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Background: Chronic obstructive pulmonary disease (COPD) is characterized by chronic airflow limitation
and a range of pathological changes in the Tung. some significant extra-pulmonary effects. and important
comorbidities which may contribute to the severity of the disease in individual patients. Many nmmune.
inflammatory and oxidative stress markers were found to be involved in the pathogenesis of COPD and
inhibition of which was related to improved pulmonary function in these patients.

Objective: The aim of this study is to evaluate the anti-inflammatory. antioxidant and immunomodulatory
effects of simvastatin. telmisartan or their combination on pulmonary function in patients with COPD.
Subjects and methods: Eighty patients with mild to moderate COPD according to GOLD standards criteria
were participated in this study. They were recruited into four groups where the first group includes 20
patients on an inhaled B2- agonist only (control). the second group includes 20 patients on an inhaled
B2- agonist plus 20mg/d simvastatin, the third group includes 20 patients on an inhaled B2- agonist plus
40mg/d telmisartan and the fourth group includes 20 patients on an inhaled [32- agonist plus combination
of both simvastatin and telmisartan. Twenty apparently healthy subjects were selected to be a normal group
for comparison. Baseline . 3 and 6 months periods were used to monitor patients. Pulmonary function tests
were measured by a spirometer (spirolab m) as forced expiratory volume in the first second (FEV ). torced
expiatory flow at 25-75% of the forced vital capacity (FEF25-75%). peak expiratory flow (PEF) and forced
expiratory volume in the third second (FIZV3). In addition. assessing the plasma levels of tumor necrosis
factor alpha (TNF-a). malonyl dialdehyde (MDA) as markers of inflammation and oxidative stress was
performed. ANOVA method for statistics was used to compare the results.

Results: The results showed that treatment with simvastatin. telmisartan and combination of both was
associated with improved pulmonary outcomes by affecting the inflammatory and oxidative stress processes
and this indicated by improvement in FEVI. FEF25-75%, PEF and FEV3. and reduction of TNF-¢ and
MDA However. the most effective therapy was with the combination of both simvastatin and telmisartan.
Conclusion: The anti-inflammatory. antioxidant effects of simvastatin and telmisartan were associated
with improved pulmonary function and there may be a potentiation effect between statins and angiotensin
receptor blockers (ARBs) that require further approval.
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Introduction:

Chronic obstructive pulmonary disease (COPDY). a condition
characterized by airway limitation. inflammation. and long-
term lung function decline. is a leading cause of mortality in
the United States and the world (1), In COPD. airway pro-
nflammatory cyvtokine levels have been demonstrated to be
associated with mcreased airway obstruction and exaggerated
arrway mflammatory response (2. 3). Oxidative stress. an
imbalance between oxidants and antioxidants. is increased in
patients with COPD. particularly during exacerbations. and
reactive oxygen species contribute to its pathophysiology (4.
5). Reduction in oxidative stress in patients with COPD should
provide chinical benefit through reducing mtiammation (6),
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Recently statins have emerged as a possible discase modifying
agentin COPD. The rationale for this at least partly derives from
the fact that the pathogenesis of COPD involves inflammatory
processes (10). and persistent systemic inflammation seems
to be present even in patients with stable COPD who do not
currently smoke (7). Studies have also demonstrated that
statins reduce oxidative stress (8). Inflammation is considered
central to the pathogenesis of COPD and oxidative stress
is also believed to be important in its development (9). The
Angiotensin-com erting enzyme (ACE) is highly expressed in
lungs. where it degrades bradvkinin and catalyses the formation
of the Angiotensin 1 (All):
mnflammatory modulator and cellular growth factor.

fhere have been several recent pharmacoepidemiologic
studies that have demonstrated that statin and or ACE inhibitor

a powerful vasoconstrictor.
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use were associated with improved outcomes for patients
hospitalized with acute COPD exacerbations or for those with
pre-existing COPD (10).

Subjects & methods:

This study was carried out at Al- Basra General Hospital
from December 2009 until  June 2011, Eighty patients were
participated in this study where they have been grouped into
four groups. The first group involved 20 COPD patients on
salbutamol inhaler only 200-800 microgram daily as required
(control). The second group involved 20 COPD patients on
salbutamol mhaler plus simvastatin 20mg/d. The third group
involved 20 COPD patients on salbutamol inhaler plus
telmisartan 40mg d. The fourth group involved 20 COPD
patients on salbutamol inhaler plus combination of both
simvastatin and telmisartan. Twenty apparently healthy subjects
were selected to participate as a normal group for comparison,
they were 16 males (80%0) and 4 females (20%). The mean
age ol these subjects was (59.09 + 8.71). The age of patients
ranged from 40 358.8 4 9.1 ). Thev. 64
patients (80%0) male and 16 patients (20%) temale. Diagnosis

635 years (Mean

was made by a specialized physician in iternal medicine for
patients as having COPD depending on patient history. clinical
with
reversibility (- 13% in COPD). Data were assessed as baseline,

examination. radiographic  findings and spirometry

Imonths and 6 months intervals after treatment with drugs
used m the study and these data were represented as mean
standard crror of the mean (SE). Pulmonary function tests were

measured by a spirometer (spirolab ) as FEV I FLEF25-75%.

