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ABSTRACT
This study assesses the Effect of adding -2 Agonismto improve f3 -1
Blockade Exercise Responses on Hypertensive Patients. The ultimate
aim is to test the hypothesis that celiprolol, a -1 adrenoceptor
antagonist with the ancillary property of 3 -2 mediated vasodilation,
would increase blood flow to active muscles during exercise and result
in less impairment of exercise performance compared with the 3 -1
antagonist atenolol. After an initial 3 week washout phase, 11 untrained
hypertensive men participated in a 6 week crossover study of the two
drugs. Each treatment phase was followed by a 3 week placebo phase.
Resting forearm and calf vascular resistance measured by venous
occlusion plethysmography and submaximal and maximal bicycle
ergometry exer cise responses wer e eval uated at the end of each treatment
and placebo phase. Celiprolol significantly decreased resting forearm
and calf vascular resistance whereas atenolol had no significant effect.
Neither b-blocker significantly affected submaximal exercise oxygen
uptake, rate of perceived exertion, minute ventilation, or respiratory
exchange ratio. Both [ -blockers significantly and similarly decreased

peak oxygen uptake; celoprolol 23.9 + 1.7, atenolol 24.9 + 1.7, placebo
27.3 £ 1.3 ml.kg? mint. My findings suggest that during exercise while
on b-blockade, other factors such as sympathetic vasoconstriction or

local metabolic vasodilation may override 3 -2-mediated vasodilation.
Thus the addition of 3 -2 agonismto [ -1 antagonism decreases resting

vascular resistance but offers no advantage over conventional 3 -1
blockade therapy during exercise.
Keywords: Celoprolol, atenolol, venous occlusion plethysmography,

B3 -blocker, blood flow, vascular resistance

INTRODUCTION
Theprimary hemodynamic disturbanceinindividua swith established hypertension
iselevated peripherd resistancewith normal or low cardiac output (Folklow, 1982;
Freis, 1960). During exercise peripheral vascular res stance decreasesbut not to
the same extent asindividual swho are normotensive cardiac output isgenerally
subnormal during exercise (Lund-Johansen, 1980). Although treatment of

hypertensionwith B -adrenergic blocking agentsusually effectively lowersblood
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pressure, thisclass of drug does not improve the hemodynamic profile of these
patients either at rest or during exercise. Patients frequently complain of cold
extremities, broncho-constriction, and generalized fatigue. In addition, maximal
exercise capacity istypicaly reduced by 15-20% on 3 -blocking agents (Kal ser et
al, 1986; Lund-Johansen, 1987; Petersen et a, 1983). It has been postul ated that
areduced cardiac output and increased total peripheral resistance could contribute
to inadequate blood flow to the active musclesand early onset of fatigue during
exercise. Cdiprolol, aredatively {8 -1 receptor antagoni<t, hasancillary vasodilatory
activity dueto j3 -2 receptor stimulation (Wolf, Smith and Khandwala, 1985). Also,
lessresting bradycardiahasbeen observed with cdliprolol adminigtration, suggesting
partial intrinsic sympathomimetic activity (Wheeldon, McDevitt and Lipworth,
1992). Thisstudy was designed to test the hypothesisthat celiprolol, compared
with the p -1 receptor antagonist atenolol, would alow more blood flow to the

activemusclesand producelessdowing of heart rate during exercise, thusresulting
inlesssubmaximal fatigue and ahigher peak exercise capacity.

METHOD

Research Design: The study isdouble-blind randomized crossover comparison
of cdliprolol and atenolal. It began with a3-weeks placebo washout phasefollowed
by randomization to one of the (3 -blockersfor 6 weeks. Patientswereinitially
started on either 200mg celiprolol QD or 50mg atenolol QD and escalated to
400mg QD and 100 mg QD, respectively, at week 4 if their supinediastolic blood
pressure (BP) was greater than 90 mmHg. After anintervening 3-week placebo
phase, subjects were crossed over to the alternate 8 -blocker. A final 3-weeks
placebo phase concluded the study.

