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INTRODUCTION 

Review .2£ the literature: Myotonia is an abnormality that is 

characterized by a delayed relaxation of skeletal muscle fi~bers after 

an active contraction. The decreasing frequency and amplitude of the 

electrical discharges phase may be recorded elect-romyographi.cally and 

the audio output has the characteristic sound of a "dive-bomber." 

Gregor and Schilder (1913) called these "action currents" in the r:elax

ation period (cited by Caughey and Myrianthopoulos, 1963). 

In 1904 White and Plaskette reported a ~yotonic phenomeno~_ in 

goats (c'ited by Caughey and. Myrianthopoulos, 1963).- Brown and Harvey 

(1939) determined that the myotonia in goats was electromyographically 

similar to myotonic dystrophy and myotonia congenita. To-study the 

origin ·of the disorder they sectioned the sciatic nerve and noted that 

the muscle responded ,:xnyotonically to mechanical _stimuli. for e_ight days. 

Quinine, which stab~li.z·es muscle membranes, eliminated this respon:;Je. 

Cholinesterase inhibitors enhan·ced the myotonia and -~t was therefore 

concluded that this ··myotonic disorder rests in the muscle fiber and that 

neuromuscular transmission is not involved. 

On the other hand, Buchtha_l and Clemmesen (1941) reported that 

procaine which affects the motor end-~late, also reduces myotonia, sug

gesting that the disorder involves the end-plate. Since quinine also 

inhibits myotonia, they concluded that the defect is also on the muscle

side of the myoneural junction. 

Landau (l95~) compared myotonia to denervated muscle and 
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found that they bo.th have spontaneous activity, increased excitability, 

pha~macol()gic. r~sponsiveness, and histologic changes. Denny-Brown and 

Nevin ,.(1941) referred to the abnor~~tal relaxation.phase of an affect_ed 

muscle as an "afte:r spasm. • He concluded that the probJem _r.ests in 

the sensitive_ nyperactive muscle fiber and not 'in t.he motor end-plate. 

Floyd, Kent •. and fage ·(1955) reached a similar conclusion when they 

blo·ck~d t.he. myoneural j-unot.i.ons w.i th D-t.ubocurar:ine (curare) -i:n pat. ients 

with myotonia atro~hica. This drug dld not ~ffect the mechanical irr-1-

tabil.ity as di,d ioc~ anesthet.i.cs. Evans and Baker ( 1~57) notioeQ. _~hat 

t·here seemed to Pe ~ alteration of membrane permeability in musc~~s 

w_ith myotonia. There was a decrease of intramuscular potassium in 

affect-ed ~usoles. Pachomov and Caughey ('1960) said that myotonia is 

relieved by quinine and procaineamide because they reduce· membrane perme

abili,t.y to ions, supporting the concept that the defect is in the mem

brane. 

MacDermot (1961) showed that -the;re a:re histological abnpr

mallties of axons and myelin sheaths in distal nerve fibers in· pat:ient.'s 

with myotonia dyst:rophica. She found profuse terminal branching with 

multiple end-p·lat-es ;. abnormally large, small, and elong~teQ end-pl.at._e_s·; 

abnormal tortuos1ty, brai].ching, and length of nerve fibers; abnormal 

swelling of nerve fibers; ·central ·posi t.:i.-on of sarcolemmal puc le-i.·; and 

Q.._eg:eneration of muscle and nerve fibers. MacD~rmot concluded t-hat 

myo~onia dystrophica may be a neuronal disorder as well as a musclar 

dis(irder. 

Winer and his ·colleagues {1_965) reported tbat the myot.o~ic 

phenomenon can be induced i·n man .and in animals with a hypocholester-



olemic drug, 20,25-diazacholesterol. This was first discovered when 

patients complained of muscle cramps after drug therapy for a period 

of up to 21 months. Upon discontinuation of the diazacho1esterol 

treatment, the muscle cramps disappeared. Burns, Dale, and Langley 

(1965) reported that diazacho.lesterol given to myotonic goats accen

tuated the disorder~and when given to normal goats it induced myotonia. 

