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A B S T R A C T

Background: Stress-induced prothrombotic changes are mediated by the sympathetic nervous system and criti-
cally involved in mental triggering of acute coronary syndromes, but the underlying psychobiology is not fully
understood. We tested the hypothesis that a norepinephrine (NE) infusion to mimic effects of stress-induced NE
release on blood coagulation elicits prothrombotic changes and examined to what extent these would be
mediated by an alpha-adrenergic mechanism.
Methods and results: In a single-blind placebo-controlled within-subjects design, 24 middle-aged, non-smoking,
non-obese and normotensive men participated in three experimental trials with an interval between one and two
weeks. Each trial applied two sequential infusions of 1 and 15min duration with varying substances [i.e., saline
as placebo, the non-specific α-blocker phentolamine (2.5 mg/min), and NE (5 μg/min)]: trial 1=saline+ saline;
trial 2=saline+NE, and trial 3=phentolamine+NE. Plasma levels of clotting factor VIII activity (FVIII:C),
fibrinogen, and D-dimer were assessed from blood samples collected immediately before and 1min and 20min
after infusion procedures. Compared to saline+ saline, saline+NE induced increases over time in FVIII:C,
fibrinogen, and D-dimer levels. With phentolamine+NE, fibrinogen levels remained increased compared to
saline+ saline, but changes in FVIII:C and D-dimer levels were no more different. Coagulation changes did not
differ between saline+NE and phentolamine+NE.
Conclusions: NE infusion activates blood coagulation. The resulting prothrombotic state could be one psycho-
biological mechanism underlying mental triggering of acute coronary syndromes. Blockade of α-adrenergic
receptors partly attenuated NE effects on coagulation and could be implied to have preventive potential in
susceptible individuals.

1. Introduction

Between 10% and 50% of patients with an acute coronary syndrome
(ACS) report an emotional trigger like mental stress or intense feelings
within 2 h before symptom onset (Tofler et al., 1990; Willich et al.,
1991; Tofler et al., 2017) with, for instance, outbursts of anger quad-
rupling the risk (Mostofsky et al., 2014). With the undeniable role of

thrombosis in ACS (Abbate et al., 2012), the literature provides good
evidence that stress-induced coagulation activation is a crucial process
in emotionally-triggered ACS (Thrall et al., 2007; von Känel, 2015). In
an attempt to maintain homeostasis, emotional upset evokes hemody-
namic responses with shear forces to the vessel wall, vagal withdrawal,
sympathetic and neuroendocrine activation, altogether leading to in-
flammatory and prothrombotic changes (Steptoe and Brydon, 2009;
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Mittleman and Mostofsky, 2011). In susceptible individuals with
atherosclerotic cardiovascular disease (CVD) (Leor et al., 1996), stress-
triggered sympathetic, inflammatory and prothrombotic responses are
excessive (Wallén et al., 1997; von Känel et al., 2001a; Strike et al.,
2004; Kop et al., 2008) and may promote destabilization and rupture of
a coronary plaque with thrombotic occlusion leading to ACS (von
Känel, 2015; Wirtz and von Känel, 2017). Moreover, acute mental
stress-induced platelet activation was shown to be greater and pro-
longed in patients with versus those without emotional triggering of
ACS (Strike et al., 2006).

The prothrombotic stress response is partially mediated by an acute
increase in circulating catecholamines. Specifically, norepinephrine
(NE) and epinephrine (EPI) bind to adrenergic receptors (AR) whereby
stimulating platelets and endothelial cells to release coagulation mo-
lecules in the circulation; however the precise mechanisms involved,
both in healthy humans and patients with atherothrombotic CVD, are
still elusive (Austin et al., 2013). Sympathetic activation includes NE
release from sympathetic nerve endings and secretion of EPI and NE
from the adrenal medulla into the bloodstream, so mental-stress in-
duced coagulation changes result from combined EPI and NE effects
(Austin et al., 2013; von Känel and Dimsdale, 2000). To concur, pre-
vious studies in humans showed a positive association between stress-
induced increases of NE and D-dimer, a marker of fibrin formation
(Wirtz et al., 2006) and of both EPI and NE and thrombin/antithrombin
complex, a marker of thrombin generation (von Känel et al., 2002).
Regarding the trajectory of these responses, a positive association
emerged between delayed post-stress recovery of NE and activated
platelets in elderly individuals (Aschbacher et al., 2008).

