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The aim of the study was to analyze the literature sources for pharmacodynamic and pharmacokinetic features of gabapentin,
providing its use in patients with neuropathic pain, as well as a comparative evaluation of its efficacy and safety when used
in different doses.

Materials and methods. PubMed, Google Scholar, EMBASE, ResearchGate scientific information network and elibrary.ru

” ou

databases were used as search resources. The keywords used for the search were “gabapentin”, “mechanism of action”,
“gabapentin targets”, “gabapentin pharmacodynamics”, “pharmacokinetics”, “pharmacokinetic parameters”, “neuropathic
pain”, and “randomized clinical trials”. The depth of the search was 26 years (from 1998 to 2024). This review resulted in
87 literature sources.

Results. Neuropathic pain (NeP) is one of the most common types of chronic pain, characterized by a high prevalence among
people of the working age. Effective pharmacotherapy aimed at eliminating the pain syndrome is a key tool for improving
the quality of life and preserving the work capacity of patients. Heterogeneity of etiologic factors involved in the genesis of
NeP indicates the need to use drugs the analgesic effect of which is based on weakening the transmission of pain impulses in
the CNS. In clinical trials, gabapentin has demonstrated efficacy in reducing the severity of pain in patients with postherpetic
NeP, painful diabetic neuropathy and many other conditions accompanied by NeP. The dose of gabapentin 300 mg/day is
the initial dose in the therapy of NeP and requires a further slow titration depending on the patient’s response to therapy
and tolerability of the drug, especially in elderly and senile patients, as well as in patients with an impaired renal function.
According to the published data, the most pronounced analgesic effect is achieved in the patients against the background of
the gabapentin administration at a dose of 3600 mg/day.

Conclusion. Gabapentin is the drug of choice in the management of patients with NeP of different etiology and intensity.
A satisfactory safety profile and pharmacodynamic effects make gabapentin possible, despite the long history of its use, to
remain a relevant drug used by a wide range of physicians, specialties, for pharmacotherapy of NeP patients.

Keywords: gabapentin; gabapentinoids; neuropathic pain; diabetic polyneuropathy; postherpetic neuralgia; chronic pain
Abbreviations: VAS — visual analogue scale; Cl — confidence interval; GABA — gamma-aminobutyric acid; NeP — neuropathic
pain; RR —relative risk; OR — odds ratio; RCTs — randomized clinical trials; eGFR — estimated glomerular filtration rate; SNRIs —
selective norepinephrine reuptake inhibitors; ADP —average daily pain; TCAs — tricyclic antidepressants; CNS — central nervous
system; a26-1 — alpha2-delta type 1 subunit; AMPA receptors — a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
receptors; IMMPACT - Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials; KCNQ2/3 — heteromeric
potential-dependent potassium channels; NNT — Number Needed to Treat; LAT-1 — L-type amino acid transporter 1; MD —
median deviation; NMDA receptors — N-methyl-d-aspartate receptors; NRS — Numeric Rating Scale.
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Lienb. MpoBectM aHanv3 NUTEPATypHbIX UCTOYHMKOB Ha npegmeT dapmakoAMHAMUYECKUX U PapMAKOKUHETUYECKUX
ocobeHHoCTeN rabaneHTUHa, NO3BONAIOLWMX WMCMNOMb30BaTb €ro Yy MaUMEeHTOB C HeWponaTuyeckolr 60nblo, a TakKe
CPaBHUTENbHYIO OLEHKY ero 3GdeKTMBHOCTM M 6€30NacHOCTM NPU MPUMEHEHUMN B Pa3IMYHbIX 403aX.

Matepuanbl M meToabl. B KauyecTBe MOMCKOBbIX pPecypcoB Obliv Mcnonb3oBaHbl 6a3bl gaHHbix PubMed, Google
Scholar, EMBASE, Hay4yHo-MHbOpMaumoHHan ceTb ResearchGate u elibrary.ru. B KayecTBe K/iYeBbIX C/IOB A/ MOWCKA
MCMNO/Ib30BaIN «rabaneHTUH»», KMEXaHW3M AEUCTBUSA», KMULIEHWU rabaneHTUHa», «papmMaKoguMHAMMUKA rabaneHTUHa»,
«(papMaKoOKMHETUKa», «DAPMAKOKMHETUYECKME MapaMeTpbl», «HelponaTMyeckas 60/b», «paHAOMMU3NPOBAHHbIE
KAUHUYECKMe uccnesoBaHua». MnybuHa noucka coctasuia 26 net (c 1998 no 2024 rr.). B pe3synbrate HactoAwmin o630p
cocTaBuan 87 NCTOYHWUKOB IUTEPATYPbI.

Pesynbratbl. Heliponatuyeckas 6onb (HB) ABnsetca ogHWMM M3 Hambosiee pPacnpoCTpaHEeHHbIX BUAOB XPOHWYECKOW
60/11, XapaKTEPU3YIOLMMCA BbICOKOM PacnpOCTPaHEHHOCTbIO cpeau AuvL, TpyaocnocobHoro Bo3spacta. dpdeKTvBHaA
dbapmakoTepanus, HanpaBAeHHAA HA ycTpaHeHWe 60/1eBOro CUHAPOMA, ABNAETCA KAOYEBbIM MHCTPYMEHTOM MOBbILIEHUA
KauyecTBa KM3HWU U COXpaHeHUA PaboTocnocobHOCTM NaLUeHTOB. [eTeporeHHOCTb 3TUON0rMYecKMX GakTOPOB, BOBAEYEHHbIX
B reHe3 Hb, yKa3biBaeT Ha HeobXoAMMOCTb MCNONb30BaHUA NPenapaToB, aHaNbreTU4ecknii aGPeKT KOTOPbIX OCHOBAH Ha
ocnabneHun nepepauv 6onesbix umnynbcos B LIHC. B KAMHWYeECKMX mccnefoBaHUAX rabaneHTUH NpoAeMOHCTPUpOoBan
3bGDEKTUBHOCTb B OTHOLIEHWUM CHUMXKEHWUA BbIPAXKeHHOCTM 60aM y nauueHToB C noctrepneTtuyeckolr HB, 6onesoit
anabeTnyeckor HerponatMen M MHOTUMM APYrMMU COCTOAHUAMM, conpoBoxaatrowmmuca HB. [do3a rabaneHTuMHa
300 mr/cyT siBAAeTca HavasbHOM B Tepanuu HB v TpebyeT gasbHeinwen mea/ieHHON TUTPaLMM B 3aBUCMMOCTH OT OTBETa
nauueHTa Ha Tepanuio 1 NepeHoOCMMOCTU MpenapaTta, B 0COBEHHOCTM Yy MaLMEHTOB MOMWMAOIO M CTAapYeCcKoro BO3pacTa,
a TaKXKe MauMeHTOB C HapylweHHOW ¢yHKuMelr noyeKk. CornacHo onyb6aMKOBaHHbIM [AaHHbIM, Hanbosee BblpaXKeHHbIN
aHasbreTmyeckunii apPeKT gocTUraeTcsa y NnaumeHToB Ha GoHe NpumMeHeHns rabaneHTuHa B gose 3600 mr/cyT.

3akntoueHue. [abaneHTUH ABNAETCA Mpenapatom Bblbopa nNpu BegeHWUM naumeHToB ¢ HB pasnuyHon aTmMosormm m
WHTEHCUBHOCTU. YA0BNETBOPUTENbHbIM nNpodunb 6e3onacHocTM U dapmakoanHammyeckme 3bodeKTbl MNo3BONAOT
rabaneHTHY, HECMOTPA Ha A/IUTE/IbHYHO UCTOPUIO €70 MCNO/b30BaHMSA, OCTABATbCA aKTya/IbHbIM NPEenapaTom, NPMMeHAEMbIM
BpaYamu LMPOKOTO Kpyra crneumnanbHocTen ana dapmakotTepanmmn naumeHTos ¢ HB.
KnioueBble cnoBa: rabaneHTuH; rabaneHTUMHOMAb; HelponatTuyeckas 6onb;
nocTrepneTnyeckasn HeBpPanrna; XxpoHudeckas 6onb

CnuUcoKk cokpaweHui: BALL — Bu3yanbHas aHanorosas LWKana; AW — posepuTenbHbld MHTepBan; TAMK — ramma-
amuHomacnAaHasa Kucnota; HE — Heliponatuyeckas 6onb; OP — oTHocuTenbHbIW puck; OLU — oTHOWweHWe LWaHCOoB;
PKU — paHoomU3MpoBaHHble KAWMHWYECKUe wuccnenoBaHua; pCKP — pacyeTHas CKOpPOCTb KAyHOYKOBOM GUALTPaLuu;
CUO3H — cenekTMBHble WMHIMOBUTOPLI O6paTHOro 3axBaTa HopaapeHanvHa; CCbE — cpeaHecyToyHas 6onb; TUA —
TPUUMKAMYECKMEe aHTugenpeccaHTtbl; UHC — ueHTpanbHas HepBHaA cuctema; 026-1 — anbda-2 penbta cybbeamHuua
Tuna 1; AMPA-peuenTopbl — peLenTopbl anbda-aMUHO-3-TMAPOKCU-5-MeTUN-4-U30KCa301-NPONMOHOBON  KUCIOTbI;
IMMPACT — uMHMUMATMBA MO METOAAM, M3MEPEHMI0O M OLeHKe 60U B KAMHWYECKMX uccneposaHusax; KCNQ2/3 —
reTepomepHble MoTeHUMan3aBucMmble Kanuesble KaHanbl; NNT — 4yucno MnaumeHToB, KOTOPbIX HEOOXOAMMO NeyuTb;
LAT-1 — cuctema nepeHOCYMKOB L-ammHOKucnotr 1 Ttuna; MD — megumaHHoe oTkaoHeHue; NMDA-peuentopbl —
N-meTun-d-acnaptatHble peuentopbl; NRS —uncnoBasn pedTnHrosas Wkana 6onu.

puabetnyeckaa nosvHelrponaTus;

INTRODUCTION

A large number of chronic diseases, in particular

metabolic and  neurodegenerative ones, are

accompanied not only by a decrease in the function
of organs and systems, but also by the development
(NeP),

of neuropathic pain characterized by an
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increased pain sensitivity and the occurrence of
spontaneous pain sensations. The basis of NeP is
NeP
persistent or recurrent pain usually lasts longer than
3 months [1].