They also reported a rever·sal of the disorder after discontinuance of 

the drug. Ranney and Cook (1965) suggested that this drug interferes 
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·with cholesterol synthesis at the site of the desmosterol reductase 

enzyme system. Somers and Winer (1966) demonstrated that plasma 

desmosterol increases and cholesterol decreases in animals treated with .. 

diazacholesterol. A sterol analysis of one muscle biopsy specimen 

showed an accumulation of desmosterol which .led them to hypothesize 

that myotonia may be related to the sarcolemmal sterols. 

Seiler (1971) stat-ed that myotonia is due to an alteration ·of 

the membrane system of muscle fibers. He noted a decrease in activities 

of (Mg++) ATPase and (Na+ + K+) + (Mg++) ATPase. Believing ~ha't ~otonia 

was a phenomenon of membrane properties, Senges and Rudel (1·972) used 

2,4-di~hlorophenoxyacetate (2,4-D) to produce muscle changes similar to 

myotonia !B ~ and in vitro. · Rudel and Senges (1972) followed up by 

reporting that the specific membrane resistance more than do~bles when 

myotonia is induced by 2,4-D or by 20,25~diazacholesterol. 

Peter and Fiehn (1973) offered the most recent theory to 

explain the myotonia phenomenon. They pointed out that in diazacholes

terol-induced myotonia there 'is an increase in serum desmosterol and a 

fra~mented sarcoplasmic reticulum and sarcolemma. An altered sterol 
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composition of the sarcolemma could caus·e myotonia by decreasing 

chloride conductance of the membrane. If chloride conductance is 

inhibited, repetitive action pot·entials could result, and thus a 

delay of relaxation occurs. 

Most of the recent investigations are focussed on the mem-
\ ~ 

brane properties of the muscle fiber itself. However, Phillips·~·· ·Bailey, 

and Wellband (1967) showed that diazacholesterol-induced myotonia per-

sisted for only about two days .after'neurectomy,_and disappeared when 

fibrillation-potentials became·prominent. They suggested that the motor 

nerve might be directly involved or act as a trigger to an unstable 

membrane. Allen, Johnson, and Wo·olf ( 1969) worked extens-ively with the 

mot·or end-plate regio·n in muscle biopsies -from patients with myotonia 

dystrophica. They found multiple end-plates on single· muscle fi,bers. 

and an increased axonal diameter at the light microscope· level. An 

electron microscopic·examination revealed electron-dense sphe:rical bodies· . . 

in the terimnal .expansions. They al.~o noted d.egeneration of the termi-

nal expansions and hypertrophy of the secondary synaptic folds in 

diseased patients, suggesting an involvement of the myoneural ·-junction. 

Statement. of ~ problem: The mechanism underlying each of · 

the forms of myotonia is still speculative and unknown. The most recent· 

theories have suggested a defect in the muscle membrane (Peter and 

Fiehn, 1973) as the cause ~of the abnormal relaxation phase in myotonia. 

Winer (1965) has demonstrated that only those hypocholesterolemic drugs 

wit,h a steroid nucleus were effective in producing myotonia in rat;3. 

He suggested that these may alter or become incorporated into t_he lipid 



compQnent of ~he. muscle ~embr~. 

Other investigators believed t.he myotonic phenomenon t.o be 

·neurological in nature. Allen, Johnson, and Woolf ( 1969) studied th_e 

myoneural junction in biopsies from patients with a· number crt muscular 

disord~rs. They reported the occurrence of electron-dense synaptic 

ves;icles, an abnormality which appeared unique .~o patients with myo

tonic dystrophy. Whether these abnormal vesicles-are related to a 

difference .in t·hetr ne,urotransm~ tter content has not yet been inves

tigated. At the present, similar studies on d~ug-induced myotonic 

- muscle have not been reported~. Phillips, Bailey, anq Wellband (1967}._, 

studying the effects of neurectomy on drug-induced myotonia _in_ra't,s, 

noted that the myotonia disappeared 48 hours after nerve se.ction. 

These two investigations have stimulated our intere.st in further 

studying myoneural junctions in experimentally-induced myotonia. 

