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Abstract

Background: Acute exercise induces a blood pressure (BP) reduction that lasts minutes to hours, which is called post-exercise hypoten-
sion (PEH). Accumulating data suggest that oral bacteria play a role in BP regulation by contributing to nitric oxide production, implying
that antibacterial mouthwash (AM) could affect PEH. Therefore, this study aimed to investigate the effects of an AM on post-exercise
changes in BP and arterial stiffness index (ASI).Methods: Ten healthy young men completed two treadmill exercises at moderate inten-
sity. After exercise, the subjects rinsed their mouth for 1 min with AM or nitrite-free water at 5, 35, 65, and 95 min during the recovery
period. BP and ASI were assessed at 0, 10, 20, 30, 60, 90, and 120 min during the recovery period. Heart rate (HR) and blood lactate
(BL) were also measured. Results: As expected, PEH occurred showing a decrease in the systolic, diastolic, and mean arterial pressures
after exercise in the placebo group. The ASI also decreased after exercise in the placebo group. However, these BP-lowering effects of
exercise were significantly diminished by AM, particularly at the later times of the recovery period. In addition, there was a difference
between the treatments in ASI changes, but not in HR and BL changes. Conclusion: These findings demonstrate that AM usage after
exercise can attenuate the beneficial effects of exercise on BP and the vasculature.
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1. Introduction
Hypertension is the strongest risk factor for coronary

heart disease and stroke [1], accounting for 45% of deaths
associated with heart diseases and 51% of all stroke-related
deaths [2]. Hence, hypertension has been an important ther-
apeutic target formortality and health issues associatedwith
cardiovascular diseases (CVDs) [3,4].

As a non-pharmacological therapeutic approach, the
blood pressure (BP)-reducing effect of regular exercise is
well documented [5]. Transient BP reduction occurs after
an acute bout of aerobic exercise, and this is called post-
exercise hypotension (PEH). The physiological aspect of
PEH is that when exercise is ceased, cardiac output drops
to the resting level more rapidly than systemic vascular
resistance recovers and this imbalance between these two
physiological factors results in PEH [6]. Consequently, the
BP-lowering benefits of regular exercise can be ultimately
achieved from the accumulation of recurring PEH exerted
by repeated exercise. Previous studies have shown that 30-
to 60-min moderate-intensity dynamic exercise can induce
PEH for minutes to hours with a BP reduction of 5 to 10
mmHg in normotensive and up to 20 mmHg in hyperten-
sive subjects [7]. Several factors that influence PEH have
been identified, such as exercise type and volume, temper-
ature, and body position [6,7]. However, the underlying
mechanisms of PEH are still not fully understood.

Nitric oxide (NO) is an autacoid that has been exten-
sively studied in BP regulation because of its role in vasodi-

lation and angiogenesis [8]. NO is a lipid-soluble gas pro-
duced in endothelial cells from the amino acid L-arginine by
endothelial nitric oxide synthase (eNOS) [9]. Many studies
have shown that exercise activates eNOS expression which
leads to vasodilation via increased NO production [8], indi-
cating the possibility of the eNOS pathway involvement in
PEH regulation.

However, a recent study has demonstrated that PEH
is not affected by endogenous NOS inhibitors [7]; hence,
it is possible that another NO-producing pathway exists in-
dependent of the eNOS pathway. Accumulating evidence
indicates that NO can also be formed by an oral nitrate
(NO3

−)/nitrite (NO2
−) pathway, suggesting the important

role of oral microflora in the bio-activation of NO [10].
NO3

− and NO2
− can be recycled by absorption and se-

cretion via the salivary glands [11]. In humans, the sali-
vary glands can absorb more than 25% of circulating NO3

−

and secrete them into the oral cavity with the saliva [12],
where the NO3

− can be further reduced to NO2
− by various

species of oral bacteria residing in the oral cavity via bac-
terial NO3

− reductases [13]. Swallowed NO2
− with saliva

is rapidly absorbed into the blood circulation, where several
enzymes in the circulation reduce NO2

− to NO, increasing
the bioavailability of NO [14,15]. These results indicate
that the oral NO3

