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BACKGROUND 
Mutations in the dystrophin gene lead to severe Duchenne muscular dystrophy (DMD) in humans 
and to dystrophic conditions in animals such as the mdx mouse model [1]. 
Significant progresses have been made in enhancing dystrophin by correcting or replacing the 
defective gene, however these approaches have limited efficacy and are often mutation-specific 
[2]. An intense research is ongoing to identify small molecules, potentially helpful for all DMD 
boys, that contrast pathology progression by targeting pathology-related events downstream of 
the main defect, with less side effects with respect to clinically used steroids. 
The absence of dystrophin and the consequent disassembling of the dystrophin-glycoprotein 
complex (DGC), causes progressive muscle degeneration and aberrant signaling during contraction 
[3]. A first consequence of the dystrophin absence is the disorganization of the DGC with reduction 
of β-dystroglycan (β-DG). In particular, β-DG, through association with intracellular partners, such 
as AMP kinase, is involved in the signal transduction process that ensures adequate metabolic 
response to contractile stress [4]. In the absence of dystrophin a critical Tyrosine (Tyr892) residue 
of β-DG is exposed and phosphorylated by a member of cSrc tyrosine kinase (TK) family, leading to 
its internalization and degradation by proteasome [5]. This process could be amplified by the 
overactivity of Src TK, a redox-sensitive protein, due to NADPH oxidase-related oxidative stress, a 
primary pathological event in dystrophic myofibers [6,7]. Recently we have shown that Src TK are 
overexpressed in dystrophin-deficient muscles and can be overactive due to excessive production 
of reactive oxygen species (ROS) [6,8,9]. In fact, Src TKs are activated by ROS via thiol oxidation, 
and play a critical role in ROS-mediated cellular signaling such as cell survival and growth, 
metabolism, inflammation, autophagy and, in turn, in reinforcing oxidative stress [6,10]. Previous 
studies have suggested that reduction of Tyr phosphorylation in mdx mouse by crossing it with a 
knock-in mouse having a Phenylalanine replacing Tyr 892, restores β-DG and other DGC proteins, 
with an amelioration of DMD pathology [11]. In addition, a similar rescue of β-DG and DGC 
components has been observed in both mdx mice that lack dystrophin and in muscle explants 
from DMD patients after inhibition of the proteasome [12, 13]. These evidences reinforce the 
interest of Src TK as a druggable target for muscular dystrophy. In fact, the possibility to 
pharmacological inhibition of cSrc TK by small drugs seems a feasible strategy to reduce β-DG 
phosphorylation and to ameliorate the pathology. Inhibitors of Src TKs are currently available for 
cancer therapy. No proof-of-concept preclinical in vivo studies have been performed to assess the 
efficacy of Src TK inhibitors on the pathophysiology of dystrophic mdx mouse model. Therefore, 
the aim of the present project is to determine the efficacy and any potential limitations in the use 
of Src tyrosine kinase inhibitors, to treat DMD by means of proof−of−concept pre−clinical tests in 
mdx mice, the most widely used model for DMD. First, we performed a pilot study to verify the 
efficacy of PP2, a highly selective Src TK inhibitor, in the model of chronically exercised mdx mice, 
currently in use in our laboratories for pre-clinical drug tests [3,7]. The duration of the treatment 
was chosen to be 5-7 weeks to avoid the occurrence of potential toxicity, considering that non 
receptor Src TK plays a vital role in many facets of cell physiology [10] and the lack of information 
about Src TK inhibitors effects in mammalian models for DMD. Efficacy and safety were evaluated 
with a multidisciplinary approach, on a large array of in vivo and ex vivo readout parameters. 
 
