
CVMP/772/02 1/29 
EMEA 2002 

Scientific Discussion  

I. SUMMARY OF THE DOSSIER 

This application is for an injectable solution of 0.42mg/ml dexmedetomidine, the dextrorotatory 
enantiomer of medetomidine, as 0.5 mg/ml of dexmedetomidine hydrochloride.   It is indicated for use 
in procedures requiring restraint, sedation and analgesia by the intramuscular or intravenous route of 
administration in dogs, and the intramuscular route of administration in cats. A finished product 
containing the racemate, medetomidine hydrochloride, has been available for several years in Europe. 
 

II. PART II (QUALITY) 

INTRODUCTION 

 
Name: Dexdomitor 

Dosage form and strength: Solution for injection, 0.5 mg/ml 
Therapeutic class or indication: QN05CM, Psycholeptic,  

Restraint sedation and analgesia in dogs and cats 
Dosage range: 0.1-1.4 ml i.v. in dogs 

0.2-1.9 ml i.m. in dogs 
0.05-1.30 ml i.m. in cats 

Pack size: 1 x 10 ml 
Shelf-life: 2 years, storage instruction "do not freeze" 

28 days after first opening of container 
  

Active substance: Dexmedetomidine as hydrochloride 
  

CAS-no: 145108-58-3 (hydrochloride salt) 
113775-47-6 (base) 

Chemical names: (S)-4-[1-(2,3-dimethylphenyl)ethyl]-1H-imidazole 
hydrochloride or 
(+)-4-[(S)-α, 2,3-trimethylbenzyl]imidazole 
hydrochloride 

Molecular formula: C13H16N2 x HCl 
Molecular weight: 236.73 

 
Dexdomitor contains the new active substance dexmedetomidine hydrochloride, an α2-agonist, 
indicated for restraint sedation and analgesia in dogs and cats. Dexdomitor is supplied in a multidose 
vial containing 10 ml of a sterile aqueous solution of 0.5 mg/ml dexmedetomidine hydrochloride. The 
solution is preserved with methyl- and propyl parahydroxybenzoates. Administration is by the 
intravenous or intramuscular route. Dexmedetomidine hydrochloride is chiral (one asymmetric 
carbon) and is isolated as a single (+) – enantiomer (dextro) by separation from a racemic mixture.  
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II.A QUALITATIVE AND QUANTITATIVE PARTICULARS OF THE CONSTITUENTS  

 
II.A.1 Composition of the Veterinary Medicinal Product 
 
The Product contains per ml:  
 

Ingredient 

 

Reference 

 

Quantity / Unit 

 

Function 
Dexmedetomidine hydrochloride In house 0.50 mg Active Substance 
corresponds to dexmedetomidine  0.42 mg  
Excipients:    
Methyl parahydroxybenzoate Ph. Eur.  1.6  mg Preservative 
Propyl parahydroxybenzoate Ph. Eur.  0.2  mg Preservative 
Other Excipients    
Water for injections  Ph. Eur. to 1 ml  
 
 
II.A.2 Container 
Dexdomitor is supplied in 10 ml Type I glass vials closed with fluoropolymer-coated chlorobutyl 
rubber stoppers. The bottles are sealed with aluminium caps equipped with a polypropylene "flip-off" 
seals. The vials are packed into cardboard boxes. 
 
II.A.3 Clinical Trial Formula(e) 
Two different compositions have been used in the clinical trials. One was identical to the one intended 
for marketing and the other one contained 0.2 mg/ml less methyl parahydroxybenzoate. This slight 
difference in composition was judged to be of no clinical importance and the formulations used in the 
clinical trials were, therefore, acceptable. 
 
II.A.4 Development Pharmaceutics 
Dexdomitor is based on the composition and manufacturing technique of the marketed product 
containing medetomidine and formulated as a solution for injection. The pure enantiomer is twice as 
potent as the racemic mixture, so the concentration of active ingredient is reduced to 0.5 mg/ml. The 
preservative system has been justified by preservative efficacy tests. The vials and stoppers are the 
same as used with the authorised product containing medetomidine, and were shown to be suitable in 
the container-closure studies performed. The product is terminally sterilised in its final container 
according to the conditions stated in Ph. Eur.  
 

II.B METHOD OF PREPARATION 

 
II.B.1 Manufacturing Formula and Batch Size 
Typical batch-sizes have been defined. 
 
II.B.2 Manufacturing Process and In-process Controls 
Hot water for injections is filled into a manufacturing vessel and propyl parahydroxybenzoate and 
methyl parahydroxybenzoate are dissolved in the water. The solution is cooled and dexmedetomidine 
hydrochloride is dissolved in the solution. Sodium chloride is added and the bulk solution is filtered 
through a filter cartridge (0.2 µm) into a manufacturing vessel. The solution is filtered once again on 
the filling line before filling (0.2 µm). The filled vials are closed with sterilised stoppers and capped 
with flip off seals. The closed vials are sterilised in an autoclave (F0 ≥ 15 min) and labelled.  
 
The in-process controls performed include appearance, pH, final bulk weight, temperature, filter 
integrity test, filling volume and bioburden before sterilisation (max 1.0 CFU/ml).  
The manufacturing process and in-process controls are acceptable. 
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II.B.3 Validation of Manufacturing Process 
Dexdomitor is a simple aqueous solution produced by standard manufacturing methods including 
terminal sterilisation by moist heat in the final container. The critical steps during manufacture have 
been defined and the process validation scheme was satisfactorily presented. 
 

II.C CONTROL OF STARTING MATERIALS 

 
II.C.1 Active Substance 
 
A detailed description as well as a flow chart of the synthesis was provided. Amounts, reaction 
conditions, typical yields and possible reprocessing steps are stated. Specifications for the starting 
materials, reagents, solvents and intermediates were given and were considered acceptable. The 
critical steps of the synthesis have been identified and validated. The manufacturing method of 
dexmedetomidine hydrochloride has been acceptably described. 
 
The TSE risk is negligible due to the purely synthetic route of manufacture with no starting materials 
of animal origin. 
 
The data provided demonstrate that the selected synthetic route is able to produce dexmedetomidine 
hydrochloride of required and consistent quality. Acceptable description of the synthesis of the active 
substance, relevant specifications with qualified impurity limits, validated methods and batch results 
complying with the specifications have been submitted.  
 
The Applicant satisfactorily performed a worst case scenario calculation for each of the three solvents. 
According to the theoretical worst-case calculations the maximum amounts of the solvents in the 
active substance are: toluene 8 x 10 -7 ppm, tetrahydofuran 0.25 ppm and ethanol 5 ppm. 
 
The data provided demonstrate that the selected synthetic route is able to produce dexmedetomidine 
hydrochloride of required and consistent quality. 
 
II.C.2 Excipients 
 
C.2.1 Specifications and routine tests 
 
2.1.1. Excipients described in a Pharmacopoeia 
 
All excipients comply with the respective current Ph. Eur monographs. 
 
2.1.2. Excipient(s) not described in a Pharmacopoeia 
 
Not applicable. 
 
C.2.2 Scientific data 
 
The excipients used do not contain any components derived from animal origin. 
 
IIC.3 Packaging Material (Immediate Packaging) 
 
C.3.1 Specifications and routine tests 
Acceptable specifications for the packaging materials were submitted. 
 
C.3.2  Scientific data 
 
The vials and stoppers comply with the respective Ph. Eur. monographs and are suitable as packaging 
materials for this product. Following a request from CVMP the Applicant provided satisfactory 
information on the rubber closure specifications. 
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II D: CONTROL TESTS ON INTERMEDIATE PRODUCTS 

Not applicable.  

II E: CONTROL TESTS ON FINISHED PRODUCT  

 
IIE.1 Product Specification and Routine Tests:  
1.1. Product specifications and tests for release at time of manufacture (general characteristics, 

specific standard) 
 
The product specification contains the relevant tests and limits for a product of this type. Tests include 
appearance, identification and chiral purity of the active substance and preservatives, assay for active 
subtance (HPLC) and preservatives (HPLC), limits for degradation products, pH, particulate matter, 
sterility and bacterial endotoxins. 
 
The analytical methods are described and suitably validated, in accordance with current guidelines. 
The quality of the finished product at release and throughout its shelf life is assured by proposed 
analytical procedures and limits. 
 
1.2. Control methods 
 
1.2.1 Tests procedure for identification and quantitative determination for the active subtance(s) 
 
A reversed phase HPLC-method with UV-detection is used for assay of the active ingredient, the 
preservatives and degradation products. Diode array identification is made at wavelength range 200-
400 nm.  
 
Identification and optical purity of dexmedetomidine are determined by a chiral HPLC-method with 
UV-detection. 
 
1.2.2 Identification and determination of excipient(s) 
 
See above. 
 
1.2.3 Safety tests 
 
See above. 
 
IIE.2 Scientific Data 
 
Batch analyseis 
 
Results from three batches have been submitted. The results demonstrate compliance with the 
specification and consistency between batches.  

II F: STABILITY 

 
IIF.1 Stability Tests on the Active Substance(s) 
 
The stability data presented justify the proposed re-test period of 5 years. The recommended storage 
conditions are the following: Store at room temperature. Keep containers dry and tightly closed. 
 
IIF.2 Stability Tests on the Finished Product 
 
2.1 Product Specification and Routine Tests for shelf life:  
 
See IIE. 
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2.2 Stability Tests 
 
The stability tests on the finished product are presented in Table 3. 
 
Table 3. Major stability studies  
Temp °C, RH% n batches x months Batch size Package 
25°C, 60% RH 3 x 18inverted 

3 x 12 upright 
Pilot scale (30 l) Intended for marketing 

40°C, 75% RH 3 x 6 inverted  
3 x 6 upright 

Pilot scale (30 l) Intended for marketing 

 
The release test methods are also used for the stability studies. All parameters remained essentially 
unchanged at all storage conditions and no difference between inverted and upright containers could 
be noted. Although a slight decrease in propyl parahydroxybenzoate was observed after storing at 
40°C the results were still well within the specification. Photostability (according to the VICH 
guideline) has been studied and no degradation products were observed. A freeze thaw study (–
18°C/room temperature for 24 hours, repeated 3 times) demonstrated that the product should be 
protected from freezing and a warning is included on the SPC to that effect. 
 
2.3 In-use Stability Tests (If applicable) 
 
In-use stability has been investigated on two batches stored for 28 days in a refrigerator and at room 
temperature. A repeated puncture test was also performed.  
 
The proposed in-use shelf-life of 28 days after first broaching the container  without any special 
storage instructions has been justifed. 
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III SAFETY ASSESSMENT (PHARMACO-TOXICOLOGICAL) 

INTRODUCTION 

Dexdomitor contains dexmedetomidine hydrochloride, the pure dextro-enantiomer of medotomidine. 
Medotomidine is a selective α2-adrenoceptor agonist cuurently marketed and indicated as a 
sedative/analgesic agent for cats and dogs. The clinical experience with the marketed product 
containing medetomidine is extensive. Dexmedetomidine hydrochloride is a selective and potent α2-
adrenoceptor agonist indicated for use in procedures and examinations requiring restraint, sedation and 
analgesia in dogs and cats. In dogs, the proposed i.m. dosage is maximum 40 µg/kg bodyweight and 
30 µg/kg bodyweight for i.v. administration. For cats, only i.m. administration is proposed, the 
maximum dosage is 50 µg/kg bodyweight. The laboratory code for dexmedetomidine is MPV 1440. 
The main impurity of dexmedetomidine is the levo-enantiomer of medotomidine, levomedetomidine. 
The laboratory code for levomedetomidine is MPV 1441. Dexmedetomidine (PrecedexTM) has been 
granted marketing authorisation for humans in the United States in December 1999 for sedation of 
initially intubated and mechanically ventilated patients during treatment in an intensive care setting. 
 

III.A. SAFETY TESTING 

 
III.A.1. Precise identification of the product concerned by the Application 
 
III.A.2. Pharmacological Studies 
 
III.A.2.1. Pharmacodynamics 
 
The active ingredient of Dexdomitor is dexmedetomidine hydrochloride, which is the pure dextro-
enantiomer of medetomidine. The l-enantiomer is devoid of pharmacodynamic activity, thus justifying 
the development of the single enantiomer. Dexmedetomidine is a potent and selective α2-adrenoceptor 
agonist with sedative, analgesic and anxiolytic activity, the latter only being apparent at sub-sedative 
doses (in the rat 0.3 and 1 µg/kg). Receptorbinding studies in vitro, and in vivo models of α2-agonist 
activity, demonstrate that dexmedetomidine is twice more potent than the racemate medetomidine. 
 
