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ABSTRACT NMDA glutamate receptors play an important role in normal and pathophysiological nociception. 
At the periphery, they can interact with TRPV1 ion channels. The blockade of TRPV1 ion channels decreases 
NMDA-induced hyperalgesia, and NMDA receptor antagonists suppress the pain response to the TRPV1 ag-
onist capsaicin. Since TRPV1 ion channels and NMDA receptors can functionally interact at the periphery, it 
would be interesting to investigate the possibility that they interact in the CNS. A single subcutaneous injec-
tion of 1 mg/kg of capsaicin was found to raise the thermal pain threshold in the tail flick test in mice, which 
reproduces the spinal flexion reflex, owing to the ability of capsaicin to cause long-term desensitization of 
nociceptors. Preventive administration of either noncompetitive NMDA receptor antagonists (high-affinity 
MK-801 20 µg/kg and 0.5 mg/kg subcutaneously; low-affinity hemantane 40 mg/kg intraperitoneally) or the 
selective TRPV1 antagonist BCTC (20 mg/kg intraperitoneally) inhibit the capsaicin-induced increase in the 
pain threshold. Capsaicin (1 mg/kg, subcutaneous injection) induces transient hypothermia in mice, which is 
brought about by hypothalamus-triggered vegetative reactions. This effect is prevented by BCTC but not by 
the noncompetitive NMDA receptor antagonists.
KEYWORDS NMDA receptors, TRPV1 ion channels, capsaicin, mice, nociception, thermoregulation.
ABBREVIATIONS MK-801 – (5S,10R)-(+)-5-methyl-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5,10-imine hy-
drogen maleate; BCTC – 4-(3-chloro-2-pyridinyl)-N-[4-(1,1-dimethylethyl)phenyl]-1-piperazinecarboxamide.
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INTRODUCTION
The interaction between glutamate and glutamate 
receptors is central for excitatory transmission in 
the central nervous system (CNS) and plays a cru-
cial role in normal and pathophysiological nocicep-
tion. In particular, the long-term activation of no-
ciceptors, induced by either damage to tissues and 
nerves or inflammation, leads to a continuous re-
lease of glutamate; together with released neuro-
peptides, this may cause prolonged membrane de-
polarization, might eliminate the voltage-gated block 
of the ion channel of NMDA glutamate receptors by 
magnesium, and ensure their activation [1]. NMDA 
glutamate receptors are located on primary affer-
ents [2–5], and their stimulation leads to nociceptor 
activation or sensitization [2, 6–9]. At the periph-
ery, NMDA glutamate receptors can interact with 
TRPV1 ion channels in the calcium/calmodulin-de-

pendent protein kinase type II (CaMKII) and pro-
tein kinase C (PKC) pathways; administration of 
AMG9810, an antagonist of TRPV1 ion channels, 
suppresses NMDA (N-methyl-D-aspartic acid)-in-
duced mechanical hyperalgesia in rats [10]. Injection 
of antagonists of ionotropic NMDA and AMPA or 
metabotropic mGluR1 glutamate receptors into the 
plantar surface in rats decreases thermal hyperalge-
sia induced by capsaicin, a TRPV1 ion channel ago-
nist, and inhibits the elevation of the glutamate level 
in subcutaneous perfusate observed after the injec-
tion of capsaicin into the animals’ metatarsal region 
[11]. Noncompetitive antagonists of NMDA receptors 
(high-affinity (5S,10R)-(+)-5-methyl-10,11-dihydro-
5H-dibenzo[a,d]cyclohepten-5,10-imine hydrogen 
maleate (MK-801) and low-affinity N-(2-adamantyl)-
hexamethyleneimine hydrochloride (hemantane)) re-
duce the duration of the pain response to the sub-
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cutaneous injection of a capsaicin solution into the 
metatarsal region of mice when applied dermally, 
systemically (intraperitoneally for hemantane and 
subcutaneously for MK-801), and via the subcutane-
ous intraplantar route [12].

TRPV1 ion channels are voltage-gated non-selec-
tive cation channels that are expressed by primary 
afferent neurons, activated by vanilloids, low pH val-
ues (pH < 6.5), changes in osmolarity, arachidonic acid 
metabolites, endocannabinoids, as well as tempera-
tures above 42°C [13–17], and are regarded as a po-
tential signal integrator under pathological conditions 
(in particular, that is indicated by the possibility of 
their functional interaction with NMDA glutamate re-
ceptors in trigeminal afferent neurons in mechanical 
hyperalgesia [10]). Like NMDA glutamate receptors, 
TRPV1 ion channels are abundant in the CNS [17]. 
Taking into account the ability of TRPV1 ion channels 
and NMDA glutamate receptors to functionally inter-
act at the periphery, it is rather interesting to study 
their interplay in the CNS.