When EPI is infused, as to mimic this catecholamine’s stress effect
on blood coagulation, one observes a concomitant increase in plasma
NE levels (Wallén et al., 1999). In turn, plasma EPI levels do not in-
crease after NE infusion (Kuebler et al., 2014). Therefore, experimental
NE infusion can reveal unique effects of NE (i.e., without confounding
EPI effects) on coagulation molecules. With respect to underlying AR
mechanisms, study findings on combined effects of catecholamines and
AR-blockers on coagulation molecules are not uniform in healthy hu-
mans (von Känel and Dimsdale, 2000) and to our knowledge lacking in
patients with atherothrombotic CVD. The most reliable findings are that
within minutes, EPI infusion induces a dose-response increase in FVIII
clotting activity (FVIII:C) mediated by β2-AR, whereas NE and EPI in-
fusion both induce platelet activation through α2-AR (von Känel and
Dimsdale, 2000). Based on this literature, a NE infusion paradigm with
and without α-adrenergic blockade seems better suited to identify
specific NE-related coagulation effects mediated by α-adrenergic me-
chanisms than a laboratory stressor, as in a stress paradigm the coa-
gulation system will additionally be stimulated by EPI-related α- and β-
adrenergic mechanisms.

Here, we designed an experimental study with the overarching goal
to better understand both noradrenergic and α-adrenergic mechanisms
of sympathetically-mediated prothrombotic changes that could ulti-
mately underlie mental-triggering of ACS. Specifically, the primary aim
of our study was to test in a placebo-controlled within-subject design
the hypothesis that NE infusion, in a manner and dosage to mimic ef-
fects of stress-induced NE release, induces significant increases in
plasma levels of FVIII:C, fibrinogen, and the coagulation activation
marker D-dimer in healthy men. FVIII, fibrinogen, and D-dimer are
clearly stress-responsive coagulation molecules (Thrall et al., 2007;
Austin et al., 2013) and also associated with an increased CVD risk in
prospective population-based studies (Fibrinogen Studies
Collaboration, 2005; Willeit et al., 2013; Lowe and Rumley, 2014). To
our best knowledge, reactivity of fibrinogen and D-dimer to NE appli-
cation have not previously been investigated in healthy subjects,
whereas three studies with small sample sizes (n= 5–11) and dated
methodology found no change in FVIII:C (von Känel and Dimsdale,
2000). Most similar to our experiment, although not placebo-con-
trolled, one of these studies infused 100–160 μg NE for 10min (Ingram,

1961). In the two other studies, a bolus of 500–750 μg NE s.c./i.m.
(Wachholder et al., 1961) and 210 μg NE i.v. (Gader et al., 1973) were
applied, and FVIII:C was measured after a non-specified time interval
and 30min, respectively, likely too late to detect a significant effect.

The secondary aim of our study was to examine the extent to which
NE-induced prothrombotic changes would be mediated by an α-adre-
nergic mechanism. To this end, we infused NE in healthy men, with and
without prior application of phentolamine, a non-specific α-AR-blocker,
and measured plasma levels of FVIII:C, fibrinogen, and D-dimer before,
immediately after, and 20min after infusion procedures.

2. Methods

2.1. Study participants

The present study is part of a larger project which aims to elucidate
effects of a NE infusion to mimic the effects of a stress-induced increase
in circulating NE, administered with and without α-adrenergic
blockade, on psychobiological processes involved in CVD (Kuebler
et al., 2014). As part of this larger study the NE and EPI data have been
published before (Kuebler et al., 2014; Beis et al., 2018). The study
sample for the coagulation sub-study presented here comprised 24
medication-free, non-smoking and normotensive healthy Caucasian
men who completed all three infusion trials (rendering a total of 72
trials) with balanced trial-sequence and assessment of coagulation
molecules for at least one trial. Specific coagulation data was missing or
incomplete in 1 participant in trial 1, in 2 participants in trial 2, and in
3 participants in trial 3 (cf. below for trial specification). The resulting
sample sizes with complete assessments of coagulation molecules were
for the comparison between trial 1 and 2 n= 22 for D-dimer, fi-
brinogen, and FVIII:C; between trial 1 and 3 n=22 for fibrinogen and
FVIII:C and n=20 for D-dimer; and between trial 2 and 3 n= 21 for
fibrinogen and FVIII:C and n=19 for D-dimer. Complete NE and EPI
data was available from 21 participants. Reasons for missing values of
biochemical measures were technical problems with blood sampling
and/or assays.

