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Effects of lisinopril and amlodipine on antioxidant
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Abstract

The objective of this investigation was to compare changes in antioxidant status (together with
other metabolites relevant to hypertension) in plasma and cardiac tissue from spontaneously
hypertensive rats (SHR) and normotensive Wistar Kyoto rats (WKY), following 8 weeks of

21treatment with lisinopril (angiotensin converting enzyme inhibitor) or amlodipine (Ca channel
antagonist) respectively. There was no significant difference in the levels of total antioxidant
capacity, retinol, urea, albumin or triglyceride in plasma from SHR or WKY rats, with or without
lisinopril or amlodipine treatment. However in SHR rats, levels of a-tocopherol were substantially
reduced in both plasma (254% WKY, P , 0.01) and cardiac tissue (243% WKY, P , 0.05).
Treatment with lisinopril ameliorated reduced levels of plasma a-tocopherol in SHR rats, but not
in cardiac tissue. Amlodipine treatment had no effect on a-tocopherol levels in plasma or cardiac
tissue in SHR rats. In SHR rats total cholesterol levels were significantly lower thanWKY controls
(236%, P , 0.001). This effect was reversed in lisinopril treated SHR rats ( 1 27%, P , 0.01).
Plasma high density lipoprotein (HDL) and low density lipoprotein (LDL) cholesterol were
reduced in untreated SHR rats (P , 0.025) when compared to WKY controls; neither lisinopril nor
amlodipine treatment significantly altered these parameters. These findings suggest possible
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alternative mechanisms of action for lisinopril, and reinforce its use in hypertensive patients or
patients with left ventricular hypertrophy.  2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Hypertension is associated with a variety of pathological processes, including
cardiovascular, cerebrovascular and renal disease. Although characteristic
changes in the morphology of these tissues (e.g. left ventricular hypertrophy of
the heart; LVH) have been identified, the mechanisms underlying these
phenomena remain to be fully elucidated.

There is evidence for the involvement of free radicals and antioxidants in the
pathogenic changes associated with hypertension, both in man and in experimen-
tal animal models. Thus lipid peroxidation levels are increased, and antioxidant
levels perturbed in plasma/ tissues from hypertensive patients [1] and sponta-
neously hypertensive rats (SHR) [2,3]. It is of note that both increases or
decreases in the levels of antioxidants have been interpreted as evidence of
increased oxidative stress associated with hypertension [2].

In addition to reducing blood pressure, levels of plasma and tissue lipid
peroxides were reduced, and antioxidant status improved, following administra-
tion of antioxidants such as vitamins C or E in hypertensive patients or SHR rats
[4,5], as well as by hypertensive drugs with previously unrecognized antioxidant
activity [6,7]. The objective of this investigation was therefore to compare
changes in antioxidant status (total antioxidant capacity, a-tocopherol, retinol,
albumin, urea) and hypertension-relevant metabolites (triglyceride, cholesterol,
HDL- and LDL-cholesterol) in plasma/cardiac tissue from SHR/control rats,
following treatment with the anti-hypertensive drug(s) lisinopril (angiotensin

21converting enzyme inhibitor) and amlodipine (Ca channel antagonist). A
treatment period of 8 weeks was selected, since this has been shown to cause
regression of left ventricular hypertrophy [8].

2. Methods

2.1. Animals

Spontaneously hypertensive (SHR) and normotensive Wistar-Kyoto (WKY)
rats were obtained from Harlan Olac (Bicester, Oxon). Rats in both normoten-
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sive and hypertensive groups were weight and age (15 weeks) matched.
Lisinopril was administered using a dosage regime of 5 mg/day/kg body weight
for 8 weeks. The dosage regimen for amlodipine was set at 10 mg/day/kg body
weight for the 8 week treatment period. All rats were kept for 1 week before
experimentation and divided into the following six designated groups, as
described previously [8]: WKY or SHR treated with tap water only; WKY or
SHR treated with amlodipine in tap water; WKY or SHR treated with lisinopril
in tap water. Each group initially comprised nine rats; there were no fall-outs
due to animal mortality, but numbers of analyses were reduced (i.e. n 5 6–9) for
some parameters in some treatment groups due to analytical constraints.

