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New compositions for treating mechanical neuronal injuries 

The present invention relates to compositions and methods for the treatment of the 

Charcot-Marie-Tooth disease and related disorders, particularly mechanical neuronal 

5 insults. 

Charcot-Marie-Tooth disease ("CMT") is an orphan genetic peripheral poly 

neuropathy. Affecting approximately 1 in 2,500 individuals, this disease is the most 

common inherited disorder of the peripheral nervous system. Its onset typically occurs 

10 during the first or second decade of life, although it may be detected in infancy. Course 

of disease is chronic with gradual neuromuscular degeneration. The disease is 

invalidating with cases of accompanying neurological pain and extreme muscular 

disability. CMT is one of the best studied genetic pathologies with approximately 

30,000 cases in France. While a majority of CMT patients harbour a duplication of a 

15 chromosome 17 fragment containing a myelin gene: PMP22 (form CMT1A), two 

dozens of genes have been implicated in different forms of CMT. Accordingly, 

although monogenic in origin, this pathology manifests clinical heterogeneity due to 

possible modulator genes. The genes mutated in CMT patients are clustering around 

tightly connected molecular pathways affecting differentiation of Schwann cells or 

20 neurons or changing interplay of these cells in peripheral nerves. 

Mining of publicly available data, describing molecular mechanisms and 

pathological manifestations of the CMT1A disease, allowed us to prioritize a few 

functional cellular modules - transcriptional regulation of PMP22 gene, PMP22 protein 

folding/degradation, Schwann cell proliferation and apoptosis, death of neurons, extra-

25 cellular matrix deposition and remodelling, immune response - as potential legitimate 

targets for CMT-relevant therapeutic interventions. The combined impact of these 

deregulated functional modules on onset and progression of pathological manifestations 

of Charcot-Marie-Tooth justifies a potential efficacy of combinatorial CMT treatment. 

International patent application n° PCT/EP2008/066457 describes a method of 

30 identifying drug candidates for the treatment of the Charcot-Marie-Tooth disease by 
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building a dynamic model of the pathology and targeting functional cellular pathways 

which are relevant in the regulation of CMT disease. 

International patent application n° PCT/EP2008/066468 describes compositions for 

the treatment of the Charcot-Marie-Tooth disease which comprise at least two 

5 compounds selected from the group of multiple drug candidates. 

Summary of invention 

The purpose of the present invention is to provide new therapeutic combinations for 

10 treating CMT and related disorders, particularly traumatic neuropathies, using particular 

drug combinations. 

An object of this invention more specifically relates to a composition comprising 

baclofen, sorbitol and a compound selected from pilocarpine, methimazole, 

15 mifepristone, naltrexone, rapamycine, flurbiprofen and ketoprofen, salts or prodrugs 

thereof, for simultaneous, separate or sequential administration to a mammalian subject. 

A particular object of the present invention relates to a composition comprising 

baclofen, sorbitol and naltrexone, for simultaneous, separate or sequential 

20 administration to a mammalian subject. 

A further object of this invention is a composition as disclosed above further 

comprising one or several pharmaceutically acceptable excipients or carriers (i.e., a 

pharmaceutical composition). 

25 

Another object of the present invention relates to a composition as disclosed above 

for use for treating a mechanical neuronal insult or a traumatic neuropathy. 

A further object of this invention relates to the use of a combination of compounds 

30 as disclosed above for the manufacture of a medicament for the treatment of a 

mechanical neuronal insult or a traumatic neuropathy. 
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A further object of this invention is a method for treating a traumatic neuropathy or 

a mechanical neuronal insult, the method comprising administering to a subject in need 

thereof an effective amount of a composition as defined above. 

5 

A further object of this invention is a method of preparing a pharmaceutical 

composition, the method comprising mixing the above compounds in an appropriate 

excipient or carrier. 

10 A more specific object of this invention is a method for promoting or improving 

nerve regeneration in a subject suffering from a traumatic neuropathy or a mechanical 

neuronal insult, the method comprising administering to the subject in need thereof an 

effective amount of a compound or combination of compounds as disclosed above. 

15 A further specific object of this invention is a method of promoting nerve 

regeneration in a subject having a traumatic neuropathy, the method comprising 

administering to the subject in need thereof an effective amount of a compound or 

combination of compounds as disclosed above. 

20 Another object of the present invention relates to a composition as disclosed above 

for use in treating a traumatic neuropathy. 

A further specific object of this invention is a method of promoting or improving 

nerve regeneration in a subject in need thereof, the method comprising administering to 

25 said subject an effective amount of a compound or combination of compounds as 

disclosed above. 

A further specific object of this invention is a method of promoting or improving 

nerve myelination in a subject in need thereof, the method comprising administering to 

30 said subject an effective amount of a compound or combination of compounds as 

disclosed above. 
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A further specific object of this invention is a method of restoring axon 

morphology, growth or electrophysiological function in a subject in need thereof, the 

method comprising administering to said subject an effective amount of a compound or 

combination of compounds as disclosed above 

5 The invention is particularly suited to treat subjects having neurapraxia, 

axonometsis, or neurotmesis, as well as in subjects having a traumatic brain injury, 

spinal cord injury, or a mechanical injury of peripheral nerves. 

Any of the various uses or methods of treatment disclosed herein can also include 

10 an optional step of diagnosing a patient as having the mechanical insult. 

In this regard, a further object of this invention is a method of treating a mechanical 

nerve injury, the method comprising (1) assessing whether a subject has mechanical 

nerve injury and (2) treating the subject having mechanical nerve injury with an 

15 effective amount of a combination of compounds as described above, said treatment 

resulting in nerve regeneration. Determining whether a subject has mechanical nerve 

injury can be done by various tests known per se in the art. 

The invention may be used in any mammalian subject, particularly human subjects. 

20 

Legend to the figures 

Figure 1. Synergistic effect of drug combination, dose 1: effect of A) Mix7 (dose 1, 

day 10), B) D-Sorbitol (SRB, 500 ^iM, day 10), C) (R/S)-Baclofen (BCL, 5 ^iM, day 

25 10) and D) Naltrexone (NTX, 5 uM, day 10) on MBP expression. *:p<0.05: 

significantly different from control (=ascorbic acid) (One-Way ANOVA followed by 

Fisher Post-hoc test); ns: not statistically different. 

Figure 2. Synergistic effect of drug combination, dose 6 A) Mix7 (dose 6, day 10), 

B) SRB (160 nM, day 10), C) BCL (1.6 nM, day 10) and D) NTX (1.6 nM, day 10) on 

30 MBP expression. *:p<0.05: significantly different from control (=ascorbic acid) (One-

Way ANOVA followed by Fisher Post-hoc test); ns: not statistically different. 
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Figure 3. Positive effect of Mix7 (7 doses) A) on day 10 and B) on day 11 in co-

incubation with ascorbic acid in PMP22 TG co-cultures on MBP expression in 

percentage of control (= ascorbic acid). One-Way ANOVA followed by Fisher post-hoc 

test. 

Figure 4. Positive effect on male rats of the 3 and 6 week treatment with Mixl 

measured using bar test. Latencies were measured as the mean of two first assays of the 

tests (white bars represent control rats treated with placebo; black bars represent 

transgenic rats treated with placebo; grey bars represent transgenic rats treated with 

Mixl. ** /?<0.01. Statistics are realised with the Student bilateral test). 

Figure 5. Positive effect on gait of male rats of the 3 and 6-week (respectively left 

and right graph) treatment with Mixl composition (white bars represent fluid gait; grey 

bars represent not fluid gait); black bars represent rats with a severe incapacity to walk. 

Statistics are realised with the Student bilateral test). 

Figure 6. Positive effect on male rats of the Mixl composition in rats using 

inclined plane test (25°). Rats were examined after 3, 6, 9 and 12 weeks of treatment 

(white bars represent control rats treated with placebo; black bars represent transgenic 

rats treated with placebo; grey bars represent transgenic rats treated with Mixl. * 

/;<0.05. Statistics are realised with the Student bilateral test). 

Figure 7. Positive effect on female rats of the 3 week treatment with the Mix2 

composition in rats, using an inclined plane test (white bars represent control rats 

treated with placebo; black bars represent transgenic rats treated with placebo; grey bars 

represent transgenic rats treated with Mix2. ** p<0.01. Statistics are realised with the 

Student bilateral test). 

Figure 8. Protective effect on male rats of Mixl on oxaliplatin-induced neuropathy 

(white bars represent wild type rats treated with placebo; black bars represent wild type 

rats treated with reference product gabapentin; grey bars represent wild type rats treated 

with Mixl. * p<0.05; ** p<0.01. Statistics are realised with the Student bilateral test). 

Figure 9. Significant decrease of pmp22 RNA expression in treated transgenic 

animals compared to PMP22 transgenic rats, observed after 9 weeks of treatment with 

the Mix7-dose 3 (MPZ as reference gene, Sereda et al., 1996) (p = 0.0015). The 

transgene integration and the overexpression of pmp22 gene have also been confirmed; 
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pmp22 RNA in transgenic PMP22 rats was 1.8 fold overexpressed compared to their 

wild type littermates controls (p < 1 10-4). Extraction of pmp22 RNA was performed on 

sciatic nerves of 16 weeks old male rats (n=18 for the Wild Type, n=20 for the 

transgenic rats and n=18 for TG treated with Mix7-dose3). Statistical analysis was 

5 performed by using the Welch t-test. 

Figure 10. A clustering analysis was performed on the inclined plane test score at 

35° (to distribute in the poor, intermediate and good performance classes at all time 

points of evaluation (3, 6 and 9 weeks of treatment analyzed together). A significant 

difference was observed between WT and TG placebo: 68% of WT belonged to the 

10 good performances group and only 5% of TG placebo belonged to this group 

(p=0.0003). Mix7-dose 2 and dose 3 improved the performances of TG rats. Statistical 

analysis were performed by applying a trend-test at the 5% significance level (n=18 for 

WT placebo rats, n=20 for TG placebo rats, n=17 for TG treated with Mix7-dose 2, 

n=18 for TG treated with Mix7-dose3). 

15 Figure 11. The fall latencies of TG rats in the bar test after 9 weeks of treatment 

with Mix7-dose3 were analyzed using a Cox model with a sandwich variance estimator, 

and compared to the reference TG placebo by applying a log rank-test at the 5% 

significance level. Mix7-dose 3 significantly increased the fall latency of TG rats after 9 

weeks of treatment. 

20 Figure 12. The grip strength of groups of wild type, transgenic placebo and 

transgenic animals treated with Mix7-dose 3 daily for 9 weeks was modelized using a 

Cox model with a sandwich variance estimator over all the times after treatment (3, 6 

and 9 weeks) and compared to the reference TG placebo by applying a log rank-test at 

the 5% significance level. The corresponding p-values were presented on Kaplan-Meier 

25 curves A significant decrease of the fore paws grip strength of transgenic placebo rats 

was observed (black plain line, n=21) compared to WT rats (grey plain line, p=1.45 10-

5, n=19). The treatment with Mix7-dose 3 significantly increased the strength of the 

fore paws (black dashed line; p=0.03, n=18). 

Figure 13. A Pearson correlation test showed a significant correlation between the 

30 fall latency time in the bar test (after 9 weeks of treatment) and the pmp22 RNA 

expression level: p=1.6 10"4 (WT, TG placebo and TG treated with the Mix7-dose 3 
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analysed together); p=0,07 (TG placebo and TG treated with the Mix7-dose 3 analysed 

together).The lower the pmp22 RNA expression was, the better the bar test 

performances were. Male rats were 16 weeks old (n=18 for WT rats, white circles; n=20 

for the TG placebo, black circles and n=18 for TG treated with the Mix7-dose3, white 

5 triangles). 

Figure 14. A Pearson correlation test showed a significant correlation between the 

fall latency time in the bar test (after 9 weeks of treatment) and the conduction velocity 

of the sensitive nerve (NCV): p=1.34 10-6 (WT, TG placebo and TG treated with Mix7-

dose3 analysed together) and p=0.04 (TG placebo and TG treated with Mix7-dose3 

10 analysed together). The higher the conduction velocity was, the better the performances 

in bar test were. Male rats were 16 weeks old (n=18 for WT rats, white circles; n=20 for 

the TG placebo, black circles and n=18 for TG treated with the Mix7-dose3, white 

triangles). 

Figure 15. Mix7 (dose3) treatment of nerve-crushed mice restores nerve 

15 physiology and improves axonal and myelin integrity. A) A 3-week oral treatment with 

mix7 increased the amplitude of CMAP (sciatic nerve/gastrocnemius) of sciatic nerve 

crushed male mice. (n=10 for each sham, crush/vehicle and crush/mix7 group). B) A 6-

week oral treatment with mix7 significantly improved axon calibre size. C) The 

distribution of G-ratio (ratio of the inner axonal diameter to the total outer - axonal and 

20 myelin - diameter) according to the axon diameter in crushed mice showed 

hypermyelination of smaller and hypomyelination of larger axons. A 6-week oral 

treatment with mix7 significantly improved the distribution of G-ratio of crushed mice 

(B) and C), n = 6 for each group) (t-test. * p < 0.05, ** p < 0.01, *** p < 0.001. All data 

are shown as mean + s.e.m.). 

25 Figure 16. Mix7 improved significantly (P < 0.05) neuropathy disabilities in 

CMT1A patients in a 12 months trial (mean ± s.e.m). In the Mix7 treated group (solid 

line), ONLS improved by more than 10% when compared to the baseline score, whereas 

in the placebo group (dashed line), ONLS decreased by about 5%> when compared to the 

baseline score. 

30 Figure 17. Mix7 treatment of nerve-crushed mice restores functional behaviour. A) 

Operated mice are unable to set down properly their affected paw to perform normal 
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movements, resulting in a decrease of surface bearing ratio. B) Mix7 (baclofen (BCL) 

600|_ig/kg, naltrexone (NTX) 70|_ig/kg, D-sorbitol (SRB) 21mg/kg), after 13 days of 

treatment, is able to normalize completely this functional defect, whereas single drugs 

have no effect on surface bearing ratio (C), D), E)). n=10 for each group. (Data are 

5 shown as mean + s.e.m. *p<0.05, **p<0.01 versus crush vehicle (t-test); ns: not 

significant). 

Detailed description of the invention 

10 The present invention provides new therapeutic approaches for treating CMT or 

CMT-related disorders. The invention discloses novel drug combinations which allow 

an effective correction of such diseases and may be used in any mammalian subject. 

Within the context of this invention, CMT includes CMT1A, CMT IB, CMT1C, 

15 CMT1D, CMT IX, CMT2A, CMT2B, CMT2D, CMT2E, CMT2-P0, CMT4A, 

CMT4B1, CMT4B2, CMT4D, CMT4F, CMT4, or AR-CMT2A, more preferably 

CMT la. 