It is the purpose of this study to examine the myoneural 

junctions in diazacholesterol-induced myotonic animals ut'ilizing .light 

and electron microscopic techniques. No ultrastructural studies have 

been reported on muscle obtained from diazacholesterol-treated animals; 

this study will also include an examination of the muscle. 
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MATERIALS AND METHODS 

Twenty-four male Sprague-Dawley rats, with an initial average 

weight of 220 grams, were utilized in this investigation. Sixteen rats 

received daily subcutaneous injections of 1.0 milligram of 20,25-diaza

cholesterol dissolved in distilled w~ter. This dosage induced myotonia 

in previous investigations (Dundero, 1968). One half of the control 

animals .~eceived equivalent amounts of physiological saline. Body 

weight~were recorded weekly. After five weeks the diazacholesterol

treated animals showed well-established myotonia as was detected by a 

TECA Model .B-2 elec~romyograph. Neither of .the two control groups 

showed myotonic behavior at any time during this study. A tape recorder 

and a Polaroid camera wer·e adapted to the ·electromyograph to make a-. 

recording of the findings. After the myotonia was· well-established t~e 

animals were sedated with Nembutal (approximately 30-35 milligrams per 

kilogram body weight) to a point where they still responded to me_chan

ical stimuli. A concentric needle electrode was used with the electro

myograph to examine the gastrocnemius, tibialis anterior, and forearm 

flexor muscles. 

Muscle biopsies of the tibialis anterior and palmaris longus 

muscles in the area of, the myoneural junctions were taken for light and 

electron microscopic examination. . This zone was located by gliding the 

stimulating electr·ode over the exposed muscle with a weak voltage .square 

wave pulse at a rate of one per second~ The muscle would twitch when 

the area of the end-plates was stimulated. Charcoal marks were made 

3 millimeters above and below the selected zone, one mark being made 



heavier for orientation purposes. A cold 3% glutaraldehyde solution, 

buffered with sodium cacodylate to pH 7.4, was dropped on this area _-· 

for 10 to 15 minutes. The outer 1 to 2 millimeters of muscle in this 

area was excised and one strip of the sample was placed in cold 3% 

glutaraldehyde for four hours. The other strip of the sample was stained 

for cholinesterase to localize the motor end-plates.· By placing the 

stained and unstained strips together in proper orientation, the end

plate zone could be located in the glutaraldehyde .sample. This Dlethod 

was similar to the one used by Engle (1970), but he embedded the tissue 

side-by~side at this point. This zone was then made ·into 1 millimeter 

cubes in order to allow penetration of. ·Millonig' s osmium-tetroxide 

fixative solution. The tissue was then dehydrated in a series of ethanols 

and propylene oxide and then embedded in Epon 812_utilizing BEEM cap

sules. The block;t'ace containing the tissue was trimmed into a 0.75 

millimeter trapezo,id for ultra-thin sectioning.. LKB-Huxley and Porter

Blum Sorvall MT-2 ultramicrotomes were used for sectioning. Thick 

sections of 1. 0 micron were taken and stained with Paragon Fr.ozen Section 

Stain to locate the end-plates. The blackface was then trimmed even 

smaller to allow good quality ultra-thin sections of 800-900 A. After 

a series of these ultra-thin sections _were picked up on 200 .mesh copper 

grids, a few 1. 0 micron sections were taken and stained with Paragon ·t.o · 

confirm the sampling of end-plates. The ultra-thin sections were 

stained with uranyl acetate and lead citrate to enhance contrast in the 

el-ectron microsc.ope (rHayat, 1970).. During staining, the grids were 

immersed rather than floated to eliminate contamination by lead precip

itate. A Siemens I-A and an RCA EMU-4C electron microscopes were utilized 

to take the electron microgra~hs. 



Other muscle biopsies were stained by Namba's technique 

(Namba, 1967) for cholinesterase and axons to enable the visualization 

of the_enzyme, post-synaptically and the axoplasm, pre-synaptically. 

All photomicrographs were obtained by a Zeiss photomicroscope. 

