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Objectives: Previous research has shown that submaximal mouth opening by mandibular extension (ME)
is followed by a prolonged reduction in blood pressure. This effect was observed in young and adult
normotensive and hypertensive rats and in young normotensive human subjects.

Methods: We assessed the effects of a ME for 10 minutes obtained with a fixed mouth opener in both
hypertensive adult humans (aged 55 years or older) and elderly (6-7 months) anaesthetized, hypertensive
rats (SHR). Blood pressure and heart rate were measured every 10 minutes by non-invasive automatic
recorders for 30 minutes before and 120 minutes after the procedure. Nine human hypertensive subjects (7
experimental and 2 controls) and seven spontaneously hypertensive rats (5 experimental and 2 controls)
were tested.

Results: A statistically significant reduction in systolic blood pressure (SBP), mean arterial blood pressure
(MABP) and heart rate (HR) was observed after ME in the seven hypertensive human subjects, in whom an
average decrease of 15 mmHg for SBP, 10 mmHg for MABP and 7 bpm for HR, was observed. A similar
hypotensive effect was recorded in spontaneously hypertensive rats that displayed a statistically significant
decrease of SBP, DBP and MABP, amounting to about 40-50 mmHg.

Conclusion: This study provides the first evidence that ME has an important and prolonged hypotensive
effect when applied to subjects with high blood pressure, making their arterial blood pressure decrease
toward normal values for at least two hours.

© 2021 Cristina Del Seppia. Hosting by Science Repository. All rights reserved.

Introduction

the trigeminal nerve, these reflexes are also collectively referred to as
“trigemino cardiac reflexes” [3-5].

Several studies, starting from the pioneering work by Kumada and co-
workers in rabbits have shown that manipulation of the facial region
through electrical stimulation of the trigeminal system or maxillofacial
surgery can elicit a reflex leading to a sudden onset of a number of
physiological responses including bradycardia, hypotension, apnea and
gastric hypermotility [1, 2]. Since the afferent branch is represented by

Over the last years, our research group has built upon these observations
to demonstrate that a reduction of arterial blood pressure and heart rate
could also be obtained through a non-invasive technique consisting of a
prolonged opening of the mouth, which we called mandibular extension
(ME). Our studies have proved evidence for a marked hypotensive effect
in anaesthetized young and adult rats, in which a decrease of about 20
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Mandibular Extension in Hypertensive Rats and Humans

mmHg in mean arterial blood pressure was observed and a less marked
hypotensive effect in normotensive young human subjects [6-10]. Given
these results, the next step was to explore whether ME could also have
an effect in a hypertensive state. Recently, we have observed that ME is
followed by a prolonged decline in mean blood pressure also in rats in
which hypertension was induced by dexamethasone administration (20
pg/kg/day, subcutaneously for 7 days) and in spontaneously
hypertensive rats (SHR). In both cases, the treatment induced a marked
reduction in mean arterial blood pressure, which was much greater
compared to that observed in normotensive rats [11].

In SHRs, blood pressure progressively and spontaneously increases
starting from 4 up to 14 weeks of life so that systolic blood pressure rises
to 180-200 mmHg, which persists for the entire life [12]. Also, the
incidence of hypertension in humans is known to increase with age and
essential hypertension is a condition typically associated with aging. In
addition, the prevalence of hypertension and its impact on health are
increasing over the last years because of the growing life expectancy
[13]. In the present study, we aimed to extend our previous findings by
applying ME to rats and human subjects which were in a hypertensive
condition and of mature age (6-7 months for rats; > 55 years for human
subjects).

Materials and Methods
I Experiments in Rats

Male SHRs (n = 7) were obtained from Charles River (Calco, SO, ltaly).
The animals were six- to seven-month-old and weighed 250-350 g. They
were housed in polyethylene cages, under a 12/12 h light/dark cycle
(light 8:00-20:00 h) at constant temperature (24 + 1°C) and humidity (60
+ 5%) with free access to food and water. During the procedure, they
were maintained anaesthetized with an intraperitoneal injection (10

mg/0.1 Kg b.w.) of pentothal sodium (MSD Italia, Aprilia, LT) for the
entire experimental period, administering about 0.8 ml of the drug
solution in each animal at the final concentration of 40 mg/ml. A single
10 minutes mandibular extension was induced in 5 rats using an
appropriately U-shaped spring device placed between the superior and
inferior dental arches of the animal as previously described [6-8].
Briefly, the spring device consisted of two thin layers covered with a
silicone elastomer (Sylgard, Dow Corning, Midland, MI) coupled to an
adjustable spring, allowing to open the month without muscle fatigue.
SBP (systolic blood pressure), DBP (diastolic blood pressure), MABP
(mean arterial BP) and HR (heart rate) were obtained by means of the
non-invasive Mouse and Rat Tail Cuff Method Blood Pressure Systems
(MRBP, IITC, Life Science Inc, Los Angeles; CA, USA) that allows an
indirect measure of arterial blood pressure from the animal’s tail.