METHODS 
All experiments were conducted in conformity with the Italian law for Guidelines for Care and Use 
of Laboratory Animals (D.L. 116/92), and European Directive (2010/63/UE). Most of the 
experimental procedures used respected the standard operating procedures for pre-clinical tests 
in mdx mice available on the TREAT NMD website (http://www.treat-
nmd.eu/research/preclinical/dmd-sops/).  
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In vivo experiments 
Animal groups, treadmill running and drug treatment 
A total of 16 mdx male mice of 4-5 weeks of age (Jackson Laboratories, USA), homogeneous for 
body weight, fore limb force and exercise resistance were used. The mice, either vehicle or drug 
treated, underwent a 30 min running on an horizontal treadmill (Columbus Instruments, USA) at 
12 m/min, twice a week (keeping a constant interval of 2–3 days between each trial), for 5–7 
weeks. The exercise protocol facilitates the estimation of drug efficacy on pathology-related 
parameters [14, 15] (http://www.treat-nmd.eu/resources/research-resources/dmd-sops). The 
following groups were used: 8 vehicle-treated mice (1% DMSO, Sigma-Aldrich, Italy) and 8 mice 
treated with 4-Amino-3-(4-chlorophenyl)-1-(t-butyl)-1H-pyrazolo[3,4-d]pyrimidine, 4-Amino-5-(4-
chlorophenyl)-7-(t-butyl)pyrazolo[3,4-d]pyrimidine (PP2) (Sigma-Aldrich, Italy). Dose has been 
chosen based on available pharmacokinetic and experimental data for the use of this drug in 
mouse [16]. Considering the poor bioavailability and its low aqueous solubility, PP2 was dissolved 
in oil depot formulations and was administered three times a week by subcutaneous (s.c.) 
injection. The treatment started one day before the beginning of the exercise protocol, and 
continued until the day of sacrifice. The dose was formulated so to inject 0.1 ml of vehicle/10 g of 
body weight. Vehicle consisted in a 1% DMSO in corn oil solution (Sigma-Aldrich, Italy). Particular 
care in animal handling and environment conditions was used to avoid any animal discomfort and 
stress during injection. A group of age-matched male wild-type mice (C57BL/10; n=6) was 
monitored at the same time points of mdx counterparts, according to the experimental need. 
Every week all mice were monitored for body weight and fore-limb force by means of a grip 
strength meter (Columbus Instruments, USA); the end of the 5th week (T5) was considered for 
statistical analysis [14,15]. At T5, as well as at the beginning of the protocol (time 0, T0) an 
exercise resistance test on treadmill was also performed. All mice were made to run on a 
horizontal treadmill for 5 min at 5 m/min, then increasing the speed of 1m/min each minute. The 
total distance run by each mouse until exhaustion was measured. At the end of the 5th week of 
exercise/treatment the ex vivo experiments were also started. Due to the time-consuming nature 
of some of the ex vivo experiments, no more than one-two animals could be sacrificed per day. 
This required to prolong the experimental time window. Thus, the animals continued to be 
exercised/treated until the day of sacrifice but no longer than 7th weeks in total. Due to the 
reduction in the number of animals in each group between the 5th and 7th week, no statistical 
analysis was performed on the body weight and grip strength data collected in this time window 
to verify constant animal state over time. 
 
In Vivo Torque 
In vivo maximal isometric torque of the plantar flexor muscle group was assessed at the various 
time points of chronic exercise. Mice were anaesthetized via inhalation (~4% isoflurane and 1.5% 
O2 l/min), placed on a thermostatically controlled table; anesthesia maintenance was via nose-
cone (~2% isoflurane and 1.5% O2 l/min). The right hindlimb was shaved and aseptically prepared, 
and the foot was placed on the pedal connected to a servomotor (Model 300C-LR; Aurora 
Scientific, Aurora, Ontario, Canada). Contractions were elicited by percutaneous electrical 
stimulation of the sciatic nerve. The nerve was stimulated via needle electrodes (Chalgren 
Enterprises Inc.) connected to a stimulator (Model 701B; Aurora Scientific, Aurora, Ontario, 
Canada) to induce a contraction of the group of plantar flexor muscles. The current was adjusted 
from 30 to 50 mA until maximal isometric torque was achieved. A series of stimulations were then 
performed at increasing frequencies with pulse train of 200 ms and in particular at 1, 10, 20, 40, 
60, 80, 100, 150 Hz. Data were analyzed using Dynamic Muscle Analysis software (DMAv5.1; 

http://www.treat-nmd.eu/resources/research-resources/dmd-sops
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Aurora Scientific) to obtain the torque, that was normalized to mouse body weight. Normalized 
values were used to construct torque-frequency curves. 
 
