Free Radic Res Downloaded from informahealthcare.com by University of Saskatchewan on 12/04/11
For personal use only

Free Radical Research, December 2009; 43(12): 1195-1204 informa

healthcare

Augmented nitric oxide generation in neutrophils: Oxidative and
pro-inflammatory implications in hypertension
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Abstract

The present study explores expression of NOS and pro-inflammatory cytokines, NOS catalysis and NO mediated modula-
tion of oxidative response and apoptosis in neutrophils from spontaneously hypertensive rats (SHR). Neutrophils from SHR
showed ~3-fold increments in iNOS expression, 1.5-fold increments in nOS expression and calcium independent NOS
catalysis, whereas GTPCH expression was unaltered. Although phagocytic potential was comparable, neutrophils from SHR
demonstrated augmented oxidative burst, which was reduced by NOS inhibition or in the presence of NO scavenger. SHR
neutrophils also exhibited enhanced MPO catalysis and [Coc“]i levels. Levels of TNF-o and IFN-y were comparable, but
IL-1p and CRP levels in SHR plasma were (p < 0.05) elevated. This study evidenced significantly enhanced expression of
IL-1f in SHR neutrophils whereas those of TNF-o and IFN-y were unaltered. Moreover neutrophils from SHR exhibited
(p < 0.01) delayed apoptotic response and sustained NO generation, as evident from elevated nitrite levels in neutrophil
culture supernatant above the control levels. Results obtained indicate an augmented NO generation from neutrophils
during hypertension which might fortify their attribute to the oxidative and inflammatory stress in SHR, emphasizing the
importance of neutrophils in hypertension.

Keywords: Neutrophil, nitric oxide synthase, hypertension, phagocytosis, oxidative burst, cytokines, apoptosis

Intr ion S . .
troductio prone to oxidative damage to aortic endothelium due

Current research considers endothelial dysfunction
during hypertension in conjunction with oxidative
stress and inflammation, which is also associated with
atherosclerosis, coronary artery disease, endotoxin
shock and target organ damage [1-6]. Increased
expression of leukocyte adhesion molecules, chemo-
kines, specific growth factors, heat shock proteins,
endothelin-1 and angiotensin in vascular endothe-
lium has been observed during hypertension. The
contribution of neutrophils, the forerunners to inflam-
matory loci in the overall inflammatory status during
hypertension, has, however, been largely ignored.
Both genetic and acquired forms of hypertension are

to a decline in vasodilatory NO [7-10], excessive gen-
eration of superoxide due to the enhanced expression
of p22 phox, a NADPH oxidase sub-unit and eNOS
uncoupling [9-11]. Even increment of eNOS expres-
sion in the aortic endothelium [11] failed to overcome
endothelial dysfunction.

Neutrophils are the highest producers of reactive
oxygen species (ROS), generate NO and are equipped
with proteolytic artillery, which inflicts endothelial
damage [12,13]. Activated neutrophils scavenge vaso-
dilatory NO through NADPH oxidase or MPO
catalysed reactions [13,14]. Neutrophil necrosis
also contributes to the development of secondary
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inflammation [13]. Previous studies documented an
increase in the neutrophil counts in hypertensive sub-
jects [15]. Neutropenia-induced hypotension along
with iNOS and IFN-y induction in aortic endothe-
lium has been recently reported [14].

The clinical importance of investigating neutrophil
NOS in the context of hypertension is manifested by
NO mediated modulation of vascular homeos-tasis
[16-19]. NO prevents neutrophil-endothelium adverse
interactions by reducing CD11b/CD18b expression
[17], platelet aggregation [16] and intra-vascular
thrombosis [18]. Since neutrophils outnumber other
circulating leukocytes by a wide margin, an alteration
at the level of neutrophil NOS might influence the
vascular and circulating cell responses.