According to the International Association for the

somatosensory disorders. is usually chronic:
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Study of Pain (IASP, 2019) classification, NeP is divided
into peripheral and central [1]. ICD-10 diagnoses related
to NeP include trigeminal neuralgia (G50.0), neuralgia
after shingles (G53.0, B02.2), and a phantom limb
pain syndrome (G54.6). Nevertheless, the spectrum
of pathological conditions accompanied by NeP is not
limited to the above-mentioned ones. Due to that, NeP
is a widespread problem that has a negative impact
on the quality of life and work capacity of a significant
proportion of the population. The prevalence of NeP
in the general population varies from 3 to 17% [2]; in
general, the published data indicate that approximately
one in twenty people in the Western world suffers from
NeP [3].

According to a large-scale epidemiologic study
that included the analysis of the UK Biobank (United
Kingdom) patient database, the overall prevalence of
NeP was 9.2% [4]. The scale of the NeP prevalence in the
Russian Federation can be indirectly judged by the results
of a 10-year analysis of visits to the Pain Research and
Treatment Clinic (the period from 2011 to 2020), which
revealed chronic pain in 32% of patients [5]. Among
elderly and senile patients, a chronic pain syndrome is
found in the absolute majority: according to the survey
including 11 regions of the Russian Federation, its overall
prevalence in the population >65 years of age was found
to be 87.2% [6].

Asatype of chronic pain, NeP cansignificantly reduce
the quality of life of patients, limit their physical activity
and the ability to self-care. This is due to both the pain
itself and a number of conditions that it can provoke. It
is important to note that NeP is more associated with
the development of depression and anxiety disorders
than other types of chronic pain. According to a cross-
sectional study of NeP patients, 65.6% had depression
and 73.7% had anxiety disorders [7]. The relevance of
the NeP problem with depression and anxiety disorders
in modern healthcare is well illustrated by the analysis
results of the Thomson Reuters Web of Science (WoS)
publication database: in 2000, the number of published
articles on the relevant topic was 8, in 2020 - 106 (the
total number of publications for 20 years is 915) [8].
NeP and the associated depression are causes of a sleep
quality impairment: the studies have shown that more
than 83% of people with NeP may suffer from some
forms of insomnia [9].

NeP most often develops in patients of the working
age, with significant socioeconomic consequences.
According to a multicenter study of NeP outpatients
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(Turkey, 2021), their mean age was 55.5+14.4 years [10].
According to the US data, NeP most often affects men
aged 35 to 44 years (regardless of ethnicity); in the case
of women, the following differences were found: in
whites, the peak incidence of NeP coincided with that
of men, while in Hispanic and African-American women
it was observed in the group of 45-54 years [11]. A
high prevalence of NeP and associated depressive
disorders in the population of people in their early
40s puts them at a significant risk for cardiovascular
damage: according to the study conducted in Canada
(2011-2012, 1493 patients with a spinal cord injury),
NeP increased a cardiovascular risk (the adjusted odds
ratio, OR) 2.27-fold (95% confidence interval, Cl: 1.21 to
4.60), depression 4.07-fold (95% Cl: 2.10 to 7.87) [12].
The economic consequences of NeP are illustrated by
the data from a study of real clinical practice in European
countries. The minimum amount of total annual direct
costs of the health care system per patient with NeP was
noted in Italy — 1 939 euros, the maximum — in Spain,
3 131 euros. The cost of the disease (including both
direct and indirect costs) had a minimum value also
in Italy, 9 305 euros; the maximum value was noted in
Germany, 14 446 euros.

A basis for the management of NeP patients is the
medications aimed at eliminating a pain syndrome,
taking into account the heterogeneity of factors
contributing to the development of the main forms
of both peripheral and central NeP [14, 15], as well as
providing optimal clinical outcomes, taking into account
a high frequency of concomitant depression and anxiety
disorders. The goals of NeP pharmacotherapy include
the following ones [16]: reduction of pain by 30-50%;
improvement of a sleep quality; improvement of the
quality of life; preservation of the social activity and
relationships; preservation of the working capacity; the
improvement of organs and systems functioning, as well
as the whole organism.

Domestic and international clinical guidelines for the
management of NeP patients indicate gabapentinoids
(gabapentin and pregabalin) as first-line drugs [17-19].
The efficacy and safety of pharmacotherapy depends on
the drug dose and the administration duration.

THE AIM of the study was to analyze the
pharmacodynamic and pharmacokinetic features of
gabapentin, providing its use in NeP patients, as well as a
comparative assessment of its efficacy and safety when
used in different doses on the basis of the published
data.

Volume XII, Issue 1, 2024
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MATERIALS AND METHODS

Abstract databases such as PubMed, Google Scholar,
EMBASE, ResearchGate scientific information network
and elibrary.ru were used as a source of materials for
writing the review article. Each author independently
searched the publications to exclude errors. The
publications in three areas — pharmacodynamics,
pharmacokinetics, and clinical efficacy and safety —
were analyzed. In the area of “pharmacodynamics”,
the following key words and word combinations were

used: “gabapentin”,
targets”,

» u

mechanism of action”, “gabapentin
in the

area of “pharmacokinetics” they were: “gabapentin”,

“gabapentin pharmacodynamics”;

“pharmacokinetics”, “pharmacokinetic parameters”.
The analyzed period for these arears was 26 years
(from 1998 to 2024), a total of 13 792 publications were
found, after excluding duplicates, literature reviews,
invalid papers (pharmacokinetics of gabapentin in
animals), publications presented only in abstracts,
the total number of papers included in the review for
these two areas, was 27. In the area “efficacy and safety
of gabapentin”, the keywords for the search included

” o u

“gabapentin”,

” o u

neuropathic pain”, “randomized clinical
trials”. The search was performed on publications
from 2014 to 2024. 8 762 publications were found.
After excluding duplicates, literature reviews, invalid
publications, and publications with unavailable full text,

56 papers were included in this review.

RESULTS AND DISCUSSION

NeP mechanisms and gabapentin targets

Despite the progress in the study of cellular and
molecular pathways, there is no unified consensus in
understanding the mechanisms of NeP development
to date. The complexity lies in the fact that in a single
patient, several mechanisms are most often involved in
the development of NeP, the most well-known of which
[20] are as follows: mechanisms of central sensitization,
processes
associated with neuroinflammation, dysfunction of

mechanisms of peripheral sensitization,
descending nociceptive modulatory systems, response
to an oxidative stress, and glial cell activation.

The involvement of each of these mechanisms is
determined by the type of NeP (peripheral or central), as
well as the etiologic factors underlying its development.
The main types of peripheral and central NeP, as well as
the main etiological factors inducing them, are shown
in Fig. 1.

The leading role in the genesis of central NeP is

Tom 12, Beinyck 1, 2024

played by damage to the sensory pathways of various
parts of the central nervous system (CNS) due to blood
flow disorders, strokes, infectious diseases, traumas,
and multiple sclerosis [21]. The result of central
sensitization is the formation of an increased level of the
spontaneous activation of nociceptive sensory neurons,
a decrease in the threshold of peripheral stimulation
of neurons, and an increase in their response to the
suprathreshold stimulation. Two types of neurons
with opposite effects on the nociceptive transmission
are located in the dorsal horns of the spinal cord:
excitatory neurons expressing the vesicular transporter
glutamate-2 and inhibitory neurons expressing the
vesicular transporter gamma-aminobutyric acid (GABA).
The main process underlying the central sensitization
is the activation of a type of a glutamate receptor
such as N-methyl-d-aspartate receptors (NMDA). They
contain 4 subunits (two GIuN1 and two GIluN2) that
form a channel for Na*, K*, and Ca? ions. Normally,
this channel is closed due to the blocking action of
extracellular Mg?*. The receptor activation accompanied
by a channel opening requires the binding of glycine and
glutamate to the receptor subunits GIuN1 and GIuN29 in
conjunction with a membrane depolarization to relieve
a magnesium blockade. Through the open channel,
Ca? ions rush inside the cell, which increases the cell
membrane depolarization promoting an additional
calcium influx. Presynaptic NMDA receptors can be
activated by endogenous glutamate without removing
the Mg*-block. The activation of most postsynaptic
NMDA receptors requires a pronounced depolarization
of neurons simultaneously with glutamate binding [22].
The outcome of the NMDA receptor activation is an
increase in intracellular calcium, leading to the vesicle
exocytosis and neurotransmitter release [22]. The NMDA
receptor hyperactivity is a major component of the
development and maintenance of chronic NeP [23]. This
is due to their contribution to the enhancement of the
spinal nociceptive transmission induced by a peripheral
nerve damage. The intrinsic activation of presynaptic
NMDA receptors in the dorsal horns of the spinal cord
characteristic of NeP is accompanied by an enhanced
release of glutamate from nociceptive primary afferent
terminals [24].
Theenzymesthatcausetheirphosphorylation (casein
kinase 2, protein kinases A and C, Ca%"/ calmodulin-
dependent protein kinase I, and tyrosine kinases Src
and Fyn) and interaction with such a protein component
as the alpha2-delta subunit of potential-dependent
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Ca* channels type 1 (026-1) play an important role in
the hyperactivation of NMDA receptors of dorsal horn
neurons [24]. The a26-1 subunit forms a complex
with NMDA receptors and can also interact with
neurexin-1la, thrombospondins (adhesion molecules)
and other presynaptic proteins [25]; a26-1 can also
with
isoxazole-propionic acid receptors (AMPA receptors)

interact alpha-amino-3-hydroxy-5-methyl-4-
[26]. The maximum expression of a26-1 is observed in
dorsal radicular ganglia and dorsal horns of the spinal
cord [27].

