wWJBC

World Journal of
Biological Chemistry

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4331/ wijbc.v6.i3.240

World ] Biol Chem 2015 August 26; 6(3): 240-248
ISSN 1949-8454 (online)
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Basic Study
Effect of paricalcitol and enalapril on renal inflammation/
oxidative stress in atherosclerosis

ORIGINAL ARTICLE

Kazim Husain, Edu Suarez, Angel Isidro, Wilfredo Hernandez, Leon Ferder

Kazim Husain, Edu Suarez, Angel Isidro, Leon Ferder,
Department of Physiology, Pharmacology and Toxicology, Ponce
School of Medicine and Health Sciences, Ponce, PR 00732,
United States

Wilfredo Hernandez, Department of Biochemistry, Ponce
School of Medicine and Health Sciences, Ponce, PR 00732,
United States

Author contributions: Husain K performed the majority of the
experiments, analyzed the data and wrote the paper; Suarez E
performed the animal treatments, data recording and analysis;
Isidro A performed physiological experiments; Hernandez W
performed biochemical data and statistical analysis; Ferder L
designed and coordinated the research.

Supported by A research grant from Abbott Pharmaceutical,
United States.

Institutional review board statement: The animal protocol
was designed to minimize pain and discomfort to the animals.
The animals were acclimatized to laboratory conditions (25 C,
12 h/12 h light/dark, 50% humidity, ad libitum access to food and
water) for one week.

Institutional animal care and use committee statement: All
procedures involving animals were reviewed and approved by the
Institutional Animal Care and Use Committee (IACUC) of Ponce
School of Medicine (Protocol #LF-07).

Conflict-of-interest statement: There is no conflict of interest
associated with any of the senior author or other coauthors
contributed their efforts in this manuscript.

Data sharing statement: This is a non-clinical study hence
the technical appendix, statistical code, and data sets are not
available.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on

JBaishideng® W]BC I WWW.ngnet.COm

240

different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Kazim Husain, PhD, DABT, Professor,
Department of Physiology, Pharmacology and Toxicology, Ponce
School of Medicine and Health Sciences, PO Box 7004, Ponce,
PR 00732, United States. khusain@psm.edu

Telephone: +1-787-8402575

Fax: +1-787-8413736

Received: January 24, 2015
Peer-review started: January 28, 2015
First decision: March 6, 2015
Revised: May 26, 2015

Accepted: June 9, 2015

Article in press: June 11,2015
Published online: August 26, 2015

Abstract

AIM: To investigate the protective effect of paricalcitol
and enalapril on renal inflammation and oxidative stress
in ApoE-knock out mice.

METHODS: Animals treated for 4 mo as group (1)
ApoE-knock out plus vehicle, group (2) ApoE-knock
out plus paricalcitol (200 ng thrice a week), (3) ApoE-
knock out plus enalapril (30 mg/L), (4) ApoE-knock out
plus paricalcitol plus enalapril and (5) normal. Blood
pressure (BP) was recorded using tail cuff method.
The kidneys were isolated for biochemical assays using
spectrophotometer and Western blot analyses.

RESULTS: ApoE-deficient mice developed high BP
(127 £ 3 mmHg) and it was ameliorated by enalapril
and enalapril plus paricalcitol treatments but not with
paricalcitol alone. Renal malondialdehyde concentrations,
p22°"*, manganese-superoxide dismutase, inducible
nitric oxide synthase (NOS), monocyte chemoattractant
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protein-1, tumor necrosis factor-alpha and transforming
growth factor-p1 levels significantly elevated but reduced
glutathione, CuzZn-SOD and eNOS levels significantly
depleted in ApoE-knock out animals compared to
normal. Administration of paricalcitol, enalapril and
combined together ameliorated the renal inflammation
and oxidative stress in ApoE-knock out animals.

CONCLUSION: Paricalcitol and enalapril combo tre-
atment ameliorates renal inflammation as well as
oxidative stress in atherosclerotic animals.