Previous study from this lab reported a significant
increment in nitrite content in neutrophils, while a
reduction was seen in the aortic tissue [19] which
reflected a down-regulation in NOS catalysis in the aorta
whereas an up-regulation in neutrophils. With recent
reports depicting neutrophil mediated regulation of vas-
cular tone [14], the present study intends to evaluate the
comparative status of NOS isoform expression by real-
time PCR analysis, the relative contribution of calcium-
dependent and -independent catalysis, NO mediated
modulation of neutrophil oxidative stress and apoptosis,
the level of calcium (an essential element in supporting
constitutive eNOS and nNOS catalysis), the contribu-
tion of MPO to oxidative generation of free radicals
along with the level of inflammatory mediators known
to up-regulate iNOS expression in plasma and neutro-
phils from SHR and normotensive control WKY rats.

Methods
Animal studies

Four-month old male SHR and matched normotensive
Wistar rats (WKY) were provided with chow pellets and
water ad hbitium. All experimentations were approved
by Institutional ethical committee and conformed to the
Guide for the Care and Use of Laboratory Animals.

Isolation of peripheral blood neutrophils

Neutrophils were isolated as reported earlier [19];
briefly, by dextran sedimentation and differential cen-
trifugation through Histopaque gradients 1119 and
1083. Neutrophils collected at the interface were
washed twice and resuspended in HBSS. Cell viabil-
ity (>98%) was estimated by Trypan blue exclusion.

Expression of NOS isoforms by real time PCR

Total RNA was extracted using Tri-reagent. For
gRT-PCR analysis of nNOS and iNOS, cDNA
was synthesized from 5 ug of total RNA. DNAse treat-
ment was done prior to cDNA preparation.

a—tubulin was adopted for the normalization of PCR
data. The primers for nNOS, iNOS and a-tubulin were
as reported earlier [19]. PCR conditions were 94°C for
10 min, 20 s at 94°C and annealing and extension at
60°C for 1 min through 40 cycles. Data were evaluated
by the relative quantification method (2744€.) [20].

NOS catalysis in neutrophils

NOS activity in neutrophil (1 x 107 cells) lysate was
performed in the absence (5 mM EGTA was used)
or presence of CaCl2 (2 mM) as reported previously
[21]. NO synthesis has been reported as pmol of
L-[3H] citrulline/30 min/107 cells.

Expression of GTPCH, TNF-a, IFN-y and IL-1f

Total RNA (5 pg) was reverse-transcribed with
MMLYV reverse transcriptase using oligo dT as per
the manufacturer’s instructions. The primers and
PCR conditions for TNF-o, IFN-y and IL-1f
were selected as reported earlier [22-24] and for
GTPCH primers were F = 5 GGCCCCGCAGCG
AGGAG GATAAC 3'R= 5’AGGCTGCAAGGCT-
TCTGTG ATGG 3’ and PCR condition 94°C 5
min, 94°C 1 min, 65°C 1 min, 72°C 1 min and 72°C
10 min, for 35 cycles. The sequence for GTPCH,
TNF-a, IFN-y and IL-1f amplified 427, 295, 288
and 543-bp amplified products, respectively, while
f-actin gave a 244 bp amplified product.

ELISA estimations for TNF-a, IFN-y, IL-1 and CRP

ELISA analysis for TNF-a, IFN-y and IL-1f in neu-
trophil lysates and plasma and CRP in plasma were
done as per instructions of the manufacturer for the
specific ELISA kits used. After stopping of reaction
the plates were read on a microplate reader (Bio-Tek,
Power Wave XS-USA) at 450 nm and 570 nm in
the case of TNF-a, IFN-y and IL-1f and 450 nm and
630 nm in the case of CRP.

Phagocytosis assay

Heat-inactivated and FITC-labelled (50 ng/ml) E.coli
were incubated with neutrophils for 30 min and anal-
ysed by flow cytometry (BD, FACS Caliber with
argon laser). To differentiate between phagocy-tosed
and adherent bacteria, Trypan blue (20 ul of 2 mg/
ml) was added to quench the fluorescence of the
adherent bacterial population and reanalysed on a
flow cytometer [25].

