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Intravenous Corticotropin-releasing Hormone
Administration Increases Esophageal Electrical
Sensitivity in Healthy Individuals
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Background/Aims

When a person is experiencing stress, corticotropin-releasing hormone (CRH) can modulate gut physiologies, such as visceral sensation
or gastrointestinal motility, and its intravenous administration mimics stress-induced physiological changes. However, the influence of
CRH on the esophagus is yet unknown. Accordingly, we investigated whether intravenous CRH administration increases esophageal
sensitivity to electrical stimulation in healthy Japanese subjects.

Methods

Twenty healthy subjects were recruited. We quantified the initial perception threshold (IPT) every 15 minutes after CRH injection.
Venous blood was collected with a cannula, and both plasma adrenocorticotropic hormone (ACTH) and cortisol were measured at
pre-stimulation, 0, 30, 60, 90, and 120 minutes. The results from each time point were compared against a baseline IPT obtained
before electrical stimulation was initiated.

Results

When compared to the baseline IPT value (16.9 = 4.5), CRH significantly decreased electrical threshold of the esophagus at 30, 45,
60, 75 minutes (14.1 £ 4.2, 13.1 £ 5.0, 12.1 £ 5.7, 14.0 = 5.8 minutes, P < 0.01, respectively) after CRH injection, suggesting
that CRH increased esophageal sensitivity to the electrical stimulus. CRH also significantly increased plasma ACTH levels at 30 minutes
(50.3 £ 17.7, P < 0.01), and cortisol levels at 30 minutes (22.0 + 6.7 minutes, P < 0.01) and 60 minutes (20.3 + 6.7 minutes, P <
0.01) after CRH injection, when compared to the pre-stimulation ACTH and cortisol values.

Conclusion

Intravenous CRH administration increased esophageal electrical sensitivity in normal subjects, emphasizing the important role of stress
in esophageal sensitivity.
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Introduction

In recent years, as knowledge of functional gastrointestinal
disorders (FGID) has advanced, esophageal hypersensitivity has
been shown to play a significant role in the onset of upper gastro-
intestinal tract symptoms, such as heartburn." However, hypersen-
sitivity is not necessarily common to all nociceptive stimulation; for
example, a patient may experience hypersensitivity to mechanical
stimuli but not to chemical stimuli.* The pathogenesis of visceral
hypersensitivity is mediated by several factors, including periph-
eral hypersensitivity, central hypersensitivity, and hypersensitivity
mediated by psychosocial factors. Peripheral hypersensitivity arises
from peripheral sites, such as the esophageal mucosa, and central
hypersensitivity occurs in the neurons of the spinal cord and the
brain. Psychosocial factors are known to modulate both peripheral
and central hypersensitivity. Stress modulates visceral sensation as
well as other physiological functions.” The bidirectional association
between stress and the gastrointestinal tract has received attention,
as researchers have sought to understand how psychological stress
can affect the gastrointestinal tract as well as how changes in the
gastrointestinal tract can affect stress sensitivity in the brain." This
general interaction among stress, the brain, and the gastrointesti-
nal tract is termed brain-gut interaction.” Corticotropin releasing
hormone (CRH), a neuropeptide, is known to be one of the most
important factors precipitating the onset of symptoms in stress-
related disease or FGID.*” Gastrointestinal physiologies, such as
colonic motor and sensory functions, are known to be altered by
stress induced by intravenous administration of CRH in patients
with irritable bowel syndrome (IBS).*” This evidence suggests that
altered brain-gut interactions resulting from a magnified response
to CRH lead to changes in colonic functions and could be relevant
to the pathophysiology of IBS. However, the influence of CRH on
the esophagus has not yet been fully elucidated. The esophagus has
a number of advantages as a site for study of visceral sensation. For
example, it is relatively easy to determine the location where esopha-
geal symptoms originate, and a typical symptom is heartburn.
Therefore, we aim to further explore this relationship between stress
and esophageal function by determining whether intravenous CRH
administration increases esophageal sensitivity to electrical stimula-

tion in healthy Japanese subjects.