8 



RESULTS 

After a period of about f·o.ur weeks the treated animals 

appeared rather letharg-ic and the fur was yellowed and matted, .whereas 

the control animals (in bot.h groups) retained their vigor and healthy 

appearance. In the subsequent investigation the two control groups did 

not have any noticeable differences and hereafter shall be considered 

as one combined control group. Initial body weights of both groups 

averaged about 220 grams and at the time of sacrifice there was no 

significant difference between body weights of both groups (Fig. l). 

Electromyography: Electromyographically there wer-e no motor 

unit firing patterns as a result of ·needle insertion when control muscles 

were studied. Pinching or:stretching of the limb muscles elicited the 

occasional bursts of normal motor unit action potentials. Normal muscle 

at rest.was electrically silent. The treated animals showed quite a 

different e1ectromyographic ·recordtng. Upon insertion of the needle 

there was an immediate burst of repetitive action potentials character

istic of myotonia. These abnormal potentials showed a decrease in 

frequency and amplitude and produced the characteristic "dive-bomber" 

sound of myotonia. Probing, pinching, or stretching of the treated 

muscles also elicited these abnormal bursts of activity which lasted 

from 2 to 20 seconds (Fig. 2). 

Histology: The morphology, density, and S'ize of control and 

treated end-plates were similar and there appeared to be no appreciable 

changes as a result of diazacholesterol treatment (Figs. 3 and 4). The 
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terminal branching patterns of the motor axons, as demonstrated by a 

·combined stain for cholinesteras.e and the nerve axoplasm, were also 

examined but no apparent changes were noted (Figs. 5-7). There were 

also no noticeable alterations of the diazacholesterol-treated end-

plates when compared to control end-p~ates in t.he 1.0 micron-thick 

Epon cross-sections (Figs. 8 arid 9). 

Electron microscopy: Various components of the myoneural 

junction were studied closely to detect any ultrastructural differences 

between groups. ~ifty diazacholesterol-treated end-plates and twenty-

two control end-plates were examined. The end-plates were taken from 

five control and five diazacholesterol-treated rats; each biopsy yielded 
~ 

about five Epon-embedded specimens. 

Muscle. - The sarcomeres appeared normal in all respective 

components. The sarcoplasmic reticulum also showed no apparent abnor-

malities in treated or control animals (Figs. 10 and 11). 

The mitochondria on the muscle-side of the myoneural junction 

were numerous and all showed normal characteristic morphology. The 

presence of double-membraned cristae and the lack of swelling was in-

dicative of good glutaraldehyde fixation. 

Small, s.pheri·cal, electron-dense glycoge·n granules weroe 

abundant on·t.he muscle-side in treated as well as in control groups 

(Figs. 10, 11, and 15). 

A. Myoneural junction: Neural elements. All junc~ions 

examined had the basic con;tponents as is depicted in Fig. 12. The 
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·number oi synaptic vesicles per unit area in control and experimental 

animals appeared to be essentially the same when each group of end-

plates was examined as a whole (Figs. 13-16). Variability between end-

plates within the respective groups occurred but there was no specific 

trend in either group (Figs. 17 and 18). In some instances the synapt~c 

vesicles were packed side-by-side (Fig. 19) and in other end-plates of 

the same group the vesicles were very sparsely distributed. 

. 0 

Coated vesicles of about 750 A were observed in both experi-

mental and control groups (Figs. 13 and 15). These vesicles had a 

fuzzy, round appearance and are electron dense. The morphology and 

frequency of these vesicles did not apparently vary betwe·en groups. 

Mitochondria within the terminal expansion did not appear 

morphologically normal. In contrast to the well-tixed mitochondria on 

the muscle-side of the junction, most of these mitochondria appeared 

either slightly or greatly swollen; and the cristae in some cases were 

not discernible (Figs. 13-16). Many of these could be considered as 

an artifact due to electron microscope preparation. The quantity of 

mitochondria was moderate in all groups. 

Micro-filaments were found Ifestled between synaptic v~siqles 

in both groups. lhese seemed to be slightly more prominent in the 

treated animals (Figs. 13 and 16). 

