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The effects of low-affinity NMDA-receptor antagonists amantadine (1-aminoadamantane hydrochloride) and
hemantane [N-(2-adamantyl)hexamethyleneimine hydrochloride] on morphine-induced analgesia in
C57B1/6 mice were studied. Amantadine (10 and 20 mg/kg, i.p.) per se did not affect the latent period of the
response in the hot-plate test while hemantane (10 and 20 mg/kg, i.p.) increased dose-dependently pain
thresholds 180 and 240 min after administration. Morphine (20 mg/kg, s.c.) showed a time—effect depend-
ence (30 — 120 min). The aminoadamantanes were administered 90 min after the opioid to assess their effects
on morphine-induced antinociception. The responses of the animals were recorded for the next 2.5 h. The
aminoadamantanes potentiated and extended the analgesic activity of morphine in the order of efficacy
amantadine < hemantane. The results indicated that the aminoadamantanes had different capabilities to cause

delayed analgesia and modulated opioid antinociceptive activity at the supraspinal level.
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Antagonists of N-methyl-D-aspartate (NMDA) receptors
such as ketamine and dextromethorphan are currently used
as adjuvant therapy for enhancing the antinociceptive activ-
ity of opioid analgesics for pain therapy during post-opera-
tive recuperation [1] despite the adverse side effects such as
the addiction potential that place several limitations on phar-
macotherapy with these drugs. Clinical experience with the
use of low-affinity aminoadamantane NMDA-receptor anta-
gonists is equivocal. On one hand, amantadine, a drug that is
widely used to treat Parkinson’s disease [2], after a single ad-
ministration in double-blind placebo-controlled trials redu-
ced the demand for morphine in prostatectomy patients [3]
and after surgical spinal manipulations [4]. On the other, the
effects of amantadine on acute and chronic pain and the
amount of used morphine in the post-operative period were
not reported [5].

According to experimental studies, blockage of NMDA-
receptors by aminoadamantane derivatives can potentiate
[6 — 8], diminish [9], or have no effect on [10] analgesia in-
duced by opioids. An analysis of results for the effects of
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non-competing NMDA-receptor antagonists on acute mor-
phine-induced antinociception led to the conclusion that the
results depended on the type of laboratory animal [6, 7], sex
[11], sequence and time between administrations [12], se-
lected test protocol, and modality of nociceptor stimulation
[6 — 8]. It is noteworthy that most studies on the combined
action of NMDA-receptor blockers and opioids on somatic
pain used the tail-flick test.

Hemantane is an original domestic aminoadamantane
drug with pronounced activity equivalent to amantadine in
experimental Parkinsonism models [13 — 15] and in patients
in its early stages [16]. Previously, hemantane was shown to
have analgesic activity with acute and subchronic adminis-
tration and electrical pain stimulation and for simulated
neuropathic pain in rats [13]. Hemantane exhibited anti-in-
flammatory activity in in vivo tests for a visceral pain model
[17]. However, the effect of hemantane on the antinocicep-
tive properties of morphine have not yet been reported. The
mechanism of action including blockage of ion channels of
NMDA-subtype glutamate receptors [18] suggested that
hemantane was effective when combined with opioid analge-
sics for simulated somatic pain with thermal irritation of
nociceptors.
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Fig. 1. Effects of amantadine at doses of 10 and 20 mg/kg on latent
period of response to thermal irritation of nociceptors in
C57B1/6 mice (M + SEM). No statistically significant differences vs.
control, ANOVA; 10 animals per group.

The goal of the present work was to study the antinoci-
ceptive activity of hemantane and amantadine and their ef-
fects on morphine-induced analgesia in the hot-plate test in
mice.

EXPERIMENTAL PART

The experiments used outbred male C57BIl/6 mice
(18 — 22 g; Scientific Center for Biomedical Technologies,
Federal Medical and Biological Agency, Stolbovaya
Branch). The animals (15) were kept in standard T/3 cages
under vivarium conditions at V. V. Zakusov State Institute of
Pharmacology (SIP) (21 -23°C, relative humidity
40 — 60%) with natural lighting and free access to water and
feed pellets for 10 d before the start of testing. The work was
organized and performed according to Ministry of Health of
Russia Order No. 199 dated Apr. 10, 2016, “On approval of
Good Laboratory Practice rules.” Animals were kept in com-
pliance with SP 2.2.1.3218-14 “Sanitary and epidemiological
requirements to arrangement, equipment and maintenance of
biological clinics (vivariums)” dated Aug. 29, 2014, No. 51.
Experiments were approved by the Biomedical Ethics Com-
mittee, V. V. Zakusov SIP.

