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Background: Skeletal muscle relaxants (SMRs) are widely used in treating musculoskeletal conditions. All SMRs, with the exception
of baclofen and tizanidine, are on the list of 2023 American Geriatrics Society Beers Criteria®™ for potentially inappropriate medication
use in older adults. In our geriatric practice, off-label use of tizanidine as preemptive analgesia drove us to find recent advances in its
pharmacology and therapeutics. An update review of tizanidine was thus presented, aiming to bring the latest knowledge to clinicians
and promote further research and practical exploration.

Methods: Relevant literature up to December 2023 was identified through searches of PubMed, Web of Science, and Embase.
Results: Tizanidine, a centrally acting alpha-2 adrenoceptor agonist with both antispastic and antispasmodic activity, shows efficacy in
the common indications for all SMRs. From the perspective of drug safety, tizanidine has lower incidences of adverse events (injury,
delirium, encephalopathy, falls, and opioid overdose) compared to baclofen, no association with risk of Alzheimer’s disease as with
orphenadrine, no risk of serotonin syndrome like metaxalone when comedicated with serotonergic drugs, no significant pharmacoki-
netic changes in CYP2C19 poor metabolizers unlike diazepam and carisoprodol, and no physically addictive or abuse properties like
carisoprodol and diazepam. From the perspective of new and potential therapeutic uses, tizanidine has additional benefits (eg,
gastroprotection that can improve patient tolerance to nonsteroidal anti-inflammatory agents, anti-neuropathic pain, a key component
of multimodal analgesia strategy to reduce early postoperative pain, and anti-tumor effects). New delivery systems of tizanidine are
developing to improve the pharmacokinetics of oral products, including buccal patches, transdermal delivery systems, nasal spray, and
in situ rectal gel.

Conclusion: Tizanidine is an SMR with unique features and may be an optimal initial choice for older adults. There would be more
scientific studies, wider therapeutic applications, and new drug formulations in the future.

Keywords: musculoskeletal pain, skeletal muscle relaxants, neuropathic pain, older adults, tizanidine

Introduction

Skeletal muscle relaxants (SMRs) are commonly prescribed medications indicated for relief of muscle spasms associated
with acute and painful musculoskeletal conditions. Muscle tone is often accompanied by pain symptoms, so it is crucial
to integrate analgesics with SMR adjunctive therapy. Such combination use could significantly improve the effectiveness
of treating spasticity and allows to reduce doses of each agent in the multimodal analgesia regimen.'

SMRs can be classified into two main categories: (1) antispasticity agents that work on the spinal cord or directly on
the skeletal muscles to improve muscle hypertonicity and involuntary spasms (eg, baclofen, dantrolene), and (2)
antispasmodic agents that decrease muscle spasms through alterations of central nervous system (CNS) conduction
(eg, carisoprodol, cyclobenzaprine, metaxalone, methocarbamol, orphenadrine, and chlorzoxazone). The overlap between
these two categories includes tizanidine and diazepam, as they have both antispastic and antispasmodic activity.”
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An understanding of the pharmacology and therapeutics as well as the patient complexity helps to select an
appropriate SMR for the patient. Clinicians should weigh the pros and cons of prescribing SMRs while tailoring
treatments to each patient’s individual needs.

Diazepam is a long-acting benzodiazepine with sedative, hypnotic, antianxiety, and antiepileptic properties in addition
to its muscle relaxant effects, and it is also a controlled substance. In addition, diazepam should be avoided in the elderly
due to increased sensitivity of older adults to benzodiazepines and prominently weakened drug metabolism." Therefore,
the use of diazepam as an SMR is limited in clinical practice, especially for older adults.

It is worth noting that all SMRs, with the exception of baclofen and tizanidine, are on the list of 2023 American
Geriatrics Society (AGS) Beers Criteria® for potentially inappropriate medication use in older adults.®> Additionally,
baclofen was newly added with a recommendation to avoid its use in older adults with impaired kidney function
[estimated glomerular filtration rate (eGFR) <60 mL/min], given the increased risk for encephalopathy in this
population.® So tizanidine is one of the few SMRs that seem to be friendly to older adults.

Based on prescribing information, tizanidine is a centrally acting alpha-2 adrenergic receptor agonist indicated for the
management of spasticity.* In our geriatric practice, tizanidine is sometimes used as preemptive analgesia in older adults
undergoing elective surgery. Such off-label use drove us to search for recent advances in the pharmacology and
therapeutics of tizanidine. An update review of tizanidine is thus presented, aiming to bring the latest advances to

clinicians and promote further research and practical exploration.

Methods
Search Strategy

Potentially relevant literature with title or abstract containing tizanidine from 2013 to 2023 was identified by performing
searches on PubMed, Web of Science core collection, MEDLINE, and Embase.

Selection Criteria

Two reviewers (ZLL and WYH) independently retrieved the literature and screened the relevant studies. If they have
a disagreement over including or excluding an article, the third reviewer (QZ) was consulted. There were 221
documents identified in PubMed. Among these, documents such as books and documents, comments, clinical
conference, letters, reviews, meta-analyses, systematic reviews, case reports, and editorials were excluded (n=73).
There were 233 documents from Web of Science Core Collection and MEDLINE. Among these, documents such as
books, letters, meetings, reviews, case reports, editorial materials, abstract, retraction, and biography were excluded
(n=69). There were 458 documents from Embase. Among these, non-article type documents were excluded (n=238).
After excluding duplicated literature, 220 papers underwent further assessment. After reviewing the abstracts,
documents were excluded due to reasons [the content was no close relation with therapeutic use of tizanidine or
information has been described in package insert of tizanidine (n=161), non-English literature (n=27)]. Full-text
articles were further assessed for eligibility. Thirty papers were finally chosen according to the inclusion/exclusion
criteria (Figure 1). Valuable information was summarized by data interpretation.