Three subtypes of α2-adrenoceptor (α2A,α2B and α2C) have been identified. Data obtained from animals 
with genetic mutations of these subtypes indicate that they may have different functional roles (α2C has 
been implicated in the hypothermic effects of α2-adrenoceptor agonists, and the α2A adrenoreceptor 
mediates sedative-hypnotic, analgesic, and anaesthetic sparing responses in the mouse). The 
sedative/hypnotic effects of dexmedetomidine are mediated through pertussis-sensitive inhibitory G 
proteins in locus coeruleus resulting in hyperpolaristation and reduced nerve conduction. The 
analgesic effect of α2-adrenoceptor agonists probably has a central as well as a spinal component. 
Dexmedetomidine is non-selective for any specific α2-adrenoceptorsubtype. 
 
General pharmacodynamics 
 
Cardiorespiratory effects 
The effect of dexmedetomidine on the cardiovascular system has been extensively studied in a variety 
of species, animal models and states of consciousness. Intravenous administration of 
dexmedetomidine can produce transient hypertension and coronary vasoconstriction (peripheral post-
synaptic effects), which will be dependent of the dose and rate of delivery, followed by hypotension 
and bradycardia (central and peripheral pre-synaptic sympatholytic effects and increased vagal tone). 
In general, no adverse effects were observed on cardiac function since cardiac oxygen demand was 
reduced as a result of the reduced heart rate, contractility and cardiac output; dexmedetomidine may 
even have anti-steal and anti-ischemic effects under certain conditions. In the isolated dog heart, 
dexmedetomidine only at very high concentrations induced positive chronotropic and inotropic effects, 
which were blocked by propanolol. In halothane anaesthetised dogs, dexmedetomidine (0.5 µg/kg, 
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i.v.) demonstrated a centrally mediated anti-arrhythmogenic activity via the vagus against adrenaline 
induced arrhythmias. Respiratory depression and reduction in core temperature have also been noted 
with dexmedetomidine, but the exact site of origin of these effects has not been elucidated, and they 
may in part be secondary to sedation and/or vasodilatation. Dexmedetomidine did not potentiate the 
cardiorespiratory depression induced by fentanyl. 
 
CNS effects 
Tolerance or desensitisation of the hypnotic and analgesic response to dexmedetomidine has been 
reported in rats at doses of ≥ 3 µg/kg/h (s.c. osmotic pumps), recovery occurred in a matter of days 
once the pumps were removed. This tolerance could also be reversed by nifedipine (also see 
interactions). A range of behavioural tests were performed which did not reveal any unexpected 
effects, dexmedetomidine showed no anti-convulsant or convulsant activity but has been shown to 
have pro-convulsant activity (100 µg/kg, 500 µg/kg) in the pentylenetetrazol rat model. 
Dexmedetomidine produced acute CNS effects in rats and monkeys. The drug possesses physical 
dependence-producing potential in rats as well as cross physical dependence in monkeys, however, 
this latter effect was weak. Dexmedetomidine (≥ 3 µg/kg, i.v.) has been reported to be neuroprotective 
in a variety of ischemic injury models and to reduce the neuronal damage induced by ethanol 
intoxication. Intercranial pressure was either slightly decreased (20 µg/kg) or unaffected by doses of 
up to 320 µg/kg, i.v. in rabbits; 10 µg/kg produced a profound reduction in cerebral blood flow in 
anaesthetised dogs. 
 
Gastrointestinal and other effects 
At doses ≥ 10 µg/kg s.c., dexmedetomidine produced a reduction in charcoal transit time, increase in 
urinary volume and electrolytes (2 µg/kg). Other urinary effects noted with dexmedetomidine were: 
decreased micturition pressure and volume, bladder capacity and residual volume; high doses (10 
nmol, intrathecal) produced incontinence. Dexmedetomidine (doses ≥ 100 µg/kg, i.p.) increased 
prolactin and growth hormone levels and decreased TSH levels in rats. Sedative doses of 
dexmedetomidine (≥ 10 µg/kg) elevated plasma glucose levels and higher doses (≥ 100 µg/kg) inhibit 
insulin release. α2-agonists have been reported to inhibit gastric acid secretion and gastrin release in 
animals, to cause platelet aggregation in vitro and stimulate growth hormone secretion. Topical 
dexmedetomidine (≥ 7.5 µg) lowers intraocular pressure but no data are available following systemic 
administration. 
 
Interactions  
Data from rats indicate that dexmedetomidine acts synergistically when given in combination with 
midazolam, diazepam and fentanyl through pharmacodynamic mechanism(s). There is also a 
synergistic analgetic effect between µ, but not δ, opioid agonists and dexmedetomidine. There is 
evidence that analgesic cross tolerance developed between the mu opoid agonist morphine and 
dexmedetomidine in the rat. Dexmedetomidine has also been shown to reduce the anaesthetic 
requirements by up to 90% in rats and dogs, to increase barbital-induced sleep and potentiate ethanol. 
Acetycholine esterase inhibitors potentiate the analgesic activity of dexmedetomidine. 
 
Centrally active α1-adrenoceptor agonists (e.g. cirazoline) block the hypnotic effects of 
dexmedetomidine while α1- antagonists tend to potentiate this effect. Atropine and methysergide 
tended to enhance the dexmedetomidine potentiation of hexobarbital induced sleep while naltrexone 
reversed the potentiation. The analgesic effect of dexmedetomidine (spinal site of action) was not only 
fully reversed by atipamezole (selective α2-adrenoceptor) but also by naloxone, suggesting a possible 
synergistic interaction between α2-adrenoceptor agonists and endogenous opioids, however, this effect 
of naloxone has not been consistently reported. 
 
Metabolites 
The N-glucuronide metabolites of dexmedetomidine had no central or peripheral α2-agonist activity in 
vivo. 
 
III.A.2.2. Pharmacokinetics 
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The pharmacokinetics of radiolabelled or non-radiolabelled dexmedetomidine were determined in rats 
and dogs after single s.c., i.v. and i.m. administration. Pharmacokinetics in cats are reported in Part 
IVA. 
The validated analytical methods to determine dexmedetomidine in animal plasma was the extractive 
derivatization procedure with GC/MS detection where the limit of quantification was 0.05 ng/ml for 
rat plasma and 10 pg/ml for dog plasma.  
 
A tabulated summary of the kinetic assessment of dexmedetomidine in animals can be found in the 
table below. 
 
Summary of the kinetic assessment of dexmedetomidine in animals after single dose 
 administration 
Absorption Rapid (Tmax ≈ 35-43 min in rat and dog) 
Bioavailability 60% for the i.m. dose in dog 
Dose proportionality Non-linearity (Cmax and AUC) shown for rat and dog 
Terminal plasma half-life 2 hrs (rat) 

0.7-1.3 hrs (dog) 
Distribution Rapidly distributed in both rats and dogs. High protein 

binding in all species (95% in mice, 88% in rats, 92% 
in dogs, 84% in monkeys and 94% in humans). 

Metabolism Biotransformation in the liver in both rats and dogs. 
Pathways: aliphatic hydroxylation, oxidation or 
conjugation. Metabolites are pharmacodynamically 
inactive. 

Excretion Main route via urine (rat 50-65%, dog 82%). 
 
Absorption 
Dexmedetomidine is rapidly absorbed when administered by the s.c. or i.m. route to rats. Single dose 
administration of 20-500 µg/kg demonstrated non-linear pharmacokinetics; the increase in peak 
plasma concentration and AUC were greater than proportional to the dose increase. Dexmedetomidine 
was also rapidly absorbed in the dog after single i.m. administration. Non-linearity was observed in the 
dose range 50-250 µg/kg, since greater than dose proportionality was observed. 
 
Distribution 
Dexmedetomidine is rapidly distributed in both rats and dogs. In rats following i.v. administration of 
20 µg/kg highest radioactivity was measured in the liver, adrenal glands, lungs and kidneys. Maximum 
concentration of radioactivity in tissues was measured between 20 and 40 min after dosing. Exceptions 
were the adrenal glands with Tmax of 16 h, fat 8 h and liver 1.3 h. A gender specific distribution to the 
adrenal gland was observed, with female rats showing approximately the double amount of 
radioactivity compared to male animals. The decrease in adrenal radioactivity was slower compared to 
elimination from other organs. Brain demonstrated a 5-7-fold increased level of radioactivity 
compared to plasma. A similar pattern of distribution was observed after s.c. dosing of 40 µg/kg 3H-
dexmedetomidine. The distribution of 3H-dexmedetomidine to skin after an i.v. dose of 20 µg/kg was 
similar in pigmented and non-pigmented rats, while the peak concentration in pigmented eyes was 28-
fold higher than in non-pigmented eyes. The protein binding of dexmedetomidine is high in all species 
investigated with no difference observed between male and female animals.  
 
Biotransformation 
Dexmedetomidine is biotransformed in the liver via aliphatic hydroxylation in the 3’-position followed 
by oxidation to dexmedetomidine carboxylic acid or conjugation of the hydroxylated product to a 
glucuronide in rats and dogs. The metabolites of dexmedetomidine are without pharmacodynamic 
activity. 
 
Excretion 
In rats, dexmedetomidine was excreted in the urine to 50-65% of the administered dose after i.v. or s.c. 
dosing with 3H-dexmedetomidine 20 µg/ml while 34-48% was detected in the faeces. In dogs, 82% 
and 83% were detected in urine after i.v. and s.c. dosing with 20 µg/ml 3H-dexmedetomidine, 
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respectively. The proportion of radioactivity detected in faeces was 13% after both i.v. and s.c. dosing. 
The rat is on pharmacokinetic grounds considered of limited relevance in comparison to the target 
species.  
 
III.A.3.Toxicological studies 
 
III.A.3.1. Single dose toxicity 
 
Single dose toxicity with dexmedetomidine 
 
The acute toxicity of dexmedetomidine was investigated in mice and rats after i.v. and s.c. 
administration and in dogs after i.v. administration. The studies were performed according to GLP 
principles except the i.v. study in dogs. The Expert argued that the study was of acceptable quality and 
hence qualified which can be accepted. Minor shortcomings are considered to have been addressed in 
the repeat dose toxicity studies. The toxicity of dexmedetomidine was high in all species investigated. 
Dose-related clinical signs, similar in mice, rats and dogs, were sedation, piloerection, exophthalmus, 
salivation (rat) and convulsions (rat and dog). In animals that died, yellow/brown discharges were 
found around the mouth/nostrils. The lungs were generally haemorrhagic, and slight to extensive 
pulmonary oedema was found. Furthermore, a small amount of gas was detected in the stomach of 
most dead animals. The cause of death was gastric and intestinal dilatation (mouse, rat after s.c. 
administration) and congestive heart failure (dog, rat after i.v. administration). The maximum non-
lethal dose was 1-5 mg/kg and 10-20 mg/kg in mice after i.v. and s.c. administration, respectively. The 
corresponding figures in rats were 1.0 mg/kg after i.v. and 1-5 mg/kg after s.c. administration. In dogs, 
the maximum non-lethal dose was 1 mg/kg after i.v. administration. 
 
The target organs of toxicity were eyes in mice and rats, and the liver in dogs. The no effect levels for 
development of eye opacities were 1.0 mg/kg in mice following i.v. administration, and 0.1 mg/kg in 
male and 1 mg/kg in female mice after s.c. administration. In rats, the no effect level for eye opacities 
was 0.1 mg/kg after both i.v. and s.c. administration for both sexes. Haemosiderin-laden Kupfer cells 
in the liver was noted in dogs dosed with dexmedetomidine 2.0 mg/kg. The no effect level for this 
effect was 1.0 mg/kg. 
 
Single dose toxicity with levemedetomidine 
 
The acute toxicity of levomedetomidine, the main impurity of dexmedetomidine, was investigated in 
mice and rats after i.v. administration. The cause of death in deceased animals was not investigated 
which is considered a deficiency of the studies. The clinical signs were among others convulsions, 
tremors and piloerection.  
 
III.A.3.2. Repeated dose toxicity 
 
Repeated dose toxicity with dexmedetomidine 
In both the rat and the dog, the repeated dose toxicity of dexmedetomidine was studied after 
intravenous or intramuscular administration for 28 days. 
 
