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Introduction 

Flagstad, A, W. Trojaborg and S. Gammeltoft: Congenital myastenic syndrome in 
the dog breed Gammel Dansk Hensehund: Clinical, electrophysiological, pharma
cological and immunological cmparison with acquired myasthenia gravis. Acta vet. 
scand. 1989, 30, 89-102. - The effect of anticholmesterase drugs on the clmical 
and electrophysiolog1cal features in a canine congemtal myasthemc syndrome is 
compared with findings in acquired myasthenia gravis in dogs. Anticholmesterase 
treatment had no effect on muscle weakness or electrophys1ological parameters in 
the congenital myasthenic syndrome in contrast to its effect on clinical signs and 
electrophysiological parameters m acquired myasthenia grav1s. The lack of effect 
of anticholinesterase m congenital myasthema suggests a presynapt1c defect as the 
aetiological factor. No antibodies to acetylcholme receptors were found in the 
Danish dog breed Gammel Dansk H0nsehund with the myasthenic syndrome. 
This classifies the disease m the group of camne and human congenital myasthemc 
diseases. 

myasthenic syndrome; canine myasthema grav1s; neuromuscular 
transmission defect. 

Attacks of canine fatigability caused by a 
neuromuscular transmission defect occur in 
a congenital and in an acquired form. The 
acquired type is an autoimmune disease 
with detectable circulating antibodies di
rected towards acetylcholine receptors at the 
neuromuscular junction where immune 
complexes have also been found (Lennon et 
al l 978, Pflugfelder et al. l 980). In addi
tion, there is a reduced number of post
synaptic acetylcholine receptors (Lennon et 
al. 1978). Acquired myasthenia gravis (MG) 
has been reported in dogs aged 2-5 years 
especially in large breeds (Lennon et al. 

1978, Palmer & Barker 1974, Kelly 1981). It 
is often associated with megaoesophagus 
(Lennon et al. 1978), and occasionally with 
thymoma (Hall et al. 1972, Bellah et al 
1983, Poffenbarger et al. 1984). 
In congenital MG there is a decreased num
ber of acetylcholine receptors at the post
synaptic membrane, but no circulating anti
bodies against them (Lennon et al. 1978, 
Mzller et al 1983). The disease has been 
described in breeds of Springer Spaniels 
(Lennon et al 1978, Johnson et al. 1975), 
Jack Russel Terriers (Lennon et al. l 978, 
Palmer & Barker 1974, Palmer & Goodyear 
1978), and Smooth Fox Terriers (Miller et 
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al. 1983, Jenkins et al. 1976). The symp
toms usually set in at the age of 6-9 weeks. 
Megaesophagus has been demonstrated in 
the Smooth Fox Terrier only (Mzller et al. 
1983). The disease is inherited in an auto
somal recessive manner in the Jack Russel 
Terrier (Wallace & Palmer 1984) and the 
Smooth Fox Terrier (Miller et al. 1984). In 
the Jack Russel Terrier, copulation has been 
impossible due to the severity of the disease, 
and artificial insemination has been unsuc
cessful (Wallace & Palmer 1984). It has not 
been possible to raise an affected Smooth 
Fox Terrier to sexual maturity, so that in 
this breed the disease is considered lethal 
(Miller et al. 1984). 
Acquired and congenital MG is character
ized clinically by intermittent attacks of 
muscle fatigue, physiologically by a decre
ment of the electrical muscle activity during 
repetitive nerve stimulation (Miller et al. 
1983, Zacks et al. 1966, Lennon et al. 
1981), and pharmacologically by the respon
se to anticholinesterase drugs (Miller et al. 
1983, Palmer 1980). 
A new type of neuromuscular disorder has 
recently been described in dogs of the breed 
Gammel Dansk Hiansehund (Flagstad 1982, 
Trojaborg & Flagstad 1982). It is of auto
somal recessive inheritance and is charac
terized by reduced tolerance to exercise, not 
reversed by anticholinesterase drugs. The 
physiological effects consist of an initial in
crement of muscle activity during 5 min of 
15 Hz repetitive nerve stimulation, followed 
by fatigue, and then a decrement at 3 Hz sti
mulation ( Tro1aborg & Flagstad 1982). The 
initial potential amplitude increment is si
milar to, although less pronounced than that 
found in the Lambert-Eaton syndrome in 
man which is due to a presynaptic defect of 
acetylcholine quanta release (Otsuka & 
Endo 1960, Karmenskaya et al. 1975). 
Guanidine hydrochloride improves muscu-
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Jar function in the Lambert-Eaton syndrome 
as well as in the Gammel Dansk Hiansehund 
(Flagstad et al. 1986). 
In the present report we describe the phar
macological effect of anticholinesterase 
treatment of the congenital myasthenic 
syndrome in Gammel Dansk Hiansehund 
compared with the findings in acquired ca
nine MG. Furthermore, measurements of 
antibodies to acetylcholine receptors were 
used to discriminate between congenital and 
acquired MG. 

