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Alteration of Decreased Plasma NO Metabolites and Platelet
NO Synthase Activity by Paroxetine in Depressed Patients
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Although major depression (MD) and cardiovascular disease (CVD) have been conclusively linked in the literature, the mechanism
associating MD and CVD is yet undetermined. The purpose of this paper is to further investigate a potential mechanism involving nitric
oxide (NO) and to examine the effect of the selective serotonin reuptake inhibitor paroxetine on NO production by both platelets and
the endothelium. In total, 17 subjects with MD and |2 healthy controls (HCs) with no known history of cardiovascular iliness completed
the study. Paroxetine was administered to both the MD patients and HCs over an 8-week period, and then medication was discontinued.
Blood samples were taken at various times throughout paroxetine treatment and after discontinuation. Plasma NO metabolite (NOx)
levels were measured by a chemiluminescence method. Platelet endothelial NO synthase (eNOS) activity was examined through the
conversion of L-['*CJarginine to L-["*C]citrulline. Data were analyzed using t-tests and a linear mixed effects model. Baseline levels of
both plasma NOx and platelet NOS activity were significantly lower in subjects with MD compared to HCs. Throughout paroxetine
treatment, plasma NOx levels increased in both HCs and MD patients. However, platelet eNOS activity decreased in HCs, while no
statistically significant change was evidenced in MD patients. These data suggest that, in MD patients, decreased peripheral production of

INTRODUCTION

The link between major depressive disorder (MD) and
cardiovascular disease (CVD) has been well established.
In prospective studies using initially physically healthy
subjects, MD has been found to be an independent risk
factor for both first myocardial infarction and cardiovascular
(CV) mortality, with a range of 1.5-2 for adjusted relative
risk (Rudisch and Nemeroff, 2003). In addition, patients
suffering from CVD who are also diagnosed with MD have a
2.5- to 4-fold increase in the occurrence of CV events
(Rozanski et al, 1999). Although the biological mechanisms
underlying the relationship between MD and CVD remains
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to be identified, endothelial dysfunction, platelet hyper-
activity, and hypothalamic-pituitary-adrenocortical axis
(HPA) hyperactivity have been suggested as the main
mechanistic explanations for the link between MD and CVD
(Joynt et al, 2003).

Recent studies allude to a potential role of nitric oxide
(NO) in the relationship between MD and CV risk as well as
an effect of antidepressants on NO production (Rajagopalan
et al, 2001; Finkel et al, 1996; Lara et al, 2003a). NO
produced from either the endothelium or from platelets
plays a major role in CV regulation and CV pathology.
Indeed, numerous CV diseases, such as hypertension, heart
failure, and coronary artery disease, have been associated
with alterations in the NO system (Moncada and Higgs,
1993). NO is not only responsible for vasodilatation of the
endothelium but also inhibits smooth muscle cell prolifera-
tion and migration, oxidation of low-density lipoproteins,
and platelet aggregation and adhesion. It also disaggregates
preformed platelet aggregates (Radomski et al, 1987) and
inhibits activated platelet recruitment to the aggregate
(Freedman et al, 1997). NO is synthesized from r-arginine
by a family of isoformic enzymes known as nitric oxide
synthase (NOS). Three isoforms, namely endothelial,
neuronal, and inducible NOS (eNOS, nNOS, and iNOS,
respectively), have been identified. The eNOS isoform has



been found not only in the endothelium, after which it was
named, but also in platelets (Mehta et al, 1995; Radomski
et al, 1990). Endothelial dysfunction precedes overt vascular
disease, even in the first decade of life (Shimokawa, 1999).
Furthermore, certain polymorphisms of the eNOS gene have
been shown to predispose to acute coronary syndrome
(Fatini et al, 2004).

