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Introduction: Acidosis often occurs during clinical complications in newborns and can lead to changes in the 
mechanisms of arterial tone regulation. However, it is unknown how acidosis affects the activity of Ca2+-acti
vated chloride channels (CaCC) in arteries during early ontogenesis. We hypothesized that their activity may 
increase during acidosis.
Methods: We studied isometric contractions of saphenous arteries isolated from adult and 10-13-day-old rats. 
Intracellular pH was measured using a fluorescent indicator BCECF-AM simultaneously with recording the 
contractile activity of the arterial preparation in isometric mode.
Results: Metabolic acidosis with pH = 6.8 caused a significant decrease in the arterial contractile responses of 
adult and 10-13-day-old rats. The functional contribution of CaCC was absent in the adult rat arteries both at pH 
= 7.4 and pH = 6.8. However, in 10-13-day-old rat pups, the functional contribution of CaCC was higher at pH =
6.8 compared to pH = 7.4.
Conclusion: Acidosis augments the functional role of CaCC in arteries during early postnatal ontogenesis, but not 
in adulthood.

1. Introduction

The activity of many proteins, including ion channels, is pH depen
dent. This in turn can have a significant impact on the regulation of 
vascular tone (Aalkjaer and Peng, 1997; Crimi et al., 2012). Note that 
even a slight decrease in arterial blood pH below 7.38 (with a normal pH 
level of 7.4) is described as a state of acidosis (Berend et al., 2014). 
Acidosis in most vascular regions causes arterial relaxation by influ
encing various mechanisms at both the smooth muscle and endothelial 
cell levels (Gaynullina et al., 2022; Boedtkjer and Aalkjaer, 2012).

Previously, we and other authors demonstrated that a decrease in 
arterial tone under the influence of acidosis is characteristic not only of 
an adult organism, but also of early postnatal period (Gaynullina et al., 
2022; Nakanishi et al., 1997a; Shvetsova et al., 2024). Of note, under 
normal pH in early ontogenesis many mechanisms regulating vascular 
tone are different from those in adulthood. In particular, we have pre
viously shown that in the early postnatal period the activity of 

Ca2+-activated chloride channels (CaCC), which demonstrate the pro
contractile influence on vascular smooth muscle tone, is higher 
compared to adults (Kostyunina et al., 2019, 2020). This is consistent 
with the larger suppressive effect of Cl− substitution in the solution on 
the arterial contraction in 1-2-week-old compared to 2-3-month-old rats 
(Kostyunina et al., 2020). Although there is no clear data on the mo
lecular structure of CaCC channels, the TMEM16A protein is considered 
important for their chloride conductance (Dam et al., 2014a; Tho
mas-Gatewood et al., 2011; Heinze et al., 2014). Under normal pH 
conditions, during agonist-induced contraction of arterial smooth mus
cle the intracellular Ca2+ concentration increases, leading to the acti
vation of CaCC to promote Cl− efflux, thereby causing additional 
depolarization and additional entry of Ca2+ into the smooth muscle cell 
(Dam et al., 2014a, 2014b). Thus, under normal pH conditions CaCC 
play procontractile role. Importantly, our data demonstrated increased 
levels of TMEM16A mRNA and protein in the arteries of rats in early 
postnatal ontogenesis compared to adults (Kostyunina et al., 2020). 

Abbreviations: CaCC, Ca2+-activated chloride channels; pHi, intracellular pH.
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However, it remains unclear how a shift in acid-base balance towards 
low pH values (i.e. acidosis) will affect the activity of CaCC in the 
arterial smooth muscle of systemic circulation in early ontogenesis. 
Interestingly, it was previously demonstrated in the coronary arteries of 
adult rats, which have high levels of TMEM16A compared with other 
vascular regions, that extracellular acidosis leads to an increase in the 
procontractile influence of CaCC (Guo et al., 2021). Note that such an 
increase in the activity of CaCC in the coronary arteries leads to the 
development of a contractile response during acidosis (Guo et al., 2021), 
which is generally not typical for most vascular regions of the systemic 
circulation (Gaynullina et al., 2022).

Based on the above, we hypothesized that in the systemic arteries of 
animals during early postnatal ontogenesis, when high levels of 
expression and activity of CaCC are observed, their functional contri
bution to the regulation of vascular tone in response to acidosis may also 
increase. To test this hypothesis, we studied the effect of the TMEM16A 
blocker MONNA (Page et al., 2019) on the reactivity of the arteries of 
adult rats and 10-13-day-old rat pups at normal pH = 7.4 and under 
conditions of acidosis at pH = 6.8.

