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The literature contains contraversial
information about the effect of
M-cholinoblockers on pain sensitivity.
The wuse of plants that contain
cholinolytic tropane alkaloids for
analgesic purposes has been known
since ancient Rome. For example, Pliny
the Elder in Naturalis Historia wrote
about using the juice of mandrake or
black  henbane before surgical
procedures for pain relief, and Galen
used mandrake roots or henbane seeds
to ease toothache [1]. Today, these
remedies can be considered one group
of adjuvant analgesics, but this effect
has not been studied enough. The peak
of publications on this topic was in the
1970s-1990s, which explains the need
to cite many studies from that period.

In study [1], it was reported that in
the hot plate test atropine sulfate has
different effects on pain sensitivity: in
very low (0.001-0.01 mg/kg) and
relatively low (0.1 mg/kg) doses it
produces a central antinociceptive
effect; at a dose of 1 mg/kg it has no
effect, and at high doses (5 mg/kg) it
increases pain sensitivity. However,
early studies [2] showed that atropine
(1 mg/kg) lowers the pain threshold in
rodents. Thus, the results of different
studiesontheeffect of M-cholinoblockers
on pain sensitivity are contradictory,
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and the reason for the complex dose-
dependent effect remains unclear.
More recent publications [3] report
that atropine and scopolamine in the
hot plate test increase the latency time
(LT) of a nociceptive reaction in a dose-
dependent way if hind paw licking is
used as a criterion, and do not increase
it when other behavioral reactions
(jumping, etc.) are used.

The mechanism of the analgesic
effect of these substances is associated
with the blockade of presynaptic
M-cholinoreceptors. The antagonism of
pirenzepine, dicyclomine, and
oxotremorine toward atropine-induced
analgesia indicates the participation of
M1-type cholinoreceptors in this
mechanism. Possible interaction
between the cholinergic and opioid
systems is also not excluded. The
instructions for atropine sulfate state
that it reduces the analgesic effect of
opiates [4]. But in study [2], naloxone
causes hyperalgesia in rodents, which
atropine (1 mg/kg) enhances. On the
other hand, some publications report
analgesic properties of naloxone [5].

Therefore, it is reasonable to verify
the dose-dependent effect of several
M-cholinoblockers on pain sensitivity,
clarify the similar properties of
naloxone, and assess the interaction
between these agents.

The aim of the study — to determine
the effect of atropine sulfate,
scopolamine hydrobr,omide, and
platyphylline hydrotartrate over a wide
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range of doses, as well as naloxone, on
pain sensitivity in mice in the hot plate
test; and to identify the type of
interaction between antagonists of
M-cholinoreceptors and opioid receptors
in their influence on nociception.

Materials and methods. The study
was carried out at the Educational and
Scientific Institute of Applied
Pharmacy of the National
Pharmaceutical University (NUPh) on
117 adult male white mice weighing
30-40 g. All studies were carried out
in compliance with bioethical standards
in accordance with the Law of Ukraine
and European Convention for the
protection of vertebrate animals used
for experimental and other scientific
purposes (Strasbourg, 1986) [6].

A model of somatic pain was used
and reproduced in the hot plate test
(Hot/Cold Plate device, Bioseb, USA) at
a surface temperature of 53 °C. The
nociceptive reaction was evaluated by
the LT of hind paw licking, which is
considered the most accurate marker of
pain sensitivity [3]. Additional
behavioral patterns were also recorded —
licking of the front paw and jumping.
If no nociceptive reaction was observed
by the 60% second, the mouse was
removed from the plate to prevent
burns; in such cases the latency time
was assumed to be 60 s.

Two experimental series were
performed. In the first series, the
effect of the centrally acting

M-cholinoblocker scopolamine on pain
sensitivity was examined. The mice
were randomly divided into 2 groups.
Group 1 — control (n = 24): animals
received an intraperitoneal (i.p.)
injection of 0.9% NaCl solution at a
volume of 0.1 ml/10 g. Mice in group
2 (n = 19) received i.p. injections of
scopolamine hydrobromide trihydrate
(Thermo Fisher Scientific, China) at a
dose of 1.5 mg/kg in the same volume.

The LT of the nociceptive reaction was
measured 30 min after injection. The
large number of observations was
necessary to reliably detect the effect
on nociception at the level close to the
standard deviation of LT.