Results

Brief Summary of Prescribing Information

Dosage and Administration

The recommended starting dose of tizanidine is 2 mg. Treatment can be repeated at 6 to 8 h intervals as needed. The dose
of tizanidine can be gradually increased by 2—4 mg per dose, with intervals of 1-4 days between each increase, until
a satisfactory reduction in muscle tone is achieved. When discontinuing tizanidine, the dose should be slowly reduced to
minimize the risk of discontinuation and rebound hypertension, tachycardia, and hypertonia. Tizanidine should be used

with caution in patients with renal insufficiency or any hepatic impairment.*
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Records identified through database search of PubMed (n=221), Web of Science
Core Collection and MEDLINE (#=233), Embase (n=458)

L

Records excluded after defining document types

*PubMed: books and documents, comments, clinical conference, letters, reviews,
meta-analyses, systematic review, case reports, and editorials (n=73).

*Web of Science Core Collection and MEDLINE: book, letters, meeting, reviews,
case reports, editorial materials, abstract, retraction, biography (n=69).

*Embase: non-article type documents were excluded (n=238).

y

After excluding duplicated literature, 220 papers underwent further assessment.

Identification

Records excluded after reviewing title and
Records screened (n=220) |___ abstract (n=188)

*No close relation with therapeutic use of
tizanidine or information that has been
described in package insert (n=161)
*Non-English literature (n=27)

Screening

Full text articles assessed Full text articles excluded, with reasons (n=2)
for eligibility (n=32)

)

Studies identified for our
analysis (n=30)

Eligibility

*Case report (n=2)

Included

Figure | Flow chart showing selection of literature.

Drug—Drug Interactions

Coadministration of tizanidine with cytochrome P450 enzyme 1A2 (CYP1A2) inhibitors (fluvoxamine, ciprofloxacin) is
contraindicated. Other CYP1A2 inhibitors should be avoided in combination with tizanidine due to potential drug
interactions that may increase the risk of hypotension and sedation. Sedation can be additive when patients take
tizanidine with another CNS depressant (eg, benzodiazepines, opioids, tricyclic antidepressants), so clinicians should

monitor symptoms of excessive sedation.”

Adverse Drug Reactions
Adverse effects of tizanidine include somnolence, dry mouth, hypotension, bradycardia, dizziness, fatigue, weakness,

hallucinations, abnormal liver function, and hepatotoxicity.*

Safety of Tizanidine versus Other SMRs

Table 1 lists a summary of the comparative safety studies of SMRs.

Injury and Delirium

A retrospective cohort study showed that older adults newly initiated with baclofen had a significantly higher risk of
injury and delirium compared to those who started on tizanidine for musculoskeletal pain (adjusted hazard ratio = 1.54,
3.33, respectively, P<0.001).”
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Table | Summary of Comparative Safety Studies of Skeletal Muscle Relaxants

Risk Types Study Type Patients Description of Comparative Results
Injury and Retrospective Older adults with musculoskeletal pain newly Baclofen carried significantly higher risk of injury
delirium cohort study initiated with baclofen (n=12,101) or tizanidine and delirium compared to tizanidine.®
(n=6027)
Encephalopathy | Real-world cohort | Older adults newly treated with baclofen (n=2205), | The 30-day risk for encephalopathy was higher with
study tizanidine (n=1103), or cyclobenzaprine (n=9708) baclofen than with tizanidine but was similar to
cyclobenzaprine.®
Opioid Active-comparator | Patients on long-term opioid therapy who Weighted hazard ratio for opioid overdose versus
overdose cohort study concurrently initiate SMRs [ie, baclofen (n=136,650), | cyclobenzaprine was 2.52 (baclofen), 1.64
carisoprodol (n=117,633), cyclobenzaprine (carisoprodol), I.14 (chlorzoxazone/orphenadrine),
(n=552,649), metaxalone (n=67,435), 0.46 (metaxalone), 1.00 (methocarbamol) and 1.07
methocarbamol (n=124,662), tizanidine (n=214,838), | (tizanidine), respectively.”
and chlorzoxazone/orphenadrine (n=32,152)]
Fall and Real-world cohort | Older adults newly treated with baclofen (n=2205), | Baclofen was associated with a fall risk comparable
fracture study tizanidine (n=1103), or cyclobenzaprine (n=9708) to cyclobenzaprine but higher than that of
tizanidine, while the fracture risk was similar for all
three SMRs.®
AD Nested case- Community-dwelling residents diagnosed with AD in | Tizanidine was not associated with AD, whereas
control study Finland (n=70,718), matched with controls without AD | cumulative exposure of orphenadrine (2101
by age, sex, and region of residence (n=282,858) DDDs) was associated with the risk of AD.’
Hypotension Retrospective Adult patients taking an SMR [tizanidine (n=1626) | When combined with a strong CYPI1A2 inhibitor,
cohort study or cyclobenzaprine (n=5012)] along with a strong | tizanidine was associated with a higher likelihood of
CYPIA2 inhibitor (either ciprofloxacin or severe (SBP<70 mmHg) and milder hypotensive
fluvoxamine) in the same window of co-exposure | events (SBP<90 mmHg) than cyclobenzalene.'®

Abbreviations: AD, Alzheimer’s disease; CYPIA2, cytochrome P450 1A2; DDDs, defined daily doses; SBP, systolic blood pressure; SMRs, skeletal muscle relaxants.