2. Materials and methods

2.1. Animals

The experiments were evaluated and approved by the Biomedical 
Ethics Committee of M.V. Lomonosov Moscow State University (Proto
col N◦ 97-g-2), and conformed to the European Convention on the 
protection of animals used for scientific purposes (EU Directive, 2010/ 
63/EU).

In the present study we used Wistar rats received from the vivarium 
of the Federal State Budgetary Institution Scientific Research Institute of 
General Pathology and Pathophysiology. All animals had unlimited ac
cess to food and water. To get rats during the period of early postnatal 
ontogenesis, rats of both sexes were bred and offspring was obtained 
from them. The day after birth, litter size was limited to eight pups per 
litter.

Experiments were carried out on male rats aged 3–4 months 
(“adults”), as well as on male rat pups aged 10–13 days. Altogether, 13 
adult animals and 14 10-13-day-old rat pups were used in the experi
ments. The animals were decapitated (anesthesia with CO2 was used for 
adult rats) and the saphenous artery was isolated in a preparation so
lution (in mM): NaCl – 145; KCl – 4.5; CaCl2 – 0.1; MgSO4 – 1.0; 
NaH2PO4 – 1.2; EDTA – 0.025; HEPES – 5.0; pH = 7.4.

2.2. Isometric myography

The study of vascular contractility in isometric mode was carried out 
using a multichannel myograph (model 620M, DMT). Immediately after 
isolation, 2 mm long rings were cut out from the artery and mounted on 
steel wires in a myograph filled with a preparation solution. Mechanical 
removal of the endothelium was performed using a rat whisker. The 
signal was recorded at 10 Hz in the PowerGraph 3.3 program (DISoft, 
Russia) with ADC E14-140 (L-CARD, Russia). The solution in myograph 
channels was heated to 37C, after which the preparations were 
normalized to the stretching level at which the vessel demonstrates 
optimal contractile activity (Mulvany and Halpern, 1977; Shvetsova 
et al., 2019). During this procedure the internal vascular diameter cor
responding to a pressure of 100 mm Hg was determined (d100). Then 
the solution in the myograph was changed to a working solution (in 
mM): NaCl – 120; NaHCO3 – 26; KCl – 4.5; CaCl2 – 1.6; MgSO4 – 1.0; 
NaH2PO4 – 1.2; D-glucose – 5.5; EDTA – 0.025; HEPES – 5, pH = 7.4. The 
solution was bubbled with carbogen (5 % CO2 + 95 % O2) throughout 
the experiment.

All arterial preparations were activated by adding (1) norepineph
rine (10 μM, 5 min); (2) α1-adrenoceptor agonist methoxamine (10 μM, 
5 min) followed by acetylcholine (10 μM, 2 min) to check the removal of 

endothelium; (3) methoxamine (10 μM, 5 min). 20 min after the end of 
the activation procedure, the main experimental protocol was carried 
out (Fig. 1), consisting of two concentration-response relationships to 
methoxamine (10 nM–100 μM, duration of action of each concentration 
2 min). After the end of the first concentration-response relationship to 
methoxamine and washing, metabolic acidosis was modeled in the ex
periments. For this purpose, the solution in the myograph chamber was 
replaced either with a working solution for myograph with pH = 7.4, or 
with a working solution for myograph with pH = 6.8 (solution compo
sition (in mM): NaCl – 140.5; NaHCO3 – 5.5; KCl – 4.5; CaCl2 – 1.6; 
MgSO4 – 1.0; NaH2PO4 – 1.2; D-glucose – 5.5; EDTA – 0.025; HEPES – 
5.0). After 10 min, the TMEM16A blocker MONNA (3 μM) was added to 
part of the myograph channels, and the same volume of DMSO (the 
solvent of MONNA) was added to the remaining part. 20 min later, a 
second concentration-response relationship to methoxamine was carried 
out, identical to the first one. The second concentration-response re
lationships to methoxamine are shown in figures.