Free radical generation by flow cytometry

Free radical generation was evaluated as reported
previously [19,21] following stimulation with arachi-
donic acid (AA), bacterial peptide fMLP (3 uM) and
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E.coli bacteria (1:50) for 30 min. Pre-treatment with
NOS inhibitor 7-NI (1 mM), NO scavenger cPTIO
(1 mM) and MPO inhibitor 4-aminobenzoicacid
hydrazide (ABAH) (100 uM) was given for 30 min
before adding stimuli. Samples were acquired on a
flow cytometer and mean fluorescence intensity
was recorded for at least 10 000 neutrophils. Data
was analysed using Cell-Quest pro software. Mean
stimulation index (MSI) = Mean fluorescence of
activated neutrophils/Mean fluorescence of resting
neutrophils.

Mpyeloperoxidase activiry

Total MPO activity was evaluated in neutrophil lysate
as reported earlier using O-dianisidine (200 uM)
and H,0, (150 uM) at 37°C [26]. Optical density
recorded at 463 nm was converted to units of con-
centration by using molar extinction co-efficient for
oxidized o-dianisidine £=10 062 [M x cm]~.

Measurement of [Ca™]i in neutrophils

Determination of [Ca2?"]i was carried out with
Fluo-3 AM by spectrofluorimetry. Briefly, the ace-
toxy-methyl (AM) ester of Fluo-3 (Fluo-3 AM), a
calcium-sensitive dye, was dissolved in a 0.1% non-
ionic detergent Pluronic F-127. Isolated neutrophils
were loaded with the membrane permeable dye for
30 min at 37°C, which is converted intracellularly to
the membrane impermeable Fluo-3 free acid. Fluo-3
(excitation 488 nm and emission 530 nm) bears neg-
ligible fluorescence as a free acid, which is enhanced
upon binding to Ca®* | . Intracellular ionized calcium
was calculated using the formula [Ca?*]I 5 Kd
[F-F_. /[F ..-Fl, where F is baseline fluorescence
measured following a 10-min incubation of isolated
neutrophils; F___ is the fluorescence measured in the
presence of 1 mM CaCl, and 5 UM of the calcium
ionophore A23187; F_. is determined immediately
after the addition of 2 mM MnCl, to the ionophore-
treated cells; Kd is the dissociation constant of
Fluo-3 bound to Ca?* and equals 400 nM at 37°C.
Data was analysed with the help of Eclipse software
for spectrofluorimetry [27].

Culture of neutrophils

Neutrophils (2 x 10° cells/ml) were cultured in RPMI-
1640 medium with 1% glutamine supplemented with
10% heat inactivated FCS, 100 U/ml penicillin G,
100 ng/ml streptomycin at 37°C, 5% CO, humified
atmosphere. Neutrophils were harvested at specified
time points, fixed in 70% ethanol at 4°C for 1 h
washed (HBSS +10.1% BSA) and incubated with
PI (50 pg/ml) and RNase A (100 pg/ml) for 30 min
at 37°C and analysed by flow cytometry [28].
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Nitrite estimation in culture supernatant

Nitrite content in neutrophil culture supernatant was
estimated by harvesting cells at specified time points
and incubating the culture supernatant with Griess
reagent for 30 min at 37°C [19-21].

Analysis of results and statistical evaluation

Results are Mean = SEM of at least three indepen-
dent experiments in each group. Comparison between
two groups was performed by unpaired Student’s
t-test and multiple comparisons were made by one-
way ANOVA followed by Newman-Keul’s post-
analysis test. Results were considered significant at
p < 0.05.

Results
Expression and catalytic activity of NOS in neutrophils

A significant augmentation (3.2 + 0.9-fold) in iNOS
expression was evidenced in neutrophils obtained
from SHR as compared to WKY (Figure 1A), while
that of nNOS was 1.5 + 0.2-fold in comparison to
WKY.

A co-induction of GTPCH, the initial enzyme
of BH, biosynthetic pathway, is often deciphered
under inflammatory situations when iNOS is trig-
gered. However, we did not encounter any alteration
in GTPCH expression (Figure 1B) among SHR
neutrophils.

