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Objective - The evaluation, by exercise stress testing,
of the cardiorespiratory effects of pyridostigmine (PYR), a
reversible acetylcholinesterase inhibitor.

Methods - A double-blind, randomized, cross-over,
placebo-controlled comparison of hemodynamic and ven-
tilation variables of 10 healthy subjects who underwent
three exercise stress tests (the first for adaptation and de-
termination of tolerance to exercise, the other two after ad-
ministration of placebo or 45mg of PYR).

Results - Heart rate at rest was: 68+3 vs 68+3bpm be-
fore and after placebo, respectively (P=0.38); 70+2 vs
59+2bpm, before and after pyridostigmine, respectively
(P<0.01). During exercise, relative to placebo: a signifi-
cantly lower heart rate after PYR at, respectively, 20%
(P=0.02), 40% (P=0.03), 80% (P=0.05) and 100%
(P=0.02) of peak effort was observed. No significant diffe-
rences were observed in arterial blood pressure, oxygen
consumption at submaximal and maximal effort, exercise
duration, respiratory ratio, CO, production, ventilation
threshold, minute ventilation, and oxygen pulse.

Conclusion - Pyridostigmine, at a dose of 45mg, de-
creases heart rate at rest and during exercise, with minimal
side effects and without interfering with exercise tolerance
and ventilation variables.
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The autonomic nervous system interferes with the
course of cardiovascular disease. Theimbalance between
sympathetic and parasympathetic activity onthe heart in-
fluencesthe prognosisof heart disease, increasing therisk
of events®.

Sympathetic activity reduction is associated with de-
creased cardiovascular morbidity and mortality 22, Yet,
athough experimentally increased parasympathetic activity
protectstheischemicmyocardiumfrommajor cardiovascular
eventshy raising theventricular fibrillation threshol d*8, few
studies aimed at autonomic equilibration via pharmaco-
logical parasympathetic stimulation areavailable®*,

Recent work hasshown that pyridostigmine (PYR), a
reversible acetylcholinesteraseinhibitor used in high oral
dosesfor thetreatment of myastheniagravis, may become
andternative pharmacol ogical treatment for obtaining auto-
nomic system equilibration viaefferent cholinergic stimula
tion of theheart 248,

Weconductedtheinitial clinical researchonthisdrug
to study the effects of asingle dose of PY R on functional
responses of the integrated cardiopulmonary system of
healthy subjects during exercise, evaluating their respon-
sesto aprogrammed cardiovascul ar exerciseprotocol.

Methods

Atfirst, apilot study usingasimilar design asthepre-
sent one, evaluated the effects of 30mg of PY R on healthy
subj ects undergoing cardiovascular exercise stress tests.
Atthat dose, thedrug reduced resting heart rate, but did not
lead to other significant modificationsor to adverseeffects;
these observations suggested that there was a saf ety mar-
ginfor the present studiesinwhich ahigher dose (45mg) of
PYRwasused?.

Ten healthy volunteers were selected on the basis of
the absence of history, signs, symptoms, or results of a
physical examination suggestive of heart disease or any
other acute or chronic disease. All subjects underwent a
resting 12-lead electrocardiogram (ECG) and an initial
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echocardiography to identify functional or structural
clinically undetected heart disease. Athletes, drug users,
those with cardiac conduction or mitral valve prolapse,
asthma, diabetesmellitus, conditions preventing exercise,
and individuals showing intolerance to PYR or similar
drugswereexcluded fromthestudy. The Ethicsin Research
Committee of the University Hospital Antonio Pedro,
School of Medicine, UFF and the Ethicsin Research Com-
mittee of the Pro-Cardiaco Hospital approved the study
protocol. All volunteers signed a statement of informed
consent once they understood the objectives and genera
detail sof thestudy. No funding from either pharmaceutical
or equipment industrieswerereceived inthe study.

Volunteersunderwent three cardiopulmonary exercise
test sessionsaccordingto arandomized, cross-over, double
blind, placebo-controlled protocol. Increasesin exercise
intensity during thetestswere not staggered and occurred
in continuousincrements according to theindividualized
ramp protocol.

Thefirst test was intended to familiarize with the
volunteerswith theequipment and to identify the maximal
aerobi c capacity to exercise, planned to bereached after the
ideal time period of 10min. The two subsequent tests
should, for the same timeintervals, have equal exercise
intensitiesfor each individual subject. Each volunteer was
given placebo or 45mg of pyridostigminebromideoraly, in
random fashion. The commercially available Mestinon
tablets(RocheLaboratories, Brazil, batch 738392) wasthe
source of thedrug.