Processing of the experimental results consisted of determining the 
“passive” force corresponding to complete arterial dilation, after which 
it was deducted from the force values obtained in the presence of 
agonist. Then the obtained values were divided to the maximum force 
developed during the first concentration-response relationship to 
methoxamine and presented in %. To determine the effect of acidic pH 
on the contractile activity of arteries, the areas under the individual 
concentration-response curves to methoxamine at pH = 7.4 and pH =
6.8 were calculated (in the GraphPad Prism 9.5.1 program (La Jolla, CA, 
USA)), after which these values were compared. To compare the effect of 
the blocker, the areas under the curves to agonist were evaluated (in 
GraphPad Prism 9.5.1), after which the corresponding values for the 
blocker were divided to the average area in the presence of DMSO and 
presented in %. In addition, to estimate the sensitivity of arterial prep
arations to methoxamine, individual concentration–response relation
ships were fitted to a sigmoidal dose–response (variable slope) equation 
using GraphPad Prism 9.5.1 to obtain pD2 (the negative logarithm of 
EC50).

2.3. Measurement of intracellular pH

Intracellular pH (pHi) was measured using a fluorescent indicator 
BCECF-AM (Invitrogen) (Rochon et al., 2007) simultaneously with 
recording the contractile activity of the arterial preparation in isometric 
mode. 2 mm long ring arterial preparations were placed in a myograph 
(model 360CW, DMT), standard procedures for normalization and 
activation were performed (see “Isometric myography” section), after 
which the preparations were loaded with 5 μM BCECF-AM at 37C for 30 
min. The indicator was excited alternately with light with wavelengths 
of 435 and 500 nm using a CoolLED pE800-fura illuminator. The 
emission signal from the arterial segment was recorded at a frequency of 
0.1 Hz using a 535 nm filter in a Nikon Ti2-U microscope and a Pho
tometrics BSI Express camera, this signal at various waves of excitation 
light was recorded on a computer and processed using NIS-Elements 
software. For each excitation light wavelength, the baseline fluores
cence emission was subtracted (prior to BCECF-AM loading), and then 
the ratio was calculated for the signals at excitation light wavelengths of 
500 and 435 nm (F500/F435).

After loading BCECF-AM, the preparation was washed with a solu
tion with pH = 7.4, which was then replaced with a solution with pH =
6.8 (see section “Isometric myography”) for 10 min.

In a number of separate experiments, calibration was carried out 
(both for the arteries of adults and for the arteries of 10-13-day-old rats). 
To do this, after washing from BCECF-AM, the ionophore Nigericine (10 
μM) and calibration solutions with pH = 7.50, pH = 7.00, pH = 6.50 
were added to the preparations. The composition of the calibration so
lution was (in mM): NaCl – 56; KCl – 94.5; CaCl2 – 1.6; MgSO4 – 1.0; 
NaH2PO4 – 1.2; D-glucose – 5.5; EDTA – 0.025; HEPES – 20.0. For each 
type of artery, the dependence of the fluorescence signal on the pH of the 
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calibration solution was plotted, after which the obtained values were 
approximated by a linear equation, which was used to convert mea
surement data obtained by incubating arterial preparations in solutions 
with extracellular pH = 7.4 and pH = 6.8.

2.4. Statistical data analysis

Statistical data analysis was performed in the GraphPad Prism 9.5.1 
software. The type of data distribution was evaluated using the Shapiro- 
Wilk test. Two-way ANOVA for repeated measures (or Student’s t-test 
were used to compare samples. Statistical significance was reached at p 
< 0.05. Data are shown as mean ± SEM, n represents the number of rats.

3. Results

3.1. Effect of acidosis on contractile responses to methoxamine and 
intracellular pH

Internal vascular diameter corresponding to a pressure of 100 mm 
Hg (d100) was 553 ± 12 μm for arteries of adult animals and 234 ± 3 
μm for arteries of 10-13-day-old animals. The maximum force developed 

by arterial preparations was 32.7 ± 1.9 mN for adult animals and 4.9 ±
0.4 mN for 10-13-day-old animals. The arteries of adult rats and 10-13- 
day-old rat pups contracted in response to α1-adrenoceptor agonist 
methoxamine at both normal pH = 7.4 (Fig. 1A (black curves), Figs. 1D 
and 2A (black curves), Fig. 2D) and at acidic pH = 6.8 (Fig. 1B (black 
curves), Figs. 1F and 2B (black curves), Fig. 2F). At the same time, the 
arterial contractile responses in both groups of rats at pH = 6.8 were 
significantly less than at pH = 7.4. This is confirmed by comparing the 
areas under the concentration-response curves to methoxamine in the 
presence of a solvent for adult (Fig. 1C) as well as for 10-13-day-old 
(Fig. 2C) rats. In addition, acidosis led to a considerable shift of pD2 
values for adult animals (5.89 ± 0.03 at pH = 7.4 (n = 7) and 5.55 ±
0.06 at pH = 6.8 (n = 7, p < 0.05)) as well as for 10-13-day-old animals 
(5.68 ± 0.07 at pH = 7.4 (n = 9) and 5.31 ± 0.03 at pH = 6.8 (n = 9, p <
0.05)).