An overexpression of a26-1 is observed in
conditions that provoke NeP: a trauma to nerve tissues,
chemotherapeutic drugs in oncology, calcineurin
hyperalgesia

acquired tolerance to analgesics, and cerebral blood

inhibitors, opioid-induced and an
flow disorders. As a result, an increased formation of
a26-1-NMDA-receptor complexes (primarily involving
presynaptic receptors), leading to the enhanced release
of neurotransmitters, was found in NeP [23, 25, 28].
Gabapentin is a structural analog of GABA, but has
no significant effect on GABA receptors. It has been
shown to act at the level of neurons of the peripheral gray
substance, increasing the pain threshold and reducing
the intensity of a regional cerebral blood flow in this
area [29]. A key element of gabapentin’s mechanism of
action in NeP involves a26-1 binding (Fig. 2). This has
important consequences determining the analgesic
activity of gabapentin. First, it prevents the formation of
a26-1-NMDA-receptor complex and allows to stop the
process of NMDA receptor activation, which is important
for the elimination of NeP [25, 26, 30]. Second, it leads
to the modification of neurexin-a-1 effects in synapses,
which reduces the rapidly released pool of presynaptic
vesicles. Third, a26-1 binding by gabapentin promotes
the inhibition of astrocyte thrombospondins, which
reduces the number of newly formed excitatory
synapses and the intensity of their operation (the
processes initiated by an injury / inflammation) [25, 27].
The normalization processes of presynaptic and
postsynaptic activation of NMDA-receptors of the
posterior horns neurons of the spinal cord, accompanied
by a reduction / elimination of pain sensations, is a
central component of the gabapentin action mechanism.
Gabapentin has also a mechanism (absent in its
structural relative, pregabalin) that is independent of
a26-1 and is associated with a pronounced activating
effect on heteromeric potential-dependent potassium
channels (KCNQ2/3) responsible for M-currents [31].
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Additionally, gabapentin is known to increase the
expression of the GABA-A receptor subunit & (§GABA-A)
subspecies responsible for the tonic inhibitory
conduction predominantly in the cerebellum and
hippocampus [32]. At the early stages of the NeP onset,
the analgesic effect of gabapentin is realized in the area
of locus coeruleus neurons: it inhibits a presynaptic
release of GABA and induces a glutamate release from
astrocytes, which increases the neurons activity of this
localization and leads to an increase in descending a
noradrenergic inhibition [33].

The above pharmacodynamic effects of gabapentin
are possible provided that a sufficient level of

concentrations in plasma and CNS tissues is formed.

Pharmacokinetics of gabapentin
Gabapentin realizes its action mechanism by
penetrating the CNS and neuronal membranes. It was
created as a lipophilic analog of GABA, which ensures its
entry into various CNS structures. Despite its lipophilicity,
gabapentin is transported across cell membranes
primarily by facilitated transport viathe L-amino acid type
1 (LAT-1) carrier system and only to a minor extent by a
passive diffusion; the absorption occurs in the proximal
small intestine and is dose-dependent due to the
saturation of the carrier system; the absorption profile is
described by a hyperbolic function [34]. Its bioavailability
reaches 60% for a dose of 900 mg/day and decreases to
27% in patients taking 4800 mg/day®. Thus, increasing
the dose results in a slight decrease in absorption, which
may limit the risk of intoxication when taking ultra-high
doses. The absorption and bioavailability of the delayed-
release form, gabapentin enacarbil, are somewhat
different: it is transported by the monocarboxylate
transporter type 1 and sodium-dependent multivitamin
transporters (process is unsaturated and, therefore,
nondependent); after the absorption, hydrolysis under
the action of nonspecific carboxylesterases leads to the
formation of active gabapentin. The range of gabapentin
bioavailability values varies from 64.8 to 82.9% [35].
Food intake has no effect on the bioavailability of
conventional gabapentin, but contributes to its increase
for gabapentin enacarbil®. The volume of the gabapentin
distribution is 0.8 I/kg, it practically does not bind to
plasma proteins, its transport across the blood-brain
barrier is carried out by LAT-1 [36]. The concentration

* DrugBank Online: Gabapentin: Uses, Interactions, Mechanism of
Action. Available from: https://go.drugbank.com/drugs/DB00996

2 Gabapentin | C9H17NO2 | CID 3446 — PubChem. Available from: https://
pubchem.ncbi.nlm.nih.gov/compound/Gabapentin#section=Absorption-
Distribution-and-Excretion)
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of gabapentin in cerebrospinal fluid is 9 to 20% of that
in plasma, the concentration in breast milk is almost
equal to that in plasma®. Gabapentin is not a substrate
for cytochromes P450 and has no effect on them; it is
not metabolized and excreted with urine unchanged
with the participation of the processes of tubule
secretion [37]. The clearance of gabapentin varies from
6to 91/h. Arenal function is the main factor determining
the rate of gabapentin excretion: in norm, the
elimination half-life ranges from 5 to 7 h; when creatinine
clearance drops below 30 ml/min, it increases to 52 h*.

Pharmacokinetic ~ parameters of gabapentin
in elderly and senile patients were studied in
Ahmed G.F. et al. (2017), which included 75 patients
(median age, 79 years) [38]. The difference compared
to younger patients was a significant decrease in
clearance, up to 2.93 I/hour, associated with a decreased
renal function in this patient population.

The effect of diseases on the pharmacokinetics
of gabapentin was demonstrated in a study including
patients with different levels of DM control. In patients
with hyperglycemia the apparent volume of distribution
was increased by 68% compared to subjects without
There was also a 36% in the
maximum concentration of gabapentin in patients

diabetes. decrease
with high glycemia compared to study participants
without diabetes (1.6 vs 2.5 mcg/mL). Nevertheless, the
reliability of the obtained changes was not established
by the authors, which suggests an insignificant effect of
hyperglycemia on the pharmacokinetic parameters of
gabapentin [39].

Changes in gabapentin plasma concentrations are
the result of abnormalities in the excretion phase of the
drug from the body; factors such as hepatic insufficiency,
plasma protein abnormalities, and drug interactions have
not shown significant effects. Gabapentin has a wide
therapeutic index; its effective plasma concentrations
range from 2 to 20 mg/I [40]. At the same time, the risk
of toxic effects against the background of high doses is
relatively low, which is associated with an absorption
limitation, especially pronounced when using doses of
more than 4800 mg/day, which was noted in patients
who had received the drug for epilepsy therapy [41].
Accordingly, the maximum dose of gabapentin used in
the treatment of NeP (3600 mg) is not accompanied by
such a significant decrease in absorption.

The pharmacokinetics of gabapentin suggests a

3 DrugBank Online: Gabapentin: Uses, Interactions, Mechanism of
Action.
4 1bid.
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minimal risk of drug interactions. The occurrence of
some motor disorders when combining gabapentin
with losartan and etacrynic acid, a decrease in the
anticonvulsant activity of gabapentin when used
together with caffeine, were obtained in laboratory
experimentsinvolving mice; a clinical significance of these
phenomena in humans has not been confirmed [42].
Synergism with regard to an analgesic effect was
demonstrated in patients when taken together with
tramadol, metamizole [42], celecoxib. When interacting
with antacids (magnesium oxide) there was observed a
decrease inthe maximum concentration of gabapentin by
33%, against the background of proton pump inhibitors
(omeprazole) — by 29%, and a significant decrease in its
bioavailability was noted exactly for the combination
with magnesium oxide, but not with omeprazole [43].
The most clinically significant interactions are observed
when gabapentin is used together with opioids [44, 45].
The patients who have to receive gabapentin and
opioid analgesics simultaneously require a careful
medical monitoring aimed at a timely detection of such
side effects as somnolence, sedation and respiratory
depression. In combination therapy, the dose of both
gabapentin and opioid analgesics should be reduced.

Efficacy and safety of gabapentin

in clinical practice

Gabapentin has a long history of use: having been
used in the 1970s primarily as an anticonvulsant, now,
according to the most current clinical guidelines, it is
the first-line drug for the management of patients with
NeP [17-19].

The efficacy of gabapentin in NeP has been the
subject of a large number of randomized clinical trials
(RCTs) as well as systematic reviews and meta-analyses
of RCTs. Since 2000, the Cochrane community has
published systematic reviews addressing this issue. The
latest one is dated 2017 (37 studies, 59 143 patients with
NeP receiving gabapentin or gabapentin enacarbil at a
dose of 1200 mg/day or more). Based on the definitions
laid out in the Initiative on Methods, Measurement,
and Pain Assessment in Clinical Trials (IMMPACT), the
authors determined that the number of patients with
postherpetic NeP to be treated with gabapentin for
moderate benefit (pain reduction of 230%, NNT30) was
5.7 and for significant benefit (pain reduction of >50%,
NNT50) was 6.8. Similar parameters for patients with
diabetic polyneuropathy were 6.6 and 5.9, respectively
[46]. The authors noted that gabapentin was most
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effective in postherpetic NeP, diabetic polyneuropathy
and mixed NeP. The proportion of patients who
discontinued the drug for any reason (analysis of
22 studies, n=4 617) was 20% for gabapentin (a dose
of 1200 mg or more) and 19% for placebo, indicating a
satisfactory tolerability profile of therapy.