Encephalopathy
In a cohort that included 16,192 new baclofen users and 9782 new tizanidine users, oral baclofen was found to be associated

with a higher 30-day risk of encephalopathy compared with tizanidine [subdistribution hazard ratio (SHR)=2.29].°

Opioid Overdose

Using four US commercial and public insurance databases, Khan et al compared the magnitude of opioid overdose risk
among patients who were on long-term opioid therapy and were treated with different SMRs at the same time. In the 30-
day intention-to-treat analysis, the weighted hazard ratio for opioid overdose relative to cyclobenzaprine was 2.52 for
baclofen, 1.64 for carisoprodol, 1.14 for chlorzoxazone/orphenadrine, 0.46 for metaxalone, 1.00 for methocarbamol, and
1.07 for tizanidine, respectively. Concurrent use of opioids and baclofen was associated with the highest and statistically
significant risk of opioid overdose (adjusted P value = 0.04).”

Fall and Fracture

Very recently, a real-world cohort study in older adults showed that the risk of fall associated with baclofen was
comparable to that of cyclobenzaprine, but greater than that of tizanidine [inverse probability of treatment weighting
(IPTW) incidence rate, 108.4 vs 61.9 per 1000 person-years; SHR, 1.68], whereas the risk of fracture was comparable
among older users of three commonly used oral SMRs.®
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Alzheimer’s Disease (AD)

A nested case-control confirmed that the use of SMRs was associated with the risk of AD. A drug-specific analysis

revealed that tizanidine did not carry the risk, whereas cumulative exposure of orphenadrine (>101 defined daily doses)
was associated with the risk of AD (adjusted odds ratio 1.19).°

Hypotension

Chaugai et al compared the frequency of severe hypotensive episodes in patients receiving tizanidine and cyclobenzapr-

ine when comedicated with strong CYP1A2 inhibitors (ciprofloxacin or fluvoxamine). The tizanidine group experienced

a higher incidence of severe hypotension than the cyclobenzaprine group (2.03% vs 1.28%; odds ratio =

0.029)."°

New and Potential Therapeutic Uses
Table 2 summarizes the new and potential therapeutic use of tizanidine.

Table 2 Clinical Studies Demonstrating New and Potential Therapeutic Uses of Tizanidine

1.60; P =

Therapeutic Study Type Experimental Interventions Descriptions
Use Subject
Preemptive Double-blinded Patients aged 35-70 | Take 4 mg tizanidine (n=25), 4 mg Both tizanidine and clonidine achieved
analgesia placebo- years undergoing clonidine (n=25), or placebo (n=25) | | significantly lower VAS scores at the
controlled lumbar fusion h before surgery 2nd and 4th postoperative hours, and
randomized study | surgery morphine consumption within 48
h after surgery, without significant
increase in side effects."’
Preemptive Double-blinded Patients aged 35-60 | Take 4 mg tizanidine (n=25) or The addition of tizanidine resulted in
analgesia placebo- years undergoing placebo (n=25) | h before surgery and | significantly lower pain scores 24 and
controlled spinal fusion surgery | 24 h after that 48 h after surgery and significantly less
randomized study morphine consumption within 48 h,
without significant increase in adverse
reactions.'?
Preemptive Double-blinded Patients aged 20-60 | Ninety minutes before the induction Both tizanidine and pregabalin
analgesia placebo- years undergoing of anesthesia, patients orally received | significantly reduced postoperative
controlled elective either 4 mg tizanidine (n=25), 100 mg | shoulder pain and opioid analgesic
randomized study | laparoscopic pregabalin (n=25), or plain water in consumption without any
cholecystectomy the same volume as placebo (n=25) complications.'?
Preemptive Triple-blind Patients with an One hour prior to anesthesia Pain intensity at the 3rd, 6th, 12th,
analgesia randomized average age of 25.4 | induction, the tizanidine group (n=30) | [8th, and 24th hour postoperatively
clinical trial undergoing received 4 mg tizanidine dissolved in and opioid analgesic demand were
bimaxillary 10 mL apple juice, whereas the significantly lower in the tizanidine
orthognathic placebo group (n=30) received plain group than in the placebo group.'*
Surgery apple juice in the same volume
Preemptive Double blind Adult patients Take tizanidine 4 mg orally (n=30) or | The use of tizanidine achieved
analgesia randomized undergoing inguinal | placebo (n=30) | h before surgery and | significantly lower NRS scores during
controlled clinical | hernia repair twice daily during the first the 6, 12 and 24 h postoperatively and
trial postoperative week after discharge on days |, 2, 3 and 4."°
(Continued)
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Table 2 (Continued).