Key words: Atherosclerosis; Enalapril; Paricalcitol; Renal
inflammation; Oxidative stress

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although the protective efficacy of vitamin D
and angiotensin converting enzyme inhibitors (ACEIs)
have been studied in the cardiovascular system of
atherosclerotic mice. However this is the first report
to investigate the renal protection by paricalcitol and
enalapril, alone or in combination in ApoE-deficient
atherosclerotic mice. This innovative study clearly shows
that vitamin D, ACEI and their combo ameliorated
the renal inflammation and oxidative stress in ApoE-
knock out animals by depleting the inflammatory and
oxidative stress markers as well as restoring the renal
antioxidant defense system in atherosclerotic mice. The
combination of paricalcitol and enalapril warrants the
clinical usefulness in renal atherosclerotic patients.

Husain K, Suarez E, Isidro A, Hernandez W, Ferder L. Effect
of paricalcitol and enalapril on renal inflammation/oxidative
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Available from: URL: http://www.wjgnet.com/1949-8454/full/
v6/i3/240.htm DOI: http://dx.doi.org/10.4331/wjbc.v6.13.240

INTRODUCTION

Atherosclerosis is implicated of morbidity and mortality
in patients with cardiorenal diseases worldwide.
Epidemiological as well as clinical investigations
demonstrated a strong relationship between vitamin
D deficiency and cardiorenal risk factors such as
hypertension, chronic kidney disease (CKD), diabetes
mellitus, atherosclerosis, myocardial infarction,
stroke, and congestive heart failure!?., It could be
suggested that vitamin D deficiency contributes to the
development of renal and cardiovascular diseases via
its strong association with risk factors such as diabetes,
hyperlipidemia and hypertension®*, However, direct
effects of vitamin D on the renal and cardiovascular
system may also be involved. Activation of vitamin D
receptors not only regulates the parathyroid hormone
but also alters the renin-angiotensin system (RAS),
cardiac hypertrophy, inflammation, and calcium
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levels®*?, The molecular mechanism for how vitamin
D may improve cardiorenal disease outcomes, spe-
cifically cardiorenal atherosclerotic lesions, is not well
understood.

A number of studies documented an essential role of
RAS in both cardiovascular pathophysiology, including
atherosclerosis, and renal pathophysiology™***!. RAS
inhibitors and blockers have therapeutic potentials in
chronic cardiorenal dysfunctions***'®, Angiotensin II
causes oxidants/antioxidants imbalance in the kidney,
heart and vascular system inducing reactive oxygen
species (ROS) production via the activation of NADPH
oxidase™®*”, These ROS initiate vascular membrane
lipid peroxidation leading to inflammation and the
generation of inflammatory cytokines (TNF-a) through
NF-xB activation®??! and other mediators such as
vascular cell adhesion molecule-1 (VCAM-1), MCP-1,
TGF- 1, Matrix metalloproteinase 9 (MMP9), iNOS and
Mn-SOD™®!, ROS oxidize cellular biomolecules (lipids,
proteins and nucleic acids) leading to renal, heart
and vascular impairments'®. But the cellular ROS
are scavenged by endogenous antioxidants including
antioxidant enzymes such as SOD, catalase, and
glutathione peroxidase (GSHPx), reduced glutathione
(GSH) and vitamins A, C, and E®”. Most importantly,
depletion of a major cellular antioxidant such as GSH
has been reported to cause renal and cardiovascular
dysfunction in rats ®*°!, Antioxidant therapy has been
shown to ameliorate renal and cardiovascular oxidative
stress by scavenging excess ROS and upregulating
the antioxidant defense system®~°!. However, since
the protective mechanisms of angiotensin converting
enzyme inhibitors (ACEISs) in the atherosclerotic lesions
of mouse kidney are not completely understood, we
set out to investigate this aspect in the present study.