After the 8 week treatment period, the rats were killed by decapitation and the
hearts rapidly removed. The left ventricles were dissected out and stored at
2 1968C. Blood was collected under standard conditions for the subsequent
separation of plasma. Plasma total cholesterol levels were assayed with a
DAX-48 analyzer (Bayer Diagnostics, Basingstoke, UK) using a standard
method. Plasma HDL-cholesterol was determined with a Technicon RA-XT
analyser (Bayer Diagnostics), via precipitation of other cholesterol fractions by
magnesium carbonate, followed by assay of the remaining HDL-cholesterol [9];
LDL-cholesterol was then calculated using standard formulae [10]. The anti-
oxidants a-tocopherol and retinol were extracted from plasma and assayed via
HPLC using fluorometric detection [11]. The plasma total antioxidant capacity
(TEAC) was measured via a spectrophotometric assay procedure, as described
previously [12].

2.2. Statistics

All data are expressed as mean6S.E.M. for 6–9 observations. Differences
between means were assessed by Student’s t-test using the pooled estimate of
variance. Significance was indicated when P was less than or equal to 0.05.

3. Results

In SHR rats, levels of a-tocopherol were significantly reduced in both plasma
(254% WKY, P , 0.01) and cardiac tissue (243% WKY; P , 0.05) (Table 1).
However, treatment with lisinopril ameliorated the reduced levels of a-
tocopherol levels in plasma, but not in cardiac tissue, in SHR rats. Treatment
with amlodipine had no significant effect on a-tocopherol levels in plasma or
cardiac tissue in SHR rats (Table 1).

There was no significant difference in the levels of total antioxidant capacity,
retinol, triglyceride, or albumin in plasma from SHR or WKY rats; plasma urea
levels were significantly higher in SHR compared to WKY rats (Table 2).
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Table 1
aEffect of lisinopril and amlodipine treatment on plasma and cardiac tissue a-tocopherol levels

a-tocopherol (plasma) a-tocopherol (LV tissue)
(mg/ l) (mg/g)

aWKY
untreated 2.9060.28 43.467.59
lisinopril 2.4060.45 27.865.79
amlodipine 2.7660.30 30.262.40

aSHR
untreated 1.3460.24*** 24.864.01*
lisinopril 2.3060.34* 23.161.92
amlodipine 1.4560.30 29.963.72

a Normotensive (WKY) and spontaneously hypertensive rats (SHR) were treated with lisinopril
or amlodipine, and the plasma (mg/ l) and cardiac left ventricular (LV) tissue (mg/gm wet weight)
levels of a-tocopherol determined as described under Section 2. All data are given as
means6S.E.M. for groups of 6–9 experimental animals. The significance of differences in
a-tocopherol levels between treatment groups for WKY and SHR rats was assessed in Student’s
t-test using the pooled estimate of variance (*P , 0.05; **P , 0.025, ***P , 0.01).

Treatment with lisinopril or amlodipine had no significant effect on the levels of
any of the above parameters in SHR or WKY rats (Table 2).

Plasma total cholesterol (mmol / l) levels (Table 3) were significantly lower in
SHR rats compared to WKY control rats (236%; P , 0.001). In contrast,
lisinopril treated SHR rats had significantly raised total cholesterol levels
compared to untreated SHR rats ( 1 27%, P , 0.01), but not compared to

Table 2
aEffect of lisinopril and amlodipine treatment on plasma antioxidant levels

a aWKY SHR

untreated lisinopril amlodipine untreated lisinopril amlodipine

Total antioxidant capacity 0.8960.10 0.9560.08 0.9760.06 0.9960.03 1.0260.09 0.9960.08

(mMTE)

Retinol (mg/ml) 0.5160.05 0.5460.05 0.6860.06 0.6760.05 0.6760.07 0.7160.08

Triglyceride (mmol / l) 0.9460.07 0.8160.08 0.9660.07 0.8760.13 0.8960.08 0.6560.08

Albumin (g / l) 35.660.30 36.560.50 36.860.40 37.060.50 37.060.70 36.260.50

Urea (mmol / l) 5.9760.23 5.9460.35 6.6660.28 7.5860.33* 7.2660.40 10.160.82

a Levels of various plasma antioxidants were determined in normotensive (WKY) and
spontaneously hypertensive rats (SHR) following treatment with lisinopril or amlodipine as
described under Section 2. All data are given as mean6S.E.M. for groups of 6–9 experimental
animals. The significance of differences in antioxidant parameter levels between treatment groups
for WKY and SHR rats was assessed via Student’s t-test using the pooled estimate of variance
(*P , 0.05).
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Table 3
aEffect of lisinopril and amlodipine treatment on plasma cholesterol levels

