
Original Article Ann Clin Biochem 1997; 34: 269-275

Effect of simvastatin therapy on cell membrane cholesterol content
and membrane function as assessed by polymorphonuclear cell
NADPH oxidase activity
A P Day, S Bellavia, 0 T G Jones' and D Stansbie
From the Department of Chemical Pathology, Bristol Royal Infirmary, Marlborough Street, Bristol
BS2 8HW, and 'Depurtment of Biochemistry, University of Bristol, Bristol BS8 lTD, UK

SUMMARY. Cell membrane cholesterol is an important determinant of membrane
fluidity. Changes in fluidity have important consequences for membrane function.
Treatment of hypercholesterolaemia could therefore affect membrane function by
reducing cell membrane cholesterol levels. The aim of this study was to determine
whether treatment with simvastatin affects membrane cholesterol and the activity of
the polymorphonuclear cell membrane enzyme NADPH oxidase. Blood was
obtained from 12 hypercholesterolaemic patients before, and 6 weeks after,
treatment with simvastatin, and from 20 normolipidaemic subjects. Cell cholesterol
was in the unesterified form indicating that it was membrane-associated. Pre­
treatment mean cell cholesterol concentration in the hyperlipidaemics was higher
(P < 0,05) than in the normolipidaemics [4,19 fmol/cell, 95% confidence interval (Cl)
3·38-5·05 versus 3·10frnol/cell, 95% Cl 2'58-3'61]. There was a strong correlation
between cell cholesterol content and NADPH oxidase lag phase (R,=0'76, P<O·OI).
Cell cholesterol fell to 3·52 frnol/cell (95% Cl 2·77--4·28, P < 0,05) following
treatment and there was a correlation (R,=0'61, P<0·05) between the reductions
in cell cholesterol and lag phase.
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Cholesterol is an essential component of the
eukaryotic cell membrane, in which it inter­
calates in the phospholipid bilayer and modifies
membrane fluidity. I Changes in membrane
fluidity have consequences for the function of
membrane associated proteins such as enzymes­
and ion channels.' Cell membrane cholesterol is
in dynamic equilibrium with both the extra­
cellular and intracellular cholesterol pool, I

membrane cholesterol exchanges with plasma
lipoproteins, I and cells also have the capacity for
intracellular cholesterol synthesis from acetyl
CoA by a metabolic pathway involving the
enzyme f3-hydroxy f3-methylglutaryl coenzyme A
reductase (HMGCoA reductase)." The ubiqui­
tous nature of HMGCoA reductase activity, as
well as the complex cycle of lipoprotein
metabolism' underlines the essential physiologi-
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cal role of cholesterol, which should not be
overlooked even though hypercholesterolaemia
is associated with increased risk of coronary
artery disease." There have been a few studies of
cell membrane cholesterol levels and membrane
function in hyperlipidaemia.V'? but the possib­
ility that drug treatment of hypercholesterolae­
mia could modify cell membrane cholesterol
levels and thereby impair function has received
little attention.!"

The polymorphonuclear cell (PMN) and
macrophage plasma membrane-bound enzyme
NADPH oxidase catalyses the production of the
superoxide radical during the respiratory
burst. I I The development of catalytic activity
by this complex enzyme depends upon activa­
tion of protein kinase C,12 either as a result of
membrane receptor stimulation'? or by the direct
action of phorbol esters. Activation of protein
kinase C initiates an enzyme cascade involving
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the phosphorylation of cytosolic subunits, the
activation of phospholipase A2 and the translo­
cation of at least three cytosolic proteins into the
membrane.l" These proteins aggregate with a
flavoprotein-cytochrome b complex in the
plasma membrane and initiate superoxide
production. IS At the same time a proton­
conducting channel opens to provide charge
compensation for the electrogenic transfer of an
electron." Several or all of these steps would be
expected to be sensitive to changes in membrane
fluidity and function, suggesting that the rate of
assembly of the functional NADPH oxidase
enzyme could act as a model for reporting
changes in fluidity. There is evidence to support
this; incubation of PMN cells in vitro in a
cholesterol-rich medium results in incorporation
of cholesterol into the membrane, a decrease in
lateral membrane fluidity, and an increase in the
lag phase for activation of NADPH oxidase by
phorbol ester.!?