B. -Myoneural junction: Post-synaptic membrane. The terminal 

expansions or primary synaptic folds had the typical bulbar shapes with 

double membranes and had similar appearance in both groups. The sec-

ondary synaptic folds did not appear shortened and thickened, nor diq 



they appear ·elongated and tortuous as reported in myotonia dystrophica 

(All.en, Johnson, and Woolf, 1969), (Figs. 13-16). 

A few serial ·sections were cut to show the uneven distri

bution of end-plate components within a single terminal expansion. 

(Figs.-20 and 21). 
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All areas examined showed no discernible difference in myo

neural morphology between diazachole~terol-treated and control ~nim~ls. 



DISCUSSION 

Phillips, Bailey, and Wellband (1967) suggested the in

volvement of t·he myoneural junction after they performed neurec

tomies on treated animals and found that the myotonia disappeared 

when the fibrillation potentials appeared 48 hours later. Allen, 

Johnson, and Woolf (1969) found many morphological differences of 

the end-plates in patients with myotonic dystrophy which raised the 

question as to whether these changes would also appear in drug

induced myotonia. If this was so, then this model myotonia could

prove to be an important tool in attempting to understand the etiology 

of the disorder. 

Diazacholest,erol is a cholesterol synthesis inhibitor that 

inhibits the .A24 reductase enzyme. The later permits the reduction 

of the 24-25 double bond in the side chain of desmosterol. Upon 

prolonged usage of this drug, the precursor, desmosterol, accumul~tes 

in very large quantities depending on the tissue~~ Ahren~ ~-!!!.~~ (1965) 

. found that in six: weeks 60% of the brain sterol and 93% of the liver 

sterol was desmosterol when rats were fed 20,25-diazacholesterol. 

Tr.iparanol and diazacholesterol both inhibit the action of A24 reduc

tase enzyme and there.fore lead to an increase of desmostero.l in the 

tissues.. However, diazacholesterol induces myotonia and triparanol does 

not; this led Winer, et.al. (1965) to suggest that the sterol nucleus 

'of diazacholesterol- rather than de·smosterol accumulation may be the 

determining factor. 

In the most recent paper by Peter and Fiehn in 1973, these 

13 
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investigators found· only a very small trace of diazacholesterol· incor-

porated in the muscle membrane structure but they found about 90% of 

the total sterols was desmosterol. They also found that there ~as an 

--increase in activity of (Na+, K+) -~timulated and Ca2+-stimulated aden-

osine triphosphatases. The increases in the amounts of the enzymes or 

·the kinetics of them was not determined. The specifi·c membrane resis-

tance was more than doubled in diazacholesterol-treated rats. Their 

rats were not kept on a cholesterol-free diet during·the diazacholes-

terol treatment and therefore their findings occurred in spite of the 

availability of cholesterol to the animals. Likewise the- rats in my 

study were not kept on a cholesterol-free diet and therefore the rats 

in both studies should have essential~y the same membrane properties. 

The rats still had accessible cholesterol so myotonia was not ·due to an 

absence of cholesterol. These changes along with our fin.dings of no 

appreciable changes in membrane fine structure str~ngly suggest that 

there could be a change of the membrane structure and function that 

would not be large enough to be detected with the electron_m:icroscope. 

A change in the sarcolemma would most probably manifest itself in the 

secondary synaptic folds where this membrane is most highly specialized. 

Histological changes such as enlargement of axonal sheaths, 

profuse terminal branching of axons, and abnormally large, small, or 

elongated end-plates, were described by MacDermot in 1961 to occur in 

muscle biopsies from patients with myotonic dystrophy. In addition, 

the light microscope studies by Allen, Johnson, and Woolf (1969) showed 

multiple enc'!-plates with increased dfameters on single muscle f'ibe·rs. 

Their electron microscopic examination of myotonic dystrophy end-plates 
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revealed several changes such as: hypertrophy of the secondary synap

tic folds, decreased terminal expansions, and dense-cored vesicles. 

These changes were not observed in our studies of the diazacholesterol

induced myotonia. This conflict may be due to species differences, or 

due ·to the different nature of the myotonic dystrophy and the drug

induced myotonia, or both. 