Paricalcitol, a vitamin D analog, has been as-
sociated not only with the regulation of early stages
of atherogenesis but also with vascular calcification.
Treatments with vitamin D analogs at therapeutic
dosages ameliorate the secondary elevation of
parathyroid hormones and vascular calcium levels®=,
In clinical studies, paricalcitol reduced proteinuria,
inflammation, and the mortality rate in CKD pati-
ents*3%, Our recent study demonstrated that when
paricalcitol combined with enalapril ameliorated the
oxidative cardiovascular injury by suppressing ROS-
generating enzyme NADPH oxidase activity and by
upregulating the antioxidant defense system in a uremic
rat model and mouse model of atherosclerosis®®®*">,
It is not known, however, whether vitamin D analogs
can protect against inflammatory and oxidative stress
in the kidney of atherosclerotic mice. RAS is implicated
in atherosclerosis and vitamin D suppresses it, the
combination of vitamin D and RAS inhibitor most likely
elevated the therapeutic potentials in the kidney of
ApoE-deficient mice. Therefore, the present study
aimed to investigate the protective efficacy of a vitamin
D analog, i.e., paricalcitol, and an ACE inhibitor, i.e.,
enalapril on inflammation and oxidants/antioxidants
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Figure 1 Effect of paricalcitol and enalapril alone and in combination for
16-wk on mean blood pressure (mmHg) in ApoE-deficient atherosclerotic
mice. There was a significant (P < 0.05) increase in mean BP in atherosclerotic
mice compared to wild type control (n = 12). Enalapril (n = 12) alone and in
combination with paricalcitol (n = 12) significantly (P < 0.05) reduced mean
blood pressure (BP) in atherosclerotic mice (n = 12). Paricalcitol (n = 12) slightly
but not significantly decreased mean BP in atherosclerotic mice.

imbalance in the kidney of ApoE-deficient atherosclerotic
mice.

MATERIALS AND METHODS

Animals

Sixty female mice (20-25 g) were procured from
(Taconic Company, Hudson, NY, United States). Mice
were given food and water ad libitum. They were
maintained at a room temperature (25 C with 50%
humidity) and on 12/12-h light/dark cycle. After one
week acclimatization they were separated into five
groups and treated as follows:

Group 1 (ApoE deficient + vehicle): Mice were
administered a vehicle (100 pL of propylene glycol, i.p.)
3 times a week for 16 wk (n = 12).

Group 2 (ApoE deficient + paricalcitol): Mice were
given paricalcitol (200 ng in propylene glycol, i.p.) 3
times a week for 16 wk (n = 12).

Group 3 (ApoE deficient + enalapril): Mice were
given enalapril (30 mg/kg) in their drinking water for
16 wk (n =12).

Group 4 (ApoE deficient + paricalcitol + enalapril):
Mice were given paricalcitol + enalapril for 16 wk (n =
12).

Group 5 (wild-type normal control): Wild-type
control mice were given vehicle only 3 times a week
for 16 wk (n = 12).

The use of ApoE-deficient mice as a model of
atherosclerotic lesions and drug treatment were
reported earlier’®®*!), BP was monitored after drug
treatment using a Non-Invasive Blood Pressure
System NIBP800 (Columbus Instruments, Columbus,
Ohio, United States) as described earlier™” ™., After 16
wk, mice were euthanized by decapitation and kidneys
were isolated. The kidneys (n = 6) from each group
of mice were rinsed with PBS, immediately placed in
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liquid nitrogen then preserved at -80 °C. The remaining
kidneys (n = 6) from each group of mice were fixed in
buffered formalin for histological study. All Procedures
involving animals were reviewed including care
to minimize the pain and discomfort by the Ponce
School of Medicine’s Institutional Animal Care and Use
Committee (IACUC). The animal protocol #LF-07 was
approved by the committee. The drugs were obtained
from Sigma Chemical Company (St. Louis, Mo, United
States) and Abbott Pharmaceuticals (Abbott Park, IL,
United States).

Determination of glutathione

Glutathione (GSH) was determined as previously
described®™* using commercial kit (Cayman Company,
Ann Arbor, MI, United States).

Lipid peroxidation assay

The end product of lipid peroxidation malondialdehyde
(MDA) levels were estimated according to Ohkawa
and colleague’s method™?. For the standard, 1, 1, 3,
3-tetraethoxypropane was used.