Therapeutic
Use

Study Type

Experimental
Subject

Interventions

Descriptions

Anti-neuropathic

Open-label study

Patients with

Take | to 4 mg of tizanidine once daily

Tizanidine has shown some efficacy in

low-back pain

times daily) (n=51) or placebo plus
ibuprofen (400 mg three times daily)

pain neuropathic for 7 days, followed by weekly dose antineuropathic pain, although no
pain with a median escalation of 2 to 8 mg to the effective | placebo or positive control group was
age of 59.5 (n=23) or maximum tolerated dose or set.'
a maximum of 36 mg over a period of
eight weeks
Gastroprotective | Double-blind, Patients aged 18-70 | Take a fixed dose combination Aceclofenac-tizanidine was
effect double-dummy, years with acute (aceclofenac 100 mg plus tizanidine significantly superior to aceclofenac
randomized, low back pain 2 mg) (n=101) or aceclofenac for pain intensity, pain relief and spinal
multicentric, (100 mg) alone (n=96) twice daily for | flexion on days 3 and 7, and significant
comparative study 7 days better patient’s and investigator’s
global efficacy assessment.'”
Gastroprotective | Double-blind Patients aged 18-65 | Take tizanidine (4 mg three times The combination of tizanidine/
effect multicentre study | years with acute daily) plus ibuprofen (400 mg three ibuprofen has significantly higher

analgesic efficacy and fewer
gastrointestinal side effects than

(n=54) placebol/ibuprofen in patients with
moderate and severe pain at night and
at rest, and those with moderate or
severe sciatica after 3 and 7 days of

treatment.'®

Abbreviations: NRS, numerical rating scale; VAS, visual analogue scale.

Preoperative Use

A double-blinded randomized study confirmed the effects of clonidine and tizanidine on early postoperative pain in patients
undergoing lumbar fusion surgery. Each group received the corresponding drug orally 1 h before surgery (group A: 4 mg
tizanidine, group B: 4 mg clonidine; group C: placebo). The three groups exhibited statistically different visual analogue scale
(VAS) at 2nd and 4th postoperative hours, despite comparable pain scores at 6, 12, 24 and 48 postoperative hours. The
incidence of side effects (dizziness, nausea, vomiting, drowsiness, headache, and bradycardia) was comparable among the
three groups.'' Another randomized clinical trial study reported the benefits of tizanidine for the management of postoperative
pain after lumbar spinal fusion surgery. Patients received 4 mg oral tizanidine or placebo 1 h before surgery and 24 h after that.
The tizanidine group had a significantly lower pain score at 24 and 48 h, and less morphine consumption after surgery
compared with placebo (P<0.005), with comparable incidence of side effects between two groups.'”

The Society for Perioperative Assessment and Quality Improvement (SPAQI) provides consensus on preoperative
pain medication dosing. For example, tizanidine and baclofen could be taken preoperatively including the day of surgical
procedure, whereas other SMRs (methocarbamol, orphenadrine, metaxalone, cyclobenzaprine) should be held on day of
surgical procedure.'® According to expert consensus on perioperative management in enhanced recovery after spinal
surgery in China and expert consensus on the implementation of enhanced recovery after surgery (ERAS) in percuta-
neous endoscopic interlaminar lumbar decompression/discectomy (2020), the addition of nerve repair agents, SMRs and
anticonvulsants on the basis of sufficient regular use of non-steroidal anti-inflammatory drugs (NSAIDs) can improve the
overall efficacy and patient satisfaction in the management of perioperative radiculalgia.?®*'

Besides orthopedic surgeries, the use of oral tizanidine 4 mg and pregabaline 100 mg 90 min before laparoscopic
cholecystectomy significantly relieved postoperative shoulder pain and analgesic consumption.'® Preemptive tizanidine was
effective in reducing postoperative pain intensity and opioid analgesics consumption following bimaxillary orthognathic
surgery.'* Patients undergoing inguinal hernia repair received tizanidine 4 mg orally or placebo pill 1 h before surgery and

https:
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twice daily during the first postoperative week. Compared with placebo, the addition of tizanidine to perioperative pain
treatment showed advantages in postoperative pain scores, analgesic consumption, return to daily activities, and health-related
quality of life."?

Neuropathic Pain
Activation of adrenergic a2 receptors by tizanidine could induce antiallodynia in neuropathic rats in a sex-dependent
manner. The antiallodynic effect of tizanidine in female neuropathic rats is due to the activation of adrenergic a2A/2B
receptors, but in male neuropathic rats it is due to the activation of opioid receptors.”” Pei et al demonstrated that
tizanidine has anti-nociceptive effects in spared nerve injury model of neuropathic pain by inhibiting the activation of
TLR4/NF-kB p65 signaling pathway and subsequently suppressing the production of pro-inflammatory cytokines.?
The effectiveness of tizanidine in patients with neuropathic pain was assessed by Semenchuk et al. Twenty-three
enrolled patients took 1 to 4 mg of tizanidine once daily for 7 days, followed by a weekly dose increase of 2 to 8 mg to
reach an individual effective or maximum tolerated dose, or a maximum of 36 mg over 8 weeks. The mean average
weekly pain score significantly decreased from 6.9 (baseline) to 5.2 (the end of week 8). The neuropathic pain qualities
(intense, sharp, hot, dull, cold, sensitive, unpleasant, and deep pain) became significantly lower at the end of week 8
compared to baseline. Fifteen patients (68%) following tizanidine therapy had improved or much improved pain relief.
Tizanidine might be an effective agent for neuropathic pain, as well as an alternative for patients poorly responsive to
other medications.'® A larger, randomized placebo-controlled trial is needed.