The aim of this study was to determine
whether lipid-lowering drug therapy with the
HMGCoA reductase inhibitor simvastatin re­
sults in changes in cell membrane function, as
reflected by changes in PMN NADPH oxidase
activity, and to determine whether this is related
to reduced cell membrane cholesterol content.

MATERIALS AND METHODS

Subjects
Patients (7 men and 5 women, mean age 49
years, range 3G-62) with hypercholesterolaemia
for whom lipid lowering drug therapy was
clinically indicated were recruited. Nine were
non-smokers and three were smokers. Mean
serum total cholesterol concentration was
8·95mmol/L (95% CI 8·29-9·61); two of the
patients had mixed hyperlipidaemia (triglyceride
> 2·3 mmol/L) and the remainder had pure
hypercholesterolaemia. All patients had pre­
viously received dietary advice and continued
to follow this during the course of the study.
Blood was taken after an overnight fast before,
and 6 weeks after starting treatment with
simvastatin 20 mg nocte (Merck Sharpe &
Dohme Ltd, Hoddesdon, UK). No other lipid
lowering drugs were taken during or for 3
months before the study. For comparison blood
was also taken from 20 normolipidaemic
subjects (10 men, 10 women, mean age 38 years,
range 21--{j2). The study was approved by the
United Bristol Healthcare Trust Research Ethics
Committee.
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Blood collection and polymorphonuclear cell
isolation
Blood was taken into a plain glass container
(6 mL) and into silicone coated plastic contain­
ers (12 mL) containing EDTA (Vacutainer Plus,
Becton Dickinson, Meylan, France). Following
centrifugation at 650 g for 10 min, serum total
cholesterol was estimated by a standard enzy­
matic method lR (cholesterol esterase/cholesterol
oxidase) using a Hitachi 717 Analyser (Boehrin­
ger Mannheim UK (Diagnostic Systems),
Lewes, UK). Polymorphonuclear leukocytes
(PMNs) were isolated from the EDTA-anti­
coagulated blood by a double density Ficoll­
Hypaque gradient technique'? (Histopaque,
Sigma Chemical Co, Poole, UK). Residual
erythrocytes were removed by hypotonic lysis.2o

The PMNs were then washed twice in phosphate
buffered saline before resuspension in a volume
of 2 mL. Cell density was measured by an
automated cell counter (Technicon H-2 System,
Bayer Diagnostics, Basingstoke, UK). The mean
proportion of PMNs in the final suspension was
97·8%; mean recovery was 64·2%. The cell
suspension was stored at 4"C and PMN
NADPH oxidase activity was measured within
3h.