Protein assay

Total protein levels were determined using Coomassie
reagent according to the method of Read and
Northcole*®. Bovine serum albumin (BSA) was used
as the standard.

Protein extraction

Total protein extraction from frozen tissues was
performed using M-PER buffer (Pierce, Rockford, IL,
United States).

Western blot analysis

Total proteins (40 ng) was resolved by 12.5% SDS
polyacrylamide gel electrophoresis (SDS PAGE)
running gel and a 5% stacking gel as described
previously™*>,

Statistical analysis

The data are represented as mean = SEM. The data
were statistically analyzed by one-way analysis of
variance (ANOVA) followed by a post-hoc, Schaffer
test. P < 0.05 was considered significant. The sta-
tistical analysis of the data has been reviewed by Dr.
Hernandez of Ponce School of Medicine.

RESULTS

As depicted in Figure 1, ApoE-deficient atherosclerotic
mice in group 1 receiving vehicle alone developed
significant hypertension (increased mean BP) com-
pared to normal wild type controls in group 5 (P < 0.05)
after 16 wk of treatment. Treatment with enalapril
or enalapril in combination with paricalcitol for 16
wk prevented the increase in mean BP (P < 0.05).
However, paricalcitol alone treatment for 16 wk did not
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Figure 2 Effect of paricalcitol and enalapril alone and in combination for
16-wk on mono and combination for 16-wk on renal malondialdehyde and
glutathione levels in ApoE-deficient atherosclerotic mice. There was a
significant (P < 0.001) increase in the renal MDA levels in atherosclerotic mice
compared to wild type control (group 5). Paricalcitol (n = 6) and Enalapril (n =
6) alone significantly (P < 0.05 and P < 0.05) reduced aortic malondialdehyde
(MDA) levels. However combination of the two (n = 6) decreased greater and
significant (P < 0.01) aortic MDA levels than either drug alone in atherosclerotic
mice (n = 6). There was a significant (P < 0.001) decrease in aortic glutathione
(GSH) levels in atherosclerotic mice compared to wild type control (group
5). Paricalcitol (n = 6) and enalapril (n = 6) alone significantly (P < 0.05)
increased aortic GSH levels. However combination of the two (n = 6) increased
greater and significant (P < 0.01) aortic GSH levels than either drug alone in
atherosclerotic mice (n = 6).

lower the mean BP of mice in group 2.

Figure 2 shows that the levels of the renal lipid
peroxidation end product, malondialdehyde (MDA),
increased by 200% (P < 0.001) in atherosclerotic mice
in group 1 compared to wild type controls in group 5,
indicating the renal oxidative injury in atherosclerosis.
Paricalcitol and Enalapril alone significantly reduced
renal MDA levels (33% and 58%, respectively)
compared to group 1 (P < 0.05). Combining these two
drugs, however, decreased greater MDA levels by 67%
(P < 0.01) than either drug alone in atherosclerotic
mice.

There was a marked decrease in renal reduced
glutathione (GSH) (58%, P < 001) in vehicle-
treated atherosclerotic mice in group 1 compared
to wild type controls in group 5 (Figure 2) indicating
an oxidative injury. Paricalcitol and Enalapril alone
significantly increased renal GSH levels (40% and
80%, respectively) compared to group 1 (P < 0.05).
Combining of the two drugs, however, increased
greater GSH levels by 100% (P < 0.01) than either
drug alone in atherosclerotic mice. All three therapies
protected against the reduction in renal GSH levels,
indicating an up-regulation of the renal antioxidant
system.

