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21 AEs experienced by 10 subjects during
study (sluggishness, fatigue, chest pressure,
nausea, vomiting, congestion, toothache).

Lab, vital sign, and ECG monitoring indicated
no safety risk.

A single 10 mg dose of nebivolof given to
healthy volunteers on Day 1 produced an
average decrease of 5 mm Hg and 7 mm Hg in
all subjects for SBP and DBP, respectively. By
Day 17 (steady-state), decrease of 7 mm hg and
12 mm Hg for SBP and DBP. HR slightly
decreased but effect was variable.
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N/A

NEB-0128

A Phase I Open-Label
Multiple-Dose Study
Assessing the
Pharmacokinetic
Interaction of
Hydrochlorothiazide and
Nebivolol HCL in Healthy
Volunteers

Pharmacokinetic,
Drug interaction
Open-label

Randomized, open-label, multiple dose, one
period, two parallel groups study. 16 subjects
enrolled, ages 19-45.. 13 subjects completed
the study. 2 subjects withdrew due to personal
reasons, and 1 patient withdrew due to low
hemoglobin (pt menstruating). Subjects
received 10 doses of 10 mg nebivolol alone, 10
doses of 10 mg nebivolol given concomitantly
with 25 mg of HCTZ, and 10 doses of 25 mg
HCTZ alone.

24 AEs experienced by 8 subjects (headaches,
dizziness, insomnia).

Results:

1. Laboratory, vital sign, and ECG monitoring
indicated no safety risk associated with oral
dosing of 10 mg nebivolol HCL tablets
alone or concomitantly with 25 mg (2 x 12.5
mg) hydrochlorothiazide capsules.

2. No PK changes.

3. Steady-state dosing of 10-mg nebivolol
given to healthy volunteers produced, on
average, a 10 mm Hg decrease in DBP with
small variable changes seen in SBP and
pulse rate. Steady-state dosing of 25 mg
HCTZ in healthy subjects produced
increases in SBP and pulse rate, with a small
decrease in DBP. The concomitant
administration of both drugs under steady-
state conditions produced small and variable
changes in SBP and pulse rate, with a 10
mm Hg decrease in DBP. This was similar
to changes seen with nebivolol. However,
the BP changes induced by nebivolol,
HCTZ, or both given concomitantly did not
produce associated clinical symptoms in any
subjects.
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141

N/A

NEBI-0174

A Phase I Open-Label
Study Comparing the
Interaction of Nebivolol
HCL on the
Pharmacokinetics of
Digoxin in Healthy
Volunteers

Pharmacokinetic,
Drug interaction
Open-label

Open-label, one-period, one-sequence, two-
treatment study in 16 healthy, nonsmoking
males and females, ages 21-53.

13 subjects (12 EM, 1 PM) completed the
study. Subjects 6, 15 and 16 were discontinued
by the investigator due to low pulse rates (50,
48, 46 bpm).

Subjects received a 0.25 mg dose of digoxin
BID on Day 1. On Day 2 through Day 17,
subjects received a 0.25 mg dose of digoxin
once daily. On Day 8 through Day 17, subjects
received a once daily dose of 10 mg nebivolol
HCL concomitantly with digoxin.

14 AEs in 6 subjects (low backache, headache,
stiff neck, nasal congestion, vomiting, fever).

Results:

1. No significant changes in digoxin pk
parameters when digoxin administered
concomitantly with nebivolol.

2. Laboratory, vital sign, and ECG monitoring
indicated no safety risk associated with oral
dosing of 10 mg nebivolol HCL tablets
alone or given concomitantly with 0.25 mg
digoxin. No dose adjustments necessary.
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N/A

NEBI-0181

A Phase [ Open-Label
Study Comparing the
Interaction of Steady-state
Nebivolol HCL on the
Pharmacokinetics and
Pharmacodynamics of
Warfarin Sodium in
Healthy Volunteers

Pharmacokinetic,
Drug interaction
Open-label

Open-label, one-period, one-sequence, two-
treatment study. Subjects received a single 10
mg dose of Coumadin® on Day 1. On Day 8
through Day 22, subjects received a once daily
10 mg nebivolol HCL tablet. On Day 17,
subjects once again received a single dose of 10
mg warfarin sodium. 16 subjects enrolled.
Subject 12 and 13 discontinued by the
investigator prior to Day 17 for abnormal pre-
dose lab values. 14 subjects (11 EM and 3 PM)
healthy, non-smoking, male and female
subjects between the ages of 19 and 50
completed this study. Subject 15 and 16
received warfarin on Day 15 instead of Day
17—not included in statistical analyses.