−/ NO2
− pathway which contributes to

NO production can be influenced by the oral microbiome.
Mouthwash, also called mouthrinse or oral rinse, is an

antiseptic liquid solution intended to reduce the microbial
load in the oral cavity and commonly used for oral health

https://www.imrpress.com/journal/JOMH
https://doi.org/10.31083/j.jomh1805117
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


care. Since it not only complements brushing and floss-
ing, but also masks bad breath, mouthwash is frequently
used in everyday life to reduce or prevent breath odor af-
ter eating and/or exercise [16]. A recent study found that
the removal of oral bacteria using mouthwash can attenuate
the NO-dependent biological effects of dietary NO3 on BP
[17]. It was also reported that using antibacterial mouth-
wash (AM) for a few consecutive days inhibits oral NO3

−

to- NO2
− reduction and results in increased resting systolic

BP (SBP) [18]. Given the notion that the NO3-reducing ac-
tivity of oral bacteria can contribute to NO production, pre-
vious findings suggest the negative effect of AM on PEH
regulation. To the best of our knowledge, only one study,
by Cutler et al. [19] directly explored the effect of AM us-
age on PEH. The authors found that PEH was significantly
attenuated at 60 and 120 min on using an AM containing
0.2% chlorhexidine and this was accompanied by a reduc-
tion in circulatory NO2 [19], suggesting that NO2 synthesis
via oral bacteria could be one of the key mechanisms for
triggering PEH.

Two common cationic antiseptics used in most mouth-
wash products are chlorhexidine and cetylpyridinium chlo-
ride (CPC). Chlorhexidine is generally considered more ef-
fective in reducing dental plaque formation [20]; however,
it is the active ingredient in a prescription product marketed
according to Food and Drug Administration approval via
the new drug application route [21]. Moreover, it has con-
siderable side effects, such as changes in taste and yellow
or brown pigmentation on tooth surfaces [22,23]. Thus,
the use of chlorhexidine for caries prevention is still con-
troversial [24]. Meanwhile, CPC is the most common in-
gredient in commercially available over-the-counter prod-
ucts, and the degree of staining by CPC has been shown
to be considerably lesser than that by chlorhexidine [25].
In the only existing study on the effect of AM usage on
PEH [19], chlorhexidine-containing AM was used, which
is not be generally used in the daily life of normal peo-
ple. Furthermore, their findings have not been replicated
so far. Therefore, this study aimed to investigate the effects
of using a commercially available AM, mainly containing
CPC, on post-exercise changes in cardiovascular physio-
logical parameters including vascular stiffness during the
recovery period after an acute bout of aerobic exercise.

2. Materials and methods
2.1 Subjects

Ten healthy male volunteers (age 20.5 ± 0.5 years)
participated in this study. The sample size was anticipated
to detect a mean difference of 2 mmHg in SBP at a 5% sig-
nificance level with 85% power for the crossover study de-
sign (http://hedwig.mgh.harvard.edu/sample_size). Smok-
ing, hypertension, body mass index >30 kgꞏm−2, type I or
II diabetes, antibiotic use within 1 month, and oral prob-
lems such as gingivitis or periodontitis were unnoted in any
participant. During the pre-experiment meeting, all sub-

jects were informed of the potential risks and discomforts,
and they provided written informed consent. Then, sub-
jects performed an incremental treadmill test to determine
the individual running speed for the specific intensity. This
study was conducted in accordance with the Declaration
of Helsinki and was approved by the Institutional Review
Board of the local institute (SeoulTech-2020-0019).

2.2 Experimental protocol

The present study employed a randomized crossover
design. The subjects visited the laboratory twice at an in-
terval of 1 week. They were asked to fast overnight, but not
to refrain from water before each visit. Subjects were also
instructed not to engage in any exerting physical activity
within 48 h before the laboratory visit.

The experimental procedure is illustrated in Fig. 1.
On arrival at the laboratory at 10:00 AM, anthropomet-
ric measurements were obtained using a digital height and
weight measuring machine (DS-103M, Dong-Sahn JENIX
Co., Seoul, South Korea), and body composition was deter-
mined by the bioelectrical impedance analysis using Inbody
720 (Biospace Co., Seoul, South Korea), which is widely
used for estimating body fat percentage, fat mass and fat-
free mass [26]. The subjects then rested on a medical couch
for 10 minutes, following baseline resting heart rate (HR),
BP, blood lactate (BL), and arterial stiffness index (ASI)
measurements.

