ,uM.
Samples were incubated at 37°C for 45 minutes.
Fluorescence polarisation was measured in a
Perkin-Elmer MPF 44E spectrofluorometer
equipped with polarisers in both excitation and
emission beams. Fluorescence polarisation (FP)
was calculated from the equation:

FP=(IVV-GIVh)/(Ivv+GIVh)
where 1, and lvh are the fluorescence intensities
measured with emission polarisers vertically and
horizontally oriented. The emission grating
factor (G) corrects for parallel diffraction
anomalies introduced by the glass of the photo-
tube and was calculated as G=Ihv/Ihh. The probe
was excited at 365 nm and emission measured at
425 nm with slit widths of 6 and 5 nm, respec-
tively, for excitation and emission. Fluorescence
polarisation values were corrected for light scat-
tering according to Lentz et al.'9 Polarisation
measurements were carried out in duplicate in
each of the animals of the groups.

Microviscosity parameter
These polarisation values were used to determine
the microviscosity parameter (i), defined as
[rWr)- 1]-1, where r is the value of the
fluorescence anisotropy calculated from the
measured fluorescence polarisation, FP, accord-
ing to the equation: r=2FP/(3-FP)'3 and ro is the
upper limit value of r of a medium of infinite
viscosity. The value of ro for DPH has been
reported to be 0 362.13

LIPID ANALYSIS
Liver plasma membrane lipids were extracted
by the procedure of Bligh and Dyer.20 The
cholesterol content was determined by the
method of Zlatkis.21 Lipid phosphorus measure-
ments were carried out as described by Bartlett.22

Transmethylation of lipids was performed
with a sodium methoxide/methanol reagent
(Methanolic Base, Supelco, Bellefonte, PA,
USA), according to the method described by
Alvaro et al,23 modified by Schiiller et al.24 The
reagent (1 ml) was added to the dried lipid
samples and kept under nitrogen for 90 minutes
at 110°C. Fatty acid methyl esters were extracted
in a water-hexane (1:2;v/v) system and dried
under N2 in small conical centrifuge tubes. The
residue, redissolvedin 50 to 100 R1 of hexane,
was used for gas-liquid chromatography, per-
formed on a Perkin-Elmer Sigma 3B gas chroma-
tograph equipped with a dual flame ionisation
detector and an integrator computer Sigma 15.
The stationary phase was 5% ethyleneglycol
adipate on Supelcoport 80-100 mesh in a
180 cmx4 mm column. Methyl pentadecanoate
was used as internal standard. The gas
chromatograph was calibrated and checked
daily with commercial fatty acid standards. The
double bound index was calculated by the sum
of the products of the percentage of each
unsaturated fatty acid and the number of double
bonds.2"
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TABLE II Effect ofcolchicine on microviscosity and lipid content in liver plasma membrane of
rats chronically intoxicated with carbon tetrachloride (values median (range))

Cholesterol Phospholipids Cholesterol!
phospholipid

Group (nmol/O I mgproteins) molar ratio Microviscosity

I (control (n=5)) 39-6 56 0-69 2-93
(22-1-70-00 (38-100 (0-22-1-1)1 (2-05-4380

(NS) (NS) (NS) (NS)

II (colchicine (n=7)) 34-3 1 57 1 0-61 3-20 1
(24-7-39-9) (43-100) (0-34-0-85) (2 48-4 9)

III(CC146weeks; 540 - 50-0 1-10* 11-84***
(n=5)) (31-819) (30-76)1 (0-841-3) (9-83-14-0)

(NS) (b) (b) (c)
V(CC14+colchicine 75.0* 1 850 0-81 1 390 1
6 weeks; (n=8)) (484-112) (57-104) (0-69-086) (2 05-646)
IV(CCl4 10weeks; 69-5 - 400 2-0** 1-56***
(n=6)) (30-93) (20.67) (1-35-2-2) (1-07-1-9)

(NS) (b) (c) (c)

VI (CC14+colchicine 59-1 75 0 1 095 1 3-4
10weeks;(n=7)) (46-86 3) (40-97) (0-55-1-2) (2 89-433)

Significance of differences between control and experimental groups: *: p<0 05; **: p<0-01;
p<0.001.
Significance of differences between groups with and without coichicine: (NS)=non significant;
(a)=p<005; (b)=p<0-01; (c)=p<0 001.