Materials and methods 
Dogs with a congenital myasthenic 
syndrome 
Fourteen dogs of the breed Gammel Dansk 
Hiansehund, 6 males and 8 females referred 
to the Clinic during 1980-1985 because of 
recurrent episodes of muscle fatigue after 
exercise, were studied. Seven dogs were 12 
weeks - 6 months old, and 7 were 1-2 years. 
The first signs had been noticed at the age of 
12-16 weeks. 
Experimental dogs were selected from a co
lony of Gammel Dansk Hiansehund off
spring, bred from 3 affected dogs. The de
velopment of the clinical signs was followed 
in 4 litters born at the Clinic, and the effect 
of anticholinesterase drugs was studied in I 0 
dogs 12-16 week-old as well as in 15 adult 
dogs from the colony. 

Acquired myasthenia gravis 
Five dogs of different breeds aged 8 months 
- 5 years were referred to the Clinic where 
acquired MG was diagnosed. Their data are 
listed in Table 1. 

Clinical and laboratory examination 
All dogs were examined clinically, including 
neurological tests and response to exercise. 
Barium sulfate studies were performed to 
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Figure 1 a. Gammel Dansk H0nsehund. One hind leg 1s fixed to a frame. The frame 1s adjusted accordmg 
to the size of the dog. The sciatic nerve 1s stimulated with needle electrodes, and muscle action potentials 
are recorded from the biceps femons muscle. 

1) 3 Hz for 3 s repeated 5-10 times at inter
vals of 30 to 120 s, 
2) trains of 50 Hz for 20 s followed by single 
stimuli at 2, 5 and 10 s and after 30 s by 
3 Hz for 3 s, 
3) 15 Hz for 5 min followed by single sti
muli after 2, 5 and I 0 s. The trains of 
3 Hz/3 s were given after 30 s and each mi
nute until the action potential returned to its 
initial level. The 15 Hz stimulation was 
repeated 2 or 3 times at 2-5 min interval. 
Changes in muscle potential amplitude were 
expressed in % of the amplitude of the first 
response. 

Admznistratzon of ant1cholznesterase 
To study the effect on muscle fatigue, 10 
adult experimental dogs and 10 dogs 12-14 
week-old were given edrophonium* 1-2 mg 
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per 10 kg body weight or neostigmine** 0.5 
mg per I 0 kg body weight i. v. Furthermore, 
5 of the adult experimental dogs were 
treated orally with neostigmine*** 5 mg per 
10 kg body weight 3 times daily for 5 weeks 
(15 mg/10 kg/day). 
The tolerance to exercise after treatment 
with anticholinesterases was tested by run
ning in an ergometer. Before treatment the 
tolerance to exercise was examined in four 
dogs during a two-weeks period. Three dogs 
received neostigmine 0.5 mg per 10 kg body 
weight i. v. 5 min before running in the ergo
meter. One dog was treated orally with neo-

* Tensilon Roche 10 mg edrophomum chlor
ide/ml. 

** Neostigmme solution 0.5 mg/ml. 
*** Neostigmine tablets 15 mg. 
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stigmine 7.5 mg per 10 kg body weight twice 
a day for 3 weeks. The tests were repeated 
2-3 times in each dog. 
Neostigmine (0.5 mg, 1.0 mg, or 2.5 mg/10 
kg body weight) was given intravenously 
during the electrophysiologic tests to 11 
dogs, and the effect of edrophonium was 
tested by injection of 1-2 mg per 10 kg body 
weight in 3 adult and 5 14-week-old dogs. 
In dogs with acquired MG the effect of 
anticholinesterase was evaluated by repeti
tive nerve stimulation after intravenous in
jection of 0.1 to 0.5 mg neostigmine per 10 
kg body weight. Treatment was then started, 
and the clinical response was recorded after 
intravenous administration of neostigmine 
o.5 mg per 10 kg body weight followed by 
an oral dose of 7.5 mg per 10 kg body 
weight twice a day (15 mg/10 kg/day). 