In the second experimental series, the
effects of different doses of three
M-cholinoreceptor antagonists, as well
as the opioid receptor antagonist
naloxone and its combination with
scopolamine, on pain sensitivity were
assessed. The protocol of this experiment
differed from the previous one in that it
included measuring LT at baseline and
after administration of the tested
substances. The animals were randomized
into 9 groups, and experiments were
conducted on different days. Group 1 —
control: mice received i.p. 0.9% NaCl
(n = 26; all control animals were
combined into one group because their
results from different days were similar).
Mice in groups 2—4 received i.p. atropine
sulfate solution (Darnytsia, Ukraine) at
doses of 0.1 mg/kg (group 2, n = 7),
1 mg/kg (group 3, n = 6), and 5 mg/kg
(group 4, n = 6). The high dose of
5 mg/kg was used because it has been
reported [1] to increase pain sensitivity
in the hot plate test. Mice in groups 5—6
received i.p. platyphylline hydrotartrate
(LLC "Pharmaceutical Company
"Zdorovye") at doses of 0.125 mg/kg
(group 5, n = 6) and 1.25 mg/kg (group
6, n = 6). Animals in groups 7-8
received scopolamine hydrobromide at
doses of 0.1 mg/kg (group 7, n = 6) and
1.0 mg/kg (group 8, n = 6). These doses
of platyphylline hydrotartrate and
scopolamine were equimolar to atropine
sulfate doses of 0.1 mg/kg and 1 mg/kg.
Higher doses of these agents were not
used, in particular due to the dose-
dependent increase in locomotor activity
and anxiety caused by scopolamine at
doses of 3 mg/kg and 10 mg/kg [7]
(these manifestations may interfere with
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the behavioral phenomena considered in
the hot plate test), and for bioethical
reasons to reduce the number of animals
in the study. LT was measured 30 min
after administration of the M-cholino-
blockers. Mice in group 9 (n = 5)
received i.p. naloxone (Naloxone-ZN,
LLC "Zdorovya Narodu”, Ukraine) at a
dose of 5 mg/kg [8, 9]; LT was measured
after 30 min, then scopolamine
hydrobromide (1 mg/kg)wasadministered,
and the LT was measured again after
30 min. Based on the pharmacokinetic
parameters of scopolamine in rodents
[10], this protocol is appropriate for the
purpose of the study. The observation
time is due to the fact that within 30 min
naloxone exhibits neurotropic effects in
mice [11].

For statistical processing (Statistica
12.0), the Mann-Whitney U test was
used for between-group comparisons,
and the Wilcoxon signed-rank test was
used to assess changes within groups
(before vs. after). The frequency of
certain effects in groups was compared
using Fisher’s angular transformation
(p-test). To determine sample size in the
initial scopolamine experiment, the
effect size (D) was used. The value of D
depends on the expected difference

between mean values relative to the
standard deviation and equals the desired
difference in means divided by the
standard deviation (D = required
difference in means / standard deviation).
Based on this, to detect a statistically
significant difference between the
control and experimental groups at the
level of one standard deviation, D must
equal 1. For D = 1, the required sample
size is 23 [12]. In later experiments, the
sample size was reduced for bioethical
reasons and due to the high sensitivity
of the method. The results are presented
as M = m and Me [Q25; Q75]. Differences
were considered statistically significant
at p < 0.05.

Results and discussion. In the first
series of experiments, as shown in
Table 1, scopolamine at a dose of
1.5 mg/kg produced a clear analgesic
effect, increasing the latency time of
the nociceptive reaction by an average
of 157% (p < 0.01). This provided
grounds to proceed to the second series
in order to determine the influence of
other M-cholinoreceptor antagonists on
nociception and the dose-dependence of
this effect.

As shown in Table 2, the mean
baseline LT for hind paw licking in the

Table 1

Effect of scopolamine hydrobromide (1.5 mg/kg) on the nociceptive
response of mice in the hot plate test (M * m, Me [Q25; Q75])

Group, number

Latency to hind-paw licking, s

Change relative

Me [Q25; Q75]

of animals to control, %
M £m 14.0£1.0
Control, B
n=24

13.05[10.08; 16.38]

Scopolamine M+m

36.02 £ 417"

hydrobromide,

n=19 Me [Q25; Q75]

+ 157
30.0 [22.20; 60.0]"

Note. Statistically significant differences compared to the control: **p < 0.01 (according to the Mann-Whitney

criterion ).