Lipid peroxidation was estimated by analysing
the production of thiobarbituric acid reacting
substances (TBARS) using the method described
by Ohkawa et al.26 Protein content in membrane
suspensions was measured according to
Bradford.27

Figure 2: Effect ofcolchicine
on thiobarbituric acid
reacting substances
(TBARS) in rats given
CC14. Data are presented as
median (range). NS=not
significant, c=p<O0OO1
between groups with and
without colchicine.
***=p<O0OO1 between
control and experimental
groups.
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STATISTICS
Results were expressed as median (range).
Comparison between groups was made using the
Mann-Whitney U test for unpaired data, and the
significance of correlations was tested using the
Spearman rank correlation coefficient (rs) for
non-parametric data. p Values less than 0-05
were considered statistically significant.

Results

PLASMA MEMBRANE MICROVISCOSITY (ri)
Microviscosity of liver plasma membranes from

c rI
58 1.58*** 0 50 1.74*** 0-52

Group

| Without coichicine 3 With coichicine

rats given CC14 for six weeks was significantly
higher than in control rats (1IL84 (9 83-14 0) v
2-93 (2 05-4-38); p<0-001), but was decreased
significantly (1[56 (1-07-1b9); p<0 001) in
plasma membranes from rats given CC14 for
10 weeks. These changes in viscosity values were
absent in animals treated either with colchicine
in addition to CC14 or with colchicine alone
(Fig 1, Table II).

LIPID COMPOSITION OF LIVER PLASMA MEMBRANE
The cholesterol -content in liver plasma mem-
branes increased and the phospholipid content
fell after longterm administration of CC14.
However, none of these changes reached statis-
tical significance. In spite of this, cholesterol/
phospholipid molar ratios increased significantly
in these animals, particularly in those exposed to
CC14 for 10 weeks. This ratio was normal in rats
given colchicine in addition tO CC14 (Table II).

Although lipid peroxides (measured as
TBARS) increased steadily during CC14
intoxication, the addition of colchicine com-
pletely prevented peroxidation of lipids in
plasma membranes (Fig 2). The fatty acid
patterns of the phospholipids showed that the
length and the unsaturation index of fatty acyl
chains decreased after six weeks and was
particularly noticeable after 10 weeks of
intoxication with CC14, but these changes were
also abolished by the colchicine treatment (Figs 3
and 4).

Lipid peroxidation was significantly and
inversely correlated with the index of unsatura-
tion (r= -0-94), length of fatty acyl chains
(r=-0 86), and content of phospholipids
(r=-0 9) in the liver plasma membranes. In
addition, lipid peroxidation was positively
correlated with the cholesterol/phospholipid
molar ratio in these membranes (r=0 80). There
was no significant correlation between micro-
viscosity and the lipid composition of liver
plasma membranes.

Discussion
Colchicine was shown to be beneficial in the
treatment of patients with mild to moderate
cirrhosis of the liver3 and pretreatment of rats
with this drug prevented liver damage induced
by D-galactosamine2t or CC14.29 The mechanism
of these effects is not clear. CC14 toxicity occurs
after cleavage of a carbon-chlorine bond and the
generation of trichloromethyl free radicals.
These high reactive metabolites initiate
peroxidative damage of membrane phos-
pholipids, including plasma cell membrane.
Breakdown of these membranes changes their
physicochemical properties, and may result in
hepatocellular necrosis.
Our study shows that chronic administration

of CC14 for six weeks induces an increase in liver
plasma membrane microviscosity. However,
maintaining this treatment for 10 weeks leads to
the opposite effect (Fig 1). All these physical
changes were prevented by simultaneous
administration of colchicine. Studies on the
effects ofCC14 on cell membranes are scanty, but
indicate that acute CC14 poisoning results in a
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Figure 3: Effect ofcolchicine on unsaturation index in rats given CC14. Data are presented as
median (range). NS=not significant, a=p<005, b=p<OO1, c=p<0001 between groups
with and without colchicine. **=p<O0O1 between control and experimental groups.

significant increase in microsomal membrane
fluidity.32 33

It is well known that membrane lipid com-
position is an important factor in determining
membrane physicochemical properties.'0 34CC14
intoxication was associated with a rise in the
cholesterol/phospholipid molar ratio and an
appreciable increase in lipid peroxidation. In
contrast, the phospholipid content decreased
after CC14 (Table II). The mechanism ofaction of
the latter effect is unclear, however, as the
phospholipid value was inversely correlated with
lipid peroxides in plasma membranes. Otani
et al,30 using a model of lipid peroxidation
induced by ischaemia-reperfusion, also reported
a significant depletion of membrane phospho-
lipids that was associated with an inhibition
of membrane phospholipid synthesis. Some