Observations in the rat 
In the 28-days i.v study, opacity of the cornea was the only drug-related clinical observation at 
terminal sacrifice. In male animals the incidence of bilateral opacity of the cornea was 0/10, 1/10, 6/10 
and 10/10 in control, Low Dose (LD), Medium Dose (MD) and High Dose (HD) groups, respectively. 
In female rats unilateral opacity of the cornea was found in 3/10 MD rats, while bilateral opacity was 
observed in 4/10 MD animals and 10/10 HD animals.  
 
Drug related histopathological findings were seen in the adrenal glands, lungs, eyes and at the 
injection site. Minimal hypertrophy of the adrenal zona glomerulosa cells were seen in 6/10 HD males, 
and in 3/10 MD and 4/10 HD females. The pulmonary findings were a minimal number of 
perivascular haemosiderin-laden macrophages that were seen. The incidence was highest in the low 
and mid dose groups of both sexes. In the high dose group the severity of lesion was increased. In 
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male animals, minimal unilateral keratitis was seen in 2/10 MD and 3/10 HD rats, minimal bilateral 
keratitis was noted in 1/10 HD and slight bilateral keratitis in 2/10 HD male rats. In female rats, 
minimal unilateral keratitis was seen in 1/10 MD and 1/10 HD rats and slight unilateral keratitis in 
1/10 HD animals. Minimal and slight bilateral keratitis was observed in 2/10 and 1/10 HD females, 
respectively. At the injection site, focal perivascular necrosis was seen in a few animals in all 
treatment groups. 
 
Also in the 28-days i.m. rat study, opacity of the cornea was the only drug-related finding at terminal 
sacrifice. Unilateral opacity of the cornea was observed in 2/10 MD and 1/10 HD male rats, while 
bilateral opacity of the cornea was seen in 7/10 MD and 9/10 HD males. The proportion for female 
rats was 2/10 with unilateral opacity of the cornea in the MD group and 6/10 MD and 10/10 HD rats 
with bilateral opacity of the cornea.  
 
Drug related histopathological findings were seen in the adrenal glands, lungs, eyes and at the 
injection site. In a few male animals, the genital organs and accessory genital organs were immature. 
Minimal hypertrophy of the adrenal zona glomerulosa cells were seen in 5/10 MD and 6/10 HD males 
and in 4/10 HD females. Minimal haemosiderin laden macrophages was seen in 3/10 LD, 9/10 MD 
and 4/10 HD males, slight and moderate haemosiderin laden macrophages were noted in 5/10 and 1/10 
HD male animals. In females, minimal haemosiderin laden macrophages was observed in 9/10 MD 
and 10/10 HD female rats. In male animals, minimal unilateral keratitis was seen in 1/10 LD and 3/10 
MD rats, minimal bilateral keratitis was noted in 2/10 HD, slight bilateral keratitis in 7/10 HD and 
moderate bilateral keratitis in 1/10 male rats. In female rats, minimal unilateral keratitis was seen in 
4/10 MD and 1/10 HD rats and slight unilateral keratitis in 1/10 HD animals. Minimal, slight and 
moderate bilateral keratitis was observed in 1/10 and 2/10, 3/10 and 3/10 HD females, respectively. At 
the injection site, focal regenerative muscle fibers were seen in all dosage groups, including the 
control group although the frequency and severity was increased in the HD group. Immature genital 
and accessory genital organs were seen in a few males in MD and HD groups. 
 
Observations in the dog 
In the dog 28-days i.v. study, perivascular haemorrhage was the only macroscopic post mortem 
finding which was dose-dependent. Changes in organ weights which reached statistical significance 
were increased liver and adrenal weight for HD males, lower pituitary and prostate weights in HD 
male dogs and reduced uterus weights in all treated females. Histopathological finding were 
eosinophilic intracytoplasmic inclusions in liver hepatocytes detected in all HD dogs and in one MD 
male and female dog. Furthermore, apoptotic antibodies were found in one male and one female HD 
dog. Perivascular fibrosis was seen at the injection site of all treated dogs.  
 
In the male dog 28-days i.m. study, no changes were seen in absolute or relative organ weights. At 
terminal sacrifice, a local irritation at the injection site was found in all HD dogs. Drug related 
histopathological findings were seen in the liver and at injection sites. Minimal eosinophilic 
intracytoplasmic inclusions were observed in the liver in 1/3 MD and 1/3 HD dogs. Slight and 
moderate severity was noted in 1 MD and 1 HD animal, respectively. Minimal degree of regenerative 
muscle fibres was noted in both control and treated groups, while slight and moderate degrees were 
noted in 1/3 and 2/3 HD dogs, respectively. Focal fibrosis was seen at the injection site in all HD dogs. 
 
In the female dog 28-days i.m. study, no changes were seen in absolute organ weights. The relative 
organ weight of the liver was slightly increased in one HD dog. At terminal sacrifice, a local irritation 
at the injection site was found in all HD dogs. Drug related histopathological findings were seen in the 
liver and at injection sites. Minimal eosinophilic intracytoplasmic inclusions were observed in the liver 
in 1/3 MD and 1/3 HD dogs. Slight severity was noted in 1 MD and 1 HD animals and moderate 
severity in 1 HD animal, respectively. Minimal degree of regenerative muscle fibres was noted in both 
control and treated groups except the HD group, while slight and moderate degrees were noted in 1/3 
and 2/3 HD dogs, respectively. Focal fibrosis was seen at the injection site in all HD dogs. 
 
In conclusion repeat dose toxicity studies with dexmedetomidine were performed in rats and dogs 
according to GLP principles. Pivotal studies are 28-days i.v. and i.m. studies in rats and dogs. Other 
studies, with shorter duration or other modes of administration will be commented upon when 
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appropriate. Dose-dependent clinical signs, caused by an exaggerated pharmacodynamic effect of 
dexmedetomidine in rats were sedation, piloerection and exophtalmus. In dogs sedation, muscle 
twitching, slow breathing whilst sedated, unsteady gait and loss of muscle tone was noted. The clinical 
signs in dogs after i.m. administration showed duration of approximately 2 hours in the LD group 
(dose ≈ 5 times less than clinical dose), 4 hours in the MD group (dose ≈ clinical dose) and 6 hours in 
the HD group (dose ≈ 5 times the clinical dose). 
 
Drug related histopathological findings in rats were seen in the adrenal glands, lungs, eyes and at the 
injection site. The dose-related hypertrophy of adrenal zona glomerulosa was stated by the Expert to 
be related to increased excretion of water and sodium in urine. In the lungs, perivascular 
haemosidering-laden macrophages were seen, which might be related to the extravasion of 
macrophages related to increased congestion and /or hypertension within the capillary region as stated 
by the Expert. These findings have not been observed in dogs and are hence of no relevance for the 
target species. At terminal sacrifice of the rats, dose-dependent opacity of corneas was noted. At 
histological examination, keratitis of the eyes was observed which demonstrated dose-dependent 
incidence and severity. In dogs, signs of central opacities were seen in the corneas of HD animals 
following i.m. administration, and superficial keratitis was noted in 5/6 HD animals after i.v. 
administration. The Expert states that the observed keratitis is due to absence of blinking reflex when 
to the animals were sedated. ‘Eyes exposed to air without blinking and without constant lubrication 
will eventually become dry and develop superficial keratitis’, an opinion endorsed by the assessor. The 
use of an eye lubricant is recommended in section 5.5 Special precautions for use.  
 
Further, in dogs, the liver and injection sites were identified as target organs of toxicity in the repeated 
dose toxicity studies. An increased liver weight was seen in HD male animals after i.v. administration 
and in one HD male after i.m. administration, while no change was observed in females. 
Histopathological finding with dose-dependent severity, in both male and female animals, were 
eosinophilic intracytoplasmic inclusions in liver hepatocytes detected in MD and HD animals. Since 
the proposed indication for dexmedetomidine is single use, the liver findings are considered of no 
clinical relevance. At terminal sacrifice, a local irritation with perivascular fibrosis, at the injection site 
was found in all HD dogs. In rats, focal regenerative muscle fibres were seen in all dosage groups 
including control. These findings are probably related to the repeated administration of 
dexmedetomidine. Since the proposed clinical use of dexmedetomidine is single dose administration, 
this issue will not be further commented upon. 
 
No toxicokinetic data are available, hence the exposure of the animals in comparison to clinical 
exposure cannot be estimated. However, based on doses, the dogs in the repeat dose toxicity studies 
were given approximately five times the proposed clinical dose. Considering that the 
pharmacokinetics of dexmedetomidine is non-linear and that the animals were dosed for 28 days, 
adequate exposure to dexmedetomidine can be considered as having been reached. 
 
In none of the performed toxicity studies was the toxicity of the racemate medetomidine investigated, 
which can be considered a drawback of the studies. Hence, no comparison between the toxicity of 
dexmedetomidine and medetomidine is available. Toxicity studies with medetomidine, included in the 
marketing authorisation application of the marketed product containing medetomidine, are not 
performed according to modern standards and cannot be used for comparison. 
 
Repeated dose toxicity with levomedetomidine 
 
The toxicity of the main impurity, levomedetomidine, was investigated in single dose studies in mice 
and rats after i.v. administration. The maximum non-lethal dose was 35 mg/kg in the male mouse, 11 
mg/kg in the female mouse, 5 mg/kg in the male rat and 40 mg/kg in the female rat. Repeat dose 
toxicity studies in rats and dogs with duration up to 28 days demonstrated a low toxicity of 
levomedetomidine in both species investigated, with no effect level in rats of 1250 µg/kg. 
 
The Applicant presented data showing that the intracytoplasmic inclusion bodies of hepatocytes 
observed in the dog repeat dose toxicity studies may be due to the pharmacological effect of 
dexmedetomide. The biphasic effect of dexmedetomidine on blood pressure (initial transient increase 
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in blood pressure followed by a longer lasting slight hypotension) might increase the possibility of 
engulfment of blood elements into hepatocytes leading to inclusion bodies. The link between a blood 
pressure effect and induction of intracytoplasmic inclusion bodies of hepatocytes is considered weak. 
However, the proposed indication for dexmedetomidine is single dose administration where no 
adverse hepatic effects have been observed up to 100 times the recommended clinical dose. Following 
three consecutive days of treatment with up to 5 times the recommended clinical dose, no liver 
changes were observed. Hence, hepatic adverse effects have been observed during subchronic 
treatments only, which is not the proposed posology for dexmedetomidine. Since dexmedetomidine is 
proposed indicated during single dose administration only, there are no concerns for liver toxicity 
identified. 
 
III.A.3.3. Tolerance in the target species of animal 
For information on tolerance in the target species of animals please see Part IV of this Assessment 
report. 
 
III.A.3.4. Reproductive toxicity, including teratogenicity 
Reproductive toxicity studies with dexmedetomidine were performed in rats and rabbits.  
 
Dexmedetomidine, as suggested by the Applicant, should not be used during pregnancy and lactation 
(see SPC section 5.5 Pregnancy and lactation) since safety in the target species has not been 
established. Therefore, the reproduction toxicity studies performed in rats and rabbits will be discussed 
only briefly. The embryotoxicity study in rabbits is considered to have limited value since no kinetics 
in this species are available. Moreover, the maximum tolerated dose was probably not reached.  
 
The fertility study in rats demonstrated no adverse effects on male or female fertility except a dose-
dependent reduction in weight and number of living offspring. These effects are most likely caused by 
the sedative action of dexmedetomidine in dams. In the rat embryotoxicity study, a decreased foetal 
weight and retardation of ossification probably related to reduced foetal growth, was noted at a dose of 
200 µg/kg. No other drug related changes were observed. The peri/postnatal studies in rats 
demonstrated that dexmedetomidine administered up to weaning caused a decrease in foetal body 
weight at a dose of 32 µg/kg and a slight retardation in the ability to pass the wire-hanging test, which 
is likely related to lower body weight. Litter parameters of the F2 generation demonstrated a decrease 
in living implants in the high dose group and an increase in early dead implants. The reason for this 
change is uncertain. The no-effect level based on pharmacodynamic effects is 2-6 µg/kg. The 
contraindication for dexmedetomidine during pregnancy and lactation is supported by preclinical data. 
 
III.A.3.5. Mutagenicity 
 
The genotoxicity of dexmedetomidine has been studied with respect to gene mutations in bacteria and 
mammalian cells and chromosomal aberration in vitro and in vivo. No genotoxic potential was evident 
at concentrations/dosages up to the limit of toxicity, or where clear clinical signs of toxicity were 
observed. 
 