CRH Administration Increases Esophageal Electrical Sensitivity

Materials and Methods

Study Design

This observational study was held in an academic medical
center. A total of 20 Japanese volunteers were recruited through ad-
vertisements (local newspaper annoucements and in-house leaflets)
between October 2012 and April 2013. The frequency scale for the
symptoms of gastroesophageal reflux disease (GERD) (FSSG)
was validated,’ and only subjects with FSSG scores of 0-2 were re-
cruited. We asked the subjects to fast for at least 6 hours before the
examination. An electric catheter was inserted via the nasal passage
and was placed in the lower esophagus. Placement was confirmed
with an esophageal manometric catheter using high-resolution ma-
nometry. We quantified the initial perception threshold (IPT: the
minimum current intensity at which the subject first perceived the
stimulus). We infused CRH without the subject’s knowledge and
evaluated IPT. In addition, plasma adreno-corticotropic hormone
(ACTH) and cortisol levels were measured using radioimmunoas-
say pre-stimulation from the start of electrical stimulation until 120
minutes later at 30-minute intervals. These values were compared
against a value obtained from a sample taken before the electrical
stimulation began. For all subjects, this process was initiated at the
same time in the afternoon. This study was approved by the ethics
committee of Hyogo College of Medicine (Approval No. 1324),

and written informed consent was obtained from all participants.

Healthy Participants

As noted above, participants were recruited by advertisements.
Candidates were excluded from participation if they were younger
than 20 years or older than 80 years of age, had overt symptoms
of FGID, had used an histamine-2 receptor antagonist or proton
pump inhibitors within 2 weeks of the study start date, were regular
users of corticosteroids or nonsteroidal anti-inflammatory drugs
(NSAIDs) and had used those drugs within the past month, had a
history of allergy to drugs, had a history of gastric surgery, had a se-
rious concomitant disease that would affect their ability to complete
the study, or were otherwise judged by a physician to be unable to
participate in this study:.

Electrical Stimulation Test
To evaluate electrical sensitivity, a 7-Fr electrode (Esogold 4;
Taisho Biomed Instruments, Osaka, Japan) was inserted and placed

5 e¢m above the superior border of the lower esophageal sphincter.
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Placement was determined using high-resolution manometry (IN-
SIGHTTM Sandhill Scientific, Highlands Ranch, CO, USA).
The electrode was connected to an electrical stimulator (SEN-3401;
Nihon Kohden, Tokyo, Japan). The waveform was 200 microsec-
onds at a stimulation frequency of 1 Hz. The current intensity was
gradually increased by 2 mA every 20 seconds. Subjects sat upright
in a comfortable chair throughout the study. Additionally, electro-
cardiogram monitoring was performed during the examination.
For the end point IPT, we quantified the IPT; that is, the minimum
current intensity at which subjects perceived stimulation for the first
time by electrical stimulation as it gradually increased. We measured
IPT at 15, 30, 45, 60, 75, 90, 105, and 120 minutes after CRH
(Tanabe Mitsubishi Corporation, Osaka, Japan) injection (2 ug/
kg). We secured vascular access with a saline port to the forearm
of the subject at the time of admission. In this way, we could intra-
venously administer CRH without the subject’s knowledge. We
prepared CRH 1 hour before administration and preserved it in a
refrigerator. IPT was measured 6 times before CRH administration
(every § minutes). Baseline IPT was defined as the average of each
subject’s pre-CRH IPT measurements, excluding the subject’s
maximum and minimum values. We compared the baseline IPT
with the IPT at each time point. Venous blood (5 mL.) was obtained
via a cannula placed in the antebrachial vein, and plasma concentra-
tions of ACTH and cortisol were measured by radioimmunoassay
at pre-stimulation, 0, 30, 60, 90, and 120 minutes after CRH injec-
tion (Fig. 1). We compared the pre-stimulation value with those

values.

Outcome Measures

The primary end point was the esophageal IPT after electrical
stimulation. The secondary end points were the plasma ACTH
and cortisol levels after electrical stimulation, which were compared

against pre-stimulation values.

Statistical Methods

All results are expressed as the mean = standard deviation.
Statistical differences in IPT between participants were determined
using a two-way analysis of variance (ANOVA). Statistical signifi-

cance was defined as a value of P < 0.05.

Results

Enrollment and Baseline Characteristics of the
Participants

Twenty subjects were recruited to this study. There were 19
men and 1 woman, with a mean age of 35.1 = 7.5 (range, 27-51)
years. The mean body mass index of all subjects was 23.1 = 1.8 kg/
m”. There was a history of drinking alcohol in 7 subjects, and a his-
tory of smoking in § subjects (Table).

