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Lipid peroxides and atherosclerosis

M D Stringer, P G Gorog, Azadeh Freeman, V V Kakkar

Abstract
Plasma lipid peroxide concentrations were
measured in 100 patients with occlusive arterial
disease proved angiographically (50 patients with
ischaemic heart disease, 50 with peripheral arterial
disease) and compared with values in 75 control
patients with no clinical evidence of atherosclerosis.
Lipid peroxide concentrations were significantly
higher in patients both with ischaemic heart
disease (median 4-37 iimol/l (interquartile range
3-85-5-75 [tmol/l); p<0-001) and with peripheral
arterial disease (median 4-37 [smoltl (3-88-5-21
[mol/l); p<0001) than in controls (median
3-65 [tmol/l (interquartile range 3-29-3-89 [mol/l)).
Overall there was a significant but weak correlation
between plasma lipid peroxide and plasma tri-
glyceride concentrations (r,=0-25; p<0-001) but not
between plasma lipid peroxide and plasma total
cholesterol concentrations. Furthermore, hyper-
tension, obesity, diabetes, smoking, positive family
history, and intake of fi blockers and thiazide
diuretics were not associated with significant differ-
ences in lipid peroxide values.

This study provides clinical support to experi-
mental data indicating that peroxidised lipids may be
important in atherogenesis and its complications and
also suggests that peroxidised lipids may provide an
index of the severity of atherosclerosis.
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Introduction
Half of all deaths in the industrialised world are

attributed to atherosclerosis and its complications.
Many factors have been examined in an attempt to
identify an index of severity of the disease. Haemato-
logical variables such as raised concentrations of factor
VIIc, factor VlIIc, and fibrinogen are significantly
associated with risk of cardiovascular death' but
not with the presence or extent of coronary athero-
sclerosis.2 By contrast, plasma lipoprotein values show
a significant correlation both with the prevalence and
incidence of clinical ischaemic heart disease and
with the number of angiographically defined coronary
artery stenoses but bear no relation to the size of the
atherosclerotic lesions or the presence of thrombotic
occlusion.3 Additional correlates of disease severity
would be invaluable not only in improving our ability
to assess individual risk but also in aiding our under-
standing of the pathogenesis of atherosclerosis.
Lipid peroxides, formed by the peroxidation of

unsaturated fatty acids, were first detected in athero-
sclerotic human aortas more than 30 years ago4 and a
subsequent study confirmed a strong positive corre-
lation between the severity of aortic atherosclerosis and
the concentration of these compounds in the aortic
wall. Several groups have since suggested that lipid
peroxides may be important in the development of
atherosclerosis.6-9 This might help to explain the
frequent occurrence of disease in normolipidaemic

people. Following Yagi's description and subsequent
refinement of a simple fluorometric assay for plasma
lipid peroxides using the thiobarbituric acid reaction,'0
raised concentrations of lipoperoxides have been found
in diabetes (particularly in patients with angiopathy),'
hyperlipidaemia,8 essential hypertension,'2 and acutely
after myocardial infarction'3 and stroke.7
The aim of this study was to investigate the possi-

bility that plasma lipid peroxide concentrations are
chronically raised in patients with proved occlusive
arterial disease, which would support their potential
role in the pathogenesis of atherosclerosis.

Patients and methods
The sample study comprised 100 patients aged

under 75 with angiographically proved occlusive
arterial disease; 50 were patients with ischaemic
heart disease awaiting coronary artery bypass surgery
and 50 were patients with peripheral arterial disease
scheduled for reconstructive vascular surgery. Venous
blood samples were collected in a standard manner into
7 5% disodium edetic acid Vacutainers from con-
senting patients after a 10-14 hour overnight fast.
Control samples from 75 patients awaiting chiefly
minor surgery for non-traumatic, non-metabolic
disorders were obtained and processed in an identical
manner. Most of these operations were for inguinal
hernias, varicose veins, haemorrhoids, and upper
gastrointestinal endoscopy. Controls did not include
patients with clinical or electrocardiographic evidence
of ischaemic heart disease or those with absent peri-
pheral pulses or symptoms of peripheral vascular
disease. The following clinical features were recorded:
age, sex, height and weight, smoking habits, history of
diabetes mellitus or essential hypertension, family
history of ischaemic heart disease or peripheral arterial
disease (one or more affected first degree relatives aged
under 65), and medication. Patients with abnormal
liver function values or renal failure were also excluded,
together with patients who had had a recent myocardial
infarction (within the past three months) or who had
acute infections. No patient was receiving heparin.
After centrifugation plasma samples were stored below
-20°C for up to three months.

