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Abstract
Background: Endothelial function is dependent on the balance between vasoconstrictive and vasodilatory
substances. The endothelium ability to produce nitric oxide is one of the most crucial mechanisms in regulating
vascular tone. An increase in inducible nitric oxide synthase contributes to endothelial dysfunction in overweight
persons, while oxidative stress contributes to the conversion of nitric oxide to peroxynitrite (measured as
nitrotyrosine in vivo) in underweight persons. The objective of this study was to elucidate the interaction of body
composition and oxidative stress on vascular function and peroxynitrite. This was done through an experimental
design with three weight groups (underweight, normal weight and overweight), with four treatment arms in each.
Plasma nitrotyrosine levels were measured 15–20 h post lipopolysaccharide (LPS) treatment, as were aortic ring
tension changes. Acetylcholine (ACh) and sodium nitroprusside (SNP) challenges were used to observe endothelialdependent and endothelial-independent vascular relaxation after pre-constriction of aortic rings with
phenylephrine.
Results: Nitrotyrosine levels in saline-treated rats were similar among the weight groups. There was a significant
increase in nitrotyrosine levels between saline-treated rats and those treated with the highest lipopolysaccharide
doses in each of the weight groups. In response to ACh challenge, Rmax (percentage reduction in aortic tension)
was lowest in overweight rats (112%). In response to SNP, there was an insignificantly lower Rmax in the
underweight rats (106%) compared to the normal weight rats (112%). Overweight rats had a significant decrease in
Rmax (83%) in response to SNP, signifying involvement of a more chronic process in tension reduction changes. A
lower Rmax accompanied an increase in peroxynitrite after acetylcholine challenge in all weight groups.
Conclusions: Endothelial dysfunction, observed as an impairment in the ability to reduce tension, is associated
with increased plasma peroxynitrite levels across the spectrum of body mass. In higher-BMI rats, an additional role
is played by vascular smooth muscle in the causation of endothelial dysfunction.
Keywords: Endothelial dysfunction, Body mass index, Peroxynitrite, Nitrotyrosine, Endothelial-dependent vascular
relaxation
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1 Background
The endothelium plays a crucial role in regulating
haemodynamics by the production and release of multiple biochemical factors [1], among which are
endothelium-derived vasoactive substances that can mediate either vasoconstriction (e.g., endothelin-1) or vasodilation (e.g., nitric oxide) [2]. The normal function of
the endothelium depends on the balance of these factors,
and a mechanism leading to endothelial dysfunction is
reduced production of nitric oxide. Nitric oxide produced in the endothelial cells diffuses to vascular smooth
muscle cells. It then activates nitric oxide-sensitive
guanylyl cyclase, which induces vascular smooth muscle
relaxation by modifying intracellular calcium concentrations. Reduced production of nitric oxide is a central feature of endothelial dysfunction and a loss of arterial
vascular compliance [3].
Expression of inducible nitric oxide synthase (iNOS), a
calcium-independent enzyme, is increased in response to
increased signalling molecules, e.g., proinflammatory cytokines [4]. Klabunde et al. [5] reported that bacterial
endotoxins (e.g., lipopolysaccharide) also stimulate the
activity of iNOS in the setting of inflammation, and this
effect may persist for several days [6]. In certain disease
states, such as HIV infection, atherosclerosis and other
inflammatory conditions [7], there is an increase in oxidative stress. This results from a disturbance in the balance between the production of reactive oxygen species
(free radicals) and antioxidant defences. The oxygen
splits into single atoms with unpaired electrons called
free radicals which seek electrons from other molecules
to gain stability, destabilising the affected molecule and
turning it into a free radical (e.g., superoxide (O2-)). In
high amounts, O2- non-enzymatically reacts with nitric
oxide to produce peroxynitrite, a highly aggressive oxidant [1, 8].
Administration of bacterially derived lipopolysaccharide (LPS) in rats increases the production of iNOS and
oxygen free-radical production, mimicking what occurs
in humans during oxidative stress [9]. This involves the
activation of toll-like receptors (TLR4) on endothelial
cells [10]. The LPS binds to TLR4, activating nuclear
factor kappa-light-chain-enhancer of activated B cells
(NF-κB) and P38 mitogen-activated protein kinase (P38
MAP kinase). This leads to increased production of nitric oxide in many cells, such as macrophages and vascular smooth muscle cells. LPS also activates nicotinamide
adenine dinucleotide phosphate (NAD(P)H) oxidase,
triggering excessive O2- generation [11]. The O2- and nitric oxide reaction produces peroxynitrite (Fig. 1) [12].
Peroxynitrite can cross cell membranes, exposing the
cell to its effects [13–15]. This allows it to have specific
actions resulting in cellular dysfunction [13]. It affects
both the structure and function of the endothelium [1,
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Fig. 1 Production of peroxynitrite via the LPS pathway.
LPS—lipopolysaccharide; TLR4—toll-like receptors; P38 MAP
kinase—P38 mitogen-activated pathway kinase; iNOS—inducible
nitric oxide synthase; NADPH oxidase—nicotinamide adenine
dinucleotide (phosphate); O2- superoxide; nitric oxide; NFκB—nuclear factor kappa-light-chain-enhancer of activated B cells