Within the context of the present invention, the term "CMT related disorder" 

20 designates other diseases associated with abnormal expression of PMP22 leading to 

abnormal myelination and loss of neurons. The term "CMT related disorder" more 

particularly includes Alzheimer's disease (AD), senile dementia of AD type (SDAT), 

Parkinson's disease, Lewy body dementia, vascular dementia, autism, mild cognitive 

impairment (MCI), age-associated memory impairment (AAMI) and problem associated 

25 with ageing, post-encephalitic Parkinsonism, schizophrenia, depression, bipolar disease 

and other mood disorders, Huntington's disease, motor neurone diseases including 

amyotrophic lateral sclerosis (ALS), multiple sclerosis, Glaucoma, Guillain-Barre 

syndrome, gracile axonal dystrophy, neuropathies, including idiopathic neuropathies, 

diabetic neuropathy, toxic neuropathies, including neuropathy induced by drug 

30 treatments, neuropathies and dementia provoked by HIV, radiation, heavy metals or 

vitamin deficiency states, or traumatic neuropathies (e.g., resulting from a mechanical 
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neuronal insult), prion-based neurodegeneration, including Creutzfeld-Jakob disease 

(CJD), bovine spongiform encephalopathy (BSE), GSS, FFI, Kuru and Alper's 

syndrome. 

5 In a preferred embodiment, "CMT related disorder" designates a toxic or traumatic 

neuropathy, particularly drug-induced neuropathies, ALS or neuropathies resulting from 

a mechanical neuronal insult. 

Within the context of the invention, "mechanical neuronal insults" refers to a direct 

10 physical damage to the nerve either in the central nervous system (CNS) or in the 

peripheral nervous system (PNS). Damages to the PNS can be ranked according to the 

stage of the neuronal insult. The present invention is suited for treating nerve injuries 

ranking from neurapraxia (condition where only signalling ability of the nerve is 

impaired), axonometsis (injury implying damages to the axons, without impairing 

15 surrounding connective tissues of the nerves), and also neurotmesis (injury damaging 

both axon and surrounding tissues). Mechanical neuronal insults can have accidental 

origin, or result from surgery or from other conditions like, for example, childbirth 

associated urinary incontinence. 

Damages to the CNS encompass spinal cord injuries as well as traumatic brain 

20 injuries. Traumatic brain injuries can be either primary (i.e., resulting directly from the 

trauma) or secondary injuries (i.e., which are the consequences of the trauma). Spinal 

cord injuries can be ranked according the extent of sensory and motor disabilities, as set 

up in the International Standards for Neurological Classification of Spinal Cord Injury 

(Kirshblum et al., 2011). 

25 As used herein, "treatment" of a disorder includes the therapy, prevention, 

prophylaxis retardation or reduction of pain provoked by the disorder. The term 

treatment includes in particular the control of disease progression and associated 

symptoms. In particular, the treatment of a CMT or related neuropathy according to the 

invention includes a prevention or retardation or reduction or improvement in a motor, 

30 autonomic and/or sensory impairment caused by such diseases. Motor symptoms 

include uncontrollable contraction, fasciculation weakness, or complete 
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unresponsiveness of muscle(s) innervated by injured nerves. Autonomic symptoms may 

affect cardiovascular system, sudomotor, thermoregulatory, urinary, gastrointestinal, 

and/or reproductive systems. Sensory symptoms include pain, numbness, or a loss of 

sensation in the areas innervated by the injured nerves. 

5 "Nerve regeneration" encompasses promotion of myelination, of axonal growth 

and/or restoration of either morphological or functional features of the nerve. 

Also, the term "compound" designates the chemical compounds as specifically 

named in the application, as well as any pharmaceutically composition with acceptable 

10 salt, hydrate, ester, ether, isomers, racemate, conjugates, pro-drugs thereof. The 

compounds listed in this application may also be identified with its corresponding CAS 

number. 

Thus, the preferred compounds used in the invention are baclofen (CAS 1134-47-0) 

and its possible salts, enantiomers, racemates, prodrugs and derivatives; sorbitol (CAS 

15 50-70-4) and its possible salts, enantiomers, racemates, prodrugs and derivatives; 

naltrexone (CAS 16590-41-3) and its possible salts, enantiomers, racemates, prodrugs 

and derivatives; mifepristone (CAS 84371-65-3) and its possible salts, enantiomers, 

racemates, prodrugs and derivatives; pilocarpine (CAS 54-71-7) and its possible salts, 

enantiomers, racemates, prodrugs and derivatives; methimazole (CAS 60-56-0) and its 

20 possible salts, enantiomers, racemates, prodrugs and derivatives; ketoprofen (CAS 

22071-15-4) and its possible salts, enantiomers, racemates, prodrugs and derivatives; 

flurbiprofen (5104-49-4) and its possible salts, enantiomers, racemates, prodrugs and 

derivatives and rapamycin (CAS 53123-88-9) and its possible salts, enantiomers, 

racemates, prodrugs and derivatives. 

25 Further compounds used in the invention are acetazolamide (CAS 59-66-5) and its 

possible salts, enantiomers, prodrugs and derivatives; albuterol (CAS 18559-94-9) and 

its possible salts, enantiomers, prodrugs and derivatives; amiloride (CAS 2016-88-8) 

and its possible salts, enantiomers, prodrugs and derivatives; aminoglutethimide (CAS 

125-84-8) and its possible salts, enantiomers, prodrugs and derivatives; amiodarone 

30 (CAS 1951-25-3) and its possible salts, enantiomers, prodrugs and derivatives; 

aztreonam (CAS 78110-38-0) and its possible salts, enantiomers, prodrugs and 
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derivatives; baclofen (CAS 1134-47-0) and its possible salts, enantiomers, prodrugs and 

derivatives; balsalazide (CAS 80573-04-2) and its possible salts, enantiomers, prodrugs 

and derivatives; betaine (CAS 107-43-7) and its possible salts, enantiomers, prodrugs 

and derivatives; bethanechol (CAS 674-38-4) and its possible salts, enantiomers, 

5 prodrugs and derivatives; bicalutamide (CAS 90357-06-5) and its possible salts, 

enantiomers, prodrugs and derivatives; bromocriptine (CAS 25614-03-3) and its 

possible salts, enantiomers, prodrugs and derivatives; bumetanide (CAS 28395-03-1) 

and its possible salts, enantiomers, prodrugs and derivatives; buspirone (CAS 36505-84-

7) and its possible salts, enantiomers, prodrugs and derivatives; carbachol (CAS 51-83-

10 2) and its possible salts, enantiomers, prodrugs and derivatives; carbamazepine (CAS 

298-46-4) and its possible salts, enantiomers, prodrugs and derivatives; carbimazole 

(CAS 22232-54-8) and its possible salts, enantiomers, prodrugs and derivatives; 

cevimeline (CAS 107233-08-9) and its possible salts, enantiomers, prodrugs and 

derivatives; ciprofloxacin (CAS 85721-33-1) and its possible salts, enantiomers, 

15 prodrugs and derivatives; clonidine (CAS 4205-90-7) and its possible salts, 

enantiomers, prodrugs and derivatives; curcumin (CAS 458-37-7) and its possible salts, 

enantiomers, prodrugs and derivatives; cyclosporine A (CAS 59865-13-3) and its 

possible salts, enantiomers, prodrugs and derivatives; diazepam (CAS 439-14-5) and its 

possible salts, enantiomers, prodrugs and derivatives; diclofenac (CAS 15307-86-5) and 

20 its possible salts, enantiomers, prodrugs and derivatives; dinoprostone (CAS 363-24-6) 

and its possible salts, enantiomers, prodrugs and derivatives; disulfiram (CAS 97-77-8) 

and its possible salts, enantiomers, prodrugs and derivatives; D-sorbitol (CAS 50-70-4) 

and its possible salts, enantiomers, prodrugs and derivatives; dutasteride (CAS 164656-

23-9) and its possible salts, enantiomers, prodrugs and derivatives; estradiol (CAS 50-

25 28-2) and its possible salts, enantiomers, prodrugs and derivatives; exemestane (CAS 

107868-30-4) and its possible salts, enantiomers, prodrugs and derivatives; felbamate 

(CAS 25451-15-4) and its possible salts, enantiomers, prodrugs and derivatives; 

fenofibrate (CAS 49562-28-9) and its possible salts, enantiomers, prodrugs and 

derivatives; finasteride (CAS 98319-26-7) and its possible salts, enantiomers, prodrugs 

30 and derivatives; flumazenil (CAS 78755-81-4) and its possible salts, enantiomers, 

prodrugs and derivatives; flunitrazepam (CAS 1622-62-4) and its possible salts, 
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enantiomers, prodrugs and derivatives; flurbiprofen (CAS 5104-49-4) and its possible 

salts, enantiomers, prodrugs and derivatives; furosemide (CAS 54-31-9) and its possible 

salts, enantiomers, prodrugs and derivatives; gabapentin (CAS 60142-96-3) and its 

possible salts, enantiomers, prodrugs and derivatives; galantamine (CAS 357-70-0) and 

5 its possible salts, enantiomers, prodrugs and derivatives; haloperidol (CAS 52-86-8) and 

its possible salts, enantiomers, prodrugs and derivatives; ibuprofen (CAS 15687-27-1) 

and its possible salts, enantiomers, prodrugs and derivatives; isoproterenol (CAS 7683-

59-2) and its possible salts, enantiomers, prodrugs and derivatives; ketoconazole (CAS 

65277-42-1) and its possible salts, enantiomers, prodrugs and derivatives; ketoprofen 

10 (CAS 22071-15-4) and its possible salts, enantiomers, prodrugs and derivatives; L-

carnitine (CAS 541-15-1) and its possible salts, enantiomers, prodrugs and derivatives; 

liothyroninc (T3) (CAS 6893-02-3) and its possible salts, enantiomers, prodrugs and 

derivatives; lithium (CAS 7439-93-2) and its possible salts, enantiomers, prodrugs and 

derivatives; losartan (CAS 114798-26-4) and its possible salts, enantiomers, prodrugs 

15 and derivatives; loxapine (CAS 1977-10-2) and its possible salts, enantiomers, prodrugs 

and derivatives; meloxicam (CAS 71125-38-7) and its possible salts, enantiomers, 

prodrugs and derivatives; metaproterenol (CAS 586-06-1) and its possible salts, 

enantiomers, prodrugs and derivatives; metaraminol (CAS 54-49-9) and its possible 

salts, enantiomers, prodrugs and derivatives; metformin (CAS 657-24-9) and its 

20 possible salts, enantiomers, prodrugs and derivatives; methacholine (CAS 55-92-5) and 

its possible salts, enantiomers, prodrugs and derivatives; methimazole (CAS 60-56-0) 

and its possible salts, enantiomers, prodrugs and derivatives; methylergonovine (CAS 

113-42-8) and its possible salts, enantiomers, prodrugs and derivatives; metoprolol 

(CAS 37350-58-6) and its possible salts, enantiomers, prodrugs and derivatives; 

25 metyrapone (CAS 54-36-4) and its possible salts, enantiomers, prodrugs and 

derivatives; miconazole (CAS 22916-47-8) and its possible salts, enantiomers, prodrugs 

and derivatives; mifepristone (CAS 84371-65-3) and its possible salts, enantiomers, 

prodrugs and derivatives; nadolol (CAS 42200-33-9) and its possible salts, enantiomers, 

prodrugs and derivatives; naloxone (CAS 465-65-6) and its possible salts, enantiomers, 

30 prodrugs and derivatives; naltrexone (CAS 16590-41-3) and its possible salts, 

enantiomers, prodrugs and derivatives; norfloxacin (CAS 70458-96-7) and its possible 
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salts, enantiomers, prodrugs and derivatives; pentazocine (CAS 359-83-1) and its 

possible salts, enantiomers, prodrugs and derivatives; phenoxybenzamine (CAS 59-96-

1) and its possible salts, enantiomers, prodrugs and derivatives; phenylbutyrate (CAS 

1821-12-1) and its possible salts, enantiomers, prodrugs and derivatives; pilocarpine 

5 (CAS 54-71-7) and its possible salts, enantiomers, prodrugs and derivatives; 

pioglitazone (CAS 111025-46-8) and its possible salts, enantiomers, prodrugs and 

derivatives; prazosin (CAS 19216-56-9) and its possible salts, enantiomers, prodrugs 

and derivatives; propylthiouracil (CAS 51-52-5) and its possible salts, enantiomers, 

prodrugs and derivatives; raloxifene (CAS 84449-90-1) and its possible salts, 

10 enantiomers, prodrugs and derivatives; rapamycin (CAS 53123-88-9) and its possible 

salts, enantiomers, prodrugs and derivatives; rifampin (CAS 13292-46-1) and its 

possible salts, enantiomers, prodrugs and derivatives; simvastatin (CAS 79902-63-9) 

and its possible salts, enantiomers, prodrugs and derivatives; spironolactone (CAS 52-

01-7) and its possible salts, enantiomers, prodrugs and derivatives; tacrolimus (CAS 

15 104987-11-3) and its possible salts, enantiomers, prodrugs and derivatives; tamoxifen 

(CAS 10540-29-1) and its possible salts, enantiomers, prodrugs and derivatives; 

trehalose (CAS 99-20-7) and its possible salts, enantiomers, prodrugs and derivatives; 

trilostane (CAS 13647-35-3) and its possible salts, enantiomers, prodrugs and 

derivatives; valproic acid (CAS 99-66-1) and its possible salts, enantiomers, prodrugs 

20 and derivatives. 

The term "combination" designates a treatment wherein several drugs are co­

administered to a subject to cause a biological effect. In a combined therapy, the drugs 

may be administered together or separately, at the same time or sequentially. Also, the 

25 drugs may be administered through different routes and protocols. 

The invention now discloses the identification and activities of particular drug 

combinations which provide an efficient treatment for traumatic neuropathies and 

mechanical neuronal insults. More specifically, the invention discloses novel ternary 

30 combinations which provide a significant effect in vitro and in vivo on nerve 

regeneration. 
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In this regard, the invention relates to a composition comprising baclofen, sorbitol 

and a compound selected from pilocarpine, methimazole, mifepristone, naltrexone, 

rapamycine, flurbiprofen and ketoprofen, salts, enantiomers, racemates, or prodrugs 

thereof 

5 More preferably, the invention relates to a composition comprising baclofen, 

sorbitol and a compound selected from pilocarpine, methimazole, mifepristone, 

naltrexone, and ketoprofen. 