Thesamemedical investigator madeall threecardio-
pulmonary exercise tests at the same time of the day.
Participants had asimilar light meal, followed by a2-h
period of fasting before the administration of drug or
placebo.

Prior to the second and third stresstests, the follo-
wing stepswere applied in successive order: 1) a15-min
resting periodinthe supineposition; 2) verification of arte-
rial blood pressureat 5-minintervalsintherightarm, for a
total of three (averaged) values 3) 12-lead ECG, inthe su-
pineposition; 4) record of heart rate of the ECG, after digital
amplification, onlead D, 5) theadministration of placebo or
of a45-mg PY Rtablet; 6) 120minof clinical monitoring, inthe
absence of food intake; 7) successive repetition of items
1,2,3and 4; 8) performanceof the cardiopulmonary exercise
stresstest, applying theindividualized ramp protocol.

During the cardiopulmonary exercisestresstests, ex-
pired gaseswereanayzed using the Teem 100 (AeroSport,
USA); thetreadmill, model 10200 (Inbramed, Brazil) with
exerciseintensity computer-directed increments, and the
Elite1.1 system of registration (Micromed, Brazil)

Every minuteduring exercise, thesubjectivefedling of
tiredness was obtained from the volunteers, using Borg's
scalefrom0to 10. Uponreaching thisvalue, subjectswere
stimulatedto carry on until their maximal limit, considered
exhaustion.

Four ECG leadsweremonitored during thetests, with
registration of the 13leads, immediately prior to beginning,
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at every minuteof effort, at peak effort and until thethird mi-
nuteintherecovery phase. Thearterial blood pressuredur-
ing these moments was also measured, sing a mercury
columndevice(Oxigel, Brazil); to reducethe possibility of
errorsduring themeasurements, fractionsof 2mmHgwere
considered.

Peripheral oxygen saturation was continuously mea-
sured during stressand until the 3 minute of recovery, by a
3700digita Biiox oximeter (Ohmeda, USA).

Pulmonary ventilation (PV), oxygen consumption
(VO,), carbondioxideproduction(VCO,), oxygen(PV/VO,),
and carbondioxide(PV/.VCO,) ventilation equivalents, and
oxygen pulse(VO,/HRwererecorded following every 20sof
effort, uptothe 3 minute of therecovery phase. Thespiro-
meter used in al volunteers was of medium flow and had
been previously validated by an international university
ingtitution®,

Thebeginning of thenonlinear ventilationwasconsi-
dered to identify ventilation thresholds. This point was
identified by visua analysisof aminutevolumevs. exercise
time plot, evaluated by two experienced physicians, each of
whom did not know each other’ s choices. Although other
variables have been used for the study of the ventilation
threshol d, our method hasbeen traditionally employed and
was considered adequate.

Thevariablesstudied duringtheexercisetestswerein-
dividually compared at equivaent exerciselevel scorrespon-
dingtorespectively, 20, 40, 6080, and 100 percent of thema-
ximal time of exercise performance. Datawere tested to
ascertaintheir normal distribution. They underwent two-way
repeated measurements analysis of variance (ANOVA), in
whichmainfactorswerethedrug (placebo or pyridogtigmine)
and time (before and after treatment, at different exercise
levels). Once significance was reached, post hoc analysis
was made by Student’s¢ test for paired measurements,
applying Bonferroni’ scorrection. For proportionanalysisthe
chi-square test was used, taking the number of collateral
effectsin theindividualsinto consideration. P<5% was
consideredthelevel of statistical significance.

Results

Seven of the 10 volunteerswerefemale. Average age
of the group was 28+2 years; averageweight, 67.4+52kg;
height, 170+2cm. According to therandomi zation protocol,
six volunteersused PY R prior tothefirst test, placebo prior
to the second, and aninverse sequenceinthe other four.

Therewas agreater number of adverse effectsfollo-
wing45mg of PY R compared to placebo (P=0.041). No sub-
jectwasexcluded dueto these adverse; on no occasionwas
drug treatment of these effectsrequired. Following PYR, 4
volunteershad thefollowing four symptoms, all of mildin-
tensity: siaorrhea(three), abdominal painanddiarrhea(one
of thethreewho had sial orrhea), and epigastric pain (one).