In vitro studies 
Muscle preparations 
Animals belonging to the different groups were anesthetized with ketamine (100 mg/kg, i.p.) 
combined with xylazine (16 mg/kg, i.p.). If necessary, half the dosage of only ketamine was 
administered to mice to obtain a deep anesthesia. The extensor digitorum longus (EDL) muscle of 
one hind limb were removed and rapidly placed in the recording chambers for isometric and 
eccentric contraction measurements. Gastrocnemius (GC) muscles from one side was removed 
and processed for histological analysis, while contralateral GC and residual left DIA were snap 
frozen in liquid N2 and stored at -80°C until use for molecular biology studies. Tibialis anterior (TA) 
muscles were removed, washed in PBS and rapidly frozen in liquid nitrogen-cooled isopentane for 
future studies. Organs, such as heart, spleen, and kidney were removed and weighed, in order to 
assess any possible drug effect.  
 
Contraction recordings from isolated muscles  
EDL muscle was securely tight at tendon insertion and placed in a muscle chamber containing the 
normal physiological solution with the following composition (in mM): NaCl 148; KCl 4.5; CaCl2 2.0; 
MgCl2 1.0; NaHCO3 12.0; NaH2PO4 0.44 and glucose 5.55, continuously gassed with 95% O2 and 5% 
CO2 (pH = 7.2-7.4), at constant temperature (27 ± 1°C). The EDL muscle was connected by one 
tendon at the dual-mode muscle lever-system transducer (300C dual mode transducer, Aurora 
Scientific, ON; Canada).  Electrical stimulation field was obtained by two axial platinum electrodes. 
After an equilibration period (30 min), the preparation was stretched to its optimal length (L0; 
measured with an external caliper), i.e. the length producing the maximal twitch to a 0.2 ms 40 V 
pulse. Maximal twitch tension was evaluated as the mean value from 5 single twitches elicited by 
pulses of 40 V and 0.2 ms (every 30 s). Tetanic contraction was elicited by applying a 350 ms of 0.2 
ms pulses at increasing frequencies (10-140 Hz), until maximal tension was recorded (usually at 
100-140 Hz). A series of 10 eccentric contractions were elicited, each separated by 30s. Muscles 
were stimulated at 120 Hz for 500 ms. For each contraction, the initial 300 ms was isometric, and 
then during the last 200 ms, a stretch of 10% L0 at a speed of 1L0 s−1 was imposed. The 
progressive decay in isometric force vs. the initial contraction was measured. Single tetanic 
isometric contractions recorded at 4 and 30 min after the trains were elicited to estimate muscle 
recovery from the eccentric fatigue-induced force drop compared to the tetanic force before the 
eccentric contraction protocol. 
Data were analyzed using Dynamic Muscle Analysis Software v. 3.2 (ASI), to obtain maximal twitch 
and tetanic tensions and contraction kinetics. At the end of the experiments, tendons were 
removed and the muscles were blotted dry and mass determined. Absolute values of tension were 
normalized by cross sectional area according to the equation sP = P/(Mass/Lf*D) where P is 
absolute tension; Mass is the muscle mass; D is the density of skeletal muscle (1.06 g/cm3); Lf was 
determined by multiplying L0 by previously determined muscle length to fiber length ratios, 0.44 
for the EDL [17]. 
 
