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We studied the short-term effects of a 20% coconut oil supplementation to the chick diet on lipid composition of
liver and hepatic mitochondria, and changes that occurred in mitochondrial-associated enzymes as a result of
this diet. No significant differences were observed in the lipid contents of liver when young chicks were fed the
experimental diet, whereas hepatic mitochondria rapidly changed in response to this diet. Total cholesterol
significantly increased in mitochondria at 24 hours of coconut oil diet feeding and decreased when dietary
treatment was prolonged for 5 to 14 days. Changes in total mitochondrial phospholipids showed an inverse
profile. A significant decrease in phosphatidylethanolamine and an increase in sphingomyelin were found at 24
hours. The cholesterol/phospholipid molar ratio significantly and rapidly (24 hours) increased in mitochondria
from treated animals. Cytochrome oxidase activity drastically increased after 24 hours of experimental diet
feeding and lowered to the control values when dietary manipulation was prolonged for 5 to 14 days. ATPase
activity showed an inverse profile. Changes in cytochrome oxidase activity were parallel to changes in the
cholesterol/phospholipid molar ratio, whereas changes in ATPase activity showed an inverse correlation with
changes in this molar ratio. To our knowledge, this is one of the first reports on the very rapid response (24 hours)
of mitochondrial lipid composition and function to saturated fat feeding.(J. Nutr. Biochem. 10:325–330, 1999)
© Elsevier Science Inc. 1999. All rights reserved.
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Introduction

Several studies have demonstrated that dietary manipula-
tions, especially lipid modifications, can alter the lipid
composition of tissues and cells. Thus, changes in the lipid
composition of experimental animals have been observed in
mitochondrial and other membranes when the animals were
fed diets supplemented with saturated or unsaturated fatty
acids. The association between lipid and protein in biolog-
ical membranes modulates many membrane-associated en-

zymes by changes in the physical properties of the sur-
rounding membrane lipid.1,2 The association between the
different lipids also is involved in maintaining cell integrity
and membrane fluidity.3 Because phospholipids are by far
the major lipid components of most membranes, alterations
in these lipid species are of special interest because func-
tional and pathologic consequences may be correlated.4

Among the phospholipids, sphingomyelin (SM) stands out
as the most reliable marker of their association with cho-
lesterol.5 The accumulation of SM in atherosclerotic lesions
is well documented. Although 90% of cellular cholesterol
and SM is located in the plasma membrane,6 the remainder
is distributed in other membrane fractions including endo-
plasmic reticulum and mitochondria.7

Few studies have been devoted to the influence of diet on
phospholipid class distribution.8,9 In addition, although
many experiments have been designed to investigate the
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influence of relatively small amounts of different fatty
acids, the quantity of fat in the diet has attracted less
attention.10–12Different authors13,14 have shown that long-
term consumption of a diet enriched in saturated or unsat-
urated fatty acids can alter plasma lipid profiles. We
recently reported that supplementation of 20% coconut oil
to the chick diet for 14 days produced a clear damage to the
hepatic mitochondria, as well as a rapid change in the fatty
acid profiles in liver and hepatic mitochondria.15

The aim of the present study was to investigate the
short-term effects of 20% coconut oil supplementation to
the diet on the phospholipid class distribution in chick liver
mitochondria. Lipid composition of liver also was deter-
mined. The chick has been recognized as a suitable animal
model for studies on the comparative biochemistry of lipid
metabolism because it is highly sensitive to dietary choles-
terol.16 We have shown that there is a strong increase in this
sensitivity when cholesterol is administered simultaneously
with coconut oil in the chick diet.17 Under similar condi-
tions, this heightened sensitivity is not observed in hu-
mans,18 perhaps because of differences in susceptibility to
dietary cholesterol between chicks and humans. Our recent
results on young chick also showed a response to coconut
oil, without interference of diet or tissue cholesterol, that is
more rapid than that reported in humans and other animal
species: A significant hypercholesterolemic effect was ob-
served after 1 day of this dietary manipulation.19 Bearing in
mind that the activities of some respiratory enzymes asso-
ciated with the inner mitochondrial membrane are affected
by nutritional modifications,20,21 changes induced in cyto-
chrome oxidase and ATPase activities also were studied.