PYRdidnotinterferewiththetimeof maximal exercise
durationintheramp protocol, whichwasasfollowsPY R:
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10.4+0.5min; placebo: 10.8+0.6min; (P=0.36). Similarly, PYR
did not interfere with the absolute values of ventilation
threshold (PY R: 24.3+2.6ml/kg/min; placebo: 25.7+2.7;
(P=0.19). Relativeto percent maximal oxygen consumption,
the ventilation threshold following PY R was 65.9+1.6%,
and after placebo, 66.0+1.9% (P=0.48).

Compared withthe postplacebo effect, following PY R,
heartrateat rest wasreduced (pre-PY R: 70+2bpm, postPY R
59+2bpm; (P=0.004); preplacebo: 68+3bpm; postplacebo:
68+3; (P=0.38) (Figurel), withoutinterferenceinthe PRinter-
va: pre-PY R: 140.6+£7.0ms, postPY R: 140.7+6.9ms;, (P=0.86).

During effort, asignificant reductioninheartraterela-
tiveto placebo occurred at 20% (p=0.02); a 40% (p=0.03); at
80% (p=0.05), and at 100% (p=0.02) (Figure2).

PY Rdidnotinterferewith systolic blood pressure, (at
rest - pre-PYR: 110+4mmHg, postPY R: 106+4mmHg;
P=0.90), or diastolic blood pressure (at rest - pre-PYR:
65+2mmHg, pos—PY R: 65:2mmHg; p=0.38).

Stetidticsof themetabolic dataof cardiopulmonary exer-
cise stresstestsdid not show an effect of 45mg of pyridostig-
mine respiratory maxima ratio—postPY R: 1.09+0.02, postpla
cebo: 1.13+0.02 (P=0.40); oxygen pulsea maximd effort (in
mlO,.kg*.min™).opm - postPY R: 14.4+1.4; postplacebo:
14.4+1.6 (P=0.93). Ventilation/minute at maximal effort —
postPY R: 68.1+6.6/L.min"; postplacebo: 74.6x7,6L.min"*
(P=0.36); production of CO, at maximal effort - postPYR:
2.85+0.31/L.min%; pogtplacebo: 3.25+0.31L . min? (p=0.22).No
differencesreativetooxygen consumption,inmL.kg.min?,
measureda 20%- postPY R: 12.9+1.3, postplacebo:12.5+1.9; a
40% - postPY R: 19.0+2.8, postplacebo: 19.4+3.1; at 60% -
postPY R: 26.0+3.9, postplacebo: 26.3+4.0; at 80%- postPY R:
32.8+4.2, postplacebo: 33.2+4.2 anda 100%of maximd effort -
postPY R: 37.4+4.0, postplacebo: 38.9+4.3 (P=0.74) were
observed (Figure3).

Discussion

The most relevant observation of our study wasthe
demonstrationthat pyridostigmine, at anoral doseof 45mg,
reduced heart rate not only at rest, but also during stress,
whenthereisaprogressiveincreasein sympathetic autono-
mic activity. Others 1416192 ysing adose of 30mg of PYR
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Fig. 1—Heart rate during rest (before) and 2 h following (after) ingestion of placebo
or pyridostigmine, 45mg orally (n = 10).
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Fig. 2 — Heart rate at rest and during effort, postplacebo and postpy-
ridostigmine, 45mg. 20%, 40%, 60%, 80%, 100% = percent of maximal effort
(n=10).
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Fig. 3—Oxygen consumption (VO,) in mL/kg/min, during postplacebo and postpy-
ridostigmine, 45mg, efforts. 20%, 40%, 60%, 80%, 100% = percent of maximal effort,
P=0.74 (n=10).

had already observed the reduction in heart rate at rest
shown in this study.

Few studies of the effects of PY R during exerciseare
available. Arad et a. %, studied eight hypertensiveindivi-
duals on beta-blocker treatment, who underwent exercise
stresson the ergometer, without analysis of expired gases,
following theingestion of 30mg of PYR. No reductionin
heart rate was observed. Stephenson and Kolka?®, on the
other hand, following theadministration of 30mg of PYR,
observed an average reduction in heart rate of 9 beats per
mininfiveindividualswho had previously undergonea30-
min period of ergometer exercise, at anintensity of 55% of
peak VO,. Heart ratewasmeasured at the 25" minuteof exer-
cise. Our observation of an averagereductionin heart rate
of 8bpm at 40% of peak effort, using 45mg of PY R parallels
the results of Stephenson and Kolka*. The divergence
between our resultson heart rate, and thoseof Aradetal. 2
may beattributed to the concomitant use of acardiodepres-
sor agent by these authors.