4 AEs in 3 subjects (shakiness, fatigue,
headache, and nausea).

Results:

I. Overall, steady-state administration of 10
mg nebivolol HCL. alone or concomitantly
with a single 10 mg dose of warfarin to
healthy volunteers is safe and well tolerated.
No clinically significant change in the pk of
R- or S-warfarin. Warfarin protein binding
in human plasma was independent of the
absence or presence of nebivolol. No dose
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adjustments necessary.

2. Assessments of clinical lab results and
ECGs were generally unremarkable.

3. Single dose nebivolol produced expected
decreases in SBP (9 mm Hg), DBP (10 mm
hg), and pulse rate (9 bpm). These
cardiovascular effects were maintained with
daily dosing of 10 mg nebivolol. The
concomitant administration of both drugs
produced small and variable changes in
SBP, DBP, and pulse rate, primarily due to
the beta blockade effects of nebivolol. The
BP changes induced by nebivolol, warfarin,
or both given concomitantly did not produce
associated clinical symptoms in any
subjects.
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N/A

NEBI-0184

A Phase I Open-Label
Muttiple-Dose Study
Assessing the
Pharmacokinetic
Interaction of Fluoxetine
Hydrochloride and

Nebivolol HCL in Healthy

Volunteers

Pharmacokinetic,
Drug interaction
Open-label

Open-label, one-period, multiple-dose study.
Each subject received a single oral 10 mg dose
of nebivolol HCL tablets administered with 240
mL of water at ambient temperature on Day 1.
On Days 8 through 28, a 20 mg capsule dose of
fluoxetine HCL was administered once daily to
all subjects. On Day 28, in addition to the
fluoxetine dose, a single oral dose of 10 mg
nebivolol HCL tablet was administered. 13
subjects reported to the drug study unit;
however, 1 volunteer was not dosed due to
abnormal pre-dose lab values. 12 subjects
entered the study, and 10 subjects completed
the study. Subject 6 failed to report on Day 8
due to personal reasons. Subject 7 was
discontinued prior to dosing on Day 20 due to a
protocol deviation.

9 AEs in 3 subjects (headache, lightheadedness,
somnolence, swelling of feet, sleeplessness,
nausea, occasional vomiting, occasional loose
stools).

Results:

1. Lab, vital sign, and ECG monitoring
indicated no safety risk associated with the
oral dosing of 10 mg nebivolol
hydrochloride tablets.

2. Coadministration of fluoxetine interfered
with the apparent clearance of d,I-nebivolol
from the body leading to increased AUCL,
AUCI, and CPEAK values on the order of
approximately 7, 7, and 2.5 fold higher,
respectively, than when fluoxetine was not
coadministered.

3. Plasma concentrations of nebivolol, when
co-administered with fluoxetine and/or other
CYP2D6 inhibitors, may become elevated,
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but an increase in adverse events has not
been shown.

4. A single dose of nebivolol HCL on Day 1, a
single dose of fluoxetine HCI on Days 8
through 27, and a single dose of nebivolol
HCI concomitantly with a single dose of
fluoxetine HCI on Day 28 produced, on
average, a 10% and 18% decrease in both
SBP and DBP, respectively. This effect was
the greatest at 6 hours after drug
administration. However, the BP reduction
induced by nebivolol and/or fluoxetine did
not produce associated clinical symptoms in
any subjects. Likewise, pulse rate was also
slightly decreased; however, the effect was
variable, but did not produce any clinically
significant symptoms.
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N/A

NEBI-0213

‘A Phase [ Open-Label

Study of the
Pharmacokinetic
Interaction between
Furosemide and Nebivolol
HCL in Healthy
Volunteers

Pharmacokinetic,
Drug interaction
Open-label

Open-label, one-period study. 15 (12 EMs, 3
PMs) healthy, non-smoking, male and female
subjects, ages 20-43, were enrolled and
completed this study. On Day I, volunteers
were administered a single furosemide tablet (1
x 40 mg) and blood samples were collected for
up to 10 hours post-dose. On Days 2 through
11, volunteers received a single nebivolol tablet
(10 mg) once daily. On Day 11, a single 40 mg
furosemide tablet was concomitantly
administered with nebivolol and serial blood
samples were collected for up to 96 hours.

11 AEs in 6 subjects (headache, pharyngitis,
dysmenorrhea, pharyngitis in nebivolol or
nebivolol + furosemide). In furosemide,
dizziness, vomiting, and headache.