In the chromosomal aberration assay in human lymphocytes in vitro, in the presence of metabolic 
activation, a statistically significant increase (6%) in the proportion of metaphase figures was found at 
300 µg/ml. This positive finding lies just outside the historical control range of the laboratory and was 
not observed in a repeated test. A slight increase (4.5%) in the proportion of metaphase figures was 
also noted at 350 µg/ml at long harvest time in the presence of metabolic activation. This figure lies 
within the historical control range of the laboratory and was not considered to be indicative of 
clastogenic activity.  
 
 
III.A.3.6. Carcinogenicity (if necessary) 
 
No studies on carcinogenic potential of dexmedetomidine have been performed and are not requested 
for the intended short term use. 
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III.A.4. Studies of other effects 
 
III.A.4.1. Special studies  
Local tolerance and skin and ocular irritation studies demonstrated slight intramuscular irritation 
potential at high doses, but no skin irritation or ocular irritation potential was detected. In addition, a 
haemolysis study performed with human blood demonstrated a haemolytic effect of dexmedetomidine 
at high doses. 
 
 
III.A.4.2 Studies on metabolites, impurities, other substances and formulation 
The metabolites of dexmedetomidine are pharmacodynamically inactive. The toxicity of the main 
impurity, levomedetomidine, has been investigated in acute and repeat dose toxicity studies (see 
above). 
 
 
III.A.5.User Safety 
 
III.A.5.1 Inherent toxicity  
Dexmedetomidine is a potent α2-adrenoceptor agonist. Small doses of dexmedetomidine, either 
administered parenterally, inhaled, applied to skin or swallowed may cause sedation, somnolence, 
decreased blood pressure and heart rate. High doses may cause bradycardia, first degree AV block and 
second degree heart block or sinus pause. Dexmedetomidine 0.2-0.7 µg/kg administered to man 
caused first degree AV block and second degree heart block. 
 
III.A.5.2. Exposure of the user 
Accidental splashing of dexmedetomidine on skin or mucosa may lead to some penetration and there 
is risk for sedation and haemodynamic changes. Local tolerance studies in animals indicate that there 
will be no significant skin or corneal damage after accidental splashing of dexmedetomidine.  
 
Assuming a worst case scenario when the whole volume recommended to an 80 kg dog is injected 
accidentally by the user, serious haemodynamic changes might occur.  
 
III.A.5.3 Conclusion including the risk management proposals 
Dexmedetomidine should be handled with care by the veterinary medicinal staff. If dexmedetomidine 
has been inhaled, one should immediately get fresh air. In case of skin or eye contact, the exposed area 
should be rinsed with water and soap (skin) or large amounts of water (eyes). In case of parenteral or 
oral exposure to dexmedetomidine, a physician should immediately be contacted. Haemodynamic 
symptoms should be treated symptomatically. An antidote, the α2-adrenoceptor antagonist 
atipamezole, exists as a small animal antidote, but the human experience is yet limited. The proposed 
wording of the SPC section 5.11 is accepted. 
 
III.A.6.Ecotoxicity 
 
III.A.6.1. Phase I Assessment 
An acceptable environmental risk assessment for phase I has been provided. 
 
III.A.6.2. Phase II Assessment 
Not applicable 
 
III.A.7. Conclusion on Part III.A.  
 
The active ingredient of Dexdomitor is dexmedetomidine hydrochloride, which is the pure dextro-
enantiomer of medetomidine. The levo-enantiomer is devoid of pharmacodynamic activity, thus 
justifying the development of the single enantiomer. Dexmedetomidine is a potent and selective α2-
adrenoceptor agonist with sedative and analgesic properties. Receptor-binding studies in vitro, and in 
vivo models of α2-agonist activity, demonstrate that dexmedetomidine is twice as potent as 
medetomidine. 
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The toxicity of dexmedetomidine was high in all species (mouse, rat and dog) investigated. Dose-
related clinical signs, similar in mice, rats and dogs, were sedation, piloerection, exophtalmus, 
salivation (rat) and convulsions (rat and dog). Target organs of toxicity were eyes and liver. Opacity of 
corneas was noted in rats and central opacities in dogs. At histological examination of eyes in the rat, 
keratitis was observed which demonstrated dose-dependent incidence and severity. In dogs superficial 
keratitis was noted in 5/6 HD animals after i.v. administration. An increased liver weight was seen in 
HD male animals after i.v. administration and in one HD male after i.m. administration, while no 
change was observed in females. Histopathological finding with dose-dependent severity, in both male 
and female animals, were eosinophilic intracytoplasmic inclusions in liver hepatocytes detected in MD 
and HD animals. Since the proposed indication for dexmedetomidine is single use, this liver finding 
was considered of no clinical relevance. 
 
Dexmedetomidine is not genotoxic. No studies on carcinogenic potential of dexmedetomidine have 
been performed and are not requested for the intended short term use. 
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IV: CLINICAL ASSESSMENT (EFFICACY) 

IV.1. PRECLINICAL STUDIES 

 
IV.1.A. Pharmacology  
 
IV.1.A.1.Pharmacodynamics 
 
 
Primary Pharmacodynamics 
A large number of publications/studies on pharmacodynamic effect of dexmedetomidine were 
included in the documentation. Only those considered relevant for the proposed indication are assessed 
below. 
 
Sedation and analgesia in dogs 
Clinical effects and pharmacokinetics of medetomidine (MED), dexmedetomidine (DEX) and 
levomedetomidine (LEVO) were compared in a group of six beagle dogs. Sedative and analgesic 
effects were evaluated subjectively. The dogs received MED (40 µg/kg), DEX (20 and 10 µg/kg), 
LEVO (20 and 10 µg/kg) and saline placebo intravenously (i.v.) in a blinded, randomised block study 
in six separate sessions. The sedative effect was assessed by; spontaneous posture (score 0-3), 
palpebral reflex (0-3), position of the eye (0 or 2), relaxation of the jaws and the tongue (0-3), 
response to sound (handclap) (0-3) resistance when laid laterally recumbent (0-3), and general 
appearance (0-3). Summing these parameters gave the total sedation score (0-20). The analgesic effect 
(0-3) was tested by pinching the interdigital skin of a hind limb while stretching it to observe the 
withdrawal reflex. If there was no reflex when the skin was pinched hard with nails the effect was 
considered to be deep. All the dogs were significantly sedated after administration of MED40, DEX20 
and DEX10, and the overall level of sedation did not differ between these treatments during the first 
hour. However, the sedation caused by DEX20 was deeper than that caused by DEX10 at 90 and 120 
min after treatment. Treatment with placebo or levomedetomidine caused no apparent sedation. No 
analgesic effect was detected after placebo or levomedetomidine, but MED40, DEX20 and DEX10 
caused significant analgesia. At 40 min the level of analgesia with DEX20 was higher than that caused 
by MED40 or DEX10. 
 
Different doses of dexmedetomidine caused similar level of sedation; it is discussed in the report if a 
ceiling effect is reached. Dexmedetomidine activates α1-receptors and attenuates the α2-mediated 
sedative action at higher concentrations above a certain level and sedation is not increased although 
the level of analgesia increases. The analgesic effect of dexmedetomidine was longer acting than that 
of racemic medetomidine. The suggested explanation is that the presence of the levo-enantiomer may 
have some interaction with the dextro-form, perhaps causing antagonism, competition at the same 
receptor site, or action of levomedetomidine on α1-receptors. This appears to be a reasonable 
interpretation. 
 
Sedation and analgesia in cats 
Cats (n=6) were administered dexmedetomidine (DEX) and medetomidine (MED) at three different 
dose levels in a randomised, blinded, cross-over study (ref. 41 part IV). Dexmedetomidine was 
administered at 25, 50 and 75 µg/kg intramuscular. Medetomidine was administered at 50, 100 and 
150 µg/kg intramuscular. Sedation, analgesia and muscular relaxation were scored subjectively. The 
sedative effect was assessed by; posture and steadiness of gait (score 0-6), resistance to being placed 
laterally recumbent (0-3), resistance to hind-limb stretching without pinching (0-3), resistance to 
stretching knee joint (0-2), reaction to sound as produced by hand-clap (0-3), degree of jaw relaxation 
(0-2). Summing these parameters gave the total sedation score (0-19). Duration of effective clinical 
sedation was estimated by; onset of clinical sedation, onset of lateral recumbency, arousal time, 
righting time, sternal recumbency, walking time, duration of effective clinical sedation (> 9 points on 
total sedation score). The analgesic effect was assessed by; interdigital pad pinch (score 0-5), tail 
pinch (0-5), tail clamp (0-9), skin clamp (0-9). Summing these parameters gave the total analgesic 
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score (0-28). There was no statistically significant difference between DEX and MED at any of the 
three doses regarding; onset of clinical sedation, onset of lateral recumbency, arousal time, sternal 
recumbency, walking time, total sedation score. At dose level DEX 50-MED 100 duration of effective 
clinical sedation was significantly shorter after DEX. Proceeding from DEX 50-MED 100 to DEX 75-
MED 150 there was a trend that effective clinical sedation was increased more after DEX than after 
MED. Sedation score was dose-dependent for both DEX and MED. There was no statistically 
significant difference between DEX and MED at any of the three doses regarding analgesic effect. 
Analgesic scores was dose-dependent for both DEX and MED. Both DEX and MED had analgesic 
effects at all doses, the analgesia as such was not very intense at any of the doses used. 
 
The sedative effect of medetomidine in cats is predominately mediated via its dextro-rotatory isomer. 
Dexmedetomidine at 25, 50 and 75 µg/kg induces dose-dependent sedation of clinical importance in 
cats, similar to a double dose of medetomidine (50, 100 and 150 µg/kg respectively). However, with 
regard to analgesia the authors concluded that the analgesia only is sufficient for minor surgical 
interventions and mildly painful manipulation (for further comments, see Clinical Part).  
 
Cats (n=6) were administered with a continuous stepwise intravenous (i.v.) infusion of 
dexmedetomidine (DEX) or medetomidine (MED) on different occasions in a cross-over design. 
Maintenance infusion rates (mg/kg/min) used were: DEX=0,25 (MED=0,50); DEX=1 (MED=2) and 
DEX=4 (MED=8) for infusion steps 1, 2 and 3 respectively. Each maintenance infusion lasted at least 
50 min and was preceded with a loading dose. The extent of sedation, analgesia and muscular 
relaxation were assessed and scored subjectively. The sedative effect was assessed by; posture (score 
0-4), degree of jaw relaxation (0-3), reaction to sound produced by hand-clap (0-3), resistance to hind-
limb stretching without pinching (0-3), resistance to stretching knee joint (0-3), Summing these 
parameters gave the total sedation score (0-16). The analgesic effect was assessed by; ear pinch (score 
0-5), tail clamp (0-9) and skin clamp (0-9) these parameters gave the total analgesic score (0-23). 
There was no significant difference between DEX and MED for total sedation score at any dose level. 
For both DEX and MED scores differed significantly between all dose levels. Sedation at dose level 2 
(DEX=1, MED=2) was significantly more than that at dose level 1(DEX=0,25 MED=0,50) but 
sedation at dose level 3 (DEX=4, MED=8) was significantly less than that at dose level 2 and 1. There 
was no significant difference between DEX and MED for total analgesic score at any dose level. 
Scores differed significantly between all dose levels for both drugs. Analgesia was increased dose-
dependently for both DEX and MED, with the highest dose inducing the best analgesia. Increasing the 
concentration of dexmedetomidine or medetomidine in blood beyond a certain concentration decreases 
the level of sedation instead of increasing it even though analgesia increases. The proposed 
explanation, which seems plausible, is that sedation in cats mediated through the activation of central 
α2-adrenoreceptors, initially increased with the increase in drug concentration in serum. As the dose 
increased further and the serum drug concentration correspondingly rose, the population of α2-
adrenoreceptors free to interact with more drug molecules was eventually depleted. Further increase in 
serum drug concentration then probably resulted predominantly in the activation of α1-
adrenoreceptors, which in turn antagonised sedation (possibly via a specific α1-adrenoreceptor 
subtype).  
 