12, 13, 16] and can trigger apoptosis and poly (ADP-ribose) polymerase (PARP)-dependent cell death [17].
Mihm et al. [1] reported an increase in DNA fragmentation associated with a reduction in vascular relaxation,
suggesting a pathway of apoptosis as an essential mechanism of endothelial dysfunction in vivo. The ability of
peroxynitrite to limit the function of endothelial nitric
oxide synthase (eNOS) by inactivating it results in a reduction in the bioavailability of nitric oxide.
Adipose tissue is a major source of iNOS [18], which
increases oxidative stress [19]. Maslov et al. [19] reported that patients with increased adipose tissue had
higher levels of serum nitrotyrosine, which could contribute to the endothelial dysfunction observed in patients with higher body mass index (BMI). However,
endothelial dysfunction is also reported in individuals
with low BMI [20]. This may be associated with increased oxidative stress and peroxynitrite causing DNA
damage [20–22]. This mechanism may also be related to
peroxynitrite increment and its effect on the endothelium. While several studies have investigated the effects
of peroxynitrite on vascular function, there are few data
on whether body composition alters this relationship.
We therefore investigated the effects of peroxynitrite on
endothelial function in rats with varying body mass. We
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hypothesised that exposure of the endothelial cells to
high levels of peroxynitrite in vivo would impair the ability to reduce tension through the endothelial properties.
This would further the understanding of the mechanism
of peroxynitrite and body mass on endotheliumdependent vascular relaxation.

2 Methods
2.1 Animal model

Male Wistar rats ranging from 100 to 450 g were selected and housed in the animal unit of the Department
of Physiological Sciences, at the University. The animals
were maintained according to standard nutritional and
environmental conditions, and they had free access to a
standard diet (Bendel Feeds and Flour Mill) and water
ad libitum, in their own single animal cages. Animal
studies were conducted according to standard guidelines
for the use of laboratory animals [23] and ethical approval was sought for from the University Ethics Committee (Ref 004-01-18).
2.2 Acclimatisation and LPS treatment

The body mass index (BMI) was calculated according to
Ahmed et al. [24] as the weight (g) divided by the square
of the length (tip of the nose to the start of the tail) in
centimeters. Forty-eight rats were subdivided, equally,
into weight groups categorised as (a) underweight (BMI
below 0.45 g/cm2), (b) normal weight (BMI between 0.45
and 0.68 g/cm2) and (c) overweight (BMI above 0.68 g/
cm2) [25]. Each of these groups was further divided into
four treatment groups (with four rats each). The LPS
was administered to the rats in non-fatal doses of 10
mg/kg, 3.16 mg/kg and 1 mg/kg intraperitoneally. The
fourth subgroup was a sham group treated with saline
intraperitoneally [9]. To avoid bias, animal selection was
based only on weight requirement, and this was done
the animal unit superintendent. When the sample size in
each of the 4 groups is approximately 4, a one-way analysis of variance will have over 80% power to detect at
the 0.05 level a difference in means characterised by a
variance of means, V, of 29268.75, assuming that the
typical standard deviation is 28.55 based on results from
Kamisaki et al. [9].
2.3 Blood sample collection

The rats were sacrificed 15 to 20 h after treatment with
LPS [9] by cervical dislocation, and 2 ml of blood was
obtained through cardiac puncture and placed into tubes
with EDTA and kept at 2–8 °C for a maximum of 2 h.
This was done in a laboratory, specifically designed for
animal experiments. The blood was then centrifuged at
2700× for 15 min. The resulting plasma supernatant was
immediately transferred into two aliquots, labelled with
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the ID (weight group and number), date of sacrifice and
treatment type and stored at – 80 °C.
2.4 Nitrotyrosine measurement