Upon completion of pre-exercise (resting) measure-
ments, subjects performed a total of 40min of treadmill run-
ning at 0% inclination, consisting of 10-min warm-up and
30-min main exercise at 60–65% of age-predicted maximal
HR. HR during exercise was monitored using Polar H10
(Polar, Finland).

After exercise, the subjects were seated immediately
and remained in the laboratory under resting conditions on a
medical couch for 120 min. Food and drink were forbidden
during the recovery period. AM (Garglin, 0.05% CPC, no
ethanol; Dong-A Pharmaceutical Co., Seoul, South Korea)
or placebo (nitrite-free water) was provided to the partici-
pants at 5, 35, 65, and 95 min after exercise. They rinsed
their mouth for 1 min on each occasion with 15 mL of AM
or placebo.

BP, HR and ASI were measured at 0, 10, 20, 30, 60,
90 and 120 min and BL concentrations were obtained at
0, 15, 30, and 60 min after exercise. HR was measured
on the right arm using the pulse palpation method and BP
was measured on the left arm using a mercury sphygmo-
manometer 600 (Yamasu Japan, Chiba, Japan). HR and
BP were simultaneously measured twice with a 1-min in-
terval between measurements, and the average value was
used. Next, BL levels were assessed using a small amount
of blood taken from the fingertip of the right hand via a
blood lactate analyzer (Lactate Pro 2, Kyoto, Japan). ASI
was determined on the left arm by the second derivative
wave of a photoplethysmogram (SDPTG) obtained using
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Fig. 1. Representative experimental procedure. HR, heart rate; BP, blood pressure; BL, blood lactate; ASI, arterial stiffness index;
THR, target HR; AM, antibacterial mouthwash.

uBioClip v70 (Biosense creative Co., Seoul, South Korea)
as previously used [27]. A sensor was placed on the tip of
the index finger to measure the pulse wave in a capillary
vessel for 1 min by a non-invasive method. SDPTG facili-
tates the analysis of wave indices, including b/a ratio, which
can be used to identify increased arterial stiffness [28]. All
measurements were performed by the same investigators.

2.3 Statistical analysis
Values are presented as mean ± standard error of the

mean (SEM). Mean arterial pressure (MAP) was estimated
as the sum of two thirds of diastolic BP (DBP) and one third
of SBP. One-way Analysis of variance (ANOVA) with re-
peated measures was used to analyze the differences be-
tween treatments over the recovery period. The differ-
ences between pre-exercise and post-exercise or between
two treatments at a specific time point were analyzed using
paired t-test. All data were analyzed using SigmaPlot soft-
ware 12.5 (Systat Software Inc., Palo Alto, CA, USA), and
statistical significance was set at p < 0.05.

3. Results
The physical characteristics of the subjects are pre-

sented in Table 1. All pre-exercise measurements at rest
were similar between the treatments (data not shown).

HR changes (post-exercise minus pre-exercise) during
the post-exercise recovery period are shown in Fig. 2. HR
significantly increased at 0, 10, 20, and 30 min after exer-
cise in both groups compared to the resting HR. However,
the exercise-induced increases in HR were not significantly
different between the treatments.

Fig. 3 shows the changes in SBP, DBP, and MAP af-
ter exercise. In the placebo group, SBP and MAP signifi-
cantly decreased until 120 min after exercise compared to
pre-exercise. A significant reduction was found at every
time point for SBP, at 30 and 60 min for DBP and at 30,
60, 90, and 120 min for MAP. These results in the placebo
group indicated the occurrence of PEH as expected. In con-

Table 1. Physical characteristics of subjects (n = 10).
Variables Mean ± SEM

Age (yrs) 20.5 ± 0.5
Weight (kg) 69.0 ± 2.0
Height (cm) 173.0 ± 2.4
BMI (kgꞏm–2) 23.0 ± 0.3
Body fat (%) 18.5 ± 1.3
Muscle mass (kg) 31.9 ± 1.2
Fat mass (kg) 12.7 ± 0.9
Resting HR (beatsꞏmin–1) 65.7 ± 2.1
Resting SBP (mmHg) 117.3 ± 2.2
Resting DBP (mmHg) 72.1 ± 1.2
Resting MAP (mmHg) 87.2 ± 1.6
BMI, body mass index; HR, heart rate; SBP, systolic
blood pressure; DBP, diastolic blood pressure; MAP,
mean arterial pressure; SEM, standard error of the
mean.