®apmakonoris Ta nikapcbka Tokcukonoris, Tom 20, No 1/2026

15

ISSN 2227-7943. Pharmacology and Drug Toxicology, 2026, 20 (1), 13—21




control group was (21.93 += 2.11) s,
and after repeated measurement 30 min
later it did not change significantly: it
showed only a tendency to increase by
16.4%, which was not statistically
significant according to the Wilcoxon
paired test.

A slight increase in LT was observed
only in 50% of the animals, while in
the other 50% the LT slightly
decreased. This means that mice do not
develop habituation to repeated testing
on the hot plate, and it confirms that
reliable results on the effects of the
studied substances on pain sensitivity
can be obtained. Our results agree with
the data in [13], which show that
repeated testing does not cause
significant changes in pain sensitivity
in rodents.

It should be noted that other
behavioral patterns of the mice were
unstable. For example, licking of the
front paws, even during the first
testing in the baseline state, was not
observed in all animals and varied
greatly: the number of such licking
events per animal in different groups
ranged from (0.17 = 0.17) (observed
only in 1 out of 6 mice) to (3.60 =
1.21) (the difference was significant at
p <0.01). When this behavior occurred,
it happened either before or after hind
paw licking, meaning it did not have a
regular time pattern. This corresponds
to the data in [3], which indicate that
front paw licking is not a reliable
criterion of nociceptive reaction in the
hot plate test.

As shown in Table 2, in the atropine
sulfate group at a dose of 0.1 mg/kg,
a moderate increase in LT for hind paw
licking was observed in 71.4% of cases
and showed only a tendency to increase
(on average by 17.6% compared to
baseline). At a dose of 1 mg/kg, this
effect occurred in 50% of cases (an
increase of 40%). With a large increase

in dose to 5 mg/kg, the LT increase
was statistically significant compared
to the control group (p < 0.05),
occurred in 100% of the animals, and
reached 108% relative to baseline (p <
0.05). Other behavioral patterns (front
paw licking, jumping as an escape
attempt) were unstable, appeared only
in some animals, sometimes repeated
and sometimes did not, or appeared for
the first time during the second test 30
min after injection. When this response
repeated after the administration of an
M-cholinoblocker, it usually occurred
at a similar or later time than during
the baseline test. Front paw licking
was more common during the baseline
test but not during the final test, and
in some cases it appeared as grooming
behavior — a sign of restlessness. Thus,
using jumping and front paw licking as
stable and reliable criteria for
nociceptive reaction in studies of
M-cholinoblockers appears inappro-
priate.

Platyphylline hydrotartrate caused a
statistically significant increase in LT
compared to baseline (p < 0.05) at both
doses — by 124.3% at 0.125 mg/kg,
and by 72.5% at 1.25 mg/kg (Table 2).

Scopolamine hydrobromide, similarly
to the testing at 1.5 mg/kg, caused a
statistically significant (p < 0.05)
analgesic effect at both lower doses:
LT increased by 89.4% at 0.1 mg/kg
and by 82.1% at 1 mg/kg (Table 2). A
characteristic feature of mouse
behavior under the effect of this
M-cholinoreceptor antagonist was a
significant increase in the number of
rearing events on the hind legs: up to
(4.50 = 0.92) at a dose of 0.1 mg/kg
compared to (2.15 = 0.50) in the intact
control (p < 0.05), and up to (5.67 =
2.55) at a dose of 1 mg/kg. This
behavior is a marker of escape attempts
and anxiety in rodents in the hot plate
test [14].
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Table 2

Effect of M-cholinoblockers and naloxone on the nociceptive response

of mice in the hot plate test over time (M = m, Me [Q25; Q75])

Latency to hind-paw licking Number of
Dose s animals
mg/kg; change _ with
) ) 0 increased
n baseline after 30 (60°®) min % latency,
abs./%
Intact control