Corticotropin-releasing Hormone Increased
Esophageal Sensitivity to the Electrical Stimulus

The words most commonly used by subjects to describe the
sensation elicited by electrical stimulation of the esophagus were

» «

“pulsing,” “sharp,” and “throbbing.” When compared to baseline

IPT (16.9 = 4.5), CRH significantly decreased the electrical

Table. Characteristics of Subjects

Total (N = 20)

Gender (M:F) 19:1
BMI (kg/m®) 23.1+ 1.8
Drinking habit 7
Smoking habit S

BMI, body mass index.

>
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Figure 1. Study protocol. We measured the the initial perception threshold (IPT) at 15, 30, 45, 60, 75, 90, 105, 120 minutes after corticotropin-
releasing hormone (CRH) injection. IPT was measured 6 times before CRH injection. Then, baseline IPT was defined as the average of IPTs
except for maximum and minimum IPTs. Blood was drawn and plasma adrenocorticotropic hormone and cortisol were measured at 0, 30, 60, 90,

and 120 minutes after CRH injection. iv, intravenous.
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stimulation threshold of the esophagus at 30 minutes (14.1 = 4.2,
P < 0.01), 45 minutes (13.1 £ 5.0, P < 0.01), 60 minutes (12.1
+ 5.7, P < 0.01), and 75 minutes (14.0 * 5.8, P < 0.01) after
CRH injection. IPT was lowest at 60 minutes after CRH injec-
tion. Thereafter, it gradually recovered showing a similar value to

the baseline IPT at 120 minutes (16.5 * 4.7) after CRH injection
(Fig. 2).
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Figure 2. Changes in esophageal sensitivity to the electrical stimulus
induced by corticotropin-releasing hormone (CRH). CRH signifi-
cantly decreased electrical threshold of the esophagus after CRH
injection. IPT; initial perception threshold; iv, intravenous. *P < 0.01.
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CRH Administration Increases Esophageal Electrical Sensitivity

Corticotropin-releasing Hormone Significantly
Increased Plasma Adreno-corticotropic Hormone
and Plasma Cortisol Levels Compared to
Pre-stimulation Levels

CRH significantly increased plasma ACTH levels at 30
minutes (50.3 = 17.7, P < 0.01) after CRH injection, compared
to pre-stimulation ACTH values (28.7 * 12.3) (Fig. 3A). Ad-
ditionally; cortisol levels at 30 minutes (22.0 = 6.7, P < 0.01) and
60 minutes (20.3 = 6.7, P < 0.01) after CRH injection were sig-
nificantly increased compared to the pre-stimulation cortisol values
(13.8 = 4.6) (Fig. 3B). There was no correlation between degree of
ACTH/cortisol change and degree of IPT change.

Discussion

This is the first reported study in which a simulated stress load
was caused by intravenous administration of CRH, which is con-
sidered physiologically equivalent to stress, to analyze esophageal
perception in healthy Japanese individuals by using an electrical
stimulation test. A recent study from Belgium demonstrated that
intravenous CRH administration increased esophageal sensitivity to
mechanical distention in healthy subjects."” Our study demonstrat-
ed that acute stress, simulated by intravenous CRH, significantly
decreased the electrical threshold of esophageal perception. In ad-
dition, to the IPT, we also measured ACTH and cortisol levels to
verify that subjects were exposed to a true stress load.

Recent studies have reported that an important factor in the
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Figure 3. Effects of corticotropin-releasing hormone (CRH) on plasma ACTH and plasma cortisol levels. (A) CRH significantly increased plas-

ma ACTH levels 30 minutes after CRH injection, when compared to pre-stimulation ACTH value. (B) Plasma cortisol levels 30 minutes and 60

minutes after CRH injection were significantly increased compared to pre-stimulation cortisol values. iv, intravenous. *P < 0.01.
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pathogenesis of non-erosive reflux disease (NERD), functional
dyspepsia, and IBS may be hyperresponsiveness to stress in the gas-

trointestinal tract.”*"*

In daily life, we experience various symptoms
due to excessive “stress” on the body. When the human brain per-
ceives stress, CRH is released from the hypothalamus. CRH acts
on the pituitary gland to secrete ACTH, which induces the secre-
tion of cortisol from the adrenal cortex, resulting in various physi-
ological reactions necessary for adaptation to stress. Central and
gastrointestinal responses to stress can be pronounced, particularly
in patients with FGID such as IBS.”****¢

The association between stress and visceral perception has been
reported in a number of colonic studies. Fukudo et al'” showed
that peripherally administered CRH induced more frequent bowel
movements in patients with IBS as compared to healthy individu-
als. One study demonstrated a greater increase in perception of
colonic distension after intravenous CRH administration in healthy
individuals, in contrast to the response prior to administration or
following placebo."® Another study reported that when o-helical
CRH was peripherally administered in IBS patients, the hyperre-
sponsiveness to stress induced by colonic electrical stimulation was
suppressed.’ These results indicate that stress is closely associated
with colonic perception and bowel movements.