LIPID MEASUREMENTS

Lipid peroxides
Plasma lipoperoxide concentrations were estimated

by a modification of Yagi's fluorometric method.'0
Plasma (20 Fd) was mixed with 1 ml 12N sulphuric acid
in an Eppendorf tube and 0 5 ml 10% phosphotungstic
acid added. After standing at room temperature for
five minutes the mixture was centrifuged at 4000 rpm
for five minutes. The supernatant was discarded
and the sediment thoroughly mixed with 1 ml 12N
sulphuric acid before the centrifugation was repeated.
The sediment was then resuspended in fresh thio-
barbituric acid reagent (1 ml of a solution of 0-67%
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aqueous thiobarbituric acid in 0 5M trometamol
(TRIS) buffer adjusted to pH 3-2-3 8 with glacial
acetic acid); mixed thoroughly, and heated at 95°C for
one hour in an oil bath. After cooling at room tempera-
ture for one hour the suspension was centrifuged at
4000 rpm for 10 minutes and the supernatant removed
for fluorometric measurement (515 nm excitation,
553 nm emission) in a Perkin-Elmer luminescence
spectrometer.
A standard was obtained by reacting 0 5 nmol

malonaldehyde bis (diethylacetal) 98% (Sigma) with
thiobarbituric acid reagent. Taking the fluorescence
intensity of the standard solution as F and that of the
sample plasma as f the lipoperoxide concentration (Lp)
expressed in terms of malondialedehyde was:

Lp=0 5 x ffx 1 0/0 02=f/Fx25 ([tmol/l plasma). The
intensity of fluorescence was linearly related to the
malondialdehyde concentration up to 10 pmol/l.
All plasma samples were assessed in duplicate and
repeated if there was >5% difference between the
parallels. The mean within assay variation for 20
replicate analyses of the same sample was 1 8% and the
mean 1
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Total triglyceride and cholesterol concentrations

Plasma total triglyceride and cholesterol concentra-

tions were determined by standard automated proce-

dures using a Cobas Bio (Roche) centrifugal analyser.
The method for cholesterol used an enzymatic colori-
metric procedure with cholesterol oxidase, and tri-
glycerides were determined fluorometrically after
enzymatic hydrolysis.

STATISTICS

Because of the non-normality of the data non-

parametric methods of analysis were used. The
Kruskal-Wallis statistic was used for comparison
among multiple groups and the Wilcoxon unpaired
statistic for comparison of two groups. Spearman rank
correlation coefficients were calculated to assess the
relation among plasma triglyceride, cholesterol, and
lipid peroxide concentrations. Computer analysis was

by the biomedical data package (program version,
April 1985).

between assay variation of 12 samples measured Results
separate occasions 3 0%. Plasma lipid peroxide concentrations of patients

with ischaemic heart disease (median 4-37 kmol/l
A (interquartile range 3-85-5 75 Ftmol/l)) and peripheral

arterial disease (median 4-37 lmol/l (3-88-5-21 [tmol/l))
were significantly greater than control values (median

A 3 65 imol/l (interquartile range 3-29-3-89 [tmol/l));
p<0001) (fig 1). The sex of the patients had no

significant influence on values. The median age of
A patients with peripheral arterial disease (65 years,
A, range 41-76; p<0 05) was significantly higher than of
A patients with ischaemic heart disease (median 58 years,
* range 38-67) and controls (median 59 years, range

i 39-74), but as there was no significant correlation
between plasma lipid peroxide concentrations and age

A in either the controls (n=75; r,=0 09; NS) or patients
with atherosclerosis (n= 100; rs=0 03; NS), this was

considered unimportant. Plasma triglyceride concen-

*>. trations were also significantly raised in patients with

Al +atherosclerosis as compared with controls, but plasma
. A* total cholesterol values were raised significantly only in

patients with ischaemic heart disease (table).
ML . * Overall there was a significant positive correlation

' t.*Albetween triglyceride and total cholesterol values

* .. _A (rs=0 49; p<O0OOl), a weak significant correlation
0 a a t between plasma lipid peroxide and triglyceride values

*2 ... 1i A .(̂rs=0 25; p<0-001), but no significant correlation
_ 0-.- * between lipid peroxide and total cholesterol values

