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Abstract

OBJECTIVES: Central neuropeptides modulate behaviour. Plasma levels of
neuropeptides may reflect central levels due to specific brain-to-blood transport
systems. We purposed to show the modulation of plasma corticotropin releasing
hormone (CRH) levels in relation to induced emotions.

DESIGN: Three groups were defined. For experimental groups A and B, an
emotionally significant movie fragment was projected for 20 min, while no film
projection occurred in group C. Peripheral venous blood samples were collected
before, 10 and 60 min after the film or at 0 and 30 min for group C. Total CRH
was measured in plasma. Personality was evaluated by the Minnesota Multiphasic
Personality Inventory (MMPI).

RESULTS: Plasma CRH levels did not change in the condition with no movie
projection — group C — 346+198 vs. 327+143 pg/mL. Plasma CRH levels dramati-
cally increased with the projection of a dramatic movie — group A - 394+147 vs.
7911636 vs. 8031771 pg/mL, p<0.05. Plasma CRH increased less markedly in the
condition with the projection of a comic movie — group B — 364+138 vs. 4861260
vs. 4831228 pg/mL, p<0.05 for differences between samples 1 and 3. Baseline
plasma CRH was significantly and independently related to the neurotic triad and
psychotic dyad - partial r=0.328 and 0.267, respectively, p<0.05.

CONCLUSIONS: We conclude that plasma CRH levels increase with experimental
emotion induction and that baseline levels are significantly related to behavioural
traits. Plasma levels of neuropeptides may reflect central levels and may be useful
in clinical medicine and in the study of behavioural disorders.

INTRODUCTION

Neural control of the pituitary gland was first pos-  releasing hormone (CRH) was one of the last to
tulated in 1948 by G. Harris (1948). Beginning in  be isolated and sequenced in 1981 by W. Vale, J.
1969, several hypothalamic peptides controlling Spiess, C. Rivier and J. Rivier (1981).

pituitary function were isolated by A. Schally and For CRH as well as for the other peptides, it soon
R. Guillemin (Schally ef al. 1973). Corticotropin became apparent, that they were even more abun-
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dant in other central nervous system nuclei, outside
the hypothalamic unit, and that they could modulate
neuron function (Guillemin 1978). CRH, for instance,
modulates the sleeping-waking cycle, sustained atten-
tion, memory, learning, aggressiveness, anxiety, loco-
motor, eating and sexual behaviour, maternal behaviour
and lactation, and induces analgesia (Sutton et al. 1982;
Krahn et al. 1988).

Direct measurement of central neuropeptides is not
possible in human subjects, except by sampling the
cerebrospinal fluid. Although many of the neuropep-
tides can also be found in the peripheral circulation,
two kinds of argument have hindering the development
in this area.

First, these peptides are also produced by sev-
eral peripheral organs, namely the gut, and it would
be impossible to differentiate between a central and
peripheral origin (Muglia et al. 1994). Secondly it is
generally assumed that the brain-blood barrier, pre-
vents central neuropeptides to reach the peripheral cir-
culation (Kastin et al. 1990).

None of these arguments stands a closer inquiry.
Neuropeptides are much more abundant in the central
nervous system in absolute terms (Muglia et al. 1994;
Swanson et al. 1983). Specific, sophisticated and modu-
lated transport systems exist in the blood-brain barrier
that allow for the movement of peptides in either direc-
tion (Kastin et al., 1990; Kastin et al. 1999).

In particular for CRH, studies in mice, have shown
that there is a specific and modulated transport system
for the rapid movement of CRH out of the central com-
partment (Martins et al. 1996; Martins et al. 1997a).
Because of this transport system, the central CRH
pool explains peripheral CRH levels almost completely
(Martins et al. 1997b). Furthermore, central CRH from
outside the hypothalamic-pituitary unit is able to reach
and act at peripheral organs, while no effect is apparent
if the specific brain to blood transport system is inhib-
ited (Martins et al. 1997b).