Cholesterol HDL-cholesterol LDL-cholesterol
(mmol / l) (mmol / l) (mmol / l)

aWKY
untreated 1.9960.04 0.8960.17 0.8260.05
lisinopril 2.1460.08 1.0560.14 0.8160.11
amlodipine 2.0860.06 0.7860.10 0.8660.11

aSHR
untreated 1.2860.08*** 0.5260.04** 0.4660.09**
lisinopril 1.6260.11 0.6260.06 0.5960.08
amlodipine 1.3960.07 0.5660.05 0.5460.06

a Levels of total, HDL- and LDL cholesterol in plasma from normotensive (WKY) and
spontaneously hypertensive rats (SHR) were determined following treatment with lisinopril or
amlodipine as described under Section 2. All data are given as means6S.E.M. for groups of 6–9
experimental animals. The significance of differences in cholesterol levels between treatment
groups for WKY and SHR rats was assessed via Student’s t-test using the pooled estimate of
variance (*P , 0.05; **P , 0.025; ***P , 0.01).

lisinopril treated WKY rats. Amlodipine had no effect on total cholesterol levels
(Table 3). Plasma triglyceride (Table 2) remained unchanged in all groups.

Plasma HDL-cholesterol levels (Table 3) were reduced in SHR controls
(241%, P , 0.025) compared to WKY controls. This pattern was also observed
with LDL-cholesterol levels (244%, P , 0.025; Table 3). Neither drug had any
effect on the HDL/ total cholesterol ratio (Table 3).

4. Discussion

Previous reports have suggested a link between free radicals /antioxidants and
the development of coronary artery disease and heart muscle abnormalities
[13–18]. It is therefore possible that reduced antioxidant capacity associated
with hypertension (an independent risk factor for atherosclerosis) may be a
pre-disposing factor for the higher incidence of cardiovascular complications in
hypertensive heart muscle disease. Previous research in this area has focused on
a-tocopherol, a potent lipid-soluble free radical scavenger; principal functions of
a-tocopherol are generally considered to include protection of LDL-cholesterol
(with which it is associated in plasma) from oxidation (which in turn is believed
to induce atherosclerosis), as well as the protection of cell membranes from free
radical induced oxidative damage. Supplementation with a-tocopherol protected
the functioning of myocardial mitochondria in a rat model of ischaemia /
reperfusion injury [19], and high vitamin E intake has been reported to reduce
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the risk of human coronary artery disease [20]. However, it has been argued that
in general, evidence that supplementation with vitamin E reduces the risk of
coronary heart disease remains inconclusive [21].

Novel data obtained in the present investigation show a significant reduction
in a-tocopherol levels in both plasma and cardiac left ventricular tissue in SHR,
compared to WKY normotensive rats. These data support previous work [22],
which showed that cell membranes were more susceptible to lipid peroxidation
in SHR compared to WKY rats, resulting in characteristic morphological focal
myocytolysis and vacuolar degeneration in the left ventricle. These findings of
reduced a-tocopherol levels and increased susceptibility of membranes to lipid
peroxidation suggest that SHR rats are at greater risk of cardiovascular events,
with the implication that patients with LVH may develop further abnormalities,
resulting in poor long-term prognosis. In this respect, it is of note that increased
lipid peroxidation and reduced levels of a-tocopherol (in addition to other
antioxidants) have been reported in plasma from hypertensive patients [1].

In the present investigation, there was no significant difference in the levels of
total antioxidant activity, major antioxidative species such as urate or albumin,
or retinol in plasma from SHR or WKY rats. These data contrast with previous
reports describing reduced serum/plasma total antioxidant capacity in human or
animal hypertension. In particular, significant reductions in total antioxidant
capacity [23,24] or vitamin A [1] have been reported in plasma from hyperten-
sive patients, and a significant reduction in total antioxidant capacity reported in
plasma from SHR rats [5]. The reason for the discrepancy in the significance of
changes in total antioxidant capacity between these studies (particularly the
latter) and the present investigation is unclear. It has been suggested that
measurement of total antioxidant capacity serves as a useful indirect marker of
free radical activity, for example following ischaemia / reperfusion during
vascular surgery [25]. However, the exposure of normal plasma to free radical

60species generated via Co d irradiation in vitro has shown the measurement of
total antioxidant activity to be an insensitive marker of free radical activity, even
with free radical dosages estimated to be orders of magnitude greater than those
likely to occur in vivo [26]. On this basis, it is therefore difficult to rationalize
apparent changes in total antioxidant activity reported in conditions such as
hypertension.