Subjects: Eleven untrained malesaged 40.5 + 8.6 years participated in the study.
Their mean body massindex was27.8 + 2.9, untreated supine BPwas 141 + 10/
98 + 6mmhg, and peak oxygen uptake during theinitial placebo washout phase
was26.5+ 3.6 ml.kg™. min. No other medi cation that woul d affect blood pressure
or hemodynamic measurements were allowed during the 21-week study, and
subjectswere asked wet to changetheir arrearageleve of physica activity. Subjects
reportedtodl vistsafter on over night fast. Written informed consent was obtained
prior to participation. The study was approved by the university human subjects
committee.

Protocol: Duringtheinitia placebo phase subjectswereintroduced to thetechnique
of venous occlusion plethysmography for the measurement of peripheral blood
flow (BF) and performed pesk sub maximal bicycletests. No datafrom the phase
wereanalysed except for the peak scercise capacity data. The absoluteworkload
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inwatts (w) to be used for all sub maximal testsduring the study were cal cul ated
from 25%, 50%, and 75% of the peak W level obtained at week 2 of thisinitial
placebo phase. During thetreatment phases, subjectsreported to thelaboratory at
11.00am at week 5for the determination of peak bicycleexercise capacity 5 hours
after taking the study pill. At week 6, subjectsreported to thelab at 8am. Resting
blood pressuresin various positionswere measured fird, resting and sub-maximal
blood flow measurementswere made at 9am and submaximal bicycleexercisewas
performed at 11am, again 5 hoursafter taking the study pill. The same procedures
were performed at weeks 2 and 3 of themiddleand final placebo phasesthat were
performed at weeks5 and 6, respectively, of the treatment phases.

Peripheral blood flow: Forearm (FBF) and calf blood flow (CBF) were measured
by venous occlusion plethysmography (Whitney, 1953) with the subject in asemi
recumbent position. The mean of three auscultatory BPsobtained during theresting
BF measurement was used to cal culate mean arterid pressure(MAP) from diastolic
pressure + '/, (systolic pressure pressure). Regional vascular resistance was
calculated from MAP/BF, CBF was a so measured after 2 minutes of unresisted
ankleflexion at therate of 30° extension and flexion every 2 seconds. The calf
exercisewasperformed in the semi-recumbent position withthestrain gagein place
whichalowed for immediate blood flow measurement upon cessation of rhythmic
ankleflexion. The BP obtained immediately prior to stopping exerciseand thefirst
CBF measured after exercisewere used to cal culateisol ated calf exercisevascular
resistance.

Peak bicycle exercise: Bicycle exercise was performed to maximal effort ona
Siemens Ergomed 840 ergometer controlled by aBurdick M330d controller using
aramping protocol of 15w. min?. Thetest wasterminated when the subjectscould
no longer maintain their chosen pedal speed and the highest wlevel attained was
used as subjects maximum power output. BPsand heart rates (HR) weremeasured
every minute during exercise. The subjectswere asked toindicatetheir rating of
perceived exertion (RPE) by pointing to anumber onthe Borg RPE scaleevery 2
minutes during thetest. Respiratory variableswere measured continuoudy usinga
system 2000 metabolic measurement Chart (M edical Graphics Corporation).

Sub-miaximal bicycle exercise: Subjectscycled continuously for 2 minutes of
free-wheel warm up, three 8-minutes stages at 25%, 50%, and 75% of their peak
W level fromtheinitial placebo phaseand 2 minutesof cool down. HR, BP, and
RPE were obtained every 2 minutes and respiratory variables were measured
continuoudy.
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Data Analysis: Conventional descriptive statistics were used for subject
characteristics; values are presented as mean + SD, stepwise student’s paired
t-testswere used to detect differencesin means during treatment phases: 1) two
tailed t-tests were used to detect differences between the two placebo phases:
post celiprolol placebo phase (that following the celiprol ol treatment phase) and
post atenolol placebo phase (that following the atenol ol treatment phase, 2) one
tailed t-testswere used to detect asignificant effect from celiprolol compared with
the post celiprolol placebo phase and asignificant effect from atenol ol comparedto
the pogt atenolol placebo phase; the Bonteroni. Correction for multiplecomparisons
wasused at thisstep; 3) two-tail ed t-testswere used to detect differencesbetween
thetwo treatment phases (celiprolol vsatenolol), linear regression analysiswas
performed by the method of |east squares. Values of p < 0.05 were considered
significant. Resultsare expressed asmean + SE.