Plasma levels of neuropeptides may then be a reflec-
tion of central levels. This may allow for its use in the
study of psychiatric disorders, and as a research tool for
exploring the interplay between behaviour and disease
states in clinical medicine.

Showing the acute behavioural modulation of
plasma levels of neuropeptides, would be strong evi-
dence for the above. That is what we purposed to do, by
showing the acute modulation of plasma levels of CRH
during the feeling of induced emotions. Additionally we
explored the relation between baseline levels of CRH
and conventional indexes of pituitary-adrenal gland
function and behavioural traits.

PATIENTS AND METHODS

Sixty consecutive adult female patients with simple
nodular goitre were included in the protocol. Patients
were assisted at the endocrine out patient department of
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a public central hospital. They were selected at the first
visit, before beginning any pharmacological treatment.
Simple nodular goitre was defined by the sonographic
demonstration of more than one thyroid nodule less
than 1 cm in diameter, with negative thyroid auto anti-
bodies (thyroglobulin and thyroid peroxydase antibod-
ies) and normal thyroid function (T3, T4 and TSH and
free T4). Written informed consent was obtained in
every case and the research protocol was approved by
the ethical department of the medical school. It must be
emphasized that since the general use of sensitive sono-
graphic methods, simple nodular goitre as defined, is
extremely common and may be considered as a “non-
pathologic condition”. Since the study was conducted
at a central public hospital, by necessity such subjects
are generally chosen as controls, to equalize for the set-
ting in regard to experimental subjects. No patient had
previous evidence of any psychiatric disorder and no
patient was under treatment with psychotropic or ste-
roid drugs. For the sake of homogeneity, only female
subjects were considered.

Patients were received in the Dynamic Testing Room
of the Endocrine Unit at 3.00 p.m. after lunch. Three
groups were defined: Group A - for the induction of
fear/sadness emotion; Group B - for the induction of
joy/happiness emotion; Group C - no emotion induc-
tion. Each group comprised 20 subjects. Groups of 2-3
subjects were studied each session, randomly for groups
A,BorC.

The research protocol was again explained and
height, weight, blood pressure and heart rate were mea-
sured. An antecubital vein was canulated and main-
tained patent by flushing with sodium chloride solution
(0.9%) with sodium heparin (25 U/mL). Thirty min
later, a basal venous blood sample was obtained (sample
1-10mL). A chosen fragment of 20 min duration of a
dramatic (group A) or comic (group B) content movie
was projected in a video equipment; no movie was pro-
jected in group C. Ten min after the movie - 30 min
after the baseline sample 1 — a new venous blood sample
was obtained in all subjects including those of group C
(sample 2-10mL). Subjects then filled the Minnesota
Multiphasic Personality Inventory (MMPI-1) and in
groups A and B, 60 min later - 90 min after the base-
line sample — a new venous blood sample was obtained
(sample 3-10mL). The venous catheter was removed,
blood pressure and heart rate were again measured,
patients were thanked and dismissed. No financial ret-
ribution was allocated.

Two commercial movies used were: Schindler’s List
by Steven Spielberg, Universal Studios, 1993 (dramatic
content), the destruction of Warsaw ghetto, 53-73 min
and The Amazing Adventures of Mr. Bean by Paul Wei-
land and John Birkin, USA Films, 1989 (comic content),
0-20 min.

Correction and validation of the Minnesota Mul-
tiphasic Personality Inventory (MMPI-1) was done as
indicated by the booklet instructions (Perse 1986). To
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avoid the use of multiple comparisons, only conven-
tional superordinate traits, computed by adding t-scores
of the appropriate clinical scales, were used in the anal-
ysis; these were the neurotic triad — hypochondria (Hs)
+ depression (D) + hysteria (Hy) - the psychotic dyad
— schizophrenia (Sc) + paranoia (Pa) — and behaviour
problems - masculinity-femininity (Mf) + hypoma-
nia (Ma) + psychopathic deviate (Pd) (Greene 1991).

