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Abstract

Objectives

Xeomin® is a Botulinum neurotoxin type A preparation free of complexing proteins. In a previous study on cynomolgus monkeys Xeomin® 16 LD50U /kg injected 4-weekly caused bodyweight reductions. The aim of this study was to determine for this dose the shortest injection interval not causing systemic side effects. 
Methods

Cynomolgus monkeys (male and female, 4/sex/group) were treated with Xeomin® four times. Xeomin® (16 LD50U/kg i.m.) was injected into the left gastrocnemius and biceps muscles. Administration interval was 4, 8 or 12 weeks. Animals were monitored for bodyweight, muscle mass, underwent full toxicological assessment and detailed histopathology of treated muscles.

Results

Terminal body weights were unchanged in the 8- and 12-weekly injected groups. Treated muscles became partially atrophic after the second or third administration. Weight of treated muscles in all groups was ~50% reduced as compared to controls or the respective contralateral muscles, an effect which was less pronounced in animals treated every 8 or 12 weeks. Histopathologically, muscular atrophy was observed in all treated muscles accompanied by secondary changes (variability of myofibre size, increase in collagen and adipose tissue) which were slightly more pronounced in the 12-weekly injected group. In the corresponding right muscles, variability of myofibre size was observed in all treated groups, but less pronounces in the 8- or 12-weekly injected group. 

Conclusions

Xeomin® 16 LD50U/kg administered every 8 weeks or less frequently does not have systemic side effects, and can be considered as no-observed-adverse-effect level.
Background
· Botulinum toxin type A is a neurotoxin that is used therapeutically to produce local cholinergic denervation – that is, focal, controllable muscle paralysis. It can be employed as part of a multidisciplinary approach for the treatment of movement disorders that involve pathologically increased muscle tone.
· Animal studies on the intramuscular mechanism of action of Botulinum neurotoxin type A have demonstrated its paralytic effects on both standard muscle fibres and muscle spindles (sensory proprioceptors).(Fillipi et al., 1993; Rosales et al., 1996) 
· Xeomin® is a highly purified Botulinum neurotoxin type A that is free from complexing proteins. Xeomin® is indicated for Blepharospasm and Cervical Dystonia (spasmodic torticollis) in Argentina, Brazil, Canada, Korea (Cervical Dystonia only), Mexico (tradename: Xeomeen®), Uruguay, and fourteen European countries (Argentina, Austria, Denmark, Finland, France, Germany, Italy, Luxembourg, Mexico, Norway, Poland, Portugal, Spain, Sweden, UK, and Russia). In addition, Xeomin® is registered in Austria, Canada, Finland, France, Germany, Norway, Spain and UK in the indication post-stroke spasticity of the upper limb in adults. 
· In a previous study on cynomolgus monkeys, intramuscular injection of high-dose Xeomin® 16 LD50U/kg every 4 weeks caused reductions in body weight (Merz data on file 2008). The study presented here aimed to determine the shortest injection interval for Xeomin® 16 LD50U/kg that would not cause such systemic side effects. 
Methods
Animals

· Male or female cynomolgus monkeys (Macaca fascicularis).
· Animals were aged 27–29 months at treatment initiation, and weighed 2.1–2.8 kg (males) and 1.9–2.6 kg (females).

· The study was conducted in compliance with the ICH guidelines on non-clinical safety studies (M3), and chronic toxicity testing in animals (S4).

Study design and dosing
· Animals were assigned to four groups, with 4 males and 4 females in each group.
· Each group received four treatment administrations, at the following dosing intervals (Figure 1):

· group 1: vehicle at 12-week intervals (control group)
· group 2: Xeomin® 16 LD50U/kg at 12-week intervals
· group 3: Xeomin® 16 LD50U/kg at 8-week intervals
· group 4: Xeomin® 16 LD50U/kg at 4-week intervals.
Figure 1: Dosing intervals
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· Each Xeomin® dose (16 LD50U/kg) was administered at a concentration of 80 U/ml, and a volume of 0.2 ml/kg.
· Vehicle (sterile 0.9% NaCl + 1 mg/ml human serum albumin) was administered at a volume of 0.2 ml/kg.
· In all groups, half the dose volume was injected into the left gastrocnemius muscle, and half was injected into the left biceps muscle.
· Animals were sacrificed 7 days after the last neurotoxin administration. 

Observations
· The following assessments/observations were made during the treatment period:

· clinical signs

· ophthalmology
· body weight
· estimated food consumption
· cardiovascular function
· clinical laboratory parameters, e.g., blood tests and urine analysis.
Finally, fixed and preserved tissue samples were subject to histopathological analysis, including sections of the treated muscles (gastrocnemius and biceps), which were stained with hematoxylin and eosin, and Martius Scarlett Blue.
Statistical analyses

· Arithmetic means and standard deviation (SD) were calculated for each group and sex.

· For in-life data, the homogeneity of means was assessed by analysis of variance (ANOVA). Comparisons between each treated group and the control group were made using the 2-sample t-test for parametric data or the Mann-Whitney test for non-parametric data.

· Terminal body weights and organ weights were tested by ANOVA followed by Dunnett’s test (normally distributed, homogeneous data) or by the Kruskal-Wallis test followed by Dunn’s test (non-normal or non-homogeneous data).
Results
Body weight

· There were no treatment-related effects on body weight in the groups of animals receiving treatment at 8- or 12-week intervals.