Gabapentin and pregabalin have demonstrated
a comparable efficacy and safety in patients with NeP
due to the spinal cord injury. According to a systematic
review and meta-analysis of 8 studies, there was no
significant difference between the two drugs in reducing
pain scores (mean difference, MD=-0.37; 95% Cl: -1.67,
0.93; p >0.05) [47]. A meta-analysis published one year
later (2021) showed a greater efficacy of pregabalin and
gabapentin in eliminating NeP against the background
of the spinal cord injury compared to carbamazepine,
amitriptyline and placebo [48].

According to a meta-analysis by Ko Y.C. et al (2021),
gabapentin in patients with diabetic painful neuropathy
reduced pain (as measured by a visual analog scale,
VAS) equally effectively compared to duloxetine
(MD=-1.23; 95% Cl: -6.09 to 3.62; p=0.62), it was also
found to be accompanied by animprovement in patients’
functional status [49].

The updated data on the efficacy of gabapentin
were obtained in a systematic review and meta-analysis
of 50 RCTs devoted to the treatment of NeP (2023): the
authors found that NNT30 was 7, NNT50 - 8. The same
paper evaluated the similar parameters for pregabalin;
they were 8 and 10, respectively, indicating a slightly
greater effect of gabapentin [50]. Another meta-analysis
in 2023 evaluated the efficacy of gabapentinoids in
postherpetic NeP (14 RCTs, n=3 545): the standard MD
of the Numerical Rating Scale (NRS) score for gabapentin
was -2.16 (95% Cl: -3.40 to -0.92; p <0.05), for pregabalin
-0.78 (95% ClI: -0.98 to -0.58; p <0.05) [51]. In a large
meta-analysis of 119 studies on patients with various
types of chronic pain, including NeP, 8 studies evaluated
gabapentin, analyzing those where a comparison
had been made with placebo, the authors noted a
significant reduction in pain, MD was -1.49 (95% Cl:
-2.76 to -0.23; p <0.05) [52]. Of interest are the results
of a meta-analysis of 30 comparative double-blind RCTs
with parallel groups or crossover studies that examined
the analgesic effect of at least two first-, second-, and
third-line drugs in NeP (n=4 087) published in 2024
[53]. 10 RCTs (n=920) compared the effect of tricyclic
antidepressants (TCAs) with pregabalin or gabapentin;
the pooled effect showed no difference in the analgesic
effect between TCAs and pregabalin / gabapentin
(MD=0.10; 95% CI: -0.13 to 0.32; p=0.39), there was
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no significant difference in the depression severity and
drug tolerability either. In 8 RCTs, pregabalin/gabapentin
was compared with selective norepinephrine reuptake
inhibitors (SNRIs), the pooled effect showed a greater
effect of the SNRIs efficacy, but a further group analysis
showed no differences. The tolerability of the drugs was
also comparable [53].

Since the 2000s, most of the researchers have
determined that effective doses of gabapentin for the
treatment of NeP are larger than 900 mg/day. One of
the first large-scale reviews of RCTs on the efficacy and
safety of gabapentin in patients with NeP indicated
the following dosing guidelines: start, on average, at
a dose of 900 mg/day (300 mg/day on the first day,
600 mg/day on the second day, 900 mg/day on the
third day) with a further dose titration up to 1800 and
up to 3600 mg/day in patients with severe NeP [54].
Many studies demonstrating the efficacy and favorable
tolerability profile of gabapentin in high doses (up to
3600 mg/day) have been published [46, 55, 56].

The analysis of the efficacy and safety of different
gabapentin enacarbil doses, performed as part of a
randomized, double-blind, placebo-controlled trial
including patients with postherpetic NeP, showed
the most pronounced reduction in mean daily pain
(MDP) compared to placebo when using a dose of
3600 mg/day (MD=-1.07; 95% Cl: -1.68 to -0.45;
p=0.002). A significant reduction in pain was achieved in
76% of patients using the drug at this dose versus 70%
in the 2400 mg/day group and 67% in the 1200 mg/day
group [55]. Of interest are the comparative evaluation
results of efficacy and safety of different gabapentin
doses and forms obtained in a systematic review and
metaanalysis of 7 RCTs, including 2014 patients in the
efficacy evaluation group and 2050 patients in the safety
evaluation group (authors searched for all publications
of the relevant topics from 1966 to 2017). The results
showed the largest reduction in MDP with gabapentin
(conventional form) at a dose of 3600 mg/day, with a
standardized mean difference in MDP values of -0.86
(95% Cl: -1.13 to -0.58; p <0.00001), with the smallest
reduction in MDP demonstrated for the delayed-release
forms (Table 1). The authors have also demonstrated
that at doses of 1800 to 3600 mg/day, gabapentin
significantly improved the sleep quality and reduced the
pain intensity by at least 50% in the majority of patients
taking it. The safety analysis of high gabapentin doses
revealed such side effects as dizziness, drowsiness and
peripheral edema [57]. The MDP reduction against the
background of using different doses of gabapentin and
gabapentin enacarbil is demonstrated in Table 1.
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Table 1 — ADP reduction rates depending on gabapentin dose

Drug Dose MD magnitude of MDP reduction

Conventional form 3600 mg/daily —-1.07; 95% Cl: from —1.68 to —0.45; p=0.002
[55]
—0.86; 95% Cl: from —1.13 to —0.58; p <0.00001
[57]

Gabapentin enacarbil 3600 mg/daily —-0.50; 95% Cl: from —0.79 to —0.20; p=0.0009
[57]

Gabapentin enacarbil 2400 mg/daily —0.70; 95% Cl: from —1.33 to —0.07; p=0.029
[55]
—0.33; 95% Cl: from —0.62 to —0.03; p=0.03
[57]

Gabapentin enacarbil 1200 mg/daily —0.81; 95% Cl: from —1.40 to —0.23; p=0.013
[55]
—0.43; 95% Cl: from —0.66 to —0.20; p=0.0002
[57]

Gabapentin ER 1800 mg once daily —0.21; 95% Cl: from —0.42 to —0.01; p=0.04
[57]

Gabapentin ER 1800 mg twice daily —0.25; 95% Cl: from —0.57 to 0.06; p=0.12
[57]

Note: MD — median deviation; Cl — confidence interval; MDP — mean daily pain.

The array of published RCTs, systematic reviews
and meta-analyses is the basis for the development
of clinical guidelines for the management of patients.
Finnerup N.B. et al. published the results of their
own RCTs meta-analysis devoted to the treatment of
NeP (the total number was 229) and simultaneously
presented the recommendations of the Neuropathic
Pain Special Interest Group (NeuPSIG), working as
part of the International Association for the Study
of Pain (IASP) [58]. The NNT50 for gabapentin was 6.3.
Gabapentin at the doses ranging from 1200 to 3600 mg
was listed by the authors as a first-line treatment for
the management of NeP patients with a high level of
evidence (including the conventional form, a slow-
release form, and gabapentin enacarbil).

The expert consensus of the Chinese Association
for the Study of Pain indicates that gabapentin
should be used for an effective NeP control at a dose
of 900-1800 mg/day, but does not limit the upper limit
of the daily dose [59]. In 2024, an updated consensus
on the use of the drugs affecting ion channels for
the therapy of chronic pain was published in China.
According to its provisions, gabapentin is recommended
for the therapy of postherpetic NeP, diabetic
polyneuropathy, and many other types of NeP [60].
As the drug of choice for NeP therapy, gabapentin
is also noted in the Chinese Guidelines for the
Treatment of Chronic Pain Disorders with Non-opioid
Analgesics [61]. The consensus of Indian experts on the
management of patients with NeP lists gabapentin as
the first-line treatment and recommends titrating it to
1800 mg/day [62].

The updated 2022 American Academy of Neurology
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(AAN) clinical guidelines for the management of
patients with painful diabetic polyneuropathy suggest
using gabapentin at a dose of 900 to 3600 mg/day for
4-8 weeks [63]. A similar approach was recommended
by the American Diabetes Association (ADA) in 2017:
the starting dose should be about 300 mg followed by
titration to an effective dose of 900 to 3600 mg/day”.
The updated ADA 2022 guidelines state that a minimum
dose of 1800 mg/day should be used in most patients
and increased in patients with severe NeP to a maximum
dose of 3600 mg/day; lower doses are recommended
only for the patients with areduced estimated glomerular
filtration rate (eGFR) [64]. Clinical guidelines for the
management of patients with NeP developed in France
in 2020, also recommend the use of gabapentin as the
first-line treatment for various types of NeP at doses
of 1200-3600 mg/day, with gabapentinoid, pregabalin,
classified as the second-line treatment [65].