Secondary Pharmacodynamics 
 
Cardiovascular and other effects  
Clinical effects of medetomidine (MED), dexmedetomidine (DEX) and levomedetomidine (LEVO) 
were compared in a group of six beagle dogs. The dogs were monitored for heart rate, ECG lead II, 
direct blod pressure, respiratory rate arterial blood gases, and rectal temperature. The dogs received 
MED (40 µg/kg), DEX (20 and 10 µg/kg), LEVO (20 and 10 µg/kg) and saline placebo intravenously 
(i.v.) in a blinded, randomised block study in six separate sessions. Treatment with levomedetomidine 
or placebo had no effects on cardiorespiratory parameters. The changes in arterial blood pressure were 
similar between MED40, DEX20 and DEX10. Initially, blood pressure rose distinctly, followed by 
gradual decline to levels slightly below those after treatment with placebo. Heart rate decreased 
significantly and correspondingly after MED40, DEX20 and DEX10. Sinus arrhythmias with sinus 
pauses, AV-block I and II were seen. In the placebo group and in dogs treated with levomedetomidine 
no ECG changes were detected. Respiratory rate and blood gas parameters were similar between MED 
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40, DEX 20 and DEX 10. Respiratory rate, PaO2, and pH decreased, but the mean values of the dogs 
were never lower than 12 breaths/min, 90 mm Hg, or 7, 33, respectively, after any treatment. PaCO2 
did not change significantly from baseline after any treatment. 
 
Cats (n=6) were administered dexmedetomidine (DEX) and medetomidine (MED) at three different 
dose levels in a randomised, blinded, cross-over study. Dexmedetomidine was administered at 25, 50 
and 75 µg/kg i.m.. Medetomidine was administered at 50, 100 and 150 µg/kg i.m.. Sedation, analgesia 
and muscular relaxation were scored subjectively. Heart and respiratory rates and rectal temperature 
were measured. There were no significant difference between the effects of the corresponding doses of 
DEX and MED on heart rate but proceeding from DEX 50-MED 100 to DEX 75-MED 150, there was 
a trend that heart rate was further decreased after DEX (by 8,1 ± 13,4%) but not after MED. For both 
DEX and MED at all dose levels, heart rate was initially decreased relative to the baseline reading and 
showed a trend toward normalising by the end of the experiment. There were no significant difference 
between the effects of corresponding doses of DEX and MED on rate of respiration. Rate of 
respiration was not significantly affected by any doses of the drugs. For both DEX and MED at all 
dose levels, there was an initial decrease in respiratory rate, which showed a trend towards 
normalisation by the end of the study. There were no significant differences between the effects of the 
corresponding doses of DEX and MED on rectal temperature. For both DEX and MED at all dose 
levels, there was an initial decrease in rectal temperature which showed a trend towards normalising 
by the end of the experiment. In this trial muscular relaxation were dose-dependent. 
 
Cats (n=6) were administered with a continuous stepwise intravenous (i.v.) infusion of 
dexmedetomidine (DEX) or medetomidine (MED) on different occasions in a cross-over design. For 
both DEX and MED, heart rate was dose-dependently decreased from baseline until the end of dose 
level 2 (DEX=1-MED=2 µg/kg/min). Heart rate at dose level 3 (DEX=4-MED=8 µg/kg/min) was 
significantly lower than the baseline value but not significantly different from dose level 2. For both 
DEX and MED, respiratory rate was not significantly affected by dose. Muscular relaxation was not 
dose-dependent. 
 
IV.1.A.2.Pharmacokinetics 
 
Dogs 
Study about the basic pharmacokinetics of medetomidine in the dog. 
This study was a preliminary pharmacokinetic investigation using the racemate medetomidine. 3H-
labelled medetomidine was given i.v. and i.m. to a group of 3 dogs. The wash out period between the 
treatments was 4 weeks. Medetomidine was rapidly absorbed after i.m. administration. Tmax, 22 µg 
equivalents/l, was reached within 0.5 h. Absorption appeared to be complete, as the AUCs after both 
ways of administration were almost identical. Elimination half-life was 0.97 h after i.v. injection and 
1.28 hours after i.m. injection. Elimination of the total radioactivity was much slower, with half-lifes 
of about 4 hours, which indicates that medetomidine was extensively metabolised. 
 
The apparent volumes of distribution were 2.8 l/kg (i.v.) and 3.0 l/kg (i.m.), the figures for clearance 
were 33.4 ml/kg/min and 27.5 ml/kg/min, respectively. Excretion was mainly via urine, 21.9 - 26.8% 
of the dose was recovered within 3 days after dosing. The amounts found in faeces during the same 
period were 3.6 - 5.7%. Most of the radioactivity was excreted during the first day. The major 
metabolites found in urine were glucuronides. 
 
Study on the metabolism and disposition of 3H dexmedetomidine HCl following subcutaneous and 
intravenous administration to dogs. 
Four dogs, two males and two females, were dosed intravenously and subcutaneously with 0.02 mg/kg 
bw of the radiolabelled drug. Less than 1% of the tritium label was converted to tritiated water. 
However, the amount of plasma tritiated water increased slowly with time and all plasma data was 
appropriately corrected. The peak levels of radioactivity after subcutaneous injection, 8.98 ng eq/ml, 
occurred after 6 hours in both males and females. Thereafter there was a slow decline to 0.04 ng eq/ml 
at 120 h. Comparisons of the AUCs after intravenous and subcutaneous administration indicated high 
bioavailability. 
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Excretion was mainly via urine after both routes of administration and sex-related differences did not 
occur. After the intravenous dose, urinary excretion accounted for 81.57% and faeces for 13.35% of 
the dose. The corresponding figures after subcutaneous administration were 83.11% and 12.94%. The 
total recovery of radioactivity varied from 92 to 98%. The peak concentration of unmetabolised 
dexmedetomidine in plasma at 4.39 ng eq/ml occurred after 2 hours and declined slowly during the 
following 12 hours. Exposure to unmetabolised dexmedetomidine was 21 to 25% of the AUC for total 
plasma radioactivity. Plasma metabolites common for both sexes included the carboxy metabolite, the 
hydroxy metabolite and its corresponding glucuronide and sulfate conjugates. Unidentified 
metabolites accounted for about 50% of the AUC for total plasma radioactivity. 
 
Study about the plasma concentrations of dexmedetomidine following a single intravenous (i.v.) or 
intramuscular (i.m.) dose in dogs. 
Three groups of 6 Beagles were used in this study. The test substance was dissolved in saline before 
injection. The first group received a single 50 µg/kg i.v. dose of dexmedetomidine given slowly over 1 
- 2 min. The second group received a single 50 µg/kg dose i.m. and the third group was given a single 
dose of 250 µg/kg i.m. Dexmedetomidine in plasma was analysed using a validated gas 
chromatographic method with MS detection. The pharmacokinetic parameters were estimated by 
model independent methods. Dexmedetomidine was rapidly eliminated after i.v. injection, mean half-
life was 0.68 h, plasma clearence was 0.9 l/kg/min. Elimination half-life was slightly longer  after i.m. 
injection, 0.85h. The pharmacokinetics of dexmedetomidine appeared to be non-dose proportional, 
with greater than proportional increases in Cmax  and AUC following injection of 50  and 250 µg/kg. 
Cmax was 12.04 ± 2.62 ng/ml after 50 µg/kg and 160.5 ± 39.2 ng/ml after 250 µg/kg and AUC 
increased from 25.7 ± 3.8 ng h/ml to 428.4 ± 98.9 ng.h/ml. The peak concentrations and the AUCs in 
plasma were in most cases higher in males than in females in each dose group. 
 
Study on the effect of age on the plasma concentrations of dexmedetomidine following intravenous 
dosing in dog. 
The aim of the study was to compare the plasma concentrations of dexmedetomidine in juvenile and 
adult dogs after a single intravenous injection of 50 µg/kg. The study included two groups of 4 dogs. 
One group consisted of dogs 3 - 4 months of age and the other group consisted of dogs more than 2 
years old.  
 
The mean plasma concentration of dexmedetomidine after 0.1 h was 56.41 ± 10.17 ng/ml in the 
juveniles and 143.77 ± 46.60 ng/ml in the adults. The main pharmacokinetic parameters are given in 
the table below: 
___________________________________________________________________________ 
 
Dose Age t1/2 Vd AUC Cl 
µg/kg  (h) (l/kg) (ng.h/ml) (l/h.kg) 
___________________________________________________________________________ 
 
50 Adult 1.5 0.8 118.0 0.4 
 
50 Juvenile 0.7 1.2   36.6 1.2 
___________________________________________________________________________ 
 
The conclusion of the results was that the difference in elimination rate followed that expected for 
differences in metabolic rate anticipated for the two age groups.  
 
 
Cats 
 
Study about the pharmacokinetics of tritium labelled medetomidine in cats. 
The pharmacokinetics of medetomidine was studied in cats after a single i.m. dose of the tritiated 
drug. The selected dose was 80 µg/kg. The analytical method used was identical to those used in the 
corresponding dog study. The animals were killed after 72h and radioactivity was measured in 
selected tissues. Cmax  of 20 - 28 µg/l equivalents was obtained after 17 -33 min. The calculated 
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volume of distribution was 3.5 l/kg and the elimination half-life was 1.5 h. Medetomidine was 
eliminated mainly by metabolism, as shown by the difference in half-life between unmetabolised drug 
and total radioactivity. As in dogs, excretion was mainly via urine. About 75% of the administered 
dose was recovered in urine within 72 hours; the corresponding figure for faeces was 5.5 - 6.5%. Most 
of the radioactivity in faeces was present as polar metabolites which were not extracted into 
dichloromethane and hydrolysis did not increase the extractable portion. Five or 6 metabolites were 
discovered in the chromatograms of the first 24 hour urine fraction. None could be identified with 
certainty. Residual radioactivity was found in all examined tissues 72 hours post dosing. The highest 
activity was found in the adrenal glands. This was, however, not considered to be a problem since 
medetomidine is intended to be given as a single treatment. 
 
Study comparing oral and intramuscular administration of medetomidine in cats. (J.Vet. Anaesth. 
1998;25, 41 – 46).   
The aim of this study was to compare the effects of 200 µg/kg of medetomidine administered orally 
and intramuscularly. The study was of cross-over design and the wash-out period between the 
treatments was 14 days. Medetomidine in plasma was analysed with gas chromatography. The plasma 
concentrations showed considerable individual variation after oral administration. The extent of 
salivation appeared to correlate negatively with the plasma concentration. However, the availability of 
the drug appeared to be equal after both routes of administration in the cases where excessive 
salivation did not occur, and the depth of sedation was equal or even deeper than after i.m. injection. 
The mean Cmax after oral administration was 149.74 ± 228.57 µg/ml and 78.04 ± 38.10 µg/ml after i.m. 
injection. The difference was not statistically significant. Tmax was 43.57 ± 14.35 min after oral 
administration and 21.57 ± 10.05 min after im injection. This difference was statistically significant. 
 
Single dose pharmacokinetics of intramuscular dexmedetomidine in the cat. 
The aim of the investigation was to study the pharmacokinetcs of dexmedetomidine given alone and in 
combination with ketamine. A production batch of dexmedetomidine was used. The study was of 
cross-over design. Dexdetomidine was analysed using a properly validated GC-MS method. The LOQ 
was 50 pg/ml. Peak plasma concentrations, 16.95 ± 0.92 ng/ml, were reached after 0.17 h after a single 
im injection of 40 µg/kg of dexmedetomidine. The elimination half-life was 1.038 ± 0.09 h and 
clearance 1.437 ± 0.259 l/h/kg. The volume of distribution was calculated to 2.16 ± 0.44 l/kg. 
 
The concurrent administration of 5 mg/kg of ketamine reduced the clearance of dexmedetomidine to 
0.953 ± 0.231 l/h/kg, the elimination half-life was prolonged to 1.608 ± 0.236 h. As a consequence, 
Cmax  increased to 32.03 ± 6.757 ng/ml. The reduced clearance will probably lead to a prolongation of 
the clinical effects. Ketamine alone was rapidly absorbed after i.m. injection. Peak plasma levels of 3 
µg/ml were obtained after 12.6 min. The elimination of ketamine was somewhat slower than of 
dexmedetomidine; the half-life was 1.7 hours. Concurrent administration of dexmedetomidine did not 
influence the pharmacokinetics of ketamine. The justification for studying the combination 
dexmedetomidine-ketamine was that this combination is expected to be used in clinical practice. 
 
