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Abstract: Problem statement: Many recent studies have shown that antidepressgants have
analgesic effects in addition to their intendedrany actions. The Tricyclic Antidepressants (TCAS)
have been recognized as an effective first-linattnent of human neuropathic pain but unfortunately
they display a wide range of side effects. Rectuttiss have shown that Selective Serotonin Reuptake
Inhibitors (SSRI) also have potential analgesie&H, albeit of a lower potency compared with the
TCAs. Despite this, there is a trend for their @aged use, in place of TCAs, in the treatment of
chronic pain. Mirtazapine, a SSRI has been recémigstigated in the context of veterinary medicine
It has shown favourable pharmacokinetic profilesspite the fact that it has mainly been used for
anorexia and as an antiemetic for veterinary ptiémus far, it could be potentially useful for the
treatment of a wide range of anxiety-related céod# and as an analgesic in chronic and cancer-
associated pain, due to its effects on both thadrenergic and serotonic system. Rationale foutiee

of mirtazapine in veterinary medicine is reviewed light of previously published literature.
Conclusion/Recommendations. Mirtazapine is proposed as a potential analgesit Use in a
multidrug analgesic regime in the context of vetary medicine. Further studies need to be performed
before it is implemented in clinical practice howev
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INTRODUCTION headaches and for migraine prophylaxis (Tomlehs
al., 2001). Such is their effectiveness; the TCAsehav
Many recent studies have shown thatbeen recognized as desirable first-line treatmenmt f
antidepressant agents have analgesic effects iticadd human neuropathic pain.
to their intended primary actions (Lynch, 2001;d8up Unfortunately, TCAs display a wide scale of side
and Jensen, 1999; Davies, 1997; Spiegiell., 1983). effects. These include drowsiness, dry mouth, bturr
The same studies have also demonstrated that somsion, constipation, urinary retention, vertigmpaired
antidepressants may have analgesic effects. Thesexual function, increase in heart rate, confusion
have been found to be totally independent of theidisorientation, migraine, low blood pressure, light
antidepressive effects and to occur at lower dosesensitivity, increased appetite, weight gain, nauesed
than are required for anti-depressant actionsveakness (McCleane, 2008). Discontinuation may
(Milligan, 1997; Bowsher, 1991; Sindrugt al., result in withdrawal-like side effects such as feedne,
2005; San and Arranz, 2006). nausea, vertigo, tiredness and flu-like symptoms
The potential analgesic effects of antidepressantgMcCleane, 2008). TCAs have the ability to induce
particularly first-generation antidepressants sumh extrapyramidal symptoms such as acute or tardive
Tricyclic  Antidepressants (TCAs), have beendyskinesia, akathisia, myoclonus, rabbit syndromeé a
demonstrated in many trials. Based on this researchlystonia (Vandeét al., 1997). The symptoms are dose,
they have been suggested for symptomatic treatofent rather than age related so they can occur in anyone
several conditions such as neuropathic pain (Kelso They are purposeless, repetitive, involuntand
al., 1996; Weber, 2001; Sindrugt al., 2005), painful movements such as jerking, bhg,
fibromyalgia (Krell et al., 2005; Arnoldet al., 2000), tongue movements and musclespasms.
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Fig. 1: Monoamine re-uptake inhibitors such as ydlic Antidepressants (TCAs) and Serotonin and
Norepinephrine Re-uptake Inhibitors (SNRIs) aredweld to promote analgesia by increasing the symapt
concentration of Norepinephrine (NE) and/or serimt@B-HT) within the dorsal horn, thereby (A) inftihg
the release of excitatory neurotransmitter by preaptic neurons; (B) reducing the excitation of tpos
synaptic neurons and (C) promoting the releasetwdranhibitory neurotransmitters by interneuroldRT
does not inhibit the reuptake of serotonin or neoeadline, (Pinder, 1997a). Its activation of 51T
receptors inhibits the excitability of spinothalampirojecting neurons and excitatory interneurosswall as
promotes the 5-HE,p receptor activation through inhibition of neuroisanitter release from primary
nociceptive afferents (triggering an antinociceptaffect). The blockade of the 5-Hand 5-HT receptors
reduces the likelihood of some serotonergic adveffects associated with the nonselective serotonin
receptor activation of other SSRIs

]