We have noted tremendous variability in the number of synaptic 

vesicles within control and experimental groups and this has made it 

very difficult to make any distinctive statement about a real change. 

Our serial sectioning study showed that synaptic vesicles would range 

in distribution from very densely packed to very sparsely present. This 

variability was found throughout the terminal expansion. With this wide 

range, an astronomically large sample size wouid be necessary to _make 

any quantitative attempt statistically valid. Inspection o.f Figure 7 

clearly reveals an extremely complicated 'terminal 'neural branching pat

tern at the n1yoneural junction. These terminal axonal branches are 

apparently quite diverse in their organelle content and must be ade

quately sampled to ensure good comparisons. We feel that an adequate 

. sample was obtained i·n the present study. 

Micro-filaments that were observed in the axons of both control 

and experimental animals confirm other numerous repo~ts in the liter~

ture. The function of micro-filaments is still speculative. It is 

hypothesized that tftese micro-filaments are contractile and could aid 

in the movement of the synaptic vesicles toward the primary synpatic 

memb:rane for the release of neurotransmitter substances. These micro

filaments mar also combine to form micro-tu,bules that are -also found i~ 
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some motor end-plates. 

In both experime'ntal and control groups, coated vesicles with 

0 

an electron-dense content and a size of about 750 A were detected. Dietert 

and Scallen (1969) investigated the effects of cholesterol synthesis 

inhibitors on the adrenal and testis and reported that ·there was an in-

crease in lysosomes. When triparanol, which inhibits the. A24 reductase 

enzyme as does diazacholesterol, was used a similar increase in the 

dense bodies were noted (Volk and Scarpelli, 1964). The dense bodies 

were isolated, analyzed, and were found to contain desmosterol, triparanol, 

lipoprotains, and phospholipids. The d~nse bodies were also acid phos-

phatase positive which suggests that they are lyso·somal in nature. The 

increase in cellular lysosomes following chronic administration of' 

metabolic inhibitors was interpreted as a protective response of' the 

cells to combat the injurious effect of the inhibitors (Sharawy, 1970). 

The coated vesicles noted in the moto·r end-plates in this study were 

reported to occur in other tissues and were found to be lyso~omal in 

nature (Smith and Farquhar, 1966). There was no noticeable difference 

in the coated vesicles bet~een control and diazacholesterol-treated 

end-plates therefore these terminal expansions do not react by an increase 

in their lysosomal content. However, one should not _exclude the pos-

sibility of an increase in lysosomal bodies· in the perlkaryon of' these 

nerves. 

Allen, Johnson, and Woolf' (1969) found large dense-core 

vesicles which they hypothesized could contain an abnormal transmitter 

substance. .These were not found in diazacholesterol-~:nduced .myotonia. 

All other ultrastructural components of the end-plates 
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appeared essentially normal, thus one can conclude that the morpholog

ical changes of the myoneur~l junction noted in myotonic dystrophy are 

not common to diazacholesterol-fn¢1uced my.otonia. It can also be infer

red. that the myotonic phenomenon may not be a product of a morpholog

ically altered myoneural junction. 

To further investigate t'he myoneural junction one.might 

em~loy the method of Akert and Sandri (1968) for sel&ctively staining 

the synaptic vesicles by zinc iodide-osmium impregnation. One could 

use this technique to study the err·ect s of tetanizing the motor end

plate of a myotonic muscle. Further still, miniature end-plate poten

tials could be studied in myotonic muscle. Auto-radiography could 

also be used to study the mechanism of neurotransmitter release in 
myotonic and normal end-plates. 

A closer investigation of the membrane structure and phys

iology of myotonic muscle is in order in light of the research that has 

been done thus far. The· 'sarcolemma and the T-system seem to be espe

cially vital to this disorder, 



SUMMARY 

The tibialis anterior, gastrocnemius, and palmaris longus 

muscles of rats treated with diazacholesterof were examined with light 

microscopy and. electron microscopy to see whether any morphological 

changes would be attributed to induced--myotonia. 