Levels of plasma NO metabolites (NOx) have been used as
markers for endothelial NO production (Archer, 1993). It
has also been suggested that impaired platelet production of
NO can predict the presence of acute coronary syndromes
(Freedman et al, 1998). Platelet eNOS activity can be
measured in homogenized platelet pellets (Radomski and
Moncada, 1983; Radomski et al, 1993).

In recent years, selective serotonin reuptake inhibitors
(SSRIs) have become the most commonly prescribed
treatment for MD, particularly in a population with
comorbid depression and CV disease (Roose, 2003). Finkel
et al (1996) found that in subjects with ischemic heart
disease being treated for MD, the SSRI paroxetine reduced
levels of NO, suggesting a potentially deleterious effect of
paroxetine on the CV system since decreased endothelium
production of NO is usually associated with increased CV
risk (Drexler and Hornig, 1999). However, numerous
studies have found that SSRIs, including paroxetine, are a
safer treatment option in a population with CVD and MD in
comparison to tricyclic antidepressants (Roose et al, 1998;
Roose and Spatz, 1999; Glassman et al, 2002).

Intrigued by the finding of Finkel et al (1996), our
research team investigated the effects of paroxetine on
plasma NOx levels in a group of male healthy controls
(HCs) (Lara et al, 2003a). In that study, administration of
paroxetine resulted in an increase in plasma NOx levels
after 8 weeks of administration. This is particularly
interesting as we have also shown, in a separate study, that
plasma NOx levels and platelet eNOS activity are extremely
low in unmedicated MD patients without conventional CV
risk factors (Chrapko et al, 2004). It has also been shown, by
other researchers, that 6 weeks of paroxetine normalized
increased platelet reactivity in MD patients (Musselman
et al, 2000). This effect could be mediated by a paroxetine-
induced increase in platelet eNOS activity since the
L-arginine-NO pathway is a negative feedback mechanism
to suppress excessive platelet activation and aggregation
(Radomski and Moncada, 1993). An increase in endothelial
and platelet NO production by treatment with paroxetine
could have a potentially cardioprotective effect in patients
with MD.

The aim of our current study was to investigate the effects
of paroxetine on the production of NO by the endothelium
and platelets in both male and female patients suffering
from MD or HCs. We hypothesized that both plasma NOx
levels and platelet eNOS activity will increase after
administration of paroxetine in both subject groups.

MATERIALS AND METHODS
Subjects Design and General Procedures

Subjects were 12 HCs (seven males and five females, mean
age 26.75+2.78 years) and 17 patients diagnosed with current
MD (11 males and six females, mean age 34.50+2.08 years).
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All subjects were assessed using the Structured Clinical
Interview for DSM-IV Axis I Disorders. No HCs were
diagnosed with either current or past psychiatric Axis I
disorder. MD patients with a diagnosis of comorbid anxiety
disorder, but no other Axis I disorder such as bipolar
disorder or schizophrenia, were included because of the
frequency of comorbidity (Rapaport, 2001). In these
patients, the diagnosis of MD was always the primary
diagnosis. The mean score on the Hamilton Depression
Rating Scale (Hamilton, 1960) for the MD patients was
20.714+4.25 and on the Beck Depression Inventory (Beck
et al, 1961) the mean score was 25.18 +4.08, indicating that
most patients were in the moderate range of severity. All
MD patients were free of psychotropic medications for at
least 1 year. Classical CV risk factors (blood pressure,
cholesterol levels, and physical activity) were measured at
baseline. Physical activity levels were measured using the
seven-day recall interview (Blair et al, 1985).

One male MD patient was a smoker and consistently
smoked approximately half a pack of cigarettes per day.
Since acute smoking directly affects NOx plasma levels
(Tsuchiya et al, 2002), he was asked to refrain from smoking
prior to any visit where blood samples were taken. It was
also established that subjects did not have current or past
CVD or a family history of early cerebrocardiovascular
illness.