The aim of this work was to evaluate the ability of 
noncompetitive antagonists of NMDA receptors (the 
high-affinity MK-801 and low-affinity hemantane) to 
influence the effects of capsaicin, an agonist of TRPV1 
ion channels, at the CNS level: alter the pain response 
threshold in the tail flick test and rectal temperature 
in mice. The effect of the antagonists of NMDA re-
ceptors was compared to the selective antagonist of 
TRPV1 ion channels, 4-(3-chloro-2-pyridinyl)-N-[4-
(1,1-dimethylethyl)phenyl]-1-piperazinecarboxamide 
(BCTC), which is capable of penetrating the blood–
brain barrier (BBB) [18].

MATERIALS AND METHODS

Animals
Mature male ICR mice (weight, 23–26 g) procured 
from the Stolbovaya husbandry of laboratory ani-
mals, Research Center of Biomedical Technologies, 
Federal Medical and Biological Agency (Moscow 
Region, Russia), were used in this study. The an-
imals were handled in compliance with the State 
Standard GOST 33216-2014 “Guidelines for 
Accommodation and Care of Laboratory Animals. 
Species-Specific Provisions for Laboratory Rodents 
and Rabbits,” State Standard GOST 33215-2014 
“Guidelines for Accommodation and Care of 
Animals. Environment, Housing and Management,” 
and Directive 2010/63/EU of the European 
Parliament and the Council of the European Union, 
dated September 9, 2010, on the protection of an-
imals used for scientific purposes. Experiment 
conduct was approved by the Biomedical Ethics 

Commission of the Zakusov Research Institute of 
Pharmacology (Protocol No. 01 dated January 28, 
2022).

Study objects, doses, and administration routes
NMDA receptor antagonists were the noncompeti-
tive high-affinity antagonist (5S,10R)-(+)-5-methyl-
10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5,10-im-
ine hydrogen maleate (MK-801; Sigma Aldrich, 
USA) and noncompetitive low-affinity antagonist 
N-(2-adamantyl)-hexamethyleneimine hydrochlo-
ride (hemantane; synthesized and provided by the 
Chemical–Technological Laboratory of the Zakusov 
Research Institute of Pharmacology). The antago-
nist of TRPV1 ion channels was 4-(3-chloro-2-pyridi-
nyl)-N-[4-(1,1-dimethylethyl)phenyl]-1-piperazinecar-
boxamide (BCTC; Sigma Aldrich, USA). The agents 
were administered 30 min prior to injecting the cap-
saicin solution: MK-801 was injected subcutaneous-
ly at doses of 20 µg/kg and 0.5 mg/kg; hemantane 
was injected intraperitoneally at a dose of 40 mg/kg; 
and BCTC was injected intraperitoneally at a dose of 
20 mg/kg.

The TRPV1 ion channel agonist capsaicin (Sigma 
Aldrich, USA), diluted in a saline–ethanol mixture 
(9:1, v/v), was injected subcutaneously at a dose caus-
ing transient hypothermia in mice (1 mg/kg) [14].

Tail flick test 
The tail flick test is based on the spinal flexion re-
flex in response to a progressively increasing ther-
mal radiation stimulation of skin and is widely used 
for assessing the analgesic effect of various agents 
[19, 20]. Thermoreceptors, C- and Ad-fibers of pol-
ymodal nociceptors, and high-threshold mechanore-
ceptors are sequentially activated in this test. Local 
pain stimulation of the tail was induced by ther-
mal radiation using a TSE-system analgesiometer 
(Germany). Stimulation intensity was 27%, which 
corresponded to a gradual temperature increase 
ranging from 51 to 61°C during 15 s. The latent pe-
riod (LP) until tail withdrawal (15 s) was consid-
ered the maximum possible time of stimulation. The 
maximum possible effect (MPE) was calculated us-
ing the formula:

MPE (%)=(LPexp – LPcontrol)×100/ 
(MAXtime – LPcontrol), where

LPexp was the latent period of response in mice 30 min 
after administering the capsaicin solution or NMDA 
receptor and TRPV1 ion channel antagonists;

LPcontrol was the latent period for mice in the control 
group that received the solvent; and
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MAXtime was the maximum possible time of stim-
ulation (15 s).

The experimental investigation of the effect of 
noncompetitive NMDA receptor antagonists on 
changes in the pain response threshold in the tail 
flick test induced by capsaicin (a TRPV1 ion channel 
agonist) involved two stages. The influence of BCTC, 
a TRPV1 ion channel antagonist, and NMDA recep-
tor antagonists on the sensitivity to thermal stimu-
lation of the mouse tail was assessed 30 min after 
their administration at the first stage. At the second 
stage, their effect on the pain response threshold in 
the animals, increased by capsaicin administration, 
was evaluated 30 min after injecting the TRPV1 
ion channel agonist. Mice that had subcutaneously 
received an equivalent volume (10 mL/kg) of sol-
vents were used as control groups. Saline was used 
as a solvent in the first experiment. In the second 
experiment, saline was employed as a solvent for 
BCTC, hemantane, and MK-801, and a saline–etha-
nol mixture (9:1, v/v) was used for capsaicin; in other 
words, the animals received saline instead of BCTC, 
hemantane, or MK-801, and a saline–ethanol mixture 
(9:1, v/v) instead of capsaicin.