Results:

1. Laboratory, vital sign, and ECG monitoring
indicated no safety risk associated with oral
dosing of 10 mg nebivolol HCL tablets
alone or concomitantly with 40 mg
furosemide tablets. Most drug-related
adverse events were associated with
furosemide administration.

2. Steady-state plasma concentrations were
achieved by Day 8 or 9 for d-nebivolol, 1-
nebivolol, and d, l-nebivolol in EM and PM
subjects.

3. Confidence intervals for parameters
measuring the rate of furosemide
elimination (CI/F, KEL and HALF) were
slightly outside of 80% to 125%, but are not
considered clinically significant.

4. No drug interactions that would affect the
clinical PK profile or the safety of either
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nebivolol HCI or furosemide upon co-
administration of the two drugs.

5. Small and variable changes in SBP, DBP,
and pulse rate with nebivolol and
furosemide. '
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N/A

NEBI-0214

A Phase I Open-Label
Multiple-Dose Study of
the Pharmacokinetic
Interaction between
Nebivotol HCL and
Spironolactone in Healthy
Volunteers

Pharmacokinetic,
Drug interaction
Open-label

Randomized, open-label, two treatment,
multiple-dose, one-period, two parallel group
study in 16 patients (12 EM and 4 PM). 8
subjects received a single nebivolol HCL tablet
(10 mg) once daily for 10 days. On Day 11
through Day 20, 25 mg (1 x 25 mg) of
spironolactone was co-administered once daily
with a single nebivolol HCL tablet. On Day 21
through Day 30, subjects received a single 25-
mg dose of spironolactone once daily. The
other 8 subjects received drugs in the reverse
order. A total of 15 subjects completed the

study.

28 AEs in 12 subjects (loose stool, headache,
light-headed, sore-throat, dizziness, itchy
throat, achy right shoulder, fatigue, numbness
in two fingers, constipation, rectal bleeding,
difficulty concentrating).

Results:

1. Laboratory, vital sign, and ECG monitoring
indicated no safety risk.

2. In EMs, LNCSS and LNAUCTAU for d-
nebivolo! were slightly above 125%. At
most, these changes reflect a 14% increase
in plasma drug concentrations for nebivolol
co-administered with spironolactone in EM
subjects.

3. There were no drug interactions that would
affect clinical PK profile.

4. Steady-state plasma nebivolol
concentrations were reached within 10 days
whether nebivolol was administered alone
or concomitantly with spironolactone.

5. Muitiple doses of nebivolol alone,
spironolactone alone, or multiple doses of
nebivolol administered concomitantly with
spironolactone resulted in both small and
variable changes in SBP, DBP, and Pulse
Rate.
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N/A

NEBI-0220

A Phase [ Open-Label
Muitiple-Dose Study of
the Pharmacokinetic
Interaction between
Ramipril and Nebivolol
HCL in Healthy
Volunteers

Pharmacokinetic,
Drug interaction
Open-label

Open-label, multiple-dose, one-period, two
parallel group study. Two groups, 8 subjects
each (6 EMs and 2 PMs). Group | received a
single nebivolol HCL tablet (10 mg) once daily
for 10 days. On Day 11 through Day 20, 5 mg
ramipril co-administered once daily with a
single nebivolol HCL tablet (10 mg). On day
21 through Day 30, subjects received a single 5
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Study conducted from
October 9, 2002 —
November 14, 2002.

mg dose of ramipril once daily. Group 2
subjects received a single 5 mg dose of ramipril
once daily for 10 days. On Day 11 through
Day 20, nebivolol HCL 10 mg was co-
administered once daily with a 5 mg dose of
ramipril. .On Day 21 through Day 30, pts
received nebivolol HCL 10 mg once daily. 15
(12 EM and 3 PM) healthy, non-smoking male
and female subjects between the ages of 19 and
69 completed this study.

58 AEs experienced by 10 subjects during the
study (headache, dry throat, sore throat, fatigue,
decreased cognitive ability, abdominal pain,
diarrhea, hot flashes, yeast infection, light-
headed, upset stomach, vomiting, back pain,
abdominal pain, felt drunk, gas, upset stomach,
dry lips, constipation).

Results:

1. Lab, vital sign, and ECG monitoring
indicate no safety risk associated with oral
dosing of 10 mg nebivolol HCL tablets
alone or concomitantly with 5 mg (1 x 5
mg) ramipril capsules.

2. Steady-state plasma concentrations achieved
by Day 10, Day 20 and/or Day 30 for d-
nebivolol, I-nebivolol, d,1 nebivolol in EM
and PM subjects and/or ramiprilat in EM
subjects.