RESULTSAND DISCUSSION

Post celiprolol and Post atenolol Placebo Phases: There were no statistical
differences between these two placebo phases for any of the variables to be
discussed below. Therefore, for ease of presentation, onemean vauefromthetwo
phasesisused inthefiguresthat follow.

Peripheral Blood Flow and Vascular Resistance (Fig. 1a): Celiprolol
sgnificantly increased resting FBF and decreased CV R compared with both placebo
and atenol ol and decreased FVV R compared with placebo. In contrast, atenol ol
significantly decreased resting CBF and tended to increase CV R compared to
placebo. Compared with celiprolol, CVR was significantly higher and FBF
significantly lower with atenolol. Changesafter isolated calf exerciseweresmall
and not significant. Treatment with cdliprolol tended to produce higher CBF than
atenolal (placebo: 9.7; Cdiprolal: 9.8; atenolal: 9.4; ml. 100 ml™* min™) and lower
CVR than both placebo and atenolol (placebo: 13.4; celiprolol: 12.8; atenolol:
13.3resstanceunits).

Exercise Heart Rates and Blood Pressures (Fig. 1b): Not all of the subjects
were ableto completethethird stage (75%) of the submaximal exercise protocol.
Only eight subjects completed 2 minutesand six subjects compl eted 4 minutes of
the 75% submaximal stagefor all treatment and placebo phases of the study. Data
fromthisstage arethus presented as 75%-2’ and 75%-4" and havean N of 8 and
6, respectively pre exercise values are those obtained prior to the three stage
submaximal exerciseprotocol and pesk va uesand thehigher va uesobtained during
theramping peak exercise protocol. Celiprolol had no effect on preexerciseHR
whereasatenol ol produced asignificant decrease compared with placebo. Both &
blockerssignificantly blunted submaximal HRs; the effect was more pronounced
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with atenolol at the 25% and 50% level s but differences between the two drugs
were not present at the 75% level and at peak exercise. Again, only eight subjects
were ableto complete at |east 2 minutes of the 75% level at every visit and six
subjectscompl eted at |east 4 minutesof the 75% stage. Preexercise systolic BPs
(SBPs) and diastolic BPs(DBPs) were significantly lower than placebo with both
drugs. Submaximal SBPsweresgnificantly decreased especidly withatenolol. At
75%-4' and at pesk scercisetherewas no statistical difference between cdliprolol
and atenolol. Both agents significantly decreased DBP at the 25% and 50% levels
with atenolol again being more effective. Differences between the two drugs
diminished at the 75% level. Neither significantly decreased 75%-4' or pesk DBP
although valueswhileon atenol ol tended to bethelowest.

Ventilatory responses and perceived exertion (Fig. 2a): Neither B-blocker
significantly affected submaximal VO, VE, nor RER. Both celiprolol and atenolol
significantly decreased peak VO, (cdliprolol: 23.9+ 1.7; atenolol: 24.9+ 1.7 ml.
kg*. mint) compared with placebo (27.3 + 1.3ml. kg'min?) and did not differ
fromeach other inthar effect therewasasignificantly e evated RER at peek scercise
withatenolol no significant differencesbetween placebo; cdliprolal, or atenolol were
observed for RPE, during submaximal or peak exercise.