A 15%t040% reductioninserum cholinesteraseactivi-
ty wasobtainedin previous studiesusing 30mg of PY R%522,
The presently observed reduction of heart rate following
PY R administration indicates that the volunteers were
indeed under acetylcholinesterase blockade.

Because of the bradycardiac effect of PYR at rest and
during effort, evidenced in the present study, one can expect
that PRY may haveabeneficial effect onthe decreaseheart
rate per se. Accordingto Levine®, all mammalshaveanin-
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versesamilogarithmic rel ationship between heart rateandli-
fe expectancy. A study on auniversal biological scale of
mortality suggeststhat basal energy consumption per bo-
dy atom per heart best isthesameinall animals; approxima-
tely 10® molecul esper best, suggesting that lifeexpectancy is
predetermined by the energetic bases of theliving cell, and
that heart ratereflectsan epiphenomenoninwhich heart rate
itself isthemarker of metabolicexpenditure. Levine® recom-
mendsthat research should bedoneto confirm that human
lifecan bereally extended by reducing heart rate, and that
clinical studiesto evaluate the therapeutic effect of brady-
cardiashould be performed.

Several studies® have shown that subjectswith lower
heart ratestend to have lower mortality rates consequent to
stroke, cancer, coronary artery diseaseaswell asalower glo-
bal mortality rate. Recent researchinvolving 4,756 subjectsof
both sexes between 40 and 80 years of age also concluded
that heart rateisapredictor of mortality, independently of
other associated risk factors®. Without discarding possible
benefitsinherent to areduction of heart ratein young heglthy
individuals, it should be emphasized that our volunteers
differ from some popul ationsreported in these studies.

Our work did not demonstrate an effect of pyridostig-
mineonsystolicand diastolic blood pressurelevelsat rest
or during exercise. Althoughwedid not expect an alteration
because only healthy individual stook partinthisresearch,
thenormal pressureresponseduring exerciseunder enhan-
ced cholinergic stimulation, indirectly suggeststhat ventri-
cular function took placewithout limitations. Thenormal
kinetics of the oxygen pulsein volunteers during effort
supports this observation. On the other hand, different
thanAradetal. %, inour study diastolic blood pressure du-
ring rest or stressshowed no differencefollowing PY R ad-
mini stration when compared to placebo. The concomitant
useof abeta-blocker by patientsinthestudy by Arad et al.#
may haveinduced amore effective opposition to the vaso-
constrictor action of thebeta-blocker, reducing vascular pe-
ripheral resistanceduring stressand determiningafall indi-
astolic blood pressure.

Regarding the cardiopulmonary stresstest, a proce-
dureknownto beof high reproducibility intheeva uation of
metabolic parametersduring exercise®, pyridostigminedid
not cause significant changesin CO, production and exha-
led minutevolume. Thesedataacquiregreater significance
because cholinesteraseinhibitorslike PY R effect thebron-
chial treefavoring smooth musclecontraction. Thishasin-
duced in caution in its prescription to asthmatic patients
andisthereasonfor their exclusionfromour study.

Because PYR ledtoreduced heart ratewithout modi-
fying oxygen consumption during stress, we expected to
observean increasein oxygen pulse compared to placebo.
However, because oxygen pulseis also influenced by the
arteriovenousdifferencein O, content, itispossiblethat a
decreased cardiac output during exercise occurred, so that
VO, wasmaintained at theexpenseof anincreaseinthearte-
riovenous oxygen difference. Another explanation could
bethescatter of VO, and heart ratedata.

282

Arq Bras Cardiol
2001; 76: 279-84.

PY Rdid notinterfereinthedurationinminutesof the
testorinthesubmaximal and maximal VO, or theventilation
threshold. Thesedataindicatethefavorablemetabolic effect
of PYR and contrasts with the results of previous work
evaluating healthy individua susing beta-blockers. Some of
thesestudi esshowed reduced submaximal oxygen consump-
tion%, andadecreaseof 40to60sinexerciseduration®. Thus,
the reduced heart rate caused by PY R, by not involving
conditionsthat may lead tofatigueduring submaximal exer-
cisemay beinterpreted asfavorableby avoidingtheneedto
limit subjects’ daily activities.