Fig. 2. Changes (post-exercise minus pre-exercise values) in
heart rate during the recovery period (0 to 120 min). Values
are presented as mean ± SEM. *, p < 0.05 compared with pre-
exercise values. bpm, beats per minute.
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trast, in the AM group, post-exercise decreases in BP were
less versus the placebo group. Differences in BP reduc-
tion during the recovery period were significant at later time
points between the treatments. Significant differences in
post-exercise changes were found at 60, 90 and 120 min for
SBP and at 30, 60, 90 and 120 min for both DBP and MAP.
These results provide evidence that the BP-reducing effect
of exercise can be blunted by AM use after exercise.

Fig. 3. Changes (post-exercise minus pre-exercise values) in
(A) systolic blood pressure (SBP), (B) diastolic blood pressure
(DBP) and (C) mean arterial pressure (MAP) during the re-
covery period (0 to 120 min). Values are presented as mean ±
SEM. *, p< 0.05 compared with pre-exercise values. †, p< 0.05
between treatments.

Changes in ASI (b/a ratio) during the recovery period
are shown in Fig. 4. In the placebo group, ASI at 0, 10, and
20 min after exercise was significantly decreased compared
to the resting ASI. On the contrary, a significant reduction
in post-exercise ASI was unnoted in the AM group. More-
over, at 120 min of the recovery period, a significant differ-
ence in ASI changes was found between treatments. This
finding indicates that exercise can ameliorate arterial stiff-
ness; however, this effect can be blocked by AM use after
exercise.

Fig. 4. Changes (post- exercise minus pre-exercise values) in
the arterial stiffness index (b/a ratio) during the recovery pe-
riod (0 to 120 min). Values are presented as mean ± SEM. *, p
< 0.05 compared with pre-exercise values. †, p < 0.05 between
treatments.

BL concentrations were measured as a marker of fa-
tigue recovery after exercise (Table 2). In both groups, BL
concentrations increased after exercise as expected, and this
increase was restored 30 min after exercise. There was no
difference in BL concentrations between the treatments dur-
ing the recovery period.

Table 2. Blood lactate (mmol/L) measured before and after
exercise.

Time (min) Placebo Mouthwash

At rest 1.8 ± 0.2 1.7 ± 0.2
0 6.6 ± 0.6* 6.1 ± 0.4*
15 4.3 ± 0.5* 4.4 ± 0.5*
30 2.5 ± 0.2 2.3 ± 0.3
60 2.0 ± 0.2 1.9 ± 0.1
* p < 0.05 compared with pre-exercise (at rest) val-
ues.
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4. Discussion
Given that oral bacteria are involved in the systemic

NO3
−/ NO2

− pathway and, ultimately, in NO production,
this study investigated the effects of a commercially used
AM on changes in BP and arterial stiffness after exercise.
We found that changes in PEH and changes in arterial stiff-
ness during the recovery period were significantly attenu-
ated when the AM was used after exercise, providing evi-
dence that AM usage immediately after acute exercise can
diminish the beneficial effects of exercise on BP reduction.

Hypertension is a well-known strong risk factor for
CVD [1]; thus, prevention or amelioration of increased
BP is an important medical target for decreasing CVD-
associated mortality and complications. Exercise has been
strongly recommended as a non-pharmacological approach
to BP regulation. Regular exercise can prevent ameliorate
hypertension [5,6], and this can be achieved by the accu-
mulation of transient BP reduction exerted by a single bout
of exercise, which is called PEH. However, the magnitude
and duration of PEH varies in the literature possibly due to
the differences in sex, age, exercise modality, and disease
status [29,30], indicating that the scope of research needed
to fully clarify the causes, mechanisms and implications of
PEH.