Materials and methods
Newborn White Leghorn male chicks (Gallus domesticus) were
obtained from a commercial hatchery and maintained in a chamber
with controlled temperature (28°C) under a light cycle from
9:00 am to 9:00pm. Control animals were fed a commercial diet
(Sanders A-00 Sanders, Granada, Spain) that contained (w/w)
42.0% carbohydrate (mainly starch), 6.6% fat, and 20.6% protein.
The experimental diet was prepared by supplementation of 20%
commercial cooking coconut oil to the standard diet and was used
from the fourteenth day of chick life. This experimental diet was
enriched in saturated fatty acids, especially lauric and myristic
acids, which were nearly absent in the standard diet (Table 1). All
animals had free access to water and food. Experiments were
carried out after 1, 5, and 14 days of dietary manipulation.

Chicks were sacrificed by decapitation 6 hours after free access
to water and food. Livers were rapidly removed, minced, and
pooled. A 3-g sample of each pool was placed in a beaker
containing approximately 8 vol of 0.25 M sucrose and homoge-
nized with a motor-driven all-glass Potter-Elvehjem homogenizer.
The isolation of mitochondria was performed as described by
Sánchez-Amate et al.22 Briefly, after centrifugation of homogenate
at 400 g for 10 minutes, the supernatant was recentrifuged at 800 g
for 10 minutes. The resulting supernatant fraction was centrifuged
at 5,000 g for 10 minutes to obtain the mitochondrial pellet, which
was washed with 0.25 M sucrose, resuspended by homogenation,
and recovered after a second centrifugation at 5,000 g. All
centrifugations were performed at 4°C, and samples were kept on
ice between centrifugations. Purity of mitochondrial preparations
(approximately 95%) was measured by determining different
mitochondrial and microsomal marker enzyme activities.23

Total lipids from liver and mitochondria were extracted with
chloroform/methanol 2:1 (v/v) as described by Folch et al.24

Cholesterol and triacylglycerol contents were determined by using
specific commercial kits from Boehringer Mannheim (Mannheim,
Germany). Phospholipids were measured by the method of Bart-
lett.25 The separation of phospholipid classes was achieved by thin
layer chromatography according to the method of Higgins.26

ATPase activity was measured as described by Pullman et al.27

and cytochrome oxidase activity as described by Sottocassa et al.28

Results are expressed as mean values6 SEM of three exper-
iments carried out with pools of six animals. Each experimental
value was mean of triplicate determinations. Student’st-test was
used to compare the values obtained from control and treated
animals.

Results and discussion

In spite of the different fat contents of control and experi-
mental diets, no interference in the growth rate of young
chicks was found. No significant differences were observed
in body and liver weight gains among groups fed different
diets. No differences were observed in the amount of diet
consumed by chicks fed different diets. Previous results
showed that the addition of 20% coconut oil to the diet
produced an accumulation of liver glycogen, but no influ-
ence derived from protein deficiency has been observed.15

Chemical composition of liver and hepatic mitochondria
from animals fed the standard diet remained practically
constant during the assayed period. Because of this, only
one value was considered as control for each constituent.
Table 2shows that no significant differences were observed
in the lipid contents of liver when 14-day-old chicks were

Table 1 Fatty acid composition of diets (% of total fatty acids)

