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CENTRAL ADJUVANTS AS MODIFIERS OF THE
ANALGETIC ACTIVITY OF PARACETAMOL
(EXPERIMENTAL SUBSTANCE)

Background. Multimodal analgesia is widely used to enhance
pain control and reduce opioid consumption, yet experimental
data on paracetamol (acetaminophen) combined with central
adjuvant analgesics in visceral pain remain limited.

Purpose — to investigate and substantiate the effectiveness of
multimodal combinations of paracetamol with central adjuvants to
enhance analgesia in an experimental model of acute visceral
pain.

Materials and Methods. The mice (n = 56) were randomly
allocated into 8 experimental groups, 7 animals in each. In all
experimental groups, a 0.75% acetic acid solution was
administered intraperitoneum at a dose of 0.1 mL/10 g body
weight as the algogenic agent. The groups differed in the selected
multimodal analgesia regimen. Analgesic activity was assessed by
the number of abdominal constrictions within 20 minutes after
intraperitoneal acetic acid injection. Data were analysed using
non-parametric statistics.

Results. Paracetamol monotherapy produced a moderate
analgesic effect with a 35.2% reduction in writhing compared
with the negative control but remained markedly inferior to
morphine. Combinations with gabapentin, pregabalin, and
amitriptyline did not significantly enhance analgesia versus
paracetamol alone, showing only a modest trend toward further
nociception reduction. In contrast, paracetamol with ketamine and
paracetamol with dexmedetomidine combinations yielded a
significant additional decrease in writhing (44.4% and 50.0% vs
control, respectively; p<0.05 vs paracetamol), indicating a
synergistic interaction between the central action of paracetamol
and NMDA receptor blockade or a.-adrenergic modulation. None

186


https://orcid.org/0000-0002-0388-138X
https://orcid.org/0000-0001-7924-4048
https://orcid.org/0000-0003-0085-296X
https://orcid.org/0000-0001-7891-6922

Eastern Ukrainian Medical Journal. 2026;14(1): 186-197

N. Karazin Kharkiv National University of
Ministry of Education and Science of
Ukraine, Kharkiv, Ukraine

Oleksandr Markov
https://orcid.org/0009-0009-3306-4098
Department of  General Surgery,
Anesthesiology and Palliative Medicine V.
N. Karazin Kharkiv National University of
Ministry of Education and Science of
Ukraine, Kharkiv, Ukraine

of the combinations achieved the analgesic level of opioid
therapy.

Conclusions. In a mouse model of acute visceral pain,
paracetamol acts as a centrally active non-opioid analgesic with
moderate efficacy. Meaningful potentiation of its analgesic
activity is achieved only when combined with central adjuvants
that exert complementary mechanisms ketamine and
dexmedetomidine supporting their further translational evaluation
in multimodal analgesic regimens.
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HOEHTPAJIBHI A/IOBAHTH SK MO/JUPIKATOPHU
AHAJIBTETUYHOI AKTHBHOCTI TAPAIIETAMOJIY
(EKCNEPUMEHTAJILHE OBTPYHTYBAHHA)

AkTyanpHicth.  MyJbTUMOJaNbHa ~ aHAJIre3iss  IIHUPOKO
3aCTOCOBYETHCS AT IIACWICHHS KOHTPOJIIO OOJII0 Ta 3MEHIICHHS
OTIOIAHOTO HAaBaHTAXXEHHS, OJHAK EKCICPUMEHTANbHI JaHI IIOAO
MOENHAHHA Tapamneramony (ameramiHogeHy) 3 LEHTpaJbHUMH
aq’IOBaHTHUMH  aHAJIBICTHKAaMHU TpH  BiclepaJbHOMY 00O
3aIMIIAIOTHCS OOMEKECHUMHU.

Merta poGoTru — jgochiauTH W OOIpyHTyBatH eQEeKTHBHICTh
MyJBTUMOJAJIBHUX KOMOIHAIli mNapaneramony 3 LEHTpPaJbHUMHU
aJ’I0BaHTaMU JUIS WiJCWIEHHS aHaiures3ii B eKCHepUMEHTAIbHIi
MO/IeJIi TOCTPOrO BiCIIEPAIILHOTO OOJIIO.