PEF and FEV3. In addition. assessing the plasma levels of

TNF-g. MDA as markers of inflammation and oxidative stress
was performed. TNF-a plasma concentrations were measured
by Enzyvme Linked Immunosorbent Assay (ELISA) technique.
MDA plasma concentration was measured and 1dentified as
the product of lipid peroxidation that react with thiobarbituric
acid to give red species absorbing at 335 nm.

Results:

The data in table (1) showed that FEV1 values i patients
treated with telmisartan and those treated with both telmisartan
and simvastatin for 3 and 6 months were significantly higher
(p=0.03) than that of the control group of patients. Meanwhile,
patients that took simvastatin 20mg«d for 6 months also
showed a significant increase (p=0.05) in FEVI values as
compared to that of control group of patients. There was a
significant improvement in FEV1 values in patients taking
telmisartan 40mg d for 6 months as compared to the three
month period of treatment by the same drug. While the decline
of FEN'I values in the control group of patients after 6 months
was significant (p- 0.035). as compared to baseline values
the same group of patients. As shown 1n table (2). patients
treated with telmisartan and those treated with combination
of both telmisartan and simvastatin for 3 and 6 months
showed a significant increase (p-0.03) in FEF23-75 values
as compared to pretreatment values and values i the control

group of patients at the same time period. Meanwhile, patients
treated with simvastatin 20mg/d for 3 and 6 months showed a
significant increase (p<0.05) in FEF25-75 values as compared
to pretreatment values. In this group of patients. only after 6
months. there was a significant increase (p=0.05) in FEF25-75
values as compared to control group of patients. Baseline
values of FEF23-75 in all study groups were signiticantly lower
(p<0.03) from those in normal healthy individuals. The data in
table (3) showed that patients treated with simvastatin 20mg d.
telmisartan 40mg/d and those treated with combination of
both. showed a significant increase (p=0.05) in PEF values
after 3 and 6 months of treatment as compared to that of
control group of patients at the same time course. However.
in the control group of patients. the decline in PEF continued
and it was significant (p~0.05) at the 3 and 6 months values
as compared to the pretreatment level and between 3 and 6
months time period in the same group. As shown m table
(4). patients treated with simvastatim 20mg-d. telmisartan
40mg/d and those treated with combination of both, showed
a significant increase (p<0.03) in FEV3 values after 3 and 6
months of treatment from that of control group of patients
at the same time course. This means that there was a parallel
improvement in FEV3 o the decline in the control group. in
this parameter after 3 and 6 months period. However. m the
control group of patients, the decline in FIEV3 continued. and
there was a significant reduction (p--0.05) after 3 and 6 months
as compared to the pretreatment values. Baseline values and
after 3 and 6 months values of FEV3 in patients of all study
aroups were significantly lower (p~0.03) than those of normal
aroup of healthy individuals at the same time pertod. This
means that even after significant improvement i FEV3 values
after 3 and 6 months. these values were still far from that
of normal healthy individuals. The data i table (3) showed
that. in patients treated with simvastatin 20mg d. there was a
significant reduction (p=0.05) in TNF- ¢ values after 3 and 6
months of treatment as compared to those of pretreatment and
control group values of patients at the same time period. The
same thing was recorded for patients treated with telmisartan
40mg/d and those treated with combination of both simvastatin
and telmisartan. where the values of TN\F- a were sigmificantly
lower (p~-0.05) atter 3 and 6 months of treatment from that of
pretreatment values and those of control group of patients at the
same time period. However. these two last groups of patients
also showed significant decrease (p=0.05) in TNF- a values
after 6 months period of treatment as compared to 3 months
period of treatment with the same drugs. In table (6). the data
showed that the baseline values of MDA in patients treated with
telmisartan and those treated with combination of sunvastatin
and telmisartan showed a significant increase (p-0.05) from
that of bascline values of MDA in normal group of healthy
individuals. After 3 and 6 months treatment with telmisartan
or with combination of simvastatin and telmisartan. values
of MDA were significantly reduced (p:0.03) as compared to
pretreatment values. Patients treated with simvastatin 20mg/d
for 6 months showed a significant decrease m MDA values
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(p<0.05) from that of pretreatment values.