Fatty acid Control 120% Coconut oil

8:0 ND 2.18 6 0.05a

10:0 ND 3.72 6 0.08a

12:0 ND 37.29 6 0.28a

14:0 0.77 6 0.02 15.11 6 0.22a

16:0 22.36 6 0.05 13.02 6 0.12a

16:1 n-7 3.27 6 0.01 0.82 6 0.01a

18:0 8.56 6 0.02 4.78 6 0.08a

18:1 n-9 32.43 6 0.05 13.65 6 0.06a

18:2 n-6 24.60 6 0.09 7.42 6 0.04a

18:3 n-3 0.85 6 0.01 0.21 6 0.01a

20:2 n-6 2.53 6 0.02 0.63 6 0.01a

20:3 n-6 1.09 6 0.03 0.27 6 0.01b

20:4 n-6 1.56 6 0.02 0.39 6 0.01a

22:5 n-3 1.70 6 0.03 0.42 6 0.02a

SSaturated 31.69 6 0.09 76.10 6 0.40a

SUnsaturated 68.03 6 0.10 23.81 6 0.08a

SMUFA 35.70 6 0.06 14.47 6 0.06a

SPUFA 32.33 6 0.08 9.34 6 0.02a

Sn-3 2.55 6 0.06 0.63 6 0.02a

Sn-6 29.78 6 0.28 8.71 6 0.04a

SSat./SUnsat. 0.46 6 0.06 3.20 6 0.02a

SSat./SPUFA 0.98 6 0.01 8.15 6 0.05a

Note: Results are expressed as means 6 SEM of three determinations.
ND–not detected. Statistical significance is indicated by aP , 0.0001
or bP , 0.005 (Student’s t-test).
MUFA–monounsaturated fatty acids. PUFA–polyunsaturated fatty ac-
ids.
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fed a diet supplemented with 20% coconut oil, in contrast to
the rapid and significant hypercholesterolemia found after
only 24 hours of this dietary manipulation.19

Lipid composition of hepatic mitochondria changed rap-
idly in response to the supplemented diet. As can be seen in
Table 3, total cholesterol increased following 24 hours of
coconut oil feeding. When this dietary treatment was
prolonged for 5 days, levels of mitochondrial cholesterol
decreased. After 14 days of feeding, no significant differ-
ences were found with respect to the control value of
mitochondrial cholesterol. Changes in total phospholipids
showed a different profile: A clear decrease was observed at
24 hours, with a clear tendency to increase when this diet
was continued for 5 to 14 days. Analysis of phospholipid
class distribution in control and treated groups shows that
phosphatidylcholine (PC) and phosphatidylethanolamine
(PE) levels significantly decreased as a consequence of 24
hours of coconut oil feeding, whereas SM significantly
increased. In any case, these levels tended to reach the
control values at the end of the assayed treatment. However,
no significant differences were found in the phosphatidyl-
serine (PS) and phosphatidylinositol (PI) levels. As a
consequence of these changes, the PE/PC, PC/SM, and
PE/SM ratios decreased significantly after treatment for 24
hours.

It is known that the phospholipid composition of a
particular membrane entity is a major determinant of the
level of cholesterol associated with that membrane. Thus,
SM correlates closely with the amount of cholesterol in
different membranes.29 The presence of SM influences
cholesterol movement30 and distribution31 among cellular
and/or subcellular membranes. It has been suggested that

SM may participate in the maintenance of cell cholesterol
homeostasis by regulating the uptake and intracellular
processing of low density lipoproteins.32 The influence of
SM on the structure and function of reconstituted high
density lipoproteins also has been reported.33 Likewise, the
metabolism of plasma cholesterol could be influenced by
the differences in the molecular species of PC included in
lipoproteins.34 On the contrary, several reports have pro-
vided evidence suggesting that the hypocholesterolemic
action of some dietary amino acids, as well as eritadenine
and other adenosine analogues,35–38 might be associated
with the alteration of hepatic phospholipid metabolism. The
PE/PC ratio in hepatic microsomes exhibited a significant
inverse correlation with plasma cholesterol concentra-
tions.38

Our results in chick liver mitochondria are in agreement
with all of the above findings, demonstrating the relation-
ship between changes induced by dietary treatments in
cholesterol and different phospholipid classes.