Marepiaaun Tta meroam. Mumeit (n = 56) panIoMi30oBaHO
PO3MOAIUTHIN HA 8 eKCIIEPUMEHTAIBHUX TPYII 1O 7 TBApUH Y KOXKHIH.
B ycix rpymax sK aJbrOreHHHH areHT IHTpanepuTOHEaIbHO
Beoqmuk 0,75% posuuH onrosoi kucmotu B n03i 0,1 Mn/10 T Macu
Tima. ['pynu Bigpi3HsUIHCS MiK COOOI0 CXEMOK MYJIBTHMOMAIBHOL
aHanre3ii. AHaJNPreTHYHY aKTHUBHICTh OIIHIOBAIMA 3a KUIBKICTIO
a0JJOMIHAIBHUX  CKOpOYeHb  mpoTsiroMm 20  XBWJIMH  IiCJs
IHTPaNepPUTOHCAILHOTO  BBEICHHS  OHTOBOI  Kuciotd. JlaHi
aHaJi3yBaJM 3 BHUKOPHCTaHHSM  HENapaMeTPUYHHX  METOMIB
CTaTUCTHKH.

PesyabTaTn Ta ix 00roBOpEHHS. MoHortepartis
mmapaneraMolioM 3abe3redyBaiia MOMIpHHHA aHANTCTHIHUH edeKT i3
3MEHIIEHHSIM KiJIbKOCTI «kopuiB» Ha 35,2% mopiBHSHO 3
HETaTUBHMM KOHTpOJIEM, IPOTE CYTTEBO IOCTymnanacs Aii MopdiHy.
Kom6inanii 3 rabameHTHHOM, mperabajiHOM Ta aMiTPUNTHIIHY
TiAPOXJIOPUIOM HE TMpPHU3BEIM JIO CTATHCTUYHO 3HAYYNIOTO
MTOCUJICHHS aHanTe3ii MOPIBHSHO 3 MOHOTEPAIIEI0 MapaneTaMosioM,
JEMOHCTPYIOUHM JIMIIE TOMIpHY TEHJACHIIO 10 J0JaTKOBOTO
3HIWKEHHS Homwmieniii. HaTomicTe To€IHaHHA MapaneraMmony 3
KEeTaMIiHOM Ta Mapalieramoiy 3 JEeKCMeJECTOMIIMHOM 3YMOBIIOBAIN
BipOTiJHE JOJATKOBE 3MEHIICHHS KITBKOCTI «KOPYiB» (BiAMOBIIHO
Ha 44,4% Ta 50,0% mnopiBasHO 3 KoHTposieM; p<0,05 BigHOCHO
rapaneTaMolty), M0 CBIAYUTH TIPO CHHEPridYHy B3AEMOMII0 MIiX
LEHTPaJIbHOIO Jiel0 mapaneramony ta NMDA-Onokanoo abo oe-
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INTRODUCTION

Multimodal analgesia (MMA) is regarded as a key
strategy for pain control, particularly in surgery,
oncology, traumatology, and since
combining drugs with different mechanisms of action
allows simultaneous enhancement of the analgesic effect
and reduction of opioid burden [1, 2]. The effectiveness
of MMA is further supported by studies focused on the
management of myofascial pain, vertebrogenic pain

intensive care,

syndromes, and pathology of peripheral structures, which
often accompany visceral pain and contribute to the
development and maintenance of central sensitization [3].
Paracetamol (PAR) remains one of the most frequently
prescribed non-opioid analgesics and is recommended by
most clinical guidelines as a first- or second-line agent for
acute and chronic pain, particularly in patients with
concomitant somatic pathology and in older adults [4—6].
Despite its widespread use, paracetamol monotherapy is
often insufficient for the control of moderate or severe
pain [2, 7]. Considering that the pathogenesis of chronic
pain includes autonomic dysregulation and neurocardiac
dysfunction rather than being limited to a local problem
in a joint, spine, or muscle, there is a need to
individualize multimodal analgesic regimens [8].

Despite more than a century of clinical use, the
molecular basis of paracetamol’s analgesic action
remains the subject of intensive scientific debate.
Classical concepts were based on the hypothesis of
cyclooxygenase (COX) inhibition in the central nervous
system. However, it still has not been clarified which
isoenzyme (COX-1 or a COX-2 variant) is the main
pharmacological target of the drug [5].

Currently, the focus is increasingly shifting from
peripheral COX inhibition toward central
neuromodulatory mechanisms mediated by an active
paracetamol metabolite formed in the CNS, which exerts

antinociceptive effects via modulation of several key pain
regulatory systems [5, 9]. In particular, it has been shown
that activation of descending serotonergic 5-HT pathways
is associated with suppression of
transmission at the level of the spinal cord [5, 10].