Rectal temperature in mice was measured using a 
digital rectal thermometer (Kent Scientific Corp., 
USA). Groups of animals that had received solvents 
(saline and saline–ethanol mixture (9:1, v/v)), saline 
and capsaicin, and groups of animals that received 
capsaicin 30 min after administration of the test-
ed antagonists of NMDA receptors and TRPV1 ion 
channels were included in the experiment. The ef-
fects of antagonists of NMDA receptors and TRPV1 
ion channels on the rectal temperature in mice that 
had received saline only were also compared. The 
rectal temperature was measured prior to injecting 
the saline, capsaicin, NMDA receptor antagonists, 
and BCTC, and every 30 min after administration of 
the solvent, NMDA antagonists, BCTC, and capsaicin 
(2 h), or every 30 min after administration of capsai-
cin (when injected together with NMDA receptor an-
tagonists and BCTC (2 h)).

Statistical analysis of the experimental data was 
carried out using the Statistica 10.0 software. Data 
were checked for normal distribution using the 
Shapiro–Wilk test, followed by an evaluation of in-
tergroup equality using the Levene’s test. For nor-
mal distribution in the groups and the homogeneity 
of intergroup variance, further statistical analysis 
was performed using a one-way analysis of vari-
ance (ANOVA), followed by group comparison using 
the Newman–Keuls test. The Kruskal–Wallis test, a 

nonparameteric alternative to one-way ANOVA, was 
used in the case of non-normal distribution. If sta-
tistically significant intergroup differences were de-
tected using the Kruskal–Wallis test, we carried out 
pairwise comparison of samples using the Mann–
Whitney U test. Intergroup differences were consid-
ered statistically significant at p < 0.05. The figures 
were created using the GraphPad Prism V. 8.4.3 soft-
ware.

RESULTS AND DISCUSSION
Expression of TRPV1 ion channels is maximal in 
the dorsal roots of the spinal cord of mice [21]; their 
short-term stimulation induces a long-lasting increase 
in the presynaptic level of calcium (Ca2+) ions and po-
tentiates glutamate release into the synaptic gap [22]. 
In turn, activation of NMDA glutamate receptors in 
spinal dorsal horns is needed in order to trigger cen-
tral sensitization [23–26].

The spinal flexion reflex was chosen as a noci-
ceptive reaction that occurs at the spinal cord level 
and whose mechanism involves TRPV1 ion channels 
and NMDA glutamate receptors. The tail flick test 
reproducing this reflex [20, 27] allows one to assess 
the ability of NMDA receptor antagonists to affect 
TRPV1 activation-induced changes in the animals’ 
sensitivity to thermal stimulation. VR-/- mice (lack-
ing TRPV1 ion channels) are known to produce an 
abnormal response to thermal pain stimulation. The 
C fibers in VR-/- mice are characterized by a lower 
threshold of the response to thermal stimulation, 
while the latency of the tail flick response in the 
tail immersion test at water temperatures of 50 and 
52°C (but not 46 and 48°C) and animals’ response 
in the hot plate test at temperatures of 52.5, 55, 
and 58°C (but not 50°C) is statistically significantly 
increased [14]. Therefore, in our experiment (the 
tail flick test), thermal stimulation was performed 
by exposing the animals’ tails to thermal radiation, 
with the temperature gradually increased from 51 
to 61°C (during 15 s).

A single intraperitoneal administration of 20 mg/kg 
BCTC (a TRPV1 ion channel antagonist) was found 
to significantly increase the latency of the tail flick 
response in mice – by 36.4% – compared to the con-
trol group; the maximum possible effect (MPE) was 
15.09% (Table 1). TRPV1 ion channel antagonists are 
known to possess an analgesic effect [28]. In particu-
lar, our findings agree with the data on the efficacy of 
single intraperitoneal injection of BCTC at doses of 3, 
10, and 30 mg/kg for the rat model of thermal hyper-
algesia [29].

The low-affinity NMDA receptor antagonist heman-
tane, injected intraperitoneally at a dose of 40 mg/kg, 
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increased the latency of the flick tail response in mice 
by 63.6% compared to the control group; the MPE was 
26.42%. No significant intergroup differences between 
animals that received 20 mg/kg BCTC and 40 mg/kg 
hemantane were detected (Table 1). Single intraperi-
toneal administration of 20 and 40 mg/kg hemantane 
shortened the duration of the pain response to subcu-
taneous injection of a capsaicin solution into the meta-
tarsal region in mice in a dose-dependent manner; 
therefore, the 40 mg/kg dose of the agent was used in 
this study [12].

A single subcutaneous injection of the high-affin-
ity NMDA receptor antagonist MK-801 at a dose of 
20 µg/kg (at this dose, it reduced the duration of the 
capsaicin-induced pain behavior in mice [12]) and a 
larger dose (0.5 mg/kg) had no significant effect on 
the thermal pain threshold in the tail flick test in 
mice (Table 1). Interestingly, single administration of 
MK-801, the high-affinity NMDA receptor antagonist, 
induced both the pronociceptive [30] and antinocicep-
tive effects in rats [31].