In vitro protein binding of dexmedetomidine in mouse, rat, dog, monkey and human plasma. 
The in vitro protein binding of dexmedetomidine was determined by ultracentrifugation in mouse, rat, 
dog monkey and human plasma at drug concentrations of 0.85, 8.5, 21.25 42.5 and 85 ng base/ml. 
Dexmedetomidine was extensively bound in plasma of all species and did not vary significantly with 
drug concentration. The plasma protein binding varied from 84.59% in monkeys to 93.72% in humans. 
The binding in dogs was 92.58%. The binding was similar both in males and females. In the dog, the 
pharmacokinetics of dexmedetomidine is documented only after single administration. However, as 
the product is intended only for single treatment, the designs of the studies are acceptable. Absorption 
after i.m. injection is rapid and the pharmacokinetics appears to be non-dose-proportional. 
Dexmedetomidine is extensively metabolised in the dog and the metabolites are excreted mainly in the 
urine. Elimination is age-related, with a higher clearance in juvenile dogs. Residues of the parent drug 
and/or its metabolites were found to accumulate in the adrenal glands. No adverse reactions could be 
related to this finding. This is not considered to be a problem, since the drug is intended only for single 
treatment. 
In clinical practice dexmedetomidine is expected to be used in combination with ketamine in cats. 
Ketamine was found to reduce the clearance and prolong the half-life of dexmedetomidine, which 
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probably will lead to prolonged sedation. Dexmedetomidine did not affect the kinetics of ketamine. 
However there is no claim for the combination dexmedetomidine- ketamine. 
 
A pharmacokinetic study in cats using labelled dexmedetomidine was submitted. Six cats, 3 males and 
3 females, were treated i.m. with the recommended dose, 40 µg/kg bw, of 3H-labelled 
dexmedetomidine. Total radioactivity was measured in plasma and in various tissues. 
Dexmedetomidine in plasma was analysed by GC-MS using the same method as in the earlier 
submitted studies. Maximum plasma concentrations of dexmedetomidine ranged from 14 to 31,7 
ng/ml and occurred after 0.38 h (range 0.17-0.75 (h)). The calculated apparent volume of distribution 
was 1.64 l/kg and the elimination mean half-life was 1.24 h. Mean clearance was 0.925 l. h/kg. The 
total radioactivity in plasma calculated as nanogram equivalents of dexmedetomidine was almost 
identical with the measured concentration of dexmedetomidine during the first 30 min after dosing. 
After this time point, the radioactivity was much higher and reached a peak of 37 nanogram 
equivalents/ml after about 3.8 hours. Total radioactivity was eliminated slowly from plasma, the half-
life was 29 hours, indicating that dexmedetomidine is eliminated by biotransformation and that the 
metabolites remain in plasma for longer periods than the parent compound. Residual radioactivity was 
measured in adrenal glands, brain, heart, kidney, liver and lung 72 hours post dosing. The radioactivity 
in brain, heart and kidney was similar to that in plasma, while it was higher in lungs and liver. Drug-
related radioactivity appeared to accumulate in the adrenal glands, similar results were reported from 
the earlier submitted studies, but were considered to be without clinical relevance as dexmedetomidine 
is intended for single treatment only. Excretion was mainly via urine. An average of 50.9±17.41% of 
the dose was excreted in urine within 72 hours, 6.3±1.15% was excreted in faeces. Five metabolites 
were found in urine, but none could be identified. Based on data from other species, it was considered 
that the metabolites were products of hydroxylation of methyl groups in the molecule. The 
pharmacokinetic study in cats adequately documents metabolism and elimination, however, the 
bioavailability and equivalence to the racemate have not been studied. Nevertheless, the data were 
considered acceptable and 4.2 of the SPC was amended accordingly. 
 
IV.1.B. Tolerance in the target species of animal 
 
Dogs 
 
Study on the toxicity in Beagle dogs following intravenous or intramuscular administration. 
Groups of 6 beagle dogs were given 1X, 3X and 5X the recommended dose of dexmedetomidine by 
either the intravenous (375, 1125 and 1875 µg/m2) or the intramuscular route (500, 1500 and 2500 
µg/m2) for three consecutive days. Two additional groups were given 3X the recommended dose 
followed by the recommended dose of the reversing agent atipamezole 30 min. later. The control 
groups were given sterile saline. Each group included 3 males and 3 females. The mean body weight 
of the groups at the time of the first treatment varied from 11.0 to 11.3 kg. The animals were observed 
prior to dosing and at preselected intervals post dosing. Body temperature, heart rates, blood pressure, 
respiratory rate and electrocardiogram were recorded at these time points. Body weight, water and 
food consumption was recorded daily. Blood was collected prior to dosing, 24 hours after the first 
dose and 24 hours after the last dose for haematological and chemical analysis. The dogs were 
necropsied after the last dose. The onset of sedation was rapid after both routes of administration. The 
onset was almost immediate after intravenous administration and the duration after the lowest dose 
was in most cases less than 3 hours, after the intermediary dose 2-8 hours and after the highest dose 4-
8 hours. The onset of sedation was observed within minutes after intramuscular administration and the 
duration was similar to what was obtained after intravenous administration. One of the animals treated 
via i.m injection showed no sedation on a single day, the applicant gives no other explanation than that 
the test substance was improperly injected, or that the control article may have been inadvertently 
given. This particular dog responded with sedation on the other two days. All animals showed muscle 
tremors, pale mucous membranes, ataxia and lethargy. The symptoms improved gradually 2-8 hours 
post dosing on all three days. The muscle twitches occurred within minutes after intravenous 
administration and was observed for up to 8 hours in the highest i.v. dose group. However, the tremors 
were not continuous and were not observed after each injection in the lowest dose group. A sluggish 
pupillary response to light was observed in a single animal in the lowest i.v. dose group and in 3 
animals in the intermediate dose group. This sign was also observed after i.m. injection in one animal 
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in the intermediate dose group and in 2 animals in the highest dose group. Vomiting was observed in 
two i.m. treated animals and pain and irritation at the injection site occurred in two animals. 
All doses of dexmedetomidine reduced the respiratory rate. The mean respiratory rate declined to 11-
14 breaths/min within 15 min. after i.v. injection of all doses. The animals treated with the lowest dose 
returned to normal within 4 hours, while animals given the highest dose showed depressed respiration 
for up to 8 hours. The mean heart rate decreased after all doses. The mean decreased to 33-45 
beats/min 15 min. post injection and remained at this level for 1.5-4 hours. Normalisation occurred 
within 2-4 hours after the lowest dose and within 8 hours after the higher doses. 
 
The electrocardiogram showed prolonged QT interval, which was maximal 4 hours post dosing. First 
and second degree atrioventricular block occurred sporadically in some animals receiving the 
intermediate dose. No ectopic arrythmias occurred. Administration of all doses induced hypotension, 
but the used indirect method of measurement did not give reliable results. In many cases reading was 
impossible after dosing, values below 20 mm Hg were recorded in some cases. However, 
measurements became possible when the heart rate returned to normal. All doses caused a significant 
fall in body temperature. The lowest values were recorded 4 hours after administration of the highest 
dose. Values of 92-94° F were recorded at this time point, but the temperature returned to normal 
within 8 hours in all animals. All the above signs were considered to be treatment related. There were 
no significant difference between controls and treatment groups concerning food and water 
consumption. The pharmacological effects of 3X the recommended dose of dexmedetomidine was 
rapidly reversed with a single dose of atipamezole. The combined treatment was repeated on three 
consecutive days. No clinical signs of toxicity could be observed. No significant haematological or 
blood chemical changes occurred. All animals survived and were necropsied 24 hours after the last 
injection. No gross or histological lesions related to treatment were found. 
 
Study on safety and efficacy of a sedative and analgesic veterinary medicinal product. 
The study objective was to compare the sedative, analgesic effects and the safety of dexmedetomidine 
and the authorised product containing medetomidine. The study was a blinded, randomized, controlled 
multicentre safety and efficacy study of eight parallel group design. A total of 213 dogs were 
randomly allocated to 8 groups. The dogs were treated with dexmedetomidine or medetomidine 
i.v.and i.m. with and without the reversal agent atipamezole. The doses of dexmedetomidine used for 
i.v. and i.m. administration were 375 µg/m2 and 500 µg/m2, respectively and medetomidine was used 
at the doses 750 µg/m2 and 1000 µg/m2. Atipamezole was administered 15 min after the initial 
injection, sedation was pronounced in all animals at that time. The tolerance of the i.m. injection of 
dexmedetomidine was judged as excellent in 68.5% of the animals, the corresponding figure for 
medetomidine was 53.7%. A total of 9 adverse events were observed, 5 cases after treatment with 
dexmedetomidine and 4 after medetomidine. Apnoea (one case), prolonged hypothermia (2 cases), 
slow induction and recovery (one case) were reported after dexmedetomidine. One further dog in this 
group was sedated for radiography, the recovery was uneventful and the dog was released from the 
clinic. Gastric dilation was diagnosed 9 hours later and the dog died after surgery. The investigator 
considered that sedation per se could have contributed to the development of the condition, but not 
dexmedetomidine itself. Prolonged sedation, slow induction and recovery, and rapid and persistent 
decrease in heart rate were reported after medetomidine treatment. 
 
Regarding the two clinical studies in dogs it was found acceptable that withdrawn animals were 
included in the PP-analysis as long as no data from the protocol violators were included after the time 
point of violation. The two studies were designed to show a treatment difference of at least a factor of 
two where dexmedetomidine was expected to be the better treatment compared with medetomidine. 
The conclusion drawn, since this failed, was that the two treatments are comparable regarding sedative 
and analgesic effect, respectively. To evaluate whether the treatment effects actually are comparable, 
and if clinically relevant differences are likely, the regulatory convention is to use two-sided 95% 
confidence intervals (see Guideline on Statistical Principles for Veterinary Clinical Trials). However 
the present 90% confidence intervals were found to be acceptable since they are narrow enough to 
imply that the 95% confidence intervals (which will turn out to be about 20 percent wider) still are 
within clinically acceptable limits of any difference in treatment effects. 
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The Applicant has provided a written justification for the lack of bioconversion studies in the target 
species and as support a study of the bioconversion  in humans using radiolabelled dexmedetomidine 
was provided. In this study less than 1.5% converted to the other enantiomer. The basis for abridging 
clinical safety and efficacy between a racemate and one of its enantiomers usually includes studies to 
demonstrate equivalent pharmacokinetics. Such studies have not been performed with 
dexmedetomidine and its racemate. Although interconversion rarely occurs with such a rate that the 
impact on the safety and efficacy of the drug is more than marginal, it cannot be excluded that the 
pharmacokinetics of the active enantiomer is different when administered alone as compared to 
administration of the racemate. However, the clinical trials in the target species support the conclusion 
of equivalence between dexmedetomidine and its racemate regarding efficacy and safety and the data 
submitted was, therefore, considered as acceptable within the proposed indication for use. 
 
 
Cats 
Intramuscular tolerance study in the cat including assessment of possible interaction with ketamine 
and atipamezole 
The study was a randomised, blinded, controlled multicentre study of four parallel group design. The 
study aim was to assess the tolerance of increasing doses of dexmedetomidine administered on three 
consecutive days and to assess the possible interaction between a single dose combined with ketamine 
and with ketamine and atipamezole. Thirty-six cats were randomly allocated to 6 equal groups. The 
doses of dexmedetomidine used were 40, 120 and 200 µg/kg. Ketamine, 15 mg/kg, was combined 
with 120 µg/kg of dexmedetomidine. One group treated with dexmedetomidine and ketamine was 
given three sequential doses of atipamezole (200 µg/kg/dose) at intervals of 0.5 hour. The first 
injection was given 30 min after the dexmedetomidine-ketamine injection. 
 
Dexmedetomidine induced a dose related sedation. The duration was about 2 hours after the lowest 
dose, 2-4 hours after the intermediate dose and 4-8 hours after the highest dose. The combination 
dexmedetomidine-ketamine induced sedation with a duration of more than 8 hours. Administration of 
atipamezole shortened the sedation time after the combined treatment, no animal was sedated at 8 
hours after treatment. 
 