In the most preferred embodiment, the present invention relates to a composition 

10 comprising naltrexone, baclofen and sorbitol, for simultaneous, separate or sequential 

administration to a mammalian subject. 

Preferably, in the above compositions, sorbitol is D-sorbitol and baclofen is RS-

baclofen or S-baclofen, more preferably RS-baclofen. 

15 

Another preferred object of the invention relates to a composition comprising: 

(a) rapamycin, 

(b) mifepristone or naltrexone, and 

(c) a PMP22 modulator, 

20 for simultaneous, separate or sequential administration to a mammalian subject. 

Another preferred object of this invention is a composition comprising: 

(a) rapamycin, 

(b) mifepristone, and 

25 (c) a PMP22 modulator, 

for simultaneous, separate or sequential administration to a mammalian subject. 

The PMP22 modulator may be any compound that modulates PMP22 pathway in a 

cell and essentially causes or contributes to normalization of myelin organization and/or 

30 inhibition of neuron loss. The PMP22 modulator may be selected from acetazolamide, 

albuterol, amiloride, aminoglutethimide, amiodarone, aztreonam, baclofen, balsalazide, 
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betaine, bethanechol, bicalutamide, bromocriptine, bumetanide, buspirone, carbachol, 

carbamazepine, carbimazole, cevimeline, ciprofloxacin, clonidine, curcumin, 

cyclosporine A, diazepam, diclofenac, dinoprostone, disulfiram, D-sorbitol, dutasteride, 

estradiol, exemestane, felbamate, fenofibrate, finasteride, flumazenil, flunitrazepam, 

5 flurbiprofen, furosemide, gabapentin, galantamine, haloperidol, ibuprofen, 

isoproterenol, ketoconazole, ketoprofen, L-carnitine, liothyronine (T3), lithium, 

losartan, loxapine, meloxicam, metaproterenol, metaraminol, metformin, methacholine, 

methimazole, methylergonovine, metoprolol, metyrapone, miconazole, mifepristone, 

nadolol, naloxone, naltrexone, norfloxacin, pentazocine, phenoxybenzamine, 

10 phenylbutyrate, pilocarpine, pioglitazone, prazosin, propylthiouracil, raloxifene, 

rapamycin, rifampin, rimvastatin, spironolactone, tacrolimus, tamoxifen, trehalose, 

trilostane, valproic acid salts or prodrugs thereof. 

In a preferred embodiment, compound (c) is selected from pilocarpine, 

15 methimazole and baclofen. In this regard, a most preferred composition of this 

invention comprises: 

(a) rapamycin, 

(b) mifepristone, and 

(c) a compound selected from pilocarpine, methimazole and baclofen, 

20 for simultaneous, separate or sequential administration to a mammalian subject. 

Specific examples of such compositions include compositions comprising: 

rapamycin, mifepristone and pilocarpine, 

- rapamycin, mifepristone and baclofen, 

25 - rapamycin, mifepristone and methimazole or 

rapamycin, naltrexone and methimazole. 

The experimental section shows these particular drug combinations are able to 

efficiently correct PMP22 expression in vitro, to restore normal myelination and neuron 

30 integrity, and thus to ameliorate CMT in animals in vivo. The results also show these 

combinations can protect animals from chemotherapy-induced or traumatic 
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neuropathies. As a result, these compositions may be used to prevent or reduce 

chemotherapy-induced neuropathy, thereby allowing patients to receive chemotherapy 

for longer periods. Also illustrated in the experimental section are the nerve 

regeneration promoting properties of compositions of the invention. Indeed, the 

5 inventors have demonstrated a neurotrophic activity of the combinations of the 

invention which is characterized by a promotion of axon growth and of myelination, 

which results in a significant restoration of the transmission of nerve impulses to the 

muscle. Consequently, the compositions of the invention may be used to improve and/or 

accelerate recovery from any neuronal insult, either of genetic, chemical or mechanical 

10 origin (e.g., traumatic). 

Another object of this invention is a composition comprising naltrexone, baclofen 

and a further distinct PMP22 inhibitor as defined above. 

A further object of this invention is a composition as disclosed above further 

15 comprising one or several pharmaceutically acceptable excipients or carriers (i.e., a 

pharmaceutical composition). 

Another object of this invention is a method of promoting nerve regeneration in a 

subject in need thereof, the method comprising administering to the subject an effective 

20 amount of a compound or a combination of compounds as disclosed above. 

Another object of the present invention relates to a composition as disclosed above 

for treating CMT or a CMT related disorder. 

25 A further object of this invention relates to the use of a combination of compounds 

as disclosed above for the manufacture of a medicament for the treatment of CMT or 

CMT a related disorder. 

A further object of this invention is a method for treating CMT or a CMT related 

30 disorder, the method comprising administering to a subject in need thereof an effective 

amount of a composition as defined above. 
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A further object of this invention is a method of preparing a pharmaceutical 

composition, the method comprising mixing the above compounds in an appropriate 

excipient or carrier. 

5 A more specific object of this invention is a method of treating CMT1A in a 

subject, the method comprising administering to the subject in need thereof an effective 

amount of a compound or combination of compounds as disclosed above. 

A further specific object of this invention is a method of treating toxic neuropathy 

10 in a subject, the method comprising administering to the subject in need thereof an 

effective amount of a compound or combination of compounds as disclosed above. 

A further specific object of this invention is a method of treating ALS in a subject, 

the method comprising administering to the subject in need thereof an effective amount 

15 of a compound or combination of compounds as disclosed above. 

A further specific object of this invention is a method of treating a traumatic 

neuropathy in a subject, the method comprising administering to the subject in need 

thereof an effective amount of a compound or combination of compounds as disclosed 

20 above. 

In a particular embodiment, the subject in need of promoting nerve regeneration is 

suffering or has suffered from mechanical neuronal insults for instance traumatic brain 

injury, spinal cord injury, or injuries of peripheral nerves. 

25 

Another object of this invention is a method of improving and/or accelerating 

recovery from a neuronal insult in a subject in need thereof, the method comprising 

administering to the subject an effective amount of a compound or combination of 

compounds as disclosed above. 
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In a particular embodiment, the subject in need of improving and/or accelerate 

recovery from mechanical neuronal insult is suffering or has suffered from traumatic 

brain injury, spinal cord injury, or injuries of peripheral nerves. 

5 Therapy according to the invention may be performed as drug combination and/or 

in conjunction with any other therapy. It and may be provided at home, the doctor's 

office, a clinic, a hospital's outpatient department, or a hospital, so that the doctor can 

observe the therapy's effects closely and make any adjustments that are needed. 

10 The duration of the therapy depends on the stage of the disease being treated, the 

age and condition of the patient, and how the patient responds to the treatment. 

Additionally, a person having a greater risk of developing an additional neuropathic 

disorder (e.g., a person who is genetically predisposed to or have, for example, diabetes, 

15 or is being under treatment for an oncological condition, etc.) may receive prophylactic 

treatment to alleviate or to delay eventual neuropathic response. 

The dosage, frequency and mode of administration of each component of the 

combination can be controlled independently. For example, one drug may be 

20 administered orally while the second drug may be administered intramuscularly. 

Combination therapy may be given in on-and-off cycles that include rest periods so that 

the patient's body has a chance to recovery from any as yet unforeseen side-effects. The 

drugs may also be formulated together such that one administration delivers both drugs. 

25 Formulation of Pharmaceutical Compositions 

The administration of each drug of the combination may be by any suitable means 

that results in a concentration of the drug that, combined with the other component, is 

able to ameliorate the patient condition (which may be determined e.g., in vitro by an 

30 effect on elevated expression of PMP22 upon reaching the peripheral nerves). 
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While it is possible for the active ingredients of the combination to be administered 

as the pure chemical, it is preferable to present them as a pharmaceutical composition, 

also referred to in this context as pharmaceutical formulation. Possible compositions 

include those suitable for oral, rectal, topical (including transdermal, buccal and 

5 sublingual), or parenteral (including subcutaneous, intramuscular, intravenous and 

intradermal) administration. 

More commonly these pharmaceutical formulations are prescribed to the patient in 

"patient packs" containing a number dosing units or other means for administration of 

metered unit doses for use during a distinct treatment period in a single package, usually 

a blister pack. Patient packs have an advantage over traditional prescriptions, where a 

pharmacist divides a patient's supply of a pharmaceutical from a bulk supply, in that the 

patient always has access to the package insert contained in the patient pack, normally 

missing in traditional prescriptions. The inclusion of a package insert has been shown to 

improve patient compliance with the physician's instructions. Thus, the invention 

further includes a pharmaceutical formulation, as herein before described, in 

combination with packaging material suitable for said formulations. In such a patient 

pack the intended use of a formulation for the combination treatment can be inferred by 

instructions, facilities, provisions, adaptations and/or other means to help using the 

formulation most suitably for the treatment. Such measures make a patient pack 

specifically suitable and adapted for use for treatment with the combination of the 

present invention. 

The drug may be contained in any appropriate amount in any suitable carrier 

25 substance, and may be present in an amount of 1-99% by weight of the total weight of 

the composition. The composition may be provided in a dosage form that is suitable for 

the oral, parenteral (e.g., intravenously, intramuscularly), rectal, cutaneous, nasal, 

vaginal, inhalant, skin (patch), or ocular administration route. Thus, the composition 

may be in the form of, e.g., tablets, capsules, pills, powders, granulates, suspensions, 

30 emulsions, solutions, gels including hydrogels, pastes, ointments, creams, plasters, 

10 

15 

20 
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drenches, osmotic delivery devices, suppositories, enemas, injectables, implants, sprays, 

or aerosols. 

The pharmaceutical compositions may be formulated according to conventional 

5 pharmaceutical practice (see, e.g., Remington: The Science and Practice of Pharmacy 

(20th ed.), ed. A. R. Gennaro, Lippincott Williams & Wilkins, 2000 and Encyclopedia 

of Pharmaceutical Technology, eds. J. Swarbrick and J. C. Boylan, 1988-1999, Marcel 

Dekker, New York). 

10 Pharmaceutical compositions according to the invention may be formulated to 

release the active drug substantially immediately upon administration or at any 

predetermined time or time period after administration. 

The controlled release formulations include (i) formulations that create a 

15 substantially constant concentration of the drug within the body over an extended period 

of time; (ii) formulations that after a predetermined lag time create a substantially 

constant concentration of the drug within the body over an extended period of time; (iii) 

formulations that sustain drug action during a predetermined time period by maintaining 

a relatively, constant, effective drug level in the body with concomitant minimization of 

20 undesirable side effects associated with fluctuations in the plasma level of the active 

drug substance; (iv) formulations that localize drug action by, e.g., spatial placement of 

a controlled release composition adjacent to or in the diseased tissue or organ; and (v) 

formulations that target drug action by using carriers or chemical derivatives to deliver 

the drug to a particular target cell type. 

25 

Administration of drugs in the form of a controlled release formulation is especially 

preferred in cases in which the drug in combination, has (i) a narrow therapeutic index 

(i.e., the difference between the plasma concentration leading to harmful side effects or 

toxic reactions and the plasma concentration leading to a therapeutic effect is small; in 

30 general, the therapeutic index, TI, is defined as the ratio of median lethal dose (LD50) 

to median effective dose (ED50)); (ii) a narrow absorption window in the gastro­
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intestinal tract; or (iii) a very short biological half-life so that frequent dosing during a 

day is required in order to sustain the plasma level at a therapeutic level. 

Any of a number of strategies can be pursued in order to obtain controlled release 

5 in which the rate of release outweighs the rate of metabolism of the drug in question. 

Controlled release may be obtained by appropriate selection of various formulation 

parameters and ingredients, including, e.g., various types of controlled release 

compositions and coatings. Thus, the drug is formulated with appropriate excipients into 

a pharmaceutical composition that, upon administration, releases the drug in a 

10 controlled manner (single or multiple unit tablet or capsule compositions, oil solutions, 

suspensions, emulsions, microcapsules, microspheres, nanoparticles, patches, and 

liposomes). 

Solid Dosage Forms for Oral Use 

15 

Formulations for oral use include tablets containing the active ingredient(s) in a 

mixture with non-toxic pharmaceutically acceptable excipients. These excipients may 

be, for example, inert diluents or fillers (e.g., sucrose, microcrystalline cellulose, 

starches including potato starch, calcium carbonate, sodium chloride, calcium 

20 phosphate, calcium sulfate, or sodium phosphate); granulating and disintegrating agents 

(e.g., cellulose derivatives including microcrystalline cellulose, starches including 

potato starch, croscarmellose sodium, alginates, or alginic acid); binding agents (e.g., 

acacia, alginic acid, sodium alginate, gelatin, starch, pregelatinized starch, 

microcrystalline cellulose, carboxymethylcellulose sodium, methylcellulose, 

25 hydroxypropyl methylcellulose, ethylcellulose, polyvinylpyrrolidone, or polyethylene 

glycol); and lubricating agents, glidants, and antiadhesives (e.g., stearic acid, silicas, or 

talc). Other pharmaceutically acceptable excipients can be colorants, flavoring agents, 

plasticizers, humectants, buffering agents, and the like. 

30 The tablets may be uncoated or they may be coated by known techniques, 

optionally to delay disintegration and absorption in the gastrointestinal tract and thereby 
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providing a sustained action over a longer period. The coating may be adapted to release 

the active drug substance in a predetermined pattern (e.g., in order to achieve a 

controlled release formulation) or it may be adapted not to release the active drug 

substance until after passage of the stomach (enteric coating). The coating may be a 

5 sugar coating, a film coating (e.g., based on hydroxypropyl methylcellulose, 

methylcellulose, methyl hydroxyethylcellulose, hydroxypropylcellulose, 

carboxymethylcellulose, acrylate copolymers, polyethylene glycols and/or 

polyvinylpyrrolidone), or an enteric coating (e.g., based on methacrylic acid copolymer, 

cellulose acetate phthalate, hydroxypropyl methylcellulose phthalate, hydroxypropyl 

10 methylcellulose acetate succinate, polyvinyl acetate phthalate, shellac, and/or 

ethylcellulose). A time delay material such as, e.g., glyceryl monostearate or glyceryl 

distearate may be employed. 

The solid tablet compositions may include a coating adapted to protect the 

15 composition from unwanted chemical changes, (e.g., chemical degradation prior to the 

release of the active drug substance). The coating may be applied on the solid dosage 

form in a similar manner as that described in Encyclopedia of Pharmaceutical 

Technology. 

20 The drugs may be mixed together in the tablet, or may be partitioned. For example, 

a first drug is contained on the inside of the tablet, and a second drug is on the outside, 

such that a substantial portion of the second drug is released prior to the release of the 

first drug. 

