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Abstract
AIM: To clarify the effects of anti-hypertensive drugs 
on esophageal contraction and determine their possi-
ble relationship with gastro-esophageal reflux disease.

METHODS: Thirteen healthy male volunteers were 
enrolled. Esophageal body peristaltic contractions and 
lower esophageal sphincter (LES) pressure were mea-
sured using high resolution manometry. All subjects 
were randomly examined on four separate occasions 
following administrations of nifedipine, losartan, and 
atenolol, as well as without any drug administration. 

RESULTS: Peristaltic contractions by the esophageal 
body were separated into three segments by two 
troughs. The peak peristaltic pressures in the mid and 
lower segments of the esophageal body under ateno-
lol administration were significantly higher than those 
without medication in a supine position. On the other 
hand, peristaltic pressures under nifedipine administra-
tion were lower than those observed without drug ad-
ministration. Losartan did not change esophageal body 
peristalsis. Atenolol elevated LES pressure and slowed 
peristaltic wave transition, while the effects of nifedip-
ine were the opposite. 

CONCLUSION: Among the anti-hypertensive drugs 
tested, atenolol enhanced esophageal motor activity, 
which was in contrast to nifedipine.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Impaired esophageal motor functions, such as decreased 
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lower esophageal sphincter (LES) pressure and weak 
esophageal body peristalsis, are the main causes of  gastro-
esophageal reflux disease (GERD)[1,2]. Conventional ma-
nometry has demonstrated that several different drugs im-
pair esophageal motor function. It has also been speculated 
that they increase esophageal acid exposure[3]. Nifedipine, 
a calcium-channel blocker, was shown to reduce LES pres-
sure, as well as the amplitude and duration of  esophageal 
peristaltic contractions, in healthy subjects. It also increased 
esophageal acid exposure time[4-6]. In addition, candesartan, 
an angiotensin Ⅱ (AngⅡ) receptor antagonist, was report-
ed to reduce the amplitude of  swallow-induced peristaltic 
contractions and LES pressure[7]. In contrast, atenolol, a 
catecholamine β receptor antagonist, was found to inhibit 
the relaxation of  esophageal smooth muscle induced by 
catecholamine β stimulation[8]. 

Recent studies using high-resolution manometry re-
vealed that esophageal body peristalsis was composed of  
a chain of  three contraction segments separated by two 
troughs[9-11]. Conventional esophageal manometry tech-
niques are not sensitive enough to detect those three sepa-
rate contraction segments[12-14]. The uppermost (first) peri-
staltic segment represents the skeletal muscle component 
of  the esophageal body, while the lowest (third) segment 
represents the smooth muscle component. In the middle 
(second) segment, the muscle tissue is considered to shift 
from skeletal to smooth type[9-13]. Therefore, neuromuscular 
contraction control might be different between the three 
segments. In addition, the second segment was reported 
to be more responsive to cholinergic stimulation, whereas 
the third has been demonstrated to be under stronger con-
trol of  non-cholinergic and non-adrenergic neurons[15-17]. 
Therefore, the various drugs reported to have an influ-
ence on esophageal motor function might have different 
effects on each of  the segments of  the esophageal body, 
though the effects of  anti-hypertensive drugs on these 
segments have not been investigated. 

The aim of  this study was to clarify the effects of  
three different types of  anti-hypertensive drugs on the 
three different segments of  esophageal body contractions 
using a recently developed high-resolution manometric 
system.

MATERIALS AND METHODS
Subjects
Thirteen male volunteers were recruited for this study 
(mean age: 34.7 years). None of  the subjects had upper 
gastrointestinal symptoms, a history of  upper gastroin-
testinal surgery, or were taking medications known to 
influence esophageal motor function. Written informed 
consent was obtained from each volunteer before start-
ing the study, which was carried out in accordance with 
the Declaration of  Helsinki. This study was approved by 
the Ethics Committee of  Shimane University.

Study protocol
We evaluated esophageal motor function under sepa-

rate administrations of  nifedipine, a calcium-channel 
blocker, atenolol, a catecholamine β receptor antagonist, 
and losartan, an angiotensin Ⅱ receptor antagonist. All 
subjects were examined four separate times after an over-
night fast, with the following administrations; (1) without 
medication, (2) 10 mg of  nifedipine, (3) 50 mg of  losar-
tan, and (4) 50 mg of  atenolol, which were performed 
randomly in each case. The administrations of  nifedipine, 
losartan, and atenolol were given at 1, 4, and 4 h, respec-
tively, before performing the esophageal motor function 
test, to match the maximal blood concentration of  each 
drug with the examination period. In addition, all sub-
jects were instructed to drink 200 mL of  water at 4 h and 
1 h before each esophageal motor function test. 

