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Examples of Clinical Use of Botulinum Toxin: A Literature Review

Abstract. Botulinum toxin (BoNT), being one of the most toxic substances known to mankind,
due to its unique mechanism of action is used as an effective treatment for many diseases,
including strabismus, blepharospasm, and hemifacial spasm. BoNT has received particular use as a
long-acting analgesic due to its ability to inhibit the exocytosis of pain neuropeptides, including
CGRP, Substance P, and modulate the expression of pain-related receptors as TRPV1, NMDA,
AMPA, P2X3. Botulinum toxin injections are effective in the treatment of many pain conditions:
diabetic neuropathy, chronic migraine, spinal cord injury. This article reviews the possibilities of
clinical applications of botulinum toxin based on the analysis of articles in the PubMed database
for specific search terms. The keywords “botulinum toxin”, “treatment”, “clinical use”, “pain
reduction” were used to obtain references. The possibilities for the clinical use of botulinum toxin
are growing every year. Currently, at least 8 commercially available preparations of botulinum
toxin types A and B are known, the most recognizable of which are Botox, Dysport, and
MyoBloc/NeuroBloc. Future research should focus on improving the safety profile and increasing
the efficacy of botulinum toxin-based drugs. New types of botulinum toxin obtained through
molecular reengineering will significantly increase its therapeutic efficacy.

Keywords: botulinum toxin, clinical use, chronic pain, pain relief, analgesic, migraine, diabetic
neuropathy.
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Introduction

Botulinum neurotoxins (BoNT) are a family of neurotoxins produced by strains of Clostridium
bacteria that cause severe flaccid paralysis botulism. Human botulism can be contracted in three ways:
by ingestion, inhalation, or through a wound. In severe cases, botulism leads to death from respiratory
paralysis. There are at least 7 different serotypes, from BoNT/A to BoNT/G. They all act by cleaving
SNARE proteins, a tetrahelical complex required for the exocytosis of neurotransmitters into the
synapse [1].

Structure and mechanism of action of BONT

All serotypes of botulinum neurotoxins have a similar domain structure (Figure 1A). The gene
encoding the toxin is expressed as a single-chain polypeptide of about 150 kDa [2]. There are three
distinct functional domains in native BoNT. The carboxy-terminal domain is responsible for
neurospecific binding, the central domain is involved in membrane translocation, and the amino-
terminal domain is endopeptidase cleaving proteins involved in the release of neurotransmitters and
neuropeptides [3].

The similar structure provides a similar mechanism of action, which is conventionally divided
into 4 stages: binding, internalization, membrane translocation and enzymatic cleavage of the target
proteins. Studies indicate the involvement of polysialogangliosides and synaptic vesicle proteins in the
binding of various BoNT serotypes [4]. Internalization of BoNT occurs by endocytosis of synaptic
vesicles. Vesicles containing BoNT are oxidized to low pH values (4.40—4.60), which causes
conformational changes in the toxin, incorporation of the translocation domain into the membrane in
the form of an ion channel, and translocation of the amino-terminal endopeptidase into the cytosol [5],
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which then target proteins depending on the BoNT serotype. BoNT serotypes cleave different
intracellular proteins of the SNARE complex or cleave the same protein but in different locations.
Botulinum toxins inhibit SNARE-mediated exocytosis by each cleaving specific target proteins: VAMP
(vesicle-associated membrane protein), SNAP-25 (25 kDa synaptosome-associated protein), and
syntaxin (Figure 1B) [6]. According to different molecular targets, botulinum toxin serotypes have
different durations of action. In particular, botulinum neurotoxin A (BoNT/A) has the longest duration
of action and is therefore the most commonly used in practice [7].
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Figure 1. The 3D structure and molecular targets of action of Botulinum Neurotoxin A
(A) The catalytic domain is colored in blue, the translocation domain in green, the binding
domain in yellow and red. The catalytic zinc is depicted as a ball in gray [8].
(B) Cleavage sites of BONTSs on the presynaptic membrane and synaptic vesicle (S5V) [6].