Antitumor Effect

Osteosarcoma is the most frequent primary malignant bone tumor, affecting mainly children, adolescents, and young
adults, and with a second peak of incidence in older adults. The treatment of osteosarcoma is primarily based on neo-
adjuvant and adjuvant chemotherapy and surgical resection; however, it has encountered bottlenecks, especially for
patients with lung metastasis and chemotherapy resistance. It is necessary to provide more effective and less toxic
treatment options to high-risk patients.*

It has been found that tizanidine can inhibit the proliferation, migration, and invasion of U2 osteosarcoma cells while
promoting apoptosis. The tizanidine-induced cytotoxicity within osteosarcoma cells may involve PI3K/AKT signaling
pathway because the expression levels of p-AKT, p-mTOR, and p-P70S6K were reduced by tizanidine exposure.
Therefore, tizanidine might be a potent therapeutic strategy for osteosarcoma treatment.”® It is worthwhile to further
perform in vivo and human studies.

Data revealed that treatment of tizanidine could inhibit A549 lung cancer cell proliferation and motility by regulating
Nischarin.?® Furthermore, Zhu et al observed potent therapeutic efficacy of o2-adrenergic agonists used as monotherapy in
multiple tumour models. Combination of anti-programmed cell death 1 (anti-PD-1) with o2-adrenergic agonists showed
a strong synergistic anti-tumour effect. The a2-adrenergic receptors involved in cancer cell proliferation, invasion, and
apoptosis; therefore, a2-adrenergic agonists might substantially improve the efficacy of cancer immunotherapy.*’

Gastroprotective Effect
NSAIDs are widely recommended and prescribed for the treatment of pain; however, they may exhibit gastrointestinal
toxicity, which may be of particular concern when treating older patients with chronic musculoskeletal pain.

It has been found that the addition of tizanidine to naproxen or ketorolac could increase anti-inflammatory and anti-
nociceptive effects of each NSAID with a lower incidence of gastric injury and spontaneous activity in rats.® Rodriguez-
Silverio et al observed the synergistic interaction between ketorolac and tizanidine in thermal hyperalgesia model and the
gastroprotective activity of tizanidine against gastric damage induced by ketorolac in the rat.”’

Two clinical studies have examined tizanidine against the potential gastrointestinal damage caused by NSAIDS. Pareek
et al evaluated the efficacy and safety of a fixed dose combination (aceclofenac 100 mg plus tizanidine 2 mg) versus
aceclofenac (100 mg) alone twice daily for 7 days in patients with acute low back pain (LBP). The aceclofenac—tizanidine
combination was more effective than aceclofenac alone and had a favourable safety profile.'” A double-blind, randomized,
placebo-controlled parallel group study evaluated the efficacy and tolerability in patients with LBP receiving tizanidine (4 mg
three times daily) plus ibuprofen (400 mg three times daily) or placebo plus ibuprofen (400 mg three times daily) for 7 days.
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Compared with placebo/ibuprofen, tizanidine/ibuprofen was more effective in the treatment of moderate or severe acute LBP,
while it was associated with significantly less gastrointestinal side effects. Although more patients receiving tizanidine/
ibuprofen suffered drowsiness and other CNS effects, some sedation and bed rest could be beneficial for the patients with
severe acute LBP.'®

Hence, based on existing animal experiments and several clinical studies, tizanidine-NSAID combination therapy
would be a novel approach to treat nociceptive/inflammatory conditions with improved gastric tolerability of NSAIDs.

New Delivery Systems

New delivery systems are being developed to overcome the defects of tizanidine, ie, low oral bioavailability (34—40%)
due to extensive first-pass metabolism, the need for frequent administration due to short biological half-life (2.1-4.2 h)
and the consequent potential for low patient compliance. Figure 2 illustrated the summary of tizanidine formulations on
the market and under development.

Buccal Patches
In vivo studies revealed that chitosan azelate-based buccal patches had about 3 times more bioavailability than the orally
administered commercial product, and such patch might be an alternative to oral tizanidine to reduce the dose and dosing
frequency.*®

El-Mahrouk et al encapsulated tizanidine in chitosan lactate beads cross-linked with sodium tripolyphosphate, and
further incorporated the beads into chitosan lactate wafer to make it easy to apply to buccal mucosa. The optimized drug
delivery system has good mucosal adhesion and was non-irritating, which is beneficial to improve the pharmacokinetic
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Figure 2 Tizanidine formulations on the market and under development.
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characteristics of tizanidine. A randomized crossover pharmacokinetic study showed a significant increase in the relative
bioavailability of tizanidine in human volunteers receiving the new formulation compared to immediate-release tablets.*’

Zaman et al developed tizanidine/meloxicam loaded bilayer mucoadhesive films for buccal administration. The
pharmacokinetics of buccal film significantly improved compared to the standard solution/dispersion given to the rabbits
(ie, meloxicam was immediately released and permeated from immediate release layer, followed by good controlled
release and permeation properties of tizanidine from sustained release films within 8 h). The mucoadhesive buccal films
also had good performance (ie, uniform thickness, smooth surface, satisfactory mechanical strength).*

Transdermal Delivery System

Derma roller mediated transdermal delivery of tizanidine-loaded invasomes may be a promising strategy to increase the
bioavailability of tizanidine for treating skeletal muscle spasm. After the skin was pretreated with a dermal roller, the
plasma concentration of tizanidine peaked within 3 h after gel application to rats and was maintained for 24 h, whereas
the peak plasma concentrations (Cynax) Was not reached until 6 h after topical administration to the untreated skin.*

It is well known that transdermal drug delivery is severely limited due to the presence of a tough stratum corneum
barrier, so a penetrant enhancement method is required to achieve the desired therapeutic drug concentration. Thakkar
et al prepared a microneedle-mediated transdermal delivery system of tizanidine. In vivo pharmacokinetic studies showed
that the relative bioavailability of microneedle patch preparation was 2.2 times higher than that of the oral marketed
preparation.®* Compared to tablets currently on the market, this new formulation appears to have the potential to reduce
the dose and administration frequency, thereby improving patient compliance.