Polymorphonuclear cell NADPH oxidase assay
PMN NADPH oxidase activity was determined
by following the rate of reduction of cytochrome
c after stimulation with phorbol ester at 3TC
using a Vmax microtitre plate reader (Molecular
Devices, Menlo Park, CA, USA) enclosed in a
custom built thermostatically controlled heated
perspex box (University of Bristol Workshops,
Bristol, UK).21 Ferricytochrome c (Type VI,
Sigma Chemical Co) was dissolved to a
concentration of 99·5 jlmol/L in phosphate
buffered saline (138 mmol/L sodium chloride,
2·7 rnmol/L potassium chloride, 8·1 mrnol/L
disodium hydrogen phosphate, 1·47 rnmol/L
potassium dihydrogen phosphate, pH 7-4) con­
taining calcium chloride 0·9 mrnol/L, magne­
sium chloride 0·5 mrnol/L and glucose 7·5 mmol/
L. Then 188·5 jlL of the cytochrome c solution
and either 5 jlL water or 5 jlL superoxide
dismutase (SOD), 9000 units/rnl, (Sigma Chemi­
cal Co) were added alternately to each of eight
adjacent wells of a microtitre plate (Falcon
Microtest III, Becton Dickinson, Meylan,
France). Fifty microlitres of cell suspension
was added to each of the eight wells, mixed,
and incubated for 3 min before the addition of
10 jlL phorbol 12-myristate 13-acetate (8 jlg/mL)
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TABLE I. Serum total cholesterol, high-density lipoprotein (HDL) cholesterol and triglyceride concentrations;
polymorphonuclear cell cholesterol content, NADPH oxidase lag phase and maximum rate (mean and 95% confidence
interval) in hyperlipidaemic patients before and 6 weeks after starting treatment with simvastatin (n= 12) and in
normolipidaemic subjects (n = 20)

Total cholesterol (rnmol/L)
HDL cholesterol (mrnol/L)
Triglyceride (mrnol/L)
Cell cholesterol (frnol/cell)
Maximum rate (nmoljlO' cells/min)
Lag phase (s)

Normal subjects

5·05 (4'65-5-44)
1·31 (1'16-1-46)
0·91 (0,70-1·12)
3·10 (2'58-3'61)

40·0 (36'3-43-6)
63·5 (58-4-101'1)

Hyperlipidaemic patients

Pre- treatment

8,95** (8'29-9'61)
1·20 (1'04-1,53)
2·18 (0'99-3-36)
4'19* (3' 38-5'05)

45·6 (39'5-51'8)
62·1 (42'3-81'9)

On treatment

6'55** (5'92-7'18)
1·38 (1·14-1'63)
1·86 (1'01-2'70)
3'52* (2'77-4,28)

44-4 (38'1-50'6)
58·5 (41'6-75-4)

*P < 0,05, **P < 0·00 I changes after treatment (Wilcoxon signed rank test)

in dimethyl sulphoxide and water (Sigma
Chemical Co). Absorbance at 550 nm was
measured at 8 s intervals for 6 min. The blank
absorbance (in the presence of SOD) was
subtracted from the test absorbance for each
pair of wells, at each time point, to give a
corrected rate of change of absorbance at
550 nm due specifically to production of cyto­
chrome c reduced by superoxide. Maximum rate
of superoxide production (Vmax) was calculated
using a molar extinction coefficient for reduced
cytochrome c of 29·5 L em - 1 mmol " ', and the
lag phase was derived by extrapolation of a
tangent to the reaction curve at the maximum
rate of reaction to the baseline. The within-batch
analytical coefficient of variation was 4·7% for
rate and 8·0% for lag phase. The mean of four
measurements of reaction rate and lag phase for
each sample was calculated.

Polymorphonuclear cell cholesterol assay
The remainder of the cell suspension was used
for the measurement of PMN cholesterol
content by reversed-phase high performance
liquid chromatography (LDC system, Milton
Roy, Stone, UK),22 Following centrifugation at
650 g for 10min, 50 /lL cholesterol heptadecano­
ate was added to the cell pellet as internal
standard and cell cholesterol was extracted into
5 mL hexane-isopropanol (3:2 v/v). The extract
was then evaporated to dryness under nitrogen
and re-dissolved in 0·5 mL chloroform. Two
millilitres of mobile phase (acetonitrile-isopro­
panol 1:1 v/v) was added to each sample
immediately prior to injection onto a 5/lm
Zorbax ODS column (4'4mm x 25cm, Du Pont,
Chadds Ford, PA, USA). Cholesterol and
cholesterol esters were detected by absorbance

at 210nm and quantitated by reference to the
internal standard and an external standard of
free cholesterol and cholesterol esters. The
between-batch analytical coefficient of variation
for free cholesterol was 6·2%.