A dose related corneal opacity was observed. The number of animals showing corneal opacity was 
related to the duration of sedation and the opacity disappeared when the animals had recovered. The 
corneal opacity was considered to be a consequence of sedation, because in the sedated state the 
animals keep the eyes opened without blinking for several hours. This opinion is supported by the fact 
that no histological changes were found in the corneas at autopsy. Myosis was observed in 3 out of 6 
animals eight hours after administration of the highest dose (200 µg/kg) and in 4 out 6 animals after 
the combination dexmedetomidine-ketamine. The animals were not fasted before treatment and 
vomiting was observed in 2 animals after the doses 40 µg/kg and 120 µg/kg. A slight body weight loss 
was noted in all groups, including the negative controls. Erythema and bleeding was observed at the 
injection site in one animal given 120 µg/kg. Since the histological examination of the injection sites 
showed very mild reactions, comparable to the injection of placebo, the macroscopic signs in this 
single animal was probably related to the injection procedure. A pronounced decrease of heart rate and 
respiratory rate occurred on each day of treatment at all dose levels. The duration was dose-related, 
while the depression and severity of the respiratory depression was not dose-related. Also the rectal 
temperature decreased after each dosing, the minimum values ranged from below 32°C to 34.5°C. The 
length of the periods of reduced temperature was dose-related. Dexmedetomidine alone or in 
combination with ketamine did not cause any changes in hematology or coagulation parameters. A 
higher mean ASAT activity was found in the groups treated with dexmedetomidine-ketamine. ASAT 
did not increase in the group given the same dose of dexmedetomidine alone, the increased enzyme 
activity was therefore probably related to ketamine. No other blood chemical changes were found. No 
gross or microscopical changes were found at autopsy of the cats in the groups given 
dexmedetomidine in increasing doses. 
 
Study on the safety and efficacy of a sedative and analgesic veterinary medicinal product in cats 
The study objective was to compare the sedative, analgesic effects and the safety of dexmedetomidine 
and the authorised product containing medetomidine. A total of 120 cats were randomly allocated to 
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four treatment groups: dexmedetomidine with and without the reversing agent atipamezole and 
medetomidine with and without atipamezole. The doses used were 40 µg/kg b.w. of dexmedetomidine 
and 80 µg/kg b.w. of medetomidine. Atipamezole was used at a dose of 200 µg/kg b.w. All injections 
were given i.m. 
 
The tolerance of the i.m. injection of dexmedetomidine was judged as excellent in 61.3% of the cats 
and in 67.2% of the cats in the medetomidine groups. No mortalities or unexpected adverse reactions 
occurred. Vomiting was recorded in 8 cases, the cases were equally distributed between the groups. 
Extreme sedation and bradycardia was observed in one cat, however the condition was reversed with 
atipamezole. 
 
Periodic Safety Update Report, Authorised product containing medetomidine 1 mg/ml 
The proudct containing medetomidine is authorised world-wide for sedation of dogs and cats, and the 
applicant has submitted a Periodic Safety Update Report (PSUR) covering the period September 1992-
August 1997. The report has the format required by the CVMP. 
 
The death rate after medetomidine treatment was 1: 333 539 animals (0.0000029%), including dogs, 
cats and rabbits. The Marekting Authorisation Holder (MAH) makes reference to earlier published 
information on the risks of anaesthesia and sedation. According to the cited reports, the mortality risk 
is 1: 800 for anaesthesia and 1: 2000 for sedation. The MAH also emphasizes that medetomidine was 
in many cases used in combination with other drugs. However, recommended combination and doses 
are not considered to increase the risk of sedation and anaesthesia. Some of the dogs that died after 
medetomidine treatment were autopsied, and in many cases a pre-existing disease was found that 
could have contributed to the outcome. Bradycardia, respiratory depression and vomiting were the 
most often reported symptoms. All these reactions are well known and described in the SPC. Lack of 
expected efficacy was reported.  
Two reported human exposures occurred in the U.S. The information on these cases is sparse, but both 
subjects were handling the drug in their work. The drug was sprayed into the eyes or on the lips and 
tongue. The lips were reported to become numb. Both cases recovered. Safety of dexmedetomidine is 
documented in studies involving a sufficient number of animals. The drug was well tolerated, up to 5X 
the recommended dose was given for three consecutive days without mortality or severe adverse 
reactions. All adverse reactions were related to the pharmacological effects of the product. Vomiting 
occurred in a limited number of animals. Attention was paid to corneal opacity in cats, but nothing is 
said about corneal opacity in dogs. Corneal opacity is obviously the result of a blocked blinking reflex, 
no information is given on this adverse event in the SPC. Information should be given that a suitable 
eye lubricant shall be used to protect the eyes. Only healthy animals should be sedated as the 
recommended doses of dexmedetomidine induces a fall in body temperature, blood pressure, heart rate 
and respiratory rate. The information in the SPC that sedated animals should be kept in a warm 
environment seems appropriate. Safety has not been documented in pregnant or lactating bitches or 
queens. However, relevant warnings are included in the SPC.  
 
The racemate medetomidine has been authorised world-wide for a number of years and the 
information given in the PSUR show that the racemate is safe when used in recommended doses. 
 
A PSUR covering the period 1 September 1997 – 31 August 2001 was submitted.The death rate was 
estimated to 1:73.700 which is higher than in the previous PSUR (1:335 539). However, the death rate 
was considered to be at an acceptable level and a literature review showed that the death rate was 
lower than after use of other sedative drugs. 
 
The most reported adverse events were cardiac disorders (cardiac arrest, bradycardia, hypoperfusion), 
respiratory disorders (respiratory arrest, dyspnoea, pulmonary oedema) and neurological disorders. 
The adverse events were most common in dogs with body weights ranging from 10 to 40 kg. The most 
common breeds were Labrador Retriever, German Shepherd, Rottweiler and Golden Retriever. These 
breeds are the most popular in the US according to the statistics of the American Kennel Club. Lack of 
efficacy was reported in heavier breeds, which in the applicant’s opinion is a reflection of the 
popularity of these breeds. Lack of efficacy was noted especially in nervous, aggressive or otherwise 
excited dogs and it was recommended that these dogs should be given the possibility to calm down 
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before treatment, as it is known that sedative drugs show reduced effect during these conditions. It 
was, therefore, justified to include this information in the SPC. 
 
 
IV.1.C. Resistance 
 
Not applicable. 
 
IV.1.D Conclusion on the Preclinical Part 
 
Primary pharmacodynamics 
The primary pharmacological effects of medetomidine (40 µg/kg), dexmedetomidine (20 and 10 
µg/kg), and levomedetomidine (20 and 10 µg/kg) were compared after a single intravenous dose in 
dogs. Sedative and analgesic effects were evaluated subjectively. Medetomidine and both doses of 
dexmedetomidine induced a similar level of sedation during the first hour and significant analgesia. 
The sedation caused by dexmedetomidine at 20 µg/kg was deeper than that caused by 
dexmedetomidine at 10 µg/kg and medetomidine at 90 and 120 minutes after treatment. 
Levomedetomidine did not induce sedation or analgesia. 
 
In the cat, dexmedetomidine at 25, 50 and 75 µg/kg given i.m. induced dose-dependent sedation and 
dose dependent analgesia, which was similar to a double dose of medetomidine (50, 100 and 150 
µg/kg respectively). However, the analgesia as such was not very intense at any of the doses used.  
 
In conclusion, in the submitted primary pharmacodynamic studies in the target species 
dexmedetomidine induced the expected pharmacological effects inducing sedative and analgesic 
effects similar to the racemate. However, in the cat it was concluded that the analgesia was not very 
intense. 
 
Secondary pharmacodynamics 
The effects on cardiovascular and respiratory parameters after an intravenous dose of  medetomidine 
(40 µg/kg), dexmedetomidine (10 and 20 µg/kg) and levomedetomidine (10  and 20 µg/kg) were 
studied in dogs. The changes in arterial blood pressure, respiratory rate and blood gases were similar 
between medetomidine and both doses of dexmedetomidine. Initially, blood pressure rose distinctly, 
followed by gradual decline. Heart rate decreased significantly and correspondingly. Sinus 
arrhythmias with sinus pauses, AV-block I and II were seen. Respiratory rate, PaO2, and pH 
decreased, but the mean values of the dogs were never lower than 12 breaths/min, 90 mm Hg, or 7, 33, 
respectively, after any treatment. PaCO2 did not change significantly from baseline after any treatment. 
Treatment with levomedetomidine had no effects on cardiorespiratory parameters. 
 
In a study in cats, sedation, analgesia and muscular relaxation were scored and heart and respiratory 
rates and rectal temperature were measured after administration of dexmedetomidine at 25, 50 and 75 
µg/kg i.m. and medetomidine at 50, 100 and 150 µg/kg i.m. 
 
There were no significant differences between the effects of the corresponding doses of 
dexmedetomidine and medetomidine on heart rate, but there was a trend that heart rate was further 
decreased after dexdemedetomidine but not after medetomidine at increasing doses. Both 
dexmedetomidine and medetomidine induced an initial  decrease in heart rate and a trend toward 
normalisation by the end of the experiment. Respiratory rate was not significantly affected by any 
doses of the drugs. Both dexmedetomidine and medetomidine induced an initial decrease in rectal 
temperature, which showed a trend towards normalising by the end of the experiment. Similar effects 
were seen after a continuous stepwise intravenous infusion.  
 
In conclusion, expected cardiovascular and respiratory effects of α2-adrenoreceptors were reported in 
the target species after administration of dexmedetomidine and medetomidine. No differences were 
observed between the dextro-enantiomer and the racemate at equipotent dosages. 
 
Pharmacokinetics 
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The protein binding of dexmedetomidine is high (84-95%) in all the species investigated (mouse, rat, 
dog, monkey and human).  
 
In the dog, the pharmacokinetics of dexmedetomidine has only been studied after a single 
administration. Absorption after i.m. injection is rapid and the bioavailability approximately 60%. The 
pharmacokinetic profile is non-dose poportional at higher doses in the dog, with Cmax- and AUC- 
values increasing more thanthat which is proportional to the dose (see Part III Assessment report). 
Dexmedetomidine is extensively metabolised in the liver and the metabolites are excreted mainly in 
the urine (82%). Elimination of dexmedetomidine is age-related in the dog with an approximately 
three times higher clearance in the juvenile dog compared to the adult. In conclusion, the 
pharmacokinetic studies in the dog are only performed with a single dose. However, the submitted 
documentation could been considered as sufficient taking into consideration that dexmedetomidine is 
only intended clinically for single dose use. 
 
In the cat, a study was carried out with dexmedetomidine with the purpose to investigate the possible 
influence on the kinetics after co-administration with ketamine. The other submitted pharmacokinetic 
studies in the cat were performed with single doses of the racemate, medetomidine. After i.m. 
administration in the cat, the absorption of the racemate was rapid and the metabolism extensive. 
However, the metabolites have not been identified. The main excretion route was via the kidneys. 
Residues of the parent drug and/or its metabolites were found to accumulate in the adrenal glands. No 
adverse events could be related to this finding. Ketamine was found to reduce the clearance and 
prolong the half-life of dexmedetomidine, which probably will lead to prolonged sedation. 
Dexmedetomidine did not affect the kinetics of ketamine. However, there is no claim for the 
combination dexmedetomidine- ketamine.  
 
A pharmacokinetic study in cats was submitted. Six cats, 3 males and 3 females, were treated i.m. with 
the recommended dose, 40 µg/kg bw, of 3H-labelled medetomidine. Dexmedetomidine in plasma was 
analysed by GC-MS using the same method as in the earlier submitted studies. Maximum plasma 
concentrations of dexmedetomidine ranged from 14 to 31,7 ng/ml and occurred after 0.38 h (range 
0.17-0.75 (h)). The calculated apparent volume of distribution was 1.64 l/kg and the elimination mean 
half-life was 1.24 h. Mean clearance was 0.925 l. h/kg. The pharmacokinetic study in cats adequately 
documents metabolism and elimination, however, the bioavailability and equivalens to the racemate 
have not been studied. Nevertheless, the data were considered acceptable and 4.2 of the SPC was 
amended accordingly. 
 
Safety of dexmedetomidine is documented in studies involving a sufficient number of animals. The 
drug was well tolerated, up to 5X the recommended dose was given for three consecutive days without 
mortality or severe adverse reactions. All adverse reactions were related to the pharmacological effects 
of the product. Vomiting occurred in a limited number of animals. Attention was paid to corneal 
opacity in cats, but nothing is reported about corneal opacity in dogs. However, in the preclinical 
studies corneal opacities and keratitis were observed in dogs and rats. Corneal opacity is considered to 
be the result of a blocked blinking reflex, which is supported by the lack of histological changes in the 
cornea. Information is given on this adverse event in the SPC. Information is also given that a suitable 
eye lubricant shall be used to protect the eyes.  
 