Quantification of histopathology  
GC muscles was dissected by surrounding tissue and immediately frozen in a slurry of isopentane 
cooled in liquid nitrogen. Frozen sections were cut at eight µm (on a cryostat) and were stained by 
hematoxyl-eosin to calculate the percent of the area of damage (necrosis + non muscle area), the 
presence of inflammatory infiltrates and the percentage of both healthy myofibres with peripheral 
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nuclei (peripherally nucleated fibers). Morphometric analysis was performed on ten cross-sections 
from each experimental group by means of at least three animals per group, by using an Image 
Analysis software (Olympus Italia, Rozzano, Italy) [17,18]. 
 
Blood samplings 
Blood was obtained from cardiac puncture of left ventricular camera with heparinized syringe and 
collected in heparinized tubes. Plasma samples were obtained after centrifugation for 20 minutes 
at 3700 rpm; then an additional centrifugation step at 11700 rpm for 10 minutes at 4 °C was 
performed for complete platelet removal. Creatine kinase (CK) and lactate dehydrogenase (LDH) 
were determined on the day of plasma preparation. Platelet-poor plasma samples are stored at -
20°C until use for determination of matrix metalloproteinase-9 (MMP-9). All the remaining, serum 
was collected and stored at -20°C for further pharmacokinetic investigation (PP2 plasma level 
etc.). 
 
Determination of CK, LDH and MMP-9 in plasma  
CK and LDH determination was performed by standard spectrophotometric analysis by using 
diagnostic kit (Sentinel, Farmalab – Italy). 
MMP-9 was measured in 20-fold diluted plasma samples by enzyme-linked immunosorbent assay 
(Quantikine® ELISA Mouse Total MMP-9 Immunoassay R&D Biosytems ELISA), according to the 
manufacturer's instructions. The optical density of each well was determined, using a microplate 
reader set to 450 nm (Victor 3V, Perkin Elmer). Standard curve was generated in order to obtain 
MMP-9 levels expressed in ng/mL. 
 
Statistics 
All data is expressed as mean ± standard error of the mean (S.E.M.). Statistical analysis for direct 
comparison between two means was performed by unpaired Student’s t test. Multiple statistical 
comparisons between groups were performed by one-way ANOVA, with Bonferroni's t test post-
hoc correction for allowing a better evaluation of intra- and inter-group variability and avoiding 
false positive. The recovery score by the drug treatment, as percentage of change toward the wt 
value, has been evaluated according to the Standard Operating Procedures described in the Treat-
NMD web site (http://www.treat-nmd.eu/research/preclinical/DMD SOPs) using the following 
equation: Recovery score = [mdx treated] − [mdx untreated] / [wildytpe]− [mdx untreated] × 100. 
 
RESULTS 
Effect of 5-week treatment with PP2 on in vivo forelimb strength, fatigue and torque 
An age-dependent increase in body weight (BW) was observed in all groups during the 5 weeks 
(Fig. 1A). The BW value was higher in mdx (either treated or not) versus wt at T4 and T5 (Fig.1A). 
The in vivo strength (forelimb grip test) also increased age-dependently, with the mdx mice having 
always lower values than wt, as expected (Fig. 1B). In the PP2 treated mdx mice group, an increase 
in forelimb force vs. vehicle treated ones was observed; the increase was significant at T2 
(p<0.005) and T5 (p<0.007) with a recovery score about 48%. To avoid any bias due to individual 
differences in BW, all forelimb strength values were normalized to BW (Fig. 1C). A similar 
protection has been obtained with PP2 on the normalized force. Another index of neuromuscular 
function is the resistance to treadmill exercise, which is representative of the 6-minute walk tested 
used clinically for DMD patients, and is measured as the maximal distance that each mouse is able 
to run in an acute exhaustion test. The test was performed at T0 (data not shown) and at T5. As 
shown in Fig. 1D, the mdx mice groups at T5 maintained a lower running performance, e.g. 
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reduced distance run, with respect to wt mice; a trend of amelioration was observed in PP2 
treated mdx mice (recovery score= 55%; Fig 1D). 
Furthermore, we have measured force torque at T5 in anaesthetized mice (Fig. 2). As can be seen 
the mdx mice, either treated or not, were significantly weaker than wt mice. However, no effect 
was observed on this parameter in mdx mice treated with PP2 (Fig. 2). 
 