Participants were recruited by aid of the Swiss Red Cross of the
Canton of Bern and the Clinical Investigation Unit of the Bern
University Hospital. Specific exclusion criteria were verified with a
structured clinical interview: any regular or current prescribed or non-
prescribed medication intake, psychiatric diseases, alcohol abuse and
illicit drug use, any heart disease, varicosis, and thrombotic diseases;
elevated blood sugar levels and diabetes, elevated cholesterol levels,
liver and renal diseases, chronic obstructive pulmonary disease, aller-
gies and atopic diathesis, rheumatic diseases, cancer, chronic pain,
sleep disturbances, thyroid disease, and current infectious diseases. If
the history was not conclusive, we contacted the subjects’ primary care
physician for clarification. The body mass index was calculated by di-
viding weight in kilograms by height in meters squared.

The ethics committee of the Canton of Bern, Switzerland, and the
Swiss Agency for Therapeutic Products (Swissmedic) formally approved
the study protocol. The study was carried out in accordance with the
Declaration of Helsinki principles. All participants provided written
informed consent before any study procedure took place and were
compensated with CHF 120 per study day (CHF 360 for all three days).

2.2. Study design and procedure

The study was performed in the Clinical Investigation Unit of the
Bern University Hospital (Inselspital). In a single-blind placebo-con-
trolled within subject design, all participants took part in three different
experimental trials varying in terms of the combination of the two se-
quentially infused substances as previously described (Kuebler et al.,
2014); these were saline+ saline in trial 1, saline+NE in trial 2, and
phentolamine+NE in trial 3. Trial 1 was the placebo condition and
performed to control for coagulation effects of the experiment per se,
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arising for instance from fear and stress in anticipation of the infusion
procedure. Trial 2 was the main experimental trial designed to test for
the effects of NE infusion on coagulation molecules. Trial 3 tested
whether potential coagulation effects of NE would be modulated by α1-
plus α2-AR.

The trial sequence was fully counterbalanced by using a Latin
Square design with the sequences 1,2,3 (i.e., infusion day 1 was trial 1,
infusion day 2 was trial 2, infusion day 3 was trial 3); 2,3,1 (i.e., in-
fusion day 1 was trial 2, infusion day 2 was trial 3, infusion day 3 was
trial 1); and 3,1,2 (i.e., infusion day 1 was trial 3, infusion day 2 was
trial 1, and infusion day 3 was trial 2). The trials took place on separate
days with inter-trial intervals of at least one week (to allow for phen-
tolamine wash-out) and two weeks. Ethical and safety considerations
regarding potential (hemodynamic) side effects of study substances
prohibited a double-blind design. Therefore, the participants, but not
the experimenters, were blind to trial substances. A board-certified
internist performed all infusions.

Participants abstained from physical exercise for 24 h and main-
tained a regular sleep-wake rhythm the three nights before each trial,
with lights out between 22:30 h and 24:00 h and lights on between
07:00 h and 09:00 h. Participants reported to the laboratory at 11:45 h
to receive a standardized meal with experimental procedures starting at
13:00 h. Participants were tested in the supine position lying on a bed.
Each trial started with a 10-min introduction phase, during which the
testing procedure was explained, followed by catheter insertion into the
brachial vein of the dominant arm for the infusions. For blood sam-
pling, a second catheter was inserted into the brachial vein of the non-
dominant-arm. After a further 45-min interval to acclimatize, the in-
fusion procedure started.

Blood samples for coagulation molecules were obtained im-
mediately before the infusion phase (baseline), and 1min and 20min
after termination of the infusion procedure. The sampling protocol
based on findings from our previous stress studies showing that levels of
coagulation molecules peak immediately after stress and return to
baseline levels within 20 to 45min of recovery from stress (von Känel
et al., 2004; Wirtz et al., 2006). Blood samples for NE and EPI assess-
ments were taken at baseline before the first infusion and 1min after
the second infusion.

