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Exposure to chronic stress induces various phys-
ical and mental effects that may ultimately lead to
disease. Among the factors that influenced the sus-
ceptibility to stress are genetic vulnerability, cop-
ing style, type of personality and social support (1).
Considering that stress-related disease (suppres-
sion of the immune system, higher risk of viral in-
fection, risk for diabetes mellitus, stress ulcers, ul-
cerative colitis, mental diseases) has become a
global health problem, researchers are focused on
various simple and effective strategies to reduce
chronic stress in daily life. One of the most sensi-
tive brain areas to stress is the hippocampus, being
one of the first brain regions structurally and func-
tionally modified by stress. The increase of corti-
costerone levels induced by stress can alter hip-
pocampal-dependent cognitive functions as well as
psychological behavior. The chronic stress can be
produced by occlusal disorders leading to patho-
logic changes in the hippocampus. Altered mastica-
tion due to occlusal disharmony decreases cellular
proliferation in the hippocampal dentate gyrus (2).

— ABSTRACT —

The main neuroendocrine response to stress is via activation of the hypothalamic-pituitary-adrenal (HPA)
axis that contribute to the release of glucocorticoid hormone and ACTH. The activation of the HPA axis is a
physiological reaction related to stress adaptation but repeated or prolonged HPA axis hyperactivity induces
various physiological and psychological disorders. Mastication attenuates stress-induced disorders, cogni-
tive and psychological impairment via suppression of stress-induced activation of the hypothalamic-pitui-
tary-adrenal axis and autonomic nervous system. Chewing induces the increase of the histamine level in the
hippocampus that contribute to the recovery of stress-attenuated N-methyl-D-aspartate receptors and the
stimulation of the neural centers on long-term. The measuring of stress markers in saliva (alpha-amylase-
sympathetic nervous system marker, salivary cortisol — endocrine marker, immunoglobulin A-immune system
marker) facilitates the assessment of the role of mastication in the stress level attenuation.
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Mastication represents a protective mechanism
against chronic stress as stimulation of the blood
supply in neuronal areas is related to the stimula-
tion of the dental baroreceptors, alveolar barore-
ceptors and masticatory muscles (3). Researches
based on Doppler analysis, magnetic resonance im-
aging and positron tomography demonstrated that
during mastication there is an increase of the blood
supply to neural areas like sensor-motor areas, in-
sulae, cerebellum, striatum, caudal nucleus, thala-
mus and temporal lobes (4,5,6,7,8). Regarding the
neuronal mechanisms that underlie the interactions
between masticatory function and stress-coping be-
haviors in animals and humans, one review con-
cluded that chewing attenuates stress-induced dis-
orders, such as gastric ulcers, and cognitive and
psychological impairment in rodents via suppres-
sion of stress-induced activation of the hypotha-
lamic-pituitary-adrenal axis and autonomic nerv-
ous system (9). During mastication there is an
activation of the histaminergic nervous system to
attenuate the stress-induced cognitive deficits. In
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humans, many studies support an association be-
tween stress and sleep bruxism. Also gum chewing
during stress may affect the levels of various stress
markers in the saliva and plasma. One investigation
of the reduction of the stress during mastication
was performed by measuring the plasma corticos-
terone levels, spatial learning ability, and cell pro-
liferation in the hippocampal dentate gyrus of the
adult offspring by allowing pregnant mice to chew
on a wooden stick during stress. The conclusion of
this study was that allowing mouse dams to chew
on a wooden stick during exposure to prenatal
stress reduced the increased levels of the prenatal
stress-induced plasma corticosterone levels (10).
Kubo et al. (2018) examined the effects of maternal
chewing on arginine vasopressin expression in
pregnant mice exposed to restraint stress. Mice in
the test group (stress/chewing group) were given a
wooden stick to chew during restraint stress.

The stress increased significantly the secretion
of arginine vasopressin in the paraventricular nu-
cleus of the hypothalamus in the dams, while mas-
tication during stress prevented the increase of the
arginine vasopressin levels and prevented the in-
crease in plasma corticosterone in the dam by in-
hibiting the hypothalamic-pituitary-adrenal axis
activity. The conclusion of this study was that mas-
tication during induced stress is an effective
stress-coping method (11). Rats allowed to chew
on a wooden stick while being exposed to restraint
stress exhibits the reduction of the levels of sup-
pressed stress-induced noradrenaline release in the
amygdala, while non-functional masticatory activi-
ty during the stress attenuates the increase in stri-
atal dopaminergic neurotransmission induced by
the stressor (11). One research group aimed to test
the hypothesis that maternal active mastication in-
fluences the effect of prenatal stress on bone mass
and bone microstructure in adult offspring, by com-
paring two groups of pregnant mice, with one group
of mice in stress being allowed to chew a wooden
stick during the restraint stress period. Prenatal
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stress was associated to a significant decrease of
trabecular bone mass of the offspring, while mater-
nal active mastication during prenatal stress attenu-
ated the reduced bone formation and increased
bone resorption, improved the trabecular bone vol-
ume as well as the bone microstructural deteriora-
tion induced to offspring by prenatal stress. The
conclusion of this study was that maternal active
mastication during prenatal stress can ameliorate
prenatal stress and the consequences on bone mass
and microstructure in adult offspring (12).

Modern researches using Transmission Doppler
analysis (TDA) showed the increase of carotid
blood flow volume during gum chewing (figure 1)
(13).