- 21.93+2.11 2553 +3.24

n=26 18.20 [15.43; 27.53] | 20.95[15.20;25.23] | 104 13/50
Atropine sulfate
0.1, 18.74 £ 1.99 22.04+2.02
n=7 17.80 [14.60; 21.80] 22.0[19.30; 24.30] *17.6 5/11.4
1.0, 27.77 £3.55 38.88 £ 7.51
n=6 05.65 [23.15; 26.43] | 87.25[26.83:54.50] | 200 3/50
5.0, 21.55+3.07 44.82 +7.33 A
n=6 19.60 [17.15; 23.25] | 50.70 [30.53;60.01~% | * 1080 | 6/100
Platyphylline hydrotartrate
0.125, 12.25+2.14 27.48 £6.76 A
n=6 10.80 [9.78; 12.73]* | 23.55 [21.75; 24.23% | 1243 |  6/100
1.25, 12.93+1.33 22.30 +2.30
n=6 12.85[10.68; 14.73]** | 21.55[19.65; 25.48] | /> 5/833
Scopolamine hydrobromide
0.1, 15.07 £ 3.70 28.55+6.55 n
n=6 11.70 [9.45; 16.50] | 23.60[21.93; 27.15% | 894 6/100
1.0, 22.77 £ 3.96 41.47 +6.61
n=6 19.85 [15.53; 28.45] | 39.35[30.43; 56.00]~# | 82 5/83.3
Naloxone
5.0, 25.52+5.68 35.76 £7.05 An
n=5 17.40 [17.00: 36.80] | 31.20[29.60:40.30]* | T 401 100
Naloxone + scopolamine hydrobromide

50+1.0, 25.52 +5.68 55.84 +4.16® an
n=5 17.40 [17.00; 36.80] | 60.0[60.0;60.07~# | * 188 100

Note. Statistically significant differences compared to the control: *p < 0.05, **p < 0.01 (according to the
Mann-Whitney criterion); ~p < 0.01 (according to Fisher's angular transformation); with the initial state
within the group: ¥p < 0.05 (even Wilcoxon criterion); n — number of animals in the group, @after 60 min.

Naloxone showed analgesic activity:
it significantly increased the LT of the 2).

40.1%, p < 0.05) in all animals (Table
Scopolamine (1 mg/kg),

when

nociceptive reaction (on average by administered to these mice under
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naloxone action, caused a further
increase in the analgesic effect — LT
increased in all animals (on average by
118.8% relative to baseline, p < 0.05).
Thus, under opioid receptor blockade,
the analgesic effect of  the
M-cholinoreceptor antagonist is
potentiated. It should be noted that
after scopolamine administration
following naloxone, the number of
jumps on the hot plate as escape
behavior increased significantly (on
average to (8.0 = 2.66) compared to
(2.46 = 1.28) in the intact control, p <
0.05, and (1.60 = 0.60) under naloxone
per se, p < 0.05). As the latter value
shows, the intensity of this pattern in
the naloxone per se group was low and
even lower than the control level,
which does not correspond to the data
in [15], where rodents under naloxone
tend to react in the hot plate test
mainly with escape behavior.

Thus, all tested M-cholinoreceptor
antagonists produced an analgesic
effect. Scopolamine and platyphylline
showed clear analgesic properties at
low doses (0.1-0.125 mg/kg). Atropine,
at the lowest tested dose of 0.1 mg/kg,
showed only a tendency to reduce pain
sensitivity, but this effect increased
with the dose and reached its maximum
at 5 mg/kg. Therefore, atropine sulfate
demonstrates a dose-dependent
analgesic action that progressively
increases across a wide dose range.
These results contradict the data in
[1], according to which the analgesic
effect of atropine sulfate was observed
only at doses of 0.001-0.01 mg/kg,
and higher doses produced the opposite
effect. The differences may be related
to methodological features of the cited
study, where the criterion of the
nociceptive reaction was licking of any
limb - both front and hind. This
approach, according to our observations
and the data in [3], gives less accurate

results than the latency time of hind
paw licking. Another possible reason
for the differences may be a
pharmacogenetic factor: the cited
study used Swiss mice, whereas our
study used random-bred animals.

The effect of naloxone on pain
sensitivity is complex. At ultralow
doses (1-100 ng/kg), naloxone blocks
mainly high-affinity opioid receptors
associated with Gs-proteins, which
strongly enhances the antinociceptive
activity of morphine and at the same
time reduces opioid tolerance and
dependence [16]. Analgesia caused by
low doses of naloxone is considered
paradoxical; it was observed after
systemic administration of naloxone per
se or in combination with opioid drugs
and was confirmed in vivo and in vitro
in a trigeminal nociception model after
local administration into vibrissae in
the orofacial formalin test in rats [17].
Non-opioid mechanisms of naloxone are
also discussed: at low doses it inhibits
toll-like TLR4 receptors in microglia,
which play an important role in glial
dysregulation of opioidergic mecha-
nisms. This effect of naloxone prevents
the release of pro-inflammatory cyto-
kines, which reduces pain sensitivity in
a model of neuropathic pain [18].