Single subcutaneous administration of 1 mg/kg cap-
saicin substantially raised the thermal pain thresh-
old in mice. The latency of the tail flick response to 
capsaicin administration was 67.4% longer than that 
in control group mice that had received solvents (sa-
line + saline/ethanol mixture (9:1, v/v)) (Table 2). The 
detected effect of capsaicin in the tail flick test in 
mice is attributed to the ability of this agent to in-
duce long-lasting desensitization of nociceptors [32]. 
Capsaicin did not increase the thermal pain threshold 
in mice that had preventively received BCTC (a selec-
tive TRPV1 ion channel antagonist) or NMDA recep-
tor antagonists (hemantane and MK-801). The effec-
tiveness of BCTC administered to mice 30 min prior 
to a subcutaneous injection of capsaicin was almost 
identical to that in the group of animals that had re-
ceived BCTC only. Thus, the latency of the tail flick 
response in the group “BCTC, 20 mg/kg + capsaicin, 
1 mg/kg” was significantly higher (by 38.04%) com-
pared to the control group (group “saline + saline/
ethanol”); the MPE was 16.83%. Hemantane admin-
istered at a dose of 40 mg/kg 30 min prior to cap-
saicin injection increased the latency of the tail flick 
response in mice by 21.7% compared to the control 
group; the MPE was 9.62% (Table 2). Although the 
latency of the tail flick response in animals that had 
received hemantane prior to capsaicin injection was 
lower than that in the animals that had been giv-
en hemantane only, no significant differences in the 
MPE were observed in these groups (Tables 1 and 2). 
Administration of MK-801 at both doses 30 min pri-
or to capsaicin injection did not increase the thermal 
pain threshold in mice in the tail flick test (Table 2).

Table 1. The effect of NMDA receptor antagonists (he-
mantane and MK-801) and the TRPV1 ion channel antag-
onist (BCTC) on the thermal pain threshold in the tail flick 
test in ICR mice. Median (Q1; Q3)

Group

Number 
of mice 

per 
group

Latency of 
tail flick 

response, s
MPE, %

Control 10 4.40  
(3.90; 5.10)

0.00  
(-4.72; 6.60)

BCTC,  
20 mg/kg 8 6.00  

(5.20; 7.35)*
15.09  

(7.55; 27.83)*

Hemantane, 
40 mg/kg 8 7.20  

(6.30; 10.05)*
26.42  

(17.92; 53.30)*

MK-801,  
20 µg/kg 9 4.60  

(4.10; 5.20)
1.89  

(-2.83; 7.55)

МК-801,  
0.5 mg/kg 9 4.00  

(3.80; 4.40)
-3.77  

(-5.66; 0.00)

Note: control – saline; MPE – maximum possible effect.
* p < 0.05 vs. Control group; Mann–Whitney U test.

Table 2. The effect of NMDA receptor antagonists (heman-
tane and MK-801) and the TRPV1 ion channel antagonist 
(BCTC) on the capsaicin-induced increase in the thermal 
pain threshold in ICR mice. Median (Q1; Q3)

Group 

Number 
of mice 

per 
group

Latency of 
tail flick 

response, s
MPE, %

Saline +  
saline/ethanol 11 4.60  

(4.50; 4.80)
0.00  

(-0.96; 1.92)

Saline +  
capsaicin, 1 mg/kg 13 7.70  

(6.80; 15.00)*
29.81  

(21.15; 100.00)*

BCTC 20 mg/kg +
capsaicin, 1 mg/kg 8 6.35  

(5.90; 7.45)*#
16.83  

(12.50; 27.40)*#

Hemantane 40 mg/kg + 
capsaicin, 1 mg/kg 11 5.60  

(4.90; 9.20)*#
9.62  

(2.88; 44.23)*#

MK-801 20 µg/kg + 
capsaicin, 1 mg/kg 14 4.60  

(3.90; 4.90)#
0.00  

(-6.73; 2.88)#

МК-801 0.5 mg/kg + 
capsaicin, 1 mg/kg 13 3.80  

(3.40; 4.60)*#
-7.69  

(-11.54; 0.00)*#

* p < 0.05 vs. group “Saline + saline/ethanol,” 
Mann–Whitney U test. 
# p < 0.05 vs. group “Saline + capsaicin, 1 mg/kg,” 
Mann–Whitney U test.
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In the groups of mice that had received NMDA 
receptor antagonists (hemantane and MK-801) and 
BCTC before capsaicin injection, the latency of the 
tail flick response was significantly lower than that in 
the group of mice that had received capsaicin and sa-
line (Table 2).

Hence, the thermal pain threshold was signifi-
cantly lower in the group of animals that had pre-
ventively (before capsaicin injection) been admin-
istered the selective TRPV1 ion channel antagonist 
(BCTC) or NMDA receptor antagonists (heman-

tane and MK-801) than that in mice that had re-
ceived capsaicin and saline. This demonstrates that 
NMDA receptor antagonists and BCTC (a TRPV1 
ion channel antagonist) exhibit similar activities. 
These agents suppressed the effect of capsaicin on 
TRPV1 ion channels that causes their desensitiza-
tion and, therefore, significant increase in the ther-
mal pain threshold.