Venous blood samples were collected in lithium
heparin tubes and maintained at +4°C for the next 4h.
Six mL of blood were then transferred to new tubes
with aprotinin (0.3 U) and centrifuged at 10,000 rpm
for 5min at +4 °C. Plasma was stored at =70 °C until the
assay (within 30 days).

CRH was measured by enzyme-linked immunosor-
bent assay (EIA). Commercially available diagnostic
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Fig. 1. Distribution of baseline CRH values. The best fitted, computer
designed normal curve is also presented.
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Fig. 2. CRH values in the three experimental groups. Group A - black
squares; Group B - black triangles; group C - black diamonds. For
each time moment, the mean+standard error of the mean or the
mean-standard error of the mean is presented.

kits were used (Pensinsula Laboratories, San Carlos,
CA). All samples were assayed in duplicate. All mea-
surements regarding the same patient, were made in
the same laboratorial session. Random samples were
also assayed in duplicate between 1-6 months after the
first assay.

Routine and endocrine measurements, deemed
appropriate in each case, were determined by automatic
routine methods, and are not further described since
they are not fundamental for this work. This includes
ACTH, cortisol, and DHEAS (ELISA) (Diagnostic
Products Corporation, Los Angeles, CA).

Results are expressed as the mean + standard devia-
tion or as % as appropriate. The normal distribution of
continuous variables was verified by the Kolmogorov-
Smirnov test. Non-normal distributed variables were
log transformed prior to analysis; for the sake of sim-
plicity however, when no differences were found, results
regarding the non-transformed variables are presented.
Statistical analysis used the Statistical Package for the
Social Sciences Program (SPSS, Chicago, IL). Repeated-
measures ANOVA were used to compare the results at
different times, with post-hoc paired t-Student tests.
Multiple regression analysis was used to explore the
relation between continuous variables. 0.05 was used as
the limit of statistical significance.

RESULTS

Baseline CRH results were 365+178 pg/mL [191-1100],
median - 312 pg/mL, n=60. The variable presented a
distribution that was not significantly different from the
normal one, Kolmogorov-Smirnov Z - 1.292, p<0.10,
skeweness — 1.927, kurtosis — 5.039 (Figure 1). Intra-
and interassay coefficients of variation were 12% and
18% respectively. The sensitivity limit was 220 pg/mL.
The linear range for CRH measurement was between
160-5,000 pg/mL. According to the manufacturer,
cross-reactivity with other forms of CRH (ovine and
bovine) and prepro CRH is less than 1%.

Control values, with no emotion induction, were
obtained from group C (Figure 2). There were no sig-
nificant differences between samples 1 and 2 in this
group — 346+198 vs. 327+143pg/mL respectively,
paired samples t=0.52, df=19, p=0.6. Values decreased
from sample 1 to sample 2 in 11 subjects and increased
in 9 subjects. Differences were greater than 10% in 13
subjects, and greater than 20% in 8 subjects. Values
from samples 1 and 2 were directly and significantly
related — n=20, r=0.495, p<0.05.

Results regarding the induction of fear/sadness
emotion were obtained from group A (Figure 2).
Values for samples 1,2 and 3 were 3944147, 791+636
and 803+771pg/mL respectively. Repeated-mea-
sures ANOVA showed a significant time effect -
F(2,57)=4.399, p<0.05. Paired sample analysis showed
significant differences between samples 1 and 2 -
t=2.76, df=19, p<0.05 - and samples 1 and 3 - t=2.37,
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df=19, p<0.05. Values increased from sample 1 to
sample 2 in 14 subjects and decreased in 6. Increases
were greater than 10% in 12 subjects, and greater than
20% in 10 subjects. Baseline levels were significantly
related to peak levels (sample 2) - n=20, r=0.469,
p<0.05 — and these were significantly related with each
other (samples 2 and 3) - n=20, r=0.538, p<0.05.