We used a higher dose of naloxone
(5 mg/kg), for which an analgesic effect
has been described due to blocking the
inhibitory influence of p-opioid
receptors on dynorphinergic neurons,
leading to an increase in endogenous
opioids and their agonistic action on
k-opioid receptors, to which naloxone
has lower affinity [5]. A similar
mechanism of naloxone’s analgesic
action at 10 mg/kg in a model of
chronic inflammatory pain induced by
Freund’s adjuvant was described in
[19]. However, in a stress model induced
by forced walking for 6 or 9 days,
naloxone (10 mg/kg) reduced stress-
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induced antinociception, meaning it
showed pronociceptive properties. There
are also other reports of naloxone-
induced hyperalgesia in rodents and its
enhancement by atropine [2]. In study
[1], naloxone (1 mg/kg) did not affect
pain sensitivity in the hot plate test and
did not influence the antinociceptive
effect of atropine compared to atropine
alone. Our results in the model of
nociceptive pain ("Hot Plate”) confirm
the presence of clear analgesic properties
of naloxone at the moderately high dose
of 5 mg/kg and the enhancement of
antinociceptive action in the combination
of naloxone with scopolamine.

Future research should focus on
studying the effect on pain sensitivity
of a wider range of M-cholinoreceptor
antagonists with both central and
peripheral action and with different
selectivity profiles, further clarification
of the mechanisms and dose-dependence
of the antinociceptive effects of
M-cholinoblockers and naloxone, and
evaluation of interactions between
M-cholinoblockers and analgesics of
different pharmacological groups.

Conclusions

1. All three studied M-cholinoreceptor
antagonists (atropine sulfate, sco-
polamine hydrobromide, platyphyl-

line hydrotartrate) show analgesic
properties in the somatic pain model
using the hot plate test in mice.

. According to the increase in the

latency of hind-paw licking, the
effect of atropine becomes stronger
across a wide range of tested doses
(a slight tendency at 0.1 mg/kg
and 1 mg/kg, and a significant
effect at 5 mg/kg). Scopolamine
causes a similarly strong analgesia
at both 0.1 and 1 mg/kg. Platy-
phylline shows a stronger effect at
0.125 mg/kg (equimolar to 0.1 mg/
kg of atropine) and a weaker effect
at 1.25 mg/kg (equimolar to
1 mg/kg of atropine). Scopolamine
at a higher dose of 1.5 mg/kg causes
a more pronounced analgesic effect
compared to the synchronous con-
trol.

. The opioid receptor antagonist nalo-

xone (5 mg/kg) shows a moderate
antinociceptive effect, which
becomes much stronger when M-cho-
linoreceptors are blocked by scopo-
lamine (1 mg/kg).

. Behavioral patterns such as licking

of the front paws, jumping, and
vertical standing, unlike licking of
the hind paws, are not stable or
reliable markers of nociceptive reac-
tion in the hot plate test.
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lMopasika. ABTOpM BUCIOB/IOIOTb IIMOOKY BASHHICTb YCiM 3axyUCHMKaM Ykpaitu, 3aBasku
SKVM L€ [OCIIXEHHSI CTaso MOXIVNBUM.

KoHnikT iHTEPECiB. ABTOPYM 3asiB/ISHOTh PO BiACYTHICTb KOHMIKTY IHTEPECIB.

D. Kyrylov, M. Hutorka, D. Hermanova, S. Shtrygol’
M-cholinoblockers with central action and naloxone: antinociceptive properties
and interaction in the hot plate test on mice

Centrally acting M-cholinoreceptor antagonists are usually described as drugs that affect autonomic
functions. However, their possible analgesic properties are still not well studied, even though tropane
alkaloids were historically used for pain relief. Modern publications show contradictory results about the
effect of atropine and scopolamine on pain sensitivity, and some authors discuss the role of cholinergic
and opioid mechanisms in their antinociceptive action.