One of the functions of TRPV1 is to get involved 
in thermoregulation through central and peripheral 
mechanisms [33–35]. Systemic administration of cap-
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Fig. 1. Effect of the TRPV1 antagonist BCTC and NMDA receptor antagonists hemantane and MK-801 on the capsai-
cin-induced decrease in the rectal temperature in mice. * p < 0.05 compared to the group “Saline / Saline + ethanol”, 
the Newman–Keuls test. # p < 0.05 compared to the group “Saline / Capsaicin 1 mg/kg”, the Newman–Keuls test
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saicin leads to a rapid transient decline in body tem-
perature, which is brought about by hypothalamus-
triggered vegetative reactions, such as vasodilation 
and hypersalivation [14, 36].

Glutamate receptors in the raphe pallidus nucle-
us (RPa) mediate the thermogenesis of brown adi-
pose tissue induced by the activation of dorsome-
dial hypothalamic neurons: microinjections of NMDA 
or kainic acid into RPa increase the temperature of 
brown adipose tissue in rats [37]. Preventive admin-
istration of LY 235959, a selective NMDA receptor 
antagonist, weakens hyperthermia induced by icilin 
(AG-3-5), an agonist of TRPM8 and TRPA1 channels, 
in rats [38].

In our experiment, a single subcutaneous adminis-
tration of 1 mg/kg capsaicin to mice induced transient 
hypothermia, which was observed 30 min after the in-
jection: the rectal temperature decreased by 2°C com-
pared both to its background value (before capsaicin 
injection) and its value in the control group of mice 
that had received solvents: saline + saline/ethanol 
mixture (9:1, v/v). The rectal temperature returned to 
normal 60 min after capsaicin administration (Fig. 1).

A preventive single intraperitoneal dose (20 mg/kg) 
of BCTC, the selective TRPV1 ion channel antago-
nist, which is capable of penetrating the BBB [18], 
suppressed the hypothermic effect of capsaicin. In 
mice that had sequentially received BCTC and then 
capsaicin (subcutaneously), the rectal temperature at 
30 and 60 min post-injection was significantly higher 

than that in the animal group receiving capsaicin and 
saline (by 2.5 and 0.8°C, respectively) (Fig. 1A). Like 
other TRPV1 ion channel antagonists, BCTC induces 
hyperthermia, whose formation mechanism remains 
unclear [32]. Thus, in our experiment, a significant 
increase in the rectal temperature (compared to the 
control group of animals) was observed in mice that 
had received a single intraperitoneal dose (20 mg/kg) 
of BCTC 30, 90, and 120 min post-injection: by 1, 0.6, 
and 0.5°C, respectively (Fig. 2A).

A preventive single-dose administration of non-
competitive NMDA receptor antagonists (the high-
affinity MK-801 and low-affinity hemantane) did not 
suppress the hypothermic effect of capsaicin that 
was observed 30 min after its injection. The rectal 
temperature in mice that had received the high-af-
finity NMDA receptor antagonist MK-801 at doses of 
20 µg/kg and 0.5 mg/kg prior to capsaicin injection 
was 35.18 and 35.36°C, respectively, after the injec-
tion; in the animals in the group “Capsaicin”, the rec-
tal temperature was 35.16°C (Fig. 1B,C). Meanwhile, 
similarly to BCTC, MK-801 induced hyperthermia in 
mice at both doses (Fig. 2A,B). The rectal tempera-
ture in animals that had received the high-affinity 
NMDA receptor antagonist at a dose of 0.5 mg/kg 
significantly exceeded that in the control group of 
mice, from minutes 30–120 of follow-up; at a dose 
of 20 µg/kg, 30, 90, and 120 min after administra-
tion of MK-801 (Fig. 2B). It is known that MK-801 
can induce both hyperthermia, when administered 

А

R
e

ct
al

 t
e

m
p

e
ra

tu
re

, 
°C

R
e

ct
al

 t
e

m
p

e
ra

tu
re

, 
°C

min min
Saline 
BCTC 20 mg/kg 
Hemantane 40 mg/kg

B

Saline
BCTC 20 mg/kg 
MK-801 0.5 mg/kg

0 30 60 90 120 150 0 30 60 90 120 150

39.0

38.5

38.0

37.5

37.0

36.5

36.0

38.5

38.0

37.5

37.0

36.5

Fig. 2. Effect of the TRPV1 antagonist BCTC and NMDA receptor antagonists hemantane and MK-801 on the rectal 
temperature in mice. * p < 0.05 compared to the group “Saline”, the Newman–Keuls test. # p < 0.05 compared to the 
group “Hemantane 40 mg/kg”, the Newman–Keuls test



48 | ACTA NATURAE | VOL. 15 № 1 (56) 2023

RESEARCH ARTICLES

to rats at doses up to 1.2 mg/kg [39, 40], and hypo-
thermia, when its dose is increased to 3 mg/kg [40]. 
In our study, the observed elevation of the rectal 
temperature in mice in response to the injection of 
the high-affinity NMDA receptor antagonist MK-801 
may have to do with its dopamine-positive effect. It 
has been demonstrated for rat striatal synaptosomes 
that both the noncompetitive NMDA receptor antag-
onist MK-801 and the competitive NMDA receptor 
antagonist (+/-)-CPP (3-(2-carboxypyperazin-4-yl)-
propyl-1-phosphonic acid) inhibit dopamine reuptake 
[41]. The dopaminergic system plays a crucial role in 
body temperature regulation in rats; agonists of D1- 
and D2-dopaminergic receptors induce hyperthermia 
in rats [42].