Plasma nitrotyrosine levels were measured in the blood
samples using ELISA kits (ab210603, Abcam, Cambridge, USA). The absorbance of the samples was read
at 450-nm wavelength by ELISA 96-well microplate
reader (BioTek Model EL800, BioTek Instruments, USA)
and recorded in nanomoles.
2.5 Isolation of rat aortae and organ bath technique

Following sacrifice, the thoracic aorta was rapidly isolated for tension evaluation. The aortic ring segments
(3–4 mm broad) were mounted in a 25-ml organ bath
with two L-shaped stainless-steel hooks running parallel
to one another through the aortic lumen. The isometric
force transducer was connected to one of the hooks
(Myograph ADInstruments, AU). The rings were incubated in a 25-ml organ bath containing physiological saline solution (PSS) and aerated 37 °C. After 20 min of
equilibration (resting tension 50 mN), a wash with fresh
25 ml PSS was performed, and tension reading was
zeroed. A second wash with PSS was done, followed by
another 20-min rest before resetting to zero again.
The rings were stimulated by replacing the PSS with
warm 25 mL 60 mM high-potassium PSS (KPSS) for 15
min. Tension changes were recorded using the ML856
PowerLab 26 T (Model: ML 856) and displayed by the
LabTutor. After this, the aortic rings were washed with
PSS three times at 10-min intervals. The rings were
stimulated a second time with KPSS for 15 min and then
washed with PSS three times over at 10-min intervals
[26, 27].
To the PSS in the organ bath, 1 μM (5 μl of 10−3 stock)
of phenylephrine was added. The contraction was observed for 20 min. The maximum tension attained was
considered as 100% contraction. Without washing, 1.09
× 10−9 to 1.04 × 10−4 M acetylcholine (ACh) was added
in ascending order. The maximal effect on the tension of
each dose was recorded with each addition of ACh. The
vessels were then washed three times over 10 min with
5 mL PSS before being stimulated again with KPSS and
treated with phenylephrine to observe the effect of ACh.
Without washing, another addition to the organ bath of
the increasing concentrations of ACh was made.
The endothelial dysfunction induced by the reactive
peroxynitrite was indicated by the reduction in the percentage maximum relaxation value (Rmax). This is the
ability of the aorta to have vascular smooth muscle tension reduction through the endothelial contribution of
nitric oxide. A disturbance in the endothelium’s ability
to produce nitric oxide would cause the inability to
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reduce tension. The log concentration it would take to
get to 50% inhibition or 50% reduction in tension is
logIC50. An increase in logIC50 would imply that more
of the ACh was required to cause tension reduction. To
determine the sensitivity of vascular smooth muscle only
to nitric oxide, sodium nitroprusside (SNP) was used
with the protocol described above [28]. The concentrations used were 1.09 × 10−9 to 1.04 × 10−4 M.

3 Statistical analyses
Data were recorded using the PowerLab data acquisition
system (PowerLab 26 T, ADInstruments), and tension
data were analysed with data acquisition and analysis
software (LabChart 7, ADInstruments). Contractile and
relaxant response data were fitted using GraphPad Prism
Software (GraphPad Software, Inc., San Diego, CA. vs
8.1) [29]. Data are presented as mean ± SEM. Statistical
evaluations for dose-response curves were performed
using GraphPad Prism Software. The endothelial dysfunction induced by the reactive peroxynitrite was indicated by the reduction in the percentage maximum
relaxation value (Rmax), and an increase in logIC50.
Differences in levels of nitrotyrosine after treatment
with LPS were analysed using one-way ANOVA comparing the weight groups within the same LPS treatment. Another analysis included nitrotyrosine level
comparison among doses of LPS within the same weight
group. A comparison of the means was made using Bonferroni correction; mean comparisons were made using
STATA software and presented as mean ± SD. In all
cases, P < 0.05 was deemed statistically significant.
4 Results
4.1 Characteristics of the rats in the study

The BMIs of the three weight groups are shown in Table
1. Within the LPS treatment groups, A to D, BMI values
were similar in each of the weight groups.