Esophageal manometry
We performed high-resolution manometric tests using a 
ManoScan 360™ (Sierra Scientific Instruments, Inc., Cali-
fornia)[18]. The manometric catheter used with this system 
is 4.2 mm in diameter and has 36 intraluminal pressure 
transducers at 1-cm intervals, which are used to measure 
peristaltic pressure in the upper esophageal sphincter (UES) 
to LES simultaneously and continuously. Before perform-
ing esophageal pressure measurements, transducers were 
calibrated at 0 and 100 mmHg using externally applied 
pressure, according to the manufacturer’s instructions. The 
manometric catheter was inserted in a transnasal manner 
using 2% lidocaine jelly (Xylocaine jelly; AstraZeneka Co., 
Osaka, Japan), LES pressure (LESP) was then measured 
in a sitting position during a 5-min resting period. Next, 
esophageal body peristaltic function in the sitting position 
was examined by swallowing 5 mL of  room temperature 
water, which was repeated at 2-min intervals until five re-
cordings of  complete esophageal peristalsis were obtained. 
After finishing the tests in the sitting position, they were 
repeated in a supine position. The peristaltic contractions 
in the esophageal body were divided into three different 
segments (segments 1, 2, and 3 from oral to anal) separat-
ed by two troughs, as shown in Figure 1. LESP and peak 
intraesophageal contraction pressure in the three segments 
of  the esophageal body were analyzed using ManoView™ 
analysis software (Sierra Scientific Instruments, Los An-
geles, CA). Peristaltic contraction velocity between 5 and  
15 cm above LES was also determined.

Statistical analysis
Statistical analysis of  paired data was performed using a 
Wilcoxon signed rank test. All calculations were done us-
ing the Stat View 5.0 software package (Abacus Concepts 
Inc., Berkeley, CA, USA) for Macintosh. Differences at P 
< 0.05 were considered to be statistically significant.

RESULTS
All 13 subjects completed the study protocol without any 
adverse events. LESP values in the supine position were 
significantly higher than those in the sitting position, 
both with and without administration of  the drugs 
investigated in this study. Furthermore, LESP with the 
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administration of  nifedipine tended to be lower, while 
that under the administration of  atenolol tended to be 
higher, as compared to the control (Table 1). 

The peak peristaltic pressures in the three segments 
of  the esophageal body in the supine position were sig-
nificantly higher than those in the sitting position, and 
also significantly increased from segment 1 to 3 (Table 2).  
However, there was no difference in peak contraction 
pressure in segment 1 of  the esophageal body with and 

without administration of  the drugs. In contrast, peak con-
traction pressure in segments 2 and 3 with nifedipine ad-
ministration tended to be lower than those without medi-
cation (Table 2 and Figure 2). On the other hand, peak 
pressures in those segments under atenolol administration 
were higher than without medication (Table 2 and Figure 2). 
Losartan did not significantly affect peak contraction pres-
sures in the second and third segments (Table 2).

Esophageal peristaltic velocity in the supine posi-
tion tended to be lower than that in the sitting position. 
Furthermore, under the administration of  nifedipine, 
it tended to be faster than that without medication. On 
the other hand, velocity with atenolol was significantly 
slower than that without medication (Table 3).

DISCUSSION
Calcium-channel blockers, such as nifedipine, inhibit the 
entry of  calcium into smooth muscle cells of  the arterial 
wall, and are widely used for treatment of  patients with 
ischemic heart disease and hypertension[5]. Orally admin-
istered nifedipine was shown not only to decrease LESP 
in healthy subjects and patients with achalasia, but also re-
duced the amplitude and duration of  esophageal peristaltic 
contractions in healthy subjects[4-6]. Ang Ⅱ is the key me-
diator of  the rennin-angiotensin system, which maintains 
extracellular fluid volume and electrolyte homeostasis, and 
also regulates vascular tone and blood pressure[19]. The 
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Table 1  Resting LES pressure with and without administration of anti-hypertensive drugs (mean ± SE)

No medication Nifedipine Losartan Atenolol

Sitting Supine Sitting Supine Sitting Supine Sitting Supine

LESP (mmHg) 12.8 ± 2.4 19.8 ± 1.5a 10.2 ± 1.9 16.7 ± 1.7a 12.4 ± 2.7 20.8 ± 2.1a 15.8 ± 2.0 21.8 ± 2.4a

aSignificantly different in comparison with sitting (P < 0.05). LESP: Lower esophageal sphincter pressure. 
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Figure 1  Peristaltic contractions in the esophageal body were divided into 
three different segments (segments 1, 2, and 3, from oral to anal) by two 
troughs. UES: Upper esophageal sphincter; LES: Lower esophageal sphincter.