With light microscopy, myoneural junctions showed a complex 

and heterogene9us distribution of acetylcholinesterase stain. However, 

the morphology was the same in experimental as well as in control tissues. 

Similarly, there were no obvious significant differences 

between the control and eJt:perimental motor end-plates at the ultra

structural level. In general, the synaptic vesicles in the terminal 

expansions of the motor end-plates were sparse. Surface coated vesicles 

·and micro-filaments were present. The mitochondria within the terminal 

expansions often showed variations in morphology indicative of fixation 

artifact. There was also a wide varia~ion in synaptic cleft morphology 

in all animals examined. The sarcoplasm below the· motor end-plate showed 

good fixation and, again, no definitive differences were found between. 

the experimental and control tissue. 

This study indicates that there are no morphological.changes 

at the myoneural junction i:t,l drug-induced myotonia. This is in contrast 

to the findings that there are abnormalities at the myoneur~l junction 

in patients with myotonic dystrophy, thus one can conclude that the 

morphological changes of the myoneural junction noted in myotonic ·-dystrophy 

are not common to diazacholesterol-induced myotonia. 
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.Figure 1. Q~ ~for diazacholesterol-treated and control animals. 
Note that there is-no drastic effect £f the drug £Q body weights. 
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Figure 2. A., B., C~ Electromyograph§ ~f three separate, myotonic~ 
showing spontaneous action poten!:_ials and·£~creasing frequencies toward 
the ~nd .2! each. ~ electromyographs were recorded g1 20 milliseconds 
per major division frequency and 200 microvolts Eer division amplitude. 
~ audio output of each .of these runs has the distinct myotonic sound 
.2:f. ~ "dive-bomber." 
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MEP - motor end-plate 

Mu muscle 

Nv nerve 

Cap - capillary· 

A. - A-band 

l !-band 

~ Z-line 

M M-line 

SR sarcoplasmic 

Mi mitochondrion 

reticulum 

'Gly glycogen granules 

Col collagen. 

SCN Schwaim cell: nucleus 

SN sarcolemmal nucleus 

TE terminal expansion 

KEY TO·FIGURES 

SSF -, secondary synapt.ic folds 

sv. synapt.i.c ves·i'cles 

mf micro-filaments 

dv electron-dense v.esicle (coated vesicle). 

Psm pre-synaptic membrane 

Ssm post-synaptic membrane 



Figure 3. Subneural cholinesterase staining .!.!! normal muscle. Note the. 
variation in stain density and dimensions of the enzyme deposit. Indica
~ line equals ~ !m• (~ 160) 

Figure 4. Subneural cholinesterase staining in diazacholesterol-treated 
muscle. Note ~ the variation in stain deposits compare 12 ~ in 
the control tissue (Figure~). Indicator line equals 0.1 mm• (~ i60) 
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Figure 5. Control motor end-plates stained for cholinesterase_ and ~ 
axoplasm. Note the branching of the !!erves and their relative·· diameters. 
Indicator line equals ~ ~ (~ 160) 

Figure 6. Diazacholesterol-treated !.2.ill end-plates stained for cholin
esterase and ~ axoplasm. Ther~ ~~ !!Q. apparent differences be·tween 
~ distribution and axonal diameters in thiE and the control muscle 
(Figure .Q). Indicat.or ~ equals Q!l .!!!!!!• (~ 160) 
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Figure 7. Diazacholesterol-treated mBScle demonstrating the relationship 
of terminal ~! branches to the cholinesterase enzyme stain. No 2E
parent differences 1g this relationshi2 ~ noted between the control and 
treated muscle. ~ the complexity Qf the end-plates themselves. Stained 
for cholinesterase and ~ axoplasm. Indicator line equals 0.·05 ~· 
(! Z!Q) 
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Figure 8._ One micron ~ Epon embedde'd ~-section ~ skeletal 
muscle showing 1!.Q. control motor end-plates•. This demonstrates the 
method use~ to identify end-plates during ultra-thin sectioning. The 
single myelinated nerves shown ~ indicators of ~ close proximity 
12, ~-plates. Sarcolemmal muclei and terminal expansions .£!!.!! be 
observed. Paragon ~· Indicator !ine eguals 0.05 !m• (~ 720) 