2.3. Substance infusion protocol

Two sequential infusions with application of either saline or phen-
tolamine for 1min (first infusion), and NE or saline for 15min (second
infusion), were applied with an interval of 5min between infusions. The
post-infusion phase began after the second infusion.

NE (Sintetica, SA, Mendrisio, Switzerland) was diluted in saline and
the resulting solution of 5 μg/ml was infused with 1ml/min over
15min, totaling 75 μg NE, to mimic effects of NE-stress-reactivity. We
selected this dosage because earlier studies showed that a dose of 5 μg/
ml/min NE, yielding NE plasma levels in excess of 1800 pg/ml, are
required to produce hemodynamic and metabolic effects (Silverberg
et al., 1978), as are elicited by acute mental stress (Wallén et al., 1999).
As reported elsewhere (Kuebler et al., 2014), we previously demon-
strated effective NE application in our study protocol by an increase in
blood pressure and heart rate. We chose a 15-min infusion time for NE
because former protocols typically inflicted laboratory mental stress
between 10 and 20min to elicit significant prothrombotic stress re-
sponses (von Känel et al., 2001a, 2004; Strike et al., 2006; Wirtz et al.,
2006). The non-selective α-adrenergic antagonist (i.e., α1- and α2-AR-
blocker) phentolamine (Regitin®, Novartis Pharma AG, Basel, Switzer-
land) was diluted in saline and 5ml of 0.5mg/ml, totaling 2.5mg
phentolamine, were infused within 1min. Identical times of 1min and
15min were used for saline infusions (Kuebler et al., 2014).

2.4. Biochemical analyses

2.4.1. Coagulation molecules
Venous blood was drawn into polypropylene tubes containing 3.8%

sodium citrate (Sarstedt, Numbrecht, Germany). Samples were cen-
trifuged for 20min at 2000 x g at room temperature. Plasma was then
aliquoted into polypropylene Eppendorf tubes and stored at -80 °C until
assayed in the Thrombosis Research Laboratory, Bern University
Hospital. Fibrinogen and FVIII:C were determined using the BCS
Coagulation Analyzer (Dade Behring, Liederbach, Germany). FVIII:C
was measured by standard coagulometric methods using factor-defi-
cient standard human plasma and reagents (Siemens Healthcare
Diagnostics GmbH, Erlangen, Germany). FVIII:C is expressed as per-
centage relative to normal human plasma with an absolute FVIII:C
value of 100% per definition. Fibrinogen levels were measured with a
modified Clauss method (Multifibren U, Siemens Healthcare
Diagnostics GmbH, Erlangen, Germany), expressed as g/l. D-dimer le-
vels were measured using an enzyme-linked immunosorbent assay
(ZYMUTEST DDimer, HYPHEN BioMed, Neuville-sur-Oise, France),
expressed as mg/l. Inter- and intra-assay coefficients of variation
were<10% for all coagulation assays.

2.4.2. Catecholamines
For NE and EPI assessment, blood was drawn into EDTA-coated

monovettes (ethylenediaminetetraacetic acid; Sarstedt, Numbrecht,
Germany), and immediately centrifuged for 10min at 2000 g and 4 °C;
plasma was stored at −80 °C until analyzed. Plasma EPI and NE levels
were determined by means of high-pressure liquid chromatography
(HPLC) using electrochemical detection after liquid-liquid extraction in
the Laboratory of Stress Monitoring, Göttingen, Germany (Ehrenreich
et al., 1997). The lower limit of detection was 12 pg/ml each for EPI
and NE. Undetectable values were replaced by half the detection limit
(Hornung and Reed, 1990).

2.5. Statistical analysis

Data was analyzed using SPSS (version 23.0) statistical software
package (SPSS Inc., Chicago IL, USA) and presented as mean ± SEM (if
not indicated otherwise). The significance level was p≤ .05 (two-
tailed). Normality of the data distribution was tested with the
Kolmogorov-Smirnov test. Values of coagulation molecules were log-
transformed before statistical analysis. However, for reasons of clarity,
we depict untransformed data in the figure while making adjustments
for baseline values. We applied Huynh-Feldt correction for repeated
measures to protect against violations of the sphericity assumption.