Previous animal studies have analyzed esophageal perception
after stress loading. Stress induced by CRH administration in rats
causes acute enlargement of the esophageal intercellular space,
which may be associated with the pathogenesis of GERD." It has
also been reported that CRH affects gastric peristalsis in rats.””** No
study on the effect of intraesophageal stimulation following stress
loading with CRH has been reported in humans. In the present
study, we analyzed the threshold of esophageal perception and mea-
sured ACTH and cortisol levels in response to electrical stimula-
tion, before and after acute stress loading with intravenous CRH.
The aim was to determine whether acute stress enhances esophageal
perception.

Several studies have characterized aspects of visceral hyperes-
thesia in esophageal disease. A study of mechanosensitivity using
an esophageal barostat showed that NERD patients felt pain in re-
sponse to a significantly smaller volume of instilled air than healthy
individuals,” indicating that NERD patients are significantly more
sensitive to mechanical stimulation. Using an esophageal acid per-
fusion test in Japanese, we observed a significantly shorter time to
pain onset and greater pain due to acid stimulation in patients with
NERD as compared to patients with erosive esophagitis or healthy
individuals. In addition, sensory scores, which are the mathemati-

cal products of pain onset and pain levels, were significantly higher

than healthy individuals.”* These results indicate that sensitivity to
intraesophageal acid stimulation is clearly higher in NERD patients
than healthy individuals.

In the present study, we used a previously employed electrical
method that directly stimulates afferent nerves rather than recep-

>

tors,””* to analyze esophageal perception. Prior methods used
to evaluate the threshold of esophageal perception have included
chemical stimulation, an acid perfusion test, a mechanical stimula-
tion method, and a barostat test. Fach method has advantages and
disadvantages with regard to simplicity, reproducibility, and inva-
siveness.”” Catheters used in electrical stimulation tests can be easily
inserted, as they have significantly smaller diameters than barostat
catheters. Thus, the degree of invasiveness is relatively low with the
electrical stimulation method. Moreover, whether subjects actually
perceive esophageal stimulation can be verified by simply adjust-
ing the intensity of the stimulation current yielding a high level of
reproducibility.

It is important to analyze the kinetics of ACTH after CRH ad-
ministration, as an increase in ACTH confirms exposure to stress.”*
In the present study, we were able to analyze ACTH kinetics using
intravenous CRH after electrical stimulation, enabling us to show
that subjects underwent the electrical stimulation test under condi-
tions of stress. Therefore, we consider the results of the present
study to be reliable. CRH administration may be useful in identify-
ing the onset of stress and the threshold of esophageal perception in
a clinical setting. This method suggests the possibility of investigat-
ing the difference in the response to stress between individuals as
well as between organs.

There are several limitations in the present study. First, this was
an observational study performed at a single institution. In addition,
we performed analyses in healthy individuals rather than patients.
Therefore, it remains unclear whether the values for the IPT caused
by CRH administration in healthy individuals are applicable to
hypersensitive patients, such as those with NERD, and whether the
IPT values in patients are similar to those in healthy individuals, or
instead indicate greater sensitivity than in healthy individuals. This
is a subject for future study:.

The small number of subjects (n = 20) may have affected the
results. Furthermore, the majority of enrolled subjects in the pres-
ent study were men. These are considered limitations, since gender
differences in CRH reactivity have been demonstrated.”” In these
studies, women were shown to be more sensitive to stimulation than
men. In the present study, 19 of 20 subjects were men.

In conclusion, our study demonstrated that acute stress signifi-

cantly decreases the threshold of esophageal electrical sensitivity in
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healthy subjects, indicating that CRH plays an important role in the
brain-gut interaction. The effect of CRH in both healthy individu-
als and patients with FGID, as well as in those with GERD, will be
further explained by future studies.
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