The induction of joy/happiness emotion was ascer-
tained in group B (Figure 2). Values for samples 1,2
and 3 were 364+138, 486+260 and 483+228 pg/mL.
Repeated-measures ANOVA showed a trend for time
effect — F(2,57)=2.680, p<0.10. Paired sample analysis
showed a trend for differences between samples 1 and 2
- t=1.87, df=19, p<0.10 - and significant differences
between samples 1 and 3 — t=2.53, df=19, p<0.05. From
sample 1 to sample 2, values increased in 13 subjects,
and decreased in 7; increases were greater than 10% in
13 subjects and greater than 20% in 10 subjects. Baseline
levels were significantly related to peak levels (sample 2)
- n=20, r=0.491, p<0.05 - and peak levels were signifi-
cantly related to each other (samples 2 and 3) - n=20,
r=0.565, p<0.05.

Baseline CRH levels were not significantly related to
either ACTH, cortisol or DHEAS (data not shown).

Results from the psychometric evaluation were valid
in all cases judging by validity scales unanswered (?), lie
(L), fake (F) and correction bias (K). Multiple regression
analysis, revealed that baseline CRH was significantly
related both to the neurotic triad - inverse relation, par-
tial r=0.328, n=60, p<0.05 - and to the psychotic dyad -
direct relation, partial r=0.267, n=60, p<0.05 (Figure 3).

DISCUSSION

Central neuropeptides, including hypothalamic regu-
latory peptides, modulate neuronal function, besides
controlling pituitary activity (Guillemin 1978). CRH,

Plasma CRH and emotions

for instance deeply affects behaviour, and has been
implicated in several neuropsychiatric disorders, like
alcohol and drug addiction, dementia and depression
(Wand & Dobs 1991; Milanes et al. 1998; Lupien et al.
1998; Gold et al. 1986). By simultaneously controlling
pituitary function, vegetative functions and behaviour,
CRH and other neuropeptides must intervene in the
puzzling mind-body integration of classical authors.

Measurement of central neuropeptides, may there-
fore be instrumental to the understanding of psychiatric
disorders, and useful to explore the behavioural compo-
nent of common medical disorders, like obesity, high
blood pressure, reproductive disturbances, immune-
mediated disorders, and more generally in any acute
and chronic stressful conditions (Rosmond et al. 1998;
Chrousos et al. 1998; Sternberg et al. 1992; Chrousos &
Gold 1992; Van den Bergh et al. 1998).

Direct measurement of central neuropeptides is not
feasible at the clinical level. However, despite common
belief to the contrary, plasma levels of central neuro-
peptides may be informative regarding central levels.
This is so because the central pool is the major contrib-
utor to plasma levels and because specific, modulated
transport systems exist across the brain-blood barrier
(Martins et al. 1996; Martins et al. 1997a; Martins et al.
1997b; Sasaki et al. 1987; Wittert et al. 1993; Yanovski et
al. 1998).

In this study we show the acute change in plasma
levels of CRH, associated with specific mind states,
following the experimental induction of specific and
opposing emotions. At a different level, this study may
be approached to other studies regarding the imaging of
regional central nervous system activation or common
endocrine responses during the feeling of induced emo-
tions (Damasio et al. 2000; Sobrinho et al. 2003).

Taking into account the plasma half-life of CRH,
no significant changes were found in plasma levels
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Fig. 3. Bivariate regression analysis of the neurotic triad score (NT) and the psychotic dyad score (PD) against
baseline CRH (pg/mL). The 3D-graph is presented as viewed from the front (left) and from above (right).
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between 30-60 min, after venous puncture, in resting
subjects. However the experimental induction of fear/
sadness emotion is associated with a clear and persis-
tent increase in plasma CRH levels, persisting until the
last sampling time 90 min after stimulus presentation.
In other subjects, the induction of the opposing emo-
tion of joy/happiness was associated with a less dra-
matic increase in plasma CRH levels, with a trend for
significance.