The body of evidence suggests that a leading role
belongs to the formation of the biologically active
metabolite AM404 [10, 11] in the central nervous system,
which modulates the activity of vanilloid (TRPV1) and
cannabinoid (CB1) receptors, thereby establishing a
multimodal central mechanism of action [12, 13].

Clinical data on PAR as part of multimodal regimens
are heterogeneous but generally support its rational use as
an adjuvant. The addition of paracetamol to nonsteroidal
anti-inflammatory  drugs (NSAIDs), opioids,
antipsychotic agents has been shown in most studies to
reduce pain intensity and opioid requirements without a
substantial increase in the incidence of adverse reactions
[2, 6, 14].

At the same time, other investigators have
demonstrated no additional benefit from including PAR
in analgesic regimens, for example in patients receiving
regional blocks during video-assisted thoracoscopic
surgery or in those treated with combined metamizole-

nociceptive

or

based analgesia in vitreoretinal surgery [15, 16]. Clinical
examples of interventional techniques, such as
adenohypophysis cryoablation for refractory pain
syndromes, highlight the substantial role of the central
component in shaping the pain phenotype [17]. Combat-
related trauma, limb injuries, and acute soft tissue damage
likewise demonstrate that effective analgesia requires a
combination of agents with different targets, whereas
monotherapy is almost always inferior to multimodal
regimens [18].

Recent reviews on muscle relaxants with analgesic
properties also emphasize the importance of their use
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specifically within multimodal protocols, given their
ability to affect central mechanisms of nociception [19].
These findings underline that the effect of PAR as a
component of MMA largely depends on the type of
nociceptive  stimulus, the concomitant analgesic
strategies, and likely the specific features of central
sensitization in different pain models, particularly
visceral pain.

One of the main limitations of paracetamol use is the
risk of hepatotoxicity, which increases in a dose-
dependent manner [20, 21]. A review by Chidiac et al.
demonstrated that paracetamol overdose remains one of
the leading causes of drug-induced acute liver failure
worldwide, with a clearly dose-dependent risk of
hepatotoxicity [20]. Under these circumstances,
optimization of multimodal regimens using lower doses
of paracetamol while maintaining or enhancing the
analgesic effect becomes of practical importance.

Thus, particular interest lies in combinations of
paracetamol with agents capable of specifically
modulating central sensitization and descending
inhibitory pathways. Ketamine, as an NMDA receptor
antagonist, and dexmedetomidine, as a selective o.-
adrenoceptor agonist, have already gained a prominent
role in anesthesiology and intensive care as tools within
opioid-sparing strategies. Gabapentinoids and tricyclic
antidepressants, through modulation of calcium channels,
glutamatergic transmission, and descending
monoaminergic systems, are likewise considered key
central adjuvants in pain therapy [9, 10, 22].

However, despite the growing clinical experience
with of paracetamol adjuvant
analgesics, systematic preclinical data remain limited.
The lack of a robust experimental foundation complicates
the rational design of multimodal regimens and the
reliable extrapolation of potential synergy into clinical
practice. This underscores the need for targeted
experimental evaluation of paracetamol combinations
with central adjuvants, particularly under conditions of
visceral nociception, in comparison with paracetamol
monotherapy and opioid analgesia, which defines the

combinations and

rationale for the subsequent investigations.

The aim of this study was to investigate and
substantiate the effectiveness of multimodal combinations
of paracetamol with central adjuvants to enhance
analgesia in an experimental model of acute visceral pain.

MATERIALS AND METHODS

The experimental study was conducted using 56
sexually mature male mice weighing 28-32 g. The
animals were housed in a vivarium under standard
conditions, receiving standard chow with free access to
food and water (ad libitum), with stable microclimate
parameters (temperature 22 + 2 °C, 12/12 h light/dark
cycle).

The classical model of visceral pain like the acetic
acid writhing test was used to assess peripheral analgesic
activity. Intraperitoneal (i.p.) injection of acetic acid
triggers local release of inflammatory and pain mediators
(bradykinin, histamine, serotonin, prostaglandins,
leukotrienes). This causes a typical behavioural response:
lateral stretching of the trunk, extension of the hind limbs,
arching of the back, rubbing and licking of the abdominal
wall, and rhythmic contractions of the anterior abdominal
wall muscles with short relaxation intervals. The intensity
of the nociceptive response was assessed by counting the
number of writhes recorded within 20 minutes after
injection of the algogenic stimulus [23, 24].

