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Myasthenia gravis (M.gr.) is characterized by specific homo-
logous and heterologous antibodies to striated muscles and
myoid cells of the thymus detectable by immunofluorescence
technique ( i , 5, 6, 17, 20, 21), and by serological methods
performed with muscle extracts, such as complement fixation
(6, 9, 17, 19), agglutination of tanned red cells (3) , and
anti-globulin consumption (18). Mast cell sensitizing anti-
bodies (MCSAb), characteristic for hypersensitive states (14,
15, 22), have been recently described in sera from patients
with M.gr., using a muscle extract from Papio papio monkey
as antigen, and it was possible to fmd a correlation between
MCSAb and fluorescent antibodies to striated muscles and
myoid cells of the thymus (8, 16). Similar MCSAb were de-
tected in sera from rabbits immunized with monkey muscle
extract (8, 16) and exhibiting an experimental disease charac-
terized by flaccid paralysis and immunofluorescent antibodies
to muscle striations and myoid cells of the thymus (7) .

Experimental flaccid paralysis can also be induced by inocu-
lation with acetylcholine receptors (ACR), which are con-
sidered to be involved in the pathogenesis of M.gr. (10, 11,
13). In these animals immunized with ACR purified from the
electric organ of the Electrophorus electricus (eel), circulating
antibodies for the eel electroplax, and positive skin tests
for eel ACR were described, as well as the symptoms (10,
I I , 1 3 ) -
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In the present work, we were interested in investigating
whether animals immunized with eel ACR developed hyper-
sensitivity and MCSAb to ACR, whether antibodies to striated
muscle and myoid cells of the thymus could be detected in their
sera, and whether there was any correlation between the dif-
ferent antibodies and the evolution of the disease.

For this purpose, guinea pigs and rats were immunized with
eel ACR together with complete Freund's adjuvant (CFA).
Hypersensitivity was studied by MCSAb, skin tests, and ad-
herence of myofibrils to peritoneal macrophages or to lympho-
cytes from lymphatic ganglions and spleen. Antibodies to
striated muscle and myoid cells of the thymus were examined
microscopically on paraffin sections.

M A T E R I A L A N D M E T H O D S

Acetylcholine Receptors (ACR) were extracted from the electric organ of the
Electrophorus electricus (eel). The electric organ was homogenized for prepara-
tion of crude membranes, which were collected by centrifugation at 7,000 g.
The crude membranes were then resuspended, recentrifuged, mixed to Triton
X-ioo, stirred and filtered; the detergent crude extract was purified by passage
on an affinity column made of "cholinergic arms", dialyzed, concentrated,
eluted in Triton X-ioo detergent and further purified (19).

Animal Inoculation. Fourteen female, adult guinea pigs (Hartley) and 20
female, adult rats (Ch. Rivers) were bled and their sera kept at -20" C for further
examinations. The ACR pure extract was mixed with equal amounts of CFA
and diluted with Triton X-ioo so that the final amount of inoculated pure
"ACR" was 70 pmol per animal. The solution was inoculated into foot pads
(seven guinea pigs and six rats), or into foot pads and paravertebral muscles
(three guinea pigs and six rats). The animals were immunized by one inocula-
tion (five guinea pigs and one rat), by two (five guinea pigs and five rats),
by three (four rats) or even four inoculations (two rats). Controls (four guinea
pigs and eight rats) were inoculated in the same way with Triton X-ioo mixed
with CFA. The samples of sera were withdrawn randomly 10 days after the
first, second, third and fourth inoculations; total bleeding was performed in all
cases during the final phase of the disease and in asymptomatic animals, before

killing. Sera were kept at -20° C. . , ^ ^ s x
MCSAb were estimated by the direct mast cell degranulation (DMCD) for

detection of attached MCSAb, and by indirect mast celt degranulation (IMCD)
for examination of free MCSAb (14, 15, 16, 22). , .

DMCD was carried out by mixing 0.05 ml peritoneal mast cells from the
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immunized animals, with 0.05 ml antigen. The peritoneal mast cells were sus-
pended in 199 M (12). Initially, the test was performed with purified ACR
diluted with Triton X-ioo; since the Triton diluent alone was found to pro-
voke, in vitro, lysis and degranulation of peritoneal cells from normal and in-
oculated animals, the purified ACR antigen was replaced by "crude membranes"
diluted i / ioo in 199 M (see Material and Methods, first paragraph). Readings
were taken after incubation of the mast cells with the antigen for 20 min at
37° C. The proportion of degranulated mast cells was established in several
preparations, and the average compared with that in controls (same mast cells
incubated only with 199 M, same mast cells incubated with other antigens, such
as human globulin, and mast cells from normal animals incubated with the
"crude membranes" antigen.