In total, 40 subjects (16 HCs and 24 with MD) began the
study. Of the HCs, one (male) withdrew due to time
constraints and three HCs (two males and one female)
withdrew due to side effects (anorgasmia for both males and
nausea for the female). Of the MD subjects, five subjects
with MD (one female and four males) were withdrawn from
the study due to noncompliance (eg, missing appointments
or irregular use of medications). One female MD patient
withdrew after the screening due to extremely high levels
of anxiety. Another female MD patient was withdrawn
due to her very irregular menstrual cycles, which made
the accurate and regular scheduling of her appointments
according to her menstrual cycle (see below) impossible. All
subjects gave written consent after receiving a full written
and verbal explanation of the study. Ethics approval was
obtained from the Health Research Ethics Board at the
University of Alberta prior to the commencement of the
study. The investigation was conducted in accord with
the Helsinki Declaration.

Each subject came in for a total of seven visits, which
corresponded to a baseline visit, visits after 1, 2, 4, 6, and 8
weeks of treatment, and then one visit after discontinuation
of the medication. As described below, only at certain visits
were blood samples taken. During all visits, side effects of
the paroxetine and severity of MD symptoms were system-
atically assessed. Experimental design in the collection of
the NOx blood samples varied slightly between male and
female subjects, due to the need to control for menstrual
cycle, as different phases of the menstrual cycle can effect
circulating levels of NOx (Cicinelli et al, 1996). For both MD
and HC males, venous blood samples were taken at baseline,
after 2 weeks, 6 and 8 weeks of treatment, and between
8 and 12 days after discontinuation of paroxetine. For
both MD and HC females, venous blood samples were taken
at baseline, after 8 weeks of treatment, and again after
discontinuation for one full menstrual cycle with all visits
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scheduled prior to midcycle, as NOx levels peak during this
time of the menstrual cycle (Cicinelli et al, 1996). Owing to
the large amount of blood required (approximately 40 ml)
and the time-intensive nature of the NOS assay, for both
males and females, venous blood samples for the analysis
of platelet activity were collected only at baseline and after
8 weeks of treatment.

Prior to every visit with blood collection, subjects fasted
for a minimum of 12h and followed a low nitrate diet for
3 days, to control for the confounding effects of dietary
nitrate (Viinikka, 1996). Subjects were also asked to refrain
from taking any medication for 3 days prior to sampling as
various commonly taken medications, such as ibuprofen,
have been shown to alter NO production (Vandivier et al,
1999).

During the baseline visit, paroxetine was provided,
with treatment to start the following day. Paroxetine was
administered initially at a dose of 10 mg/day for 3 days
and then increased to 20 mg/day for the remainder of the
study. Side effects were frequently reported and were those
generally associated with the administration of SSRIs, such
as nausea, changes in bowel movements, and sexual
dysfunction. However, these were tolerated well by both
the MD patients and HCs who completed the study.
Discontinuation of the medication was gradual to prevent
withdrawal effects, and tapered to 10mg/day for 5 days,
then stopped.

Platelet Isolation

The method for platelet isolation was performed as
described previously by Radomski and Moncada (1983).
Briefly, 36 ml of peripheral venous blood from the
antecubital vein was added to 4ml of 3.15% (w/v) tri-
sodium citrate. Prostacyclin (PGI,, 0.3 mM) was added to
the citrated blood, which was then centrifuged at 250 g for
20 min. To obtain the platelet pellet, the platelet-rich plasma
(upper layer) was then collected and further centrifuged at
900¢ in the presence of 1mM PGI,. Platelets were then
gently resuspended in Tyrode’s buffer to leave behind
contaminating red blood cells, and the platelet suspension
was centrifuged at 900 g in the presence of 1 mM PGI,. The
platelet pellet was then washed three times with Tyrode’s
solution (1 ml) and frozen at —80°C until assayed for NOS
activity.