Statistical analysis
Serum and cell cholesterol concentrations and
the kinetics of PMN NADPH oxidase in the
hyperlipidaemic patients and the normal sub­
jects were compared by unpaired Wilcoxon
signed rank tests. Changes in serum and cell
cholesterol concentrations and the kinetics of
PMN NADPH oxidase before and after treat­
ment were compared by paired Wilcoxon signed
rank tests. Correlations between the variables
measured were tested for significance using the
Spearman rank correlation method.

RESULTS

All patients complied with treatment with
simvastatin and after 6 weeks there was a 29%
(P<O·OOI) reduction in mean serum cholesterol
concentration to 6·55 mrnol/L (95% CI 5·92­
7,18). There was no significant change in serum
high-density lipoprotein cholesterol or triglycer­
ide concentrations (Table I). Cell cholesterol
was detected entirely as unesterified cholesterol
(Fig. 1). Prior to treatment, mean cell cholesterol
content was 4'19fmol/cell (95% CI 3'38-5'05),
which was significantly higher (P < 0'05) than
the level in the normolipidaemic subjects
(3,10 frnol/cell, 95% CI 2'58-3.61). There was
no difference in PMN NADPH oxidase lag
phase or Vmax between patients and controls.
However, in the patients, there was a strong
correlation (Rs=0'76, P<O'OI) between cell
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FIGURE 1. High-performance liquid chromatography
separation of (a). cholesterol and cholesterol ester
standard mixture and (b). polymorphonuclear cell lipid
extract. 1 = Unesterified cholesterol; 2 = cholesterol
arachidonate; 3 = cholesterol linoleate; 4 = cholesterol
palmitoleate; 5 = cholesterol myristate; 6 = cholesterol
oleate; 7 = cholesterol palmitate; 8 = cholesterol hepta­
decanoate (internal standard). 9 = cholesterol stearate.
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FIGURE 4. Relationship between change in duration of
lag phase and change in cell cholesterol content in
hyperlipidaemic patients following treatment with
simvastatinfor 6 weeks. R. = 0'608, P<0·05.

the change in cell cholesterol content (mean
reduction 0'67fmol/cell, 95% CI -0'14-1-47).

DISCUSSION

FIGURE 3. Polymorphonuclear cell cholesterol,
NADPH oxidase lag phase and V"" in hyperlipidaemic
patients before and after treatment with simvastatin for
6 weeks.

8

(a)

(b)

•

20

•

10

TIme (min)

2 3

246

Cell cholesterol (fmol/cell)

0-+-----,----,-------,----,
o

mV

mV

150

cholesterol level and PMN NADPH oxidase lag
phase (Fig. 2).

Treatment resulted in a 16% reduction
(P < 0,05) in cell cholesterol to 3·52 frnol/cell
(95% CI 2·77-4·28). There was a non-significant
reduction in PMN NADPH oxidase lag phase of
6% and no change in Vmax (Fig. 3, Table 1). In
order to determine, however, whether for
individual patients there was an association
between the magnitude of changes in cell
cholesterol content and NADPH oxidase activ­
ity, these parameters were compared directly
(Fig. 4). The change in lag phase (mean reduc­
tion 3'59s, 95% CI -15.0-22'2) following
treatment correlated (R, = 0,608, P < 0,05) with
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FIGURE 2. Correlation between lag phase for stimu­
lated polymorphonuclear (PMN) NADPH oxidase
activity and PMN cell cholesterol content in hyper­
cholesterolaemic patients (n=12). R.=O·76. P<O.OJ.