Measurement of intracellular pH showed that extracellular acidosis 
leads to a significant lowering of pHi. At a solution with pH = 7.4 the pHi 
values did not differ between adult and 10-13-day-old rats (Fig. 3). 
Changing the solution to a solution with pH = 6.8 led to considerable 
intracellular acidification in both age groups to values that did not differ 
between adult and 10-13-day-old animals as well (Fig. 3).

Fig. 1. MONNA does not change the contractile responses of adult rat arteries either at pH = 7.4 or at pH = 6.8. (A, B) Concentration-response relationships to 
methoxamine of adult rat arteries in the presence of Solvent (DMSO) or TMEM16A blocker MONNA (3 μM) at pH = 7.4 (A) or at pH = 6.8 (B). (C) The areas under the 
concentration-response curves to methoxamine in the presence of a solvent at pH = 7.4 or at pH = 6.8 for adult rat arteries. (D–G) Original trace recordings of 
isometric force measurements in saphenous arteries of adult rats in the presence of solvent (DMSO, D, F) or TMEM16A blocker MONNA (3 μM, E, G) at pH = 7.4 (D, 
E) or at pH = 6.8 (F, G). The numbers in brackets indicate the number of animals in the group. #p < 0.05 (unpaired Student’s t-test).
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3.2. Effect of acidosis on the contribution of TMEM16A channels to 
contractile responses of arteries of adult rats

At the next stage, the effect of the TMEM16A channel blocker 
MONNA on contractile responses to methoxamine in adult rats at normal 
pH and under conditions of acidosis was assessed. Incubation of arteries 
of adult rats with MONNA (3 μM) did not lead to changes in contractile 
responses to methoxamine either at pH = 7.4 (Fig. 1A,D, E) or at pH =
6.8 (Fig. 1B,F, G). The pD2 values of arterial contractile responses to 
methoxamine of adult animals were not affected by MONNA both at pH 
= 7.4 (5.89 ± 0.03 in Solvent group (n = 7) and 5.85 ± 0.07 in MONNA 
group (n = 6, p > 0.05)) and at pH = 6.8 (5.55 ± 0.06 in Solvent group 
(n = 7) and 5.48 ± 0.07 in MONNA group (n = 6, p > 0.05)). Therefore, 
the contribution of TMEM16A channels to the regulation of contractile 
responses in adult rat arteries is not altered by acidosis.

3.3. Effect of acidosis on the contribution of TMEM16A channels to 
contractile responses of arteries of 10–13-day-old rats

Next, we studied the effect of MONNA on the arterial contraction in 
the early postnatal period at normal pH and under conditions of acidosis. 
Incubation of arteries of 10-13-day-old rat pups with MONNA (3 μM) led 
to a decrease in contractile responses to methoxamine both at pH = 7.4 

Fig. 2. MONNA suppresses contractile responses of arteries of 10-13-day-old rats at pH = 6.8 stronger than at pH = 7.4. (A, B) Concentration-response relationships 
to methoxamine of 10-13-day-old rat arteries in the presence of Solvent (DMSO) or TMEM16A blocker MONNA (3 μM) at pH = 7.4 (A) or at pH = 6.8 (B). (C) The 
areas under the concentration-response curves to methoxamine in the presence of a solvent at pH = 7.4 or at pH = 6.8 for 10-13-day-old rat arteries. (D–G) Original 
trace recordings of isometric force measurements in saphenous arteries of 13-day-old rat pup in the presence of solvent (DMSO, D, F) or TMEM16A blocker MONNA 
(3 μM, E, G) at pH = 7.4 (D, E) or at pH = 6.8 (F, G). The numbers in brackets indicate the number of animals in the group. *p < 0.05 (two-way ANOVA for repeated 
measures), #p < 0.05 (unpaired Student’s t-test).