The aim of the study — to determine the effect of atropine sulfate, scopolamine hydrobromide, and
platyphylline hydrotartrate over a wide range of doses, as well as naloxone, on pain sensitivity in mice in
the hot plate test; and to identify the type of interaction between antagonists of M-cholinoreceptors and
opioid receptors in their influence on nociception.

The study used 117 adult male outbred white mice. In the hot plate test at 53 °C, the latency of the
nociceptive reaction was measured (licking of the hind paw and other behavioral patterns such as jumps,
licking of the front paws, and vertical standing) 30 min after drug administration. In the first series, the
effect of scopolamine hydrobromide trihydrate (1.5 mg/kg, intraperitoneally) was evaluated. In the second
series, atropine sulfate (0.1, 1, 5 mg/kg), platyphylline hydrotartrate (0.125 mg/kg and 1.25 mg/kg,
equimolar to 0.1 and 1 mg/kg of atropine sulfate), scopolamine hydrobromide trihydrate (0.1 mg/kg and
1 mg/kg), and naloxone (5 mg/kg) were used alone and in combination with scopolamine (1 mg/kg).

The instability of additional behavioral patterns confirmed that hind-paw licking is the most reliable
nociceptive marker under the action of M-cholinoblockers. All studied M-cholinoblockers were able to
reduce pain sensitivity. Atropine sulfate showed a dose-dependent effect: from a slight increase of latency
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at low doses to a strong and statistically significant analgesia at 5 mg/kg. Scopolamine and platyphylline
showed strong analgesic effects already at low doses (0.1-0.125 mg/kg). Naloxone (5 mg/kg) produced
a moderate but statistically significant antinociceptive effect. When naloxone was combined with
scopolamine, the latency time more than doubled compared to baseline, showing a strong enhancement
of effects and a complex interaction between cholinergic and opioid systems.

The results show that M-cholinoblockers may have potential as adjuvant analgesics and highlight the
importance of studying their interaction with the opioid system. This may help in developing new combined

pharmacological approaches for pain treatment.

Key words: M-cholinoblockers, atropine, scopolamine, platyphylline, naloxone, pain sen-
sitivity, hot plate test, mice

A. K. Kupnnos, M. O. l'yropka, [l. C. lepmaHoBa, C. 1O. LLtpuronp
M-xoniHoGnokaTopu 3 LeHTpasibHUM KOMMNOHEHTOM Al Ta HANIOKCOH: CUHEPriYHi
AHTUHOLMLUENTUBHI BAaCTUBOCTI B TECTI «rapsiya NaacTuHa» y MuLLein

AHTaroHict M-xoniHopeuenTopiB 3 LEeHTPaNbHOI Ai€0 TpaauUiiHO PO3rMagaloTbCs NepPeBaxHO K
3acobu, WO BMAMBalOTb HA BeretatMBHi YHKLUIT, OAHAK iXHi MOTEHUiNHI aHanreTu4Hi BAACTUBOCTI
3aNMLWAKTLCA HEQOCTATHBO BMBYEHUMU, HE3BAXAlO4M HA YMCNEHHI iICTOPUYHI 3ragku nNpo 3aCTOCYyBaHHSA
TPOMAHOBMX aNKanoifgiB 3 MeTolo 3HebOoNEeHHs. Y cydacHUX nybnikauiax HasiBHI cynepeynvBi pesynsratu
040 BrUIMBY aTpoOMiHy A CKOMonamiHy Ha 60/1bOBY YYTNMBICTb, MOBIAOMSIETECS MPO MOXIMBY y4acTb
XONIHEePriYHMX Ta ONioiAEPriYHNX MEXaHI3MIB Y iIXHI aHTUHOLMUENTUBHIN gji.

MerTta gocnigxeHHsr — 3'acyBaTu BB aTponiHy cynbdary, ckononamiHy rigpoépomigy, nnatndiniHy
rigpoTaTpary B LUMPOKOMY Aiana3oHi [03, a TakoX HaJIOKCOHY Ha 60bOBY Yy TNMBICTb MULLEN Y TeCTi «faps-
ya MnaacTuHa»; BU3HAYMTU XapakTep B3aeMOfjii MiXX aHTaroHictTamum M-xoniHOpeuenTopiB Ta onioigHux
peuenTopiB 3a BMAMBOM Ha HOLMLENLLIO.