Discussion:

In this study, pulmonary function tests indicates that there was
a statistically significant improvement in this function after
treatment courses of 3 and 6 months with simvastatin 20mg/d.
telmisartan 40mg/d and the combination of both as was shown
in tables (1 — 4), where FEVI, FEF25-75. PEF and FEV3
values showed statistically significant improvement after
treatment with the above mentioned drugs. These results were
in agreement with other results that also indicate attenuation
of lung function decline in statin users and telmisartan users
on COPD patients (11, 12). However, combination of the two
drugs or the use of telmisartan alone as a prospective study
had not yet been studied. Few studies have been published
and examined the effect of statins on lung function. A recent
abstract published for the Chest 2006 conference examined
the effects of statin use on lung function in 485 eclderly
subjects who were current or former smokers. This work
reported reduced declines in FVC and FEV | for statin users
compared with nonusers (11). The anti-inflammatory and
immunomodulatory properties and capability of simvastatin.
telmisartan and their combination were obvious in this work
as shown in table (5), where the results showed that there was
amarked and significant reduction in TNF-« values in patients
with COPD after receiving simvastatin 20mg/d, telmisartan

40mg/d or their combination. However. combination of

these two drugs showed a more powerful effect to reduce
this immune and inflammatory marker than if either drug
was used alone. Increasingly, more studies have shown that
tumor necrosis factor-a (TNF-a) plays an important role in the
pathogenesis of COPD (13) and is involved in the induction of
apoptosis of endothelial cells, such as human coronary artery
endothelial cells (14) and pulmonary artery endothelial cells in
experimental idiopathic pneumonia syndrome (15). Effects of
simvastatin 20mg/d. telmisartan 40mg/d and their combination
on oxidative stress marker (MDA), was also obvious as shown
in table 6 where these two drugs were able to reduce the
oxidative stress marker significantly after 3 and 6 months of
treatment. Other studies were in agreement with these results
(16, 17). Systemic oxidative stress is also increased in patients
with COPD, particularly during exacerbations, and this is linked
to reduced antioxidant capacity (16). Although 3-hydroxy-
3-methyl-3-glutaryl coenzyme A reductase inhibitors reduce
cholesterol, they have several other pharmacological actions
that might be beneficial in COPD. including antioxidant.
antiinflammatory. and immunomodulatory effects (17).

Conclusion:

The anti-inflammatory, antioxidant effects of simvastatin
and telmisartan were associated with improved pulmonary
function and there may be a potentiation effect between statins
and angiotensin receptor blockers (ARBs) that require further
approval.

Table (1): Effect of treatment with Simvastatin 20mg/d, telmisartan 40mg/d and their combination on FEVI in patients
with mild to moderate COPD, after 3, 6 months of treatment, untreated group of COPD patients ( control ) and normal

healthy individuals.

FEVI1 (L)
Number of subjects
Groups
pretreatment 3months 6months
Normal 20 4.06 £ 0.07 3.99 + 0.05 4.03 £ 0.08
Control 20 1.66 = 0.06 * 1.57 £ 0.06 * 1.45+ 0.06 *a
Simvastatin 20 L.71 £ 0.07 * 1.79 £ 0.1 * 1.85+ 0.1 *b
Telmisartan 20 1.82 £ 0.06 * 1.88 £ 0.07 *b 1.97 £ 0.08 *cb
Simvastatin + 20 1.74% 0.09 * 1.87£0.09 *b 1.94%0.08 “b
Telmisartan

Values expressed as mean -+ standard error of mean.

* Significantly different (p<<0.05) as compared with normal values.

a Significantly different (p=0.05) as compared with pretreatment values.

b Significantly different (p<0.05) as compared with control values.

¢ Significantly different (p<<0.05) as compared between 3 and 6 months values.
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Table (2): Effect of treatment with Simvastatin 20mg/d. telmisartan 40mg/d and their combination on FEF25-75% in patients with mild
to moderate COPD, after 3, 6 months of treatment. untreated group of COPD patients ( control ) and normal healthy individuals.

. Number of FEF25-75 (1/S)
Groups .
subjects pretreatment 3months 6months
Normal 20 4.67 + 0.12 4.58 £ 0.11 4.04 £ 0.14
Control 20 1.97 = 0.1 * 1.96 £ 0.06 * 1.8+ 0.05*
Simvastatin 20 1.79+ 0.08 * 2.19£ 0.1 *a 2.22£ 0.1 *ab
lelmisartan 20 1.92 + 0.1 * 2.3+ 0.09 *ab 241 £ 0.1 *ab
Simvastatin + Telmisartan 20 1.88 £ 0.1 * 227+ 0.09 *ab 2.4+ 0.08 *ab
alues expressed as mean + standard error of mean