IMCD is based on the property of MCSAb to attach, in vitro, to normal mast
cells which by further exposure to the specific antigen undergo degranulation
(14-16, 22). The test was performed with peritoneal mast cells from normal
rats; 0.05 ml serum was mixed with 0.05 mast cell suspension, and 0.05 antigen
(crude membranes) was added to the mixture. Readings were taken after 20
min incubation at 37° C; count of degranulated mast cells and values were
established as in the DMCD and compared with controls (normal mast cells
and sera; normal mast cell antigen; normal mast cells with sera withdrawn
before inoculation and antigen).

Skin tests were performed randomly on the ioth day after the first inocula-
tion, by intradermal injection of 0.1 ml from a i / ioo dilution of pure ACR in
Triton diluent (about 3.5 pmol in 0.1 ml). Two control inoculations consisting of
O.I ml Triton dilution and 0.1 ml saline were given to the same animals.
The control animals were tested with 0.1 ml Triton and 0.1 ml saline only. Skin
reactivity of animals was examined 15 min after the injection, then every hour
for 6 h, and reexamined after 24 and 48 h. Values were recorded of the diameter
of the inflammation and congestion, and the intensity of the induration.

Adherence of myofibrils to peritoneal macrophages or leukocytes from the
spleen or lymphatic ganglions of inoculated animals was performed according
to the "Rosette formation" method (2). The cells were washed, resuspended in
199 M and mixed with a suspension of myofibrils. The mixture was left at
4-4° C for 18 h and drops of the mixture examined microscopically.

Preparation of myofibrils was performed according to the glycerinated myo-
fibrils technique (4, 7) with slight modifications. In addition, in order to
avoid possible alterations induced by glycerol treatment in the myofibrils.,
fresh, non-glycerinated myofibrils were prepared extemporaneously.

Indirect immunofluorescence tests were performed as described previously
(5—8, 16). Detection of antibodies to striated muscle was done with cryostat
sections of rat, guinea pig and monkey muscles, and for antibodies to myoid
cells of the thymus, with cryostat sections from rat, guinea pig, calf and monkey
thymus. Antibodies to the eel electroplax were evidenced on cryostat sections
of eel tail.
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The air-fixed sections were sensitized with the sera to be examined; anti-
bodies were revealed by rabbit globulins treated with fluoresceine isothyocyanate
(Inst. Pasteur Production) and directed against guinea pig (74411, Inst. Pasteur
Production) or rat (74331 Inst. Pasteur Production) globulins. Microscopical
examination was performed with Quartz iodine lamp and interference filter
(S. <5. 7. 16).

HistologicaJ alterations were examined on paraffin sections from muscles,
diaphragm, myocardium and thymus, stained with haematoxylin-eosine.

R E S U L T S

Evolution of the disease: The major symptoms of the experi-
mental disease were preceded by restlessness and tremor, de-
tectable only during handling. The initial, obvious symptoms
were tremor and paresis of the hind legs, which soon evolved
into intensive tremor and flaccid paralysis of all four legs; in
the last phase of the disease, flaccid paralysis was generalized
and intense respiratory distress occurred, accompanied by fre-
quent hiccups. Death occurred soon after the above described
symptoms. Most of the animals were killed during this phase.
The evolution of the obvious symptoms took about 3-5 days
in guinea pigs and 4-6 days in rats.

The onset of the disease occurred soon after the challenge
inoculation (5-7 days for guinea pigs, 7-10 days for rats).
A difference in reactivity was observed between the two spe-
cies; guinea pigs were more sensitive than rats to ACR. In
guinea pigs, disease was elicited by the first challenge injec-
tion, whereas two or three challenges were necessary for the
onset of the symptoms in rats. Some of the rats were apparent-
ly healthy for a long time after repeated challenges.

Spontaneous transitory remissions occurred in both species
and were short in guinea pigs and prolonged in rats. Indivi-
dual differences of reactivity were observed in both species.