To test for differences between infusion-trials in baseline levels of
NE and EPI concentrations and coagulation molecules, we calculated
general linear models with repeated measurements with the baseline
levels of each trial as the repeated dependent variables; we report post-
hoc tests to explore trial differences (i.e. trial 1 vs. 2, trial 1 vs. 3, and
trial 2 vs. 3). We similarly calculated trial differences in NE and EPI
changes (calculated as plasma levels at 1min post infusion minus
baseline values before the infusion began).

To test for different effects of the infusion trials on coagulation
molecules over time, we compared trials pairwise (i.e., trial 1 vs. 2, trial
1 vs. 3, and trial 2 vs. 3) using general linear modelling with the two
repeated factors trial (2 trials) and time (3 time-points). Effect size
parameters (f) were calculated from partial η2-values and are reported,
where appropriate, according to the following conventions (f):
.10=small, .25=medium, .40=large. We did not correct for multiple
comparisons due to the prespecified hypothesis of significant NE-in-
duced changes in coagulation molecules in the same direction and the
fact that these changes are indicative of the same psychobiological
process (i.e., the prothrombotic stress response), correlated with each
other (r= 0.49–0.64; Zgraggen et al., 2005), and actual observations in
nature (Perneger, 1998; Rothman, 1990).

R. von Känel et al. Psychoneuroendocrinology 105 (2019) 44–50

46



3. Results

3.1. Participant characteristics

The 24 study participants were middle-aged to older (52.1 ± 2.1,
range: 29–64 years), non-obese (BMI: 24.2 ± 0.5, range 20.7–29.0)
men, with blood pressure values in the normotensive range (mean
systolic: 114.0 ± 1.5mmHg, range: 100.5–130.0; mean diastolic:
70.9 ± 1.1mmHg, range: 61.8–82.3).

3.2. Trial comparisons in baseline measures and infusion-induced
catecholamine changes

As shown in Table 1, there were no baseline (i.e. pre-infusion) dif-
ferences between the 3 trial conditions in plasma levels of catechola-
mines (p´s≥.19) and prothrombotic molecules (p´s≥.10). Both
saline+NE and phentolamine+NE led to increased NE levels com-
pared with saline+ saline (p´s< .001); whereas NE changes did not
differ between saline+NE and phentolamine+NE (p= .70).
Saline+NE led to decreased EPI levels compared with saline+ saline
(p= .003) and phentolamine+NE (p= .007); whereas EPI changes
were similar between saline+ saline and phentolamine+NE
(p= .52). Of note, the catecholamine data presented in Table 1 have
already been published (Kuebler et al., 2014; Beis et al., 2018).

3.3. Trial comparisons in infusion-induced coagulation molecule reactivity

Fig. 1, depicts changes over time in coagulation molecules in re-
sponse to substance infusions across the three trials. Compared to
saline+ saline, saline+NE induced higher levels of FVIII:C (interac-
tion trials (1 vs. 2)-by-time: F(1.62/34.08)= 3.61, p= .047, η2= .15,
f= .42), fibrinogen (interaction trials (1 vs. 2) -by-time: F(1.42/
29.81)= 7.24, p= .004, η2= .27, f= .61), and D-dimer (interaction
trials (1 vs. 2) -by-time: F(2.0/42.0)= 5.52, p= .007, η2= .21,
f= .51). Compared to saline+ saline, phentolamine+NE reduced the
effects of saline+NE on FVIII:C (p= .22) and D-dimer (p= .25) to
non-significance. In contrast, the fibrinogen response to phentolamine
+NE remained significantly different from that seen with saline
+saline (interaction trials (3 vs. 1)-by-time: F(2.0/42.0)=3.72,
p= .032, η2= .15, f= .42). Saline+NE and phentolamine+NE did
not induce significantly different changes over time in any coagulation
molecule (FVIII:C: p= .47; fibrinogen: p= .17; D-dimer: p= .80).

4. Discussion

4.1. Study purpose

We investigated whether FVIII:C, fibrinogen, and D-dimer, three
coagulation molecules showing robust stress responses and with

relevance for CVD risk, are reactive to NE infusion, and whether this
reactivity is possibly mediated by α-adrenergic mechanisms. The results
from our study shed more light on the complex and still poorly un-
derstood interplay between the sympathetic nervous system and the
hemostatic system with its numerous molecules and activating and in-
hibiting steps involved (von Känel et al., 2001b; Austin et al., 2013).