Khalil et al utilized aspasomes as potential vector for transdermal delivery of tizanidine. The optimized formulation
had nanoscale dispersed spherical vesicles, with good stability and ex vivo permeability, and significantly higher
bioavailability in vivo than oral commercial product. It is also non-invasive and safe for the skin.*’

Nasal Spray

Intranasal administration could bypass portal circulation, improve bioavailability, reduce drug absorption, and shorten the
onset time of tizanidine. Vitale et al evaluated the pharmacokinetic profile of tizanidine nasal spray versus oral tablets in
healthy subjects. The intranasal formulation exhibited linear pharmacokinetic characteristics and achieved C,, in almost
half of the time.*® Thakkar et al developed an intranasal cubosomal delivery system of tizanidine for CNS-specific
delivery. The optimized formulation was nontoxic and targeted to the nasal mucosa.”’

Rectal Delivery System

Moawad et al developed tizanidine-loaded nanotransfersomes for rectal administration. The transfersomal formulation
had good permeability, with an encapsulation rate of 52.39% and a controlled release time of 8 h. The bioavailability of
tizanidine was increased by about 2.18 times. The terminal elimination half-life (7},) was prolonged to about 10
h following in situ gel rectal administration versus oral drug solution dosing. Encapsulation of tizanidine into nano-
transfersomes could achieve a dual purpose of prolonged release and increased bioavailability and thus may be
considered as a promising drug delivery system for the treatment of spasticity.>®

Newly ldentified Drug—Drug Interactions

An open-label, multi-center, 3-period, fixed-sequence study confirmed a statistically significant drug—drug interaction
between vemurafenib and tizanidine in patients with BRAFV600 mutation-positive metastatic malignancy. Oral vemur-
afenib 960 mg twice daily for 20 days increased plasma exposure of a single-dose tizanidine, ie, the mean C,,, and area
under the concentration—time curve (4UC) of tizanidine increased approximately 2-fold and 4-fold, respectively. The
underlying mechanism is that vemurafenib is a moderate inhibitor of CYP1A2, therefore caution should be exercised to
concomitant use of vemurafenib and tizanidine.*

Expert Consensus on Musculoskeletal Pain Management
According to expert consensus on the management of chronic musculoskeletal pain in older adults, muscle relaxants
could usually be used for the treatment of chronic LBP by relieving skeletal muscle spasm and improving blood
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microcirculation.*” The expert consensus on the treatment of nerve root pain in degenerative spinal conditions describes
that muscle relaxants such as tizanidine can be used for those with reactive muscle spasms.*' Eperisone and tizanidine
are central muscle relaxants that can be used in the treatment of a variety of chronic pain.**

According to the clinical guideline for nonspecific LBP in China, a2-adrenergic receptor agonists (such as tizanidine)
not only have strong analgesic, muscle relaxant, and anti-anxiety effects, but also have a protective effect on the
gastrointestinal tract, therefore the combination of this drug class with NSAIDs can effectively reduce low back pain,
improve the range of motion, and offset the gastrointestinal injury caused by NSAIDs.** According to Chinese expert
consensus on diagnosis and treatment of sacroiliac joint pain, NSAIDs and/or muscle relaxants (such as tizanidine)
should be given as soon as possible in patients who are less responsive to non-pharmacological treatments or whose pain
is evident, whereas tramadol sustained-release tablets or strong opioid analgesics are recommended if pain interferes with
sleep.**

Discussion

Alpha-2 Adrenoceptors and Pain Modulation
The alpha2 receptor has three subtypes, ie, alpha2A, alpha2B, and alpha2C adrenoceptors. Alpha2A receptors may play
a role in the development of certain forms of hyperalgesia, and they are the sites of action of alpha2 agonists in reducing
heat-related hyperalgesia.*’ Tizanidine could display different selectivities for alpha-2 adrenoceptors subtypes, and the
mean affinity values for alpha-2A, alpha-2B, and alpha-2C were 55.7, 178.0, 120.0 nmol/L, respectively.*®
Lopez-Cordoba et al described the differential in vivo contribution of spinal alpha 2A- and alpha 2C-adrenoceptors in
tonic and acute evoked nociception in the rat. During acute or tonic nociceptive stimuli, presynaptic alpha 2A-
adrenoceptor activation could produce anti-nociceptive stimulation at the spinal level, whereas activation of spinal
alpha 2C-adrenoceptor appeared to inhibit GABAergic transmission and thus promote nociception during a tonic
(inflammatory) stimulus. As for spinal alpha-2B, it did not play a role in tonic inflammatory and acute nociception.*’
The net impact of non-selective alpha 2-adrenoceptor agonists is antinociception in acute and neuropathic pain condi-
tions, suggesting the significance of alpha 2A-adrenoreceptors over alpha 2C-adrenoreceptors.