Renal p22°" level was significantly elevated (150%)
in ApoE-deficient mice compared to normal controls
(Figure 3). Paricalcitol treatment decreased the subunit
expression (38%) in the kidney compared to group
1. Enalapril and drug combo significantly decreased
p22°" (76% and 68% of group 1) thus lowers the
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Figure 3 Western blot analysis and densitometry of protein band analysis
to paricalcitol and enalapril alone and in combination for 16-wk on renal
NADPH oxidase subunit p22phox, manganese-superoxide dismutase
and copper/zinc-superoxide dismutase protein expression in ApoE-
deficient atherosclerotic mice. A: Western blot analysis of the effect of
paricalcitol and enalapril alone and in combination for 16-wk on renal NADPH
oxidase subunit p22phox, manganese-superoxide dismutase (Mn-SOD) and
copper/zinc-superoxide dismutase (CuZn-SOD) protein expression in ApoE-
deficient atherosclerotic mice; B: Densitometry of protein band analysis
show that renal NADPH oxidase subunit p22phox and Mn-SOD expression
significantly increased (P < 0.001) whereas CuZn-SOD protein expression
significantly decreased (P < 0.001) in atherosclerotic mice (n = 3) compared
to controls (n = 3). Paricalcitol (n = 3), enalapril (n = 3) and combination of the
two (n = 3) significantly (P < 0.02 and P < 0.001) ameliorated the oxidative
stress by inhibiting the induction of NADPH oxidase and Mn-SOD expression
(38%, 76% and 68%, respectively) and up-regulating the CuZn-SOD protein
expression (52%, 342% and 398%, respectively) in atherosclerotic mice. The
data represent mean + SE of three independent Western blot experiments.

oxidative damage of the kidney.

As depicted in Figure 3 renal Mn-SOD level sig-
nificantly elevated (98%) and CuzZn-SOD level signifi-
cantly depleted (55%) in atherosclerotic animals
compared to group 5. Both drug separately as well
as combined together depleted Mn-SOD levels (52%,
76% and 68%, respectively) and induced CuzZn-SOD
levels (52%, 342% and 398%, respectively) compared
to group 1.

The renal inflammatory markers (TNF-a, MCP-1,
TGF-B1 and iNOS) were significantly elevated (190%,
198%, 158% and 992%, respectively) and eNOS
levels significantly depleted (55%) in ApoE-deficient
animals compared to group 5 (Figures 4 and 5). Both
drugs alone as well as combined together significantly
depleted iINOS (69%, 72% and 76%, respectively),
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Figure 4 Western blot analysis and densitometry of protein band analysis
to paricalcitol and enalapril alone and in combination for 16-wk on renal
iNOS and eNOS protein expression in ApoE-deficient atherosclerotic
mice. A: Western blot analysis of the effect of paricalcitol and enalapril alone
and in combination for 16-wk on renal INOS and eNOS protein expression in
ApoE-deficient atherosclerotic mice; B: Densitometry of protein band analysis
show that renal INOS expression was significantly enhanced (P < 0.001)
whereas eNOS protein expression was significantly decreased (P < 0.001)
in ApoE-deficient atherosclerotic mice (n = 3) compared to controls (n = 3).
Pricalcitol (n = 3), enalapril (n = 3) and the combination of the two (n = 3)
significantly (P < 0.05 and P < 0.001) ameliorated the alterations in iNOS and
eNOS expression in atherosclerotic mice. The data represent mean + SE of
three independent Western blot experiments.

MCP-1 (72%, 79%, 76%, respectively), TNF-a. (79%,
88%, and 72%, respectively) and TGF- Bl (24%,
82% and 93%, respectively) compared to group 1.
Both drug separately as well as combined together
ameliorated the renal endothelial damage via induction
of eNOS (98%, 147% and 342%, respectively)
compared to group 1.