The main neuroendocrine response to stress is
via activation of the hypothalamic-pituitary-adre-
nal (HPA) axis (14). The central element of HPA
axis is the hypothalamic paraventricular nucleus
responsible for the secretion of corticotropin-re-
leasing hormone and arginine vasopressin. Corti-
cotropin-releasing hormone and hypothalamic par-
aventricular nucleus have a role in the promotion of
the secretion of adrenocorticotrophic hormone.
Adrenocorticotropic hormone has a major role in
the stimulation of the secretion of glucocorticoid
from the adrenal cortex. Glucocorticoid hormones
act initiates metabolic, physiological and behavio-
ral actions and modulate many physiological pro-
cesses, including intermediary metabolism, im-
mune function, skeletal growth, cardiovascular
function, reproduction, and cognition. Glucocorti-
coid in excess causes hyperglycemia and insulin
resistance and can induce inflammatory bowel dis-
eases. The activation of the HPA axis is related to
stress adaptation but repeated or prolonged HPA
axis hyperactivity induces various physiological
and psychological disorders (15). Studies in rats
and mice, showed that chewing or biting on wood-
en sticks under immobilization, or cold exposure
attenuates the secretion of adrenocorticotropic hor-
mone and plasma corticosterone levels. The sup-
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FIGURE 1. Changes of carotid blood flow
volume (CCBFV) during gum chewing
(related to gum hardness)
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pression of adrenocorticotropic secretion conducts
to the decrease of the physiologic stress markers in
the paraventricular nucleus of the hypothalamus.

The effects produced by the masticatory stimu-
lation on HPA axis activity via the hippocampus are
influenced by various pathways, including the pe-
ripheral sensory nervous inputs, stress hormones
and their receptors, neurotransmitters and neuro-
peptides, as well as the autonomic nervous system
(16). The disfunction of the masticatory function
activates the HPA axis and increases circulating
levels of glucocorticoids that disrupts the negative
feedback system of the HPA axis, conducting to
further enhancing of the secretion of glucocorti-
coids. The occlusal disharmony induced in mice by
the bite-raising procedure, with vertical dimension
of the bite raised by approximately 0.1 mm by ap-
plying ultraviolet-ray polymerization resin to the
upper molars after treatment conducts after 8 days
to the activation of HPA axis and the increase of the
circulating corticosterone levels are increased, with
significant increases detected only in old bite-raised
mice (17). On the other part, the masticatory stimu-
lation during stressful conditions suppresses the
hyperactivity of the HPA axis via GCs and GC re-
ceptors within the hippocampus, conducting to the
amelioration of the chronic stress-induced hip-
pocampus-dependent cognitive deficits (18).

Another neural potential mechanism implied in
the release of stress during chewing is the brain his-
taminergic reaction. It seems that mastication in-
crease histamine H1 in hippocampus, that contrib-
utetotherecoveringofH1 receptorstress-suppressed
synaptic plasticity (19). As mastication increases
the hypothalamic histamine concentration, it stimu-
lates histaminergic neurons in the TMN, and the
electrical stimulation of the TMN facilitates extra-
cellular concentrations of histamine in the hip-
pocampus. Following this mechanism, chewing
induces the increase of the histamine level in the
hippocampus that contribute to long-term neural
potentiation via the recovery of stress-attenuated
N-methyl-D-aspartate receptors (19).

One research found that chewing gum contrib-
utes to the decrease of stress, anxiety, depression
and fatigue both at work and at home as well as to
higher well-being. It was suggested that chewing
can be compared to meditation practices recom-
mended for stress relief as repetitive activity plays
an important role in the stress attenuation (20).

Regarding the effects of the mastication on psy-
chological stress, a research found significant cor-
relations between masticatory ability and depres-
sion, anxiety, and stress, as the subjects with high

Revista MebicalA RomANA — VoLumuL LXV, Nr. 4, An 2018

masticatory ability were associated to lower scores
for presence of depression, anxiety and stress. This
research found an association between low mastica-
tory ability with anxiety, depression, and stress (21).

The measuring of stress markers in saliva (al-
pha-amylase- sympathetic nervous system marker,
salivary cortisol- endocrine stress marker, immu-
noglobulin A-immune stress marker) facilitates the
assessment of the mastication effects in the stress
attenuation. To assess stress, three stress salivary
markers can be evaluated: alpha-amylase activity,
salivary cortisol levels, and secretory immunoglob-
ulin A. Chewing and light teeth-clenching after
stress loading lead to a rapid reduction of alpha-am-
ylase activity (22) and salivary cortisol levels (23).
The fast chewing rate induces a higher decrease of
psychological stress than slow chewing rate (24),
and a strong chewing force induces a greater reduc-
tion in the mental stress than weak chewing force
(25). The time of mastication influences the re-
sponse of the endocrine system to psychological
stress, as continuous chewing for more than 10 min-
utes has the highest effectiveness in the reduction
of the stress marker levels in saliva (26).

CONCLUSION

Since 1990s, due to researches performed by
doppler transmission analysis, and positron tomog-
raphy, mastication has been suggested to increase
cerebral flow and neuronal activities in various re-
gions of the human brain. The increase of cerebral
flow and the suppression of stress-induced activa-
tion of the hypothalamic-pituitary-adrenal axis rec-
ommend mastication as an additional stress-coping
strategy. New researches, based on modern neuro-
imaging techniques correlated with assessment of
saliva stress markers, can clarify the benefits of
gum chewing in various stress-related disorders.
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