On the other hand, most studies have been devoted to the
effects on mitochondrial lipid composition and function
when normal diets are supplemented for an extended time
with different fatty acids. Although there are some excep-
tions,9 the quantitative distribution of phospholipid classes
in a given membrane is not altered significantly by dietary
fatty acid supplementation for prolonged periods. It has
been suggested that a homeostatic mechanism may buffer
the membrane from the effects of changes in the nature of
the dietary lipid intake12,39 in order to preserve a relatively
constant level of membrane fluidity.40 Our previous results
showed that supplementation of 20% coconut oil to the
chick diet produced rapid (24 hours) changes in the fatty

Table 2 Short-term effects of 20% (w/w) coconut oil supplementation to the diet on lipid composition of young chick liver

Component Control 1 Day 5 Days 14 Days

Total cholesterol 7.39 6 0.05 8.58 6 0.90 8.60 6 1.91 7.46 6 1.53
Triglycerides 8.74 6 0.19 10.60 6 2.00 7.55 6 1.56 6.48 6 1.28
Phospholipid 34.12 6 2.10 28.32 6 2.10 28.12 6 2.02 30.08 6 3.01

Note: Results (mmol/g tissue) are expressed as means 6 SEM of three experiments carried out with pools of six animals. Triplicate determinations were
made in each experiment.

Table 3 Short-term effects of 20% (w/w) coconut oil supplementation to the diet on lipid composition of chick liver mitochondria

Component Control 1 Day 5 Days 14 Days

TC 0.057 6 0.005 0.079 6 0.002a 0.048 6 0.009 0.071 6 0.009
PL 0.199 6 0.021 0.158 6 0.027 0.256 6 0.053 0.213 6 0.001
PC 0.075 6 0.005 0.054 6 0.003a 0.092 6 0.022 0.075 6 0.008
PE 0.056 6 0.007 0.024 6 0.002a 0.062 6 0.015 0.059 6 0.005
PS 0.041 6 0.012 0.046 6 0.003 0.056 6 0.014 0.045 6 0.003
SM 0.014 6 0.003 0.026 6 0.002a 0.026 6 0.007 0.018 6 0.001
PI 0.013 6 0.004 0.012 6 0.002 0.020 6 0.005 0.016 6 0.002
PE/PC 0.75 6 0.09 0.44 6 0.04a 0.67 6 0.22 0.78 6 0.10
PC/SM 5.36 6 0.68 2.08 6 0.29a 3.54 6 0.89 4.17 6 0.42
PE/SM 3.79 6 0.95 0.92 6 0.11a 2.38 6 0.86 3.33 6 0.33

Note: Results (mmol/mg protein) are expressed as means 6 SEM of three experiments carried out with pools of six animals. Triplicate determinations
were made in each experiment. Statistical significance is indicated by aP , 0.05 with respect to the control value.
TC–total cholesterol. PL–phospholipid. PC–phosphatidylcholine. PE–phosphatidylethanolamine. PS–phosphatidylserine. SM–sphingomyelin. PI–
phosphatidylinositol.
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acid profile of liver and hepatic mitochondria.15 However,
most of the mitochondrial parameters measured recuperated
the control values when this diet was supplied for 5 to 14
days. Mitochondrial ratios of saturated/unsaturated and
saturated/polyunsaturated fatty acids also showed a rapid
(24 hours) increase in response to the experimental diet
feeding.

Cholesterol plays a key role in mitochondrial membranes
because it appears to maintain the bilayer matrix in an
intermediate fluid state by regulating the mobility of phos-
pholipid fatty acyl chains.41 An increase in cholesterol with
relation to phospholipid has been shown to decrease fluidity
in both biological and artificial membranes.42,43 As can be
seen inTable 4, the cholesterol/phospholipid (C/P) molar
ratio significantly and rapidly (24 hours) increased in
mitochondria from animals fed our experimental diet. The
ratio of cholesterol to the main phospholipids (C/PC and
C/PE) also changed with the same profile. These results
suggest the induction of a clear decrease in mitochondria
fluidity caused by coconut oil supplementation to the diet.
We recently showed that changes in the C/P molar ratio
induced by saturated fat feeding are related to changes in the
lipidic order parameter from the steady-state fluorescence
an isotropy of 1,6-diphenyl-1,3,5-hexatriene labelled chick
lipoprotein.44 Our results are also in agreement with those
previously reported15 regarding changes in mitochondrial
fatty acid composition, which showed that the increase in
the degree of fatty acid saturation reduced the fluidity of the
liver phospholipids.45 However, all of these mitochondrial
parameters decreased to the control values when 20%
saturated fat was supplemented to the diet for 5 to 14 days.