Single-dose preventive intraperitoneal admin-
istration of hemantane (40 mg/kg) 30 min prior to 
capsaicin injection significantly potentiated capsa-
icin-induced hypothermia: hemantane significant-
ly decreased the rectal temperature in mice by 
1.1°C compared to the group “Capsaicin” 30 min af-
ter administration of the TRPV1 agonist (Fig. 1D). 
Meanwhile, when administered intraperitoneally as 
a single dose (40 mg/kg) to intact animals, heman-
tane significantly reduced the rectal temperature by 
1°C 30 min post-injection; 60 min after hemantane 
administration, the rectal temperature of mice rose 
to a value that did not significantly differ from the 
rectal temperature in the control group (Fig. 2A). 
Therefore, capsaicin administered 30 min after 
hemantane injection increases the duration of the 
hypothermic effect of hemantane to 60 min. After 
this period (60 min after capsaicin injection), there 
was no significant difference in rectal temperature 
between animals that had received hemantane and 
the control group or the group “Capsaicin” (Fig. 1D).

It was found earlier that single-dose intraperito-
neal administration of 20 mg/kg hemantane reduces 
the levels of serotonin and its metabolite, 5-hydroxy-
indolacetic acid, in the striatum of C57Bl/6 mice 
[43]. Therefore, the detected hypothermic effect of 
hemantane would be apparently attributed to its ef-
fect on the serotonergic system, since hypothalamic 
serotonergic neurons control the body temperature 
homeostasis, while serotonin injection into the ther-
mosensitive anterior hypothalamic area induces hy-
perthermia [44].

Excitation of the capsaicin-sensitive peripheral 
nerves (cutaneous somatosensory afferents and af-
ferent vagus nerve fibers in the abdominal cavity) 
transmitting signals via the polysynaptic pathways 
into the preoptic area of the hypothalamus that is 
responsible for thermoregulation is considered to be 
a potential mechanism of TRPV1-induced hypother-

mia [35]. Furthermore, capsaicin, when penetrating 
the BBB [45], can activate the TRPV1 ion channels 
of hypothalamic neuronal cells and, therefore, af-
fect thermosensitivity [35]. Thus, capsaicin injec-
tion into the preoptic area of the hypothalamus of 
rats leads to a rapid decline in body temperature; 
repeated injections of this TRPV1 agonist decrease 
its intensity [46].

Preliminary administration of NMDA receptor 
antagonists suppressed the capsaicin-induced in-
crease in the threshold of pain sensitivity in the tail 
flick test reproducing the spinal flexion reflex in 
mice and shortened the duration of their response 
(paw licking) to the injection of a capsaicin solution 
into the metatarsal region in our earlier study [12]. 
Intradermal injection of capsaicin into a the paw in 
rats induced phosphorylation of the NR1 subunit 
of the NMDA receptors in the neurons of the dor-
sal horns of the spinal cord and the spinothalamic 
tract catalyzed by protein kinase A (PKA)- and PKC, 
which was detected 30 min after capsaicin injec-
tion [47, 48]. According to the reported facts of the 
functional interplay between NMDA receptors and 
TRPV1 ion channels, we put forward a hypothesis 
that preliminary administration of NMDA receptor 
antagonists MK-801 and hemantane would reduce 
the severity of capsaicin-induced hypothermia by 
weakening nerve impulse transmission from the pe-
riphery (in particular, in the spinal cord) to the pre-
optic area of the hypothalamus. This, however, did 
not occur: preliminary administration of NMDA re-
ceptor antagonists to the animals did not prevent 
transient capsaicin-induced hypothermia. Therefore, 
in the mechanism of transient capsaicin-induced hy-
pothermia in mice, we uncovered no functional in-
terplay between TRPV1 ion channels and NMDA 
receptors that would be similar to that detected in 
the experiments aiming to assess the pain response 
in mice in the tail flick test or the duration of the re-
sponse in mice when the studied TRPV1 agonist was 
injected into the metatarsal region [12]. Therefore, 
our data prove that when administered systemical-
ly, capsaicin, a selective TRPV1 ion channel agonist, 
can penetrate the BBB and act on the neurons in the 
preoptic area of the hypothalamus, thus affecting 
thermosensitivity.