Russian recommendations (Methodical
Recommendations on the Diagnosis and Treatment
of Neuropathic Pain, Russian Interregional Public
Organization for the Study of Pain, Society for the Study
of Pain) indicate that gabapentin is effective in doses of
1200-3600 mg/day; it should be slowly titrated in an
individual regimen starting at 300 mg/day®. According
to the clinical recommendations “Chronic pain in elderly
and senile patients” developed by the All-Russian public
organization “Russian Association of Gerontologists and

° Pop-Busui R, Ang L, Boulton AJM, Feldman EL, Marcus RL, Mizokami-
Stout K, Singleton JR, and Ziegler D. Diagnosis and Treatment of Painful
Diabetic Peripheral Neuropathy. Arlington (VA): American Diabetes
Association; 2022. Available from: https://www.ncbi.nlm.nih.gov/
books/NBK580224/ DOI: 10.2337/db2022-01

% [Guidelines on neuropathic pain diagnosis and treatment]. Yakhno
N.N., editor. Moscow. RAMS; 2008. 32 p. Russian
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Geriatrics”, in elderly and senile patients, it is necessary
to use lower doses of gabapentin, the initial dose
should be 300 mg, titrated until the development of the
analgesic effect’.

Consensus clinical guidelines on diagnosis and
rational therapy of patients with a painful form of
diabetic polyneuropathy developed by leading Russian
professional medical communities (2019), give the
following dosing regimen of gabapentin as the first-
line drug. On the first day 300 mg/day should be taken,
on the second day — 600 mg/day, on the third day —
900 mg/day, further on — the titration during 3-8 weeks
to reach 1800-3600 mg/day and the administration for
at least 2 weeks at the maximum tolerated dose [66].

Many international clinical guidelines specify
gabapentin as the first-line treatment in the management
of patients with NeP but do not provide doses: UK,
NICE guidelines, 20208 Germany, 2020 [16] and
2021 [67], Canada, 2021 [68], China, 2023 [69] and
2024 [61]. Similarly, without a dose indication,
gabapentin is presented in the practice guideline for
the management of patients with trigeminal neuralgia
published by Lambru G. et al. (2021). It is listed among
the first-line drugs for both idiopathic, classical and
secondary forms [60].

Physicians using them are guided by the data in the
instructions for the drug and the patient’s response to
a gradual increase in dose (in most cases, the titration
period takes 2 weeks). In general, practice indicates a
good tolerability of gabapentin. Risks appear, first of all,
when they are used in combination with opioids, as it
will be discussed below.

Gabapentin safety

The gabapentin safety is well illustrated by the data
from a 2017 Cochrane review that found the occurrence
of adverse events in 11% of patients taking gabapentin
(1200 mg/day or more) versus 8.2% of patients taking
placebo (a risk ratio of 1.4 (1.1 to 1.7)), and the number
of patients to be treated for the occurrence of an adverse
event was 30 (20 to 66) [46]. The most current safety
data on gabapentinoids (gabapentin and pregabalin)
are reported in a systematic review and meta-analysis
of 50 RCTs (n=12 398) published in 2023. Among the
side effects of gabapentin, weight gain (relative risk,
OR=5.61; 95% Cl: 1.04 to 30.22), dizziness (OR=3.33;
95% Cl: 2.39 to 4.65), peripheral edema (OR=3.06; 95%
Cl: 1.25 to 7.48), and somnolence (OR=2.91; 95% Cl:
2.10 to 4.03) were the most prominent. Side effects of

7 Clinical guidelines “Chronic pain in elderly and senile patients”, 2020.
Available from: https://static-0.minzdrav.gov.ru/. Russian

8 Neuropathic pain in adults: pharmacological management in non-
specialist settings. London: National Institute for Health and Care
Excellence (NICE); 2020 Sep 22. (NICE Clinical Guidelines, No. 173.)
Available from: https://www.ncbi.nIm.nih.gov/books/NBK552848/
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pregabalin included an impaired coordination (OR=7.21;
95% Cl: 1.36 to 38.25), gait disturbances (OR=6.71;
95% Cl: 1.57 to 28.71), ataxia (OR=6.02; 95% Cl: 2.31 to
31.15), euphoria (OR=6.01; 95% Cl: 3.02 to 11.97), and
weight gain (OR=4.97; 95% Cl: 3.08 to 8.00) [50].

According to the meta-analysis of 8 safety studies of
different drugs in NeP patients, the discontinuation rate
of gabapentin was similar to that of placebo [48].

The safety profile of gabapentin is quite favorable,
it should be noted that side effects are more common
in patients using it together with opioids [70-72].
Monotherapy with gabapentin is usually not
accompanied by the development of serious adverse
drug reactions (ARs); the formation of dependence is
not typical either [73].

Acute poisoning associated with gabapentin
overdose is not a routine phenomenon in clinical
practice either. This may be partly explained by a dose-
dependent decrease in absorption and, consequently,
bioavailability, against the background of high doses.
A clinical case describing an acute overdose with
gabapentin (5200 mg administered at once) against the
background of a number of other drugs in a 39-year-
old man, is available from published works. The clinical
picture included severe rhabdomyolysis and acute
tubular necrosis, which required renal replacement
therapy, after 3 months all parameters returned to
normal [74].

A meta-analysis of 11 RCTs (2376 patients with
postherpetic NeP, including a gabapentin group (doses
of 1200, 1800, 2400 and 3600 mg/day) — 1 424 people,
placebo — 952) showed that the risk ratio for ARs with
gabapentin compared to placebo was slightly more
than one: 1.29 (95% Cl: 1.06 to 1.57) [75]. An earlier
meta-analysis including 12 RCTs evaluating the efficacy
and safety of gabapentin showed the following. The
relative risk of discontinuation due to ARs was lower
with higher doses: 1.8 (95% Cl: 0.82 to 3.8) for the
1800 mg/day, 1.4 (95% Cl: 0.91 to 2.0) for the
2400 mg/day, and 1.4 (95% Cl: 0.85 to 2.4) for the
3600 mg/day [76].

In general, the published data indicate the
following spectrum of adverse events associated with
gabapentin: dizziness, confusion, general weakness,
impaired coordination of movements, gastrointestinal
symptoms, and weight gain. A dependence formation
is not characteristic of gabapentin: according to
Meaadi J. et al. (2023), among 50 analyzed studies
there was not a single one in which the occurrence of
euphoria — the main substrate of the dependence
formation — had been noted [50].

When prescribing gabapentin for NeP therapy, its
tolerability should be taken into account. In case of
ARs as dizziness or drowsiness, it is necessary to
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return to the previous dose, slowing down the titration
process. During the entire period of selection of an
individual effective dose, the patient should be under
medical supervision, which is necessary to choose
an adequate dosing regimen, an optimal duration of
therapy and control the occurrence of side effects. The
gabapentin dose titration is one of the fundamentally
important factors determining the magnitude of an
analgesic effect in NeP patients. The purpose of the
titration is to select an individual effective dose within
the range studied in clinical trials, which minimizes the
risks of occurrence and provides control over potential
adverse events. When managing a patient with NeP,
it is necessary to carry out a regular monitoring of
pain intensity (once every 2—4 weeks) using available
tools, a VAS, is most often used in this role. The goal of
pharmacotherapy is to reduce the intensity of NeP by
30-50% of the initial value [17-19].

Among the ways to reduce the risk of gabapentin
ARs, there are the following ones. The main way is
to start with a low dose (300 mg/day) and further on
a slow titration until the desired therapeutic effect
is achieved. It is important to use doses and dosing
regimens that are well studied in clinical trials and
correspond to those given in the instructions for medical
use or a general characterization of the drug. A strict
control of a number of drug prescriptions received by
the patient also contributes to reducing the risks of
adverse reactions. The phenomenon of polypragmasy is
very common among patients receiving drugs affecting
the central nervous system and makes a significant
contribution to the risks of pharmacotherapy [77, 78].
Clinically unjustified switching from the original drug
to generics is also important. A number of studies have
demonstrated that there are subpopulations of patients
for whom the probability of achieving a comparable
bioavailability to the originator when switching to a
generic drug is reduced. There is an increased variability
of pharmacokinetic parameters of gabapentin in
patients with an impaired absorption and a reduced

renal function, respectively, there is a high probability
that the use of generics in this case will not allow to
achieve the required values of the drug concentration
in plasma [79]. The original preparation of gabapentin
available on the Russian pharmaceutical market is
Neurontin®. The use of the original drug is characterized
by a greater efficacy and safety compared to generics,
which follows from the results of pharmacokinetic
studies [79].

Achieving therapeutic efficacy of the drug is
impossible without an adequate level of patient
adherence to pharmacotherapy. Taking into account the
need to titrate the dose of gabapentin from lower to
higher, it is worth noting the importance of such a factor
as an availability of the drug in various dosages, which
allows the patient to take the drug with greater comfort.
The original preparation of gabapentin is presented in
the form of capsules (300 mg) and film-coated tablets
(600 mg). The latter are convenient to use in patients
requiring high doses of gabapentin.

CONCLUSION

According to current Russian and international
clinical guidelines, gabapentin is the drug of choice
in the management of patients with NeP of different
etiology and intensity. A satisfactory safety profile and
pharmacodynamic effects demonstrated in clinical
trials allow gabapentin, despite its long history of
use, to remain a relevant drug used by physicians of a
wide range of specialties for pharmacotherapy of NeP
patients. The data set accumulated in RCTs was obtained
primarily for original gabapentin, different dosage forms
of which can provide a comfortable process of a dose
titration for the patient and achieve an effective pain
control. In most studies involving patients with NeP
and a normal renal function, the target therapeutic
dose of gabapentin, contributing to a maximum
analgesic effect against a satisfactory safety profile, was
1800-3600 mg/day (divided into three doses), which
allows us to recommend this dose as optimal for the
main population of NeP patients.