Determinatzon of antibodies to acetylcholzne 
receptors 
The content of antibodies to acetylcholine 
receptors in canine plasma was determined 
as previously described in detail for assay of 
antibodies in human plasma (Nielsen et al 
1985). Acetylcholine receptors were prepa
red from normal canine skeletal muscle by 
homogenization and dissolution in Triton 
X-100. After labelling with 125I-bungaro
toxm, canme acetylcholine receptors were 
incubated for 2 h at 2o·c with myasthenic 
canine plasma, followed by addition of rab
bit antibody to canine IgG overnight at 4-C. 
The precipitated complexes of 125I-bungaro
toxin-labelled acetylcholine receptors and 
canine lgG were counted and corrected for 
non-specifically precipitated 125I-activity de
termined by normal canine plasma. The re
sults were considered as positive when the 
amount of 125I-labelled acetylcholine recep
tors precipitated by myasthenic canine plas
ma was higher than that precipitated by nor
mal canine plasma. 

The myasthenic canine plasma samples 
were also assayed by incubation with a pre
paration of acetylcholine receptors from 
normal human skeletal muscle followed by 
precipitation with rabbit antibody to human 
IgG. 

Results 
Clzmcal findings 
The puppies showed no clinical signs of 
fatigue before the age of 12 weeks. They 
gained weight and were as healthy as normal 
puppies. 
The first attack of fatigue after exercise 
started at the age of 12 weeks (Fig. lb and 
le), the dogs taking shorter strides, walking 
with flexed forelegs and hindlegs, exhibiting 
head drooping and sometimes falling. After 
a few minutes of rest they were able to walk 
and run again for variable periods of time 
before the signs reappeared. During the 
attacks muscle tone and tendon reflexes 
were normal; there was no change in facial 
appearance, and barking intensity was un
affected. There was no swallowing defect or 
evidence of megaoesophagus. The disorder 
did not progress, and the dogs were in good 
health throughout the observation period. 
At the present time 2 dogs have been fol
lowed at the Clinic for 6 years. Mating has 
been possible, pregnancy and delivery have 
been normal. Bitches even seemed to im
prove during pregnancy, having fewer at
tacks of muscle weakness. 
Five dogs with acquired MG suffered from 
exercise-induced fatigue similar to that seen 
in the Gammel Dansk H0nsehund breed, 
but also showed signs of generalized weak
ness. Regurgitation due to megaoesophagus, 
anorexia, eating and drinking difficulties, 
increased salivation, and decreased bark in
tensivity were observed in 3 of the dogs 
(Table 1). In l dog a thymoma was found at 
post mortem examination. 
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Figure I b. A 13-week old Gammel Dansk mm
sehund with an attack of muscular weakness. The 
dog has stopped running and takes only short 
strides. 

Laboratory findings 
No abnormalities were found in haemo
grams, electrolytes, muscle enzymes, lactate, 
glucose, thyroxine or cortisol during attacks 
or at rest. Electrocardiograms were normal. 

Electrophysiolog1cal findings 
Three Hz stimulations for 3 s repeated 5-10 
times did not reveal changes of the muscle 
action potential in dogs with the congenital 
myasthenic syndrome. Stimulation with 50 
Hz for 20 s caused an 80 % amplitude decre
ment. The action potential recovered imme
diately when single stimuli were given 2, 5 
and 10 s after tetanic stimulation, and there 
was no decrement on 3 Hz stimulation for 
3 s. 
At 15 Hz stimulation for 5 min there was a 
steady amplitude increment during the first 
minute, in some dogs up to 70 %, followed 
by a gradual decrement of 40-85 %. In some 
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Figure le. Same dog as in Fig. lb a few second 
later. The dog lies down and is only able to take a 
few crawling stndes. 

dogs a gradual decrement was found from 
the start of stimulation. 
Stimulation at 3 Hz for 3 s after induced 
fatigue revealed a decrease in the fourth and 
fifth response to 40 % returning to the for
mer level during the next 4 min. In some 
dogs the 15 Hz stimulation had to be re
peated before a decrement appeared at 3 Hz 
stimulation (Fig. 2). 
In some 12-14-week-old dogs in which the 
disease had just started, several trials of 15 
Hz stimulation failed to reveal a decrement 
which was, however, present at a repeated 
trial few weeks later. 
3 Hz stimulation for 3 s in dogs with 
acquired MG did not reveal any abnormal
ity. 50 Hz stimulation for 20 s followed by 3 
Hz for 3 s provoked a significant decrement 
in 2 dogs. On exposure to 15 Hz stimulation 
for 5 min there was s gradual decrease in 
amplitude in all 5 dogs, followed by a sign-
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Sllmulallon 15 Hz for 5 min. 3 Hz for 30 sec. 
40 
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Figure 2. Congenital myasthenic syndrome. Electrophysiological findmgs m 14 cases. The average per
centage change of the electrical response to 15 Hz stimulation, followed by 3 Hz for 3 s. In 10 dogs 2 trains 
of 15 Hz stimulat10n were applied to mduce a s1gmficant decrement at 3 Hz stimulation (1. e. more than 
10 %). The vertical bars indicate SEM. 