Determination of Platelet NOS Activity

eNOS activity was measured using the method of Radomski
et al (1993). Briefly, the platelet pellets were homogenized
on ice using a Vibra Sonic sonicator (Sonics & Materials
Inc., Danbury, CT). The conversion of L-[14C]arginine to
1-["*C]citrulline was used as a measure of platelet eNOS
activity. The dependence of L-arginine conversion on Ca*™ -
dependent (constitutive) NOS was confirmed using EGTA
and N(G)-mono-methyl-r-arginine (1-NMMA), an inhibitor
of this enzyme. The sensitivity of this assay has been shown
to be just under 1 pmol/min/mg protein for the detection of
1-['*Clarginine. The isoform specificity of this analysis is
demonstrated through the use of the calcium chelator
EGTA, which allows us to fractionate calcium-independent
(iNOS) activity vs general NOS activity (inhibited by r-
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NMMA). In addition, any nonspecific conversion of L-[*C]
arginine is subtracted. Using these controls, we detected no
iNOS activity in any of the samples, in keeping with its
extremely low induction rate and expression in individuals
that are free of inflammatory disease.

Determination of NO Metabolite Levels

Peripheral venous blood samples were collected into a 5ml
vacutainer tube containing EDTA and immediately centri-
fuged (at 3000 RPM at 4°C for 10 min) to isolate the plasma.
All samples were analyzed using the chemiluminescence
method (Archer et al, 1998). Briefly, NOx in small amounts
of plasma can be converted into NO using a strong reducing
environment, namely vanadium (III) chloride in 1N HCI
at 93.3°C, and can then be detected by an NO Analyser
(NO Analyser 280; Sievers Instruments, Boulder, CO). The
sensitivity of this analyser is ~1pM of NO injected into
the purge vessel. This analysis will convert almost all nitrate
and nitrite to NO, and thus the importance of a nitrate-free
diet. Plasma samples were diluted with an equal volume
of double deionized NO-free water to decrease sample
viscosity. An antifoaming agent (Dow Corning, Midland,
MI) was added to the reagent to avoid foaming caused by
plasma proteins. NOx levels are reported in pmol/l.

Determination of Paroxetine Levels

To monitor compliance, a blood sample was taken at 8
weeks into treatment to measure plasma paroxetine levels in
both males and females. Subjects had taken the paroxetine
at between 1.5 and 3h prior to collection of the blood
sample and thus were in the absorption phase at the time of
sampling. Plasma paroxetine levels were analyzed using the
gas chromatographic procedure of Lai et al (2000). Briefly,
this involves basification of the samples, extraction with
ethyl acetate, derivatization with heptafluorobutyric anhy-
dride, and analysis on a gas chromotograph (Hewlett
Packard 5890) equipped with a capillary column and an
electron-capture detector.

Statistical Analysis

An independent samples t-test was used to determine if
there were significant differences between baseline plasma
NOx levels and platelet eNOS activity in the HCs and
subjects with MD. Since either heavy or light chronic
smoking influences NO production (Barua et al, 2002), for
this analysis the male MD patient who smoked was excluded
from this analysis. In addition, NOx levels were not
obtained from one MD subject and NOS levels were not
obtained from another MD subject due to difficulties in
drawing the blood samples.

For the statistical analysis of differences in plasma NOx
levels, a linear mixed effects model (Vonesh and Chinchilli,
1997) was used. Random and fixed effects were entered
as linear expressions, and time, measured in weeks from
baseline, was treated as a continuous variable. This model
has advantages over classical linear regression and repeated
measures analysis of variance: intra- as well as interindivi-
dual variation can be modelled, correlated observations can
be analyzed, and missing data are permitted. Both a random



intercept and a random slope model were fit to the data. The
statistical analysis was performed using the SAS procedure
PROC NLMIXED (SAS Institute Inc., 1999). To confirm
these results using a more traditional approach, a weighted
linear regression was performed, with adjustments made for
correlated observations. Post hoc analyses in the form of
paired t-tests were conducted to determine when changes in
NOx levels became significantly different from baseline and
to compare baseline blood samples to those taken after
discontinuation of paroxetine.