Different data have suggested that some mitochondrial
enzyme activities can be altered by long-term treatments
with different dietary fats. However, few studies have

looked specifically at the effects of dietary manipulations
over the short term. In the present experiment, we studied
the possible influence of rapid changes induced by coconut
oil supplementation to the diet on cytochrome oxidase and
ATPase mitochondrial activities. Data inTable 5show that
cytochrome oxidase activity drastically increased after 24
hours of experimental diet feeding. When dietary manipu-
lation was prolonged for 5 to 14 days, levels of this activity
decreased, reaching values similar to those of controls.
ATPase activity showed an inverse profile, decreasing at 24
hours and increasing thereafter. It is important to remark
that these changes were very rapid, occurring only 24 hours
after supplementation to the standard diet with 20% coconut
oil. Changes in cytochrome oxidase exhibited a positive
correlation with those in the C/P, C/PC, and C/PE ratios,
whereas ATPase activity showed an inverse correlation with
these ratios.

Similarly, heart mitochondria isolated from rats fed a
lipid-free diet supplemented with sardine oil for 30 days
showed significantly lower rates of phosphorylating respi-
ration and cytochrome oxidase activity.21 Similar results
were obtained when dogs were fed a diet supplemented with
menhaden oil for 5 to 26 weeks.46 These findings are in
contrast to the simultaneous elevation of mitochondrial
ATPase.21 It has been suggested that ATPase activity could
be related to mitochondrial fatty acid composition. Thus,
this activity decreased or increased as a function of the ratio
of n-6 to n-3 fatty acids.20 Our previous results showed a
significant decrease in the percentage of both linoleic and
arachidonic acids in chick liver and mitochondria after 24
hours of coconut oil supplementation to the diet, but these
percentages reached the control values when dietary manip-
ulation was prolonged for 14 days.15 Likewise, mitochon-
drial saturated/unsaturated and saturated/polyunsaturated

Table 4 Short-term effects of 20% (w/w) coconut oil supplementation to the diet on cholesterol/different phospholipids molar ratios in chick liver
mitochondria

Control 1 Day 5 Days 14 Days

C/P 0.29 6 0.05 0.50 6 0.02a 0.19 6 0.04 0.33 6 0.04
C/PC 0.76 6 0.13 1.46 6 0.09a 0.52 6 0.16 0.94 6 0.15
C/PE 1.02 6 0.27 3.29 6 0.22a 0.77 6 0.24 1.20 6 0.19
C/PS 1.39 6 0.33 1.71 6 0.12 0.86 6 0.21 1.57 6 0.23
C/SM 4.07 6 0.77 3.04 6 0.40 1.85 6 0.63 3.94 6 0.60
C/PI 4.38 6 0.76 6.58 6 0.94 2.40 6 0.76 4.43 6 0.72

Note: Results are expressed as means 6 SEM of three experiments carried out with pools of six animals. Triplicate determinations were made in each
experiment. Statistical significance is indicated by aP , 0.05 with respect to the control value.
C–cholesterol. P–phospholipid. PC–phosphatidylcholine. PE–phosphatidylethanolamine. PS–phosphatidylserine. SM–sphingomyelin. PI–phosphati-
dylinositol.

Table 5 Short-term effects of 20% (w/w) coconut oil supplementation to the diet on chick mitochondrial-associated enzymes

Specific activity
(mmol/min.mg protein) Control 1 Day 5 Days 14 Days

Cytochrome oxidase 0.23 6 0.02 0.40 6 0.04a 0.27 6 0.02 0.25 6 0.04
ATPase 7.10 6 0.49 5.16 6 0.04a 7.67 6 0.68 6.97 6 0.87

Note: Results are expressed as means 6 SEM of three experiments carried out with pools of six animals. Triplicate determinations were made in each
experiment. Statistical significance is indicated by aP , 0.05 with respect to the control value.
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ratios increased at 24 hours but reached the level of control
values after 14 days of the same treatment.