Y pocnipxeHHi BukopuctaHo 117 6e3nopogHux gopocnunx 6inux muwein-camuis. Y TecTi «fapsya nnac-
TMHa» 3a Temnepatypu 53 °C BM3HA4Yann NateHTHUIA Yac HOLMLLENTUBHOI peakLii (06n11M3yBaHHSA 3aaHbOI
nann Ta iHWi NoBeniHKOBI NaTtepHu — CTPUOKK, 06NM3yBaHHSA NMEpPeaHix nan, BepTuKkanbHi CTilkK) Yyepes
30 xB nicns BBEAEHHS A0CNIAXYBaHMX 3ac006iB. Y 1 cepii eKCneprMMeHTIB OLLHIOBaNM BMNB CKOMONAMIHY
rigpobpominy Tpurigparty (1,5 Mr/kr BHYTPIiLLHBOOYEPEBUHHO). Y 2 cepii BUKOPUCTOBYBAM aTPOMiHy Cy/b-
dat (0,1; 1; 5 mr/kr), nnatndininy rigpotaptpat (0,125 mr/kr Ta 1,25 mr/«r, wo exsimonsapHo 0,1 Ta 1 mr/
Kr atponiny cynbdarty), ckononaminy rigpodpomig Tpurigpar (0,1 mr/kr Ta 1 Mr/kr), a Takox HaJIOKCOH
(5 Mmr/kr) per se Ta B kOMOiHaLLi 3i ckononamiHom (1 mr/kr).

HecrTilikicTb 0OLATKOBUX MNOBEAIHKOBMX MATEPHIB MiATBEPOXYE, WO came 06M3yBaHHSA 3a4HbOI lanu
MOXe PO3MAAaTUCh K HANHAZINHILLIMIA KPUTEPI HOLMLLENTUBHOI peakLii B ymoBax aii M-xoniHo6nokato-
piB. Yci pocnigxeri M-xoniHo6nokatopu 3aatHi 3HUXKYBaTK 60NbOBY Yy TNMBICTL. ATPONiIHY cynbdat npoae-
MOHCTPYBaB [40303aNeXHNI XxapakTep Aii: Big, TeHAEHLUIMHOro 30iNbLLIEHHS NaTEHTHOMO Yacy 061M3yBaHHS
3aHbOI Nanun B HU3bKMX 003aX A0 3HAYHOI CTAaTUCTUYHO 3HAYYLLOT aHanresii 3a 4o3un 5 mr/kr. Ckononamin
i nnatMdiniH, HaBNakyn, BUSBUIN CUNTbHUIA aHANreTUYHUA edekT yxe B HM3bkunx fo3sax (0,1-0,125 mr/kr).
HanokcoH (5 Mr/kr) BUSIBMB MOMIpPHI, ane CTaTUCTUYHO 3HaYyLLi aHTUHOLMLIENTUBHI BNACTUBOCTI. 3a Noea-
HaHHS HANIOKCOHY 3i CKOMoaMiHOM NaTeHTHWUI Yac 601bOBOI peakLii 30inbLIyBaBcs OiNbLU HiXX yABIYi OO0
BUXIAHOIO NOKAa3HMKA, LU0 CBIAYNTb MPO 3HA4YHE NOCUNIEHHS edeKTiB i CkNaaHy B3aEMOAII0 MiX XONiHepriy-
HOIO Ta ONioiAEpPriYHOI0 CUCTEMAMMU.

OTpuMaHi pesynbTaTi cBigyaTh NPO NePCNEKTUBHICTb NOAANbLLIOIO BUBYEHHS M-XxoniHo6noKkaTopiB sk
MOTEHUNHUX a4’ lOBaHTHUX aHANreTUKIB, a TaKoX MEXaHi3MiB iXHbOi B3aEMOZii 3 OMioigepridyHo cucte-
MOIO, LLLO MOXE MaTK 3HAYEHHS 4519 PO3POOKM HOBUX KOMOIHOBAHMX NigxoaiB A0 dapMakooriyHOi Kopek-
Lii 6011bOBUX CUHAPOMIB.

Knodosi cnoBa: M-xoniHo610katopy, aTporiiH, CKornosiamiH, niatuiniH, HaJIoOKCOH,
60s1b0Ba 4yTIMBICTb, TECT «[apsiya niactTuHa», MULLI
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