Several mechanisms have been proposed for PEH
[30], includingNObecause of its vasodilatory effect on vas-
cular smooth muscle. It has been established that NO is in-
volved in PEH mainly via exercise-induced improvements
in endothelial function by upregulating eNOS expression
and phosphorylation [8]. However, recent evidence also
suggests that there is another NO-producing pathway as-
sociated with the oral NO3

−/ NO2
− pathway [12]. Sys-

temicNO3
− concentrations are influenced by variousNOS-

independent factors, including dietary NO3
− intake, saliva

formation, bacterial NO3
− synthesis within the bowel, den-

itrifying liver enzymes, inhalation of atmospheric gaseous
NO, and renal function [31,32]. Koch et al. [32] reported
that the tongue surface harbors facultative anaerobic bac-
teria that can rapidly reduce NO3

− to NO2
−, which can

then be converted to NO in the stomach [33]. Recently,
Cutler et al. [19] found that PEH occurred after interval
exercise at moderate intensity and was accompanied by in-
creased NO2

− in the blood and increased muscle oxygena-
tion, while the use of AM containing chlorhexidine after
exercise induced a lack of change in circulatory NO2

− and
attenuated SBP reduction and muscle oxygenation. Our re-
sults are consistent with their findings in that an acute bout
of aerobic exercise with moderate intensity induced PEH,
which was also blunted by an AM containing a different
antiseptic, CPC. Considering that both chlorhexidine and
CPC can reduce microbial load in the oral cavity, our re-
sults also support the hypothesis that the systemic NO3

−/
NO2

− pathway via oral bacteria plays an important role in
PEH regulation. However, we did not measure the levels of
NO2

− or microbiota in responses to exercise or AM. Thus,

further studies incorporating direct measurements of NO2
−

and microbiota in oral cavity and/or blood with and with-
out mouthwash are required to elucidate the mechanisms by
which the oral microbiome contributes to PEH regulation
via systemic NO3

−/ NO2
− pathway.

In the current study, the use of AM not only blunted
PEH, but also prevented post-exercise decreases in arterial
stiffness. Arterial stiffness is an independent risk factor
for cardiovascular diseases [34], and studies have shown
that regular exercise can alleviate vascular stiffness [35].
Given that some of the well-characterized factors influ-
encing arterial stiffness include endothelium-derived sub-
stances such as NO [36], it can be assumed that exercise-
induced changes in NO bioavailability would be one of the
mechanisms for post-exercise changes in vascular stiffness
[37], which is attributable to PEH.Many studies have found
that exercise improves eNOS expression and activity, but
whether the oral NO3

−/ NO2
− pathway is affected by exer-

cise is unknown [31]. In this study, arterial stiffness was at-
tenuated during the recovery period after exercise, whereas
this exercise-induced attenuation was blunted by AM. This
suggests that the NO3

−/ NO2
− pathway via oral bacteria

also plays a role, at least partly, in post-exercise reductions
in arterial stiffness. A previous study that showed NO2

−

has vasodilatory effects [33] further supports this notion.
HR and BL increased after exercise as expected and AM
did not influence the post-exercise changes in HR and BL.
These suggest that AM-induced differences in post-exercise
changes in BP and ASI in our result are neither associated
with the central autonomic system, nor with the acid-base
balance.

In the present study, SBP did not return to baseline
(resting BP) until the end of experiment (120 min) during
the recovery period. Therefore, for a better understanding
of PEH, it is necessary to measure BP changes for longer
than 120 min. Apart from this, our study has a few other
limitations. As mentioned above, we did not measure sali-
vary or plasma NO2

−; therefore, we could not prove the
underlying mechanism of our findings. Thus, further stud-
ies are required to determine whether the salivary or plasma
NO2

− level is changed in the setting of acute exercise and
AM usage and whether these changes can be influenced
by dietary NO2

− supplementation. The subjects in this
study were healthy young male individuals; therefore, addi-
tional studies are warranted before translating our findings
to other populations, such as hypertensive patients and fe-
male subjects.
5. Conclusions

We found that an acute bout of moderate-intensity aer-
obic exercise induced PEH and resulted in decreased arte-
rial stiffness in healthy young men, while the use of AM di-
minished these exercise-induced changes in BP and arterial
stiffness. Therefore, these results indicate that AM use af-
ter exercise is contraindicated to maintain the BP-reducing
effects of exercise.
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