Alpha 2-Adrenoceptors and Gastroprotection
Alpha 2-adrenoceptors are widely distributed in the gastrointestinal tract, and play a crucial role in presynaptic
modulation of transmitter release and gastrointestinal functions. Alpha 2-adrenoceptor agonists could inhibit gastric
acid secretion, gastric emptying and motility, while alleviating gastric mucosal injury in different ulcer models. Both
alpha 2B- and alpha 2C-adrenoceptor subtypes could contribute equally to the mediation of gastroprotective effect
induced by alpha-2 agonists.***’

Studies in rats have shown that tizanidine could prevent the changes of glycoproteins in the gastric mucosa and
gastric juice induced by NSAIDs, reduce central vagal activity and acid secretion, and increase mucosal blood flow by

regulating central alpha-2-receptors.””>%>2

Alpha 2-Adrenoceptors and Side Effects
When alpha-2 receptors are stimulated, the activity of the sympathetic nervous system decreases, thus potentially leading
to a drop in blood pressure. Unlike clonidine, tizanidine had a significantly less adverse effect on blood pressure, which
may be due to their differences in lipophilicity and systemic bioavailability.>*~>*

The sedative action of alpha-2 agonists is usually attributed to inhibition of the locus coeruleus and its ascending
activating projection to the forebrain. Sedation is observed in tizanidine users, but it can be minimized by dose-titration.
Patients reported improved sleep when taking tizanidine at night, suggesting a potential benefit for patients with chronic

muscle pain and sleep disorders.
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Alpha-2 Agonists and ERAS

The alpha-2 agonists exert supraspinal and spinal antinociceptive effects by potentiating descending pain modulatory
pathways and inhibiting peripheral C fibers. Perioperative administration of alpha-2 agonists could be used as a part of
multimodal analgesia to treat acute postoperative pain and reduce the consumption of opioid analgesics.”® This was
associated with a reduction in anxiety, perioperative stress, inflammation, postoperative nausea and vomiting, shivering,
and cognitive dysfunction. Such practice may contribute to ERAS, leading to shorter hospitalization and reduced
complications and postoperative pain.

Why or How is Tizanidine Better Than Other SMRs

Beers Criteria

According to AGS 2023 updated Beers Criteria for potentially inappropriate medication use in older adults, muscle
relaxants typically used to treat musculoskeletal complaints are poorly tolerated by older adults due to some defects (eg,
anticholinergic adverse effects, sedation, increased risk of fractures, and questionable effectiveness at dosages tolerated
by older adults). However, this criterion does not apply to baclofen and tizanidine. In addition, the AGS Beers Criteria
strongly recommends that older adults avoid the use of diazepam due to elevated risk of cognitive impairment, delirium,
falls, fractures, and motor vehicle accidents.’

Baclofen

Baclofen is primarily excreted by the kidneys unchanged, leaving those with reduced kidney function more susceptible to
its adverse effects.’® Baclofen has higher risks of encephalopathy and opioid overdose than tizanidine,*’ which is
consistent with the characteristics of baclofen as a potent gamma-aminobutyric acid (GABA) agonist, that is, baclofen
can produce toxicity through CNS suppression, clinically manifested as confusion, somnolence, or lethargy. As available
evidence suggests that different SMRs have similar efficacy in treating musculoskeletal disorders or spasticity,”’
prescribers may consider relatively safe agents such as cyclobenzaprine or tizanidine when concomitant opioid use is
deemed necessary, or make sure that opioid antagonists are available to patients for whom baclofen is the only option.

Orphenadrine

Orphenadrine users, rather than tizanidine users, carry a higher risk of AD,” which could be explained partly by the high
anticholinergic properties of orphenadrine and the finding that anticholinergic drugs are associated with an increased risk
of cognitive disorders in older adults.

Cyclobenzaprine

A drug utilization study of SMRs among commercially insured adults in the United States during the period of 2006 to
2018 showed that cyclobenzaprine was the dominant agent accounting for >50% of prescriptions, followed by metho-
carbamol, and tizanidine.’® In fact, cyclobenzaprine, structurally similar to the tricyclic antidepressants, can cause the
expected lethargy and anticholinergic side effects. Therefore, it is recommended to avoid using cyclobenzaprine in older
adults, despite that this SMR has a lower risk of encephalopathy and opioid overdose than baclofen.®” There is a scenario
where cyclobenzaprine is safer than tizanidine in terms of hypotension when comedicated with strong CYP1A2
inhibitors.'” CYP3A4 and CYP1A2 are primarily responsible for cyclobenzaprine metabolism in human liver micro-
somes, whereas the primary CYP isoenzyme involved in tizanidine metabolism is CYP1A2.** The contribution of
CYP1A2 to the drug metabolism of tizanidine and cyclobenzaprine may determine the degree of drug interaction with
strong CYP1A2 inhibitors.

Methocarbamol and Metaxalone

Methocarbamol and metaxalone are less sedated and thus can be useful for patients who cannot tolerate the sedative properties
of other SMRs.®® However, they are still on the Beers criteria list as drugs to avoid in the elderly.” Methocarbamol was
associated with an increased risk of injury (odds ratio 1.42, P=0.001).®' Metaxalone showed significant dose-related inhibition
of monoamine oxidase A (MAO-A) activity.*> Clinicians should understand that metaxalone may trigger potentially lethal
drug interactions resulting in serotonin syndrome when prescribed with other serotonergic drugs, which are usually prescribed
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as components of multimodal analgesia, such as selective serotonin reuptake inhibitors (SSRIs), serotonin and norepinephrine
reuptake inhibitors (SNRIs), and tramadol. Tizanidine is safer than metaxalone in this regard because it does not significantly
interact with the other serotonergic agents mentioned above, except for the interaction with fluvoxamine that can strongly
inhibit CYP1A2-mediated metabolism of tizanidine.*