For the statistical analysis of platelet eNOS activity, a two-
way ANOVA was used to measure the differences between
baseline visits and after 8 weeks of treatment for all subjects
with data for both visits, namely 16 MD subjects and 11
HCs. A post hoc within-subjects t-test was performed to
examine the significance of changes between baseline and
end of treatment measurements. Finally, an independent
samples t-test was performed to determine if there was a
statistically significant difference between the MD patients
and HCs for the samples drawn after 8 weeks of treatment.

Owing to a very low plasma level of paroxetine in one
subject taken during the visit 8 weeks into treatment, this
subject was excluded from the analysis, other than the
portion listed below, as he may have not been following the
proper treatment regimen. However, this particular subject
might have been an ultrarapid (Sindrup et al, 1992). The
subject in question was included in the baseline samples
analysis (prior to treatment) and included in the mixed
effects model for the analysis of plasma NOx levels. Results
remained statistically significant whether this subject was
included in or excluded from the mixed effects models.

In the initial weighted linear regression and mixed effects
analyses, the one male MD patient who was also a smoker
was included. Removal of this patient from a subsequent
analysis had no discernable effect on the results (not
shown). An independent samples ¢-test was used to
determine if there were any significant differences between
the HCs and MD patients with regard to a variety of factors
that have been known to affect NO production.
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Unless otherwise indicated, statistical analyses were
conducted using SPSS statistical software for windows
(SPSS Inc., Chicago, IL). Values are expressed as means +
standard deviations. A p-value of less than 0.05 was con-
sidered significant in all analyses.

RESULTS

Baseline plasma NOx levels were lower in MD patients
compared to HCs (5.744+6.01 and 23.33+13.01 pmol/l,
respectively, t=4.75, df =25, p<0.001) and baseline plate-
let eNOS activity was also decreased in MD patients
compared to HCs (1.25+41.33 pmol/min/mg protein vs
16.411+9.68 pmol/min/mg protein, respectively, t=6.23,
df =25, p<0.001).

Figure 1 shows plasma NOx levels in MD patients and HC
subjects. At each observation time, plasma NOx levels are
lower in MD patients as compared to HCs. Mixed effects
models were fit with NOx level as the dependent variable
and with fixed effects for study group (modelled as dummy
variable: 1 =MD; 0=HC), time squared, age and gender,
and with random effects for intercept and slope. The final
model was a random intercept model with terms for study
group and time squared (Table 1); an interaction term for
study group and time was not statistically significant. The
weighted linear regression analysis produced a final model
with the same (fixed) effects, having almost identical
parameter estimates, but with somewhat smaller p-values.

Paroxetine treatment progressively increased plasma NOx
levels in both HCs and MD patients (Figure 1). Since there
was no interaction between study group and time on plasma
NOx samples, evidenced by the lack of significance of an
interactive term in the random intercept model, the HCs
and MD patients were grouped together for post hoc
analysis aimed at determining the chronology of the
increases from baseline in plasma NOx levels induced by
paroxetine. Plasma levels of NOx were significantly
increased, compared to baseline, after 2 weeks (t=—2.23,

Baseline 2 weeks

Figure |
bars represent MD patients.

6 weeks

T 1

8 weeks Discontinuation

Plasma nitric oxide metabolite levels in major depressive patients (MD) compared to healthy controls (HC). Black bars represent HC and open
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df=15, p=0.04), 6 weeks, and 8 weeks of treatment
(t=-3.22, df=16, p=0.005 and t=-5.68, df=26,
p<0.01, respectively). There was no statistically significant
difference between measures at baseline and after disconti-
nuation of the paroxetine (t=0.35, df=23, p=0.73),
suggesting that after paroxetine discontinuation plasma
NOx levels return to pretreatment levels. In both the MD
patients and HCs, there appears to be a plateauing of the
plasma NOx levels in that there is no longer a statistically
significant difference in the means between the 6 and 8 week
visits (t=—0.48, df =16, p=0.64).