Therefore, the rats were introduced in a plexiglass tube that allowed to
maintain the animal in a prone position with the tail inserted in a cuff
containing the transducer under controlled temperature (about 28°C). To
reduce the stress due to immobilization, the animals were trained to
remain in the tube for five days prior to the experiment. For this, they
were placed inside the plexiglass tube once a day for ten minutes while
the cuff for measuring blood pressure was applied to their tail. On the
day of the experiment, arterial blood pressure and heart rate were initially
measured in conscious rats inserted in the tube. Immediately afterwards,
the rat was anaesthetized and arterial blood pressure was then measured
again 10 minutes after anaesthesia induction (B, basal values, in Figure
1). After the second blood pressure measurement, mandibular extension
treatment was applied for 10 minutes (T, treatment, in Figure 1), after
which arterial blood pressure was recorded every 20 minutes for 120
minutes (post-treatment period). Two rats (controls) were only
anaesthetized and monitored for a period equivalent to the duration of
the experiment. No animal died during the experimental procedures.
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Figure 1: Time courses of systolic blood pressure, diastolic blood pressure,
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minutes

mean arterial blood pressure and heart rate (mean £ SEM) in anaesthetized

hypertensive rats. Open circles: controls; black circles: after mandibular extension. “B” indicates the baseline value and “T” the value recorded at the end
of the 10 minutes mandibular extension. Asterisks (*) indicate significant differences from baseline values in post-hoc comparisons following one-way

ANOVA.
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Il Experiments in Humans

All the studies were performed between 9:00 and 13:00 at the Outpatient
Clinic of the Fondazione G. Monasterio, in a room where the ambient
temperature was controlled between 22°C and 24°C. Experimental
subjects were selected among a larger group of patients that underwent
a cardiologic visit at the Fondazione and were found to be free of major
diseases (except for arterial hypertension), including dental and
trigeminal problems and temporomandibular disorders. Most
importantly, recruited patients must not be under pharmacological
hypotensive treatments and have consumed caffeine, tobacco, tea and
alcohol in the 2 hours before the study - two criteria that largely reduced
the subjects available for the study. An automated blood pressure
recorder (Spacelabs 9027) was applied to their non-dominant arm and
blood pressure and heart rate were thereafter recorded every 10 minutes
throughout the study. During the entire study, subjects were comfortably
seated and remained alone watching some nature documentaries (BBC
Worldwide), devoid of strong emotional contents, on a laptop screen.

A mandibular extension was induced in 7 subjects by means of a
commercial mouth opener device, used in dental practice (Molt; Asa
Dental; Bozzano Camaiore Lucca). The instrument was applied between
the upper and lower incisor teeth and calibrated for a fixed opening at
60% of maximal mouth opening of the subject, as measured by the
interincisal distance, and kept in place for 10 min. The remaining 2
subjects acted as controls and kept a sterile wooden tongue depressor
between upper and lower incisor teeth. Each recording session lasted 170
minutes: 40 minutes before ME, followed by 10 minutes during ME and
a subsequent period of 120 minutes after the test. Out of the four-blood
pressure and heart rate measurements recorded before the test in each
individual, the first one was discarded and the following three were
averaged and used as the baseline reference values. ME device was
applied immediately after the fourth blood pressure recording.

180 Systolic blood pressure

111 Statistical Analysis

Data were tested for normal distribution with the Kolmogorov-Smirnov
test. Due to the normality of distribution, statistical analysis was
performed using one-way ANOVA with repeated measures to test
differences over time. When the ANOVA revealed a statistically
significant effect (P < 0.05), the Holm Sidak test was made for “post
hoc” comparisons. All analyses were done with the statistical package
Sigma Stat, version 3.5 (Jandel Corporation San Mateo, CA).