25 Formulations for oral use may also be presented as chewable tablets, or as hard 

gelatin capsules wherein the active ingredient is mixed with an inert solid diluent (e.g., 

potato starch, microcrystalline cellulose, calcium carbonate, calcium phosphate or 

kaolin), or as soft gelatin capsules wherein the active ingredient is mixed with water or 

an oil medium, for example, liquid paraffin, or olive oil. Powders and granulates may be 

30 prepared using the ingredients mentioned above under tablets and capsules in a 

conventional manner. 
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Controlled release compositions for oral use may, e.g., be constructed to release the 

active drug by controlling the dissolution and/or the diffusion of the active drug 

substance. 

5 Dissolution or diffusion controlled release can be achieved by appropriate coating 

of a tablet, capsule, pellet, or granulate formulation of drugs, or by incorporating the 

drug(s) into an appropriate matrix. A controlled release coating may include one or 

more of the coating substances mentioned above and/or, e.g., shellac, beeswax, 

glycowax, castor wax, carnauba wax, stearyl alcohol, glyceryl monostearate, glyceryl 

10 distearate, glycerol palmitostearate, ethylcellulose, acrylic resins, dl-polylactic acid, 

cellulose acetate butyrate, polyvinyl chloride, polyvinyl acetate, vinyl pyrrolidone, 

polyethylene, polymethacrylate, methylmethacrylate, 2-hydroxymethacrylate, 

methacrylate hydrogels, 1,3 butylene glycol, ethylene glycol methacrylate, and/or 

polyethylene glycols. In a controlled release matrix formulation, the matrix material 

15 may also include, e.g., hydrated metylcellulose, carnauba wax and stearyl alcohol, 

carbopol 934, silicone, glyceryl tristearate, methyl acrylate-methyl methacrylate, 

polyvinyl chloride, polyethylene, and/or halogenated fluorocarbon. 

A controlled release composition containing one or more of the drugs of the 

20 claimed combinations may also be in the form of a buoyant tablet or capsule (i.e., a 

tablet or capsule that, upon oral administration, floats on top of the gastric content for a 

certain period of time). A buoyant tablet formulation of the drug(s) can be prepared by 

granulating a mixture of the drug(s) with excipients and 20-75% w/w of hydrocolloids, 

such as hydroxyethylcellulose, hydroxypropylcellulose, or 

25 hydroxypropylmethylcellulose. The obtained granules can then be compressed into 

tablets. On contact with the gastric juice, the tablet forms a substantially water-

impermeable gel barrier around its surface. This gel barrier takes part in maintaining a 

density of less than one, thereby allowing the tablet to remain buoyant in the gastric 

juice. 

30 
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Liquids for Oral Administration 

Powders, dispersible powders, or granules suitable for preparation of an aqueous 

suspension by addition of water are convenient dosage forms for oral administration. 

5 Formulation as a suspension provides the active ingredient in a mixture with a 

dispersing or wetting agent, suspending agent, and one or more preservatives. Suitable 

suspending agents are, for example, sodium carboxymethylcellulose, methylcellulose, 

sodium alginate, and the like. 

10 Parenteral Compositions 

The pharmaceutical composition may also be administered parenterally by 

injection, infusion or implantation (intravenous, intramuscular, subcutaneous, or the 

like) in dosage forms, formulations, or via suitable delivery devices or implants 

15 containing conventional, non-toxic pharmaceutically acceptable carriers and adjuvants. 

The formulation and preparation of such compositions are well known to those skilled 

in the art of pharmaceutical formulation. 

Compositions for parenteral use may be provided in unit dosage forms (e.g., in 

single-dose ampoules), or in vials containing several doses and in which a suitable 

20 preservative may be added (see below). The composition may be in form of a solution, a 

suspension, an emulsion, an infusion device, or a delivery device for implantation or it 

may be presented as a dry powder to be reconstituted with water or another suitable 

vehicle before use. Apart from the active drug(s), the composition may include suitable 

parenterally acceptable carriers and/or excipients. The active drug(s) may be 

25 incorporated into microspheres, microcapsules, nanoparticles, liposomes, or the like for 

controlled release. The composition may include suspending, solubilizing, stabilizing, 

pH-adjusting agents, and/or dispersing agents. 

The pharmaceutical compositions according to the invention may be in the form 

30 suitable for sterile injection. To prepare such a composition, the suitable active drug(s) 

are dissolved or suspended in a parenterally acceptable liquid vehicle. Among 
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acceptable vehicles and solvents that may be employed are water, water adjusted to a 

suitable pH by addition of an appropriate amount of hydrochloric acid, sodium 

hydroxide or a suitable buffer, 1,3-butanediol, Ringer's solution, and isotonic sodium 

chloride solution. The aqueous formulation may also contain one or more preservatives 

5 (e.g., methyl, ethyl or n-propyl p-hydroxybenzoate). In cases where one of the drugs is 

only sparingly or slightly soluble in water, a dissolution enhancing or solubilizing agent 

can be added, or the solvent may include 10-60% w/w of propylene glycol or the like. 

Controlled release parenteral compositions may be in form of aqueous suspensions, 

10 microspheres, microcapsules, magnetic microspheres, oil solutions, oil suspensions, or 

emulsions. Alternatively, the active drug(s) may be incorporated in biocompatible 

carriers, liposomes, nanoparticles, implants, or infusion devices. Materials for use in the 

preparation of microspheres and/or microcapsules are, e.g., biodegradable/bioerodible 

polymers such as polygalactia poly-(isobutyl cyanoacrylate), poly(2-hydroxyethyl-L-

15 glutamnine). Biocompatible carriers that may be used when formulating a controlled 

release parenteral formulation are carbohydrates (e.g., dextrans), proteins (e.g., 

albumin), lipoproteins, or antibodies. Materials for use in implants can be non­

biodegradable (e.g., polydimethyl siloxane) or biodegradable (e.g., poly(caprolactone), 

poly(glycolic acid) or poly(ortho esters)). 

20 

Rectal Compositions 

For rectal application, suitable dosage forms for a composition include 

suppositories (emulsion or suspension type), and rectal gelatin capsules (solutions or 

25 suspensions). In a typical suppository formulation, the active drug(s) are combined with 

an appropriate pharmaceutically acceptable suppository base such as cocoa butter, 

esterified fatty acids, glycerinated gelatin, and various water-soluble or dispersible 

bases like polyethylene glycols. Various additives, enhancers, or surfactants may be 

incorporated. 

30 
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Percutaneous and Topical Compositions 

The pharmaceutical compositions may also be administered topically on the skin 

for percutaneous absorption in dosage forms or formulations containing conventionally 

5 non-toxic pharmaceutical acceptable carriers and excipients including microspheres and 

liposomes. The formulations include creams, ointments, lotions, liniments, gels, 

hydrogels, solutions, suspensions, sticks, sprays, pastes, plasters, and other kinds of 

transdermal drug delivery systems. The pharmaceutically acceptable carriers or 

excipients may include emulsifying agents, antioxidants, buffering agents, 

10 preservatives, humectants, penetration enhancers, chelating agents, gel-forming agents, 

ointment bases, perfumes, and skin protective agents. 

The emulsifying agents may be naturally occurring gums (e.g., gum acacia or gum 

tragacanth) 

15 

The preservatives, humectants, penetration enhancers may be parabens, such as 

methyl or propyl p-hydroxybenzoate, and benzalkonium chloride, glycerin, propylene 

glycol, urea, etc. 

20 The pharmaceutical compositions described above for topical administration on the 

skin may also be used in connection with topical administration onto or close to the part 

of the body that is to be treated. The compositions may be adapted for direct application 

or for application by means of special drug delivery devices such as dressings or 

alternatively plasters, pads, sponges, strips, or other forms of suitable flexible material. 

25 

Dosages and duration of the treatment 

It will be appreciated that the drugs of the combination may be administered 

concomitantly, either in the same or different pharmaceutical formulation or 

30 sequentially. If there is sequential administration, the delay in administering one of the 

active ingredients should not be such as to lose the benefit of the efficacious effect of 



WO 2015/124763 
27 

PCT/EP2015/053700 

the combination of the active ingredients. A minimum requirement for a combination 

according to this description is that the combination should be intended for combined 

use with the benefit of the efficacious effect of the combination of the active 

ingredients. The intended use of a combination can be inferred by facilities, provisions, 

5 adaptations and/or other means to help using the combination according to the 

invention. 

Therapeutically effective amounts of the drugs that are subject of this invention can 

be used together for the preparation of a medicament useful for reducing the effect of 

increased expression of PMP22 gene; restoration of normal myelination and nerve 

10 integrity, preventing or reducing the risk of developing CMT disease, halting or slowing 

the progression of CMT disease once it has become clinically manifest, and preventing 

or reducing the risk of a first or subsequent occurrence of an neuropathic event. 

Although the active drugs of the present invention may be administered in divided 

doses, for example two or three times daily, a single daily dose of each drug in the 

15 combination is preferred, with a single daily dose of all drugs in a single pharmaceutical 

composition (unit dosage form) being most preferred. 

Administration can be one to several times daily for several days to several years, 

and may even be for the life of the patient. Chronic or at least periodically repeated 

long-term administration will be indicated in most cases. 

20 The term "unit dosage form" refers to physically discrete units (such as capsules, 

tablets, or loaded syringe cylinders) suitable as unitary dosages for human subjects, 

each unit containing a predetermined quantity of active material or materials calculated 

to produce the desired therapeutic effect, in association with the required 

pharmaceutical carrier. 

25 

The amount of each drug in the combination preferred for a unit dosage will depend 

upon several factors including the administration route, the body weight and the age of 

the patient, the severity of the neuropathic damage caused by CMT disease or risk of 

potential side effects considering the general health status of the person to be treated. 
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Additionally, pharmacogenomic (the effect of genotype on the pharmacokinetic, 

pharmacodynamic or efficacy profile of a therapeutic) information about a particular 

patient may affect the dosage used. 

Except when responding to especially impairing CMT disease cases when higher 

5 dosages may be required, or when treating children when lower dosages should be 

chosen, the preferred dosage of each drug in the combination will usually lie within the 

range of doses not above the usually prescribed for long-term maintenance treatment or 

proven to be safe in the large phase 3 clinical studies. 

10 For example, 

• for rapamycin, from about 1 to about 100 ug/kg per day, typically from 1 

to 50 ug/kg, for instance between 5 and 30 ug/kg/day. 

• for mifepristone, from about 1 to about 300 ug/kg per day, typically from 

10 to 200 ug/kg, for instance between 10 and 80 ug/kg/day. 

15 • for naltrexone, from about 1 to about 100 ug/kg per day, typically from 1 

to 50 ug/kg, for instance between 1 and 20 ug/kg/day. 

• for pilocarpine, from about 1 to about 100 ug/kg per day, typically from 

1 to 50 ug/kg, for instance between 1 and 20 ug/kg/day. 

• for baclofen, from about 1 to about 300 p,g/kg per day, typically from 10 

20 to 200 ug/kg, for instance between 20 and 100 ug/kg/day. 

• for methimazole, from about 1 to about 100 ug/kg per day, typically from 

1 to 50 ug/kg, for instance between 1 and 20 ug/kg/day. 

• for sorbitol, from about 17 ug/kg to about 17 mg/kg per day, typically 

from 167 ug/kg to 7 mg/kg per day, for instance between 333 ug/kg per day and 

25 3.5 mg/kg per day. 

Typically, administered doses correspond to those applied for a human of 60 kg. 

The most preferred dosage will correspond to amounts from 1% up to 10% of those 

usually prescribed for long-term maintenance treatment. 

It will be understood that the amount of the drug actually administered will be 

30 determined by a physician, in the light of the relevant circumstances including the 

condition or conditions to be treated, the exact composition to be administered, the age, 
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weight, and response of the individual patient, the severity of the patient's symptoms, 

and the chosen route of administration. Therefore, the above dosage ranges are intended 

to provide general guidance and support for the teachings herein, but are not intended to 

limit the scope of the invention. 

The following examples are given for purposes of illustration and not by way of 

limitation. 

Examples 

10 A. Preparation of drug combinations 

The following drug combinations were prepared: 

Molecule dose 

sorbitol 2.1 mg/kg/day 

Mixl S-baclofen (-) 60 |xg/kg/day 

naltrexone 7 |xg/kg/day 

Molecule dose 

Mix2 
rapamycin 15 |xg/kg/day 

Mix2 
mifepristone 40 |xg/kg/day 



WO 2015/124763 
30 

PCT/EP2015/053700 

Molecule dose 

rapamycin 15 |xg/kg/day 

Mix3 mifepristone 40 |xg/kg/day 

pilocarpine 7 |xg/kg/day 

Molecule dose 

rapamycin 15 |xg/kg/day 

Mix4 mifepristone 40 |xg/kg/day 

baclofen 60 |xg/kg/day 

Molecule dose 

rapamycin 15 |xg/kg/day 

Mix5 mifepristone 40 |xg/kg/day 

methimazole 4.2 |xg/kg/day 

Molecule dose 

rapamycin 15 |xg/kg/day 

Mix6 naltrexone 7 |xg/kg/day 

methimazole 4.2 |xg/kg/day 
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Molecule dose 1 dose 2 dose 3 

Mix7 

sorbitol 10.5 mg/kg/day 2,1 mg/kg/day 1.05 mg/kg/day 

Mix7 (RS) baclofen 0.3 mg/kg/day 60 |xg/kg/day 30 |_ig/kg/day Mix7 

naltrexone 35 |xg/kg/day 7 (-ig/kg/day 3.5 n.g/kg/day 

B. In vitro Experiments 

5 

1. PMP22 expression assays on Schwann cells treated with MixT-6 

1.1 Cell culture 

10 1.1.1: Commercially available rat primary Schwann cells 

Vials of rat Schwann cells (SC) primary culture (Sciencell # R1700) are defrost and 

seeded at the density of 10 000 cells/cm2 in "Sciencell Schwann cell medium" (basal 

medium from Sciencell # R1701) in poly-L-lysine pre-coated 75 cm2 flasks. The culture 

medium is composed of basal medium, 5% Fetal Bovine Serum (3H-Biomedical AB 

15 #1701-0025), 1% Schwann cell growth supplement (3H Biomedical AB #1701-1752), 

1% Gentamicin (Sigma #G1397) and 1 OuM of Forskolin (Sigma # F6886) to promote 

their proliferation. 

After reaching confluency (4 to 10 days depending on cell batch), Schwann cells are 

purified by gentle agitation or by thy 1.1 immunopanning that allow SC isolation from 

20 adherent fibroblasts, to produce cultures that are at least 95% pure. SC are then counted 

(Tryptan blue method) and seeded in poly-L-lysine pre-coated 75 cm2 flask in the same 

SC medium. At confluency, cells are rinsed, trypsinized (trypsin-EDTA lx diluted from 

Invitrogen #1540054), diluted in PBS without calcium and magnesium) counted and 

platted in 12 well-dishes (140 000 cells/well) in Sciencell Schwann cell medium with 
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5% of FBS, 1% of cell growth supplement (CGS), 40ug/ml of gentamicin and 4uM 

Forskolin. 