BoNT/G

Molecular explanation of clinical use

Native BoNTs are highly active in neuromuscular synapses due to the expression of specific
receptors on the presynaptic surfaces, as well as the relatively large size of the presynaptic endings on
muscle fibers. This allows the toxin to migrate in high doses by endocytosis specifically to the motor
motor nerve endings [9]. Inhibition of the release of acetylcholine and inhibition of the neuromuscular
junction, in turn, is the molecular explanation for the clinical use of botulinum toxins in treatments of
muscle spasms and also the hyperfunction of certain excretory glands.

Importantly, botulinum neurotoxin can be considered as a tool to control chronic pain. SNARE-
mediated (Soluble N-ethylmaleimide-sensitive factor Attachment Protein Receptor) exocytosis
influences the onset and development of chronic pain in various ways. First of all, the fusion of synaptic
vesicles filled with pain neurotransmitters and pain neuropeptides with the presynaptic membrane
occurs due to the formation of the SNARE complex [10, 11]. Moreover, surface expression of nociceptive
receptors also depends on SNARE-mediated exocytosis [12, 13]. Therefore, it is believed that the
analgesic effect occurs in the periphery by blocking the release of pronociceptive transmitters and
receptors. BONT reduces the amount of released glutamate, CGRP, substance P, as well as TRPV1,
NMDA, AMPA, P2X3.

Methods

A review of the English-language literature was conducted using the PubMed database on
October 28, 2022. The following terms were the keywords for the search: “botulinum toxin”,

“treatment”, “clinical use”, “pain reduction”. Articles describing the use of botulinum toxin for pain
control were selected, analyzed, and summarized, starting from the first mention of the clinical use of
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this toxin, i.e. 1973.
Results and discussion

The idea of clinical use of botulinum toxin arose in 1822 from the discoverer of this toxic
compound - Justinus Kerner [14]. He predicted the usefulness of injections of toxin in diseases resulting
from hyperexcitation of the nervous system. The first attempt to use botulinum toxin clinically was
made in the search for a non-surgical treatment for strabismus. Scientists at the Smith Kettlewell Eye
Research Institute, led by Alan Scott, published the results of their study in 1973. They demonstrated
that administration of low doses of BONT/A to the oculomotor muscles of Macaca mulatta was effective
both in the initial and repeated injections [15]. Further clinical studies confirmed the effectiveness of
using botulinum toxin in strabismus [16, 17], blepharospasm [18], hemifacial spasm [19]. Treatment of
such conditions with botulinum toxin not only effectively reduces the frequency and intensity of
involuntary muscle contractions, but also reduces the pain associated with these disorders.

A preliminary pilot study conducted by a group of scientists led by Andrew Blitzer in 1993
proposed a new treatment option for patients with hyperfunctional facial wrinkles [20]. This
assumption was verified a year later in a double-blind, placebo-controlled study in which 81% of
patients noted a significant improvement, 19% - a moderate improvement in the severity of facial
wrinkles after botulinum toxin injections [21].

As a result of observation of patients with hemifacial spasm treated with botulinum injections,
the hypothesis of the use of BONT/A as an agent to combat focal hyperhidrosis has arisen [22]. Since
then, numerous studies have confirmed that topical botulinum toxin therapy for axillary, palmar and
plantar hyperhidrosis is an effective, simple and fast procedure [23, 24, 25].

Hypersalivation is another autonomic disorder that can be treated with botulinum toxin. It is
hypothesized that injections of BONT/A into the parotid salivary glands may be suggested for patients
whose salivation does not respond to medical treatment [26]. A few years later, an article by British
scientists was published, according to which injections of botulinum toxin into the salivary glands can
serve as an effective and simple method for treating excessive salivation, including in Parkinson’s
disease [27]. In 1999, positive results of the use of botulinum toxin to reduce abnormal secretion of tears
were published, according to which the therapeutic effect lasts for about 6 months [28].

Botulinum toxin has found use in the treatment of disorders of the excretory and gastrointestinal
systems. Thus, with detrusor-sphincter dyssynergy, a single injection significantly improved the
condition of patients for 3 to 9 months [29]. Botulinum toxin injection results in effective long-term relief
of symptoms in 75% of patients with achalasia [30], and complete healing of the anal fissure within 3
months in 82% of patients with sphincter spasm [31].