Table 1: Mean + SEM values of arterial blood pressure.
N =6 SBP DBP MEAN HR
Awake rats 200+6.5 173+8.9 177484 4844257
Anaesthetizedrats  197+7.0  17748.8  182+7.5 532+13.5
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Results
| Experiments in Rats

As shown in (Table 1), no significant differences were observed in the
values of all parameters recorded in SHR between awake and
anaesthetized conditions (in one rat, BP and HR were not recorded in
awake condition). Figure 1 describes the time course of the mean values
of SBP, DBP, MABP and HR in anaesthetized SHR and post-hoc
comparisons that attained statistical significance are reported in the
figure by asterisks. No significant change was present in control SHRs
for the entire observation period of 140 minutes. Conversely, in ME-
treated rats, a marked and significant (P<0.001) decrease was observed
in SBP, DPB and MABP, which started immediately after treatment.
SBP declined from 193+9.8 mmHg to 157+12.2 mmHg and attained a
nadir at 144 +8.8 mmHg. DBP declined from 172+9.2 mmHg to
141+12.3 mmHg and attained a nadir at 127 +9.2 mmHg. MABP
declined from 178+11.2 mmHg to 147+12.7 mmHg and attained a nadir
at 132 +9.4 mmHg. Heart rate increased no significantly over time, either
for control or ME-treated rats (Figure 1).

Dyastolic blood pressure

Figure 2: Time courses of systolic blood pressure, diastolic blood pressure, mean arterial blood pressure and heart rate (mean + SEM) in hypertensive
subjects. Open circles: controls; black circles: after mandibular extension. “B” indicates the baseline value and “T” the value recorded at the end of the 10
minutes mandibular extension. Asterisks (*) indicate significant differences from baseline values in post-hoc comparisons following one-way ANOVA.
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Il Experiments in Humans

All procedures were readily acceptable to all participants without
inducing any perceived masticatory fatigue or other discomforts, with
the exception of a slight nuisance due to salivation in a few subjects.
Figure 2 describes the time course of the mean values of SBP, DBP,
MABP and HR. As shown in the figure, the steep decrease in SBP and
MABP in ME-treated subjects and a reduction in HR observed in both
groups. The results of one-way ANOVA for repeated measures revealed
a significant decrease in SBP (P<0.001), MABP (P=0.013) and HR
(P<0.001). At baseline, SBP was 153+11.6 mmHg; DBP 95 + 10.3
mmHg, MABP 11448.1 mmHg and HR 76 +12.8 bpm. The BP decline
after mandibular extension reached a nadir at about 50-90 min, when
SBP was 137+£9.9 mmHg, DBP 88 + 9.2 mmHg and MABP 104 + 8.5
mmHg. HR values steadily decreased. Post-hoc comparisons that
attained statistical significance are reported in (Figure 2) by asterisks. In
controls, systolic, diastolic, and mean arterial blood pressure values
oscillated during the observation period within a limited range
corresponding to 145-151 mmHg for SBP, 93-95 mmHg for DBP, and
110-113 mmHg for MABP.

Discussion

This study carried out on elderly SHR and adult hypertensive humans,
shows that a passive sub-maximal opening of the mouth causes a
significant reduction in arterial blood pressure. These findings are in line
with those obtained in previous studies in which a similar phenomenon
was observed in normotensive rats and in young normotensive humans
[6, 7, 10]. In the latter case, the hypotensive effect recorded was much
lower since a ME-induced SBP reduction of 4-5 mmHg was observed,
while in the present study, a decrease of about 15 mmHg was recorded
in older hypertensive subjects [9, 10]. Similarly, in the normotensive
subjects of the former study, the decline in DBP was less marked, with
a non-significant reduction of about 3 mmHg, while in the hypertensive
subjects of the present study, ME induced a still non-significant decrease
of about 6 mmHg [9, 10]. The temporal course of blood pressure during
this experiment is very similar to that previously observed in young
normotensive subjects, with the blood pressure decline starting about 20
minutes after the administration of ME in both studies and attaining a
nadir between 50 and 90 minutes for SBP and after 70 minutes for DBP.
In all cases, a similar linear reduction in HR has been observed, with a
statistically significant decrease compared to baseline starting from the
80th minute.