In conclusion, the results of the present study suggest
that the rapid response of cytochrome oxidase and ATPase
activities to coconut oil supplementation to the diet could be
related to changes in the mitochondrial C/P molar ratio and
to changes in mitochondrial fatty acid composition.

References
1 Sanderman, H. Jr. (1978). Regulation of membrane enzymes by

lipids. Biochim. Biophys. Acta515,209–237
2 Stubbs, C.D. and Smith, A.D. (1984). The modification of mamma-

lian membrane polyunsaturated fatty acid composition in relation to
membrane fluidity and function.Biochim. Biophys. Acta779, 89–
137

3 Yeagle, P.L. (1985). Cholesterol and the cell membrane.Biochim.
Biophys. Acta822,267–287

4 McMurchie, E.J. (1988). Dietary lipids and the regulation of mem-
brane fluidity and function. InAdvances in Membrane Fluidity(R.C.
Aloia, C.C. Curtain, and L.M. Gordon, eds.) pp. 189–237, Alan R.
Liss, New York, USA

5 Opden Kamp, J.A.F. (1979). Lipid asymmetry in membranes.Annu.
Rev. Biochem.48, 47–71

6 Lange, Y., Swaisgood, M.H., Ramos, B.V., and Steck, T.L. (1989).
Plasma membranes contain half the phospholipid and 90% of
cholesterol and sphingomyelin in cultured human fibroblasts.J. Biol.
Chem.264,3786–3793

7 Schroeder, F., Perlmutter, J.F., Glaser, M., and Vagelos, P.R. (1976).
Isolation and characterization of subcellular membranes with altered
phospholipid composition from cultures fibroblasts.J. Biol. Chem.
251,5015–5026

8 Brasitus, T.A., Davidson, N.O., and Schachter, F.D. (1985). Varia-
tions in dietary triacylglycerol saturation alter the lipid composition
and fluidity of rat intestinal plasma membranes.Biochim. Biophys.
Acta 812,460–472

9 Innis, S.M. and Glandinin, M.T. (1981). Mitochondrial membrane
polar-head-group composition is influenced by diet fat.Biochem. J.
198,231–234

10 Khuu Thi-Dinh, K.L., Dermane, Y., Nicolas, C., and Lhuillery, C.
(1990). Effect of dietary fat on phospholipid class distribution and
fatty acid composition in rat fat cell plasma membrane.Lipids 25,
278–283

11 Kinsellar, J.E. (1990). Lipids, membrane receptors and enzymes:
Effect of dietary fatty acids.J. Parent. Nutr.14, 200–217

12 McMurchie, E.J., Gibson, R.A., Charnock, J.S., and McIntosch, G.H.
(1986). Mitochondrial membrane fatty acid composition in the
marmoset monkey following dietary lipid supplementation.Lipids
21, 315–323

13 Mlekusch, W., Celedin, C., Aloia, R.C., and Moller, R. (1993).
Effect of a high fat diet on phospholipid class distribution and fatty
acid composition in rat liver.Int. J. Biochem.25, 1539–1547

14 Mlekusch, W., Taupe, A.M., Vrecko, K., Schmid, P., and Aloia, R.C.
(1991). Effect of a high fat diet on plasma lipids, lipoprotein lipase,
lecithin:cholesterol acyltransferase, and insulin function in adult
rabbits.J. Nutr. Biochem.2, 616–621

15 Gil-Villarino, A., Torres, M.I., Zafra, M.F., and Garcı´a-Peregrı´n, E.
(1997). Supplementation of coconut oil from different sources to the
diet induces cellular damage and rapid changes in fatty acid
composition of chick liver and hepatic mitochondria.Comp. Bio-
chem. Physiol.117C,243–250