Treatment of hypercholesterolaemia with an
HMGCoA reductase inhibitor reduces the risk
of coronary disease,n.24 due largely to a
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reduction in plasma low-density lipoprotein
(LDL) concentration" However, treatment
may also have effects on cell membrane
cholesterol composition. Membrane cholesterol,
present almost entirely in the unesterified form.V
is an important modulator of cell membrane
fiuidity." This has been confirmed in biological
membranes such as erythrocytes and PMN cells
using fluorescence anisotropy to demonstrate
increased lipid order and decreased lateral lipid
mobility following in vitro enrichment of
membrane cholesterol. 17 Maintenance of normal
membrane fluidity is important for membrane
structure and function, and conseq uences of
alterations in membrane cholesterol content by
in vitro enrichment include reduced erythrocyte
deformability." and an increase in the lag phase
for stimulation of NADPH oxidase mediated
superoxide production in PMN cells.17 The
results of this study indicate that this has
physiological significance since there was a
strong correlation between in vivo PMN cell
cholesterol levels and PMN NADPH oxidase lag
phase.

Membrane cholesterol is derived from a
combination of direct exchange with extracel­
lular lipoproteins, internalized LDL, and de
novo synthesis.l" Lipid lowering drug therapy
with an HMGCoA inhibitor could interfere with
all of these processes, with possible conse­
quences for membrane function. Treatment with
the HMGCoA reductase inhibitor lovastatin has
been found to alter erythrocyte sodium-potas­
sium pump activity but it is not known whether
this was a direct effect of the cholesterol­
lowering action of the drug. 2M In this study,
simultaneous measurements of cell cholesterol
and membrane function were made. It was not
possible, given the relatively small number of
PMN cells available for analysis, to fractionate
and analyse the cell membrane, but the finding
that PMN cholesterol was entirely unesterified
indicates that it was of membrane origin.
Simvastatin therapy reduced the elevated cell
cholesterol levels in hyperlipidaemics towards
those found in normolipidaemic subjects. One
previous study? found no increase in membrane
cholesterol levels in hyperlipidaemic patients;
this may reflect differences between cell types or
in the type of hyperlipidaemia under study.

PMN membrane function, as reported by the
lag phase for NADPH oxidase, was influenced
by cell membrane cholesterol content in un­
treated hyperlipidaemia, and cell membrane
cholesterol content was reduced during sirnvas-

tatin therapy. Although there was only a non­
significant trend towards a reduction in
NADPH oxidase lag phase as a result of
treatment, possibly because of the small sample
size and relative imprecision of measurement of
this parameter, direct evidence for an effect of
simvastatin on membrane function was provided
by the observation that patients who exhibited
the largest reductions in cell membrane choles­
terol concentration following treatment also had
the largest reduction in lag phase. Taken
together, these results suggest that simvastatin
exerts effects on membrane function which are
due to changes in the lipid composition of the
cell membrane. A contribution from other
mechanisms, such as a direct effect on mem­
brane function of the lipophilic drug simvasta­
tin, however, cannot be excluded, and it would
be of interest to study the effects of less
lipophilic HMGCoA reductase inhibitors (e.g.
pravastatin) in this context. There also remains
the possibility of other cholesterol-independent
effects of HMGCoA inhibition such as a
reduction in the rate of synthesis of isopre­
noida." Some of the cytosolic subcomponents of
NADPH oxidase are isoprenylated proteins.P
and reduced prenylation would reduce solubility
in the lipid bilayer.J'

Although cell cholesterol concentrations were
higher than normal in the untreated hyperiipi­
daemics, it is notable that pre-treatment
NADPH oxidase activity was not affected. This
could reflect adaptation to chronic hyperiipidae­
mia, and it would be of interest to study whether
similar adaptation occurs during prolonged
HMGCoA reductase inhibitor therapy.

PMN NADPH oxidase was chosen for study
because it is a well characterized multi-compo­
nent enzyme system whose function might be
expected to be affected by the physical
properties of the cell membrane. This enzyme
is responsible for the generation of the
superoxide radical, II a potential initiator of a
cascade of oxidative reactions including lipid
peroxidation.F an early step in atherogenesis.P
Although it is unlikely that PMN superoxide
generation is important in the pathogenesis of
atheroma.P a reduction in the lag phase for
PMN superoxide generation as a result of
cholesterol lowering therapy would theoretically
be a harmful side-effect of cholesterol lowering
drug therapy.