FUNDING
This review work was supported by Viatris. The sponsor had no influence on the selection of material
for the publication, the data analysis and interpretation.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

AUTHORS’ CONTRIBUTION

All authors have made equivalent contributions to the preparation of the publication. All authors confirm their

authorship compliance with the ICMJE international criteria (all authors made a significant contribution to the
conceptualization, research and preparation of the article, read and approved the final version before publication).

Olga I. Butranova — conceptualization and design of the paper, search and analysis of sources, interpretation of

obtained data, writing the layout of the paper, writing the final version of the paper Sergei K. Zyryanov — search
and analysis of sources, interpretation of obtained data, critical evaluation of the paper for significant intellectual

content, writing the final version of the paper, final approval of the version for publication.

84

Volume XII, Issue 1, 2024



Hay4Ho-npakTunyeckuin XxypHan 0530P
APMALINA N

gAPMA%OﬂOFMH DOI: 10.19163/2307-9266-2024-12-1-74-88
(PHARMACY & PHARMACOLOGY)

REFERENCES 12. Cragg JJ, Noonan VK, Noreau L, Borisoff JF, Kramer JK.

1. Scholz J, Finnerup NB, Attal N, Aziz Q, Baron R, Neuropathic pain, depression, and cardiovascular disease:

10.

11.

Bennett MI, Benoliel R, Cohen M, Cruccu G, Davis KD,
Evers S, First M, Giamberardino MA, Hansson P,
Kaasa S, Korwisi B, Kosek E, Lavand’homme P,
Nicholas M, Nurmikko T, Perrot S, Raja SN, Rice ASC,
Rowbotham MC, Schug S, Simpson DM, Smith BH,
Svensson P, Vlaeyen JWS, Wang SJ, Barke A, Rief W,
Treede RD; Classification Committee of the
Neuropathic Pain Special Interest Group (NeuPSIG).
The IASP classification of chronic pain for ICD-11:
chronic neuropathic pain. Pain. 2019;160(1):53-9.
DOI: 10.1097/j.pain.0000000000001365

Cavalli E, Mammana S, Nicoletti F, Bramanti P, Mazzon E.
The neuropathic pain: An overview of the current
treatment and future therapeutic approaches. Int J
Immunopathol Pharmacol. 2019;33:2058738419838383.
DOI: 10.1177/2058738419838383

van Velzen M, Dahan A, Niesters M. Neuropathic pain:
Challenges and opportunities. Front Pain Res (Lausanne).
2020;1:1. DOI: 10.3389/fpain.2020.00001

Baskozos G, Hébert HL, Pascal MM, Themistocleous AC,
Macfarlane GJ, Wynick D, Bennett DL, Smith BH.
Epidemiology of neuropathic pain: an analysis of
prevalence and associated factors in UK Biobank. Pain Rep.
2023;8(2):e1066. DOI: 10.1097/PR9.0000000000001066
Medvedeva LA, Zagorulko OI. Analysis of patient
requests and their financing at the Clinic for
the Study and Treatment of Pain over the past
decade. Russian Journal of Pain. 2022;20(4):45-50.
DOI: 10.17116/pain20222004145. Russian

Vorobyeva NM, Manevich TM, Tkacheva ON,
Kotovskaya YuV, Selezneva EV, Ovcharova LM. Prevalence
and features of chronic pain syndrome in persons over
65 years old: Russian epidemiological study EVKALIPT.
Russian Journal of Geriatric Medicine. 2021;(4):425-34.
DOI: 10.37586/2686-8636-4-2021-425-434. Russian
Cherif F, Zouari HG, Cherif W, Hadded M, Cheour M,
Damak R. Depression prevalence in neuropathic pain
and its impact on the quality of life. Pain Res Manag.
2020;2020:7408508. DOI: 10.1155/2020/7408508

Li KL, Chen YM, Wang XQ, Hu HY. Bibliometric analysis of
studies on neuropathic pain associated with depression or
anxiety published from 2000 to 2020. Front Hum Neurosci.
2021;15:729587. DOI: 10.3389/fnhum.2021.729587

Guntel M, Huzmeli ED, Melek |I. Patients with
neuropathic  pain  have poor sleep  quality.
J Nerv Ment Dis. 2021;209(7):505-9.

DOI: 10.1097/NMD.0000000000001325

Bekircan-Kurt CE, Inan B, Bulut O, Sengiin i, Karli N,
Gines N, Cokal BG, Giiler SK, Yoldas TK, Ozcanyiiz DG,
Ko¢ F Unlitirk Z, Erdogan C, Uludag B, Boz C,
Titiinct M, Akalin MA, Kamisli O, Ozcan A, Koytak PK,
Ulug K, Erdem-Ozdamar S, Tan E. Neuropathic pain
frequency in neurology outpatients: A multicenter
study. Noro  Psikiyatr  Ars. 2021;58(4):257-60.
DOI: 10.29399/npa.27549

DiBonaventura MD, Sadosky A, Concialdi K, Hopps M,
Kudel I, Parsons B, Cappelleri JC, Hlavacek P,
Alexander AH, Stacey BR, Markman JD, Farrar JT. The
prevalence of probable neuropathic pain in the US: results
from a multimodal general-population health survey. J
Pain Res. 2017;10:2525-38. DOI: 10.2147/JPR.S127014

Tom 12, Beinyck 1, 2024

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

a national multicenter study. Neuroepidemiology.
2015;44(3):130-7. DOI: 10.1159/000377726

Liedgens H, Obradovic M, De Courcy J, Holbrook T,
Jakubanis R. A burden of illness study for neuropathic pain
in Europe. Clinicoecon Outcomes Res. 2016;8:113-26.
DOI: 10.2147/CEOR.S81396

Soloveva EYu, Amelina I[P, Plieva EK. Individual
approach to drug correction of patients with
neuropathic pain. Lechaschi Vrach. 2022;(12):86-94.
DOI: 10.51793/0S.2022.25.12.014. Russian

Borodulina 1V, Rachin AP. Pathogenic approaches to the
treatment of acute exacerbation of chronic back pain: a
clinical case report. Meditsinsky Sovet. 2019;12:42-7.
DOI: 10.21518/2079-701X-2019-12-42-47

Schlereth T. Guideline “diagnosis and non interventional
therapy of neuropathic pain” of the German Society of
Neurology (deutsche Gesellschaft fiir Neurologie). Neurol
Res Pract. 2020;2:16. DOI: 10.1186/s42466-020-00063-3
Davydov OS, Yakhno NN, Kukushkin ML, Churyukanov MV,
Abuzarova GR, Amelin AV, Balyazin VA, Barantsevich ER,
Barinov AN, Barulin AE, Belskaya GN, Bykov YuN,
Danilov AB, Doronina OB, Dreval ON, Evseev MA,
Zagorulko Ol, Isagulyan ED, Kalinsky PP, Karakulova YuV,
Karateev  AE, Kopenkin SS, Kurushina ov,
Medvedeva LA, Parfenov VA, Sergienko DA, Strokov IA,
Khabirov FA, Shirokov VA. Neuropathic pain: clinical
guidelines for the diagnosis and treatment of the Russian
Society for the Study of Pain. Rossijskij zhurnal boli.
2018;4(58):5-41. DOI: 10.25731/RASP.2018.04.025. Russian
Sorokina ND, Pertsov SS, Selitsky GV, Zherdeva AS.
Antiepileptic drugs in the treatment of migraine
and neuropathic pain. Russian Journal of Pain.
2021;19(3):45-52. DOI: 10.17116/pain20211903145. Russian
Bates D, Schultheis BC, Hanes MC, Jolly SM, Chakravarthy KV,
Deer TR, Levy RM, Hunter CW. A Comprehensive
Algorithm for Management of Neuropathic Pain. Pain
Med. 2019;20(Suppl 1):52-S12. DOI: 10.1093/pm/pnz075.
Erratum in: Pain Med. 2023;24(2):219.

Cui CX, Liu HY, Yue N, Du YR, Che LM, Yu JS. Research
progress on the mechanism of chronic neuropathic
pain. IBRO Neurosci Rep. 2022;14:80-5. DOI: 10.1016/j.
ibneur.2022.12.007

Hamdan A, Galvez R, Katati M. Shedding light on

neuropathic pain: Current and emerging tools
for  diagnosis, screening, and quantification.
SAGE Open Med. 2024;12:20503121231218985.