DISCUSSION

This study reveals the protective efficacy of the vitamin
D analog, paricalcitol, and ACE inhibitor, enalapril,
either alone or in combination, on renal inflammatory
and oxidative stress in ApoE-deficient atherosclerotic
mouse model. A number of preclinical as well as clinical
studies have demonstrated the beneficial effects of
RAS blockade in renal and cardiovascular diseases
including atherosclerosis!***¢1829373941 However, the
mechanisms by which ACEIs provide protection against
cardiovascular diseases are not fully understood. The
role of inflammatory and oxidative injuries in the
disorders of the kidney, heart and blood vessels such
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Figure 5 Western blot analysis and densitometry of protein band
analysis to paricalcitol and enalapril alone and in combination for 16-wk
on renal inflammatory proteins MCP-1, TNF-o. and TGF-31 expression
in ApoE-deficient atherosclerotic mice. A: Western blot analysis of the
effect of paricalcitol and enalapril alone and in combination for 16-wk on renal
inflammatory proteins MCP-1, TNF-o. and TGF-B1 expression in ApoE-deficient
atherosclerotic mice; B: Densitometry of protein band analysis show that
renal MCP-1, TNF-a. and TGF-B1 expression was significantly enhanced (P
<0.01, P<0.01 and P < 0.001) in ApoE-deficient atherosclerotic mice (n = 3)
compared to controls (n = 3). Pricalcitol (n = 3) and enalapril (n = 3) alone and
in combination of the two (n = 3) significantly (P < 0.05 and P < 0.001) exerted
anti-inflammatory response by down-regulating the MCP-1, TNF-a. and COX-2
expression in atherosclerotic mice. The data represent mean + SE of three
independent Western blot experiments.

as CKD, renal and cardiac failure, atherosclerosis and
hypertension is well known!*®3*373%1 Chronically
increased angiotensin II activity has been implicated
in promoting oxidative stress, inflammation and
atherosclerosis®®, The inflammatory and oxidative
stress response in atherosclerotic mice can induce the
generation of oxidants and inhibit the endogenous
antioxidants®’*%**% Angiotensin II has been shown to
induce vascular oxidative stress through the activation
of NADPH oxidase, which leads to the generation of
superoxide™®?%?2% The present data in an ApoE-
deficient mouse model of atherosclerosis show that
a profound increase in renal NADPH oxidase subunit
p22°"™ protein expression corresponds to enhanced
MDA levels and elevated mean BP. The down-
regulation of NADPH oxidase by enalapril, paricalcitol
and the combination, clearly suggests a role for RAS in
the progression of renal oxidative stress. Interestingly
the vitamin D analog, paricalcitol, which has been
shown to be efficacious in renal and cardiovascular
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diseases!'**'**3®! has an antioxidant effect by decr-