Fig. 3. Extracellular acidosis leads to significant intracellular acidification in 
arteries of adult and 10-13-day-old rats. Measurements of intracellular pH in 
arteries of adult and 10-13-day-old rats at normal pH (pHо = 7.4) and under 
acidic conditions (pHо = 6.8). The numbers in brackets indicate the number of 
animals in the group. *p < 0.05 (paired Student’s t-test).
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(Fig. 2A,D, E) and at pH = 6.8 (Fig. 2B,F, G). The pD2 values of arterial 
contractile responses to methoxamine of 10-13-day-old rats were not 
affected by MONNA at pH = 7.4 (5.68 ± 0.07 in Solvent group (n = 9) 
and 5.54 ± 0.04 in MONNA group (n = 8, p > 0.05)); similar values for 
pH = 6.8 were not calculated due to the impossibility of correct 
approximation of some of the individual curves.

To compare the effects of MONNA at pH = 7.4 and at pH = 6.8, the 
values of the areas under the curves were calculated and the values of 
area in the presence of MONNA were expressed as a percentage of the 
average area in the presence of the solvent. This parameter was 82 ± 5 % 
at pH = 7.4 (n = 8) and 49 ± 12 % at pH = 6.8 (n = 6, p < 0.05, unpaired 
Student’s t-test). Therefore, during extracellular acidosis the procon
tractile contribution of TMEM16A channels increases significantly in the 
arteries of 10-13-day-old rat pups.

4. Discussion

Our data demonstrate that extracellular metabolic acidosis leads to 
intracellular acidification in both the arteries of adult and 10-13-day-old 
rats, as well as to a decrease in the arterial contractile responses. In 
addition, we showed that under conditions of acidosis, the functional 
contribution of CaCC in the arteries of 10-13-day-old, but not adult rats 
increases.

Our data on lowering of pHi in response to acidification of extra
cellular solution in arteries are consistent with literature data. Previ
ously, similar data for adult sexually matured animals were obtained for 
mesenteric and renal arteries (Niu et al., 2014), aorta (Nakanishi et al., 
1997a; Rohra et al., 2003a, 2003b), coronary arteries (Baxter et al., 
2006). However, for the arteries of animals in the early postnatal period, 
data on the effect of extracellular metabolic acidosis on pHi have not 
been previously published. At the same time, it has been demonstrated 
that respiratory acidosis (aeration of the solution with a 20 % CO2 gas 
mixture) causes pHi lowering in the aorta and mesenteric arteries of 
newborn rabbits (Nakanishi et al., 1997a, 1997b). Note that, despite the 
fact that the average pHi values in the arteries of 10-13-day-old rats 
tended to be lower than in adult animals, we did not find statistically 
significant differences. At the same time, earlier comparisons in pHi 
between the arteries of adult animals and animals during the period of 
early ontogenesis were carried out only in a few studies, where no dif
ferences in pHi levels were found between different age groups 
(Nakanishi et al., 1997a, 1997b; Kostyunina et al., 2020).

Acidification led to a significant decrease in arterial contractile re
sponses to methoxamine. The decrease in the arterial contractile re
sponses of adult rats under conditions of acidosis is in good agreement 
with data previously obtained for other arteries of the systemic circu
lation (Yartsev et al., 2002; Mohanty et al., 2016; Aoyama et al., 1999; 
Akanji et al., 2019; Hessellund et al., 2006; Rohra et al., 2005), as well as 
with our own data for the saphenous artery (Shvetsova et al., 2024). 
Note that a decrease in contractile reactions under conditions of acidosis 
in adult animals at the level of smooth muscle cells can be achieved by 
various mechanisms (Boedtkjer and Aalkjaer, 2012), which, according 
to our data, are not associated with CaCC.

There are very few studies examining the influence of extracellular 
acidosis on the vascular tone in early ontogenesis. As in this study, we 
previously showed a decrease in contractile reactions of the saphenous 
artery with denuded endothelium under conditions of metabolic 
acidosis in rat pups aged 12–15 days (Shvetsova et al., 2024). These data 
are also supported by data on the inhibitory effect of respiratory acidosis 
(created by aeration of the solution with a gas mixture with 20 % CO2) 
on the contractile activity of the aorta of newborn rabbits (Nakanishi 
et al., 1997a, 1997b).