An increment in the levels of total and protein asso-
ciated nitrite and NO generation (DAF-2T fluores-
cence) in SHR neutrophils was documented earlier
[19]. Since an increment in iINOS expression was
observed, NOS catalysis in neutrophil lysates was
evaluated in the presence and absence of calcium in
the reaction buffer to differentiate the relative catalytic
contribution of calcium-dependent (cNOS/nNOS)
and calcium-independent (iNOS) isoforms. There was
a significant increment (p < 0.01) in NOS catalysis
among SHR neutrophils, most of which was attributed
to calcium independent activity (6.3 £ 0.9 pmol/30
min/107 cells for calcium-independent and 2.5 * 1
pmol/30 min/107 cells for calcium-dependent NOS,
respectively). NOS catalysis in WKY was also attrib-
uted to both calcium-dependent (1.9 £ 0.4 pmol/30
min/107 cells) and independent (2.8 + 0.4 pmol/30
min/107 cells) isoforms (Figure 1C). In WKY neutro-
phils the calcium-dependent and -independent NOS
activities are comparable and not significantly differ-
ent; however, in SHR most of NOS catalysis was
attributed to the calcium-independent isoform.
Moreover calcium-independent catalysis in SHR and
WKY neutrophils was significantly different but calci-
um-dependent analysis was comparable. This is in
accord with the normalized (with respect to relative

RIGHTS LI N Hig



Free Radic Res Downloaded from informahealthcare.com by University of Saskatchewan on 12/04/11
For personal use only

1198 M. Chatterjee et al.

<— 427 bp GTPCH

B .
A - <— 244 bp B Actin
Bl iNOS

& nNOS L
%n - - £ 15 B VKY
S - [ SHR
= =
2 31
g ? 1.0
2 2 - O
2 -9
2 5
) 0.5 4
8 11
&

0 - 0.0

(@)
o0
J

Il iNOS activity
[ cNOS activity

pmol/30min/107 cells

SHR WKY

Figure 1. Bar diagram showing (A) the fold increase in the normalized expression of nNOS and iNOS in neutrophils from SHR in
comparison to WKY. gqRT-PCR data were analysed according to the ZT’MC method by normalizing first the sample values (nNOS, iNOS)
to the reference gene values (a-tubulin) in SHR and WKY neutrophils, respectively, and eventually calculating the relative change in
expression (fold enhancement) in SHR as compared to WKY. (B) RT-PCR data showing expression of GTPCH and bar diagram
representing densitometric analysis of GTPCH with respect to f-actin in neutrophils from SHR and WKY. (C) NOS activity in neutrophil
lysates from SHR and WKY in the presence/absence of calcium (2 mM) and EGTA (5 mM) in the reaction buffer. Values are Mean 1
SEM for at least three independent experiments. Calcium-independent activity was assessed in the absence of calcium (EGTA), whereas
calcium-dependent activity was deduced by subtracting values for calcium-independent catalysis from total NOS activity in the presence
of calcium. “p < 0.01 for SHR in comparison to WKY; @ p < 0.05 for iNOS Vs cNOS activity.

house-keeping gene a-tubulin in SHR and WKY during hypertension and also induce iNOS expres-
neutrophils) real-time PCR data showing a signifi sion. An enhancement (p < 0.01) was evidenced
cant increment in (fold change for) only iNOS only in the expression of IL-14 in neutrophils from
expression. SHR (Figures 2A and B), whereas expression of
TNF-a and IFN-y remained unaltered (Figures 2A
and B).

The levels of IFN-y (62.2 + 18.2 pg/ml/ 2 x 105cells,
Neutrophils contribute to the inflammatory response 86.2 = 21.7 pg/ml/2 X 106 neutrophils from WKY
by releasing inflammatory mediators [29,30]. An and SHR, respectively) and TNF-a (48.1 £ 14 pg/
increment in expression of iNOS among SHR  ml/2 x 10° cells, 80.1+13.39 pg/ml/2 x 10° cells
neu-trophils also suggests a possible trigger from for WKY and SHR, respectively) showed a trend
inflammatory mediators [31,32]. The expression of  of increase (Figure 2C) in SHR neutrophil lysates
IL-1f, TNF-a and IFN-y was therefore explored, (correlating with expression) and plasma (Figure 2D)
which are related to pro-inflammatory disposition but was statistically not significant. IL-15 was