The  hypothesis  regarding  potentiation  of
paracetamol’s analgesic activity (AnA) was tested using a
series of centrally acting adjuvants with distinct
mechanisms of action: gabapentin (GAB), pregabalin
(PREG), amitriptyline hydrochloride (AMI), ketamine
hydrochloride (KTM), and dexmedetomidine (DMM).

The mice (n = 56) were randomly allocated into 8
experimental groups, 7 animals in each. The minimum
group
conventional design of primary screening studies using
the acetic acid writhing model, expected between-group
differences from published data, and the ethical principle

size (n=7) was determined based on the

of reduction in animal experimentation. Animals were
randomly assigned to groups. Writhing counts were
assessed by an observer blinded to treatment allocation.
In all experimental groups, a 0.75% acetic acid solution
was administered i.p. at a dose of 0.1 mL/10 g body
weight as the algogenic agent. The groups differed in the
selected MMA regimen (Table 1).

Dose planning, routes of administration, and drug
combinations were designed taking into account current
data on their pharmacokinetics, pharmacodynamics, and
clinical efficacy [25]. Since all medicinal products used
in the study (NSAIDs, non-opioid analgesics, and
adjuvant analgesics) are registered in Ukraine and have
been used in clinical practice for a long time, their
average therapeutic doses for humans, as specified in
official prescribing information and reference sources,
were taken as a starting point. This approach enabled a
scientifically justified translation of doses to the
conditions of an animal experiment in laboratory mice
[26].

Ethical Considerations. All necessary procedures
were carried out in accordance with the national
legislation of Ukraine (“On Protection of Animals from
Cruel Treatment”, No. 3447-1V), Directive 2010/63/EU
of the European Parliament and of the Council, the
European Convention for the Protection of Vertebrate
Animals used for Experimental and other Scientific
Purposes (Strasbourg, 1986), current orders of the
Ministry of Health and the Ministry of Education and
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Science of Ukraine, as well as the ARRIVE 2.0 (2020)
guidelines [27]. The comprehensive research programme
was reviewed and approved by the Ethics and Bioethics

Committee of the School of Medicine of V. N. Karazin
Kharkiv National University (extract from Protocol No. 9
dated 6 May 2025).

Table 1 — Distribution of animals by groups and analgesic regimens (acetic acid writhing test), n = 56

Analgesic th

Group | Group description nalgesic el.'apy .. ) n
(dose, route, time before algogen administration)

I Negative control -

II Opioid analgesia Morphine (MORPH) 6.2 mg/kg, i.m., 10 min before

1 PAR monotherapy PAR 131.6 mg/kg, i.m., 30 min before
PAR 131.6 mg/kg, i.m., 30 min before;

1 PAR + GAB

v G GAB 393.6 mg/kg, per os, 120 min before !

PAR 131.6 mg/kg, i.m., 30 min before;

v PAR + PREG . 7
PREG 65.8 mg/kg, per os, 60 min before
PAR 131.6 mg/kg, i.m., 30 min before;

+

Vi PAR + AMI AMI 19.7 mg/kg, i.m., 20 min before 7

PAR 131.6 mg/kg, i.m., 30 min before;
11 PAR + KTM

v KTM 8.0 mg/kg, i.m., 20 min before !

PAR 131.6 mg/kg, i.m., 30 min before;
111 PAR + DMM
v DMM 0.01 mg/kg, i.m., 60 min before !

Methods of statistical analysis. Statistical analysis
was performed using Microsoft Excel for primary data
processing and graphical presentation of the results.
Distribution normality was assessed using the Shapiro—
Wilk test, which is appropriate for small sample sizes.
Given the small number of animals per group and the
non-normal distribution of the data, results were analyzed
using nonparametric methods. Data are presented as
median and interquartile range (Me [LQ; UQ]). Overall
intergroup differences were assessed using the Kruskal—
Wallis test, followed by post hoc pairwise comparisons
using the Mann—Whitney U-test with adjustment for
multiple comparisons. Differences were considered
statistically ~ significant p<0.05. Results
graphically presented using box-and-whisker plots.