The hypotensive response following ME observed in hypertensive
humans is paralleled by that observed in the elderly SHR rats, where an
even greater and more prolonged effect was observed, with a significant
reduction of up to 50 mmHg in SBP, 40 mmHg in DBP and 40 mmHg
in MABP. In previous studies only the MABP was recorded, and a
decrease with respect to controls was observed, which was of 30 mmHg
in non-elderly SHR rats and of 15 mmHg in non-elderly normotensive
rats [8, 11]. The hypotensive effect observed in this study corresponds
to a decrease of about 40 mmHg in MABP, which is by about 10 mmHg
larger than that observed in non-elderly SHR rats and by about 25 mmHg
larger than that observed in non-elderly normotensive rats [8, 11]. These
observations suggest a relation between baseline BP and hypotensive
response so that the effects of ME appear greater in the hypertensive
condition.

Dental Oral Biology and Craniofacial Research doi: 10.31487/j.DOBCR.2021.01.06

It may be interesting to note that the ME-induced hypotensive response
recalls for various aspects the so-called post-exercise hypotension
(PEH). This phenomenon consists of a reduction in blood pressure that
occurs after carrying out mild and moderate physical activities [14, 15].
Several features of PEH are remarkably similar to those observed after
ME, like the fact that exercises must have a duration of at least 10
minutes to be effective, that PEH is a prolonged phenomenon and can
last up to two hours, and that the amplitude of the PEH response varies
between 8 and 10 mmHg for SBP and from 3 to 5 mm Hg for DBP in
normotensive subjects and is more pronounced in rats than in humans
[14-16]. All these aspects find a similarity in what we have observed in
previous studies on ME [6-8]. In addition, in humans, PEH is known to
be larger in hypertensive than in normotensive subjects, in accordance
with the results of the present study [17].

However, ME differs from the models of physical activity patterns in
that an increase of HR or BP levels is observed at the onset of physical
activity, while such an increase was not observed during ME. For this
reason, we think that ME should probably be best viewed as a kind of
passive stretching activity. It is interesting to note that the muscle
stimulated by ME treatment is the masseter, which is not such a large
muscle, but, in any case, it is a powerful muscle that can exert
considerable contraction force and is finely innervated [18, 19]. It has
been observed that mild physical activities such as static stretching in
other muscular districts are sufficient to induce blood pressure reduction,
without an increase during the exercise, analogously to what was
observed with ME [20]. Kruse and co-workers showed that in healthy
young male subjects, a single static stretching event of the triceps muscle
was followed by a significant reduction of DBP by 4 mmHg and that this
effect persisted for up to 10 minutes after the end of stretching; for SBP
the reduction was 3-7 mmHg even if it did not attain statistical
significance [21]. Moreover, Wong and Figueroa found that in
postmenopausal women, 8 weeks of training through stretching of the
major muscle groups resulted in a significant reduction in both SBP and
DBP [22].

The physiological mechanisms underlying the ME-induced hypotensive
effect are still unclear and the structures involved in the afferent arc of
this reflection are not yet known. The fact that in the normotensive rat,
the cardiovascular effects of the mandibular extension were found to be
abolished by bilateral peripheral trigeminal section indicates a role of the
cranial nerve as the afferent limb of this response and suggests that this
effect is part of the so-called trigemino-cardiac reflexes [2-5]. ME
treatment has been found to modulate gene expression and protein levels
of the components of the renin-angiotensin system in different cerebral
cortex areas, and to be able to increase nitric oxide induced endothelial
vasodilation of the cerebral arterioles in different cerebral areas [7, 8, 23,
24]. On this connection, it is worth stressing that nitric oxide seems to
play an important role also in the effect of static stretching. This
suggesting by a recent study on elderly rats in which repeated stretching
for 4 weeks improves NO-dependent endothelial vasodilation and
angiogenesis in the vessels of the stretched skeletal muscles [25].

It is acknowledged that the validity of our result in humans may be
limited by the small sample size, particularly of the control group, which
was due to the difficulty of recruiting subjects who met the stringent
criteria set by the experimental protocol (see above). However, our
comparative study still provides clear evidence that a sub-maximal
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passive masseter stretching can induce a prolonged reduction in blood
pressure, particularly in systolic pressure, not only in normotensive but
even more in hypertensive subjects. All this opens up interesting
perspectives to understand how techniques of passive ME could find
application in the medical field as added non-pharmacological aids in the
treatment of mild to moderate arterial hypertension.
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