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HISTORICAL NOTE

Celebrating the 70 years of pyridostigmine
on therapy of Myasthenia Gravis: historical
aspects of the preliminary trials

Celebrando os 70 anos da piridostigmina no tratamento da Miastenia Gravis: aspectos
histéricos dos ensaios clinicos preliminares

Paulo José LORENZONLI', Claudia Suemi Kamoi KAY’, Renata Dal-Pra DUCCI,
Otto Jesus Hernandez FUSTES', Lineu Cesar WERNECK', Rosana Herminia SCOLA'

ABSTRACT

Currently, pyridostigmine bromide is an indispensable anticholinesterase agent used worldwide to treat patients with Myasthenia Gravis
(MG). However, pyridostigmine bromide was unsuccessful in its “pioneering trials” to treat a series of MG patients. There are important
historical landmarks before pyridostigmine bromide becomes useful, safe and indispensable for MG therapy. After 70 years of these
“pioneering trials’, this article reviews some historical aspects related to them, as well as other preliminary trials using pyridostigmine
bromide as therapy for MG patients.
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RESUMO

Atualmente, o brometo de piridostigmina é um indispensavel agente anticolinesterasico usado em todo o mundo no tratamento de
pacientes com Miastenia Gravis (MG). Contudo, o brometo de piridostigmina nao foi bem-sucedido, em seus “ensaios clinicos pioneiros’, no
tratamento de uma série de pacientes com MG. Existem importantes marcos histéricos antes do brometo de piridostigmina se tornar Gtil,
seguro e indispenséavel no tratamento da MG. Apés 70 anos desses “ensaios clinicos pioneiros”, este artigo revisa alguns aspectos histéricos
aelesrelacionados, bem como a outros estudos preliminares que usaram o brometo de piridostigmina como um tratamento para pacientes
com MG.
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In the past, myasthenia gravis (MG) was considered a dis-
ease unresponsive to therapy and associated to high mortality
rates. This situation began to change in 1934, when physostig-
mine was used by Mary Broadfoot Walker, as an anticholines-
terase agent to MG treatment'*. Since then, other drugs act-
ing as anticholinesterase agents, analogues of physostigmine,
were developed?®®. The first of them was neostigmine, which
was the drug of choice to treat MG for years®”. However, even
though MG patients presented an effective response to neo-
stigmine therapy, this anticholinesterase agent had some

disadvantages when it was orally administrated®®. In addi-
tion, neostigmine has a brief action and several autonomic
side effects, despite of the use of atropine®. Thus, efforts to
find a neostigmine analogue that would have a prolonged and
favourable strengthening effects were put in, as well as no dis-
agreeable gastrointestinal stimulation.

Pyridostigmine bromide, called Mestinon worldwide, was
first synthesized by Urban and Schnider in the Hoffmann-La
Roche Laboratories in 1945°.
Pyridostigmine bromide was released for preliminary trials,
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also referred to by one or more of the following designations:
Nu-5130, Nu-1317, prostigmin-5130, Ro-5130, Ro1-5130 and
Ro02-1317%". Initially, this compound was available in tablets
of 30 mg, ampules of 25 mg, or 5 millilitres (mL) containing 1 or
2 mg/mL, after dragees of 60 mg were at hand*'". This newest
drug was offered by the Hoffmann-La Roche Laboratories to
the centers, which treat MG patients, since late 1947.

There are few citations regarding the initial management
of MG patients with pyridostigmine. However, there are cita-
tions of “pioneering trials” to treating MG patients with pyr-
idostigmine, which occurred in 1947 and 1948%".

In 1954, Tether mentioned that pyridostigmine was given
to six MG patients in 1947 and reflected on the treatment
response of this “pioneering trial™: “The results were equivo-
cal with the exception that there were fewer reactions than
those for neostigmine. In retrospect, our findings at that time
were probably due to the low dosage used (30 mg)”

In the same year (1954), Schwab and Timberlake stated
that pyridostigmine was given to 10 MG patients in 1948°
The authors highlight the results of pyridostigmine comparing
to those of neostigmine therapy® “We found no such increase
in the duration of the effect, and the drug was not considered
as effective in myasthenia gravis as the parent compound in
the doses used.” Thus, pyridostigmine was not considered as
effective as therapy in MG patients in this pioneering trial as
well®. Compared to neostigmine, the benefit was only related
to drug tolerability’: “We did note that it had no unfavor-
able effect on the gastrointestinal tract” Additionally, three
patients also used intramuscular pyridostigmine with similar
results at the dosages of 4, 5 and 6 mg’.

In the mentioned trials, pyridostigmine was tried in an
oral dosage, that was comparable to that of neostigmine,
shortly after it became available®”. Both “pioneering trials”
failed to prove a beneficial response to pyridostigmine in MG
therapy®”. However, in the 1950s, these authors began to reas-
sess pyridostigmine, using large individual doses®”. In their
retrospective analysis, they believed that the low dosage used
in the “pioneering trials” was responsible for the equivocal
results®”. Maybe, we could speculate that these poor results
were a reason for demotivating the authors to publish their
results on pyridostigmine therapy earlier.