Pro-inflammatory mediators in neutrophil and plasma
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Figure 2. (A) RT-PCR data showing expression of IFN-y, TNF-a and IL-1/ in neutrophils of SHR and WKY. Bar diagram showing (B)
densitometric analysis of IFN-y, TNF-o and IL-1f with respected to f-actin in neutrophils from SHR and WKY, (C) levels of IFN-y,
TNF-o and IL-1f in neutrophils (2x10), (D) levels of IFN-y, TNF-o and IL-1f in plasma and (E) levels of CRP in serum from SHR
and WKY. Values are Mean 1 SEM for three independent experiments. *p» <0.05 for SHR vs WKY.

significantly elevated in both plasma and neutrophil
(104 = 1 pg/ml/2 x 106 cells, 177 = 12.4 pg/ml/2 x 10°
cells for WKY and SHR, respectively). The absolute
level of IL-1f was below detection limit in WKY
plasma.

CRP level in the plasma, an indicator of pro-
inflammatory status during hypertension [6], was also

significantly more in SHR (233.3 = 19.4 ug/ml) (Figure
2E) as compared to WKY (141.1 * 6.5 ug/ml).

Phagocyric activity unaffected in SHR neutrophils

Neutrophils, essentially the phagocytic cells of
the innate immune brigade, did not exhibit any
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significant difference in phagocytosis among both
groups (SHR and WKY) (Figure 3A) when exposed
to E.coli.

ROS/RNS generation in neutrophils

NO profoundly influences neutrophil oxidative
burst (ROS/RNS) [19,33,34]. Increment in neutro-
phil NADPH oxidase catalysis during hyperten-
sion was reported [13] and we further explored the
contribution of NOS by using NOS inhibitor 7-NI
and NO scavenger c-PTIO, which significantly
reduced fMLP stimulated free radical generation by
64% and 72%, respectively, in neutrophils from
SHR.

Bacteria (E.coli at 50:1), fMLP and arachidonic
acid (AA) induced augmentation in DCF fluores-
cence of SHR neutrophils was considerably higher
(p < 0.05) than WKY (Figure 3B), suggesting an
enhanced generation of ROS/RNS at both resting and
activated state.
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We also evidenced a significant (p < 0.05) increment
in MPO activity among SHR neutrophils (59.3 = 2.2
(UM/min/107 cells) in comparison to neutrophils
obtained from WKY (39.4 = 4 uM/min/107 cells)
(Figure 3C). However, MPO degranulation from neu-
trophils following fMLP and LPS stimulus in vitro
was comparable between two groups. Pre-treatment
of neutrophils with MPO inhibitor ABAH signifi-
cantly (p < 0.05) reduced the free radical generation
from fMLP activated neutrophils (Figure 3D).

Intracellular [Ca2 1% in neutrophils

[Ca%*]i was significantly (p < 0.05) elevated in the
resting neutrophils from SHR (84 = 8 nM) in com-
parison to those from WKY (48 = 10 nM). The ele-
vated calcium might be utilized to support NOS
catalysis as well as respiratory burst. Presence of both
intracellular and extracellular calcium were manda-
tory for neutrophil free radical generation since
chelation of [Ca**], by BAPTA-AM and [Ca®**],
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Figure 3. Histogram representing (A) mean fluorescence accounting for phagocytic activity in neutrophils (2x10 ) from WKY and SHR
following challenge with FITC-labelled E.coli (1:50), (B) free radical generation (ONOO") as DCF mean fluorescence among resting vs
activated neutrophils in presence of E.coli (1:50), fLMP (3 wM) and arachidonic acid (2 uM) as stimuli. (C) Total MPO activity in
neutrophils from SHR and WKY. (D) Inhibition of free radical generation [decrease in Mean Stimulation Index (MSI)] in neutrophils in
the presence of MPO inhibitor ABAH (100 uM). Values are Mean + SEM for at least five independent experiments. #p < 0.05 for SHR
in comparison to WKY in the respective sets, “p < 0.05 basal vs stimulated neutrophils in each group. & p < 0.05 for MSI in presence vs

absence of ABAH.
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by EGTA reduced the fMLP activated free radical
formation by 74% and 67%, respectively, in SHR
and 79% and 73%, respectively, in WKY.