Based on the analysis of platelet NOS activity in all
patients, a main effect for time and a time by study group
effect was found (F=37.43, df=1, p<0.001 and F =21.43,
df=1, p<0.001, respectively; see Figure 2). Post hoc
analysis indicated that there was a significant decrease in
platelet NOS activity in the HCs, from 16.41 +9.68 pmol/
min/mg protein at baseline to 1.62+1.55pmol/min/mg
protein after 8 weeks of paroxetine treatment (t=6.23,
df=25, p=<0.001). The increase in platelet eNOS
platelet activity was not statistically significant in the
MD group (1.25+1.33 pmol/min/mg protein at baseline vs

Table | Analysis Using the Linear Mixed Effects Model for NOx
Levels in MD Compared to HC

2.50 + 3.64 pmol/min/mg protein after 8 weeks of paroxetine
treatment, t = —1.24, df =15, p =0.233). There was also no
statistically significant difference in platelet NOS activity
between the MD patients and HCs after 8 weeks of
treatment (t=—0.75, df =25, p=0.461).

Response to paroxetine in MD patients was classically
defined by at least a 50% improvement on the Hamilton
Depression Rating Scale score. There were no apparent
differences in plasma NOx levels and platelet NOS activity
between responders (n=11) and nonresponders (n=26)
(t=—0.75, df =14, p=0.89 and t = —0.53, df = 14, p = 0.60,
respectively).

Using Pearson’s correlation coefficient, we did not find a
correlation between platelet NOS activity and plasma NOx
levels in HCs after 8 weeks of treatment (correlation
coefficient = —0.56, p =10.79).

No significant differences were found between the HCs
and MD patients with regard to a variety of factors that have
been known to affect NO production and thus may have
confounded the results (see Table 2).

DISCUSSION

The lower baseline plasma NOx levels observed in MD
patients suggest that the production of NO by the
endothelium is decreased in MD patients. Endothelium
dysfunction (of which a prominent component is the
reduced availability of endothelial NO) is a well-established
predictor of development of overt CVD. Our results suggest
that a decreased endothelial NO production is a possible
major contributing factor to the increased risk for CVD
associated with MD. The dramatic decrease in baseline
platelet eNOS activity that we observed likely contributes to
the platelet hyperactivity found in MD patients, one of the
main mechanistic hypotheses for the increased CV risk in
MD (Joynt et al, 2003).

The HPA axis hyperactivity described in MD patients
(Plotsky et al, 1998) represents a potential mechanism

Parameter Estimate Standard Error t-value  p-value
Fixed effects
Intercept 3146 2.80 11.26 <0.0001
MD —14.27 332 —4.29 0.0002
Time squared” —041 0.07 —595 <0.001
Random effect
Intercept 60.25 19.80 3.04 0.0053
*Time variable centered at 5.0.
30 1
25 1
£
'S 20
o
o
o
£ 1)
£
£
=
£
s 10 1
5 4
o 4
Baseline

8 weeks

Figure 2 Platelet nitric oxide synthase activity, at baseline and after 8 weeks of paroxetine treatment, in patients with major depression (MD) compared
to healthy controls (HCs). Black bars represent HCs and open bars represent MD patients.
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Table 2 Demographic and Laboratory Values in Study Subjects