Autonomic nervoussystem dysfunction isassociated
with an unfavorableprognosisinvariouscardiovascular di-
seases. Autonomicin balance may precipitate sudden death
and awaorsening of chronic coronary artery disease, of
acutemyocardial infarction 22, hypertrophic cardiomyo-
pathy 332, cardiac failure*, dilated cardiomyopathy *,
syndrome X 3¢, hypertension ¥, insulin resistance *, and
diabetesmellitus=.

Pharmacological reduction in sympathetic activity
with beta-blockersinischemic heart disease decreasescar-
diovascular mortality by approximately 23%23%, Thisand
other favorableresultshaveled to the generalization of the
prescription of thisgroup of drugsand thelater discovery
of beta-blockerswith other associated effects*. However,
the specific reduction of parasympathetic activity in acute
myocardial infarct survivorsisanindicationfor apoor prog-
nosis*. Several studiesassociate decreased vagal activity
with anincreasein cardiovascular mortality “*#”. Successful
coronary thrombolysis performed up to 12h after an acute
myocardial infarct isassociated with increased heart rate
variability, indicating greater vagal activity “¢. Functional
autonomic preservation of the heart following restoration
of coronary patency isoneof thefactorsdetermining abet-
ter prognosis®.

Thus, there is a confluence of opinions attributing a
worse prognosis, not only to the increase in sympathetic
activity but a soto reduced parasympathetic activity, which
appearsto effectively contributeto such unfavorableprog-
Noses.

Few studies, however, were designed to show the
pharmacol ogical effectsof increased parasympathetic acti-
vity. In 1993, four independent groups®*? published articles
evaluating theeffectsof scopolamineand agentsthat at low
doses act ascholinomimetics. They showed areductionin
heart rateand anincreaseinitsvariability. Hull et al. “in
1995failedtoidentify modificationsof ventricular fibrillation
thresholdfollowing theuse of scopolamine. Thisresult did
not confirm studies showing aprotectiveantifibrillatory ef-
fect following experimental parasympathetic stimulation.
Theparadoxical effect of scopolamine, which at high doses
becomesacholinergic blocker, limitsthe usefulnessof stu-
diesusing higher doses of thisdrug.

Recently, the ATRAMI study designedtoinvestigate
vagal reflexesin 1284 patientswithinlessthan 28 daysfollo-
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wing an acutemyocardial infarction showed the prognostic
valueof vagal activity, independently of ventricular functi-
onor thepresenceof cardiac arrhythmia®. Intheir conclu-
sion, theauthorsemphasi zed the need for research enabling
the therapeutic correction of autonomic in balance, thus
contributing tothereduction of cardiac mortality.

Being areversibleinhibitor of acetylcholinesterase
andthusresultingin greater availability of acetylcholineat
effector organs, pyridostigmine has been studied for itsa
dose-dependent effect, for being activefollowing oral admi-
nistration, for having been used for decades at high doses
for thetreatment of myastheniagravis, and by being asso-
ciated withalow incidenceof collateral effects.

Recent studieseva uating the effectsof pyridostigmi-
ne on the cardiovascular system of healthy subjects have
shown: 1) absence of hemodynamic or functional ventricu-
lar damage on echocardiography *6; 2) increased heart rate
variability for over 24h '7; 3) attenuation of the doublepro-
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duct increased after mental stress®!; and 4) reduced QTc
dispersonintheresting ECG*. Inaddition, anexperimental
study with anesthetized ratsduring central nervous stimu-
lation showed reduced myocardial oxygen consumption
following PY R administration %2 Thisresearch, someof it
gtill initsinitial stages, signal sthe convenience of possible
clinical applications. Thefavorableevidenceof thepresent
study addsto that reported elsewhere.

In conclusion, the cholinergic effect of pyridostig-
mineat thedose of 45mgin healthy subjectsledtoreduced
resting and exercise heart rates, did not interfere with
ventilation variablesor tol eranceto exercise, having mi-
nimal untoward effects. These results suggest the need
for further studies aimed at the evaluation of pyridostig-
mine’s effectsin cardiovascular patients, with the pers-
pective of pharmacol ogical modification of the autonomic
nervous system possibly favorably affecting the progno-
sisof such conditions.
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