· In the group treated every 4 weeks the mean body weight was slightly reduced.
Figure 2: Change in body weight over treatment period
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Muscle atrophy
Partial muscle atrophy was observed in the treated muscles, i.e. the left gastrocnemius and the left biceps after the second administration.
Muscle weight

At termination, the weight of the treated muscles in all dosing interval groups was ~50% lower than the equivalent muscle in the placebo control group (Figure 3). 
No loss of muscle weight of untreated contralateral muscles was observed in the 8- and 12-weekly injected groups. The 12-weekly placebo-treated group represents the perfect match for the 12-weekly neurotoxin-treated group. The mass reduction of the untreated (right, contralateral) muscles in the 4-weekly treated group is considered as a ‘disuse’ atrophy. 

Figure 3: Change in absolute weight of gastrocnemius and biceps muscles over treatment period. *p<0.05 vs. contralateral untreated muscle, +p<0.05 vs. Placebo control (12-weekly only)
[image: image8.emf]

Histopathology

· Histopathological examination revealed similar microscopic changes in treated muscles in all treatment groups, which were not present in the controls.
· Microscopic findings in the treated (left) muscles were generally more pronounced in the 12-weekly interval group, and included:

· diffuse decrease in myofibre size (atrophy)

· variably enlarged myofibres scattered among the smaller myofibres
· increased endomysial/perimysial collagen (fibrosis)

· multifocal increase in adipose tissue (adiposis)

· multifocal increase in myofibre eosinophilia.

· In the corresponding untreated (right) muscles, variability of myofibre size was observed in all treatment groups, but was most severe with 4-week dosing intervals. 
· These histopathological findings appear consistent with the macroscopic observations of muscular atrophy and weight loss.

Other assessments
· There were no treatment-related effects on clinical signs, ophthalmology, food consumption, cardiovascular function, hematology, blood biochemistry or urine parameters.

· No mortality occurred during the treatment period, and there were no local injection site reactions.

Figure 4: Blood pressure
There were no treatment related effects on arterial blood pressure.

Figure 5: Heart rate

There were no treatment related effects on heart rate.

Conclusions
· Administered at 8- and 12- weekly intervals, Xeomin® did not induce any systemic toxicity. Consequently, based on systemic effects, high-dose Xeomin® (16 LD50U/kg) administered every 8 weeks can be considered as a ‘no observed adverse effect level’ (NOAEL). 
· After repeated intramuscular injection, Xeomin® 16 LD50U/kg induced, as expected, an atrophy of the treated muscles. The atrophy was characterised by a diffuse decrease in myofibre size, and secondary changes including variably enlarged myofibres, fibrosis, and adiposis, as an adaptive response.
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Tabelle1

		n=4		Male		Placebo		12-weekly		8-weekly		4-weekly

		Mean		Gastrocnemius left treated		10.93		4.92		5.93		2.92

				Gastrocnemius right untreated		11.2		10.57		11.64		5.37

				Biceps left treated		10.14		4.26		3.53		4.33

				Biceps right untreated		10.8		10.64		9.87		7.03

		SD		Gastrocnemius left		3.3		1.11		2.24		0.273

				Gastrocnemius right		1.86		3.94		1.05		0.698

				Biceps left		2.92		0.641		0.632		2.36

				Biceps right		2.28		2.65		1.72		1.24

		n=4		Female		Placebo		12 week		8 week		4 week

		Mean		Gastrocnemius left treated		9.66		4.57		5.1		2.61

				Gastrocnemius right placebo		9.83		10.62		9.54		4.43

				Biceps left treated		9.95		3.95		4.08		3.9

				Biceps right placebo		9.21		10.3		10.27		6.91

		SD		Gastrocnemius left		4.1		0.773		1.11		1.11

				Gastrocnemius right		3.32		3.58		1.03		0.756

				Biceps left		1.85		1.35		1.06		1.06

				Biceps right		0.771		0.891		2.01		1.51





Tabelle1

		Placebo		Placebo		Placebo		Placebo		3.3		1.86		2.92		2.28

		12-weekly		12-weekly		12-weekly		12-weekly		1.11		3.94		0.641		2.65

		8-weekly		8-weekly		8-weekly		8-weekly		2.24		1.05		0.632		1.72

		4-weekly		4-weekly		4-weekly		4-weekly		0.273		0.698		2.36		1.24
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Tabelle2

		0		0		0		0		4.1		3.32		0.771		2.28

		0		0		0		0		0.773		3.58		0.891		2.65

		0		0		0		0		1.11		1.03		2.01		1.72

		0		0		0		0		1.11		0.756		1.51		1.24
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		Mean		Gastrocnemius left treated		10.93		4.92		5.93		2.92

				Gastrocnemius right untreated		11.2		10.57		11.64		5.37

				Biceps left treated		10.14		4.26		3.53		4.33

				Biceps right untreated		10.8		10.64		9.87		7.03

		SD		Gastrocnemius left		3.3		1.11		2.24		0.273

				Gastrocnemius right		1.86		3.94		1.05		0.698
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				Biceps right		2.28		2.65		1.72		1.24
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				Biceps left		1.85		1.35		1.06		1.06

				Biceps right		0.771		0.891		2.01		1.51
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