The first clinical evidence of the antinociceptive action of botulinum neurotoxin arose as a result
of the following observations: pain was significantly reduced at small doses insufficient for paralysis,
pain relief lasted longer than the period of paralysis, occurred before it, or was the only result of
treatment. Thus, according to Stell et al., in some patients treated for spasmodic torticollis, pain relief
was present even when there was no correction of the hemorrhage [32]. According to the results
obtained by Relja and Klepac in 2002, the antinociceptive effect of BONT/A on spasmodic torticollis pain
appears 7 days earlier than the positive effect on motor function. Additionally, it was demonstrated that
the dose sufficient to control pain was half the dose required for motor improvement [33]. In patients
with temporomandibular disorders, a single injection of BONT/A resulted in a decrease in bite force for
a shorter period, compared with a beneficial effect on pain [34].

BoNT/A has shown efficacy in treating various pains such migraine, diabetic neuropathy,
trigeminal neuralgia, post-herpetic neuralgia, poststroke pain, spinal cord injury, cancer pain, pelvic
pain and more. Based on the results of a pooled analysis of 2 multicenter studies evaluating migraine
prophylaxis, OnabotulinumtoxinA was approved by the FDA for the prophylaxis of chronic migraine in
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2010 and is now widely used worldwide [35].

Four articles describing the efficacy of botulinum toxin in diabetic neuropathy were analyzed,
all of which were double-blind randomized control studies.

In a study by Yuan et al. [36] 50 U BoNT/A was injected intradermally into both feet at 12 sites.
Evaluation performed at 1, 4, 8 and 12 weeks showed a significant decrease in pain on the visual
analogue scale, lasting throughout all 12 weeks and peaking at 4 weeks with a score of 2.22 + 2.24. A
temporary improvement in sleep was also demonstrated at week 4 of treatment with scores of 1.72 +
1.82.

Later, a similar study was conducted by Ghasemi M. et al., the distinguishing features of which
were a 2-fold increase in the dose of botulinum toxin and its injection into only one foot. Intradermal
injection of BONT/A reduced sensitivity for electric shocks, burning, pins and needles and brushing [37].
The duration of this study was only 3 weeks due to the problems regarding patients regular follow-up.

The results of the Salehi et al. [38] study showed that the sleep quality in diabetes patients
improved significantly after the BONT/A injection in weeks 4 and 8, as well as the individuals” level of
physical capacity. In the latest study [39], published in 2020, the dose was increased to 150 U, and
groups injected in one and both feet were compared. Interesting that all types of pain improved
significantly in both groups. However hot sensation improvement was higher when one foot was
injected.

Thus, the treatment of diabetic neuropathy with botulinum toxin A is an effective method but
requires further study.

In recent years, the use of botulinum toxin for the treatment of sleep bruxism has been studied.
In one of these studies, after the introduction of toxin injections into the masticatory muscles, a month
later, as well as 3 months later, somography was performed in the laboratory. As a result, it was found
that BoONT type A can protect masticatory structures from excessive stress and thus serve as an effective
treatment method [40]. A study published a year later confirmed the efficacy of low doses of the toxin in
treating patients not responding to more classical therapies [41].

The effectiveness of botulinum toxin for pain control in patients with myofascial
temporomandibular disorders has been evaluated in comparison with other treatments, with only
botulinum toxin injections improving pain threshold values. A significant disadvantage was the
decrease in EMG activity in the injected muscles [42]. In 2022, this toxin was effectively used for the
treatment of androgenetic alopecia. The authors suggested that the mechanism of action of botulinum
toxin in alopecia is to relax the muscles of the head, increase blood flow and inhibit the activation of
Dihydrotestosterone [43]. In 2021, data were published, according to which the reduction of post-stroke
spasticity with a single injection of botulinum toxin reduces the rate of contracture formation and the
need for concomitant treatment [44].