Table 1 BMI of rats by weight group and LPS treatment group
(mean ± SD)
Treatment
groups

Weight groups
Underweight

Normal weight

Overweight

A

0.37 ± 0.05a

0.54 ± 0.04b

0.71 ± 0.04c

B

0.38 ± 0.04a

0.48 ± 0.04b

0.75 ± 0.05c

C

a

0.40 ± 0.02

b

0.56 ± 0.04

0.74 ± 0.13c

D

0.41 ± 0.01a

0.53 ± 0.05b

0.69 ± 0.05c

Treatment groups comprising groups A—saline, B—1 mg/kg, C—3.16 mg/kg
and D—10 mg/kg. A letter has been assigned to each treatment. Different
letters in the table columns represent significant differences among the
treatment groups (A, B, C and D) at P < 0.05. Across each row, weight groups
(underweight, normal weight, and overweight) have been marked by the
same letter if there were not significantly different (P > 0.05).
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4.2 Plasma nitrotyrosine concentrations post-LPS
treatment

LPS treatment induced a significant increase in the levels
of nitrotyrosine in the aorta of rats treated with 10 mg/
kg dose of LPS (group D) compared to that observed in
the saline-treated rats in all the weight groups. In the
underweight rats, saline-treated rats (group A) had
nitrotyrosine levels of 492 ± 259 nM as compared to 827
± 137 nM (P = 0.02) in the group D (high-dose LPS)
rats. In the normal weight rats, group A rats had nitrotyrosine of 595 ± 153 nM vs. 1065 ± 284 nM in the
group D rats (P = 0.01). In the overweight rats, group A
rats had nitrotyrosine levels of 619 ± 118 nM vs. 962 ±
148 nM in group D rats (P < 0.01). In all the weight
groups, the intermediate doses (1 mg/kg and 3.16 mg/kg)
did not show a significant rise in nitrotyrosine levels
from saline-treated rats; only LPS at 10 mg/kg increased
nitrotyrosine levels. These relationships are depicted in
Fig. 2.
4.3 Relationship of body mass index with endothelialdependent relaxation

There were no significant differences in nitrotyrosine
levels (P = 0.42) among the three weight groups in the
saline-treated rats (underweight—492 ± 259 nM; normal
weight rats—595 ± 153 nM; overweight—619 ± 118 nM;
P = 0.42). The dose-dependent responses to ACh and
SNP are shown in Fig. 3.
After treatment with ACh, the underweight rat aortic
rings had an Rmax of 137%, and in the normal weight
group, an Rmax of 121% was observed (P = 0.03). The
overweight rats had a lower but statistically insignificant
Rmax of 112% (P = 0.8) compared to the normal weight
rats. The underweight rat aortic rings had a logIC50 of −
7.91. This increased to − 7.87 in normal weight and
overweight rats (− 7.87). The logIC50 values, as shown in
Fig. 4 below, were not significantly different among the
weight groups.
Response to SNP treatment was used to observe
endothelial-independent tension reduction. The Rmax
value in the underweight was 106%, that in the normal
weight was 112% (P = 0.66), and that in the overweight
rats was 83%, significantly lower than that in the normal
weight rats (P = 0.01). Figure 4 shows the underweight
with a logIC50 of − 7.60, − 7.40 in normal weight rats,
and − 7.70 in overweight rats (P = 0.43).
4.4 Effect of peroxynitrite on endothelial-dependent
relaxation

There was no significant difference in the nitrotyrosine
levels from saline-treated rat aorta through the first two
dosages of LPS (1 mg/kg and 3.16 mg/kg) in all the
weight groups, as shown in Fig. 2. The comparison of
the effects of changes in peroxynitrite levels on tension
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Fig. 2 Dose-dependent effects of LPS on plasma concentrations of nitrotyrosine (nM) 15 to 20 h after the injection of LPS (treatment groups A
through D). Data are expressed as the mean ± SD; n = 4. *P < 0.05 compared with that of the aorta from rats treated with saline (treatment
groups A and D)

reduction, therefore, focused on groups A and D. Figure
5 summarises the dose-dependent decrease in tension
observed from treatment with ACh or SNP in all the
weight types.
As illustrated in Fig. 6, in the treatment of the aortae
with ACh, underweight rats had an Rmax of 137% in
group A vs. 92% in group D (P < 0.001). Group A had
logIC50 of − 7.91, and this increased in group D (− 7.8)
but not significantly (P = 0.67).
In the normal weight rats, ACh treatment produced
an Rmax of 121% in group A vs. 94% in group D rats (P <
0.001). The logIC50 in group A was − 7.87; it was insignificantly lower in group D (− 8.03, P = 0.41). In the
overweight rats, Rmax was 112% in group A vs. 89% in
group D (P < 0.001). The logIC50 in group A was lower
than that in group D, which was − 7.80 but was statistically insignificant (P = 0.69). As depicted in Fig. 6, when
treated with SNP, the aorta from underweight rats had
an Rmax of 106% in group A vs. 93% in group D (P =
0.08). The logIC50 was − 7.09 and − 7.92 in groups A
and D, respectively (P = 0.07). In the normal weight rats,
Rmax in group A rat aortae was 112% vs. 108% in group
D (P = 0.54). The logIC50 in group A was − 7.11 vs. −

7.35 in group D (P = 0.44). Overweight rats, when
treated with SNP, showed an Rmax of 83% in the group
A rat aortae vs. 103% in group D (P = 0.04). LogIC50 in
group A was − 7.43 vs. − 7.30 in group D (P = 0.52).