However, the question of the contribution of CaCC to the regulation 
of arterial smooth muscle contraction under conditions of acidosis in the 
early postnatal period has not been studied before. We showed for the 
first time that acidosis, despite the suppression of contractile responses, 
leads to an increase in the procontractile influence of TMEM16A in the 

regulation of contraction in early ontogenesis. An increase in CaCC ac
tivity due to acidosis has previously been demonstrated in the coronary 
arteries of adult animals, where TMEM16A was shown to have high 
expression level compared to other vascular regions (Guo et al., 2021). 
Interestingly, in the saphenous artery of rat pups during early postnatal 
ontogenesis, the level of TMEM16A expression is also higher compared 
to adults (Kostyunina et al., 2020). Moreover, the higher content of 
TMEM16A in the arteries of animals in the early stages of postnatal 
ontogenesis is consistent with greater TMEM16A functional contribu
tion to vascular contraction during this period compared to adults, as 
observed in the present, as well as in our previous studies (Kostyunina 
et al., 2020). Importantly, relatively high functional contribution of 
TMEM16A to arterial contractile responses in early period of develop
ment is observed at normal pH, when the contraction to agonists is 
associated with only moderate increase in intracellular Ca2+ concen
tration (Puzdrova et al., 2014; Akopov et al., 1997, 1998a; Sandoval 
et al., 2007). Moreover, the high functional contribution of TMEM16A in 
arteries of animals in the early postnatal ontogenesis persisted under 
acidic conditions which are known to suppress the intracellular Ca2+

concentration in adult vasculature (Aoyama et al., 1999; Boedtkjer, 
2018; Austin and Wray, 1995).

Thus, our data show that during acidosis, the procontractile activity 
of TMEM16A in arterial smooth muscle cells in early postnatal onto
genesis increases, despite a general decrease in contraction. Apparently, 
this is due to changes in the functional contribution of other mechanisms 
regulating vascular tone under the influence of acidosis in early onto
genesis. For example, we previously demonstrated a decrease in the 
anticontractile effect of TASK-1 channels in the regulation of saphenous 
artery tone in early ontogenesis in response to acidosis (Shvetsova et al., 
2024). We hypothesize that, in contrast to the increased contribution of 
procontractile mechanisms during acidosis, associated with an increase 
in the activity of CaCC and a decrease in the activity of TASK-1 channels, 
a weakening of other procontractile mechanisms may occur in the 
smooth muscle cells of systemic arteries in early ontogenesis. An 
example of such a mechanism is Rho-kinase, which plays a pronounced 
role in the regulation of contraction in the early postnatal period 
(Mochalov et al., 2018; Akopov et al., 1998b), while its activity signif
icantly decreases under conditions of acidosis (Boedtkjer et al., 2011). 
Studies of the arterial tone regulation in early ontogenesis under con
ditions of acidosis are important from the clinical point of view, since 
they allow us to understand the mechanisms of vascular complications 
due to pH lowering, which quite often occurs in infants, for example, 
during neonatal asphyxia (Remzső et al., 2020; Rainaldi and Perlman, 
2016).

Several study limitations should be acknowledged. First, only male 
rats were used in the study, therefore the sex-dependent analysis of 
TMEM16A contribution to arterial contraction was not performed. 
Second, the present study does not address other vascular regions of 
systemic circulation. Third, the contribution of TMEM16A was tested 
using single blocker. Finally, the functional role of TMEM16A in endo
thelial cells was not evaluated. All mentioned nuances should be 
examined in future studies.

5. Conclusion

In conclusion, our novel findings demonstrate a pronounced pro
contractile role of Ca2+-activated chloride channels in peripheral artery 
of young rats under conditions of acidosis. It is known, that acidosis 
leads to a decrease in arterial contractility, which at systemic level may 
cause a decrease of systemic blood pressure (Celotto et al., 2016). Of 
note, the level of systemic blood pressure during early postnatal onto
genesis is significantly lower than in adult (Mochalov et al., 2018; 
Sofronova et al., 2016). We suggest that an increase of procontractile 
influence of Ca2+-activated chloride channels in peripheral arteries of 
early postnatal animals under conditions of acidosis may serve as a 
protective mechanism that prevents lowering already fairly low blood 
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pressure and thereby helps maintain sufficient blood supply to immature 
organs and tissues. The data presented in this study complement the 
complex mosaic of changes in the mechanisms of arterial tone regulation 
in systemic vasculature under conditions of acidosis and indicate the 
need for further research into this problem, including the development 
of adequate approaches to correcting the state of acidosis in infants.
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Domoki, F., 2020. Brain interstitial pH changes in the subacute phase of hypoxic- 
ischemic encephalopathy in newborn pigs. PLoS One 15, e0233851. https://doi.org/ 
10.1371/journal.pone.0233851.