Practical aspects

Two botulinum neurotoxins, types A and B, are used in clinical practice. While there are at least
seven commercially available type A preparations: Botox® (Allergan, Inc., Irvine, California), Dysport®
(Ipsen, Ltd., Berkshire, United Kingdom), Xeomin® (Merz Pharmaceutical, Greensboro, NC), PurTox®
(Mentor Worldwide LLC, Santa Barbara, California), Neuronox® (Medy-Tox Inc., South Korea), CBTX-
A (Lanzhou Institute of Biological Products, China), and CNBTX-A (Nanfeng Medical Science and
Technology Development Co. Ltd., China), there is only one commercially available botulinum toxin
type B MyoBloc® (Solstice Neurosciences, Inc., Louisville, Kentucky) or NeuroBloc® (Eisai Co., Ltd,
United Kingdom) [45].
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Numerous studies have shown the same effectiveness of Botox®, Dysport®, Xeomin®, however,
there are differences in recommended doses and cost-effectiveness. Botox®:Dysport®:Xeomin®
conversion ratio even to 1:3:1. While all three products have similar efficacy when dosed correctly,
Dysport® injections are more economical [46]. Other commercial formulations of botulinum toxin A are
relatively new products and therefore the amount of clinical data on these products is very limited in
the scientific literature. For example, the Chinese drug CBTX-A, also known under the trade name
Prosigne®, matches Botox® in its efficacy, duration of action, frequency and severity of adverse side
effects in the treatment of blepharospasm and hemifacial spasm [47]. Comparison of drugs based on
two different types of botulinum toxin, A and B, led to the following conclusions. First, side effects
extend farther from the site of Botox® injection compared to equivalent doses of
Myobloc®/NeuroBloc®. Second, side effects are more common with Myobloc®/NeuroBloc® injections
than with Botox®, but they are usually mild to moderate and often improve with repeated use [48].

Botulinum toxin is administered intramuscularly in doses depending on the individual
characteristics of the patient, among which are sex, age, and weight. Special equipment to control the
administration of the drug is usually not required. The validity period can vary greatly, usually lasting
about three months. In this case, it is possible to conduct additional injections to achieve repeated relief
over the years. Injection resistance may develop due to the production of neutralizing antibodies. Early
studies have shown that patients who develop antibodies to botulinum toxin type A may benefit from
repeated injections of botulinum toxin type B. Botulinum toxin injections can lead to some side effects
related to its paralytic action. With the introduction of large doses, it is possible to spread the toxin to
nearby muscles, further weakening them. May occur as weakness of distant muscles or general
weakness, a flu-like condition. Contraindications for the use of botulinum toxin include pregnancy and
breastfeeding [49].

Future therapeutic opportunities

New botulinum toxin molecules for medical use continue to be developed. One of the promising
applications of non-paralyzing botulinum toxin preparations is the development of long-acting
painkiller. Work on the evaluation of the possibility of using such analgesics will allow in the future to
create an effective and safe way to control chronic pain. Reengineering BoNT is able to eliminate its
paralytic effects. There are various approaches aimed at manipulating the structure of the toxin: not
only can they improve its safety profile, but they can also increase its effectiveness as an analgesic.
Examples of such molecular approaches are SNARE tagging and SpyCatcher-SpyTag.

Protein crosslinking technology uses the self-assembly properties of SNARE proteins to form a
heteromeric tetrahelix between recombinant domains. This forms an irreversible and stable peptide
bridge that binds proteins into one functional unit. The BONT/A protease and translocation domains are
produced with a SNAP25 linker at one end, and a receptor-binding domain is also produced that
attaches to the synaptobrevin linker. When the crosslinking peptide syntaxin is added to the reaction,
the SNARE proteins self-assemble and the protease, translocation, and receptor binding domains
combine to form a single, functioning toxin that enters cells and cleaves the SNARE proteins.The
SpyTag/SpyCatcher technology is a method of irreversible conjugation of recombinant proteins with the
formation of an isopeptide bond. It this metod the protease and translocation domains of BONT/A are
produced with a SpyCatcher protein at one end, and a receptor-binding domain is produced with
SpyTag protein.

Conclusions

The burden of chronic pain is multifaceted. It is associated with a deterioration in the quality of
life, a reduction in social relationships, an increase in disability, and a decrease in productivity. Most
patients suffering from chronic pain are currently dissatisfied with the pain therapy they receive,
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despite the existence of numerous pharmacological methods of pain control. This is due to the
shortcomings of modern pharmacotherapy, namely, a short duration of action, regular use of drugs, and
possible side effects. In addition, persistent pain leads to the formation of comorbid psychological
disorders, the excessive use of pharmacological agents, the development of tolerance or drug
dependence.