1.1.2 Custom -made rat primary Schwann cells 

5 Primary Schwann cell cultures (SC) are established from Sprague-Dawley new-born 

rats (between P0 and P2) sciatic nerves. All new-born rats are sacrificed and isolated in 

a Petri dish. Dissection is performed under sterile conditions. 

The dorsal skin is removed from the hind paw and the lower torso. The sciatic nerve is 

isolated and transferred to a culture dish containing ice-cold Leibovitz (LI5, Invitrogen 

10 #11415) supplemented with 1% penicillin/streptomycin solution (50UI/ml and 50ug/ml, 

respectively; Invitrogen #15070) and 1% of bovine serum albumin (BSA, Sigma 

A6003). Both nerves per rats are transferred in a 15ml tube containing ice-cold L15. 

The L15 medium is then removed and replaced by 2.4ml of DMEM (Invitrogen 

#21969035) with lOmg/ml of collagenase (Sigma #A6003). Nerves are incubated in this 

15 medium for 30 minutes at 37°C. The medium is then removed and both nerves are 

dissociated by trypsin (10% trypsin EDTA lOx, Invitrogen #15400054) diluted in PBS 

without calcium and magnesium (Invitrogen # 2007-03) for 20min at 37°C. The 

reaction is stopped by addition of DMEM containing DNase I grade II (O.lmg/ml Roche 

diagnostic #104159) and foetal calf serum (FCS 10%, Invitrogen #10270). The cell 

20 suspension was triturated with a 10ml pipette and passed through a filter in a 50ml tube 

(Swinnex 13mm filter units, Millipore, with 20p,m nylon-mesh filters, Fisher). The cell 

suspension is centrifuged at 350g for lOmin at room temperature (RT) and the pellets 

are suspended in DMEM with 10% FCS and 1% penicillin/streptomycin. Cells are 

counted (Tryptan blue method) and seeded in Falcon 100mm Primaria tissue culture 

25 plates at the density of 5 105 to 106 cells/dish. 

After one day of culture, the medium is changed with DMEM, 10% FCS, 1% 

penicillin/streptomycin and 10p,M of cytosine b-D-arabinofuranoside (Sigma #C1768). 

48hrs later, medium is eliminated and cells are washed three times with DMEM. The 

SC growth medium is then added, composed of DMEM, 10% FCS, 1% 
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penicillin/streptomycin, 2uM of Forskolin (Sigma #F6886), 1 Oug/ml of bovine pituitary 

extract (PEX, Invitrogen #13028). The medium is replaced every 2-3 days. 

After 8 days of culture (4 to 10 days depending on cell batches), Schwann cells reach 

confluency and the culture, containing a large amount of contaminating fibroblasts, is 

5 purified by the thy 1.1 immunopanning method. After this purification, cells are 

suspended in growth medium at 10 000 cells/cm2 in poly-L-lysine pre-coated 75 cm2 

flasks. Once they reach confluency, cells are rinsed, trypsinized (trypsin-EDTA), 

counted and platted in 12 well-dishes (100 000 cells/well). 

10 1.1.3 Drug incubation 

After cells being platted in 12well-dishes, the medium is replaced by a defined medium 

consisting in a mix of DMEM-F12 (Invitrogen # 21331020) complemented by 1% of 

N2 supplement (Invitrogen # 17502), 1% L-Glutamine (Invitrogen #25030024) 2.5% 

FBS (Sciencell #0025), 0.02 ug/ml of corticosterone (Sigma # C2505), 4uM Forskolin 

15 and 5Oug/ml of gentamycin. Growth factors are not added to this medium, to promote 

SC differentiation 

24 hours later, the medium is replaced by a defined medium (DMEM-F12) 

complemented with 1 % Insulin-Transferrin-Selenium - X (ITS, Invitrogen # 51300), 

16 ug/ml of Putrescine (Sigma # P5780), 0.02 ug/ml of corticosterone and 5Oug/ml of 

20 gentamicin. At this step, neither progesterone nor forskolin are present in the medium. 

One day later, Schwann cells are stimulated by combinations of drugs during 24hrs (3 

wells/condition). The preparation of each compound is performed just prior to its 

addition to the cell culture medium. 

Drugs are added to a defined medium composed of DMEM-F12, with 1 % Insulin-

25 Transferrin-Selenium - X (ITS, Invitrogen # 51300), 16ug/ml of Putrescine, 0.02 ug/ml 

of corticosterone, lOnM Progesterone and 5Oug/ml of gentamicin. The absence of 

Forskolin during drug stimulation avoids adenylate cyclase saturation. 
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1.2. Schwann cells purification by Thy 1.1 immunopanning 

To prevent fibroblast culture contamination, Schwann cells are purified using the clone 

Thy 1.1 (ATCC TIB-103™) immunopanning protocol. 

5 Antibody pre-coated 100mm bacteria Petri dishes are prepared as follows: these dishes 

are washed three times with PBS and treated by 20ml of Tris HC1 solution 50 mM, pH 

9.5, with 10 p,g/ml of goat Anti-Mouse IgM MU antibody (Jackson ImmunoResearch 

#115-005-020) overnight at 4°C; then rinsed 3 times with PBS and treated by a solution 

of PBS with 0.02% of BSA and supernatant obtained from T1 lD7e2 hybridoma culture 

10 (ATCC #TIB-103) containing the Thy 1.1 IgM antibody for 2hours at room temperature. 

Finally, the plates are washed three times with PBS before the cell suspensions are 

added. 

SC are detached with trypsin EDTA. As soon as the majority of cells are in suspension, 

the trypsin is neutralized with DMEM-10% FBS and the cells are centrifuged. The 

15 pellet of dissociated cells is resuspended in 15ml of medium with 0.02% BSA at the 

density of 0.66xl06 cells per ml (maximum) and transferred to Petri dish (about 6.6 

million of cells/lOml/dish of 100mm). 

The cell suspension is incubated in the Thy 1.1 coated Petri dish during 45 min at 37°C 

with gentle agitation every 15 min to prevent non-specific binding. The majority of 

20 fibroblast cells expressing Thy 1.1 adhere on the dish. At the end of the incubation, the 

cell suspension is recovered and centrifuged. This cell suspension contains in theory 

only Schwann cells. Cells are centrifuged and cell pellet is suspended in growth 

medium with 10p,M of Forskolin at 16 000 cells/cm2 in T75 cm2 flask Poly-L-Lysine 

treated. 

25 

1.3 Quantitative reverse transcriptase polymerase chain reaction (O- RT-PCR) 

Quantitative RT-PCR is used to compare the levels of PMP22 mRNA after drug 

stimulation, relative with housekeeping Ribosomal LI3A mRNA in rat Schwann cell 

30 primary culture. 
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After rinsing with cold sterilized PBS, total RNAs from each cell sample are extracted 

and purified from SC using the Qiagen RNeasy micro kit (Qiagen #74004). Nucleic 

acids are quantified by Nanodrop spectrophotometer using 1 ul of RNA sample. The 

RNA integrity is determined through a BioAnalyzer (Agilent) apparatus. 

5 RNAs are reverse-transcribed into cDNA according to standard protocol. cDNA 

templates for PCR amplification are synthesized from 200ng of total RNA using 

SuperScript II reverse-transcriptase (Invitrogen # 18064-014) for 60 min at 42°C in the 

presence of oligo(dT), in a final volume of 20ul. 

cDNAs are subjected to PCR amplification using the «LightCycler® 480» system 

10 (Roche Molecular Systems Inc.) Each cDNA are diluted five times before being used 

for PCR amplification. 2.5ul of this cDNAs enters the PCR reaction solution (final 

volume of 1 Oul). Preliminary experiments ensured that quantitation was done in the 

exponential phase of the amplification process for both sequences and that expression of 

the reference gene was uniform in the different culture conditions. 

15 PCR reaction is performed by amplification of 500nM of forward primer of rat PMP22 

(NM 017037), 5-GGAAACGCGAATGAGGC-3 (SEQ ID NO: 1), and 500nM of 

reverse primer 5-GTTCTGTTTGGTTTGGCTT-3 (SEQ ID NO: 2) (amplification of 

148-bp). A 152-bp fragment of the RPL13A ribosomal (NM_173340) RNA is amplified 

in parallel in separate reactions for normalization of the results by using a 500nM of 

20 forward primer 5-CTGCCCTCAAGGTTGTG-3 (SEQ ID NO: 3), and a 500nM of 

reverse primer 5- CTTCTTCTTCCGGTAATGGAT-3 (SEQ ID NO: 4). 

We used FRET chemistry to perform RT-Q-PCR analysis. FRET probes are composed 

of 0.3p,M of Pmp22-FL-5-GCTCTGAGCGTGCATAGGGTAC (SEQ ID NO: 5) or 

Rpll3A-FL- 5-TCGGGTGGAAGTACCAGCC (SEQ ID NO: 6), labelled at their 3' 

25 end with a donor fluorophore dye (Fluorescein). 0.15uM Red640 probes are defined as 

follows: Pmp22-red-5'-AGGGAGGGAGGAAGGAAACCAGAAA (SEQ ID NO: 7)or 

Rpll 3 A-red-5 '-T GAC AGCTACT CT GGAGGAGAAACGG AA(SEQ ID NO: 8), 

labelled at their 5' end with an acceptor fluorophore dye (Rhodamine Red 640). 

Each PCR reaction contained 2.5pl cDNA template in a final volume of 1 Oul of master 

30 mix kit (Roche #04-887301001). 
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The following PCR conditions are used: lOsec at 95°C, lOsec at 63°C and 12 sec at 

72°C and 30sec at 40°C (Forty amplification cycles). The relative levels of PMP22 gene 

expression is measured by determining the ratio between the products generated from 

the target gene PMP22 and the endogenous internal standard RPL13A. 

5 

1.4 PMP22 protein expression analysis by flow cytometry (TACS) 

8hrs, 24hrs and 48hrs after drugs incubation, supernatants are recovered, centrifuged 

and frozen. SC are detached with trypsin-EDTA. As soon as the majority of cells are in 

10 suspension, the trypsin is neutralised using DMEM with 10% FCS. 

Supernatants with cells are recovered and centrifuged. The pellets of cells are 

transferred in micro tubes, washed in PBS once and fixed with a specific solution 

(AbCys #Reagent A BUF09B). 10 minutes later, cells are rinsed once with PBS and 
kept at 4°C. 

15 Five days after cell fixation, all cell preparations with different incubation times are 

labelled using the following protocol. 

Cells are centrifuged at 7000 rpm for 5 minutes and the pellets are suspended in a 

solution of permeabilization (AbCys #Reagent B BUF09B) and labelled with primary 

PMP22 antibody (Abeam #ab61220, 1/50) for lhr room at temperature. Cells are then 

20 centrifuged at 7000 rpm for 5 minutes and cell pellets are rinsed once in PBS. A 

secondary antibody is added, coupled to Alexa Fluor 488 (goat anti-rabbit IgG, 

Molecular Probes #A11008, 1/100), for one hour at room temperature. Cells are then 

centrifuged at 7000 rpm for 5 minutes and cell pellets are rinsed once in PBS. The 

labelling is increased adding a tertiary antibody coupled to Alexa Fluor 488 (chicken 

25 anti-goat IgG, Molecular Probes #A21467, 1/100) for one hour incubation, at room 

temperature. Cells are then rinsed once in PBS. Control without any antibody 

(unlabelled cells) is performed to determine the level of auto fluorescence and adapted 

the sensitivity of the photomultiplicators. Control with both secondary and tertiary 

antibodies but without primary antibody, is performed to assess nonspecific binding of 

30 antibodies. 
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Data acquisition and analysis are performed with a FACS Array cytometer and FACS 

Array software (Becton Dickinson) on 5000 cells. Forward Scatter (FSC) correlated 

with cell volume (size) and Side Scatter (SSC) depending on inner complexity of cells 

(granularity) are analysed. For expression of PMP22, analysis is performed within the 

5 total cells and percent of positive cells is calculated. Positive cells are cells with 

fluorescence intensity higher than the control with secondary antibody. 

In order to quantify the number of SC, cells in control medium are analysed using 

antibodies anti-SlOO Protein. 

Cells are prepared according to the following protocol: Schwann cells are stained with 

10 antibody anti-SlOO Protein (Dako #S0311, 1/100) for lhr room at temperature. This 

antibody is labelled according to protocol described above for PMP22 immunostaining 

but without incubation with tertiary antibody. 

1.5. Drug incubation and activity 

15 

Drugs are incubated for 24hrs or 48hrs in the same defined medium than described 

above (3 wells/condition) in absence of Forskolin to avoid adenylate cyclase stimulation 

saturation, but in presence of lOnM of progesterone. After drug incubation, supernatants 

are recovered and Schwann cells are frozen for RT-Q-PCR analysis. 

20 

These experiments are summarized in Table 1. 

Table 1 

25 

Combination PMP22 expression 
Mixl down regulation 
Mix2 down regulation 
Mix3 down regulation 
Mix4 down regulation 
Mix5 down regulation 
Mix6 down regulation 
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2. Assessment of synergistic effect of compounds in Mix7 in a co-culture model for 

CMT 

A model of co-culture was used as an in vitro model of CMT1A. This model of 

5 myelination consists in co-culturing sensory neurons and Schwann cells from male 

PMP22 Transgenic (TG) dissociated Dorsal Root Ganglia (DRG). 

The aim of this study is to assess the effect of 3 test compounds (+/-baclofen, naltrexone 

and sorbitol) and Mix7 (a mixture of these 3 drugs) on myelination process. The effect 

of the 3 test compounds, and their mixture on myelination, are assessed by evaluating 

10 Myelin Basic Protein (MBP) expression in presence of ascorbic acid. 

2.1 Materials and Methods 

Fifteen days gestation pregnant female rats are killed by cervical dislocation. The 

15 embryos are removed from the uterus and are at similar fetal stage of development. 