RESULTS

It was found that in the acetic acid writhing test,
paracetamol (PAR) was characterized by an analgesic
activity profile typical of non-opioid analgesics, with a
predominant central mechanism of action. In animals that
received PAR without an adjuvant, the number of
abdominal constrictions was 35 [32; 38] at p=0.01,
corresponding to a 35.2% reduction in pain reactions
relative to the negative control group. At the same time,
PAR monotherapy showed 62.9% lower efficacy
compared with opioid analgesia (Fig. 1). These results
confirm a stable yet moderate effectiveness of PAR in
suppressing the pain response under conditions of acute
pain, where nociception with a central
component predominates [28].

The combination of PAR with GAB (Fig. 1) was
associated with minor changes in the parameter, which

at were

visceral

amounted to 36 [33; 37] with p<0.001 versus the negative
control, corresponding to a 33.3% reduction in pain
reactions, while maintaining a low level of efficacy
compared with the opioid therapy group (p<0.001,
176.9%). The difference relative to PAR without an
adjuvant (p=0.42; 2.9%) was not statistically significant.
This indicates the absence of a substantial synergy
between these agents, although the direction of change
suggests a trend towards slight enhancement of the
central analgesic effect. It is likely that the shared
involvement of the GABAergic system limits the
potential for additional potentiation in this combination
[5,9].

The combination of PAR with PREG (Fig. 1) led to a
reduction in the number of abdominal constrictions to 33
[29; 37] with p<0.001 versus the control group,
corresponding to a 38.9% decrease in pain responses.
Opioid therapy demonstrated significantly higher AnA
(p<0.001, 153.8%). Differences compared with PAR
without an adjuvant (p=0.22; 5.7%) were not statistically
significant, although the combination maintained a clear
trend toward increased AnA. This may be explained by
the cumulative action on central nociceptive inhibitory
pathways, yet without a pronounced synergistic effect
due to the similar direction of pharmacodynamic activity
[29].

With the use of the PAR + AMI combination (Fig. 1),
the parameter remained at 36 [30; 39] with p<0.001
versus the control, corresponding to a 33.3% reduction in
pain responses, and again did not reach the level of opioid
analgesia (p<0.001, 176.9%). The difference relative to
PAR  without an adjuvant (p=0.42; 2.9%)
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Control group ~ Opioid PAR PAR + GAB PAR + PREG PAR+ AMI

Figure 1 — Effect of gabapentin (GAB), pregabalin (PREG), and amitriptyline hydrochloride (AMI) on the
analgesic activity of paracetamol (PAR) in the experimental model

Notes:
1. The data distribution is non-normal.

2. Boxes represent the interquartile range (25th to 75th percentiles); vertical whiskers indicate minimum and

maximum values.

3. The horizontal line within the box represents the median.

4. ¢ inside the box denotes the meanvalue.
5. ¢ —p < 0,05 vs. the negative control group
6. m—p < 0,05 vs. the opioid therapy group

did not attain statistical significance. This indicates that
combining two centrally acting agents with
predominantly non-additive mechanisms does not
provide a substantial increment in effect, but maintains
stable AnA [13, 29].

A more pronounced reduction in the number of
abdominal constrictions was observed with the
combination of PAR and KTM (Fig. 2). The parameter
decreased to 30 [25; 31] with p<0.001 versus the negative
control group, corresponding to a 44.4% reduction in pain
manifestations. The difference from PAR without an
adjuvant was statistically significant (p=0.02; 14.3%),
indicating a genuine enhancement of the effect due to the
combination of the central action of PAR with NMDA
receptor blockade by KTM [10, 13].

The most pronounced enhancement of PAR AnA was
observed in the DMM group (Fig. 3), where the number
of abdominal constrictions was 27 [23; 32] with p<0.001
versus the negative control, corresponding to a 50.0%
reduction in pain reactions. The difference from PAR
without an adjuvant was statistically significant (p=0.01;
22.9%), which confirms a genuine enhancement of the
analgesic effect when combining the central action of
PAR with the az-adrenomimetic activity of DMM [5, 9,
22].

None of the investigated analgesic combinations
reached the level of the reference opioid therapy
(Figs. 1-3).