Hemantane [N-(2-adamantyl)hexamethyleneimine hy-
drochloride, drug substance, synthesized at V. V. Zakusov
SIP] at i.p. doses of 10 and 20 mg/kg; amantadine (1-amino-
adamantane hydrochloride, drug substance, Sigma-Aldrich)
at i.p. doses of 10 and 20 mg/kg as a reference drug; and
morphine hydrochloride (Minmedbioprom Combine Khim-
kentbiofarm, drug substance) at an s.c. dose of 20 mg/kg
were dissolved in H,O for injection and administered once
calculated for 0.1 mL/10 g of animal mass. Control animals
received H,O for injection. The morphine doses and the
experimental protocol were selected based on literature
data [12].
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Fig. 2. Effects of hemantane at doses of 10 and 20 mg/kg on latent
period of response to  thermal ipfitation og nociceptors in
C57Bl1/6 mice. M+ SEM. p<0.05, p<0.01, p<0.1, statisti-
cally significant vs. control, ANOVA, Duncan test; 9 animals per

group.

The hot-plate test was used to evaluate the nociceptive
reaction. An analgesimeter (Ugo Basile, Italy) was used to
record the latent time of the response (licking hind paws or
jumping). Animals were selected 1 —2 h before the start of
the test based on the baseline response under the conditions
of the particular experimental model. Mice remaining on the
heated plate (up to 56 £ 5°C) longer than 15 sec were ex-
cluded from the test. A latent period of 20 sec (maximum ex-
posure time) was evaluated as 100% analgesia. The response
times of the mice were recorded 30, 60, 90, 120, 180, and
240 min after a single administration of the tested drugs. The
results were expressed in percent of the maximum possible
effect (MPE). The MPE equaled (the latent period of the re-
sponse after administration of the drug minus the baseline la-
tent period of the response) divided by (the maximum expo-
sure time minus the baseline latent period of the response)
times 100%.

EXPERIMENTAL PROTOCOLS:

1. Effects of aminoadamantane derivatives per se with
thermal irritation of nociceptors were studied after a single
administration 30 min before the test.

2. Effects of aminoadamantane derivatives with mor-
phine-induced analgesia were studied 90 min after a single
administration of morphine and 30 min after a single admin-
istration before testing on the hot plate, i.e., without an inde-
pendent baseline analgesic effect of the aminoadamantane
derivatives.

Results were processed using the Mann—Whitney test,
multiple comparisons of means test for all groups, and sin-
gle-factor dispersion analysis (ANOVA) followed by a
Duncan test. Normal distributions of data were checked us-
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Fig. 3. Effects of morphine on latent period of response to thermal
irritation of nociceptors in C57Bl/6 mice. Me (25¢; 75q). p <0.01,

p<0.001, statistically significant vs. control, Mann—Whitney
test; 10 animals per group.

ing the Shapiro—Wilk criterion. The critical significance
level was a = 0.05.

RESULTS AND DISCUSSION

The average baseline level of the nociceptive response
for C67BI1/6 mice in the hot-plate test was 6.8 + 0.3 sec. Ani-
mals with a latent period of the response >10 sec were ex-
cluded from the experiment.

Evaluation of antinociceptive activities of amantadine
and hemantane. Amantadine at the studied doses with ther-
mal irritation of C57Bl/6 mouse nociceptors at the
supraspinal level in the hot-plate test did not affect the latent
period from 30 to 240 min of observation after a single sys-
temic administration according to the lack of statistically sig-
nificant differences from the control group (Fig. 1).

Hemantane, in contrast to amantadine, showed dose-de-
pendent analgesic activity starting from 180 to 240 min of
observation. The drug was effective at a dose of 20 mg/kg
and increased statistically significantly (p < 0.01) the thresh-
old pain response in mice in the hot-plate test (Fig. 2).

Hemantane at a dose of 10 mg/kg demonstrated a ten-
dency to increase the response latent period from 180 to
240 min (p <0.1), despite the slight reduction of the pain
threshold at 90 min.

Figure 3 shows the dynamics of the analgesic activity of
the opioid analgesic morphine hydrochloride under the given
test conditions. Pronounced analgesia that lasted for 120 min
developed under the influence of morphine already 30 min
after a single administration. The threshold pain response
180 min after administration did not differ for the test and
control groups.

Effects of amantadine and hemantane on mor-
phine-induced analgesia. Statistically significant dose-de-
pendent increases of pain thresholds as compared to the con-
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Fig. 4. Effects of amantadine at doses of 10 and 20 mg/kg on mor-
phine-induced anglgesia in C57Bl/6 micgr ;rn hot-plate test. Me (25q;
75q). p<0.01, p<0.001vs.control, p<0.01vs.M 20 group,
according to multiple comparisons test of means for all groups;
9 — 10 animals per group.

trol group were observed at 120 and 180 min during the eval-
uation of the effects of amantadine on the antinociceptive re-
sponse on the background of morphine action. The independ-
ent analgesic effect of the drug disappeared 180 min after
morphine administration. However, distinct extended and
potentiated antinociceptive activity of morphine was ob-
served (p < 0.01) after amantadine administration at the max-
imum dose of 20 mg/kg. Amantadine at a dose of 10 mg/kg
did not affect morphine-induced analgesia. The latent period
of the response in test animals at 240 min did not differ from
that of the controls (Fig. 4).