Sustained generarion of NO and delayed apoptosis
among SHR neutrophils

NO offers dual regulation on apoptosis [35]. A drastic
rise in NO triggers apoptosis whereas a sustained gen-
eration of NO interferes with apoptotic execution by
post-translational modulation of pro-and anti-apoptotic
proteins. We evidenced prolonged (up to 24 h) and
significantly (p < 0.01) elevated nitrite levels in neutro-
phil culture supernatant from SHR (Figure 4A), being
7.85 = 0.4 mM in WKY and 22.02 = 1 mM in SHR
following 24 h culture. It significantly correlated with
delayed apoptosis, as evident from the marked differ-
ence (p < 0.01) in the percentage of apoptotic SHR
neutrophils in comparison to control (Figure 4B) at each
time point; reaching 53% and 65% among SHR and
WXKY neutrophils, respectively, after 24 h of culture.

A 257 g
Il 6 hrs
L 0 =010k @
= [J14hrs @
S- 15 Elghrs e
2 Il 24 hrs T
Q
=1
S 10 4 @
Q
£ @
5 @
E 5 < @ k%
@ kK
0
WKY SHR
B 759

60 -

45 4

30

% Apoptotic population

WKY SHR

Figure 4. Histogram representing (A) nitrite content in neutrophil
(5 x 10° cells/ml) culture supernatant in SHR and WKY following
6, 10, 14, 18, 24 h culture. (B) Percentage of apoptotic population
in SHR and WKY neutrophils under culture conditions for 6, 10,
14, 18, 24 h. Values represent Mean 1 SEM for three inde-
pendent experiments. ““p < 0.01 for SHR in comparison to WKY.
@ p < 0.05 in comparison to previous (immediate) time-point.
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Discussion

Oxidative stress and inflammation adversely effect
endothelial function and hypertensive anomalies.
The contribution of neutrophils is however least
explored in hypertension [13-15,19,27,36,37],
whereas the role of neutrophil-derived NO as a reg-
ulatory element in modulating the pro-oxidative and
pro-inflammatory aspects of neutrophil functions
has been largely ignored. Bestowed with oxidative
burst potential, proteases, neutrophil inflict oxida-
tive and cytotoxic injury to vascular endothelium
[37]. Harbouring all three NOS isoforms [38—40] and
generating NO at amounts equivalent to that by
endothelium [12], neutrophils can influence vascu-
lar tone [14] and amend association with endothe-
lium through ICAM-1, E-selectin [17]; thus
neutrophil NOS seem worthwhile exploring from an
oxidative and inflammatory perspective during
hypertension associated with alteration in NO pro-
duction/availability [41]. Insights regarding relative
contribution of the three NOS isoforms in influenc-
ing cardiovascular physiology come from genetically
disrupted mice showing that absence of iNOS exhibit
reduced hypotension to septic shock [42] an inflam-
matory ailment profoundly influenced by neutrophils.
Neutropenia-induced iNOS mediated NO produc-
tion from aortic endothelium involving an upregula-
tion in IFN-y is also documented in healthy mice.
Previously we evidenced augmented iNOS expression
[19] in SHR neutrophils and an increment in produc-
tion of nitrite. Currently we confirmed iNOS and
nNOS expression through real time PCR analysis,
substantiating the increase in iINOS expression
and demonstrating that the increase was by 3-fold,
which also translated to a similar level of augmen-
tation in the calcium independent NOS catalysis
(Figure 1). However, nNOS expression remained
unaltered with no significant change in calcium-
dependent NOS catalysis (Figure 1). Expression of
eNOS in neutrophils is yet a controversial issue with
a report [40] showing expression of eNOS in human
neutrophils also advocating its regulation by TNF-c.
In previous studies from our lab we explored the
expression of NOS isoforms in rat neutrophils [43]
and could not detect the presence of eNOS. Thus,
we exempted from considering eNOS expression in
the present study. Therefore, the relative contribu-
tion of nNOS and eNOS (if any in rat neutrophils)
to the overall calcium-dependent catalysis could not
be adjudged. However, iNOS, kinetically being
the fastest of the three NOS isoforms, can generate
large amounts of NO in a short span of time to pos-
sibly contribute to inflammatory and cytotoxic
responses. An increment in expression of iNOS is often
associated with an increase in expression of GTPCh,
the initial enzyme of the tetrahydrobiopterin (BH,)
biosynthetic pathway. A simultaneous increment in
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the expression of GTPCH when iNOS expression
is enhanced ensures ready availability of NOS
cofactor BH, to ensure effective catalysis. We there-
fore set to determine the expression of GTPCH in
SHR neutrophils, noting an increment in the
expression of iNOS. Previously a decline in expres-
sion of GTPCH expression was documented in the
adrenal cortex of SHR, notwithstanding an upregu-
lation in iNOS expression [44]. Presently we evi-
denced that expression of GTPCH remained
unchanged despite augmented iNOS expression in
SHR neutrophils. iNOS over-expression coupled
with inadequate BH, has been suggested to con-
tribute to development of hypertension in SHR,
furthermore chronic supplementation of BH, at a
pre-hypertensive stage was shown to suppress
development of hypertension in SHR [44]. This
might cause a limiting situation for BH, to support
NOS catalysis and therefore might bring about
uncoupling of NOS, therefore causing generation
of superoxide instead of NO as reported previously
in endothelial cells. Future experiments could be
directed towards determination of the absolute
levels of BH, in WKY and SHR neutrophils
and explore the possibility of NOS uncoupling,
possibly owing to limiting BH, availability in SHR
neutrophils.