Thus, the sequence
35—536—33—-36—30—27 the  gradual
enhancement of PAR AnA when combined with
adjuvants of different mechanisms of action. The most
pronounced and statistically confirmed effect was
observed with the combinations of PAR + KTM (p=0.02;
14.3%) and PAR + DMM (p=0.01; 22.9%), indicating
substantial

descending
reflects

synergy between central inhibition of

nociceptive transmission and az-adrenoceptor
modulation. The obtained results are fully consistent with
the concept of MMA, whereby combinations of drugs
with different pharmacological profiles provide deeper
analgesia without increasing toxicity [20, 29].

PAR without adjuvants showed a value of 35 [32; 38],
p=0.01, p<0.001, which reflects a moderate level of
analgesia. The addition of GAB modified the response to
36 [33; 37] without a significant difference (p>0.05),
while in combination with PREG it decreased to 33 [29;
37], and with AMI it was 36 [30; 39]. A marked
reduction was observed with the combinations including
KTM (30 [25; 31]; p=0.02) and DMM (27 [23; 32];
p=0.01), indicating that only combinations with adjuvants
exerting a central mechanism of action produce a
substantial enhancement of PAR AnA. This is consistent
with known pharmacodynamic patterns whereby PAR
exerts only a weak effect on peripheral nociception but

potentiates central action via the serotonergic system.
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Figure 2 — Effect of ketamine hydrochloride (KTM) on the analgesic activity of paracetamol (PAR) in the
experimental model

Notes:

1. The data distribution is non-normal.

2. Boxes represent the interquartile range (25th to 75th percentiles); vertical whiskers indicate minimum and
maximum values.

3. The horizontal line within the box represents the median.

4. ¢ inside the box denotes the meanvalue

5. ¢ —p < 0,05 vs. the negative control group

6. m—p < 0,05 vs. the opioid therapy group

7. A —p <0,05vs. he PAR monotherapy group
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Figure 3 — Effect of dexmedetomidine (DMM) on the analgesic activity of paracetamol (PAR) in the
experimental model

Notes:

1. The data distribution is non-normal.

2. Boxes represent the interquartile range (25th to 75th percentiles); vertical whiskers indicate minimum and
maximum values.

3. The horizontal line within the box represents the median.

4. ¢ inside the box denotes the meanvalue

5. @ —p < 0,05 vs. the negative control group

6. m—p < 0,05 vs. the opioid therapy group

7. A —p < 0,05 vs. he PAR monotherapy group
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DISCUSSION

Our study demonstrates that in the selected
experimental model of visceral pain, PAR provides stable
but moderate AnA, which is markedly inferior to the
reference opioid analgesia with morphine. The addition
of centrally acting adjuvants from different
pharmacological classes revealed fundamentally distinct
interaction profiles: from the absence of a significant
enhancement of the effect (GAB, PREG, AMI) to
statistically significant synergy when combined with
KTM and DMM.

The obtained results are in good agreement with
current concepts of the mechanism of action of PAR as a
centrally acting analgesic. In our study, combinations of
PAR with GAB, PREG, and AMI did not demonstrate a
statistically significant reduction in the number of
abdominal constrictions compared with monotherapy,
although they retained a trend toward a modest additional
decrease in nociception. Gabapentinoids and tricyclic
antidepressants are considered first-line agents for the
treatment of neuropathic pain, where they exert their
effects through modulation of calcium channels,
glutamatergic transmission, and noradrenergic and
serotonergic pathways [29, 30, 31]. However, in models
of acute visceral pain based on acetic acid, their analgesic
potential is less pronounced and often requires high doses
or combination with other agents to achieve a clinically
meaningful effect [25].

The lack of a markedly pronounced synergy between
paracetamol and these adjuvants in our study can be
interpreted as a manifestation of a plateau effect, where
combining agents with partially overlapping mechanisms
of action does not produce a substantial increase in
analgesia due to saturation of shared neurotransmitter and
receptor pathways. This is consistent with clinical data
indicating  that regimens based
gabapentinoids and antidepressants show advantages
mainly in chronic, neuropathic, and nociplastic pain, but
are less convincing in acute nociceptive pain of visceral
origin [25, 32, 33].

In contrast to gabapentinoids

combination on

and AMI, the
combination of PAR with KTM resulted in a significant
additional reduction in the number of abdominal
constrictions (44.4% relative to the control) and a
statistically significant difference compared with PAR
monotherapy, indicating a genuine enhancement of
analgesic activity and the presence of a synergistic
component. KTM, as a non-competitive NMDA receptor
antagonist, plays a key role in preventing and attenuating
central sensitization, particularly under conditions of
repeated nociceptive stimulation and prolonged visceral
pain. Contemporary reviews emphasize its effectiveness
as a component of multimodal analgesia, especially at
low (subanesthetic) doses in the postoperative period,

where it reduces pain intensity and opioid requirements
[9, 34].