CONCLUSIONS
It has been established in the tail flick test reproduc-
ing the spinal flexion reflex in mice that preventive 
administration of noncompetitive NMDA receptor 
antagonists (the high-affinity MK-801 and low-affin-
ity hemantane) and the selective TRPV1 ion channel 
antagonist BCTC inhibits the increase in the ther-
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mal pain threshold induced by capsaicin, a TRPV1 
agonist. Taking into account the interplay between 
NMDA receptors and TRPV1 ion channels at the pe-
riphery, the effect observed in the tail flick test in 
mice can be attributed to the effect exhibited by the 
tested compounds on afferent innervation. Further 
studies are needed to evaluate this interplay at the 
CNS level.

Single-dose subcutaneous injection of capsaicin 
induces transient hypothermia in mice, and prelimi-

nary administration of BCTC, a selective TRPV1 
ion channel antagonist, but not the noncompetitive 
NMDA receptor antagonists MK-801 and heman-
tane, this effect. Our findings prove that there can 
be a functional interplay between NMDA receptors 
and TRPV1 ion channels in the capsaicin-induced 
antinociceptive response, but this interplay is absent 
in the case of transient capsaicin-induced hypother-
mia, whose mechanism is attributed to hypothala-
mus-triggered vegetative reactions. 

REFERENCES
1. Chrizh B.A. // Amino Acids. 2002. V. 23. № 1–3. P. 169–
176.

2. Carlton S.M., Hargett G.L., Coggeshall R.E. // Neurosci. 
Lett. 1995. V. 197. № 1. P. 25–28.

3. Coggeshall R.E., Carlton S.M. // J. Comp. Neurol. 1998. 
V. 391. № 1. P. 78–86.

4. Kinkelin I., Bröcker E.B., Koltzenburg M., Carlton S.M. // 
Neurosci. Lett. 2000. V. 283. № 2. P. 149–152.

5. Ma Q.P., Hargreaves R.J. // Neuroscience. 2000. V. 101. 
№ 3. P. 699–707.

6. Du J., Koltzenburg M., Carlton S.M. // Pain. 2001. V. 89. 
№ 2–3. P. 187–198. 

7. Lawand N.B., Willis W.D., Westlund K.N. // Eur. J. Phar-
macol. 1997. V. 324. № 2–3. P. 169–177.

8. Zhou S., Bonasera L., Carlton S.M. // Neuroreport. 1996. 
V. 7. № 4. P. 895–900. 

9. Christoph T., Reissmüller E., Schiene K., Englberger W., 
Chizh B.A. // Brain Res. 2005. V. 1048. № 1–2. P. 218–227.

10. Lee J., Saloman J. L., Weiland G., Auh Q.S., Chung 
M.K., Ro J.Y. // Pain. 2012. V. 153. № 7. P. 1514–1524.

11. Jin Y.H., Yamaki F., Takemura M., Koike Y., Furuyama 
A., Yonehara N. // J. Pharmacol. Sci. 2009. V. 109. № 2. 
P. 233–241.

12. Ivanova E.A., Matyushkin A.I., Voronina T.A. // Pharm. 
Chem. J. 2021. V. 55. P. 857–859. 

13. Tominaga M., Caterina M.J., Malmberg A.B., Rosen 
T.A., Gilbert H., Skinner K., Raumann B.E., Basbaum A.I., 
Julius D. // Neuron. 1998. V. 21. № 3. P. 531–543.

14. Caterina M.J., Leffler A., Malmberg A.B., Martin W.J., 
Trafton J., Petersen-Zeitz K.R., Koltzenburg M., Basbaum 
A.I., Julius D. // Science. 2000. V. 288. № 5464. P. 306–313.

15. Chung M.K., Guler A.D., Caterina M.J. // Nat. Neurosci. 
2008. V. 11. № 5. P. 555–564.

16. Chavez A.E., Chiu C.Q., Castillo P.E. // Nat. Neurosci. 
2010. V. 13. № 12. P. 1511–1518.

17. Sanchez J.F., Krause J.E., Cortright D.N. // Neuroscience. 
2001. V. 107. № 3. P. 373–381.

18. Valenzano K.J., Grant E.R., Wu G., Hachicha M., 
Schmid L., Tafesse L., Sun Q., Rotshteyn Y., Francis J., 
Limberis J., et al. // J. Pharmacol. Exp. Ther. 2003. V. 306. 
№ 1. P. 377–386.

19. Mironov A.N., editor. Guidelines for Preclinical Trials of 

Medicinal Products. // M.: Grif i K, 2012. 944 p. (in Rus-
sian).