Indeed, cases of effective response were reported in MG
patients in the following years, also using other dosages of
pyridostigmine with a beneficial response’. Almost simulta-
neously, general detailed reports as to the chemical and phar-
macologic data had been published based on experimental
studies®®.

The retrospective analysis of the “pioneering trials”, as
well as the results of experimental studies, motivate neu-
rologists to treat MG patients with different doses of pyr-
idostigmine®. In 1953, preliminary reports of four MG series
revealed beneficial responses with pyridostigmine therapy in
Europe (Table 1)*'. The consensus by these investigators is
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Table 1. The “historical trials” of pyridostigmine bromide in the
treatment of myasthenia gravis.

Author, year

(Original (n) ##* Outcome
Language*)
The “results were equivocal”
with the exception that there
Tether, 19477 were fewer reactions than with
: 6 S
(English) neostigmine. However, a low dosage
of pyridostigmine was used (30 mg).
This “trial” was only cited in 19547
No better than neostigmine. No
Schwab et al., unfavorable adverse event. The
1948° 10 pyridostigmine dosage was the
(English) same of the neostigmine. This “trial”
was only cited in 1954.°
Pyridostigmine had advantages
over a previous treatment with
neostigmine: first and foremost, it
Welte, 1953™ 5 was more effective and tolerated
(German) with no side effects, especially in
high doses; and, second, also had
a prolonged duration of its effect
with physical rest.
Favorable experience. The effect is
Seibert, more intense and lasts longer. Side
195310 23 effects only occur rarely on and
(German) keep within tolerable limits. Therapy
started in 1948 for some patients.
The longest duration of the action
offered one advantage over
neostigmine. The good tolerability
of the drug allowed an increase in
Baueretal., the required amount without the
19538 5 threat of side effects. Experimental
(German) pharmacological tests, comparing
neostigmine and pyridostigmine, on
the phrenic diaphragmatic nerve and
on the masticatory muscles of the rat
supplemented clinical observations.
The effects of pyridostigmine were
indicated by examples (reported
in few patients) based on clinical
Struppler, and experimental observations.
1953 20 Pyridostigmine was enough to make
(German) the patient adequately treated, but
the optimal effect was reached only
after about 1 hour (greater latency
than for neostigmine).
20 patients found the drug
Schwab et al., sulperiqr to neostigmine. “Large”
19545 50 m?w@ual doses_vvere us?d.
(English) The “antimyasthenic effect” was
calculated as one fourth of the
equivalent amount of neostigmine.
15 patients found pyridostigmine
Osserman more effective than neostigmine.
etal., 1954° 20 Side-reactions were absent or so
(English) diminished that the use of atropine

could be stopped.

Continue...



Table 1. Continuation.

Author, year

(Original (n) #* Outcome

Language*)

Westberg et 21 patients preferred pyridostigmine
al 1954§ 29 over neostigmine. The duration and
(E.r’1glish) maintenance of effect was longer.

Side effects were mild.

Neostigmine and pyridostigmine
provided relatively equal control
of “myasthenic symptoms.”
Pyridostigmine provides smoother
and a more sustained control of

56 symptoms. Untoward reactions
are less frequent and less
intense. No toxicity was noted.
Pyridostigmine was less desirable
than neostigmine, because it has a
slower onset of action.

Tether, 19547
(English)

#: from publication; ##: number of patients treated with pyridostigmine
bromide.

that pyridostigmine was superior, or equivalent, to neostig-
mine***. In 1954, other four preliminary trials from the United
States helped to establish that four-times-higher doses of pyr-
idostigmine produced a more even response with less toxic-
ity and was subjectively better tolerated by most MG patients
(Table 1)>°. In some patients, pyridostigmine bromide was
also tested by intravenously or intramuscularly administra-
tion®. The pyridostigmine bromide used in these studies was
supplied by Hoffman-La Roche®”.
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These preliminary trials are briefly summarized in the
Table 1***. In the trials, pyridostigmine was usually com-
pared to neostigmine, which was the “gold standard” of the
anticholinesterase agents in MG therapy, at that time*'.
Most patients reported that pyridostigmine give them similar
or better strength than neostigmine*'*. However, pyridostig-
mine takes effect in a shorter time, has a longer effect and
causes lesser undesirable adverse events than neostigmine®'*.

After 70 years of pyridostigmine therapy, several articles
recognized that the unsuccessful results in the “pioneer-
ing trials” were probably caused because pyridostigmine
was tried at the same milligram dosage as neostigmine®’.
After these, other trials confirm its beneficial response and
pyridostigmine bromide was approved as an MG therapy.
Thus, pyridostigmine has become the drug of choice in the
treatment of MG since 1954°. Currently, pyridostigmine has
been cited associated to the therapy in MG patients in more
than 8,000 articles in Google Scholar database (Dec 2018),
since the “pioneering trials” in the late 1940s. In addition, the
term [pyridostigmine, myasthenia gravis] can be identified in
more than 800 articles in the PubMed database (Dec 2018).
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