Numerous clinical reports on the use of botulinum toxin for pain control show a unique long-
term reduction in pain after a single application lasting 3 to 6 months. Another advantage of using
botulinum toxin is that there are no serious side effects other than those caused by its paralyzing nature.
Scientific resources need to be directed towards improving the safety profile of botulinum toxin
products aiming to remove muscle paralysis and thereby increasing their efficacy in reducing the
duration and severity of chronic pain.
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A.K. Xantaeyosal, A.C. Kapumosal, b.A. laBaeTos?
Tar-Dapadbu amuindazor Kasax yammuik yrnusepcumemi, Aamamul, Kasaxcman
2edppurd ynusepcumemi, Llledppurd, ¥avbpumarius

boTryanHyM TOKCHMHIHIH KAMHMKAABIK KOA4aHbIAY MbICalAapbl: d34e0MeTKe oAy

Anpaarmia. boryamnym tokcuni (BoNT), agamsatka Oeariai eH yawnl 3aTtTtapably Oipi, ©3iHiH
epekille dcep €Ty MeXaHM3Mi apKblABl KOIITereH aypyadapAbl, COHBIH iITiHAe cTpabusmai,
6aedapocrasmanl KoHe remudacnaabAbl CrIa3MAbl eMAeYAiH THiMAl Kypaabl peTiHAe KOAAAaHbBLAaAbL.
BoNT aysIpchiHy HeliponenTuaTepiHiH 9K301uTO3bH, coHblH imiHge CGRP, P cyOcranimsce texey
sxxoHe TRPV1, NMDA, AMPA, P2X3 uAKTB aybBIpCBIHYMeH OalldaHBICTBI pelenTopAapAbIH
DKCITPECCUACHIH MOAyAsAlsAay KabideTiHiH apKachlHAa y3akK acep eTeTiH aHaAbreTK peTiHAe apHalibl
KOAAAHBIAABL DBOTyAMHYM TOKCHHIHIH MHBEKUIMACH KONTereH aybIpChIHY >KarjalldapblH eMJeyae
THiMAi: AmabeTTiK HelpoIaTus, CO3blAMAaAbl MUTIPEHb, >KYABIHHBIH 3aKbIMAaHybl. bya makaaaga
PubMed aepexkkopniHAaFbl HaKThl i3gey cypayaapbl OOJMBIHIIIA MakKaJadapabl Taajay HeridiHae
OOTyAMHYM TOKCMHIH KAMHUKAABIK KOAJaHY MYMKiHAIKTepi KapacTeipblaaabl. CiaTeMeaepai aay yIliH
"OoTyAMHYM TOKCHHI", "emgey', "KAMHMKAaAbIK KOAJaHY', "aybIPCBIHYABI asalTy' TYHiH cesaepi
KOAAaHbLAABL. BOTyAMHYM TOKCMHIH KAMHUKAABIK KOA4aHY MYMKIHAIKTepi JKblA caliblH KeHellill Keaeal.
Kasipri yaksitra A >xoHe B Tumnri 00TyAnHYyM TOKCHHIHIH KeM JereHJe 8 KOMMePIUABIK KOA JKeTiMai
IpenapaTTapsl Oeariai, oaapAsbly imriHAeri eH TaHpIMaadapsl Botox, Dysport sxkene MyoBloc/NeuroBloc
O6oapm TaObl1agel. boaamrak 3eprreyaep Kayimcizaik mpoduaiH >KakcapTyra >KoHe OOTYAMHYM
TOKCHHiIHe Heri3jgeAreH IMpenapaTTapAblH TUIMAiAiriH apTThIpyfa OarbITTaaybl Kepek. MoaeKyaaablK
PeMHXVMHUPUHT apKbIAbl aAbIHFAaH OOTYAMHYM TOKCHUHIHIH >KaHa TypAepi OHBIH eMAiK THUiMAiAirin
alTapAbIKTay apTThIPajbl.

Tyitin ce3aep: OOTyAMHYM TOKCHHI, KAMHMKAABIK KOAAAHBIAYBI, CO3BLAMAAbl aybIPCBHIHY,
ayBIPCBHIHYABI JKeHiAAeTy, aHaAbIeTUKTep, MUTPeHb, AabeTTiK HelIporaTysl.