4.2. Principal findings

We found that a 15-min NE infusion induced significantly greater
increases over time in plasma levels of FVIII:C, fibrinogen and D-dimer
compared to placebo (saline infusion), suggesting overall that NE
caused a prothrombotic state. Although the absolute changes in coa-
gulation molecules from rest were quite small, the calculated effect
sizes were large by convention. Therefore, the observed prothrombotic
changes could be of clinical relevance, particularly so with regard to a
possible role in mental triggering of ACS. Whether stress-induced coa-
gulation changes measured in a laboratory setting, including the unique
contribution of an increase in circulating NE, predict the risk of
atherothrombotic CVD has not previously been investigated. However,
stress-induced changes in fibrinogen, similar in magnitude to our NE
infusion study, have been shown to predict systolic ambulatory blood
pressure at 3-year follow-up, adjusting for demographic factors, health
behaviors and baseline blood pressure (Brydon and Steptoe, 2005). The
infusion procedure did not result in increased levels of EPI and, as re-
ported elsewhere, of cortisol (Kuebler et al., 2014). In contrast, la-
boratory stress protocols do provoke EPI and cortisol increases, which
moreover have been shown to be associated with stress-induced pro-
thrombotic changes (von Känel et al., 2002; Wirtz et al., 2006). These
observations allow us to interpret that NE effects on the coagulation
system are sufficient to induce a prothrombotic state in response to
acute mental stress. We further found that the non-specific α-AR-
blocker phentolamine attenuated the NE-induced increase in FVIII:C
and D-dimer, but not in fibrinogen, to a level that was not significantly
different from the placebo condition. This suggests that α-adrenergic
mechanisms may partly underlie NE effects on the prothrombotic stress
response.

4.3. Possible explanations

How could NE-infusion and AR function possibly affect molecular
processes of the coagulation cascade and result in prothrombotic
changes relevant to mental triggering of ACS? Catecholamine infusion
and acute mental stress both induce fibrinolysis and platelet activation
(von Känel and Dimsdale, 2000; Austin et al., 2013). Here, we studied
effects of non-specific α-AR-blockade. However, it has become clear
that α2-AR, which have high affinity for both EPI and NE, mediate
platelet activation by catecholamines (von Känel and Dimsdale, 2000).
Specifically, NE infusion has been shown to induce platelet factor 3

Table 1
Baseline measures in coagulation molecules and catecholamines and infusion-induced changes in catecholamines .

Trial 1 (Sal/Sal) Trial 2 (Sal/NE) Trial 3 (Ph/NE) Trial differences

p(1vs.2) p(2vs.3) p(1vs.3)

Fibrinogen baseline (g/l) 2.47 ± .13 (1.70–4.79) 2.35 ± .09 (1.70–3.63) 2.34 ± .10 (1.52–3.61) .23 .30 .10
FVIII:C baseline (%) 108.88 ± 6.17 (63–181) 105.26 ± 5.96 (63–188) 107.58 ± 6.88 (58–200) .13 .66 .37
D-dimer baseline (mg/l) 272.50 ± 42.50 (72–837) 264.65 ± 41.08 (80–772) 266.67 ± 37.68 (65–696) .69 .70 .92
NE baseline (pg/ml) 413.43 ± 46.40 (190.20–976.51) 378.02 ± 44.97 (145.61–1097.49) 375.96 ± 36.00 (126.10–794.86) .44 .62 .19
EPI baseline (pg/ml) 29.98 ± 3.81 (6.00–66.01) 30.45 ± 3.22 (6.00–58.65) 27.96 ± 2.69 (6.00–61.84) 1.00 .64 .70
NE change (pg/ml) 4.01 ± 18.18 (−183.35–281.97) 831.87 ± 89.94 (314.53–1858.21) 769.90 ± 72.81 (187.79–1661.87) < .001 .70 <.001
EPI change (pg/ml) 2.59 ± 2.36 (−20.14–37.51) −5.67 ± 1.34 (−16.41–11.20) 0.42 ± 2.00 (−10.06–36.42) .003 .007 .52

Values are given as means ± SEM (range). Changes are calculated as post- minus pre-infusion measurements. Post-hoc tests of general linear models with repeated
baseline or change measures were conducted to test for trial differences in baseline values and change scores. Bold values indicate significance. EPI, epinephrine;
FVIII:C, clotting factor VIII activity; NE, norepinephrine; Ph, phentolamine; Sal, saline (placebo).