16 Chandler, R.F., Hooper, S.N., and Ismail, H.A. (1979). Antihyper-
cholesterolemic studies with sterols: Comparison of rats and chicks
as animal model.Can. J. Pharm. Sci.14, 15–20

17 Castillo, M., Hortal, J.H., Aguilera, J.A., Linares, A., and Garcı´a-
Peregrı´n, E. (1988). Synergism between the effects of dietary
cholesterol and coconut oil on plasma, liver and lipoprotein compo-
sition of neonatal chick.Int. J. Biochem. Cell Biol.30, 707–718

18 Jones P.J.H., Lichtenstein, A.J., and Schaefer, E.J. (1994). Interac-
tion of dietary fat saturation and cholesterol level on cholesterol

synthesis measured using deuterium incorporation.J. Lipid Res.35,
1093–1101

19 Gil-Villarino, A., Garcı́a-Fuentes, E., Zafra, M.F., and Garcı´a-
Peregrı´n, E. (1998). Production of a rapid hypercholesterolemia in
young chick by feeding coconut oil from two different sources and
fatty acid composition.Nutr. Res.18, 1273–1285

20 McMurchie, E.J., Abeywardena, M.Y., Charnock, J.S., and Gibson,
R.A. (1983). Differential modulation of rat heart mitochondrial
membrane-associated enzymes by dietary lipid.Biochim. Biophys.
Acta 760,13–24

21 Yamaoka, S., Urate, R., and Kito, M. (1988). Mitochondrial function
in rats is affected by modification of membrane phospholipids with
dietary sardine oil.J. Nutr. 118,290–296

22 Sánchez-Amate, M.C., Carrasco, M.P., Zurera, J., Segovia, J.L., and
Marco, C. (1995). Persistence of the effects of ethanol in vitro on the
lipid order and enzyme activities of chick-liver membranes.Eur.
J. Pharmacol.292,215–221

23 Sánchez-Amate, M.C., Carrasco, M.P., Marco, C., and Segovia, J.L.
(1996). Adaptative changes induced by chronic ethanol ingestion on
hepatic mitochondrial and microsomal enzyme activities.Int. J. Bio-
chem. Cell Biol.28, 23–27

24 Folch, J., Lees, I., and Sloane-Stanley, G.H. (1957). A simple
method for the isolation and purification of total lipids from animal
tissues.J. Biol. Chem.226,497–509

25 Bartlett, G.R. (1959). Phosphorus assay in column chromatography.
J. Biol. Chem.234,466–469

26 Higgins, J.A. (1987). Separation and analysis of membrane lipid
components. InBiological Membranes. A Practical Approach(W.H.
Evans, ed.) pp. 103–137, I.R.L. Press, Oxford, England

27 Pullman, M.E., Penefsky, H.S., Datta, A., and Racker, E.J. (1960).
Partial resolution of the enzymes catalyzing oxidative phosphoryla-
tion. I. Purification and properties of soluble dinitrophenol-stimu-
lated adenosine triphosphatase.J. Biol. Chem.235,3322–3329

28 Sottocassa, G.L., Kuylenstierna, B., Ernster, L., and Berfstarnd, A.J.
(1967). An electron-transport system associated with the outer
membrane of liver mitochondria. A biochemical and morphological
study.J. Cell Biol. 32, 415–438

29 Patton, S. (1970). Correlative relationship of cholesterol and sphin-
gomyelin in cell membrane.J. Theor. Biol.29, 489–491

30 Stein, O., Oette, K., Haratz, D., Halperin, G., and Stein, Y. (1988).
Sphingomyelin liposomes with defined fatty acids: Metabolism and
effects on reverse cholesterol transport.Biochim. Biophys. Acta960,
322–333

31 Slotte, J., Tenhumen, J., and Porn, I. (1990). Effect of sphingomyelin
degradation on cholesterol mobilization and efflux of high density
lipoprotein in cultured fibroblasts.Biochim. Biophys. Acta1025,
152–156