MCSAb: DMCD with crude membranes was positive, and
mast cells from immunized animals underwent strong and
specific degranulation. The mast cells kept their sensitivity to
this antigen for a long period of time, even several weeks or
months after the last inoculation.
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DMCD test performed with purified ACR was unsuccess-
ful since most of the peritoneal cells from immunized controls
and normal animals underwent degranulation or lysis with
ACR diluted with Triton X-ioo (see Material and Me-
thods) as well as with Triton X-ioo alone. In order to avoid
these shortcomings, the purified ACR diluted in Triton X-ioo
was replaced by the "crude membranes" antigen (see Mate-
rial and Methods).

IMCD test performed with peritoneal mast cells from nor-
mal rats was positive with sera from animals inoculated with
ACR together with CFA; the values were higher with sera
from animals which exhibited the experimental disease com-
pared with sera from animals in which symptoms were not
obvious. The antigen used in this test was the same as that
used in the DMCD (crude membranes).

Skin tests performed randomly on the ioth day after the
first inoculation revealed a delayed state of hypersensitivity.

Direct adherence of rat myofibrils to peritoneal macro-
phages or to lymphocytes from lymphatic ganglions and spleen
were negative in all the examined cases. In order to see wheth-
er preparation of myofibrils had denatured their antigenic
structure, fresh non-glycerinated myofibrils were used with
the same results.

The indirect immunofluorescent test evidenced antibodies
for the eel electroplax in all sera of animals immunized with
ACR together with CFA; these antibodies were more pre-
valent in the sera of animals receiving several inoculations.
Antibodies specific for band I and A of striated muscle as well
as antibodies for myoid cells of the thymus were not detected,
and only antibodies for the sarcolemma could be found in the
immunized animals.

Microscopic examination of paraffin sections evidenced
intensive changes in skeletal muscles, the diaphragm and, in
a few cases, also in the myocardium. The histological picture
showed mixed cellular infiltration, disorganization, segmental
swelling, fragmentation and atrophy, as well as floccular,
granular and hyaline degeneration of the muscle fibres (Fig.



317

Fig. I.
1. Muscle (guinea pig) obj. 45: Disintegration, segmental swelling, floccular
degeneration. 2. Muscle (guinea pig) obj. 45: Segmental swelling, atrophy. 3.
Diaphragm (guinea pig) : Disintegration, segmental swelling, granular degene-

ration, atrophy, obj. 25.

I ) . These changes closely resemble those described in clinical
polymyositis. The lesions were more intensive in animals with
the experimental disease. The animals which did not present
symptoms following immunization had slight muscle infiltra-
tion. Germinal centres were observed in the thymus of the im-
munized animals.

Controls inoculated with Triton X-ioo together with CFA
did not present muscular alterations, but a few germinal
centres could be observed in their thymuses.

D I S C U S S I O N

As can be seen from our results, inoculation with ACR
together with CFA elicits, in guinea pigs and rats, a paralytic



syndrome with a strong hypersensitive state, as emphasized by
the positive DMCD and IMCD tests.

Correlation could be observed between MCSAb and the
evolution of the disease since values obtained with the IMCD
were higher in animals with obvious symptoms compared with
those showing no symptoms.

The lack of reactivity to striated muscle fibres and myoid
cells of the thymus is contradictory, not only to the cellular
and serological events in clinical M.gr., but also to the fact
that antibodies to striated muscles and myoid cells of the thy-
mus are produced by animals with flaccid paralysis following
inoculation with muscle extracts.

Antibodies to sarcolemma can be explained by a probable
common antigen for ACR and sarcolemma.

Another difference between this experimental disease com-
pared with M.gr. and the experimental syndrome provoked by
muscle extract inoculation, is the histological picture.

The intensive changes observed by us in muscles and dia-
phragm are different from those found in clinical M.gr., but
strongly resemble those of clinical polymyositis. This is an
immunological disease with muscular weakness, fatigability,
hypersensitive aspects and strong muscular modification, but
generally lacking in antibodies specific for striated muscles and
myoid cells of the thymus.

According to these similarities between the "experimental
ACR disease" and clinical polymyositis, it can be concluded
that inoculation with ACR provokes a widely spread myositis
in guinea pigs and rats which seems actually to be an experi-
mental polymyositis with strong hypersensitivity to ACR as
demonstrated by us through the DMCD and the IMCD tests.

SUMMARY

Mast cell sensitizing antibodies, direct mast cell degranulation
and positive delayed skin tests were detected in guinea pigs
and rats during experimental paralysis provoked by inocula-
tion with acetylcholine receptors from the Electrophorus elec-
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tricus. The animals also developed fluorescent antibodies to
the sarcolemma, and massive myositis with histological changes
in muscles similar to those characterizing clinical polymyositis.
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