These symptoms may reoccur even with an appropriagotential analgesic effects, but this effect isdowhan
withdrawal regime from TCAs and will not subside that of the TCAs (Giannopoula al., 2007; Variaet
without medical treatment (Vandetlal., 1997). al., 2000). Because they are associated with fevder si
TCAs can also interact with many different drugseffects however, they have recently started toaapl
that may be being used concurrently resulting in aCAs in the treatment of chronic pain (Miller and
considerable number of potential side effects.Rabe-Jablonska, 2005).
Interactions occur with a wide variety of drugs  Mirtazapine (MRZ), belongs to the SSRI class. The
including alcohol, antihistamines, antihypertensiveantidepressant activity of this drug is thoughtrésult
medications, antipsychotics, aspirin, bicarbonafe ofrom a combination of noradrenergic and serotowergi
soda, diuretics, oral contraceptives, certain blookffects (Boer et al., 1995). MRZ enhances
coagulants, sleeping medications, thyroid medioatio noradrenergic and 5-HI-mediated serotonergic
tobacco and even some vitamins (Gillman, 2007). neurotransmission via antagonism of centraj-
Serotonin and Norepinephrine Re-uptake Inhibitorsadrenergic autoreceptors and heteroreceptors and
(SNRIs; e.g., duloxetine and milnacipran) have alsahrough the postsynaptic blockade of 5-Hihd 5-HT
been shown to be effective suppressors of paifeceptors (Boeet al., 1995).
(Dworkin et al., 2007; Attalet al., 2010). These agents MRZ does not inhibit the reuptake of serotonin or
are believed to exert their analgesic effects prlndy ~ noradrenaline, nor does it inhibit monoamine oxidas
increasing the activity of descending pain-suppngss activity, these properties differentiate it fromvesal
pathways (Fig. 1). other classes of antidepressant drugs (Pinder,a)98v
Several studies have shown that Selectivaheory, blockade of the 5-HTand 5-HT, receptors by
Serotonin Reuptake Inhibitors (SSRIs) also havevRZ could reduce the likelihood of some serotonergi
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adverse effects associated with the nonselective Recently, MRZ has been tested in cats (Quirtby
serotonin receptor activation of SSRIs and veniatax al., 2011), dogs (Giorgi and Yun, 2011) and horses
(e.g., restlessness, nausea and sexual dysfunctiofRouini et al., 2012). MRZ orally administered in the
(Pinder, 1997a; 1997b) and this appears to be stgiho dose range (1.88-3.75 mg/cat day) caused significan

by tolerability data from clinical trials. The memfism  polyphagia in cats, this pharmacokinetic behavitsur

pain reduction because the descending serotonergiGrz orally administered (at about 1 mg Kgshowed a
pathways can |_nh|b|t nociceptive _s_lgnalmg via 5HHT o 0urable pharmacokinetic profile (which is difet
receptor activation (F!g. 1) Specifically, actieat of to that in both cats and humans) compared to @S
5-HT;, receptors inhibits the excitability of active drugs such as clomipramine (Kietgal., 2000),

spinothalamic projecting neurons and excitatorg. (i. . .
pain facilitatory) interneurons (Benarroch, 2008).gzgxegﬂzr(j:;psggjg” ch?r?) tﬂgg;rafeoss%r;](as(Girtueeras

Similarly, 5-HT,gp receptor activation is antinociceptive N i
through inhibition of neurotransmitter release fromSPeculated (Giorgi, 2012) to be potentially useffu
primary nociceptive afferents (Benarroch, 2008). |nveterinary patients for treatment of anorexia andde

contrast, descending serotonergic pathway activatim ~ ange of anxiety-related conditions (Overall, 2060}
promote nociceptive transmission by activating 5T its antiemetic properties (due to antagonism ofTa-H
neurons (Benarroch, 2008; Zeiizal., 2002). receptor) and as an analgesic in chronic and cancer
In addition to its antidepressant effect, MRZ lhas associated pain, due to its effects on both the
number of other pharmacodynamic effects. Fomoradrenergic and serotonic system (Bannisteal.,
example, blockade of 5-HTreceptors is associated 2009). Pharmacokinetics and metabolism have been
with improvement in sleep quality (Pinder, 1997a),reported to be largely variable among these species
indeed, MRZ improves the quality and duration eegl  Although MRZ has shown a good safety profile (bette
and unlike SSRIs, does not suppress rapid eyehan other antidepressive drugs (Giorgi and Yurd,120
movement sleep (Aslagt al., 2002; Winokuret al.,  caution should be taken in extrapolating doses from
2003; Sheret al., 2006). Although the initial dose of other species or humans.
MRZ can cause psychomotor impairment (affecting |t js |ikely to have additional applications for
driving ab|I|ty_), this is not sustam_ed during cimniing veterinary use, in particular, it has been suggesiat
treatment (R'dou?t al., 2003; Wingeret al., 2.005)' its noradrenergic and serotonic system effectsdcbal
!nterestlngly, _unI|ke reuptake inhibitors which can exploited for analgesic use (Bomhettal., 2005). In
Isnucre?essesecsotrr?zosle(l:?\eﬂtaiIjﬁ éfggrl:golal" 2003) MRZ this application, MRZ could represent a therapeutic
pI?I'he biotransformation of MRZ occurs primarily option that results in a Non Steroidal Anti-
nflammatory (NSAIDs)-sparing effect, i.e., utilig

via the cytochrome P450 enzyme system in human%he noradrenergic and specific serotonergic anages

MRZ is predominantly metabolized to 8-OH : i
mirtazapine (8-OH) and to DesmethylmirtazapineeﬁeCtS to lower the required dose of NSAIDs. This

(DMR) (Fig. 2). The former metaboiite has no combined use would reduce the likelihood and intgns

pharmacological effect, while DMR has been estinhate ©f NSAIDs-induced side effects. This prospective

to contribute 5-10% of the total pharmacodynamic@PPplication is highly attractive, especially in dognd

activity of the drug (Delbressiret al., 1998). horses, species extremely susceptible to the aslvers
effects of NSAIDs.