7\\\
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Figure 4: Effect ofcolchicine on the length ofthefatty acyl chains in rats given CCL4. Data are
presented as median (range). NS=not significant, b=p<001, c=p<O0OO1 between groups
with and without colchicine. **=p<001 between control and experimental groups.

enzymes involved in the regulation of phospho-
lipid biosynthesis are located in the endoplasmic
reticulum.35 It is considered that the initial event
of liver injury induced by CC14 takes place in
these membranes, where this agent causes a
highly focal lipid peroxidation. We speculate
that the CC14 induced damage of microsomal
membrane is followed by inhibition of phospho-
lipid biosynthesis. Lipid peroxidation induced
by CC14 may also promote the degradation of
phospholipids and may play a part in the reduc-
tion of phospholipids in the plasma membranes,
since damaged fatty acids are cleaved, presum-
ably as a repair process.36 Our results agree with
this mechanism - the length and degree of
unsaturation of fatty acyl chains decreased
appreciably in rats given CC14, and these changes
were closely and negatively correlated with lipid
peroxide content in plasma membrane.
Lipoperoxidative degradation of fatty acyl
chains might have been followed by the
exclusion of the hydrophilic head of phospho-
lipids from the biomembrane.
The appreciable increase in membrane micro-

viscosity induced by chronic intoxication with
CC14 for six weeks could be ascribed to the rise in
the cholesterol/phospholipid molar ratio."'0
The decrease in microviscosity after 10 weeks of
poisoning could be attributed to the peroxidative
shortening of the unsaturated fatty acyl chains.
These shorter acyl chains decrease chain-chain
interactions, reduce microviscosity,'0 and could
overcome the effect of the increased cholesterol/
phospholipid molar ratio on microviscosity.
With regard to the central part played by the

lipid peroxidation in the CC14 induced liver
injury, the protective effect of colchicine against
liver plasma membrane changes in CC14 treated
rats could be ascribed to its capacity to inhibit
peroxidation offatty acids (Fig 2). Similar effects
of colchicine have been previously reported in
D-galactosamine induced hepatitis28 and in
acute liver damage induced by CC14.29 Although
the mechanism of this apparently antilipo-
peroxidant effect is not known, it has been
suggested that colchicine may act as a free radical
scavenger.37 Other actions at the activation step
of CC14 by microsomal enzymes or at the level of
the propagation of lipid peroxidation cannot,
however, be ruled out.29
Many of the biological actions of colchicine

are related to its antimicrotubular effect.8 38
A number of reports have emphasised the
relation between microtubules and phos-
pholipids of plasma membranes39 and have
shown that lipid-protein interactions within
plasma membrane may also modify micro-
viscosity.'" Therefore, the protective effect
of colchicine against changes in liver plasma
membrane could be attributed to its antitubular
properties. Exposure of isolated cells to
colchicine (5 to 6-3 FtM) results in changes in
the physicochemical properties of plasma mem-
branes4' 42 that can be blocked by some micro-
tubule stabilising agents.4' Although we cannot
exclude this mechanism, it seems to be unlikely
at the doses used in our study. Rats given long-
term colchicine treatment showed no significant
changes in the physicochemical characteristics of
plasma membranes (Fig 1) and these results
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concur with those reported by Shiba et al43 which
showed that colchicine did not affect membrane
fluidity. Furthermore, the antimicrotubular
effects of colchicine are noted with much higher
doses than those used in the present study.
Cerbon et al44 showed that the colchicine con-
centration in rat liver 12 hours after a sub-
cutaneous injection of 10 [ig colchicine was less
than 5 ng/g of tissue.

In conclusion, longterm administration of
CC14 to rats resulted in a variety ofchanges in the
physicochemical characteristics of liver plasma
membrane, including increased fluidity, lipid
peroxidation, and shortening of the fatty acyl
chains of phospholipids. All these events were
prevented, however, when rats were simul-
taneously treated with colchicine. This agent
may act by hampering lipoperoxidation of fatty
acyl chains.

We thank Dr M Rojkind, Albert Einstein College of Medicine,
New York, for his comments and suggestions.

This work was supported by Grant 87/1181 from the Fondo de
Investigaciones Sanitarias de la Seguridad Social, Spain.