2.1.1 Genotyping 

A piece of each embryo head (3 mm3) is placed in a 2 ml tube DNase free. The DNA is 

extracted with the SYBR Green Extract-N-Amp tissue PCR kit (Sigma, ref XNATG-

20 1KT). One hundred and twenty ul of extraction solution (Kit Sigma, ref XNATG-1KT) 

was put on each piece of embryo head. The heads are incubated for 10 min at room 

temperature. At the end of this incubation, the heads are incubated for 5 min at 95 °C in 

the extraction solution. Immediately after this last incubation, 100 ul of neutralizing 

solution are added, each DNA extract is diluted at 1/40 with sterile ultrapure water 

25 (Biosolve, ref: 91589) and stored at +4°C until use. The genotyping of female (F) and 

male (M) embryos is performed during the dissection of the DRG, with the kit Fast 

SYBR Green Master Mix (Applied Biosystem, 4385612). The gender of each embryo is 

determined using the male SRY gene. The SRY primers are supplied by Pharnext 

(SRY-F (SEQ ID NO:9): 5'-GAGAGAGGCACAAGTTGGC-3SRY-R (SEQ ID 

30 NO: 10): 5'-GCCTCCTGGAAAAAGGGCC-3'). SRY primers are diluted at 3^iM in 

sterile ultrapure water (Biosolve, ref: 91589). A mix for PCR is prepared with ultrapure 
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water (4ul per sample), primer at 3uM (2ul per sample) and Master Mix (10 ul per 

sample). In a PCR 96 wells plate, 16 pi of PCR mix is deposited in each well. Four pi of 

each diluted DNA is added according to a plan deposit. The PCR is run using the 7500 

fast RT-PCR system (Applied Biosystem), with the following program: 

5 Beginning: 95°C - 20 sec 

45 cycles: 95°C - 10 sec, 65°C - 10 sec, 72°C - 30 sec (data acquisition). 

Melt curve: 95°C - 15 sec, 64°C - lmin, 90°C - 30 sec (continuous data acquisition), 

60°C 15 sec. The amplification plots and melt curves are analyzed with the 7500 

software (Applied Biosystems). 

10 

The results for each sample are compared to negative control (ultrapure water) and to 

the positive control (TG/Male and WT/Female), to conclude on the genotype of each 

embryo. 

15 2.1.2 Sensory neurons and Schwann cells co-cultures 

Rat Dorsal root ganglions are cultured as previously described by Cosgaya et al., 2002 

and Rangaraju et al., 2008. 

Each embryo is dispatched on numerating petri dish (35 mm of diameter). The head of 

embryo is cut, placed on 1.5 ml tube DNAase free; the ADN is extracted with the 

20 Extract-N-Amp Tissue Kit (Sigma Aldrich). The genotyping (Male (M) and female (F), 

wild type and PMP22 transgenic) is performed with the kit Fast SYBR Green Master 

Mix (Applied Biosystem). This genotyping is performed in parallel of the dissection of 

dorsal root ganglia (DRG), so that at the end of the dissection, only one type of culture 

(DRG from transgenic male) is done. DRG of each embryo is collected, placed in ice-

25 cold medium of Leibovitz (LI 5, Invitrogen). At the end of the dissection, DRG of TGM 

are pooled and dissociated by trypsinization (trypsin EDTA, 0.05%; Invitrogen) for 20 

min at 37°C. The reaction is stopped by addition of DMEM containing 10% of fetal 

bovine serum (FBS) in the presence of DNAase I (Roche). The suspension is triturated 

with a 10 ml pipette. Cells are then centrifuged at 350 x g for 10 min at room 

30 temperature. The pellet of dissociated cells is resuspended in neurobasal medium 

(Invitrogen) containing 2 % of B27 (Invitrogen), 1% of penicillin-streptomycin 
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(Invitrogen), 1 % de L glutamine and 50 ng/ml NGF (Sigma). This medium is the 

neuronal medium. Viable cells are counted in a Neubauer cytometer using the trypan 

blue exclusion test (Sigma) and seeded on the basis of 10 000 cells per well in 96 well-

plates (Greiner) treated with poly-L-lysine. The plates are maintained at 37°C in a 

5 humidified incubator, in an atmosphere of air (95%)-C02 (5%). Half of the standard 

neuronal culture medium is changed every other day. The cultures are maintained in 

standard neurobasal medium for 7 days to allow Schwann cells to populate the sensory 

neuron neurites. On day 7, the cultures are fed with standard neuronal medium 

supplemented or not with 50 ug/ml ascorbic acid in order to initiate basal lamina 

10 formation and myelination. 

2.1.3. Drug incubation 

On day 7, the following test compounds (alone or in combination) are added in the 

medium with 50 p,g/ml ascorbic acid: 

15 • (RS)-baclofen 

• naltrexone 

• D-sorbitol 

• Mix7= the combination of the 3 individual compounds. 

These compounds or compound combination are tested at the following concentrations 

20 (Table 2): 
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Dose 1 Dose 2 Dose 3 Dose 4 Dose 5 Dose 6 Dose 7 

Individual 

drugs 

naltrexone 5|oM l|iM 200nM 40nM 8nM 1.6nM 320pM 

Individual 

drugs 
D-sorbitol 500|iM 100|oM 20|oM 4|oM 800nM 160nM 32nM Individual 

drugs 
(RS)-

baclofen 
5|oM l|iM 200nM 40nM 8nM 1.6nM 320pM 

Mix7 

naltrexone 5|oM l|iM 200nM 40nM 8nM 1.6nM 320pM 

Mix7 D-sorbitol 500 |iM 100|oM 20|oM 4|oM 800nM 160nM 32nM Mix7 

(RS)-

baclofen 
5|oM l|iM 200nM 40nM 8nM 1.6nM 320pM 

Table 2: Concentration of individual drugs or in combination used for in vitro studies of 

MBP expression in TG DRG/SC co-cultures. 
5 

The test compounds are incubated for 5 different times: 5,9, 10, 11 and 13 days. 

Three separate and independent cultures of DRG (from TG embryos male rats) are 

done. These conditions are assessed in presence of ascorbic acid, 6 wells per condition. 

The solution ready to use of all test compounds are extemporaneously prepared from a 

10 stock solution, stored at -20°C. This solution is prepared once a week. Half of the 

standard neuronal medium supplemented with test compounds and ascorbic acid (each 

at the concentration IX) are changed every other day. 

2.1.4 Staining protocol 

15 After 5, 9, 10, 11 and 13 days of incubation, cells are fixed by a cold solution of ethanol 

(95%) and acetic acid (5%) for 10 min. The cells are permeabilized and blocked with 

PBS containing 0.1% saponin and 10% goat serum for 15 min. Then, the cells are 

incubated with a specific marker of myelin: polyclonal antibody anti-myelin basic 

protein (MBP) antibody (Sigma 118K0431). 
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This antibody is revealed with Alexa Fluor 568 goat anti-rabbit IgG and Alexa Fluor 

488 goat anti-mouse IgG (Molecular probe 687621, 623962). Nuclei of neurons are 

labeled by a fluorescent marker (Hoechst solution, SIGMA ref B1155). 

5 2.1.5. Data processing 

Per well, 20 pictures are taken using InCell AnalyzerTM 1000 (GE Healthcare) with 

20x magnification. All images are taken in the same conditions. Analysis of total length 

of myelinated axons was automatically done (length and area around axons) using 

Developer software (GE Healthcare). All values will be expressed as mean +/- s.e.mean. 

10 Statistical analyses are done on different conditions (ANOVA followed by Fisher's 

PLSD test when allowed). 

2.2. Results 

Synergistic effect of drugs in the efficacy of Mix7 

15 An important synergistic effect of drugs composing the Mix7 combination is observed 

on MBP expression. Indeed, on day 10 (=17 days of culture), combination of (RS)-

baclofen, naltrexone and D-sorbitol significantly increases MBP expression at doses 1 

and 6 as shown in Figures 1A and 2A. By contrast, the above drugs used individually 

have no substantial effect compared to control (Figures 1B-D and 2B-D). 

20 A significant effect on MBP expression is also recorded after 10 days of incubation at 

doses 2, 3, 4, 5 and 7 of Mix7 (Figure 3A). 

This effect is still observed on day 11 with doses 2-7 (Figure 3B) in form of a clear bell 

shape curve. 

25 

C. Experiments in vivo in CMT animal model 

We tested the compounds for therapeutic effect in a rat model. 

The experimental groups are formed with young rats of both genders separately. The 

30 rats are assigned to the groups following randomization schedule based on the body 

weight. In some experiments the randomization is based on the performances of the rats 



WO 2015/124763 
43 

PCT/EP2015/053700 

in the bar test. Both genders are represented by separate control groups that are 

numerically equal or bigger than the treatment groups. 

The rats are treated chronically with drugs - force fed or injected by Alzet osmotic 

5 subcutaneous pump (DURECT Corporation Cupertino, CA), depending on each drug 

bioavailability during 3 or 6 weeks. In all the in vivo experiments performed, the Mix7 

is administered by gavage. 

The animals are weighted twice a week in order to adjust the doses to growing body 

10 weight. If the osmotic pump is chosen for the treatment administration, the doses of the 

drug are calculated on the basis of the estimated mean body weight of the animals 

expected for their age over the period of the pump duration (6 weeks). The pumps are 

re-implanted if necessary, with the appropriated anesthesia protocol. 

15 Behavioural tests 

Each three or four weeks the animals are subjected to a behavioural test. Each test is 

conducted by the same investigator in the same room and at the same time of the day; 

this homogeneity is maintained throughout entire experiment. All treatments and 

genotype determination are blinded for the investigator. "Bar test" and "Grip strength" 

20 has been mainly used to access the performance throughout study. The schedule of the 

bar test may change as the animal growth (in order to avoid the bias due to the learning, 

for example). 

The assay of the grip strength allows detection of subtle differences in the grip 

25 performance that seems to be composed of the muscle force, sensitivity status (for 

instance, painful tactile feelings may change measured values of the force), behavioural 

component ("motivation"). The values differ between fore and hind limbs and greatly 

depend on the age of the animals. 

30 The grip strength test measures the strength with which an animal holds on to a grip 

with its forepaws or its hindpaws separately. A dynamometer is placed with a grip to 
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measure the strength (Force Gauge FG-5000A). The rat is held by the experimenter in a 

way that it grasps the grip either with its forepaws or with its hind paws and pulls gently 

the rat backwards until it releases the grip. The force measured when the animal releases 

the grip is recorded. 

5 

Two successive trials measuring the forepaws and two successive trials measuring the 

hindpaws strength per animal are processed ; only the maximum score (one for 

forepaws and one for hindpaws) is noticed (in N). 

10 The Bar Test 

The bar test evaluates rats' ability to hold on a fix rod. Pmp22 rats which display 

muscular weakness, exhibit a performance deficit in this test (Sereda et al, 1996). The 

rat is placed on its four paws on the middle of the rod (diameter: 2.5 cm; length: 50 cm; 

30 cm above the table). Trials are performed consecutively; the number and the duration 

15 of trials in our experiments have been depending on batches of the animals. This 

variability in the testing has been introduced in order to determine the schedule 

appropriated to the best detection of the motor deficiency in the CMT rats in the course 

of the experiments. 

20 Performance indices are recorded on each session: 

The number of trials needed to hold for 60 sec (or 30 sec for batch 1, session 1 

and 2) on the rod. 

The time spent on the bar (i.e. the fall latency) in each trial and the average on 

the session. In the experimental procedures where the session ends after the rat 

25 has stayed for a cut-off time, i.e. 30 or 60 s, on the bar, a performance of the cut­

off time (30 s or 60 s) is assigned to trials not completed (e.g.: for batch 8, for an 

animal which stays on the bar less than 10 sec on trials 1, 2 and 3, then for 60 

sec on trials 4 and 5, 60 s is assigned to trials 6 to 10). 

The number of falls. 

30 



WO 2015/124763 
45 

PCT/EP2015/053700 

General health assessment 

Body weights, overt signs (coat appearance, body posture, gait, tremor etc.) of the 

animals are monitored throughout the experiment. The rating scale is used for 

recording: 0= normal, l=abnormal. 

5 

The gait 

Each rat is observed in a novel rat cage (dimensions 55x33x18cm) without litter for five 

minutes. The gait of rats is evaluated with 4 parameters: 

-Score 0: normal gait (fluid) 

10 -Score 1: abnormal gait (not fluid or the rat has a slight limp) 

-Score 2: moderate incapacity (the rat drags one's leg and is able to put it right 

and walk) 

-Score 3: serious incapacity (the rat drags its one's or both hindpaws but is 

unable to put it/them right). 

15 Inclined plane test 

The sliding apparatus had a 30x50 cm Plexiglas plane that could be inclined at an angle 

of 0° (horizontal) to 60°. Each rat was initially placed on the 25°-angled inclined plane 

in the up-headed position (head-up orientation); two trials separated by 1 min are 

performed. 30 min later, the same experiment is realized on a 35°-angled inclined plane 

20 then on 40°-angled inclined plane. During this time the rat was returned to its cage. The 

plane is cleaned after each trial. 

The performances of rats are evaluated by 4 different scores: 

-Score 0: no slide 

-Score 1: a little slide (one or two paws) 

25 -Score 2: a moderate slide (4 paws) but not until the end of the plane 

-Score 3: the rat is sliding until the very bottom of the plane. 

Further tests 

When appropriate, the rats are subjected to electrophysiological evaluation, histological 

30 measurement and the pmp22 RNA expression level in the sciatic nerve is quantified. 



WO 2015/124763 
46 

PCT/EP2015/053700 

Quantification of pmp22 RNA in sciatic nerve by quantitative RT- PCR 

Total RNA was isolated from left sciatic nerves using Qiazol (ref N°79306, Qiagen 

Gmbh, Germany) followed by the single-step purification method with RNeasy Mini 

Kit (ref N° 74106, Qiagen Gmbh, Germany) described by the manufacturer's protocol 

5 (Qiagen-RNeasy Fibrous tissue Handbook). DNA contamination was removed by 

digestion with RNase-free DNase I by use of the DNA-free kit (Qiagen-Rnase-free 

DNase set 1500 Kunits, ref N° 1023460). 

RNA concentrations are estimated by NanoDrop ND-1000 and a test of quality control 

was done by Agilent RNA 6000 nano chips on Agilent 2100 Bioanalyzer. 

10 Reverse transcription and real-time PCR: Quantitative RT-PCR (RT-Q-PCR) was 

performed as follows: 80 ng of total RNA was reverse transcribed using SuperScript™ 

II Reverse Transcriptase (Invitrogen, Carlsbad, CA ) with 01igo(dT)12-18 (Invitrogen, 

Carlsbad, CA ) in a 20-(il reaction volume. 

Real-time PCR was performed with a rapid thermal cycler system (LightCycler® 480 

15 II, 384-Well, Roche, Switzerland). Amplifications are performed in a 1 Oul total volume 

with primers concentration optimized between 130nM and 1 uM. Primers and template 

are supplemented with LightCycler® 480 SYBR Green I Master (2x conc. Roche,Cat. 