* Signiticantly ditferent (p 0.05) as compared with normal values

a Significantly ditfferent (p 0.05) as compared with pretreatment values

b Significantly ditferent (p0.05) as compared with control values

Table (3): Effect of treatment with Simvastatin 20mg/d, telmisartan 40mg/d and their combination on PEF in patients
with mild to moderate COPD, untreated group of COPD patients ( control ) after 3, 6 months of treatment, and normal
healthy individuals. Values expressed as mean + standard error of mean,

. Number of PEF (L/S)
Groups cubiects
subjects pretreatment 3months 6months
Normal 20 4.86 % 0.13 4.74 + 0.1 483+ 0.12
Control 20 2.8+ 0,09 % 2,09+ 0.08 *a 1.88 + 0.06 *ac
Simvastatin 20 231+ 0.09 % 2,48 £ 0.12 *b 2.5 2 0.09 *h
Telmisartan 20 243 = 01 % 2,62 +0.12 *b 2.66 £ 0.11 *b
Simvastatin + Telmisartan 20 2,49 £ 0.1 = 281+ 0.17 *b 278+ 0.13 %b

“Significanty different (p 0.05) as compared with normal values

a Signiticanty different (p o3y as compared with pretreatment values

b Signiticanty ditferent (p 003y as compared with control vatues

¢ Signiticanthy different (p 0.051as compared between 3 and o months values

Table (4): Effect of treatment with Simvastatin 20mg/d. telmisartan 40mg/d and their combination on FEV3 in patients with mild to
moderate COPD. untreated group of COPD patients ( control ) after 3. 6 months of treatment. and normal healthy individuals.

‘ Number of FEV3 (L/S)
Groups Lo
subjects pretreatment 3months omonths
Normal 20 477 ¢ 0,14 4.64 £ 0.17 47520019
Control 20 2231 007 = 1.97 £ 0,06 *a 1.9 0.06 %2
Simvastatin 20 2,19+ 0.08 * 2.37 = 011 *b 238 £ 0.1 7b
Telmisartan 20 219 & D F 2,32 + 012 *b 239+ (L11 *h
Simvastatin -+ Felmisartan 20 234013 246+ 017 %h 233+ 013 b

Latues enprossed ds mean - stndard error of mean
Siemticamby ditterent ip C oSy as compared with normai s adues
2 Stemticanty ditferentip 00 as compared with pretieatment - alues
S Steneantly ditterentip 00 as compared with contol s aines
Tahle (5): Effect of treatment with Simvastatin 20me/d. celmisartan J0mg/d and their combination on TNF-¢ in patients with mild
to moderate COPD. untreated group of COPD patients { conirol j after 3. 6 months of treatment, and normal healthy individuals.

Groups \um'h('r of I'NF-u (ng/1.)
subjects pretreatment 3months omonths
Normal 20 2409 5020 2042 003 2034022
{ ontrol 20 IR0« 1.43° 1995 £ 184~ 20,06+ 149 ¢
Simvastadin ME 20013 - 182 10,49+ 1.4 “ab 4.5 100 Fabe
Telmisartan 20 o) - 87" 9.01 &+ 1.1 ab 401 2073 Fabe
Sinvastatins felmisartan 210 TR 9430 112 "ab 29 4T abee
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Values expressed as mean + standard error of mean.

* Significantly different (p<0.05) as compared with normal values.

a Significantly different (p<0.05) as compared with pretreatment values.

b Significantly different (p=0.05) as compared with control values.

¢ Significantly different (p<0.05) as compared between 3 and 6 months values.

e Significantly different (p<0.05) as compared telmisartan and the combination group of values.

Table (6): Effect of treatment with Simvastatin 20mg/d, telmisartan 40mg/d and their combination on MDA in patients
with mild to moderate COPD, untreated group of COPD patients ( control ) after 3, 6 months of treatment, and normal

healthy individuals.

Number of MDA (mmol/L)
Groups .
subjects pretreatment 3months 6months
Normal 20 0.73 + 0.06 0.71 £ 0.05 0.72 £0.07
Control 20 257+ 0.2 % 2.65+0.23 * 2.75+£0.21 *
Simvastatin 20 3.16+ 0.22 * 2.98 +£0.25 * 2,43+ 0.17 *a
Telmisartan 20 3.1 £ 0.14 *b 2.63 £ 0.16 *a 2.18 £ 0.15 *ab
Simvastatin + Telmisartan 20 3.41 £0.17 *b 2.52+ 0.24 *a 1.99 + 0.17 *ab

Values expressed as mean + standard error of mean.

* Significantly different (p<0.03) as compared with normal values.
a Significantly different (p<0.05) as compared with pretreatment values.
b Significantly different (p<0.03) as compared with control values.
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