easing the superoxide generating enzyme (NADPH
oxidase) and MDA levels in the kidney. This action
may be related to the negative regulation of RAS by
vitamin D analogs'**“*?), Earlier studies have shown that
excess superoxide generation due to NADPH oxidase
activation causes inflammation and further generation
of inflammatory cytokines (TNF-alpha) through NF-
kB activation®***, The role of NF-xB activation is
also demonstrated in atherosclerosis™*" and in renal
disease®., An earlier report demonstrated that 1,
25-dihydroxyvitamin Ds blocks hyperglycemia-induced
renal injury by blunting NF-kB activation™, Our recent
studies demonstrate that renal and cardiovascular
expression of pro-inflammatory substances (MCP-1,
TNF-a, and COX-2) and macrophage infiltration
are profoundly depressed when paricalcitol was
combined with the ACE inhibitor, enalapril, in uremic
rats and in atherosclerotic mice®®. In preclinical
studies, the treatment of animals with vitamin D
ameliorated fibrosis in the kidney by inhibiting TGFp
and inducing hepatocyte growth factor™**. TGF8 has
been shown to inhibit interstitial fibrosis via down
regulation of myofibroblast induction®***, Preclinical
report demonstrated that paricalcitol administered
intravenously inhibits interstitial fibrosis in the kidneys
of animals with obstructive nephropathy®*, and a
clinical study has shown oral administration protected
the kidney function in the CKD patients®®®. Therefore,
the current study demonstrating the depletion of
renal inflammatory factors by drugs treatment in
atherosclerotic mice, together with previous data,
suggests that the renal protection provided by pa-
ricalcitol or enalapril and combination of the two is
most likely due to their anti-inflammatory actions.
Inflammation and oxidative stress in the kidney
of atherosclerotic mice may also be related to an
alteration in the cellular antioxidant defense system.
Glutathione (GSH), a major non-protein thiol anti-
oxidant, maintains the cellular integrity'**”, It directly
scavenges excess ROS and also regenerates cellular
antioxidant vitamins®®*, Our data show a significant
depletion of renal GSH in atherosclerotic mice, an
indicator of oxidative stress!*®*’l, The depletion of
GSH is known to cause failed antioxidant defense
leading to lipid peroxidation®®*®*”!, The suppression
of cellular glutathione by an inhibitor of glutathione
synthesis causes hypertension and cardiovascular
oxidative stress in rats®®®.. Therefore, preservation of
physiological levels of GSH is a vital cellular mechanism
for the prevention of oxidative injury to the kidney. A
lower level of antioxidants in the tissues of patients
with renal and cardiovascular diseases has also been
reported!®'®>%1 The data further show that both
paricalcitol and enalapril alone and in combination
significantly elevates renal GSH levels suggesting the
antioxidant actions of the treatments. The present
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data show that renal mitochondrial Mn-SOD protein
expression is significantly increased in ApoE-deficient
atherosclerotic mice suggesting a defense mechanism
for scavenge of excess superoxides. SODs are the
primary scavengers of the endogenous ROS in the cells.
There are three isozymes of SOD exist in mammalian
cells: cytosolic CuZn-SOD, mitochondrial Mn-SOD
and extracellular ecSOD and CuzZn-SOD activity is
inactivated by free radicals™. The inflammatory and
oxidative stress in the renal tissues of atherosclerotic
mice induced accumulation of oxidant species leading
to protein oxidation and degradation of enzyme
protein. Importantly, activation or inhibition of SOD
activities are known to be due to cellular accumulation
of oxidant species’®. Mitochondrial Mn-SOD has been
reported to be regulated by pro-inflammatory cytokine
TNF-alpha’®! and both drugs paricalcitol and enalapril
have anti-inflammatory actions!*®**?*3**33%1 Hence
the combination of the two drugs would be more
effective in the amelioration of renal inflammatory
injury in atherosclerosis. The data further show that
renal eNOS protein expression down-regulated but
iNOS protein expression up-regulated in ApoE-deficient
atherosclerotic mice compared to controls suggesting
oxidative and inflammatory injury to the renal vascular
endothelium. Cellular nitric oxide (NO) is produced
by eNOS in the endothelium and by iNOS in response
to inflammation™. Treatment with paricalcitol and
enalapril attenuated the changes in eNOS and iNOS
levels in atherosclerotic mice. The present data as well
as our earlier studies”>**"*" clearly show that vitamin
D and ACE inhibitor combo ameliorated the renal
inflammation and oxidants/antioxidants imbalance in
animal model of atherosclerosis than either drug alone.

In summary, we demonstrated that renal inflam-
matory and oxidative stress in ApoE-deficient mice is due
to enhanced TNF-a, TGF81, MCP-1, p22°">, Mn-SOD and
iNOS levels and lipid peroxidation and to a reduction in
GSH levels and CuZn-SOD protein expression. Treatment
with either vitamin D and ACE inhibitor alone or their
combo attenuates renal inflammation and oxidative
damage in ApoE-deficient animals by depleting TNF-a,,
TGFB1, MCP-1, p22°™>, Mn-SOD and iNOS levels and lipid
peroxidation and by preserving GSH, CuzZn-SOD and
eNOS levels. In conclusion, the combination of paricalcitol
and enalapril is more efficacious than either drug alone in
ameliorating renal inflammatory and oxidative stress in
atherosclerosis.
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enhanced inflammatory markers (MCP-1, TNF-c., TGF1) oxidants (p22”™,
Mn-SOD and iNOS and MDA) and depletion of antioxidants (GSH, CuZn-SOD
and eNOS). Administration of vitamin D and ACE inhibitor either separately or
in combo attenuates renal inflammation and oxidant damage in ApoE-deficient
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oxidative stress in mouse model of atherosclerosis” is very well written research
paper. In their study they concluded that paricalcitol and enalapril combination
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