DOI: 10.1177/20503121231218985

Deng M, Chen SR, Pan HL. Presynaptic NMDA receptors
control nociceptive transmission at the spinal cord level in
neuropathic pain. Cell Mol Life Sci. 2019;76(10):1889-99.
DOI: 10.1007/s00018-019-03047-y

Huang Y, Chen H, Jin D, Chen SR, Pan HL. NMDA Receptors
at Primary Afferent-Excitatory Neuron Synapses
Differentially Sustain Chemotherapy- and Nerve Trauma-
Induced Chronic Pain. J Neurosci. 2023;43(21):3933-48.
DOI:10.1523/JNEUROSCI.0183-23.2023

Wang L, Chen SR, Ma H, Chen H, Hittelman WN, Pan HL.
Regulating nociceptive transmission by VGIuT2-
expressing spinal dorsal horn neurons. J Neurochem.
2018;147(4):526-40. DOI: 10.1111/jnc.14588

Taylor CP, Harris EW. Analgesia with Gabapentin and

85



REVIEW
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

(PAPMALMA N ®DAPMAKO/IOIUA)

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

86

Pregabalin May Involve N-Methyl-d-Aspartate Receptors,
Neurexins, and Thrombospondins. J Pharmacol Exp Ther.
2020;374(1):161-74. DOI: 10.1124/jpet.120.266056
Varadi G. Mechanism of Analgesia by Gabapentinoid
Drugs: Involvement of Modulation of Synaptogenesis
and Trafficking of Glutamate-Gated lon Channels.
J Pharmacol Exp  Ther. 2024;388(1):121-33.
DOI: 10.1124/jpet.123.001669

Russo M, Graham B, Santarelli DM. Gabapentin-Friend
or foe? Pain Pract. 2023;23(1):63-9. DOI: 10.1111/
papr.13165

Wu T, Chen SR, Pan HL, Luo Y. The a26-1-NMDA receptor
complex and its potential as a therapeutic target for
ischemic stroke. Front Neurol. 2023;14:1148697.
DOI: 10.3389/fneur.2023.1148697

Papassidero P, Wichert-Ana L, Lia EN, Alexandre-
Santos L, Trevisan AC, Coelho EB, Della Pasqua O,
Lanchote VL, Dach F. Pharmacodynamic effect of
gabapentin on central nervous system in patients
with chronic low back pain: a [99mTc]Tc-ECD SPECT
study. Reg Anesth Pain Med. 2023;48(8):408-13.
DOI: 10.1136/rapm-2022-104047

Fuller-Bicer GA, Varadi G, Koch SE, Ishii M, Bodi I,
Kadeer N, Muth JN, Mikala G, Petrashevskaya NN,
Jordan MA, Zhang SP, Qin N, Flores CM, lIsaacsohn |,
Varadi M, Mori Y, Jones WK, Schwartz A. Targeted
disruption of the voltage-dependent calcium channel
alpha2/delta-1-subunit. Am J Physiol Heart Circ Physiol.
2009;297(1):117-24. DOI: 10.1152/ajpheart.00122.2009
Manville RW, Abbott GW. Gabapentin Is a Potent Activator
of KCNQ3 and KCNQS5 Potassium Channels. Mol Pharmacol.
2018;94(4):1155-63. DOI: 10.1124/mol.118.112953

Yu J, Wang DS, Bonin RP, Penna A, Alavian-Ghavanini A,
Zurek AA, Rauw G, Baker GB, Orser BA. Gabapentin
increases  expression of &  subunit-containing
GABAA receptors. EBioMedicine. 2019;42:203-13.
DOI: 10.1016/j.ebiom.2019.03.008

Hayashida KI, Obata H. Strategies to Treat Chronic Pain and
Strengthen Impaired Descending Noradrenergic Inhibitory
System. Int J Mol Sci. 2019;20(4):822. DOI: 10.3390/
ijms20040822

Chincholkar M. Gabapentinoids: pharmacokinetics,
pharmacodynamics and considerations for
clinical practice. Br J Pain. 2020;14(2):104-14.
DOI: 10.1177/2049463720912496

Lal R, Ellenbogen A, Gidal B. Interindividual Variability
in the Bioavailability of Gabapentin Enacarbil Extended
Release in Healthy Adults: An Analysis of Data From 6
Phase | Studies. Ther Drug Monit. 2022;44(3):448-54.
DOI: 10.1097/FTD.0000000000000935

Dickens D, Webb SD, Antonyuk S, Giannoudis A, Owen A,
Radisch S, Hasnain SS, Pirmohamed M. Transport of
gabapentin by LAT1 (SLC7A5). Biochem Pharmacol.
2013;85(11):1672-83. DOI: 10.1016/j.bcp.2013.03.022
Bockbrader HN, Wesche D, Miller R, Chapel S,
Janiczek N, Burger P. A comparison of the
pharmacokinetics and pharmacodynamics of pregabalin
and gabapentin. Clin Pharmacokinet. 2010;49(10):661-9.
DOI: 10.2165/11536200-000000000-00000

Ahmed GF, Bathena SP, Brundage RC, Leppik IE,
Conway JM, Schwartz JB, Birnbaum AK. Pharmacokinetics
and Saturable Absorption of Gabapentin in Nursing
Home Elderly Patients. AAPS J. 2017;19(2):551-6.
DOI: 10.1208/512248-016-0022-z

Costa ACC, de Lima Benzi JR, Yamamoto PA, de
Freitas MCF, de Paula FJA, Zanelli CF, Lauretti GR,

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

de Moraes NV. Population pharmacokinetics of
gabapentin in patients with neuropathic pain: Lack of
effect of diabetes or glycaemic control. BrJ Clin Pharmacol.
2021;87(4):1981-9. DOI: 10.1111/bcp.14594

Lindberger M, Luhr O, Johannessen SI, Larsson S,
Tomson T. Serum concentrations and effects of
gabapentin and vigabatrin: observations from a dose
titration study. Ther Drug Monit. 2003;25(4):457-62.
DOI: 10.1097/00007691-200308000-00007

Gidal BE, DeCerce J, Bockbrader HN, Gonzalez J, Kruger S,
Pitterle ME, Rutecki P, Ramsay RE. Gabapentin
bioavailability: effect of dose and frequency of
administration in adult patients with epilepsy. Epilepsy Res.
1998;31(2):91-9. DOI: 10.1016/s0920-1211(98)00020-5
Quintero GC. Review about gabapentin misuse,
interactions, contraindications and side effects. J Exp
Pharmacol. 2017;9:13-21. DOI: 10.2147/JEP.5124391
Yagi T, Naito T, Mino Y, Umemura K, Kawakami J. Impact
of concomitant antacid administration on gabapentin
plasma exposure and oral bioavailability in healthy adult
subjects. Drug Metab Pharmacokinet. 2012;27(2):248-54.
DOI: 10.2133/dmpk.dmpk-11-rg-108

Gomes T, Juurlink DN, Antoniou T, Mamdani MM,
Paterson JM, van den Brink W. Gabapentin, opioids, and
therisk of opioid-related death: A population-based nested
case-control study. PLoS Med. 2017;14(10):e1002396.
DOI: 10.1371/journal.pmed.1002396

Singh H, Handa R, Kak V, Wasilewski A. Complex
encephalopathy arising from the combination of opioids
and gabapentin. BMJ Case Rep. 2019;12(4):e228354.
DOI: 10.1136/bcr-2018-228354

Wiffen PJ, Derry S, Bell RF, Rice AS, Tolle TR, Phillips T,
Moore RA. Gabapentin for chronic neuropathic pain in
adults. Cochrane Database Syst Rev. 2017;6(6):CD007938.
DOI: 10.1002/14651858.CD007938.pub4

Davari M, Amani B, Amani B, Khanijahani A,
Akbarzadeh A, Shabestan R. Pregabalin and gabapentin
in neuropathic pain management after spinal cord injury:
a systematic review and meta-analysis. Korean J Pain.
2020;33(1):3—-12. DOI: 10.3344/kjp.2020.33.1.3

Tong C, Zhengyao Z, Mei L, Dongpo S, Qian H,
Fengqun M. Pregabalin and Gabapentin in Patients with
Spinal Cord Injury-Related Neuropathic Pain: A Network
Meta-Analysis.  Pain  Ther. 2021;10(2):1497-1509.
DOI: 10.1007/s40122-021-00302-8

Ko Y-C, Lee C-H, Wu C-S, Huang Y-J. Comparison of efficacy
and safety of gabapentin and duloxetine in painful diabetic
peripheral neuropathy: A systematic review and meta-
analysis of randomised controlled trials. Int J Clin Pract.
2021;75:e14576. DOI: 10.1111/ijcp.14576

Meaadi J, Obara |, Eldabe S, Nazar H. The safety and
efficacy of gabapentinoids in the management of
neuropathic pain: a systematic review with meta-
analysis of randomised controlled trials. Int J Clin Pharm.
2023;45(3):556-565. DOI: 10.1007/s11096-022-01528-y
Cao X, Shen Z, Wang X, Zhao J, Liu W, Jiang G. A meta-
analysis of randomized controlled trials comparing
the efficacy and safety of pregabalin and gabapentin
in the treatment of postherpetic neuralgia. Pain Ther.
2023;12(1):1-18. DOI: 10.1007/s40122-022-00451-4
Shetty A, Delanerolle G, Cavalini H, Deng C, Yang X,
Boyd A, Fernandez T, Phiri P, Bhaskar A, ShiJQ. A systematic
review and network meta-analysis of pharmaceutical

Volume XII, Issue 1, 2024



Hay4Ho-npakTunyeckuin XxypHan

OAPMALIA N
OAPMAKONIOTUA

(PHARMACY & PHARMACOLOGY)

Ob30P
DOI: 10.19163/2307-9266-2024-12-1-74-88

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

interventions used to manage chronic pain. Sci Rep.
2024;14(1):1621. DOI: 10.1038/s41598-023-49761-3
Sadegh AA, Gehr NL, Finnerup NB. A systematic
review and meta-analysis of randomized controlled
head-to-head trials of recommended drugs for
neuropathic pain. PAIN Reports. 2024;9(2):e1138.
DOI: 10.1097/PR9.0000000000001138

Backonja M, Glanzman RL. Gabapentin dosing for
neuropathic pain: evidence from randomized, placebo-
controlled clinical trials. Clin Ther. 2003;25(1):81-104.
DOI: 10.1016/s0149-2918(03)90011-7