Whatever the mechanism of the effect of
HMGCoA reductase inhibitor therapy on cell
membrane function, and regardless of whether
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effects on PMN NADPH oxidase per se are of
importance, these findings indicate that the role
of cholesterol in the regulation of cell membrane
function should not be forgotten in the drive to
reduce serum cholesterol levels in order to
reduce the risk of atherosclerosis.

Acknowledgements
The authors are grateful to Nicola Hayes for
excellent technical assistance. This work was
supported by a grant from the United Bristol
Healthcare NHS Trust Medical Research Com­
mittee.

REFERENCES

Lange Y. Membrane Cholesterol. In: Scanu AM,
Spector AA, eds. Biochemistry and Biology of'
Plasma Lipoproteins. New York: Marcel Dekker
Inc, 1986: 179-99

2 Shinitzky M. Membrane fluidity and cellular
functions. In: Shinitzky M, ed. Physiology of'
Membrane Fluidity, Vol I. Boca Raton: CRC Press,
1984: I-51

3 Dowd A, Thomas TH, Wilkinson R. Erythrocyte
sodium-lithium countertransport activity (SLC) is
related to membrane fluidity in hyperlipidaemia.
Clin Sci 1992; 83: IP

4 Lutton C. Dietary cholesterol, membrane choles­
terol and cholesterol synthesis. Biochimie 1991; 73:
1327-34

5 Davis RA. Lipoprotein structure and secretion. In:
Vance DE, Vance J, eds. Biochemistry of'Lipids,
Lipoproteins and Membranes. Amsterdam: Elsevier
Science, 1991. 403-26

6 Shaper AG, Pocock SR, Walker M, Cohen NM,
Wale CJ, Thomson AG. British Regional Heart
Study: Cardiovascular risk factors in middle aged
men in 24 towns. BM] 1982; 283: 179-86

7 Bharaj HS, Norman RI, Bing RF. Red cell
structure and function in familial hypercholester­
olaemia. Clin Sci 1993; 85: 18P

8 Muzulu SI, Norman RI, Bing RF. Calcium pump
(Ca2+ - Mg2+ - ATPase) activity in primary
combined hyperlipidaemia. Clin Sci 1993; 85: 18P

9 Muzulu SI, Bing RF, Norman RI. Human
erythrocyte membrane fluidity and calcium pump
activity in primary combined hyperlipidaemia. Clin
Sci 1995; 88: 307-10

10 Muzulu SI, Patel HR, Norman RI, Bing RF. Effect
of lowering serum cholesterol on erythrocyte
membrane fluidity. Clin Sci 1993; 85: 18P

II Babior BM. Oxygen-dependent microbial killing by
phagocytes. N Engl J Med 1978; 298: 659--{j8 and
721-5

12 Nishizuka Y. The molecular hetrogeneity of protein
kinase C and its implications for cellular regulation.
Nature 1988; 334: 661-5

13 Baggiolini M, Boulay F, Badwey JA, Curnutte JT.
Activation of neutrophil leukocytes: chemoattrac­
tant receptors and respiratory burst. FASEB J
1993; 7: 1004-10

Ann Clin Biochem 1997: 34

14 Jones OTG. The regulation of superoxide produc­
tion by the NADPH oxidase of neutrophils and
other mammalian cells. Bioessays 1994; 16: 919-23

15 Nauseef WM, Vlopp BD, McCormick S, Leidal
KG, Clark RA. Assembly of the neutrophil
respiratory burst oxidase. J Bioi Chern 1991; 266:
5911-7

16 Henderson LM, Chappell JB, Jones OTG. The
superoxide-generating NADPH oxidase of human
ncutrophils is electrogenic and associated with an
H' channel. Biochem J 1987; 246: 325-9