5 Discussion
We observed no differences in levels of plasma peroxynitrite in the saline-treated rats of all three weight groups,
as reflected by insignificant differences of nitrotyrosine
levels. However, with increases in BMI, a significant decrease in the ability to reduce tension through the
endothelial-dependent vascular relaxation pathway was
noted. The overweight rats had a significantly lower ability to reduce tension, even with a direct contribution of
nitric oxide by SNP. Treatment with 10 mg/kg LPS induced a significant increase in the levels of nitrotyrosine
in all weight groups as compared with saline-treated
rats. We demonstrated that an increase in peroxynitrite
leads to a decrease in the reduction of tension in the
aortae in the underweight, normal weight and overweight rats.
Endothelial function is subject to alterations in biochemical factors, some of which are related to changes

Fig. 3 Vascular relaxation responses in isolated aortic rat rings showing endothelial-dependent relaxation (a) and endothelial-independent
relaxation (b) by body mass index categories
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Fig. 4 Relationship of body mass index with ACh activity (a and b)
and sodium nitroprusside (SNP) (c and d) on isolated aortic rat rings.
a and c show Rmax, and graphs b and d show logIC50 means and
SEM, with the asterisk implying significant differences between the
two treatments (P < 0.05) and ns standing for
non-significant differences

in body mass. Both endothelial function and plasma peroxynitrite are related to body mass [18, 19], and its effects on the levels of peroxynitrite were observed in the
saline-treated rats. BMI significantly impacted peroxynitrite levels as measured by nitrotyrosine. The levels of
nitrotyrosine were proportional to BMI: the higher the
BMI, the higher the plasma nitrotyrosine. The elevated
levels of peroxynitrite, as shown by higher nitrotyrosine
levels, produced in the overweight rats, could be because
of an increase in oxidative stress from the larger amount
of adipose tissue [18]. In other literature, lower body
mass has also been associated with higher levels of peroxynitrite. This has been attributed to the damage that
peroxynitrite causes to endothelium DNA [21, 22]. This
was not so in our study, where the underweight rats had
the lowest levels of nitrotyrosine.
We observed that in saline-treated rats, higher BMI
was significantly associated with endothelial dysfunction:
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normal weight rats had significantly lower Rmax (121%)
compared to underweight rats (Rmax = 137%) (P = 0.03).
Further decrease in endothelial-dependent vascular relaxation in overweight rats was observed. Adipose tissue,
a major source of iNOS [18], is observed in overweight.
This may lead to an elevation in oxidative stress, as observed by the increase in peroxynitrite [19] which causes
reduced endothelial-dependent vascular relaxation. Several literature have outlined that the higher levels of
plasma peroxynitrite in overweight and underweight rats
may be responsible for endothelial dysfunction in these
weight groups [20–22]. In this study, acute changes in
tension reduction among the different weight groups
and varying peroxynitrite levels have been demonstrated
in rat aortae.
To study only the effect of the endothelium, aortic
ring response to endothelial-independent vascular relaxation was assessed using SNP. SNP is an exogenous
agent that generates nitric oxide through nonenzymatic
and enzymatic pathways in smooth muscle cells. It does
not require a functional endothelium or NOS enzymes
for its activity. Once infused, SNP interacts with oxyhaemoglobin, dissociating immediately and forming
methaemoglobin while releasing cyanide and nitric
oxide. Nitric oxide activates the enzyme guanylate cyclase found within the vascular smooth muscle. This results in increased intracellular concentrations of cyclic
guanosine monophosphate, which inhibits calcium entry
into vascular smooth muscle cells. The mechanism results in the increase of calcium uptake by the smooth
endoplasmic reticulum to produce vasodilation [30]. In
the current study, the effectiveness of this pathway was
noted by a significant change in Rmax after treatment
with SNP.
Post SNP challenge, the underweight and normal
weight rats showed insignificant differences in Rmax
and logIC50 in the curves of saline-treated rats compared to those treated with LPS. This may be a demonstration of impairment of endothelial production
and delivery of nitric oxide, rather than vascular
smooth muscle sensitivity to nitric oxide. This is
similar to other findings which have reported a decrease in endothelial dependant vascular relaxation,
though not stratified by BMI [1, 15]. We observed
that higher BMI was significantly associated with
lower tension reduction propensity even when the
pathway of direct nitric oxide donation (SNP mechanism) to the smooth muscle was used. This implies
that there may be a more chronic reason for the increase in endothelial dysfunction in overweight rats.
This gives an in-depth characterisation of the role of
BMI in endothelial dysfunction via the increase in
peroxynitrite levels. These findings are similar to
those of O’Brien et al. [31] who also observed an
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Fig. 5 Vascular relaxation responses in isolated aortic rat rings exposed to 0 and 10 mg/kg of LPS (treatments A and D). Left side: change in
vascular endothelium-dependent relaxation response to acetylcholine (ACh) rats. Right side panel: endothelium-independent relaxation response
to nitric oxide donor sodium nitroprusside (SNP). a and b: underweight rats, c and d: normal weight rats, e and f: overweight rats