Enhancement of iNOS expression among SHR neu-
trophils [19] predictably reflects a pro-inflammatory
trigger [34,36]. These cytokines suffice indepen-
dently or act synergistically to increase iNOS tran-
scription depending on the cytokine response profile
of different cells. We evidenced a significant elevation
in the expression and levels of IL-1f in neutrophils
and plasma from SHR, which is presumed to trigger
transcription of iNOS.

Phagocytosis acts as a trigger for respiratory burst
and an alteration at the levels of phagocytic uptake
could account for a change in respiratory burst
potential as well. However, the present data nullifies
such possibilities. We did not encounter any changes
in the phagocytic potential or the extent of bacterial
uptake in neutrophils from SHR and WKY groups.
Change in the extent of free radical generation or
respiratory burst could possibly be due to changes at
the level of NADPH oxidase system and also
the contribution of NOS uncoupling [10]. It is well
documented that superoxide released by neutrop-
hils not only serves for inflammatory immune
response but also inflicts vascular dysregulation
[13-15,19,27,36,37]. We project the possibility of
NOS and NO mediated modulation of oxidative
burst in SHR neutrophils contemplated from 7-NI
and cPTIO affected decline in superoxide generation
from activated neutrophils. Enhanced eNOS expres-
sion in endothelium was previously documented to
support superoxide generation over NO synthesis
[10]. SHR neutrophils presumably pose similar

possibilities, having significant increments in iNOS
expression.

A simultaneous augmentation in NO and super-
oxide generation [19] and the resultant production of
peroxynitrite in SHR neutrophils scavenged the NO
that otherwise could have been implemented for
relaxation [14], preventing platelet aggregation in
the near vicinity [12,16] or in preventing adverse
en-dothelium-neutrophil interactions [17]. DCFD
H2DA employed in the present flow cytometric analy-
sis of neutrophils has the inherent property to detect
the generation of ROS and also RNS, notably ONOO™.
Previous studies have utilized this property of DCFD-
H2DA to show generation of ONOO™ in neutrophil-
induced endothelial cell activation [36] which we
contemplated could be investigated in neutrophils
themselves. Currently we report an elevation of
ONOO™ generation in neutrophils themselves suggest-
ing the possibility that neutrophil derived ONOO~
can inflict oxidative damage to target tissues, offer
potentially innumerable post-translational modifica-
tions of proteins affecting cardiovascular physiology
[45]. ONOO" liberated from neutrophils might also
contribute to the elevated levels of stable NO metabo-
lites in plasma, as reported earlier in SHR [19].
Therefore, enhanced levels of NO in SHR neutrophils
add to free radical load by generating secondary oxi-
dizing and nitrating species, which might influence
redox signalling events in vascular smooth muscle
cells, affecting their growth, differentiation, apoptosis
and secretion of inflammatory mediators [46].