- First tram. n = 14 
o----o Second train. n = 10 

ificant decrement at 3 Hz stimulation for 3 s 
(Fig. 3). The action potential to single sti
muli reached the original level in a few 
minutes. The decrement at 3 Hz, however, 
persisted for 20 min or longer. 

Effect of anticholmesterases on clinical signs 
and electrophyswlogical changes 
Edrophonium or neostigmine administered 
intravenously during attacks of weakness 
had no clinical effect on the adult Gam
mel Dansk H0nsehund. However, given to 
12-14 weeks ols dogs during the early period 
of the disease, before characteristic electro
physiologic changes had developed, intra
venous injection of edrophonium or neostig
mine had an immediate, but transient effect. 
The attacks were prevented for only 10-30 s 
after injection of edrophonium, even in do-

ses of 2 mg per kg body weight, but for 
10-15 min after injection of neostigmine. 
A similar dose of neostigmine injected into 2 
dogs having acquired MG with generalized 
weakness had a dramatic effect. The dogs 
recovered muscular strength immediately 
and were able to walk and run. New attacks 
were not seen until several hours after an 
injection. 
Prolonged oral neostigmine treatment of the 
Gammel Dansk H0nsehund did not abolish 
the attacks of muscle weakness or the ampli
tude decrement. 
Daily oral treatment with neostigmine of 
dogs with acquired MG improved the con
dition. The dogs regained appetite and mus
cular strength. However, there was still im
paired oesophageal function after a medica
tion which ostensibly restored the limb 
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StimulatlOll 15 Hz for 5 min. 3 Hz for 30 sec. 
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Figure 3. Acquired myasthema grav1s. Electrophysiolog1cal findings before and after m1ection of neo
st1gmme. The average percentage change of the electncal response to 15 Hz stimulation and 3 Hz stimu
lation. 
A gradual decrease in amplitude of about 70 % after 15 Hz stimulation and a 20 % decrement after 3 Hz 
stimulat1on. After mtravenous administration of 0.1 mg neost1gmme (2 dogs) and 0.5 mg neostigmine (2 
dogs) per 10 kg body weight the response to 3 Hz st1mulat1on was normalized. The vertical bars md1cate 
SEM. 

- Before administration of neostigmine. n = 4 
•-------• After admimstrat10n of neostigmine. n = 4 

muscles (Table 1) as demonstrated by X-ray 
examination. Furthermore, oral treatment 
with neostigmine normalized the electrophy
siologic abnormalities (Fig. 4). 
The dogs (Gammel Dansk Hensehund) te
sted in an ergometer (ergometer speed 
129-152 mis) showed evidence of fatigue 
3-15 min after injection of neostigmine si
milar to the findings before its administra
tion. The dog treated orally with neostig
mine 3 times daily was able to run for 30 
min before muscle fatique appeared, which 
was 10-15 min longer than before medica
tion. Electrophysiological examination, 
however, did not reveal any improvement. 
Intravenous neostigmine or edrophonium 
before or during repetitive stimulation had 
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no effect on the electrophysiological chan
ges, regardless of the dosage (Figs. 5 and 6). 
In the 12-14-week-old dogs injection or 
edrophonium during a long 15 Hz train 
minimized the "electrical fatigue" from 
60 % to 12 %, but did not prevent the decre
ment induced by 3 Hz stimulation immedi
ately after the 5 min stimulation. When the 
dogs were more than 6 months old, edro
phonium had no effect on the electrical 
changes induced by 15 Hz stimulation. 
In acquired MG intravenous neostigmine 
given during 15 Hz stimulation prevented 
the "electrical fatigue" and the myasthenic 
decrement at 3 Hz stimulation after induced 
fatigue (Fig. 3). 
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StimulatKlll 15 Hz for 5 min. 3 Hz for 30 sec 
40 

20 

Figure 5. Congemtal myasthenic syndrome. The average percentage change of the electncal response to 
15 Hz stimulation followed by 3 Hz for 3 s before and after 1. v. mjection of0.5 mg neostigmme per 10 kg 
body weight. No significant electrophysiological change after mJection of neostigmine at either type of 
stimulation. The vertical bars md1cate SEM. 