In addition, clinical data have shown that a
combination of intravenous paracetamol and ketamine
decreases the severity of postoperative pain and the need
for opioid therapy compared with tramadol-based
combinations [35]. In the context of our model, where
acetic acid induces both peripheral inflammatory and
pronounced central components of visceral nociception,
NMDA blockade by ketamine logically potentiates the
central mechanisms of paracetamol action, providing
deeper suppression of nociceptive transmission [10].

Thus, combinations of agents with complementary
rather than merely additive mechanisms of action appear
to be the most promising.

The most effective MMA regimen in our study was
the combination of PAR with DMM, as evidenced by a
50% reduction in the number of abdominal constrictions
relative to the control and a significant enhancement of
AnA compared with PAR monotherapy. DMM, a highly
selective az-adrenoceptor agonist, exerts potent analgesic,
sedative, and sympatholytic effects and is increasingly
incorporated into Enhanced Recovery After Surgery
(ERAS) protocols as a component of opioid-sparing
strategies [11]. Animal studies confirm the ability of
DMM to attenuate nociception, including in models of
visceral pain, as well as to improve hemodynamic
stability during anesthesia [29, 31].

At the same time, clinical studies demonstrate
substantial heterogeneity of effects. For example, the
addition of PAR to certain MMA regimens (e.g., in the
setting of regional blocks) does not improve outcomes
[15]. This partly explains the intermediate nature of the
effect in the present model: PAR alone reduces the
intensity of visceral nociception, but does not achieve the
level of opioid analgesia.

Interpretation of the observed differences should also
consider that the tested agents were administered via
different routes (intramuscular vs oral) and at different
time intervals before algogen administration. These
regimens were selected to approximate the expected onset
of pharmacological action for each compound; however,
differences in absorption and time to peak effect could
have influenced the behavioural endpoint.

The acetic acid writhing model used in this study is a
classical tool for assessing analgesic activity in acute
visceral pain. It is sensitive to a wide range of both opioid
and non-opioid analgesics [25, 30, 31]. However, several
limitations must be taken into account, including the
predominance of afferent stimulation from the
peritoneum, the absence of process chronification, and
the substantial influence of the inflammatory component.
Although the acetic acid-induced writhing test is a
validated and widely used model of acute visceral
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nociception, it remains a behavioural paradigm and
therefore may be influenced by observer-dependent
factors. Future studies should incorporate instrumental
methods such as electromyography or automated video-
based behavioural analysis to further improve objectivity.
Accordingly, extrapolation of these results to clinical
settings such as postoperative, oncologic, or functional
visceral pain should be approached with caution.

Nevertheless, the findings of this study support the
general concept of MMA, whereby rational combinations
of agents with divergent central mechanisms can provide
a clinically meaningful enhancement of analgesia without
straightforward dose escalation or global opioid up-
titration [2].

CONCLUSIONS

The obtained data experimentally confirm the role of
paracetamol as a centrally acting non-opioid analgesic in
a model of acute visceral pain, where it provides

PROSPECTS FOR FUTURE RESEARCH

moderate analgesic activity that is markedly inferior to
the effect of opioid analgesia with morphine.

Combinations of paracetamol with gabapentin,
pregabalin, and amitriptyline hydrochloride did not
demonstrate a statistically significant enhancement of
analgesia in the experiment, showing only a trend toward
a modest additional reduction of nociception.

The combination of paracetamol with ketamine
provided a significant enhancement of the analgesic
response, reflecting synergy between the AM404-
mediated central action of paracetamol and NMDA
receptor blockade aimed at reducing central sensitization
in visceral pain.

The most pronounced augmentation of analgesia was
observed with the combination of paracetamol and
dexmedetomidine, confirming substantial synergy
between the central mechanism of action of paracetamol
and o»-adrenergic modulation of descending inhibitory
pathways.

The experimental data obtained support the rationale for further investigation of multimodal regimens based on
paracetamol in combination with ketamine and dexmedetomidine, including dose—response analyses, extension to
additional pain models (chronic and nociplastic pain), and clinical trials in patients with a pronounced visceral pain
component, taking into account the safety limitations of paracetamol.
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