1 Kershenobich D, Uribe M, Suarez GI, Mata JM, Perez-
Tamayo R, Rojkind M. Treatment of cirrhosis with
colchicine: a double-blind randomized trial. Gastroenterology
1979; 77: 532-6.

2 Rojkind M, Uribe M, Kershenobich D. Colchicine and the
treatment of liver cirrhosis. Lancet 1973; i: 38-9.

3 Kershenobich D, Vargas F, Garcia-Tsao G, Perez-Tamayo R,
Gent M, Rojkind M. Colchicine in the treatment of cirrhosis
of the liver. N EnglJ Med 1988; 318: 1709-13.

4 Diegelmann RF, Peterkofsky B. Inhibition of collagen secre-
tion from bone and cultured fibroblasts by microtubular
disruptive drugs. Proc Natl Acad Sci USA 1972; 69: 892-6.

5 Harris ED Jr, Krane SM. Effects of colchicine on collagenase
in cultures of rheumatoid synovium. Arthritis Rheum 1971;
14:669-84.

6 Taylor EW. The mechanism of colchicine inhibition of
mitosis. I. Kinetics of inhibition and the binding of H3-
colchicine. JCellBiol 1965; 25: 145-60.

7 Dinarello CA, Chusid MJ, Fauci AS, Gallin JI, Dale DC,
Wolff SM. Effect of prophylactic colchicine therapy on
leukocyte function in patients with familial Mediterranean
fever. Arthritis Rheum 1976; 19: 618-22.

8 Oda K, Misumi Y, Ikehara Y. Disparate effects of monensin
and colchicine on intracellular processing of secretory pro-
teins in cultured rat hepatocytes. EurJ Biochem 1983; 135:
209-16.

9 Yahuaca P, Amaya A, Rojkind M, Maurelle M. Cryptic
adenosine triphosphatase activities in plasma membranes
of CCl4-cirrhotic rats. Its modulation by changes in
cholesterol/phospholipid ratios. Lab Invest 1985; 53: 541-5.

10 Schachter D. Fluidity and function of hepatocytes plasma
membranes. Hepatology 1984; 4: 140-51.

11 Darnell J, Lodish H, Baltimore D. Molecular cell biology. New
York: Scientific American Books Inc, 1986: 569-81.

12 Spector AA, Yorek MA. Membrane lipid composition and
cellular function.J Lipid Res 1985; 26: 1015-35.

13 Shinitzky M, Barenholz Y. Fluidity parameters of lipid
regions determined by fluorescence polarization. Biochem
BiophysActa 1978; 515: 367-94.

14 Neville DM. The isolation ofa cell membrane fraction from rat
liver. J Biophys Biochem Cytol 1960; 8: 413-22.

15 Emmelot P, Bos CJ, Benedetti EL, Rumke PH. Studies on
plasma membranes. Chemical composition and enzyme
content of plasma membrane isolates from rat liver. Biochim
BiophysActa 1964; 90: 126-45.

16 Coleman R, Michell RH, Finean JB, Hawthorne JN. A
purified plasma membrane fraction isolated from rat liver
under isotonic conditions. Biochim Biophys Acta 1967; 135:
573-9.

17 De Duve CBC, Pressmann RGR, Gianetto RW, Wattiaux R,
Appelmans S. Tissue fractionation studies. 6. Intracellular

distribution patterns of enzymes in rat liver tissue. Biochem
J 1955; 60: 604-17.

18 Schuller A, Solis-Herruzo JA, Moscat J, Fernandez-Checa JC,
Municio AM. The fluidity of liver plasma membranes from
patients with different types of liver injury. Hepatology 1986;
6: 714-7.

19 Lentz BR, Moore BM, Barrow DA. Light-scattering effects
in the measurement of membrane microviscosity with
diphenylhexatriene. BiophysJ7 1979; 25: 489-94.

20 Bligh EG, Dyer WJ. A rapid method of total lipid extraction
and purification. Can J Biochem Physiol 1959; 37: 911-7.

21 Zlatkis A, Zak B, Boyle AJ. A new method for the direct
determination of serum cholesterol. J Lab Clin Med 1953;
41: 486-92.

22 Bartlett GR. Phosphorous assay in column chromatography.
JBiol Chem 1959; 234: 466-70.

23 Alvaro D, Angelico M, Attili AF, De Santis A, Pieche U,
Capocaccia L. Abnormalities in erythrocyte membrane
phospholipids in patients with liver cirrhosis. Biochem Med
1982; 28: 157-64.