- First tram. n = 7 
o---o Second tram. n = 5 
•------.. 2-5 mm after admm1stration ofneostigmine. n = 7 
+· ... ........ 20-30 min after admimstrat10n of neostigmine. n = 6 

presynaptic involvement as the cause of the 
transmission defect. In young dogs anticho
linesterase administered in the recommen
ded dose (Palmer & Barker 1974, Darke et 
al. 1975, Lorenz et al. 1972, Witt & Ludwig 
1978) initially abolished the myasthenic at
tack, but symptoms returned within a very 
short period. When the dogs grew older than 
6 months, anticholinesterase had no clinical 
or electrophysiological effect. 
In congenital MG in the Jack Russel Ter
rier, Springer Spaniel (Lennon et al. 1981 ), 
and Smooth Fox Terrier (Miller et al. 1983) 
an improvement of muscle strength after ad
ministration of anticholinesterase drugs has 
been reported. The response to anticholin
esterase was used as a diagnostic test. The 
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disease was in all 3 breeds relentlessly pro
gressive from episodic attacks of weakness to 
generalized weakness and muscle wasting 
rendering the dogs unable to ambulate in 
spite of intensive treatment. Death usually 
occurred before 1 year of age. In contrast, 
the disease in Gammel Dansk Hi:msehund is 
non-progressive. 
In acquired MG, administration of anticho
linesterase immediately abolished the elec
trical decrement and normalized the respon
se to a long train of 15 Hz stimulation. In 
contrast, in the young Gammel Dansk H0n
sehund anticholinesterase did not prevent 
the decrement at 3 Hz, but minimized the 
decrease at 15 Hz stimulation. This pro
bably reflects a less severe presynaptic invol-
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Table 2. Antibodies to acetylcholme receptors in 
the Congemtal Myasthenic Syndrome of Gammel 
Dansk H0nsehund and in acquired Myasthenia 

grav1s in other dogs. 

Breed of dog An II body Antibody 
to canme to human 
acetylcholme acetylcholme 
receptor receptor 

Probands 
Dog no. 21558 Neg 
Dog no. 21559 Neg 
Dogno.21424 Neg 
Lztter 1 
Dog no. 2 Neg 
Dog no. 5 Neg 
Dog no. 8 neg 
Lifter 2 
Dogno. 12 Neg 
Dog no. 13 Neg 

Boxer Pos 
Labrador 
mongrel Pos 
German Shep-
herd mongrel Pos 
German 
Shepherd Pos 

Neg= negative; Pos =positive 

Neg 
Neg 
Neg 

Neg 
Neg 
Neg 

Neg 
Neg 

Pos 

Pos 

Pos 

Pos 

in which antibodies to acetylcholine recep
tors are present (Lennon et al. 1978, Vincent 
1980). The latter result from lgG blockade 
of acetylcholine receptors and complement
mediated destruction of skeletal muscle 
(Vincent 1980, Rodgaard et al. 1987). Con
genital MG syndromes may arise from pre
synaptic or postsynaptic defects (Vincent 
1980). Owing to the absence of detectable 
antibodies to acetylcholine receptors and the 
lack of response to anticholinesterases, the 
congenital myasthenic syndrome in Gammel 
Dansk H0nsehund most closely resembles 
the human congenital MG syndrome and 
may be due to a defect in the synthesis of 
acetylcholine, impaired release of acetylcho-
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line, abnormality of acetylcholine-induced 
ion channels, or deficiency of end-plate ace
tylcholinesterase (Engel et al. 1981, Vin
cent et al. 1981 ). 
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Sammendrag 
Kongemtalt myastemsk syndrom hos Gammel 
Dansk Honsehund 
Kongemtalt myastemsk syndrom hos racen Gam
mel Dansk h1msehund sammenhgnes khmsk, 

elektrofys1olog1sk, farmakolog1sk og 1mmunolo
gisk med erhvervet myasthenia grav1s hos hund. 
AntJkolmesterase behandlmg har mgen terapeu
t1sk eller elektrofysiolog1sk effekt pa det kongem
tale myasthemske syndrom. Den manglende etfekt 
af antikolinesterase ind1cerer en presynaptisk de
fekt 1 modsretnmg ti! forholdene ved myasthema 
grav1s, hvor det neuromuskulrere blok skyldes en 
postsynapt1sk defekt. 
Det myasthemske syndrom hos Gammel Dansk 
Honsehund kan klass1ficeres i gruppen af kongem
tale myastheniske sygdomme hos hund og menne
sker, baseret pa manglende antistofdannelse mod 
acetylcholmreceptor 1 den motonske endeplade. 
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