Figure 9. One micron thick Epon embedded ~-section of skeletal 
muscle showing two diazacholesterol-treated ~·end-plates. Paragon 
stain. Indicator line eguals 0. 05_ !!Y!!• (~ 720) 
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Figure 10. Electronmicrograph of control striated muscle showing basic. 
components. ~ the glycogen granules in close proximity to·~ 

- ~-li~es •. Indicator line eguals 0. 5 P.• (~ 26,000) 

Figure 11. Electronmicrograph of diazacholesterol-treated striated muscle 
showing basic components. ~ mitochondria appear to be well fixed. 
Indicator ~ equals 0.5 P.• (~ 35,000) 
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Figure 12. Electronmicrograph £! diazacholesterol-treated myoneural 
junction showing relationship of ~ 12 muscle. Note the three 
primary locations .Qf. the mitochondria: within the terminal expansion, 
between.~ sarcomeres, and adjacent 12. the secondary synaptic folds. 
Indicator line equals ~ ~· (~ 13 2 50Q) 
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Figure ~3. Electronmicrograph of control myoneural junction demonstrating 
components within the terminal expansion. Note the micro-filaments, 
electron-~ coated vesicle, and the primary and secondary synaptic 
membranes.· ~ mitochondria .QB the !!!!:!Scle-side £!: junction appear .12 be 
well fixed. Indicator line. eguals 1.0 P.• (!£ 23z000) 

·., 
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Figure 14. _Electronmicrosraph ~control myoneural jUnction showing 
basic components... Note _the closeness o~ ~ terminal expansion ~ the 
muscle in !:!!!§. micrograph. The synaptic vesicles are rather sparsely_ 
distributed. Indicator !.!ill! e-guals b.Q ~. {~ -23, 000)_ 
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Figure 15. Electronmicrosraph of diazacholesterol-treated myoneural 
junction demonstrating components within the terminal expansion. ~ 
!h! electron-~ coated vesicle. Th~ ~.condary synaptic ~ ~ 
well pronounced and appear ·to be comparable to ~ control tissues. The 
sarcomeres ~ also apparently comparable ~ ~ control muscle biopsies. 
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Figure 16. Electronmicrograph of diazacholesterol-treated myoneural ... , · 
junction showing ~ mitochondria ~ micro-filaments. !h! pre- and 
post-~ynaptic membranes ~ well defined. Indicator !!B! eguals ~ ~· 
{~ 23,000) 
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Figures 17 and 18. Diazacholesterol-treated motor end-plates that ~ 
sectioned from the ~ Epon block. ~~ the tremendous variability 
present within the ~ muscle biopsy. Figure 17 has few mitochondria 
and f!! synaptic vesicles. Figure 18 ~ the contrary has numerous mito
chondria and is packed with micro-~~· (~ 18,30~) 
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Figure 19. Diazachole·sterol-treated motor end-plate demonstratip_s 
~ phenomenally large number -~ synaptic vesicles within the terminal 
expansion. Note !h! well fixed mitochondria !ithin ~ expansion itself. 
This_micrograph ~the maximum-end of the range of variability~ 
!.5!:.§. obs.erved in B..2lh 'control ~ diazacholesterol-treated ~-plates. 
(~ 21,000} 

- ~ -.. 
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Figure 20. Serial sectio.n.§_ of ~ diazacholesterol-treated motor 
end-plate. TE' in_!, comp~ 12, TE' .!.g ~· TEo ~not present- in micro
graph ~· !~ !.!!! increased complexitY: !?!. TE' !g ~ ~ compared 12, !.· 
(! 18,300) 
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Figure 21. Serial sections ~ one diazacholesterol-treated ~ end
plate. ~ micrograph ~ ~ terminal expansions but only three 
~ comparable. ~ micrographs demonstrate ~ the heterogeneous 
dts.tr'ibution .Qf. organelles throughout ~ terminal expansion i§. ~ source 
~ variability in sampling. (~ 18.300) 
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