Ref N° 04 887 352 001). Nucleotides, MgCL2, Taq DNA polymerase and buffer are 

included in the mix. An amplification protocol incorporated an initial incubation at 

20 95°C for lOmin for the activation of Taq DNA polymerase followed by 45 cycles, with 

a 95°C denaturation for 10s, 60°C annealing for 40s and 72°C extension for 10s 

(detection of the fluorescent product was performed at the end of the 72°C extension 

period by a single acquisition mode) and ended by a cycle of melting curve with 95°C 

denaturation for 5s, 63°C annealing for 60s and 95°C (from 63°C to 95°C the ramp rate 

25 is 0.11°C/s and detection of the fluorescent product was continuous). To confirm the 

amplification specificity, the PCR product from each primer pair was subjected to a 

melting curve analysis. Relative quantification was performed based on the crossing 

point (Cp value) for each of the PCR samples. The point at which the fluorescence of a 

sample rises above the background fluorescence is called the "crossing point (Cp) of the 

30 sample. Rattus norvegicus Myelin Protein Zero (MPZ) gene was used for normalization 



WO 2015/124763 
47 

PCT/EP2015/053700 

(Sereda et al., 2006). The sequences of the primers (synthesized by Euro fins MWG 

Operon, Germany) used for the RT-Q-PCR analysis are: 

PMP22 - forward: 5'-TGTACCACATCCGCCTTGG-3' (SEQ ID NO: 11) and 

PMP22 - reverse: 5'-GAGCTGGCAGAAGAACAGGAAC-3' (SEQ ID NO: 12). 

5 MPZ-forward: 5'-TGTTGCTGCTGTTGCTCTTC-3' (SEQ ID NO: 13) and 

MPZ-reverse: 5'-TTGTGAAATTTCCCCTTCTCC-3' (SEQ ID NO: 14). 

Results 

10 Mixl composition improves bar test performances throughout the treatment procedure 

(Fig 4). 

Mixl improves the gait score of transgenic rats after 3 and 6 weeks of treatment as 

shown in figure 5. 

15 

Mixl increases the performances of transgenic rats after 3, 6, 9 and 12 weeks of 

treatment in the inclined plane test at 25° described in the figure 6. 

Figure 7 illustrates the positive effect of Mix2 on gait score of transgenic rats at 25, 35 

20 and 40° in the inclined plane test. 

Mix7 (dose 3) significantly decreases the pmp22 RNA gene expression in the sciatic 

nerve of pmp22 transgenic rats (Figure 9). 

25 The performances of pmp22 rats treated with Mix7 (dose 2 and dose 3) are improved in 

the inclined plane test at 35° (Figure 10). More specifically, 29 and 33% of rats belong 

to the good performance group, compared to 5% for TG placebo group, and 29 and 11% 

of rats belong to the poor performance group compared to 60% for the TG placebo 

group. P-value (versus the TG placebo) is equal to 0.0152 for the TG rats treated with 

30 Mix7-dose 2 and p-value is equal to 0.002 for the TG rats treated with Mix7-dose 3 

versus the TG placebo). 
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Mix7-dose 3 significantly increases the fall latency time of pmp22 rats in bar test after 9 

weeks of treatment (Figure 11): black dashed line, p=4.56 10-2, n=18. Significant 

difference between TG placebo rats (black plain line, n=20) and WT placebo rats (grey 

plain line, p=3.82 10-7, n=18) is also observed. 

5 

The Figure 12 illustrates the improvement of grip strength of the pmp22 rats treated 

with the Mix7-dose 3. 

The Figure 13 shows the significant correlation between the bar test latency time (after 

10 9 weeks of treatment with the Mix7-dose 3) and the expression level of pmp22 RNA. 

The Figure 14 displays the significant correlation between the bar test latency time after 

9 weeks of treatment with Mix7-dose 3 and the conduction velocity of the sensitive 

nerve (tail). 

15 Similar results are obtained for other combinations (see Table 3). 

Table 3 
Combination PMP22 rat disease phenotype 

Mixl improvement 
Mix2 improvement 
Mix3 improvement 
Mix4 improvement 
Mix5 improvement 
Mix6 improvement 

These data show that, in vivo, the combinations and regimens of this invention allow 

20 effective treatment of CMT. 
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D. In vivo effect in a model of toxic neuropathy 

The drug treatments or regimens are orally administered from the day before the first 

intraperitoneal injection of oxaliplatin 3mg/kg (D -1) until the day before the last testing 

5 day (D16). Animals belonging to the oxaliplatin-treated group are dosed daily with 

distilled water (10 ml/kg). Animals are dosed with the tested treatment and distilled 

water daily during the morning whereas oxaliplatin is administered on the afternoon. 

During the testing days (i.e. Dl, D4, D10), the treatment and distilled water are 

10 administered after the test. Regarding the testing day (D4), including compounds and 

vehicle administrations and oxaliplatin injection, the treatment and distilled water are 

administered prior to the injection of oxaliplatin after the test. Animals from the 

reference-treated group are dosed only during the testing days (i.e. Dl, D4, D10 and 

D17). 

15 

Cold allodynia is assessed by measuring the responses to thermal non-nociceptive 

stimulation (acetone test) on Dl (around 24h after the first injection of oxaliplatin 3 

mg/kg (acute effect of oxaliplatin), on D4, D10 and (chronic effect of oxaliplatin) and 

on D17 (residual effect of oxaliplatin one week after completion of treatment). 

20 

Testing is done using the acetone test 2h post-administration of the reference. The 

reference substance is gabapentin, 100 mg/kg, per os (once a day x 4 testing days). 

Acetone test 

25 Cold allodynia is assessed using the acetone test. In this test, latency of hindpaw 

withdrawal is measured after application of a drop of acetone to the plantar surface of 

both hindpaws (reaction time) and the intensity of the response is scored (cold score). 

Reaction time to the cooling effect of acetone is measured within 20 sec (cut-off) after 

30 acetone application. Responses to acetone are also graded to the following 4-point scale: 



WO 2015/124763 
50 

PCT/EP2015/053700 

0 (no response); 1 (quick withdrawal, flick of the paw); 2 (prolonged withdrawal or 

marked flicking of the paw); 3 (repeated flicking of the paw with licking or biting). 

Six trials by rat are performed. For each experimental group, the results are expressed as 

5 the cumulative cold score defined as the sum of the 6 scores for each rat together ± 

SEM. The minimum score being 0 (no response to any of the 6 trials) and the maximum 

possible score being 18 (repeated flicking and licking or biting of paws on each of the 

six trials). 

10 gabapentin source: Zhejiang Chiral Medicine Chemicals, China 

oxaliplatin source: Sigma, France 

The results are depicted on Figure 8. They clearly show a protective effect of the 

composition of this invention on oxaliplatin-induced neuropathy. 

15 

E. In vivo effect in a model of ALS 

Animal model 

We have chosen the S0D1G93A rat model (generated by Howland et al) to mimic the 

20 Amyotrophic Lateral Sclerosis pathology. This model overexpresses the mutated SOD1 

gene in spinal cord, many brain regions as well as peripheral tissues. The onset of the 

motor neuron disease of this model is about at 115 days; it appears as hind limb 

abnormal gait. In few days, the paralysis of hind limb arises. 

25 Experimental procedures 

We obtained colonies by crossing breeder S0D1G93A rats with Sprague Dawley female 

rats. Heterozygous S0D1G93A rats are identified with polymerase chain reaction (PCR) 

of tail DNA with primers specific for hSODl [1], Animals are maintained in a room 

with controlled illumination (lights on 0500-1900 h) and temperature (23±1°C), and 

30 given free access to food and water. All the animal procedures in the present study are 

carried out in accordance with the guidelines standards of animal care. 
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Body weight measurement was performed every week and behavioural tests began at an 

age of 60 days and continued until endpoint. The treatments are administered every day 

per oral or subcutaneous way from the age of 5 weeks. 

5 1. Observation test: characterization of the general aspect 

Each rat was observed in a novel rat cage (dimensions 55x33x18cm) without litter for 

five minutes. Five different parameters are recorded: 

The gait 

score 0: normal gait (fluid) 

10 - score 1: abnormal gait (not fluid or the rat has a slight limp) 

score 2: moderate incapacity (the rat drags one's leg and is able to put it right 

and walk) 

score 3: serious incapacity (the rat drags its one's or both hindpaws but is unable 

to put it/them right) 

15 The coat aspect 

score 0: clean and silky coat 

score 1: piloerection or dirty coat 

The tremor 

score 0: no tremor 

20 - score 1: tremor 

The body position 

score 0: normal 

score 1: abnormal (flattened or archering its back) 

The hindpaws position 

25 - score 0: normal 

score 1: spread hindpaws 

2. The motor score test: characterization of the motor deficit 

This test evaluates the ability of rats to right themselves within 30 sec of being turned 

30 on either side (righting reflex) (Gale et al.). 
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A non-parametrical scoring system was used following these criteria (Matsumoto et al., 

Thonhoff et al.): 

- score 0: the rat is unable to right itself from either side within 30 sec 

- score 1: the rat is unable to right itself from only one side within 30 sec 

5 - score 2: the rat is able to right itself from both sides within 30 sec but is unable to 

stand in the cage; it is always dragging some parts of body 

- score 3: the rat is able to right itself from both sides within 30 sec, is unable to stand in 

the cage but is not dragging some parts of body 

- score 4: the rat is able to right itself from both sides within 30 sec, is able to stand in 

10 the cage but has visible functional deficits 

- score 5: the rat is able to right itself from both sides within 30 sec, is able to stand in 

the cage and no visible functional deficits. 

The end-point of disease is fixed at score 0; the rat is then euthanized. 

15 

3. Inclined plane test: characterization of the motor deficit 

The sliding apparatus had a 3 0x5 0cm plexiglas plane that could be inclined at an angle 

of 0° (horizontal) to 60°. Each rat was initially placed on the 25°-angled inclined plane 

in the up-headed position (head-up orientation); two trials separated by 1 min are 

20 performed. 30 min later, the same experiment is realized on a 35°-angled inclined plane 

then on 40°-angled inclined plane. During this time the rat was returned to its cage. The 

plane is cleaned after each trial. 

The performances of rats are evaluated by 4 different scores: 

-score 0: no slide 

25 -score 1: a little slide (one or two paws) 

-score 2: a moderate slide (4 paws) but not until the end of the plane 

-score 3: the rat is sliding until the very bottom of the plane. 

4. The wire mesh test: characterization of the motor ability in difficult situation 

30 A wire mesh was placed in contact with a box at the top (at an angle of 70°) and the 

edge of a table at the bottom. Each rat was placed on the bottom of the wire mesh and 
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motivated to ascend by placing their littermates in the box at the top. Each rat was 

trained once a week (3 trials). 

The recorded parameter was the latency time to reach the top of the wire mesh. 

5 5. The open field test : characterization of the locomotor activity 

The locomotor activity was measured in a Plexiglas box (45x45x30 cm, Acti-Track by 

BIOSEB, Lyon, France) with 16 photo-cell beams following the two axes, 1 and 5 cm 

above the floor. 

The spontaneous and exploratory activity of each rat was evaluated during 3 hours. 

10 4 parameters are recorded (the total travelled distance, the number of rearings, the 

percentage of travelled distance and of time spent in the center of the openfield). 

F. In vivo effect in a model of mechanical neuronal insults-Sciatic nerve Crush. 

Sciatic nerve crush is widely accepted as a valid model for the assessment of nerve 

15 regeneration. In this model, nerve damage results in a rapid disruption of nerve function 

as evidenced by the measure of the evoked muscle action potentials (CMAPs) generated 

through the stimulation of the injured sciatic nerve. 

Nerve injury is characterized by a lower nerve conduction of the signal that results in an 

increased latency in generation of CMAP and in an impaired strength of action potential 

20 resulting in a decreased amplitude and duration. This results in a marked gait 

dysfunction. 

1. Nerve crush 

CD-I mice (Charles River, non-diseased animals) were anesthetized using isoflurane 

(2.5-3% in air). The right thigh was shaved and the sciatic nerve was exposed at mid-

25 thigh level (5 mm proximal to the bifurcation of the sciatic nerve) and crushed for 10s 

twice with a microforceps (Holtex, P35311) with a 90° rotation between each crush. For 

sham operated animals, sciatic nerves were exposed but not crushed. Finally, the skin 

incision was secured with wound clips. First administration of Mix7-dose 3 was 

performed 30 min after the crush. From the day 1 to day 42, administration was 

30 performed once daily. On test days, mice were treated (10 ml/kg) 1.5 h before CMAP 
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recording. For weigh bearing experiments, animals were dosed with mix7, baclofen 

600|ig/kg, naltrexone 70[ig/kg, D-sorbitol 21mg/kg and the test was performed on day 

13. 

2. Electrophysiological measures 

5 Electrophysiological recordings were performed 30 days after the crush using a 

Keypoint electromyograph (EMG) (Medtronic, France). Mice were anaesthetized by 

2.5-3% isoflurane and subcutaneous monopolar needle electrodes were used for both 

stimulation and recording. Supramaximal (12.8 mA) square waves pulses of 0.2 ms 

were delivered to stimulate the sciatic nerve (proximal side of crush). The right sciatic 

10 nerve (ipsilateral) was stimulated with single pulse applied at the sciatic notch. CMAP 

was recorded by needle electrodes placed at the gastrocnemius muscle. The amplitude 

(uV) of the action potential, which reflects the level of denervation and of reinervation 

of muscles, was determined (Figure 15, panel A). 

3. Morphometric analyses 

15 Forty two days after the crush, the tibial nerve was taken out of 6 mice per group 

(described above) to perform a morphometric analysis as follows: composite image of 

the entire nerve section of each sample was obtained using an optical microscope 

(Nikon optiphot-2) equipped with a digital camera (Nikon DS-Fil). Morphometric 

analyses were performed with digital images using Image-Pro Plus software (Media 

20 Cybernetics Inc., USA), which computes the axonal and myelin pixel sizes after 

individualization of each myelinated fibre via the grey level of toluidine blue-stained 

myelin sheath. This allowed the determination of axon calibre (Figure 15, panel B) and 

the G-ratio which is the ratio between the inner axonal diameter and the outer diameter 

of the neuronal fiber (i.e. axon+myelin thickness). The balance between the g-ratio and 

25 the axon diameter is indicative of the myelination of neurons (Figure 15, panel C). 

4. Hind limb Weight bearing 

Animals (CD1 mice) weight distribution on the four limbs was assessed on day 13 using 

the dynamic weight bearing test (BioSeb, France). This disability test consists in a 

continuous measurement of all pressure points applied by a freely moving animal, 
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allowing a quantitative evaluation of the weight imbalance caused by the nerve injury. 