R. von Känel et al. Psychoneuroendocrinology 105 (2019) 44–50

47



activity (Nordły et al., 1975), expression of platelet fibrinogen receptors
(Lam et al., 2002), platelet release reaction (plasma β-thromboglobulin)
(Larsson et al., 1992), and ultimately platelet aggregation (Larsson
et al., 1992). Of importance to the present study, activated platelets also
release FVIII from their alpha granules into plasma (Yarovoi et al.,
2003). In brief, platelet factor 3, the source of procoagulant phospho-
lipids exposed on the surface of activated platelets, converts pro-
thrombin to thrombin, which in turn potentiates FVIII:C and converts
fibrinogen to crosslinked fibrin. Fibrin degradation by the fibrinolytic
system results in increased D-dimer plasma levels indicating activated
coagulation (Lowe and Rumley, 2014), for instance as part of the fight-
or-flight response (Austin et al., 2013). A direct association between
changes in plasma levels of NE and D-dimer has been shown in healthy
subjects (Wirtz et al., 2006) and exaggerated platelet activation was
found in patients with mental triggering of ACS (Strike et al., 2006)
over a period of one and two hours, respectively. Of clinical im-
portance, this corresponds to the time interval during which ACS risk is
increased after emotional upset (Mostofsky et al., 2014).

Unlike the above discussed role of α2-AR in NE-induced coagulation
activation, the role of α1-AR, which have high affinity for NE, but lower
affinity for EPI (Scanzano and Cosentino, 2015), seems far less clear.
Stimulation of α1-AR releases vasopressin in the brain (Sladek and
Song, 2008). Desmopressin - a synthetic analogue of vasopressin - ra-
pidly releases FVIII from regulated storage pools into plasma
(Haberichter et al., 2006); in turn, α1-AR-blockade could attenuate NE-
induced vasopressin release and thus FVIII:C increase too, but this is

speculative. Moreover, to our knowledge, it is unknown, whether NE-
induced vasoconstriction, via activation of α1- and α2-AR, both ex-
pressed in vascular smooth muscles (Gordan et al., 2015), affects coa-
gulation activity.

Other than FVIII:C and D-dimer responses to phentolamine+NE,
that of fibrinogen was significant when compared with placebo, im-
plying that neither α1-AR nor α2-AR are evidently involved in the stress
response of fibrinogen. This should not discount a potential role of
acute elevation in fibrinogen in mental triggering of ACS due to other
mechanisms, as infusion of human fibrinogen hastened thrombotic
occlusion of carotid arteries in a mouse model (Lowe and Rumley,
2014). Although not studied so far (Austin et al., 2013), an alternative
could be involvement of β1-AR, which have affinity for NE, and in-
crease heart rate and cardiac contractility in fight-or-flight (Gordan
et al., 2015). However, non-specific β-AR-blockade did not previously
reduce mental stress-induced changes in fibrinogen (von Känel et al.,
2008). Taken together, NE surge could play an important role in pro-
thrombotic mechanisms underlying mental triggering of ACS, and α2-
adrenergic mechanisms, arguably more than α1-adrenergic mechan-
isms, could mediate part of this risk.

4.4. Potential clinical implications

The possible mediation of the prothrombotic stress response by α-AR
may have clinical implications in preventive terms. Regular treatment
with platelet-aggregation inhibiting aspirin and β-AR-blockers may