* (rs=0 13; NS) (figs 2 and 3).
Analysing controls and patients with atherosclerosis

in two separate groups (Kruskal-Wallis statistic) failed
to disclose any significant effect on plasma lipo-
peroxide concentrations due to hypertension, obesity
(body mass index (kg/m5)¢25), diabetes, smoking,
and positive family history. Intake of f3 blockers
and thiazide diuretics was also not associated with

P,n ,,any significant differences in lipid peroxide values.
Periplheral Controls Ischaemic Furthermore, among patients with peripheral arterial

disease disease disease there was no significant difference betweendisease~~ ~ ~ ~ ~ thsdiseatclsshemaen1)an hsewt
-Plasma lipid peroxide concentrations in patients with athero- those with critical ischaemia (n=17) and those with

and controls expressed in terms ofmalondialdehyde concentra- claudication (n= 33).
mol/l). Bars are medians and interquartileranges Finally, we examined the effect on plasma lipid

peroxide values of short term freezing (up to three
months at below -20°C; n=40), delay between collect-

triglycerides, and lipid peroxides in patients with occlusive ing the sample and separating the plasma (up to three
ans (interquartile ranges in parentheses) hours; n=24), and fasting (samples taken after 10-14

hour fast compared with two to three hours after a
thischaemic Patients with peripheral

disease Controls arterial disease meal; n=20). No significant differences were detected.

Discussion
This detailed controlled study shows that plasma

lipid peroxide concentrations are raised in patients
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II%-ak t 1A.al-aW ..ats ".vvs _- a11

(n=50) (n=75) (n=50)

Cholesterol (mmol/l) 6-35 (5 67-7 50)* 5 60 (4 60-6 20) 6-00 (5 13-6-72)
Triglycerides (mmolIl) 2-00 (1-60-3 00)* 1-20 (0-90-1-70) 1-65 (1 27-2-43)*
Lipoperoxides ([tmol/l) 4-37 (3-85-5 75)* 3-65 (3-29-3-89) 4-37 (3 88-5-2l)*

*Compared with controls p<0001.
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with atherosclerotic occlusive arterial disease. The lack
of any significant difference in values in the subgroup
of patients with critically ischaemic limbs -that is, as
manifested by rest pain, ischaemic ulceration, or
gangrene-suggests that raised lipid peroxide concen-
trations are not simply a reflection of tissue ischaemia.
Interestingly, the median lipid peroxide concentra-
tions in patients with ischaemic heart disease and
peripheral arterial disease were identical, whereas
raised lipoprotein concentrations are generally more
frequent in patients with ischaemic heart disease than
those with peripheral vascular disease.14

Lipid peroxides are derived from the oxidation of
polyunsaturated fatty acids and their esters and are
capable of further lipoperoxide production by a free
radical chain reaction. For several reasons it is likely
that peroxidation of lipids is an endogenous process:
lipid peroxides have a comparatively short circulatory
half life in laboratory animals'5; their concentrations
appear not to be influenced in the short term by dietary
intake; acute changes occur after myocardial infarc-
tion'3; and antioxidants such as vitamin E inhibit lipid
peroxidation in vivo. Furthermore, in vitro studies
show that endothelial cells, monocytes, and neutro-
phils are all capable of free radical oxidation of low
density lipoproteins.'7 8

Estimation of plasma lipid peroxide concentrations

by the thiobarbituric acid reaction is a well established,
sensitive method which measures the amount of
malondialdehyde formed as a breakdown product of
lipoperoxides.'9 The assay has been criticised for lack
of specificity, but many of these problems have been
eliminated or found to have negligible effects when
Yagi's method is used.'0 Moreover, there is a good
correlation between the results obtained by Yagi's
method and those achieved with high performance
liquid chromatography.'°