24 Schuller A, Moscat J, Diez E, Fernandez-Checa C, Gavilanes
FG, Municio AM. The fluidity of plasma membranes from
ethanol-treated rat liver. Mol Cell Biochem 1984; 64: 89-95.

25 Cairns SR, Peters TJ. Biochemical analysis of hepatic lipid in
alcoholic and diabetic and control subjects. Clin Sci 1983;
65: 645-52.

26 Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in
animal tissues by thiobarbituric acid reaction. Anal Biochem
1979; 95: 351-8.

27 Bradford MM. A rapid and sensitive method for the quantita-
tion of microgram quantities of protein utilizing the
principle of protein dye binding. Anal Biochem 1976; 72:
248-54.

28 Mourelle M, Meza MA. Colchicine prevents D-Galactosamine
induced hepatitis. i Hepatology 1989; 8: 165-72.

29 Mourelle M, Villalon C, Amezcua JL. Protective effect
of colchicine on acute liver damage induced by carbon
tetrachloride. J Hepatol 1988; 6: 337-42.

30 Otani H, Prasad MR, Jones RM, Das DK. Mechanism
of membrane phospholipid degradation in ischemic-
reperfused rat hearts. AmJ Physiol 1989; 257: H252-8.

31 Yeagle PL. Lipid regulation of cell membrane structure and
function. FASEBJ 1989; 3:1833-42.

32 Deliconstantinos G, Mykoniatis M, Papadimitriou D. Carbon
tetrachloride modulates the rat hepatic microsomal UDP-
glucuronyl transferase activity and membrane fluidity.
Experientia 1986; 42: 181-3.

33 Landon EJ, Jaiswal RK, Naukam RJ, Sastry BVR. Effects
of calcium channel blocking agents on membrane micro-
viscosity and calcium in the liver of the carbon tetrachloride
treated rat. Biochem Pharnacol 1984; 33: 3553-60.

34 Bruch RC, Thayer WS. Differential effect of lipid peroxi-
dation on membrane fluidity as determined by electron spin
resonance probes. Biochim Biophys Acta 1983; 733: 216-22.

35 Tijburg LBM, Geelen MJH, van Golde LMG. Regulation of
the biosynthesis of triacylglycerol, phosphatidylcholine and
phosphatidylethanolamine in the liver. BiochimBiophysActa
1989; 1004:1-19.

36 Sevanian A, Stein RA, Mead JF. Metabolism of epoxidized
phosphatidylcholine by phospholipase A2 and epoxide
hydrolase. Lipids 1981; 16: 781-9.

37 Mourelle M, Villalon C. Colchicine inhibits lipid peroxidation
induced by CCl4 but has no effect on cytochrome P-450.
Hepatology 1985; 5: 1031.

38 Ellinger A, Pavelkas M, Gangl A. Effect of colchicine on rat
small intestinal absorptive cells. 2. Distribution of label after
incorporation of 3H fucose into plasma membrane glyco-
proteins. J Ultrastruct Res 1983; 85: 260-71.

39 Reaven E, Azhar S. Effect of various hepatic membrane
fractions on microtubule assembly with special emphasis on
the role of membrane phospholipid. J Cell Biol 1981; 89:
300-8.

40 Jahning F. Structural order of lipids and proteins in mem-
branes: evaluation offluorescence anisotropy data. Proc Natl
Acad Sci USA 1979; 76: 6361-5.

41 Aszalos A, Yang GC, Gottesman MM. Depolymerization of
micr6tubules increases the motional freedom of molecular
probes in cellular plasma membranes. J Cell Biol 1985; 100:
1357-62.

42 Benedetti A, Marucci L, Ferretti G, Curatola G, Jezequel AM,
Orlandi F. Evidence that plasma membrane fluidity of
isolated hepatocytes is modified by exposure to microtubule-
depolymerizing drugs. J Hepatol 1990; 10: 144-8.

43 Shiba M, Watanabe E, Sasakawa S, Ikeda Y. Effects of taxol
and colchicine on platelet membrane properties. Thrombos
Res 1988; 52: 313-23.

44 Cerbon J, Noriega M, Rojkind M. Increased stimulation of
alkaline phosphatase by small doses of colchicine entrapped
in liposomes. Biochem Pharnacol 1986; 35: 3799-803.