The administration of antioxidants results in improved status in both hyperten-
sive patients and animal models. In man, treatment with vitamin C improved
free radical-impaired endothelial vasomotor capacity [27,28], whilst treatment
with coenzyme Q [29] or combination (vitamin C, vitamin E, b-carotene and10

zinc) antioxidant therapy [4] lowered blood pressure, whilst reducing indices of
oxidative stress (e.g. lipid peroxidation levels). Similarly in SHR rats, lowering
of blood pressure corresponded with reduced levels of lipid peroxidation or
improved antioxidant status in various tissues following administration of
vitamin E [5], vitamin C, glutathione [30] or desmethyltirilizad [31].
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In addition to the well-recognized antioxidant compounds described above, it
has become apparent that a variety of drugs (including those used for the
treatment of hypertension) may have antioxidant activity (in addition to their

21primary function). These include the antihypertensive Ca channel antagonists
nilvadipine [32] and nicardipine [33], the a adrenergic antagonists doxazosin1

[34] and N-dicyclopropylmethyl-amino-2-oxazoline [6], the b-adrenergic an-
tagonist carvedilol [35], and the ACE inhibitor captopril [36], as well as the
nootropic agent idebenone [32] and antihyperlipoproteinemic agent probucol
[37]. All of the above compounds reduce oxidative stress (e.g. lipid peroxida-
tion, xanthine oxidase activity) or improve antioxidant status in various tissues
in hypertensive patients, or animal models of hypertension.

In this regard, the effect of lisinopril in ameliorating the reduction in the level
of a-tocopherol in plasma (but not in cardiac tissue) in SHR rats, reported in the
present study is of note. This appears to be quite specific, since lisinopril
treatment had no significant effect on the levels of other antioxidant parameters
(total antioxidant capacity, urea, albumin, retinol) in plasma, and the levels of all
the parameters investigated (including plasma a-tocopherol) were unaffected
following amlodipine treatment. It is also of note that whilst reduced total
cholesterol and LDL- or HDL-cholesterol levels were found in SHR rats, in
agreement with previously reported data [38], we were unable to demonstrate
any adverse alteration in the HDL/LDL cholesterol ratio in SHR rats, as
described previously [38]. In addition, whilst lisinopril treatment increased the
level of cardioprotective HDL-cholesterol in plasma of both SHR and WKY rats
( 1 20% and 1 18% respectively), this did not achieve statistical significance. It
is possible that the selective effect of lisinopril in increasing plasma a-
tocopherol levels may result from the release of stored a-tocopherol, although
this is currently a matter for conjecture.

Comparison of the anti-arrhythmic effects of captopril, lisinopril and gluta-
thione in an in vivo rat model of coronary artery ligation has suggested that the
protective effect of ACE inhibitors does not involve scavenging of free radicals
[39]. Similarly, the assessment of antioxidant capacity in mouse tissues in vitro
following administration of captopril or lisinopril suggested that the latter
compound was ineffective as an antioxidant [40]. The contrasting capability of
lisinopril as a putative antioxidant found between the above studies and the
present investigation may be a reflection of differences in the experimental
systems and/or method of antioxidant assessment employed, since these
parameters have been shown to influence apparent antioxidant activity [41].
Alternatively, the effect of lisinopril treatment in ameliorating reduced plasma
a-tocopherol in SHR rats may involve a more complex mechanism, in which the
activity of a-tocopherol is spared in some way which does not depend on the
antioxidant activity of lisinopril directly. In this regard, it is of note that when
measured in the present study, lisinopril (10 mM) had no apparent antioxidant
activity as determined against the ABTS ? 1 radical in vitro, using previously
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described methodology [12]. However, these factors remain a matter for
speculation at present.

In conclusion, we have demonstrated the specific reduction of plasma and
cardiac left ventricular tissue levels of a-tocopherol in SHR, compared to WKY
rats, suggesting that the former are at a greater risk of cardiovascular events. In
addition, reduced plasma a-tocopherol levels in SHR rats were ameliorated
following administration of lisinopril. These data suggest that lisinopril treat-
ment may increase a-tocopherol levels and reduce the risk of free radical
damage to the myocardium in hypertensive patients; these findings also indicate
a possible alternative mechanism of action for lisinopril, and reinforce the use of
this ACE inhibitor in the treatment of patients with hypertension.
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