Table 2  Peak peristaltic pressure in three segments during esophageal body contractions with and without administration of 
antihypertensive drugs (mean ± SE)

No medication Nifedipine Losartan Atenolol

Sitting Supine Sitting Supine Sitting Supine Sitting Supine

Segment 1 (mmHg)   45.3 ± 12.9   72.4 ± 14.4   42.1 ± 10.1     77.4 ± 12.6   40.5 ± 10.5   77.5 ± 12.0 42.8 ± 8.2  79.3 ± 12.2
Segment 2 (mmHg) 105.5 ± 10.7 117.0 ± 12.3 83.7 ± 9.7   109.5 ± 15.4   96.4 ± 17.3 120.5 ± 34.9 122.0 ± 15.6 153.8 ± 12.4a

Segment 3 (mmHg) 141.7 ± 15.2 148.9 ± 31.6 115.5 ± 20.6 140.4 ± 9.8 152.2 ± 27.9 181.1 ± 31.9  216.9 ± 39.4a 246.5 ± 45.1a

aSignificantly different in comparison with no medication (P < 0.05).

Table 3  Velocity of esophageal peristalsis with and without administration of anti-hypertensive drugs (mean ± SE)

No medication Nifedipine Losartan Atenolol

Sitting Supine Sitting Supine Sitting Supine Sitting Supine

Velocity (mm/s) 4.9 ± 0.4 4.6 ± 0.3 5.1 ± 0.4 4.8 ± 0.2 4.8 ± 0.5 4.6 ± 0.4 4.7 ± 0.3 4.4 ± 0.2a

aSignificantly different in comparison with no medication (P < 0.05).

Yoshida K et al . Anti-hypertensive drugs and esophageal peristalsis



physiological functions of  Ang II are mediated specifically 
by the Ang Ⅱ type 1 (AT1) and type 2 (AT2) receptors. 
Losartan, an AT1 receptor antagonist, was previously 
reported to reduce the amplitude of  swallow-induced 
peristaltic esophageal contractions and LESP[7]. The cat-
echolamine β-adrenoceptor is currently classified into β1, 
β2, and β3 subtypes, all of  which are expressed in smooth 
muscle cells. Smooth muscle in the gastrointestinal tract 
is known to have the β1-adrenoceptor subtype and it has 
been shown that smooth muscle relaxes in response to 
β-adrenoceptor stimulation. In addition, atenolol, a β1 
blocker, was reported to inhibit the relaxation of  esopha-
geal smooth muscle induced by β1[8]. These observations 
of  the effects of  nifedipine, losartan, and atenolol were 
obtained in studies that used conventional intraesophageal 
pressure monitoring systems. Those are able to determine 
intraesophageal pressure at some sites, but they are not 
sensitive enough to measure peristaltic contractions in the 
three different esophageal body segments[8,9].

Peristaltic contraction in segment 3 of  the esopha-
geal body is the strongest in amplitude and the most 
important factor for volume clearance of  acidic reflux-
ant from the stomach[20]. Therefore, to clarify the effects 
of  the three anti-hypertensive drugs on the development 
of  GERD, their effects on the three different segments, 

especially the lowest segment (segment 3) were investi-
gated in the present study.

We used high-resolution manometry to measure in-
traesophageal pressure in 36 different sites at the same 
time, while contractions in each of  the three esophageal 
segments were separately measured[14]. As reported by 
other investigators using conventional manometry, nife-
dipine tended to decrease LESP, while atenolol increased 
it. Similarly, nifedipine tended to decrease the amplitude 
of  peristaltic contractions in segment 3, while atenolol 
significantly increased it in both the sitting and supine po-
sitions. These observations fit well with previous reports 
that a regular administration of  calcium antagonists for 
treatment of  hypertension is a risk factor for the future 
occurrence of  GERD. Interestingly, atenolol significantly 
elevated LESP and the peristaltic amplitude in the lower 
esophageal body (segment 3). Such atenolol-induced al-
terations of  esophageal motor activity may prevent the 
development of  GERD. 

An interesting finding in our study was the reciprocal 
relationship between contraction amplitude and peristal-
tic velocity of  the esophageal body. Factors that induce 
augmentation of  peristaltic amplitude, such as atenolol 
administration and the supine position, were found to 
delay peristaltic velocity[21,22]. On the other hand, factors 
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Figure 2  Peak esophageal peristaltic pressures in the three segments with and without administration of drugs. A: Nifedipine; B: Atenolol. aP < 0.05 vs no 
medication.
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that caused a decrease in contraction amplitude, such 
as nifedipine administration and the sitting position, ac-
celerated peristaltic contraction velocity[21,22]. Although 
the mechanisms by which these reciprocal phenomena 
occur are not clear, slowly progressing high amplitude 
peristalsis might be a more efficient peristaltic wave for 
propelling esophageal contents down to the stomach.

Another interesting finding was the lack of  significant 
effect by losartan on esophageal motor activity, which dif-
fers from previous reports, though the reason is not clear. 
We used modern high-resolution measurements in the 
present study. Therefore, at least in healthy volunteers, we 
believe that the inhibiting effect of  losartan on esophageal 
motor function is not clinically important.

In conclusion, of  the anti-hypertensive drugs tested, 
atenolol enhanced esophageal motor activity, which was 
in contrast to a calcium antagonist.
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