Effect of 5-week treatment with PP2 on treatments on muscle force  
The effects of the treatment were evaluated on EDL muscle, a dystrophy-susceptible fast-twitch 
hind limb muscle. As expected, EDL muscles of mdx mice (treated with vehicles) had significantly 
lower values of specific twitch and tetanic force with respect to wt mice (Fig. 3). No significant 
effect of PP2 treatment was observed on both twitch (sPtw) and tetanic (sP0) force of EDL muscle 
(Fig. 3A and 3B). However a trend of amelioration of twitch force was found in PP2-treated mdx 
mice (recovery score= 41%; Fig. 3A). In addition, the analysis of the calcium-dependent 
parameters (ratio sPtw/sP0) indicated no effect of the drug (data not shown). No significant 
protection of PP2 was observed on eccentric contraction force drop (Fig 4) nor on recovery from it 
(data not shown). 
 
Effect of 5-week treatment with PP2 on plasma biomarkers: creatine kinase (CK), lactate 
dehydrogenase (LDH) and matrix metalloproteinase-9  
The high plasma level of CK and LDH in mdx mice are biomarkers of sarcolemmal fragility and 
metabolic sufferance, respectively. No significant amelioration was observed on either CK (Fig 5A) 
or LDH (Fig 5B) as a consequence of PP2 treatment. The plasmatic level of MMP-9 is considered as 
a biomarker of dystrophic pathology [19]. On this biomarker, a trend of amelioration was observed 
in PP2-treated mdx mice, with a percent reduction of about 40% (Fig. 6). 
 
Effect of 5-week treatment with PP2 on weight of organs  
No significant differences were found in the normalized weight of vital organs (liver, kidney, heart 
and spleen), suggesting no gross toxic effects due to the treatment (Fig.7). Similarly, no significant 
differences were found in the normalized weight of EDL muscle between the experimental groups 
(data not shown).  
 
Effect of 5-week treatment with PP2 on muscle histology  
Representative pictures of histology profile of GC muscles in the various experimental conditions are 
shown in Fig.8. GC muscles clearly showed the typical dystrophic features, such as the alteration of the 
muscle architecture, with the presence of area of necrosis, inflammatory infiltrates and non- muscle 
areas, likely due to deposition of fibrotic and adipose tissue. The presence of centronucleated fibers 
index of cyclic degeneration-regeneration events, were also clearly detectable. At a first qualitative 
analysis, it was evident that the typical histopathology signs were still present in the groups of PP2 
treated muscles. However, a trend of amelioration has been observed, with reduced infiltration and 

increase of normal vs. centronucleated myofibers. Morphometric analysis is currently under 

evaluation and will be presented in the final report.  
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Fig. 1 Time-dependent effect of 5-week treatment with PP2 on in vivo parameters of mdx mice.  
 

 

 
 
 
 
 
The figure indicates at various time points, from the beginning (T0) up to 5 weeks of protocol (T5), the in vivo 
parameters of wild type C57BL10 mice (WT), mdx mice treated with vehicle (Mdx + vehicle) and with PP2 5 mg/kg 
(Mdx + PP2). Values are mean ± SEM from 6 to 8 animals per group. For each parameter, the statistical significance 
between groups was evaluated by ANOVA test for multiple comparison (F values) and Bonferroni t-test post-hoc 
correction. In (A), the bars indicate the body weight values (Body weight) in g. A statistical difference was found for 
Body Weight at T4 (F > 26; p<3X10

-6
) and Time 5 (F > 4; p<0.014). Post-hoc Bonferroni t-test is as follows: *significantly 

different with respect to WT mice with 1.4×10
-6

 < p < 0.002. In (B), the bars indicate the maximal forelimb force, in kg. 
All values are statistically different with respect to Wt animals. The ANOVA test indicated a significant difference at T2 
(F > 34; p < 5X10