Fig. 1. Changes over time in coagulation molecules in response to substance infusion.
FVIII:C (A), fibrinogen (B), and D-Dimer (C) reactivity to substance infusion (Sal, saline; NE, norepinephrine; Ph, phentolamine). Values are means ± SEM. General
linear models with repeated measures revealed that infusion reactivity of FVIII:C (p= .047), fibrinogen (p= .004), and D-dimer (p= .007) plasma levels differed
between Sal+NE and Sal+Sal. Whereas fibrinogen reactivity also differed between Sal+Sal and Ph+NE (p= .032), no other trial comparisons were significant (p’s
≥ .17).*, p< .05;**, p< .01;***, p< .001.
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partially break the link between outbursts of anger and ACS onset
(Mostofsky et al., 2014), reducing the risk by about half (Mittleman et al.,
1995). Aspirin was shown to partially inhibit NE-induced platelet acti-
vation (Larsson et al., 1994) and to attenuate mental stress-induced
platelet fibrinogen and P-selectin expression (Aschbacher et al., 2009).
Cardio-selective β1-AR-blockers may cut off the peak of a sudden rise in
blood pressure, thereby reducing the risk of plaque rupture (Möller et al.,
1999). The non-selective β-AR-blocker propranolol in combination with
aspirin, but not aspirin alone, diminished the acute stress response of
FVIII:C (von Känel et al., 2008). The latter finding concurs with research
showing that preformed FVIII is released in the circulation from extra-
vascular storage pools, like endothelial cells and the liver (Haberichter
et al., 2006), via β2-AR stimulation upon sympathetic activation (Austin
et al., 2013). Thus, α- and β-adrenergic mechanisms could both mediate
a role of FVIII in mental triggering of ACS. Future studies could be va-
luable as to whether modulation of adrenergic effects on the coagulation
system at times of emotional upset may sever the risk of ACS onset in
susceptible individuals.

4.5. Strengths and limitations

Major strengths of our study were the placebo-controlled experi-
mental within-subject design with a NE-infusion protocol to mimic the
effects of a stress-induced increase in circulating NE and prevention of
confounding EPI effects on coagulation activation. Our study has its
limitations, too. The total dose of the infused NE was selected based on
the rationale that it would provoke cardiovascular changes comparable
to acute stress (Kuebler et al., 2014). The resulting NE concentrations
were about 3- to 5-fold higher than plasma concentrations that are
usually reached in response to acute mental stress (von Känel et al.,
2002; Beis et al., 2018). We speculate that the high i.v. dosage is re-
quired to compensate for stress-induced NE co-secreted from sympa-
thetic nerve endings in addition to secretion from the adrenal medulla.
Nevertheless, we cannot ultimately settle the question to what extent
the higher NE plasma concentrations may account for the observed
coagulation effects in the present study, respectively, whether stress-
induced NE concentrations alone are sufficiently high to induce changes
in FVIIIC, fibrinogen and D-dimer. We did not include a saline+
phentolamine trial to rule out possible sole effects of phentolamine on
blood coagulation. However, phentolamine is not known to have side
effects in terms of an increased risk of either thrombotic or hemorrhagic
complications. Moreover, a previous study found that phentolamine did
not affect platelet aggregability in vivo at rest, but abolished EPI-in-
duced platelet activation (Larsson et al., 1992). We investigated healthy
male subjects, so our findings cannot be transferred to women and
patients with CVD, the latter showing exaggerated prothrombotic stress
responses (Wallén et al., 1997; von Känel et al., 2001a; Strike et al.,
2004; Kop et al., 2008), partly due to impaired antithrombotic prop-
erties of a dysfunctional endothelium (Austin et al., 2013). However,
experimental catecholamine infusions in patients with athero-
thrombotic CVD might pose safety concerns, a possible reason for why
we could not find any previous such studies in the literature. We did not
account for potential hemoconcentration effects, as NE-infusion and
acute mental stress were shown to increase hematocrit by about 6%
(Uehlinger et al., 1987) and 3% (Austin et al., 2012), respectively.
However, in a previous study, stress-induced FVIII:C levels, although
not fibrinogen and D-dimer levels, remained significantly elevated after
laboratory correction for stress-induced plasma volume contraction
(Austin et al., 2012). We did not assess polymorphisms of AR subtypes,
which may variously affect organ physiology during the fight-or-flight-
response (Ahles and Engelhardt, 2014). Although we infused the same
NE-dosage in all subjects, genetic polymorphisms, but also sensitivity of
AR (von Känel et al., 2002) are two examples of unmeasured factors
that may increase inter-individual variability in coagulation responses
and thus the risk for non-significant findings.

4.6. Conclusions

To sum up, the findings from this placebo-controlled experimental
study suggest that a NE infusion to mimic effects of NE released during
acute stress directly induces increases in plasma levels of stress-re-
sponsive coagulation molecules and that α-AR mediate part of this ef-
fect. Although demonstrated in healthy subjects here, such mechanisms
may help to dissect the underlying psychobiology of mentally-triggered
ACS. The clinical relevance of our findings, including for preventive
interventions, remains to be established.
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