Only healthy animals should be sedated as the recommended doses of dexmedetomidine induce a 
significant fall in body temperature, blood pressure, heart rate and respiratory rate. The information in 
the SPC that sedated animals should be kept in a warm environment is relevant. The racemate, 
medetomidine, has been authorised world-wide for a number of years and the information given in the 
PSUR show that the racemate including the pharmacologically active enantiomer dexmedetomidine is 
safe, when used in recommended doses. 
 

IV.2. CLINICAL STUDIES 

Dose justification 
The racemate medetomidine has been on the market world-wide for a number of years and the 
approved doses are supported by a sufficient number of dose finding studies. Depending on the 
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intended depth of sedation and analgesia, the recommended dose for dogs is 10-80 µg/kg bw and for 
cats 50-150 µg/kg. According to well established clinical experience, small dogs require in general 
higher doses per kg bw than larger dogs. Since medetomidine is eliminated largely by metabolism and 
as the metabolic rate is inversely related to the size of the animal, the dosing per body surface instead 
of per kg bw was investigated. Dosing per m2 body surface was found to be more relevant in dogs 
where depending on breed, the body weight can vary from 2 kg to 80 kg. The optimum dose for i.m. 
administration was found to be 1000 µg/m2  and for iv administration 750 µg/m2. These doses induced 
the desired degree of sedation and analgesia within 30 min, and most dogs had recovered after 3 hours. 
Vomiting occurred in 8% of the dogs given the optimum dose i.v. All dogs receiving medetomidine at 
any dose developed sinus bradychardia and occasional low-grade second degree AV block. Dosing per 
kg bw was maintained in cats as the size of this species is less variable.  
 
The suggested dose of the enantiomer dexmedetomidine is 50% of the dose of the racemate. The dose 
is justified based on the demonstrated lack of pharmacological effect of the levo-form in in vitro 
studies as well as the results of the preclinical in vivo pharmacology studies in the target species 
performed with the levo-form. 
 
Dogs 
 
Study on the safety and efficacy of a sedative and analgesic veterinary medicinal product in dogs. 
The study was a randomised, blinded, controlled multicentre study of eight parallell group design The 
objectives of the study were to evaluate the sedative and analgesic effects of dexmedetomidine, to 
confirm the dose, and to compare the effects of dexmedetomidine and  medetomidine in dogs. The 
study included different centres in the UK and  in Germany. Dogs of any sex and breed more than 12 
weeks of age which were presented to the centres for examination procedures and minor surgery 
requiring sedation and analgesia were included. 
 
Two-hundred and thirteen dogs were randomly allocated to 8 treatment groups. The mean age of the 
dogs was 6.1 years (range 16 weeks to 16 years), and the mean weight was 20.5 kg (range 2.2 kg to 
64.0) The mean weight in the treatment groups varied from 17.0 to 23.9 kg. Each group included 25 - 
28 dogs. The groups were treated with dexmedetomidine or medetomidine i.v. and i.m. with and 
without the antidote atipamezole. The doses of dexmedetomidine for i.v. and im administration were 
375 µg/m2 and 500 µg/m2, respectively. The doses of medetomidine were 750 µg/m2 and 1000 µg/m2. 
Atipamezole was administered im. A number of variables for sedation and analgesia were assessed 
during the study at 5, 15, 30, 60, 90, 120 and 180 min after administration of dexmedetomidine or 
medetomidine. Overall evaluations of sedation and analgesia were performed at the end of the 
procedure. 
 
Mucous membranes were examined and heart rate, heart rhythm, pulse character, respiratory rate and 
body temperature waere recorded. Both active substances showed similar effects and no statistically 
significant differences were found. The peak effects after i.v. injection occurred within 15 min. The 
best time for performing the intended procedure was 15 - 30 min after the injection. The intramuscular 
route lead to a slower onset with peak effects at about 30 min. For the i.v. route, the sedation was 
evaluated as good or excellent in 70% of the dogs. The corresponding figure for i.m. administration 
was 66%. Analgesia was evaluated as good or excellent in 50% of dogs dosed i.v. and 40% in dogs 
dosed i.m.. Sedation was evaluated as good or excellent for the racemate medetomidine in 80% of the 
animals administered i.v. and 62% in dogs dosed i.m. Analgesia was evaluated as good or excellent in 
55% of dogs given medetomidine i.v. and 65% after i.m. administration. The rate of recovery was 
comparable between the groups. Most dogs had recovered from sedation at the end of the follow up 
study. Both active substances induced a similar decrease in heart rate (> 50%) which lasted for the 
entire study period. The changes in body temperature were also similar, after an initial small increase 
the temperature fell by 1-1.5°C. The lowest values were recorded at the end of the period. A total of 9 
dogs were excluded from the study, one case because of apnoea and the other cases probably because 
of lack of expected efficacy, since the reasons given for withdrawal were that the intended procedure 
could not be performed. The adverse effects are commented under the section entitled “Tolerance” of 
this report. Following a request from CVMP the Applicant provided two new dosing tables for dogs 
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for Dexdomitor and amended the SPC to accurately state the dosage of atipamezole. The Applicant 
also provided an overview of the availability of atipamezole in the European Economic Area. 
 
Cats 
Study on the safety and efficacy of a sedative and analgesic veterinary medicinal produc in cats. 
The study was a randomised, blinded, controlled multicentre study of four parallell group design. This 
study involved  veterinary clinics in the UK and  in Germany. One hundred and twenty cats presented 
for clinical examination and minor surgery were involved in the study. The animals were randomly 
allocated to 4 different treatment groups: dexmedetomidine with and without the reversing agent 
atipamezole and medetomidine with and without atipamezole. All treatments were administered 
intramuscularly. The doses used were 40 µg/kg of dexmedetomidine and 80 µg/kg of medetomidine. 
Atipamezole was used at the recommended dose, 200 µg/kg. 
 
The aim of the study was to confirm the recommended dose of dexmedetomidine and to compare the 
effects of the active enantiomer and the racemate. Various variables for sedation and analgesia were 
evaluated at preselected time points after administration of the drugs. Overall evaluation of sedation 
and analgesia was performed at the end of the study period (180 min). Other clinical parameters 
examined were: appearance of mucous membranes, heart rate, heart rhythm, pulse character, 
respiratory rate and body temperature. 
 
Both active substances induced equal changes of the parameters included in the study. The decrease in 
heart rate was similar in both groups. The lowest values were recorded after 60 min. At that time point 
the decrease from the pre-treatment value was 43 - 47%. Also the decrease of body temperature was 
similar in both groups. The temperature was decreased by 1.4 - 2° C at the end of the period. The 
mucous membranes appeared pale and slightly cyanosed in the majority of cats in both groups 15 to 
30 min after administration. One cat in each group was judged as cyanotic. Sedation was evaluated as 
good or excellent in 72.9% of the animals in the dexmedetomidine group and in 78.2% of the animals 
in the medetomidine group. The corresponding figures for analgesia were 40% and 35.9%. Reversal of 
sedation and analgesia by atipamezole was equally effective in both groups. The conclusion of the 
study was that dexmedetomidine was as effective as medetomidine. 
 
The efficacy of dexmedetomidine is supported by the submitted studies. The dextro-enantioner was as 
effective as the racemate, medetomidine. Minor differences in onset of effects were observed, but are 
of less importance as there were no significant differences at 15-30 min after administration.  
 
The recommended dosage for cats is 40 microgramms/kg. The Applicant provided a dosing table for 
cats. 
 
The Applicant provided extensive documentation to support the claim for analgesia. It was concluded 
that the analgesic effect of dexmedetomidine at the proposed dosage can be considered sufficient for 
non-invasive clinical examination and procedures that are mildly to moderately painful. It was 
therefore concluded that the data provided supported the SPC section 5.1 to indication for use as 
follows: ‘Non-invasive mildly to moderately painful procedures and examinations requiring 
restraint, sedation and analgesia’. 
 
 
IV.2.3.  Conclusion on the Clinical Part 
The racemate medetomidine has been on the market worldwide for a number of years and the efficacy 
of the approved doses are supported by a number of studies. The efficacy of dexmedetomidine is 
sufficiently supported by the submitted documentation in which dexmedetomidine was compared to 
the racemate in the target species. In these studies, the dextro-enantioner was as effective as the 
racemate, medetomidine. Minor differences in onset of effects were observed, but are of less 
importance, as there were no significant differences at 15-30 min after administration. Similar to the 
racemate, sufficient (rated as good or excellent) analgesia was only reached in about 40 – 50% of the 
animals. The SPC reflects this since dexmedetomidine is indicated for non-invasive mildly to 
moderately painful procedures. 
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V. RISK BENEFIT ASSESSMENT  

Dexmedetomidine hydrochloride is chiral (one asymmetric carbon) and is isolated as a single 
enantiomer (dextro, +isomer) by separation from a racemic mixture. A finished product containing the 
racemate, medetomidine hydrochloride, has been available for several years in Europe. Dexdomitor is 
a simple water solution, which is produced by standard manufacturing methods for injectable solutions 
including terminal sterilisation by moist heat in the final container. 
 
The TSE risk is negligible due to the purely synthetic route of manufacture with no starting materials 
of animal origin. The manufacturing method of dexmedetomidine hydrochloride has been adequately 
described. 
 
The data provided demonstrate that the selected synthetic route is able to produce dexmedetomidine 
hydrochloride of required and to a consistent quality. Acceptable description of the synthesis of the 
active substance, relevant specifications with qualified impurity limits, validated methods and batch 
results complying with the specifications have been submitted.  
 
The proposed shelf-life of 3 years with the storage instruction "do not freeze" is not acceptable until 
further real time data has been provided. In the meantime a shelf-life of 2 years is acceptable. The 
proposed in use shelf-life of 28 days after first opening of container is acceptable. The study justifies 
28 days in-use stability without any special storage instructions being required. 
 
The toxicity of dexmedetomidine was high in all species (mouse, rat and dog) investigated. Dose-
related clinical signs, similar in mice, rats and dogs, were sedation, piloerection, exophthalmus, 
salivation (rat) and convulsions (rat and dog). Signs of toxicity were mainly reported in the eyes and 
liver. Corneal opacity was noted in rats and central opacities in dogs. At histological examination of 
rat eyes, keratitis of the eyes was observed which demonstrated dose-dependent incidence and 
severity. In dogs superficial keratitis was noted in 5/6 high-dose group animals after repeated daily i.v. 
administration during 14 or 28 days. An increased liver weight was seen in high-dose group male 
animals after i.v. administration and in one high-dose group male after i.m. administration, while no 
change was observed in females. The histopathological findings which appeared to be dose-dependent 
in both male and female animals, were eosinophilic intracytoplasmic inclusions in liver hepatocytes 
detected in mid-dose group and high-dose group animals. Since the proposed indication for 
dexmedetomidine is single treatment, these findings in the liver are considered as having no clinical 
relevance. 
 
Dexmedetomidine is not genotoxic. No studies on carcinogenic potential of dexmedetomidine have 
been performed and are not requested for the intended short time use. 
 
The affinity of dexmedetomidine to α2-adrenoceptors in vitro and activity in α2-agonist models in vivo 
is approximately twice that of medetomidine while the levo-enantiomer is essentially without 
pharmacodynamic activity. Therefore, the proposed dosage has been halved in accordance with the 
pharmacodynamic data. Pharmacokinetic data in dogs showed a non-dose-proportional and age related 
profile. In the cat, metabolism and elimination have been investigated while the bioavailability and 
equivalency to the racemate have not been studied.  
 
The racemate, medetomidine, has been on the market worldwide for a number of years and the 
efficacy of the approved doses are supported by a number of studies. The efficacy of 
dexmedetomidine is sufficiently supported by the submitted documentation in which 
dexmedetomidine was compared to the racemate in the target species. In these studies, the dextro-
enantioner was as effective as the racemate, medetomidine. Minor differences in onset of effects were 
observed, but are of less importance, as there were no significant differences at 15-30 min after 
administration.  
 
Analgesia considered to be sufficient and rated as good or excellent was only achieved in 
approximately 40-50% of the animals treated, which is similar to the racemate medetomidine. It is 
recommended that only healthy animals should be sedated as the recommended doses of 
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dexmedetomidine induce a significant fall in body temperature, blood pressure, heart rate and 
respiratory rate. This has been adequately reflected in the SPC. 
 
Based on the original and complementary data presented the Committee for Veterinary Medicinal 
Products concluded that the quality, safety and efficacy of the product were considered to be in 
accordance with the requirements on Council Directive 2001/82/EEC.  
 
 