N A recent study effectively explained MRZ's
- effectiveness on pain in rodents (Kikt al., 2011). It
N was demonstrated that MRZ had significant
&N % antinociceptive activity at the supraspinal levabt(
plate test) and that antinociceptive activity weduced
N when the dose was increased, explicitly, it has a
~ biphasic activity. It is well established that deron
N has analgesic activity at the central level andgasic
&NH activity at the peripheral level (Clauw and McCathe
2012). It was also demonstrated that MRZ has
$-0H DMR significant antinociceptive activity at the peripalke
level (writhing test) and that the analgesic atyivias
Fig. 2: Molecular structure of MRZ and its metatedi reduced when the dose is increased. It is likedy this
DMR and 8-OH is associated with the emergence of peripherabasa
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activity of serotonin when the dose is increasédhas  Attal, N.,, G. Cruccu, R. Baron, M. Haanpaa and P.
been demonstrated that opioidergic mechanisms are Hanssonet al., 2010. EFNS guidelines on the
also involved at these two levels (supra spinal and pharmacological treatment of neuropathic pain:
peripheral) (Giorgi, 2012). In contrast, MRZ had no 2010 revision. Eur. J. Neurol.,, 17: 1113-1188.

antinociceptive activity at the central spinal le(il PMID: 20402746
clip and flick tests). Additionally, it has been Bannister, K., L.A. Bee and A.H. Dickenson, 2009.
demonstrated through the use of nitric oxide sysgha Preclinical and early clinical investigations relat
inhibitors, that the NO and nitrergic pathways aot to monoaminergic pain modulation.
involved in the central analgesic activity of MRZ. Neurotherapeutics, 6: 703-712. PMID: 19789074
Interestingly, the antinociceptive effect of MRZ Benarroch, E.E., 2008. Descending monoaminergic
has been detected as soon as 30 minutes followirg d pain modulation: bidirectional control and clinical
administration. This supports the theory that the  relevance. Neurology, 71: 217-221. PMID:
analgesic effect is independent of the antidepressi 18625968

effect which takes 2 weeks for on-set. Despite, thisBoer, T.D., G.S.F. Ruigt and H.H.G. Berendsen, 1995
there are some concerning data related to the oral 1heo2-selective adrenoceptor antagonist org 3770
bioavailability of this drug. This has been repdria (mirtazapine, Remeron®) enhances noradrenergic
approximately 3% of rats (Rouini and Giorgi, persion and serotonergic  transmission. Hum.

communication). As MRZ is predominantly Psychopharmacol. Clin. Exp., 10: S107-S118.

- . ; L . DOI: 10.1002/hup.470100805
administered orally and its bioavailability migh& .
widely among an)i/mal species, this dz;/ta sghm:‘ljd bEI}SomhoIt, SF., JD. M.|kke_lsen_and G. Blackburn-
: Munro, 2005. Antinociceptive effects of the

carefu_lly evaluated in GQCh SPECIES. . antidepressants amitriptyline, duloxetine,
(_3|ven_ the complex_lty of pain and the_vanety of mirtazapine and citalopram in animal models of

physiological mechanisms involved, single-agent acute, persistent and neuropathic  pain.

regimens may not provide optimal analgesia foragert Neuropharmacology, 48: 252-263. PMID:

types of pain because they influence a limited nermb 15695164

of therapeutic targets in the pain transmission an@owsher, D., 1991. Neurogenic pain syndromes and

modulatory  pathways (Raffa, 2006). Multidrug  their management. Br. Med. Bull., 47: 644-666.

analgesic approaches take advantage of the pMID: 1794077

complementary mechanisms of different drug classes Clauw, D. and B.H. McCarberg, 2012. Managing

enhance analgesia and/or reduce side effects by chronic pain with nonopioid analgesics: A

lowering the required dose of one or more agertte. T multidisciplinary consult. Am. J. Med., 125: S1-S1.

practice of combining MRZ with other analgesic PMID: 22482859

agents is common and has been integrated into humd?avies, J., 1997. A strategy for chronic pain.

clinical practice guidelines for the treatment afttp Practitioner, 241: 452-458, PMID: 9425705

acute and chronic pain (NIH, 1997; 2010; Dworkin Delbressine, L.P., M.E. Moonen, F.M. Kaspersen,.G.N

al., 2007). Based on the information described is thi Wagenaars and P.L. Jacobet al., 1998.

studv. MRZ is offered as a potential analgesic in Pharmacokinetics and biotransformation  of
Y, P 9 mirtazapine in human volunteers. Clin. Drug

veterinary species in a multidrug analgesic apgroac Invest.. 15: 45-55. PMID: 18370465

rather than as a single active ingredient. Furthepyorkin, R.H., A.B. O'Connor, M. Backonja, J.T.
studies need to be carried out before its employmen  Farrar and N.B. Finnerupet al., 2007.

in clinical practice however. Pharmacologic management of neuropathic pain:
Evidence-based recommendations. Pain, 132: 237-
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