-6
) and  T5 (F > 17; p < 4.5X10

-5
). Post-hoc Bonferroni t-test is as follows: °significantly different with 

respect to mdx treated with vehicle with p < 0.005. In (C), the normalized forelimb force values (normalized maximal 
strength) were calculated by normalizing, for each mouse, the forelimb strength to the respective body weight. All 
values are statistically different with respect to Wt animals. The ANOVA test indicated a significant difference at T2 (F 
> 27; p < 3X10

-6
) and  T5 (F > 56; p < 1X10

-8
). Post-hoc Bonferroni t-test is as follows: °significantly different with 

respect to mdx treated with vehicle with p < 0.003. In (D), the total distance (in m) run at T5 in an exhaustion test on 
the treadmill is shown. No significant difference among groups was found by ANOVA analysis.  
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Fig. 2 Effect of 5-week treatment with PP2 on in vivo tetanic torque of mdx mice. 
 
 

 
 
The figure shows the isometric tetanic torque values of plantar flexor muscle normalized with respect to mouse body 
weight measured after 5 weeks of treatment for the following groups: wild type C57BL10 mice (wt), Mdx mice treated 
with vehicle (Mdx + vehicle) and with PP2 5 mg/kg (Mdx + PP2). Values are mean ± S.E.M. from 6-8 mice per group of 
torque values at increasing frequencies of stimulation. Significant difference was found by Student’s t-test as follows: 
*significantly different with respect to wt mice with 0.005<p<0.05. 

 

 

 
 
Fig. 3 Effect of 5-week treatment with PP2 on isometric force of EDL muscle of mdx mice.  
 

 

 
 
 
The figures list the following groups: wild type C57BL10 mice (WT), Mdx mice treated with vehicle (Mdx + vehicle) and 
with PP2 5 mg/kg (Mdx + PP2). Effect of drug treatment on isometric contraction on EDL muscle. In (A), the 
normalized values of the maximal isometric twitch (sPtw) of EDL muscle. Each bar is the mean ± S.E.M. for 6–8 animals 
per group. The significance differences between groups were evaluated by Student’s t-test: *significantly different 
with respect to WT mice with p < 0.05. In (B), the normalized values of the maximal tetanic tension (sP0) of EDL 
muscle. Each bar is the mean ± S.E.M. for 6–8 animals per group. The ANOVA test indicated a significant difference (F 
> 69; p < 1X10

-8
). Post-hoc Bonferroni t-test is as follows: *significantly different with respect to WT mice with p < 

7X10
-8

. 
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Fig. 4 Effect of 5-week treatment with PP2 on ex vivo force after eccentric stimulation of EDL 
muscle of mdx mice.  
 
 

 
The figures list the following groups: wild type C57BL10 mice (WT), Mdx mice treated with vehicle (Mdx + vehicle) and 
with PP2 5 mg/kg (Mdx + PP2).  In the figure is shown the reduction of tension calculated at the 5

th
 pulse. Each bar is 

the mean ± S.E.M. for 5–7 animals per group. The significance differences between groups were evaluated by 
Student’s t-test: *significantly different with respect to WT mice with p < 0.01. 

 

 

 

 

 

Fig. 5 Effect of 5-week treatment with PP2 on plasma level of CK and LDH in mdx mice.  
 
 

 
 
 
The figures list the following groups: wild type C57BL10 mice (WT), Mdx mice treated with vehicle (Mdx + vehicle) and 
with PP2 5 mg/kg (Mdx + PP2). The figure shows the plasma levels of CK and LDH measured by standard 
spectrophotometric methods. Data are mean ± SEM from 8 animals per group. For each parameter, the statistical 
significance between groups was evaluated by ANOVA test for multiple comparison (F values) and Bonferroni t-test 
posthoc correction. A statistical difference was found for CK (F >18 p< 4X10

-5
), LDH (F >11; p<0.0006). Post-hoc 

Bonferroni t-test is as follows: *significantly different with respect to wt mice 1.7×10
-5

 < p < 0.0006. 
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Fig. 6 Effect of 5-week treatment with PP2 on plasma level of matrix metalloproteinase-9 in mdx 
mice.  
 