impairment in endothelial-dependent and endothelialindependent vascular relaxation among obese rats.
We also observed the effect of increasing peroxynitrite
levels (i.e., increased nitrotyrosine levels via LPS administration at 10 mg/kg) on endothelial function in all
weight groups. When the characteristics of the dosedependent curves of untreated rats and those treated
with 10 mg/kg LPS were compared, a statistically significant reduction in endothelial-dependent ability to reduce
tension was observed between saline-treated rats and
those treated with the highest LPS dosage. In treatment
with ACh, this reduction in endothelium-dependent vascular relaxation was noted by a significant decrease in
Rmax. In a contracted aorta, the addition of ACh should
typically result in vascular smooth muscle relaxation
through the activation of protein kinase G [1, 32, 33],

leading to dilation of the blood vessel. Increase in peroxynitrite causes significant endothelial dysfunction across
the spectrum of body mass, as shown by reduced Rmax
in all the weight groups. The diminished response to
ACh supports the idea that increased levels of peroxynitrite cause a reduction in endothelium-dependent vascular relaxation. Others have reported that exposure of rat
aortic rings to high concentrations of peroxynitrite
caused a marked impairment of the endotheliumdependent vascular relaxation [15, 32]. Mihm et al. [1]
found that brief incubations with relevant concentrations
of nitrotyrosine elicited significant impairment of AChinduced relaxation in a concentration-dependent
manner.
There was no significant change in logIC50 in groups
A and D of all the weight groups upon ACh treatment.
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Fig. 6 Effect of peroxynitrite on ACh (a and b) and SNP (c and d) activity on isolated aortic rat rings exposed to saline and 10 mg/kg of LPS
(treatments A and D). Graphs a and c show Rmax, and graphs b and d show logIC50 means and SEM with the asterisk implying significant
differences between the two treatments (P < 0.05) and ns standing for the non-significant difference

Other literature has shown that increased peroxynitrite
impairs tension reduction, as demonstrated by an increase in logIC50 [32]. This increase was not statistically
different.
Although there were significant differences in nitrotyrosine levels between rats treated with saline vs. those
treated with the highest LPS dosage, more precise levels
might have been recorded if nitrotyrosine levels were
measured at a different time post-LPS treatment. Furthermore, we could have recorded more accurate levels
of nitrotyrosine if chromatography/mass spectrometry
were used instead of ELISA.

6 Conclusion
Higher BMI in male Wistar rats is associated with higher
plasma peroxynitrite levels. Across the spectrum of body
mass, higher peroxynitrite levels are associated with impaired ability to reduce tension as measured by Rmax
(endothelium-dependent vascular relaxation). As noted
by the insignificant changes in tension after addition of
SNP in the underweight and normal weight rats, the

pathway involved in these two groups seems to involve
reduced nitric oxide bioavailability and not smooth
muscle relaxation incapability. The overweight rats seem
to have impairment of both endothelial-dependent vascular relaxation pathway and a more chronic vascular
change that may lead to failure of smooth muscle relaxation. In our study, we explain the dose-dependent effect
of plasma nitrotyrosine (peroxynitrite) levels on endothelial function and the role of BMI. This could be vital
in explaining the different responses to oxidative stress
that occur in human of different BMI. We recommend
future studies with larger sample size should be done to
confirm the reliability of our results.
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