Zhang L, Rainka M, Freeman R, Harden RN, Bell CF,
Chen C, Graff O, Harding K, Hunter S, Kavanagh S,
Laurijssens B, Schwartzbach C, Warren S, McClung C.
A randomized, double-blind, placebo-controlled
trial to assess the efficacy and safety of gabapentin
enacarbil in subjects with neuropathic pain associated
with postherpetic neuralgia (PXN110748). J Pain.
2013;14(6):590-603. DOI: 10.1016/j.jpain.2013.01.768
Cowles VE, Gordi T, Hou SY. Steady-state
pharmacokinetics of gabapentin after administration of
a novel gastroretentive extended-release formulation
in postmenopausal women  with  vasomotor
symptoms. Clin Drug Investig. 2012;32(9):593-601.
DOI: 10.1007/BF0326191

Wang J, Zhu Y. Different doses of gabapentin
formulations for postherpetic neuralgia: A systematical
review and meta-analysis of randomized controlled
trials. J Dermatolog Treat. 2017;28(1):65-77.
DOI: 10.3109/09546634.2016.1163315

Finnerup NB, Attal N, Haroutounian S, McNicol E,
Baron R, Dworkin RH, Gilron |, Haanpaa M, Hansson P,
Jensen TS, Kamerman PR, Lund K, Moore A, Raja SN,
Rice AS, Rowbotham M, Sena E, Siddall P, Smith BH, Wallace M.
Pharmacotherapy for neuropathic pain in adults: a
systematic review and meta-analysis. Lancet Neurol.
2015;14(2):162-73. DOI: 10.1016/51474-4422(14)70251-0
Xiao H, Ma K, Huang D, Liu XG, Liu TH, Liu Q, Liu GZ,
Song T, Tao W, Wu DS, Wang YX, Yang XQ, Zhang XM,
Liu H, Liu YQ. Expert consensus of the Chinese Association
for the Study of Pain on ion channel drugs for neuropathic
pain. World J Clin Cases. 2021;9(9):2100-2109.
DOI: 10.12998/wjcc.v9.i9.2100

Ma K, Cheng Z, Jiang H, Lin Z, Liu C, Liu X, Lu L, Lu Y,
Tao W, Wang S, Yang X, Yi Q, Zhang X, Zhang Y, Liu Y.
Expert Consensus on lon Channel Drugs for Chronic
Pain Treatment in China. J Pain Res. 2024;17:953-963.
DOI: 10.2147/JPR.S445171

Expert Group on Pain Disease Diagnosis and Treatment
Special Ability Training Project of National Health
Commission Capacity Building and Continuing Education
Center. [Chinese guidelines for the treatment of chronic
pain disorders with non-opioid analgesics]. Zhonghua
Yi Xue Za Zhi. 2023;103(39):3088-3102. Chinese.
DOI: 10.3760/cma.j.cn112137-20230529-00876

Saxena AK, Jain P, Dureja GP, Venkitachalam A,
Goswami S, Usmani H, Kothari S, Sahu D, Singh B,
Trivedi V, Sharma G, Kamble S, Qamra A, Motlekar S,
Jain R. Pharmacological Management of Neuropathic
Pain in India: A Consensus Statement from Indian
Experts. Indian Journal of Pain. 2018;32(3):132-144.
DOI: 10.4103/ijpn.ijpn_47_18

Price R, Smith D, Franklin G, Gronseth G, Pignone M,

Tom 12, Beinyck 1, 2024

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

David WS, Armon C, Perkins BA, Bril V, Rae-Grant A,
Halperin J, Licking N, O’Brien MD, Wessels SR,
MacGregor LC, Fink K, Harkless LB, Colbert L,
Callaghan BC. Oral and Topical Treatment of Painful
Diabetic Polyneuropathy: Practice Guideline
Update Summary: Report of the AAN Guideline
Subcommittee. Neurology. 2022;98(1):31-43.
DOI: 10.1212/WNL.0000000000013038

Pop-Busui R, Boulton AJ, Feldman EL, Bril V, Freeman R,
Malik RA, Sosenko JM, Ziegler D. Diabetic Neuropathy:
A Position Statement by the American Diabetes
Association.  Diabetes Care. 2017;40(1):136-154.
DOI: 10.2337/dc16-2042

Moisset X, Bouhassira D, Avez Couturier J, Alchaar H,
Conradi S, Delmotte MH, Lanteri-Minet M,
Lefaucheur JP, Mick G, Piano V, Pickering G, Piquet E,
Regis C, Salvat E, Attal N. Pharmacological and non-

pharmacological treatments for neuropathic pain:
Systematic review and French recommendations.
Rev Neurol (Paris). 2020;176(5):325-352.

DOI: 10.1016/j.neurol.2020.01.361

Galstyan GR, Starostina EG, Yakhno NN, Gurieva 1V,
Churyukanov MV, Strokov 1A, Tokmakova AY,
Kukushkin ML, Martynov Al, Shestakova MV.
Diagnosis and rational treatment of painful diabetic
peripheral neuropathy: an interdisciplinary expert
consensus. Diabetes mellitus. 2019;22(4):305-27.
DOI: 10.14341/DM9625 Russian

Ziegler D, Keller J, Maier C, Pannek J. Diabetic Neuropathy.
Exp Clin Endocrinol Diabetes. 2021;129(S 01):570-S81.
DOI: 10.1055/a-1284-6245

Loh E, Mirkowski M, Agudelo AR, Allison DJ, Benton B,
Bryce TN, Guilcher S, lJeji T, Kras-Dupuis A,
Kreutzwiser D, Lanizi O, Lee-Tai-Fuy G, Middleton JW,
Moulin DE, O’Connell C, Orenczuk S, Potter P, Short C,
Teasell R, Townson A, Widerstrom-Noga E, Wolfe DL,
Xia N, Mehta S. The CanPain SCI clinical practice
guidelines for rehabilitation management of neuropathic
pain after spinal cord injury: 2021 update. Spinal Cord.
2022;60(6):548—-66. DOI: 10.1038/s41393-021-00744-z
Lambru G, Zakrzewska J, Matharu M. Trigeminal neuralgia:
a practical guide. Pract Neurol. 2021;21(5):392-402.
DOI: 10.1136/practneurol-2020-002782

Lennox R, Mangin D. Gabapentin misuse.
2019;191(2):E47. DOI: 10.1503/cmaj.180599
Mattson CL, Chowdhury F, Gilson TP. Notes from the
Field: Trends in Gabapentin Detection and Involvement
in Drug Overdose Deaths - 23 States and the District of
Columbia, 2019-2020. MMWR Morb Mortal Wkly Rep.
2022;71(19):664-666. DOI: 10.15585/mmwr.mm7119a3
Finlayson G, Chavarria M, Chang S, Gardner T,
Grande A, MacCallum C, delong JL, Quesnelle K.
Gabapentin in Mixed Drug Fatalities: Does this Frequent
Analyte Deserve More Attention? Acad Forensic Pathol.
2017;7(1):99-111. DOI: 10.23907/2017.012

Smith RV, Havens JR, Walsh SL. Gabapentin misuse,
abuse and diversion: a systematic review. Addiction.
2016;111(7):1160-74. DOI: 10.1111/add.13324

Qiu X, Tackett E, Khitan Z. A case of gabapentin overdose
induced rhabdomyolysis requiring renal replacement
therapy. Clin Case Rep. 2019;7(8):1596-1599.
DOI: 10.1002/ccr3.2302

Zhang M, Gao CX, Ma KT, Li L, Dai ZG, Wang S, Si JQ.

CMAIJ.

87



REVIEW
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

(PAPMALMA N ®DAPMAKO/IOIUA)

A Meta-Analysis of Therapeutic Efficacy and Safety of
Gabapentin in the Treatment of Postherpetic Neuralgia
from Randomized Controlled Trials. Biomed Res Int.
2018;2018:7474207. DOI: 10.1155/2018/7474207

76. Straube S, Derry S, McQuay HJ, Moore RA. Enriched
enrollment: definition and effects of enrichment and dose
in trials of pregabalin and gabapentin in neuropathic pain. A
systematic review. BrJ Clin Pharmacol. 2008;66(2):266-75.
DOI: 10.1111/j.1365-2125.2008.03200.x

77. Wei YJ, Shrestha N, Chiang C, DeKosky ST. Prevalence
and trend of central nervous system-active medication
polypharmacy among US commercially insured adults

with vs without early-onset dementia: a multi-year cross-
sectional study. Alzheimers Res Ther. 2024;16(1):30.
DOI: 10.1186/s13195-024-01405-y

78. Sychev DA, Otdelenov VA, Krasnova NM, llina ES.
Polypragmasy: A clinical pharmacologist’s view.
Therapeutic Archive. 2016;88(12):94-102.

DOI: 10.17116/terarkh2016881294-102. Russian

79. Glerum PJ, Yamada WM, Neely MN, Burger DM,
Maliepaard M, Neef C. Interchangeability of generic drugs
for subpopulations: Bioequivalence simulation from a
nonparametric PK model of gabapentin generic drugs. BrJ
Clin Pharmacol. 2022. DOI: 10.1111/bcp.15629.

AUTHORS

Olga |. Butranova - Candidate of Sciences
(Medicine), Associated Professor of the Department
of General and Clinical Pharmacology of the Medical

Institute of Patrice Lumumba Peoples’ Friendship
University. ORCID: 0000-0001-7729-2169. E-mail:
butranova-oi@rudn.ru

Sergei K. Zyryanov — Doctor of Sciences
88

(Medicine), Professor, Head of the Department of
General and Clinical Pharmacology of the Medical
Institute of Patrice Lumumba Peoples’ Friendship
University; Deputy Chief Medical Officer of City
Clinical Hospital No. 24 of the Moscow City Health
Department. ORCID ID: 0000-0002-6348-6867. E-mail:
zyryanov_sk@rudn.university

Volume XII, Issue 1, 2024