Total Exercise Time: Exercisetimewhileon placebo was13.4 £ 0.7 minutes,
timewhileon cdliprolol was12.4 + 0.6 minutesand atenolol, 13.2 £ 0.8 minutes.
Only thedecreaseduringthecdliprolol phasewassgnificantly different from placebo.
Decreasein peak VO,andHR (Fig. 2b): Therewasahighly significant relationship
(R? =0.67; P=0.007; P=0.007) between the percentage decreasein peak HR
and the percentage decreasein peak V O, from celiprolol compared with placebo.
The samereationship with atenolol did not achieve statistical significance (R?=
0.36). Thisstudy examines periphera blood flow and exerciseresponsesin untrained
middle-aged hypertensive malesfollowing chronic administration of celiprolol,
atenolol, or placebo. Thefindingsshow that celiprolol, a f -1 adenoceptor antagonist

and B -2 agonist, decreased resting peripheral vascular resistance compared with

both placebo and the f -1 receptor, antagonist atenolol and tended to produce
higher CBF and lower CVR after 2-minutesof isolated calf exercise.

Neither B -blocker adversely affected submaximal bicycle ergometer
exerciseintermsof higher RPESor lower VO,. With aramping bicycleergometer
protocol, both &blockerssimilarly decreased peak VO, compared with placebo
and only celiprolol sgnificantly decreased timeto exhaustion. Theincreaseinresting
FBF and decreasein FVR and CVR after 6 weeks of treatment demonstrated
celoprolol’s 3 -2 vasodilating properties. Atenolol, on the other hand, significantly
increased resting CV R compared with celiprolol. Other investigatorsal so reported
adecreasein FVR on celiprolol therapy (Frohlichet d. 1991; Mancia, Grass and
Parati, 1986; Trimarco, Lembo and Deluka1987). Thisstudy isthefirst study to
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do sointhecdf of otherwisehedthy hypertensive subjects. A direct measurement
of leg blood flow during exercise was not made since this requires invasive
procedures. Venous occlusion plethysmography can be used to indirectly assess
exercise blood flow if the measurement ismade immediately upon cessation of
exercise; thus, the subjectswere allowed to perform about of reproducible calf
exercise, which enabled theresearcher to comparetheir isolated calf exercise CBF
and CV R during the treatment and placebo periods. The study was not ableto
demonstrate significant differencesin CBF or CVR after thisbrief calf exercise,
although thetendency wasfor celoprolal to producethe highest CBF and lowest
CVR. Despitethefact that celoprol ol increased blood flow to the extremities at
rest and produced less slowing of HR than atenolol, there were no significant
differencesbetween thetwo drugsintermsof fatigue or VO, during submaximal
exercise. Infact, thereisno difference between submaximal variables measured
during either drug treatment phase and the placebo phase. Theseresultswere some
what surprising, especidly for atenolol, inlight of the common complaintsof fatigue
from patientstreated with {8 -blockers.

However, inacontrolled laboratory setting, incons stent findingsfor exercise
parameters measured during P -blockade have been reported, with some
investigators noting no changein oxygen uptake or exercise performance (Petersen
et al, 1983; Rogerset al., 1988; Wilmore, Freund and Joyner, 1985) and others, a
decrease (Kalser et a, 1986; Thompson et al, 1989). Adverse effects seemto be
morecong stent following acute B -blockadewhenreflex vasocondrictionisgrestest.
Therea so seemsto bemore of anincreasein subjectivefatigueand limitation on
exercise performanceinyounger moreactiveor trained individuals. M cLenachan
et a (1991), studying young, trained, mormotens ve subjects, recorded increased
visua andog scoresfor breathlessnesswith atenol ol andincreased scoresfor muscle
fatiguewith both cdliprolol and atenol ol during 8 minutes of treadmill exerciseat
70% of maximal VO,. Inthisstudy lack of significant effect during submaximal
exercise may be due to the fact that the subject were middle-aged sedentary
hypertensive subjectsfollowing chronic f -blockade.