17 Kusner DJ, Aucott IN, Fanceschi D, Sarasua MM,
Spagnuolo PJ, King CH. Protease priming of
neutrophil superoxide production. J Bioi Chern
1991; 266: 16465-71

18 Allain CC, Poon LS, Chan CSG, Richmond W, Fu
Pc. Enzymatic determination of total serum
cholesterol. Clin Chern 1974; 20: 470-5

19 English D, Andersen BR. Single-step separation of
red blood cells. Granulocytes and mononuclear
leukocytes on discontinuous density gradient ficoll­
hypaque. J Immunol1974; 5: 249

20 Boyum A. Isolation of mononuclear cells and
granulocytes from human blood. Isolation of
mononuclear cells by one centrifugation and of
granulocytes by combining centrifugation and
sedimentation at I g. Scund J Clin Lab Invest
1968; 21(suppl 97): 7789

21 Mayo LA, Curnutte JT. Kinetic micro titre assay for
superoxide production by neutrophils and other
phagocytic cells. Meth Enzymol 1990; 186: 567-75

22 Vercaernst R, Union A, Rosseneu M. Separation
and quantitation of free cholesterol and cholesterol
esters in a macrophage line by high performance
liquid chromatography. J Chromatogr 1989; 494:
43-52

23 Scandinavian Simvastatin Survival Study Group.
Randomised trial of cholesterol lowering in 4444
patients with coronary heart disease: the Scandina­
vian Simvastatin Survival Study (4S). Lancet 1994;
344: 1383-9

24 Shepherd J, Cohbe SM, Ford I, Isles CG, Lorimer
AR, Macfarlane PW, et al. Prevention of coronary
heart disease with pravastatin in men with
hypercholcsterolaemia. N Engl J Med 1995; 333:
1301-6

25 Todd PA, Goa KL. Simvastatin, a review of its
pharmacological properties and therapeutic poten­
tial in hypercholesterolaemia. Drugs 1990; 40:
583-607

26 Bloch K. Cholesterol: evolution of structure and
function. In: Vance DE, Vance J, eds. Biochemistrv
of Lipids, Lipoproteins and Membranes. Amster­
dam: Elsevier Science, 1991: 363-81

27 Cooper RA, Arner EC, Wiley JS, Shatti\ SJ.
Modification of red cell membrane structure by
cholesterol-rich lipid dispersions. J Clin Invest 1975;
55: 115-26

28 Weder AB, Serr C, Torretti BA, Bassett DR,
Zweifler AJ. Effects of lovastatin treatment on red
blood cell and platelet cation transport. Hyperten­
sirm 1991; 17: 203-9

29 Glomset JA, Gelb MH, Farnsworth Cc. Prenyl
proteins in eukaryotic cells: a new type of

 at PENNSYLVANIA STATE UNIV on September 16, 2016acb.sagepub.comDownloaded from 

http://acb.sagepub.com/


Effect of simvastatin on membrane cholesterol 275

membrane anchor. Trends Biochem Sci 1990; 15:
139-42

30 Bokoch G, Prossnitz V. Isoprenoid metabolism is
required for stimulation of the respiratory burst
oxidase of HL-60 cells. J cu« Invest 1992; 89: 402-8

31 Rinc 1, Kim S-H. A role for isoprenoid lipids in the
localization and function of an oncoprotein. New
Bioi 1990; 2: 219-26

32 Lunec 1. Free radicals: their involvement in disease
processes. Ann Clin Biochem 1990; 27: 173-82

33 Witztum 1L. The oxidation hypothesis of athero­
sclerosis. Lancet 1994; 344: 793-5

Accepted/or publication 29 August 1996

Ann Clin Biochem 1997: 34

 at PENNSYLVANIA STATE UNIV on September 16, 2016acb.sagepub.comDownloaded from 

http://acb.sagepub.com/

