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Introduction: Duchenne Muscular Dystrophy (DMD) and Spinal Muscular Atrophy (SMA) are diseases with a 
genetic origin. Both diseases are known to have serious and life threatening complications under anesthesia. A 
significant component of the risk involves use of muscle relaxants in these children. Succinylcholine is contra-
indicated in DMD and possibly in SMA. Hyperkalemia originating from Succinylcholine is attributed to a direct 
muscle damage caused by the depolarizing effect of Succinylcholine. There are scattered case reports on use of 
non-depolarizing muscle relaxants resulting in prolonged paralysis in DMD and SMA 1-2. This is an intriguing 
situation, as most neurological diseases appear to up-regulate acetylcholine receptors,  as does immobilization and 
disuse atrophy3. This clinical paradox is difficult to explain from a pathophysiological standpoint. In this study we 
present our very preliminary data on analyzing acetylcholine receptors in relationship to the neuromuscular 
junction boundary. 
 
Preliminary Data Collection: IRB approval was obtained for studying de-identified Muscle biopsies from 4 
DMD and 4 SMA patients. Biopsies were obtained either Quadriceps or Soleus Muscle. Slides containing 8-μm-
thick cryosections were fixed at room temperature and stained for acetylcholine receptors (AChRs) using 
tetramethylrhodamine-conjugated α Bungarotoxin, as described in a previous publication by us4 . This results in 
AChRs being stained ‘Red’. After 1 h incubation at room temperature, the sections were rinsed with PBS and 
stained using a monoclonal antibody to AChEase, followed by a fluorescein-conjugated secondary antibody. This 
step results in the neuromuscular junction (NMJ) being stained ‘Green’. The combination of these two colors (red 
super imposed on green) gives a yellow color.  Samples were viewed and digitally photographed on an Olympus 
BX-60 fluorescence microscope.   The distribution of AChR (red) relative to the AChEase-delimited NMJ is 
quantitated using a computerized algorithm (R/R+Y). The spread (median) value for acetylcholine receptors (in 
relationship to AChEase) appears to be similar for both DMD and SMA. We donot have control (normal) samples 
at this time for comparison, however we are currently designing a study to do so. 
 
Table: 1 Pixels (arbitrary units) of Red representing AChR, Green representing limits of NMJ and ‘Extra 
Spread’ representing that portion of red (AChRs) beyond the limits of NMJ. Median and (range) given. 
 

Diagnosis AChR  (Red) NMJ Limit 
(Green) 

AChR (extra) Spread 
(R/R+Y) 

 
Duchenne Muscular 
Dystrophy 
 

 
6010 (2299-9880) 

 
6735 (3492-9675) 

 
0.0486 (0-0.4986) 

 
Spinal Muscular Atrophy 
 

 
2287 (489 – 5588) 

 
3062 (1094-7136) 

 
0.0417 (0-0.4461) 

 
Note: Staining of NMJ  and the ‘Macro’ are dependant on color. As the abstract only allows black and white 
pictures, we are not able to provide the pictures at this time.  
 



Discussion: Up-regulation of AChRs in disease states is a well known phenomenon. Burn, upper motor lesions, 
cerebral palsy all lead to up-regulation of AChRs4. A few case reports published in the literature point towards a 
reverse clinical manifestation in certain neurological disorders such as DMD and SMA. The two diseases 
examined here have profound weakness as a common feature clinically. Mechanistically how this could lead to a 
‘Down-Regulation’ of AChRs is an intriguing question. The NMJs in SMA would seem smaller in size, but these 
results are too preliminary to draw any conclusions. 
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