Rochon, P., Jourdain, M., Mangalaboyi, J., Fourrier, F., Soulie-Begu, S., Buys, B., 
Dehlin, G., Lesage, J.C., Chambrin, M.C., Mordon, S., 2007. Evaluation of BCECF 

A.A. Shvetsova et al.                                                                                                                                                                                                                           Current Research in Physiology 8 (2025) 100143 

6 

https://doi.org/10.1046/j.1365-201X.1997.00263.x
https://doi.org/10.1016/j.lfs.2019.04.054
http://refhub.elsevier.com/S2665-9441(25)00005-7/sref3
http://refhub.elsevier.com/S2665-9441(25)00005-7/sref3
http://refhub.elsevier.com/S2665-9441(25)00005-7/sref3
http://refhub.elsevier.com/S2665-9441(25)00005-7/sref4
http://refhub.elsevier.com/S2665-9441(25)00005-7/sref4
https://doi.org/10.1152/ajpheart.1998.275.3.h930
https://doi.org/10.1152/ajpheart.1998.275.3.h930
https://doi.org/10.2170/jjphysiol.49.55
https://doi.org/10.1113/jphysiol.1995.sp020966
https://doi.org/10.1007/S10016-006-9109-9
https://doi.org/10.1007/S10016-006-9109-9
https://doi.org/10.1056/NEJMRA1003327/SUPPL_FILE/NEJMRA1003327_DISCLOSURES.PDF
https://doi.org/10.1056/NEJMRA1003327/SUPPL_FILE/NEJMRA1003327_DISCLOSURES.PDF
https://doi.org/10.1177/0271678X17733868
https://doi.org/10.1159/000341235
https://doi.org/10.1159/000341235
https://doi.org/10.1161/CIRCULATIONAHA.110.015974
https://doi.org/10.1590/1414-431X20155007
https://doi.org/10.1590/1414-431X20155007
https://doi.org/10.1016/j.jcrc.2011.06.001
https://doi.org/10.4161/chan.29531
https://doi.org/10.4161/chan.29531
https://doi.org/10.1007/s00424-013-1382-1
https://doi.org/10.3390/ijms23115987
https://doi.org/10.1016/J.BIOPHA.2021.111615
https://doi.org/10.1016/J.BIOPHA.2021.111615
https://doi.org/10.1172/JCI70025
https://doi.org/10.1080/02713680600681236
https://doi.org/10.1113/EP087426
https://doi.org/10.1113/EP087426
https://doi.org/10.1038/s41598-020-77092-0
https://doi.org/10.1111/apha.13044
https://doi.org/10.4103/0253-7613.186199
https://doi.org/10.1161/01.RES.41.1.19
https://doi.org/10.1007/BF02766785
https://doi.org/10.1203/00006450-199712000-00006
https://doi.org/10.1203/00006450-199712000-00006
https://doi.org/10.1113/expphysiol.2014.078634
https://doi.org/10.1111/bph.14598
https://doi.org/10.1111/bph.14598
https://doi.org/10.1111/apha.12331
https://doi.org/10.1111/apha.12331
https://doi.org/10.1016/j.clp.2016.04.002
https://doi.org/10.1371/journal.pone.0233851
https://doi.org/10.1371/journal.pone.0233851


fluorescence ratio imaging to properly measure gastric intramucosal pH variations in 
vivo. J. Biomed. Opt. 12, 064014. https://doi.org/10.1117/1.2821698.

Rohra, D.K., Saito, S., Ohizumi, Y., 2003a. Strain-specific effects of acidic pH on 
contractile state of aortas from Wistar and Wistar Kyoto rats. Eur. J. Pharmacol. 476, 
123–130. https://doi.org/10.1016/S0014-2999(03)02129-0.

Rohra, D.K., Saito, S., Ohizumi, Y., 2003b. Extracellular acidosis results in higher 
intracellular acidosis and greater contraction in spontaneously hypertensive rat 
aorta. Eur. J. Pharmacol. 465, 141–144. https://doi.org/10.1016/S0014-2999(03) 
01490-0.