Patient characteristic MD HC t-value df p-value
Physical activity (kcal/kg/day) 35.04 (£343) 3545 (£1.99) 0.37 27 0.72
LDL-cholesterol (mg/l) 12096 (+44.26) 102.73 (+£34.89) —1.19 27 0.25
HDL-cholesterol (mg/l) 4396 (£ 11.13) 48.52 (+7.80) —1.22 27 0.23
Total cholesterol (mg/l) 198.53 (£36.95) 171.87 (£31.94) —2.02 27 0.06
Triglycerides (mg/l) 136.07 (£64.59) 100.87 (£35.71) —1.71 27 0.10
Folate (nmol/l) 831.00 (£+340.57) 849.17 (£ 179.80) 0.17 25 0.87
BMI (kg/m?) 30.12 (£8.65) 2592 (£6.75) —1.41 27 0.17
SBP (mmHg) 12050 (£12.74) 11936 (£13.15) —-023 25 0.82
DBP (mmHg) 79.25 (+8.58) 78.64 (+13.24) —0.15 25 0.89

MD = patients with major depression; HCs = healthy controls; BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood pressure; HDL = high-

density lipoprotein; LDL = low-density lipoprotein.

explaining the increased risk of CVD in MD patients.
Indeed, cortisol promotes the development of atherosclero-
sis (Joynt et al, 2003) and has therefore the potential for
inducing a decrease in endothelial NO production (Ander-
son, 2003). Furthermore, it has been shown that glucocorti-
coids, more particularly cortisol, induce a downregulation
of eNOS in endothelial cells as well as a decrease in plasma
NOx levels (Wallerath et al, 1999; Rogers et al, 2002).
Chronic cortisol administration to healthy human controls
is also associated with decreased endothelium-dependent
flow-mediated dilatation, which reflects endothelial NO
production (Mangos et al, 2000). The HPA axis hyper-
activity found in MD could therefore be responsible, at least
partially, for the endothelial and platelet NO dysregulations
observed in MD patients, which in turn could mediate some
of the deleterious CV effects of HPA hyperactivity in MD
patients.

The current study confirms results on the effect of
paroxetine on plasma NOx levels that we reported in an
independent group of male HCs (Lara et al, 2003a). The
findings of that study indicated that plasma NOx levels
increased significantly after treatment with paroxetine for 8
weeks, then normalized after discontinuation of the
medication, suggesting that paroxetine increased endothe-
lial NO production in a reversible manner. In that study,
HCs were first tested to avoid the confounding effect of
depressive illness and its recovery on NOx measures,
allowing the study of pharmacological, vs therapeutic,
effect. The current study increases the scope of this previous
study on the effect of paroxetine on plasma NOx levels by
including female subjects, by studying a relevant patient
population, and by studying the chronology of paroxetine-
induced increases in plasma NOx levels. The increase in
plasma NOx levels was rapid, with a statistically significant
increase noted in the first 2 weeks, before the antidepressant
effect takes place. Plasma NOx levels appear to reach a
plateau in both MD patients and HCs after 6 weeks of
paroxetine treatment. A longer time course of treatment
would be necessary to assess whether this is a true plateau
and whether the paroxetine induced increase in NOx
plasma levels are transient or sustained. Additionally, there
were no differences between the MD patients who were
responders compared to nonresponders. Altogether, these

results demonstrate that the effects of paroxetine on plasma
NOx are independent of its antidepressant effect. The
hypothesis of a direct effect of paroxetine on peripheral NO
production is also favored by the fact that shortly after
paroxetine is discontinued, concentrations of plasma NOx
return to their pretreatment level. Our findings, however, do
not preclude a role of brain NO in antidepressant activity.

Paroxetine administration led to a 198% increase in
plasma NOx levels in MD patients. By comparison, it has
been shown that 8 weeks of chronic exercise training
increase plasma NOx by 58% (Maheda et al, 2001) and that
moderate chronic smokers display a 22% decrease in NOx
plasma levels and heavy smokers a 36% decrease (Node
et al, 1997). The magnitude of the effect of paroxetine on
plasma NOx levels compared to both CV protective factors
and CV risk factors that impact endothelium function
supports the clinical significance of our results.