Currently we also deciphered the possible contri-
bution of intracellular calcium and MPO in adding
to the oxidative mechanisms of neutrophils. In animal
models and in hypertensive subjects, increased
excretion of calcium in urine was reported [27].
Further correlation between BP levels and enhanced
neutrophil [Ca2*]i was also suggested [27]. We evi-
denced significant elevation of [Ca?*]i in SHR neu-
trophils and as presumed both [Ca2*]i and [Ca2*]e
were mandatory to instigate an oxidative burst and
also support calcium-dependent NOS catalysis. Now
whether a therapeutic approach involving calcium
modulators in hypertension could check the oxidative
pandemonium of neutrophils needs to be assessed.
On the other hand an increment in MPO repertoire
among SHR neutrophils projects the possibility of
inflicting oxidative injury at target sites upon chemo-
tactic neutrophil infiltration or transcytosis of MPO
into the aortic endothelium or target organs. MPO
might also serve as a marker of neutrophil infiltration
to target organs. Lack of detectable difference in
degranulation in vitro, however, cannot nullify poten-
tial stimuli in vivo that would trigger degranulation of
the significantly large MPO reservoir in SHR as com-
pared to controls. A reduction in free radical genera-
tion from neutrophils in the presence of ABAH also
suggests MPO involvement.
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Effective apoptotic clearance of neutrophils is as
crucial as their microbicidal actions for resolution of
inflammation. The most common way of detecting or
studying neutrophil apoptosis is to either determine
the exposure of phosphatidyl serine by means of
AnnexinV or the degradation of DNA by DNA inter-
calating agents such and PI. Since exposure of PS is
an early event in neutrophil apoptosis and we intended
to study later time points, we chose the latter, which
is sufficient to show apoptotic neutrophil percentage
by monitoring the sub-diploid peak in PI histogram
analysis by flow cytometry.

Previously we documented enhanced level of total
and protein associated nitrite in neutrophil lysates
which reflects the level or reservoir of NO metabolites
in SHR and WKY neutrophils. In the current study
we have evaluated the extent of NO generation from
SHR and WKY neutrophils under culture condition
by evaluating nitrite content not in the neutrophil
lysate as before but in the neutrophil culture super-
natant where it is released by the neutrophils. Nitrite
content does not indicate the real time NO generation
as DAF but it indicates the cumulative or accumula-
tive NO generated during the period the neutrophils
have been cultured. Therefore this total nitrite level is
an accumulation of nitrite generated by neutrophils
since the culture was seeded. We suggest that these
prolonged and higher levels of NO generation in SHR
neutrophils as compared to the WKY neutrophils
could block apoptosis, as suggested in other studies
as well. However, to prove the absolute involvement
of NO in regulating apoptosis as in this study would
need the presence of NOS inhibitors in culture. Then
again, isoform-specific NOS inhibition is a debated
and challenging issue as the inhibitors differ in their
relative specificity and potential to inhibit a specific
NOS isoform. Furthermore, neutrophils have a short
life-span and the vehicle (as DMSO for 7-NI which
is known to inhibit both iNOS and ¢cNOS at higher
concentrations like 1 mM) of NOS inhibitor could
also affect the survival potential of these granulocytes.
However, alternative approaches to silent NOS activ-
ity in neutrophils could be thought of and accom-
plished in future studies. Nevertheless, this in vivo
would imply that neutrophils having fortified oxida-
tive burst potential survive longer in circulation and
promote pro-inflammatory process during hyperten-
sion to predispose hypertensive subjects to oxidative
and inflammatory adversities. Results obtained
indicate the augmented inflammatory mediators and
neutrophil mediated increase in free radical genera-
tion in SHR.

Conclusion

This study hypothesizes that the augmentation in NO
generation from neutrophils of SHR possibly promote
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oxidative/nitrosative damage and inflammatory insult.
Exploration of the role of neutrophil NOS in SHR
might provide helpful insight into the understanding
of the pathology of hypertension.
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