There was no apparent relation between plasma lipid
peroxides and plasma total cholesterol concentrations
but the weak significant correlation with triglyceride
values is not surprising. Nishigaki et al have analysed
the lipid peroxide content ofserum lipoprotein fractions
in normal and diabetic subjects and found that very low
density lipoproteins, low density lipoproteins, and
high density lipoproteins were all vehicles for peroxi-
dised lipids but that the low density fraction was
associated with the biggest share.2 Of human plasma
lipoproteins, low density lipoproteins are the most
susceptible to peroxidation,22 and this process results
in many alterations in their composition and biological
properties. The oxidised low density lipoprotein is
recognised by scavenger receptors (independent of the
normal apoprotein receptor), leading to an increased
uptake by endothelial cells and macrophages2324 and
accumulation of cholesterol esters in the monocyte or
macrophage. Low density lipoprotein uptake by the
scavenger receptor pathway is not regulated and thus
the cell continues to acquire lipid.20 Moreover, this
modified low density lipoprotein is cytotoxic to endo-
thelial cells in vitro.26 27 Lipid peroxides themselves are
also capable of inhibiting antithrombin III activity,28
producing procoagulant activity,2- and enhancing
platelet aggregation,7 all of which may be concerned in
the complications of atherosclerosis. High density
lipoproteins do not share these properties and experi-
ments suggest that they may even protect low density
lipoproteins from peroxidation.30

This constellation of effects-namely, endothelial
cell injury, uncontrolled lipid uptake by macrophages,
reduced endothelial prostacyclin synthesis, and
associated thrombogenicity-have all been strongly
implicated in the pathogenesis of atherosclerosis.'6"'
The potential role of lipid peroxides in atherogenesis is
further supported by the increase in serum and aortic
lipid peroxide concentrations found in animals main-
tained with atherogenic diets'2 2 and epidemiological
data showing increased serum lipoperoxide concentra-
tions in the children of parents suffering premature
myocardial infarction.33 Further work is in progress
to see whether plasma lipid peroxide values might
provide a useful index of the severity of atherosclerosis.
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department ofcomputing, Royal Marsden Hospital, London;
and Mrs B M Radcliffe for typing the manuscript. This study
was supported by a Medical Research Council programme
grant (No 973/756).
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Abstract
Objective-To investigate whether captopril has any
effect on microalbuminuria induced by exercise in
normotensive diabetic patients with early stage
nephropathy.
Design-Randomised, double blind, crossover

trial.
Setting-Outpatient department.
Patients-22 diabetics with stage II nephropathy

(urinary albumin excretion rate <20 [tg/min; 15 with
type I diabetes and seven with type II), 32 patients
with stage III nephropathy (urinary albumin excre-
tion rate 20-200 tg/min; 14 with type I diabetes and
18 with type II), and 10 normal subjects.
Interventions-Four exercise tests on a cycle

ergometer: the first two under basal conditions and
the third and fourth after subjects had received
captopril (two 25 mg doses in 24 hours) or placebo
(two tablets in 24 hours).
End Point-Exercised until 90% of maximum

heart rate achieved.
Measurements and main results-Mean urinary

excretion one hour after the first two exercise tests
was 21 [tg/min in normal subjects, 101 [tg/min in
diabetic patients with stage II nephropathy, and
333 [tg/min in those with stage III nephropathy.
Similar results were obtained after placebo. After
captopril the urinary excretion rate one hour after
exercise was significantly decreased in diabetics with
stage II (36 tg/min) and stage III (107 tg/min) disease
compared with placebo but not in normal subjects.
Systolic and diastolic pressures were similar in the
three groups after placebo and captopril had been
given.

Conclusions-Captopril significantly reduces
microalbuminuria induced by exercise in normo-
tensive diabetics without affecting systemic blood
pressure. Captopril may reduce renal intracapillary
pressure.

Introduction
Diabetic nephropathy is one of the main causes

of increased morbidity and mortality in diabetic
patients.' 2 Even before the onset of the clinical syn-
drome of diabetic nephropathy, which is characterised
by persistent proteinuria, progressive decline in
glomerular filtration rate, and increased arterial blood
pressure (stage IV of diabetic nephropathy), there is a
"silent" period of variable duration during which
diabetic patients have only microalbuminuria-that is,
their mean urinary albumin excretion rate is signifi-
cantly higher (20-200 Fg/min) than that in normal
subjects but is detectable only by radioimmunological
methods.'

Physical exercise can induce an abnormal increase in
the urinary albumin excretion rate in diabetics with
microalbuminuria while resting (stage III)'; it can also
induce microalbuminuria in diabetics who do not
excrete protein while resting (stage II) and therefore
can disclose an early stage of renal disease. Recent
studies have shown that chronic inhibition of angio-
tensin converting enzyme may reduce baseline micro-
albuminuria in normotensive diabetic patients; such
inhibition could be effective in slowing the progression
of diabetic nephropathy.' The aim of our study was to
investigate the short term effect of the angiotensin
converting enzyme inhibitor captopril on micro-
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