 

 
 
 
The histogram shows the plasmatic levels of metalloproteinase-9 (MMP-9) of mdx mice. Each bar is the mean ± S.E.M. 
for 8 animals for group. No significant difference among groups was found by ANOVA analysis. 

 
 
 
 

 
Fig. 7 Effect of 5-week treatment with PP2 on the organ weight of mdx mice.  
 
 

 
 
 
Each bar represents the mean ± S.E.M. from 8 animals and shows the mass normalized with respect to the individual 
body weight of mdx mice treated with vehicle (Mdx + vehicle) or with PP2 at 5 mg/kg (Mdx + PP2). The normalized 
values for liver have been scaled by a factor of ten for graphical reasons. No significant difference among groups was 
found by ANOVA analysis. 
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Fig. 8. Effect of 5-week treatment with PP2 on the histological profile of mdx mouse muscles.  
 
 

Histology analysis: H&E staining 
Preliminary images  

 
 

 
 
 
 

Samples of haematoxylin–eosin staining showing the morphological profiles of gastrocnemius (GC) muscles from mdx 
mice either untreated (Mdx + vehicle) or treated with PP2 at 5 mg/kg (Mdx + PP2). The images have been randomly 
selected for showing that main dystrophic alterations are visible in all the experimental conditions. The pathological 
signs include the area of necrosis with inflammatory infiltrates, area covered by non muscle tissue and presence of 
centronucleated fibers. Further images more representative of drug effects will be provided with the final 
morphometric analysis. The present images are at 20× magnification. 

 
 
 
CONCLUSIONS AND FUTURE WORK PLANS 
According to the original plans, during these six months, the activities of the project were aimed at 
evaluating at pre-clinical level the benefit and any potential limitation in the use of PP2, as a 
prototype of specific Src TK inhibitor, in treating dystrophy in the mdx mouse model of DMD. 
The preliminary results show a significant improvement in muscle force in vivo (forelimb grip 
strength) which predicts a potential benefit for dystrophic patients. Furthermore, our preliminary 
results demonstrate that inhibition of Src Tk with PP2 reduced the secretion in plasma of MMP-9, 
a biomarker of dystrophic pathology. This result is in line with the evidences suggesting that the 
inhibition of Src Tk suppresses the secretion of matrix metalloproteinase [20]. By contrast, no 
significant amelioration was observed in biochemical markers, such as CK and LDH, nor on muscle 
force. We cannot provide conclusive correlation between improvement in the in vivo performance 
and muscle morphology at the moment. However the qualitative histological analysis indicates a 
reduction of degeneration and inflammation in treated muscles, which would be consistent with 
drug mechanism of action and the working hypothesis. 
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Experiments of RT-PCR (AMP kinase; cSrc-TK; NADPH oxidase) and Western Blot (β-DG 
phosphorylation) are currently ongoing. The results will allow to verify the mechanism of action of 
PP2 and to better elucidate the outcome of the treatment on other pathology related events. 
In line with these results, we will replace the originally planned treatment with SU6656, with 
another compound having the same mechanism of action but a better toxicological profile and 
available for human use. The overall results will be presented in the final report.  
The possibility to use another administration route and a different vehicle has to be taken into 
great consideration also in view to improve compliance in patients. Studies in collaboration with 
the medicinal chemistry of our department are ongoing in order to assess pharmacokinetic profile 
in mdx mice as well as to improve water solubility and oral bioavailability of Src TK inhibitors. This 
will also allow to target other important issues such as dose and duration of treatment in the 
dystrophic genotype. 
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