20. Bannon A.W., Malmberg A.B. // Curr. Protoc. Neurosci. 
2007. doi: 10.1002/0471142301.ns0809s41.

21. Sanchez J.F., Krause J.E., Cortright D.N. // Neurosci-
ence. 2001. V. 107. № 3. P. 373–381.

22. Medvedeva Y.V., Kim M.S., Usachev Y.M. // J. Neurosci. 
2008. V. 28. № 20. P. 5295–5311.

23. Bleakman D., Alt A., Nisenbaum E.S. // Semin. Cell. 
Dev. Biol. 2006. V 17. № 5. P. 592–604.

24. Chizh B.A., Headley P.M. // Curr. Pharm. Des. 2005. 
V. 11. № 23. P. 2977–2994. 

25. Salter M.W. // Curr. Top. Med. Chem. 2005. V. 5. № 6. 
P. 557–567.

26. Woolf C.J. // Anesthesiology. 2007. V. 106. № 4. P. 864–
867.

27. Dewey W.L., Harris L.S., Howes J.F., Nuite J.A. // J. 
Pharmacol. Exp. Ther. 1970. V. 175. № 2. P. 435–442.

28. Trevisani M., Gatti R. // Open Pain J. 2013. № 6 (Suppl 
1: M11). P. 108–118.

29. Tekus V., Bölcskei K., Kis-Varga A., Deezsi L., Szentir-
may E., Visegrady A., Horvath C., Szolcsanyi J., Petho G. 
// Eur. J. Pharmacol. 2010. V. 641. № 2–3. P. 135–141.

30. Al-Amin H., Saade N., Khani M., Atweh S., Jaber M. // 
Brain Res. 2003. V. 981. № 1–2. P. 99–107.

31. Forman L.J. // Life Sci. 1999. V. 64. № 21. P. 1877–1887.
32. Iftinca M., Defaye M., Altier C. // Drugs. 2021. V. 81. 
№ 1. P. 7–27. 

33. Kauer J.A., Gibson H.E. // Trends Neurosci. 2009. V. 32. 
№ 4. P. 215–224.

34. Sharif-Naeini R., Ciura S., Bourque C.W. // Neuron. 
2008. V. 58. № 3. P. 179–185.

35. Caterina M.J. // Am. J. Physiol. Regul. Integr. Comp. 
Physiol. 2007. V. 292. № 1. P. R64–R76.

36. Jancso-Gabor A., Szolcsanyi J., Jancso N. // J. Physiol. 
1970. V. 206. № 3. P. 495–507.

37. Cao W.H., Morrison S.F. // Neuropharmacology. 2006. 
V. 51. № 3. P. 426–437.

38. Ding Z., Gomez T., Werkheiser J.L., Cowan A., Rawls 
S.M. // Eur. J. Pharmacol. 2008. V. 578. № 2–3. P. 201–208.

39. Pechnick R.N., Hiramatsu M. // Eur. J. Pharmacol. 1994. 
V. 252. № 1. P. 35–42.

40. Hetzler B.E., Burkard H.K. // Pharmacol. Biochem. Be-



50 | ACTA NATURAE | VOL. 15 № 1 (56) 2023

RESEARCH ARTICLES

hav. 1999. V. 62. № 3. P. 559–573.
41. Kovalev G.I., Abaimov D.A., Voronin M.V., Firstova 
Yu.Yu., Dolotov O.V. // Neurochem. J. 2007. V. 24. № 2. 
P. 253–259. 

42. Nagashima M., Yamada K., Kimura H., Matsumoto S., 
Furukawa T. // Pharmacol. Biochem. Behav. 1992. V. 43. 
№ 4. P. 993–997.

43. Abaimov D.A., Zimin I.A., Kudrin V.S., Kovalev G.I. // 
Eksperimental’naya i Klinicheskaya Farmakologiya. 2009. 
V. 72. № 1. P. 64–67. (in Russian).

44. Myers R.D. // J. Physiol. (Paris). 1981. V. 77. № 2–3. 
P. 505–513.

45. Saria A., Skofitsch G., Lembeck F. // J. Pharm. Pharma-
col. 1982. V. 34. № 4. P. 273–275.

46. Jancso-Gabor A., Szmrecsanyi J., Jancso N. // J. Physiol. 
1970. V. 208. № 2. P. 449–459.

47. Zou X., Lin Q., Willis W.D. // Neuroscience. 2002. V. 115. 
№ 3. P. 775–786.

48. Zou X., Lin Q., Willis W.D. // Brain. Res. 2004. V. 1020. 
P. 95–105.


	Biomedical Nanosystems for In Vivo Detoxification: From Passive Delivery Systems to Functional Nanodevices and Nanorobots
	B Cell Profiling in Patients with Pemphigus Vulgaris
	Evaluation of the Effectiveness of Various Autophagy Inhibitors in A549 Cancer Stem Cells
	An Analysis of Genetic Predisposition to Hereditary Catalepsy in a Mouse Model of Neuropsychiatric Disorders Using Whole-Genome Sequencing Data
	Genetic Variants Associated with Bronchial Asthma Specific to the Population of the Russian Federation
	Analysis of the Involvement of NMDA Receptors in Analgesia and Hypothermia Induced by the Activation of TRPV1 Ion Channels
	RNAcontacts: A Pipeline for Predicting Contacts from RNA Proximity Ligation Assays
	The Relationship of Precursor Cluster Concentration in a Saturated Crystallization Solution to Long-Range Order During the Transition to the Solid Phase
	Specificity of Penicillin Acylases in Deprotection of N-Benzyloxycarbonyl Derivatives of Amino Acids
	Creation of Recombinant Biocontrol Agents by Genetic Programming of Yeast
	Distortion of Population Statistics due to the Use of Different Methodological Approaches to the Construction of Genomic DNA Libraries