These results suggest plasma CRH changes, result
from fluctuations in central levels. We think no other
explanation can account for the present findings. Physi-
cal stress, due for instance to venous puncture, cannot
explain the different findings in the control, fear/sad-
ness and joy/happiness groups. By the same token, fill-
ing the psychometric inventories cannot also account
for the differential effects. It is theoretically possible,
that autonomic nervous system function modulates
the peripheral release of CRH, but it would be rather
indirect to invoke gut and/or spleen release of CRH
during the feeling of induced emotions. Furthermore
such vegetative changes should be expected following
venous puncture and no changes on plasma CRH levels
were recorded in group C. Besides, previous evidence of
specific transport systems across the brain-blood bar-
rier and the much greater central pool of CRH clearly
favours the first mechanism.

Baseline CRH levels were not significantly related to
either ACTH, cortisol or DHEAS. This is not unexpect-
edly and suggests that the control of the pituitary-adrenal
axis depends on CRH produced at the paraventricular
hypothalamic nuclei that reaches the pituitary at very
high levels through the portal hypothalamic-pituitary
vessels. Previous studies were conducted regarding
plasma CRH levels in Cushing’s syndrome and disease
and Addison’s disease (Sasaki et al. 1987; Wittert et al.
1993; Yanovski et al. 1998). These studies did not find
significant differences regarding plasma CRH levels in
those conditions, when compared to control groups.
This is not surprisingly since hypothalamic CRH levels
should be a minor contributor to total central nervous
system CRH levels and therefore to plasma CRH levels.
More recently plasma CRH levels were not affected by
dexamethasone treatment, again suggesting an extra-
hypothalamic origin (Galard et al. 2002).

To the best of our knowledge no other published
study explores plasma levels of CRH in relation to emo-
tions. Pertinent to present findings, may be some pre-
vious studies regarding cerebrospinal fluid CRH levels
in control subjects and subjects with major depression
(Nemeroff et al. 1984; Geracioti et al. 1992). Increased
CRH levels were found, supporting the hypothesis
that behavioural conditions affect central CRH levels,
outside the hypothalamic unit, and in agreement with
present findings of a significant direct relation between
plasma CRH and the psychotic dyad score. Also,
increased plasma CRH levels were found in patients
with major depression and posttraumatic stress disor-

der (Catalan et al. 1998; Galard et al. 2002; Kloet et al.
2008).

The postulated central origin of plasma CRH, besides
the acute changes following emotion induction is also
suggested by the significant relation with some behav-
ioural traits. Baseline CRH was clearly related both to
the neurotic triad and to the psychotic dyad superordi-
nate traits, in this sample of non-psychiatric subjects.
Interestingly enough the relation with the neurotic
triad was inverse, while that with the psychotic dyad
was direct. Up to the point the relation between hypo-
thalamic-pituitary-adrenal axis reactivity — assessed by
CRH testing — and neurotic traits or psychotic condi-
tions has already been reported (Gold et al. 1986a; Gold
et al. 1986b; Martins et al. 2001; Martins et al. 2002). As
noted the same was shown for plasma CRH (Catalan et
al. 1998; Galard et al. 2002; Kloet et al. 2008).

Plasma levels of CRH now reported are higher than
in other studies (Catalan et al. 1998). The difference
may be accounted for, by three general factors: we mea-
sured total and not free CRH; we did not use previous
extraction; and we used an enzyme-linked immuno-
sorbent assay instead of an immunoradiometric assay.
The possibility of some cross-reaction with urocortin
or other CRH-like peptides can not be completely dis-
carded, even if this is highly unlikely, considering the
peripheral circulation, and the specific setting, i.e., after
emotion induction.

In short we showed in this paper acute and persis-
tent plasma changes in CRH levels associated with the
induction of specific emotions. Additionally, we showed
baseline CRH to be significantly related to some behav-
ioural traits. Taken together and with other evidence,
this strongly suggests that plasma levels of CRH, and
possibly of other central neuropeptides, reflect central
levels, and may be used to explore the complex relations
between behaviour and physical illness.
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