In this study, we investigated whether paroxetine
increases platelet eNOS activity in order to elucidate a
possible mechanism for the decrease in platelet activation
described after treatment with paroxetine. Indeed, several
studies have found that paroxetine and other SSRIs decrease
platelet activation in MD patients (Musselman et al, 2000;
Serebruany et al, 2001; Pollock et al, 2000; Serebruany et al,
2003), an effect that should be beneficial from a CV point of
view. The lack of statistically significant paroxetine-induced
increase of platelet eNOS activity in MD patients does not
support this hypothesis. However, a paroxetine-induced
increase in platelet NO availability due to a concomitant
increase in eNOS protein expression cannot be excluded. A
beneficial impact of paroxetine-induced alterations of NO
production on platelet function in MD patients is also
supported by the fact that endothelium-derived NO (which
is reflected by NOx plasma levels), in addition to its
vasodilatory properties, also contributes to the regulation of
platelet activation, thereby playing a role in the prevention
of thrombus formation (Corti et al, 2003). Nevertheless, the
SSRI-induced decrease in platelet serotonin uptake likely
contributes substantially to SSRI-induced decrease in
platelet activity (Serebruany et al, 2003). The decrease of
platelet eNOS activity observed in HCs could be interpreted
as a homeostatic downregulation in response to the
paroxetine-induced excessive increase in NO availability.
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Indeed, exposure of washed human platelets to NO has been
shown to induce a compensatory decrease in platelet eNOS
activity (Chen and Mehta, 1997).

Our results of a paroxetine-induced increase in plasma
NOx in MD patients (close to normalization, that is,
baseline levels in HCs) suggest that paroxetine administra-
tion improves endothelium function in MD patients and
may therefore reduce the CV risk associated with MD.
Interestingly, cardiac drugs that improve outcome in
atherosclerosis (eg statins, angiotensin-converting inhibi-
tors) also improve endothelial function (Laroia et al, 2002;
Bonetti et al, 2003).

However, the direct physiological impact of the paroxe-
tine-induced increases in endothelial NO production that
our results suggest should be confirmed. Measurement of
the endothelium-dependent flow-mediated dilation of the
brachial artery with ultrasonography is one of the methods
that may serve to confirm that paroxetine-induced increase
in plasma NOx levels is associated with an improvement in
endothelial function (Sauer et al, 2003; Faulx et al, 2003).

Ultimately, a study examining the potential positive
impact of the effects of paroxetine-induced changes in
endothelium NO production on CV outcomes in MD
patients should also be conducted. A beneficial impact of
SSRIs on CV outcome was, to a certain extent, supported by
recent findings (Glassman et al, 2002; Sauer et al, 2003). The
Sertraline Antidepressant Heart Attack Randomized Trial
(SADHART) (Glassman et al, 2002), a prospective double-
blind placebo-controlled study examining the effect of
treatment with the SSRI sertraline in patients hospitalized
for acute myocardial infarction or unstable angina.
Although lacking statistical power, this investigation found
that there were 20% fewer serious CV events for patients
randomly assigned to sertraline vs placebo. These altera-
tions of indices of NO production in the endothelium and
platelets by paroxetine may not, however, generalize to
other SSRIs since paroxetine in vitro is the most potent
serotonin reuptake inhibitor among SSRIs.

Such studies should include measurements of paroxetine
levels at steady state in order to assess possible correlations
between paroxetine levels at steady state and paroxetine’s
peripheral effect of an increase in endothelium production
of NO.

In conclusion, this study is of importance in that it
further suggests a possible mechanism linking MD and CVD
in the form of decreased endothelial and platelet NO
production and a potential beneficial impact of antidepres-
sant treatment in the form of paroxetine on the CV risk
associated with MD. The potential for long-term deleterious
CV effects of SSRIs should not, however, be overlooked. For
example, paroxetine has been shown to increase low-density
lipoprotein levels (Lara et al, 2003b) and can induce severe
weight gain (Fava et al, 2000), two major conventional CV
risk factors.
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