Each mouse was placed in an 1 lxl 1x22 cm cage with a 44x44 sensor cells grid on the 

floor. The pressure applied on sensor cells by animal's paws was recorded at a 10 Hz 

frequency over a 5 min period. Pressure and surface detection thresholds were 

5 determined automatically for each animal by the Dynamic weight bearing 1.3.2 h 

software (Bioseb, France). After the manual attribution of each pressure point to the 

corresponding paw, the mean weight applied on each paw was calculated for surface 

ratio. Unilateral gait dysfunction was finally evaluated through the ipsi/contralateral 

hind paw weight and surface ratio (Figure 17, panel A). 

10 5. Results 

A significant improvement of CMAP amplitude (around 84%, Figure 15, panel A) is 

noticed when compared to the crushed non-treated animals and this as early as 3 weeks 

of treatment, thereby showing an accelerated functional restoration of the nerves. 

Morphometric analysis also shows a significant increase of axon calibre (around 30% 

15 after 6 weeks of treatment, Figure 15, panel B), which the signature of nerve growth 

promotion. Such an improvement in morphological and electrophysiological features of 

the nerves characterizes a nerve regeneration which is triggered by mix7. 

A normalisation of axon myelination is also observed upon treatment with composition 

of the invention. A normal myelination state is characterized by an almost uniform 

20 myelination of axons, which is characterized by a constant G-ratio regardless the 

diameter of the axon (Figure 15, panel C, black horizontal line). Nerve injury by a crush 

as mentioned above results in a significant disturbance of myelination of axons. Forty 

two days from a crush, an hypermyelination of small axons (low diameter) together 

with an hypomyelination of large axons are noticed when compared to the sham 

25 animals; which results by a positively correlation between G-ratio and axon diameter 

(Figure 15, panel C, black dotted line with a positive slope). 

Upon treatment with Mix7, a normalization of axon myelinisation is observed 42 days 

from the crush (Figure 15, panel C, grey line) which is illustrated by a distribution of G-

ratio according to the axon diameter showing an intermediate slope when compared to 

30 the sham animals (black line) and to the non-treated crushed-animals (dotted black line). 
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These results underline the high potential of the compositions of the invention in 

improving and/or accelerating recovery from a neuronal insult, by acting on the myelin 

sheaths (for the myelinated neurones) or the electrophysiological functions and/or the 

integrity of the axons. 

5 

As shown in Figure 17 (panel B), Mix 7 is also efficient in restoring the functional 

behaviour of crushed mice whereas drugs alone do not show any effect on motor 

disability induced by nerve crush (panels C, D, E), thereby underlining the particular 

efficiency of the baclofen-sorbitol-naltrexone combination therapy. 

10 

Hence, compositions of the invention are particularly efficient in correcting nerve 

injuries through the promotion of nerve regeneration. 

G. In vivo effect of composition of the invention assessed in a clinical trial. 

15 Positive effects of compositions of the invention on CMT disease were confirmed 

clinical trials registered as EudraCT 2010-023097-40 and as NCT10401257 in the 

ClinicalTrials.gov database. This trial was one year, a double-blind, randomized, 

placebo-controlled phase-2 study. 

20 The primary objective of the study was to evaluate the safety and tolerability of Mix7 in 

patient suffering from CMT disease. The secondary objectives aimed at an exploratory 

analysis of Mix7 efficacy to be used for organization of further studies in patients. 

1. Methods 

25 Patients, randomization and blinding 

Potentially eligible subjects were evaluated at screening visits that included notably 

confirmation of CMT1A genotyping, recording of the Charcot-Marie-Tooth Neuropathy 

Score (CMTNS, Shy et al., 2005), Overall Neuropathy Limitations Scale (ONLS, 

Graham et al., 2006) to ascertain CMT1A diagnosis. 
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Female and male patients, aged 18-65 years, diagnosed with CMT1A according to 

clinical examination and confirmation by genotyping, weakness in at least foot 

dorsiflexion, and a Charcot Marie Tooth neuropathy score (CMTNS) of < 20 were 

randomly assigned in a 1:1:1:1 ratio to receive daily for one year Placebo or Mix7 

5 ((RS)-baclofen: 6 mg/day, naltrexone: 0.7 mg/day, D-sorbitol: 210 mg/day). A 

randomization block scheme was used, stratified by study centre. All investigators and 

patients were unaware of the treatment allocation. 

Safety, tolerability. compliance 

10 Safety of mix during the study including the 1-month follow-up visit after the last day 

of Mix7 administration was monitored based on adverse events reports from patients 

and laboratory tests. Compliance was monitored at each visit (1,3,9 and 12 months) by 

returned empty bottle count and volume measurement. Mean (SD) duration of exposure 

overall was 11.69 (1.53) months and was similar among the groups, and mean (SD) 

15 compliance with study drug was 97.3 (9.41)%. 

Electrophysiology assays 

Nerve conduction studies were performed using standard techniques at skin temperature 

of 32°C. Both sensory and motor functions were assayed on median and ulnar nerves of 

20 the non-dominant upper limb. 

For motor parameters (amplitude of Compound Muscle Action Potential (CMAP, in 

millivolt) and distal motor latency (DML, in millisecond)), the median nerve was 

stimulated at the wrist, antecubital fossa and responses were recorded over the abductor 

pollicis brevis. The ulnar nerve was stimulated at the wrist and below the elbow, and 

25 responses were recorded over the abductor digiti minimi. 

For sensory parameters (amplitude of Sensory Nerve Action Potential (SNAP, in 

millivolt) and Sensory Conduction Velocity (SCV, in meter per second), an antidromic 

method was used and nerves were stimulated by ring electrodes placed at the wrist. For 

the median nerve, the active electrode was placed at the basis of the second digit and the 

30 reference electrode between the fourth and the fifth metacarpals of the second digit. For 
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the ulnar nerve, the active electrode was placed at the basis of the fifth digit and the 

reference electrode between the fourth and the fifth metacarpals of the fifth digit. 

The Charcot-Marie-Tooth Neuropathy Score (CMTNS) 

5 CMTNS was proposed and validated by Shy et al (2005) to provide a single and reliable 

measure of CMT severity22. It is currently the sole CMT-specific outcome measure 

(although not specific to CMT1A). CMTNS is a 36-point scale based on 9 items 

comprising 5 of impairment (sensory symptoms, pin sensibility, vibration, strength arms 

and legs), 2 of activity limitations (motor symptoms arms and legs) and 2 of 

10 Electrophysiology (amplitudes of ulnar CMAP and SNAP). Higher scores indicate 

worsening function, and the score categorizes disability as mild (0-10), moderate (11-

20) and severe (21-36). 

The Overall Neuropathy Limitations Scale (ONLS) 

15 ONLS was derived and improved from the ODSS by Graham and Hughes (2006) to 

measure limitations in the everyday activities of the upper limbs (rated on 5 points) and 

the lower limbs (rated on 7 points)23. The total score goes from 0 (= no disability) to 12 

(= maximum disability). Although the functioning of patients with peripheral 

neuropathy may be influenced by other factors in addition to their physical capacity, 

20 ONLS measures the perceived ability of the patient to move and fulfil normal life, and 

thus is expected to be associated with Quality of Life. 

Statistical analyses 

Statistical analyses were performed with R version 3.0.1 or later (http://cran.r-

25 project.org). Data distribution and within-group variation were preliminary assessed in 

order to guide the methodological choices (Markowski et al., 1990; Sawilowski & 

Blair; Vickers, 2005). Assuming data as Missing At Random (MAR, Little & Rubin, 

2002), missing data imputation was performed by mixed model approach considered the 

most appropriate technique for intent to treat longitudinal studies (Chakraborty & Gu, 

30 2009). Results without missing data imputation were compared for sensitivity purposes. 

Statistical tests were conducted at a 5% significance level. 
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Population analysis 

All the analyses were conducted on the Full Analysis Set on an intent to treat basis, by 

including all the randomized patients known to have taken at least one dose of the Mix7 

and provided at least one post-baseline efficacy measurement. 

5 Baseline analysis 

Patient characteristics at baseline were descriptively compared between groups, and 

tested by Fisher's exact test or Analysis Of Variance (ANOVA). 

Safety and tolerability analysis 

10 Safety and tolerability analyses were based on the reported treatment-emergent adverse 

events and other safety information (laboratory tests, vital signs, and ECG). The 

incidence of treatment-emergent adverse events (TEAEs) was descriptively compared 

between groups and tested by a Fisher's Exact Test. 

15 Efficacy analysis 

Differences between groups were assessed by Analysis of Covariance (ANCOVA) on 

log-transformed values by adjusting for baseline values. Estimates were provided as 

mean percentage change over baseline. This analysis was performed independently on 

the different efficacy outcomes. Due to outcome multiplicity, the significance of the 

20 treatment effect on the two main outcomes CMTNS and ONLS was tested by O'Brien's 

OLS test (O'Brien, 1984; Logan & Tamhane, 2006). This analysis was repeated for the 

other efficacy outcomes (DML, SCV). Therapy responders were defined as patients 

who were not deteriorated during the 12-month treatment. The deterioration was 

evaluated by the percentage of change from baseline averaged over the CMTNS and 

25 ONLS. The proportions of responders in each group were compared using a Logistic 

Regression model. Relative Risks were deduced from Odds-Ratio estimates36. 

Statistical tests for efficacy analysis were one-tailed. The one-tailed approach was 

justified on clinical grounds (the unlikely deleterious hypothesis both on efficacy or 

safety due to extremely low dosages of compounds commercially used on much higher 

30 dosages) and statistical efficiency (Lewis et al., 2013; Parikh et al., 2011; De Jager et 

al., 2010). 
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2. Results 

Safety and tolerability 

Safety and tolerability results of Mix7 were good, since the intake of the treatment did 

not indicate any influence on the results of vital signs (blood pressure, heart rate and 

5 weight), electrocardiogram measurements and laboratory abnormalities (biochemistry 

and haematology). There was no significant difference in the incidence of treatment-

emergent adverse events between placebo and Mix7 group (47% and 31%, 

respectively). Further, most of the treatment-emergent adverse events were mild and 

benign. 

10 

Efficacy 

Treatment with Mix7 leads to an improvement in CMTNS (Table 4, trend, P < 0.20) 

compared to placebo group. ONLS score was also improved in the Mix7 group 

compared to placebo (Table 4, 14.4% improvement, P < 0.05). Indeed, whereas ONLS 

15 score was decreased in placebo after one year (Figure 16, dashed line), it was 

significantly increased in Mix7 treated group (Figure 16, solid line). The improvement 

on patient global condition scores is confirmed when considering the improvement of 

CMTNS and ONLS in Mix7 group compared to placebo, through the significance of the 

O'Brien's OLS (P < 0.05). 

20 Interestingly, myelin function showed also an improvement in Mix7 group when 

compared to placebo as assessed by sensory conduction velocity and motor distal 

latency. Distal Motor Latency (DML) was significantly decreased in Mix7 group when 

compared to placebo (Table 4, 8%, P < 0.05), and Sensory Conduction Velocity (SCV) 

was significantly increase in Mix7 group when compared to placebo (Table 4, 26.6%, P 

25 < 0.001). These results are consistent with the impact of Mix7 on Schwann cells 

functions and do sustain the efficiency of the compositions of the invention in 

regeneration of the nerve fibres, as observed in the above in vitro and in vivo pre­

clinical studies. 

30 
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Table 4: Placebo versus treatment mean percentages of improvement 

in four tests (mean ± S.D). 

mean % of improvement 

Placebo 

n = 19 

Mix7 

n = 19 
P-value 

CMTNS 2.6 ± 17.5 7.7 ± 18.4 0.16 

ONLS -5.3 ± 19.3 12.3 ±28.4 0.043 

DML (ms) 0.4 ±8.8 8.4 ±21.7 0.038 

SCY (m/s) 3.4 ± 11.0 30.5 ± 10.0 0.00037 

5 Finally, the proportion of therapy responders, defined as patients not deteriorated during 

the 12-monthes treatment, was significantly higher in Mix7 group (79%, Relative Risk 

1.66, P = 0.01). 

Table 5: Placebo versus Mix7 group responders. The number of patients is followed by 

10 the corresponding percentage into brackets. Relative Risk is followed by the interval 

range. 

Placebo Mix7 Mix7 

n = 19 n = 19 versus Placebo 

Responders 10 (52%) 15 (79%) 
Relative Risk P-value 

Responders 10 (52%) 15 (79%) 
1.5 (1.03;1.77) 0.047 

By considering the baseline characteristics (recorded at the beginning of the study) 

between responders and non-responders, it appeared that the responders were globally 

15 less severely affected by the disease. Not only useful in slowing down the progression 

of the disease in patients at an advanced stage of the disease, the compositions of the 

invention could be expected to have a particular interest for slowing down the disease in 

patients weakly affected or at an early stage of the disease such as children. 
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Claims 

1. A composition comprising baclofen, sorbitol and a compound selected from 

pilocarpine, methimazole, mifepristone, naltrexone, rapamycin, flurbiprofen, or 

5 ketoprofen, or salts, enantiomers, racemates or prodrugs thereof, for use in 

promoting or improving nerve regeneration in a subject suffering from a 

traumatic neuropathy or a mechanical neuronal insult. 

2. The composition for use of claim 1, wherein the composition comprises 

10 baclofen, D-sorbitol and naltrexone, or salts, enantiomers, racemates or prodrugs 

thereof. 

3. The composition for use of claim 1 or 2, further comprising a pharmaceutically 

suitable excipient or carrier. 

15 

4. The composition for use of anyone of claims 1 to 3, wherein the compounds are 

formulated with a drug eluting polymer, a bio molecule, a micelle or liposome-

forming lipids or oil in water emulsions, or pegylated or solid nanoparticles or 

microparticles for oral or parenteral or intrathecal administration. 

20 
5. The composition for use of anyone of the preceding claims, wherein the 

compounds are administered together or separately, simultaneously or 

sequentially. 

25 6. The composition for use of anyone of claims 1 to 5, wherein improving nerve 

regeneration comprises improving or accelerating recovery from said neuronal 

insult or traumatic neuropathy. 

7. The composition for use of anyone of claims 1 to 5, wherein improving nerve 

30 regeneration comprises improving nerve myelination or restoring, at least 

partially, axon morphology, axon growth or electrophysiological functions. 
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8. The composition for use of anyone of claims 1 to 7, wherein the mechanical 

neuronal insult is neurapraxia, axonometsis, or neurotmesis. 

9. The composition for use of anyone of claims 1 to 7, wherein the mechanical 

neuronal insult consists in traumatic brain injury, spinal cord injury, or a 

mechanical injury of peripheral nerves. 