A K. XKantaeyosal, A.C. Kapumosal, b.A. JaBaeTos?
IKasaxckuil HAUUOHAAbHDIIL YHUGepcumem um. arv-Papadu, Aavamul, Kasaxcman
2Vuusepcumem Illepdurda, Illedppurd, Beaurobpumarius

IIpuMepbl KAMHMYIECKOTO MCIOAb30BaHMsI 00Ty AMHMYIECKOTO TOKCMHA: 0030p
AUTepaTyphl

Annortammst. Boryannmyeckuit Tokens (BoNT), ABassacs oAHMM 13 caMbIX TOKCUYHBIX BEILIeCTB,
U3BECTHBIX 4YeA0BedyecTBy, OaaroJapsl CBOeMYy YHUKa/AbHOMY MeXaHU3MY AeNCTBUS MCIIOAB3YeTCsl B
KagectBe »(PPEeKTUBHOIO CpeAcTBa AAs AeueHus MHOIMX 3a0oJeBaHMII, B TOM 4YucAe CTpadusMma,
6aedapocriazma u remmdanuaapHoro crnasma. BoNT moayuma ocoboe IpumeHeHHe B KadecTse
aHaAbIeTKa AJAWUTEABLHOTO AeNCcTBUs 0aarogapsi ero CHOCOOHOCTM MHIMOMPOBATh 9K30LIUTO3
HeliportenTuAos 0oay, BKaiodast CGRP, cyOcrannusa P, um MoayampoBsaTh 9KCIpPeccHMIo TaKMX
pellenTopos, cBA3aHHBIX ¢ 0oapio, kak TRPV1, NMDA, AMPA, P2X3. Vubexkiium OOTYyAOTOKCHHA
9P PeKTUBHBI NIPU AedeHN!U MHOTIUX 00AeBBIX COCTOSIHUIL: AMaOeTH4ecKol HeBpOoIaTUl, XPOHNYECKO!
MUTPeHM, TIOBPeXAEHUsAX CIMHHOTO Mo3ra. B JaHHOI cTaTbe paccMaTpuUBAIOTCA BO3MOXKHOCTU
KAMHIYEeCKOTO IIpMMeHeHNs1 OOTYAO0TOKCHMHA Ha OCHOBe aHaaAm3a craTell B Oase AaHHbpix PubMed mo
KOHKPETHBIM IIOMCKOBBIM 3ampocaM. /lAs1 MOAy4eHMsl CChLAOK MCIOAb30BaAUCh KAIOUEBble CA0Ba
«DOTYyAOTOKCUH», «J€4eHNe», «KAMHUYecKoe ITpMMeHeHMe», «yMeHbllleHne 004m». BoamoskHOCTI
KAVMHIYECKOTO MpUMeHeH!sI DOTYAO0TOKCMHA C KaKABIM TOAOM paclIMpsIOTca. B Hacrosiee Bpemst
U3BECTHO He MeHee 8 KOMMepuecK! AOCTYITHBIX IIperapaToB OOTYAMHIYeCKOTO TOKCHHa TUIIoB A 1 B,
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HamboJee y3HaBaeMBIMIU 13 KOTOPBIX ABASIOTCA Botox, Dysport m MyoBloc/NeuroBloc. Byaymme
nccaeJ0BaHUs AOAXHBI OBITH HaIlpaBA€HBI Ha yaAyullleHNMe Ipo¢uas 0Oe30ITacCHOCTM U IIOBHIIIEHIe
9} PeKTUBHOCTM IIperapaToB Ha OCHOBe OOTyAOTOKCHMHa. HoBble Tumbl OOTYyAMHMYIECKOTO TOKCHHA,
MOAyJYeHHBIe IIyTeM MOAEKYASPHOM PeMHXUHMPMHIA, 3HAYUTeABHO IIOBBICAT €TI0 TepareBTUYeCKyIO
5 PEeKTUBHOCTS.

KaroueBble caoBa: OOTyAOTOKCMH, KAMHMYECKOe MCIIOAb30BaHMEe, XpOHMYecKass 004b,
00e30041BaHIe, aHAABTETHK, MUTPEHb, AabeTIdecKas HelipOoIaTysl.
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