Hemantane administered on the background of morphine
caused a dose-dependent increase of the antinociceptive ac-
tivity of the opioid analgesic at 120 and 180 min. Hemantane
at a dose of 10 mg/kg increased statistically significantly the
latent period of the response in mice at 120 and 180 min
(» <0.001 and p <0.05, respectively) as compared to the
control. Hemantane potentiated and extended morphine-in-
duced analgesia at 120 and 180 min (p < 0.05 and p <0.01,
respectively) if the hemantane dose was increased to
20 mg/kg. The threshold pain sensitivity did not change after
240 min in any of the test groups (Fig. 5).

Parkinson’s disease is considered a multi-system disease
for which motor disruptions are observed together with
symptoms unrelated to motor disorders, as a rule, character-
istic of the prodromal stage of the disease [19]. Pain is con-
sidered one of the most common nonmotor symptoms en-
countered by various estimates in 53 — 60% of patients diag-
nosed with Parkinson’s disease [19,20]. As a rule,
dopaminergic therapy is optimized and anti-inflammatory
agents and opioid analgesics are used for pharmacological
correction of skeletal muscular, neuropathic, and central
pain [20].
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Fig. 5. Effects of hemantane at doses of 10 and 20 mg/kg on mor-
phine-ipduced analgesia in C57l§1/6 mice in hot-plate test.+Me (25q;
Ljrq)' p<0.05, p<0.01, p<0.001 vs control, p<0.05,

p <0.01 vs. M 20 group, according to multiple comparisons test
of means for all groups; 9 — 10 animals per group.

The antinociceptive properties of hemantane with simu-
lated supraspinal somatic pain were studied in the present
work. Hemantane, in contrast with the reference drug
amantadine, which has been used for a long time in clinical
practice [2], demonstrated moderate delayed analgesic activ-
ity at doses that did not disrupt motor coordination [13].
Such an effect has not been reported in the literature. Despite
positive results with aminoadamantane derivatives during re-
cuperation of chronic neuropathic pain [13, 21], non-compet-
ing NMDA-receptor antagonists, including memantine
(3,5-dimethyladamantane-1-amine), did not exhibit inde-
pendent activity in the acute nociceptive response model
[12, 22]. Apparently, this was explained by the methodologi-
cal specifics of the testing and a delayed antinociceptive re-
sponse. Keeping in mind the complex mechanism of action
of hemantane, including non-competing blockage of
NMDA-receptors, the dopaminergic component [23], and its
spectrum of activity including neuroprotective [24] and
anti-inflammatory properties [17] and the ability to eliminate
cognitive disorders in the initial stage of Parkinson’s disease
without movement disorders [14], the results for the antino-
ciceptive activity expand concepts about the pharmacologi-
cal profile of hemantane and indicate that use of it in the
early stage of Parkinson’s disease is advantageous.

The opioid analgesic and two aminoadamantane deriva-
tives, i.e., amantadine and hemantane, were shown to interact
pharmacodynamically with thermal irritation of nociceptors
in mice. This manifested as statistically significant potentia-
tion and extension (by 60 min) of the antinociceptive activity
of morphine in the hot-plate test. The effects found for the
aminoadamantanes showed a clear dose-dependence that was
most evident at a dose of 20 mg/kg. A comparison of the
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abilities of amantadine and hemantane to potentiate the anal-
gesic effect of morphine showed that hemantane had an ad-
vantage because it at a dose of 20 mg/kg possessed
anti-Parkinson’s activity. The effect of morphine increased
statistically significantly at 120 and 180 min. The drug at a
dose of 10 mg/kg was only slightly less efficacious (Fig. 5).
Amantadine exhibited an analogous effect only at a dose of
20 mg/kg at 180 min of observation (Fig. 4). The results
agreed with previous data [12] where the non-competing
aminoadamantane NMDA-receptor antagonist memantine
(10 mg/kg, i.p.) with an analogous administration protocol
enhanced (p < 0.05) the analgesic action of morphine in the
tail-flick test. According to the researchers, morphine
potentiation was noted only if the opioid was used at the
maximum dose of 20 mg/kg and was not observed in the
dose range 1 — 10 mg/kg. It also depended on the time inter-
val between morphine and memantine injections [12].

Clinical enhancement of the analgesic effect of morphine
in the presence of NMDA-receptor antagonists could be ex-
plained by analyzing morphine metabolism in the presence
of amantadine and dextromethorphan in patients that did not
show effects of the drugs on the morphine degradation rate
and the concentrations of its metabolites [25]. This was con-
firmed by test results in rats [7]. The results as a whole for
hemantane pharmacodynamics suggested that its interaction
with co-administered morphine was apparently determined
by the interaction of hemantane with NMDA-receptors.
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