Rohra, D.K., Sharif, H.M., Zubairi, H.S., Sarfraz, K., Ghayur, M.N., Gilani, A.H., 2005. 
Acidosis-induced relaxation of human internal mammary artery is due to activation 
of ATP-sensitive potassium channels. Eur. J. Pharmacol. 514, 175–181. https://doi. 
org/10.1016/j.ejphar.2005.02.041.

Sandoval, R.J., Injeti, E.R., Williams, J.M., Georthoffer, W.T., Pearce, W.J., 2007. 
Myogenic contractility is more dependent on myofilament calcium sensitization in 
term fetal than adult ovine cerebral arteries. Am. J. Physiol. Hear. Circ. Physiol. 293, 
H548–H556. https://doi.org/10.1152/ajpheart.00134.2007.

Shvetsova, A.A., Gaynullina, D.K., Tarasova, O.S., Schubert, R., 2019. Negative feedback 
regulation of vasocontraction by potassium channels in 10- to 15-day-old rats: 

dominating role of Kv7 channels. Acta Physiol. 225, 1–18. https://doi.org/10.1111/ 
apha.13176.

Shvetsova, А.A., Borzykh, A.A., Gaynullina, D.K., 2024. Effect of Extracellular Acidosis 
on Functional Contribution of K ATP and TASK-1 Potassium Channels to Vascular 
Tone Regulation in Early Postnatal Ontogenesis, vol. 60, pp. 247–255. https://doi. 
org/10.1134/S0022093024010174.

Sofronova, S.I., Borzykh, A.A., Gaynullina, D.K., Kuzmin, I.V., Shvetsova, A.A., 
Lukoshkova, E.V., Tarasova, O.S., 2016. Endothelial nitric oxide weakens arterial 
contractile responses and reduces blood pressure during early postnatal development 
in rats. Nitric Oxide 55–56, 1–9. https://doi.org/10.1016/j.niox.2016.02.005.

Thomas-Gatewood, C., Neeb, Z.P., Bulley, S., Adebiyi, A., Bannister, J.P., Leo, M.D., 
Jaggar, J.H., Jh, J., 2011. TMEM16A channels generate Ca2+-activated Cl− currents 
in cerebral artery smooth muscle cells, Am J Physiol Hear. Circ Physiol 301, 
H1819–H1827. https://doi.org/10.1152/ajpheart.00404.2011.

Yartsev, V.N., Karachentseva, O.V., Dvoretsky, D.P., 2002. Effect of pH changes on 
reactivity of rat mesenteric artery segments at different magnitude of stretch. Acta 
Physiol. Scand. 174, 1–7. https://doi.org/10.1046/j.1365-201x.2002.00923.x.

A.A. Shvetsova et al.                                                                                                                                                                                                                           Current Research in Physiology 8 (2025) 100143 

7 

https://doi.org/10.1117/1.2821698
https://doi.org/10.1016/S0014-2999(03)02129-0
https://doi.org/10.1016/S0014-2999(03)01490-0
https://doi.org/10.1016/S0014-2999(03)01490-0
https://doi.org/10.1016/j.ejphar.2005.02.041
https://doi.org/10.1016/j.ejphar.2005.02.041
https://doi.org/10.1152/ajpheart.00134.2007
https://doi.org/10.1111/apha.13176
https://doi.org/10.1111/apha.13176
https://doi.org/10.1134/S0022093024010174
https://doi.org/10.1134/S0022093024010174
https://doi.org/10.1016/j.niox.2016.02.005
https://doi.org/10.1152/ajpheart.00404.2011
https://doi.org/10.1046/j.1365-201x.2002.00923.x

	Acidosis enhances contribution of Ca2+-activated chloride channels to vascular tone regulation in early postnatal period
	1 Introduction
	2 Materials and methods
	2.1 Animals
	2.2 Isometric myography
	2.3 Measurement of intracellular pH
	2.4 Statistical data analysis

	3 Results
	3.1 Effect of acidosis on contractile responses to methoxamine and intracellular pH
	3.2 Effect of acidosis on the contribution of TMEM16A channels to contractile responses of arteries of adult rats
	3.3 Effect of acidosis on the contribution of TMEM16A channels to contractile responses of arteries of 10–13-day-old rats

	4 Discussion
	5 Conclusion
	CRediT authorship contribution statement
	Funding
	Declaration of competing interest
	Acknowledgements
	Data availability
	References