Carisoprodol

Carisoprodol raises the concern of potential physical and psychological dependence, and the Drug Enforcement
Administration (DEA) has listed it as a schedule IV controlled substance. Carisoprodol is metabolized by CYP2C19
to meprobamate, a sedative used in the treatment of anxiety disorders. Given the risk of CNS respiratory depression,
seizures and death caused by carisoprodol overdose, and the significant pharmacokinetic change [ie, a four-fold increase
in carisoprodol exposure in CYP2C19 poor metabolizers (PMs) following standard-doses compared to normal metabo-
lizers (NMs)], carisoprodol should be used with caution in CYP2C19 PMs (approximately 3—5% of Caucasians and
Africans and 15-20% of Asians), or individuals receiving concurrent CYP2C19 inhibitors or inducers.®’

Diazepam

Diazepam is also classified as a Schedule IV controlled substance by DEA, with the potential for abuse. Older adults are more
susceptible to adverse events than younger adults when administered with diazepam, and thus diazepam is listed as
a potentially inappropriate medication in the older population based on the updated 2023 Beers criteria.’ Additionally, the
Clinical Pharmacogenetics Implementation Consortium (CPIC) established a prioritization level of B/C for the development
of a guideline for diazepam in the following years.** A strong relationship between CYP2C19 and CYP2B6 phenotypes and
diazepam pharmacokinetics was reported.®® The dose-corrected 4 UC of diazepam in CYP2C19 PMs was nearly 2-fold higher
than in extensive metabolizers (EMs) or NMs. The dose-adjusted AUC of CYP2B6 PMs was 2.74 times that of EMs and 2.10
times that of NMs (P< 0.007). For CYP2C19 or CYP2B6 PMs, a 25-50% reduction in diazepam dose may be appropriate to
avoid adverse reactions, dependence, and tolerability. For patients with skeletal muscle pain who are PMs of both CYP2C19
and CYP2B6 phenotypes, the dose of diazepam requires greater adjustment, or it is not recommended to use diazepam, but to
switch to other alternatives such as tizanidine, which also has both antispastic and antispasmodic effects but its pharmaco-
kinetics is not affected by the CYP2C19 and CYP2B6 genotypes.

Taken together, tizanidine may be the optimal initial choice for older adults because it shows efficacy in the common
indications for all SMRs, a lower incidence of adverse events (injury, delirium, encephalopathy, fall, and opioid overdose), no
association with AD risk, little possibility of being abused, pharmacokinetic characteristics independent of CYP2C/9 and
CYP2B6 genotypes, and the interesting additional benefits of tizanidine as an alpha2 receptor agonist (eg, gastroprotection
effect that can improve patient tolerance to NSAIDS treatment and potential anti-neuropathic pain effects).

New Horizon and Further Opportunities

There are many opportunities for further research related with tizanidine. Firstly, multimodal therapy is recommended
and can be achieved using concomitant administration of individual agents, fixed-dose combinations, or single agent with
multiple mechanisms of action.®® The efficacy and safety of multimodal analgesic regimens including tizanidine are
worthy of investigation. The pharmacological profile of the combination of tramadol-tizanidine produced antagonism in
an experimental acute pain model in rats (ie, no antinociceptive effect was observed after the combination treatment as
compared with individual administration).®” The underlying mechanism of this antagonistic interaction remains to be
elucidated. Caution is necessary during the use of this combination in clinical practice.

Secondly, laboratory studies of new delivery systems for tizanidine should be translated into clinical trials and new
drug approvals. MDM S.p.A. has completed a Phase I1I multicenter randomized study to assess the efficacy and safety of
0.5 mg Tizaspray® administered intranasally versus Sirdalud® 2 mg tablets in patients with acute low back pain.
However, the results of this clinical trial have not been published.®®

Thirdly, the efficacy and safety of different SMRs deserve further investigation. For example, tolperisone is effective
in the treatment of acute painful muscle spasm and spasticity without the somnolence associated with SMRs.®
A comparative study of tizanidine versus tolperisone has not been reported.
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Fourthly, it is interesting to further investigate the effect of individual patient factors on the pharmacokinetics of SMRs.
Genetic polymorphisms of CYP2D6 and CYP2C19 and cigarette smoking independently and significantly affected tolperisone
pharmacokinetics, and these factors together may have a greater effect (eg, non-smoking patients with the CYP2D6*10/*10 and
CYP2C19 PM genotype had a 25.9-fold increase in AUC compared to smokers with the CYP2D6*wt/*wt and CYP2C19 EM
genotype).”® A two-fold increase in oral baclofen clearance was associated with the single-nucleotide polymorphism of ABCC9
(511046232, heterozygous AT versus TT genotype).”' Smoking can reduce plasma concentrations and the effects of tizanidine.
Physiologically based pharmacokinetic (PBPK)-model simulated disposition of tizanidine in various smoking sub-groups,
showing that C,,.x and AUC gradually decreased as the number of cigarettes smoked per day increased. For heavy smokers
(>20 cigarettes per day), the dose of tizanidine may need to be higher than the average dose because the simulated C,,,x and AUC
are reduced by about 50% compared to nonsmokers.”* Tizanidine is primarily metabolized by CYP1A2, so it is necessary to
explore the effect of CYP1A2 genetic polymorphisms on the optimal dosing of tizanidine.

Conclusion

In addition to relieving muscle spasms and chronic musculoskeletal pain, tizanidine is a particular SMR that exhibits
multiple beneficial characteristics. Tizanidine is a relatively safer SMR and seems to be friendly to older adults. It can be
expected that there will be more scientific studies on tizanidine as well as wider therapeutic applications. New delivery
systems will also be available to better meet clinical needs.
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