32 Gupta, A.K., and Rudney, H. (1992). Sphingomyelinase treatment of
low density lipoprotein in cultured cells results in a enhanced
processing of LDL which can be modulated by sphingomyelin.J.
Lipid Res.33, 1741–1752

33 Rye, K.A., Hime, N.J., and Barter, P.J. (1996). The influence of
sphingomyelin on the structure and function of reconstituted high
density lipoproteins.J. Biol. Chem.271,4243–4250

34 Leduc, R., Patton, G.M., Atkinson, D., and Robins, S.J. (1987).
Influence of different molecular species of phosphatidylcholine on
cholesterol transport from lipoprotein recombinants in the rat.
J. Biol. Chem.262,7680–7685

35 Sugiyama, K., Akachi, T., and Yamakawa, A. (1995). Eritadenine-
induced alteration of hepatic phospholipid metabolism in relation to
its hypocholesterolemic action in rats.J. Nutr. Biochem.6, 80–87

36 Sugiyama, K., Akachi, T., and Yamakawa, A. (1995). Hypocholes-
terolemic action of eritadenine is mediated by a modification of
hepatic phospholipid metabolism in rats.J. Nutr. 125,2134–2144

37 Sugiyama, K., Kanamori, H., and Tanaka, S. (1993). Correlation of
the plasma cholesterol-lowering effect of dietary glycine with the
alteration of hepatic phospholipid composition in rats.Biosci. Bio-
tech. Biochem.57, 1461–1465

38 Sugiyama, K., Kanamori, H., Akachi, T., and Yamakawa, A. (1996).
Amino acid composition of dietary proteins affects plasma choles-
terol concentration through alteration of hepatic phospholipid me-
tabolism in rats fed a cholesterol-free diet.J. Nutr. Biochem.7,
40–48

Coconut oil induces rapid changes in mitochondria: Gil-Villarino et al.

J. Nutr. Biochem., 1999, vol. 10, June 329



39 Gibson, R.A., McMurchie, E.J., Charnock,, J.S., and Kneebone,
G.M. (1984). Homeostatic control of membrane fatty acid compo-
sition in the rat after dietary lipid treatment.Lipids 19, 942–951

40 Sinensky, M. (1974). Homeoviscous adaption: A homeostatic pro-
cess that regulates the viscosity of membrane lipids in E. coli.Proc.
Natl. Acad. Sci. USA71, 522–525

41 Demel, R.A. and De Kruyff, B. (1976). The function of sterols in
membranes.Biochim. Biophys. Acta457,109–132

42 Cooper, R.A., Leslie, M.F., Fischkoff, S., Shinitzky, M., and
Sanford, J.S. (1978). Factors influencing the lipid composition and
fluidity of red cell membranes in vitro: Production of red cells
possessing more than two cholesterol per phospholipids.Biochem-
istry 17, 327–331

43 Feo, F., Canuto, R.A., Garcia, R., and Gabriel, L. (1975). Effect of

cholesterol content on some physical and functional properties of
mitochondria isolated from adult rat liver, fetal liver, cholesterol
enriched liver and hepatomas AH-130, 3924A and 5123.Biochim.
Biophys. Acta413,116–134

44 Talavera, E.M., Zafra, M.F., Gil-Villarino, A., Pe´rez, M.I., Alvarez-
Pez, J.M., and Garcı´a-Peregrı´n, E. (1997). Changes in chemical
composition and physical properties of chick low- and high-density
lipoproteins induced by supplementation of coconut oil to the diet.
Biochimie79, 333–340

45 Mabrey, S., Powis, G., Schenkman, J.B., and Tritton, T. R. (1977).
Calorimetric studies of microsomal membranes.J. Biol. Chem.252,
2929–2933

46 Sordahl, L.A., Rex, K.A., and Benedict, C.R. (1991). Effects of fish
oil diet on heart mitochondria (abstract).FASEB J.5, 1426A

Research Communications

330 J. Nutr. Biochem., 1999, vol. 10, June