Inonestudy smilar indesigntothis, hypertensive subjectstreated with 50-
200 mg atenolol per day for 12 weeks had no significant decreasein VO, during
cycling exercise at 25 and 50W despite lower HR, unchanged stroke volume,
lower cardiac output (Q), and increased total peripheral resistanceduring exercise.
Prichard and Tomlinson (1986); L und-Johansen (1983); Thompson et al (1989)
concludethat in the presence of alimitation inthe Q riseduring exerciseand a
limitation of peripheral vasodilator responsesto exercise, thereisgreater reliance
onincreased oxygen extraction to maintain tissue oxygenation. Thiswould appear
to bethe casein the subjectsused in the study who had significantly lower HR with
atenolol treatment compared with celiprolol and placebo and yet had similar
submaximal vauesfor VO, during al threetreatment regimens.
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At pesk exercise, increased oxygen extraction wasnot sufficient tomaintain
thelevel of oxygen uptake seen during placebo treatment and both & blockers
significantly decreased peak VO,. Therewasno longer any difference between
celiprolol and atenolol for HR, with both decreasing peak HR by 20%, afinding
consi stent with other reports (Chick et al; 1988). Thedirect relationship between
thedecreasein peak HR and thedecreasein pesk VO, was statistically significant
only for celiprolol with acoefficient of determination of 0.67. Thus, whereasa
decreasein HR and, presumably Q, contributed to the adverse effect of both beta
blockers, periphera factorsappeared to play amoreimportant rolein limiting peak
oxygen uptakewith atenolol. Also, asignificant increasein peak RER with atenol ol
was observed. Others have observed an increasein RER with f -blockade and
speculated that thismay be dueto ashift from fat to carbohydrate metabolism since
B -blockerscanlimit the supply of freefatty acidsto exercisng muscle (Van Bask,
Koeneand Verstappen, 1988; Wilmore Freund, and Joyner, 1985).

Celiprolol did not offer an advantage over atenolol intermsof peak VO,
and even produced alarger decreasein peak VO, and even produced alarger
decreasein peak exercisetime. Thissuggeststhat § -2-mediated vasodilation may
play asecondary roleto local metabolic vasodilation (Kowalchuk, Klein, and
Hughson 1990) or that both vasodilating mechanisms may be limited by -
adrenergic vasoconstriction. Thetraditional view hasbeen that, during exercise,
blood flow ispreferentially distributed to active musclesasaresult of increased
adrenergictoneininactivevascular beds. A recent theory isthat thereisgeneralized
sympathetic outflow during exercisethat not only shuntsblood avay frominactive
vascular bedsbut, especidly during high-intensity exercise, preventsafal inblood
pressure by partially opposing the extra-ordinary capacity for vasodilation of the
exercisgngtissues(Rowell and O’ Leary, 1990).

During p -blockade there may be even further limitation of local blood
flow by increased 3 -adrenergic tone secondary to the decreased Q (Pawel czyk et
d, 1992). Alternatively, the  -2-cdliprolol may interferewith thenorma redistribution
of Q during exercise by opposing f -adrenergic vasoconstrictionininactive beds
andactudly “seding” bloodflow avay fromtheexercisng musdes. Thus, cdiprolol’s
vasodilating propertiesmay offer some advantageto hypertensiveindividualsat
restintermsof better periphera circulation and lessbradycardiabut no advantage
over conventional 3 -1 receptor blockade was seen during either submaximal or
peak exercise. Further work isneeded to determinewhether smilar conclusions
would bereached for femalesor different ageor fitnessleve individuals.
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Figure 1 A: Resting forearm (FBF) and calf blood flow (CBF) during the treatment and placebo phases.
Figure 1B: Resting forearm (FVR) and calf molecular resistance (CVR). *significant difference from

placebo; * = significant difference between atenolol and celiprolol.
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Figure 2A: Preexercise, submaximal (staged protocol), and peak (ramping protocol) heart rates during
the treatment and placebo phases.
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Figure2B: Preexercise, submaximal (staged protocol), and peak (ramping protocol) systolic
blood pressures. * significant difference from placebo
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