3. No tx differences observed, when ramipril
co-administered with nebivolol (as
compared to nebivolol alone), in mean CSS,
AUCTAU, HALF, apparent KEL and
apparent CI/F for I-nebivolol or d,I-
nebivolol in EM subjects. Additionally,
CSS and AUCTAU for I-nebivolol and d,1-
nebivolol showed no treatment differences
in PM subjects. -

4. No sig drug interaction between nebivolol
HCL or ramipril upon co-administration.
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N/A

NEBI-
02104

A Phase 1 Open-Label
Single-Dose Study of the
Pharmacokinetic
Interaction between
Nebivolol HCL and
Losartan Potassium in
Healthy Volunteers

All subjects dosed from
January 20, 2003 through
February 17, 2003.

Pharmacokinetic,
Drug interaction
Open-label

Single-dose, open-label, randomized, two-
sequence, two-treatment, three period study
between nebivolol HCL (10 mg) and losartan
potassium (Cozaar®) (50 mg) in 24 healthy
volunteers (20 EMs and 4 PMs), between the
ages of 18 and 55. 21 subjects (18 EMs and 3
PMs) completed the study. Subjects treated
with nebivolol alone, nebivolol in combination
with losartan, and losartan alone. Each tx
given as a single dose with a 14-day washout
period between treatments. Group 1 and Group
2 consisted of 12 subjects each (10 EMs and 2
PMs).
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30 AEs reported in 14 subjects (headache,
light-headed, left shoulder pain, right ear
pressure, fever, malaise, menstrual cramps,
somnolence, rhinitis, sinusitis, vomiting,
dizziness, left otitis media, URI). Subject 9
withdrew prior to Day 29 dose administration
due to personal reasons. Subject 16 withdrew
prior to Day 15 due to personal reasons.
Subject 20 was dropped by Mylan's PK
department prior to Day 29 due to an upper
respiratory infection.

Results:

1. Clinical laboratory, vital sign, and ECG
monitoring indicated no safety risk.

2. Concomitant administration of losartan and
nebivolol did not produce any substantial
changes in the PK of d, 1, and d,1 nebivoloi
in both EMs and PMs. CPEAK, AUCL, or
AUCI were slightly decreased by no greater
than 21% for EM and 13% for PM subjects.

3. Comparisons of the PK parameters of
losartan and EXP-3174 in the presence or
absence of nebivolol indicated that there
were slight decreases in both AUCL (14%)
and AUCI (14%) and slight increases in
CI/F (17%) and Vd/F (21%) of losartan
upon coadministration with nebivolol, while
the disposition of EXP-3174, which is
responsible for most of the Angiotensin II
receptor antagonism that follows losartan
treatment, was not affected by nebivolol.

4. Overall, a single dose of nebivolol resulted
in a 12% (14 mm Hg) decrease in mean
SBP, maximal at 8 hrs post-dose, a 13% (9
mm Hg) decrease in mean DBP that was
maximal at 8 hours post-dose, and a 19%
(13 bpm) decrease in mean pulse rate that
was maximal at 4 hours post-dose. Overall,
a single dose of losartan resulted in
approximately a 7% (8 mm Hg) decrease in
mean SBP that was maximal 24 hours post-
dose, a 9% (6 mm Hg) decrease in mean
DBP that was maximal 6 hours post-dose,
and a 9% (6 bpin) decrease in mean pulse
rate that was maximal 2 hours post-dose.
Overall, a single dose of nebivolol
concomitantly with losartan resulted in a 9%
(10 mmHg) decrease in mean SBP that was
maximal 6 hours post-dose, a 12% (8 mm
Hg) decrease in mean DBP that was
maximal at 6 hours post-dose, and a 15%
(10 bpm) decrease in mean pulse rate that

49




# "mf) Study ID Title S‘;%:;nggnry’ Results
was maximal 4 hours post-dose. Similar
findings seen in EMs and PMs.
5. No significant drug interaction with
concomitant administration of losartan and
nebivolol. ,
148 | N/A | NEBI- A Phase I Open-Label Pharmacokinetic, Open-label, randomized, two-period, crossover
02118 Study of the Effect of Drug interaction study. Oral administration of 10 mg nebivolol
Repeated-Dose Activated | Open-label HCL tablets with repeated-dose (8x50 g/240

Charcoal on the
Pharmacokinetics of
Nebivolol HCL in Healthy
Volunteers

January 18, 2003 — March
10, 2003.

mL or 25 g/240 mL) activated charcoal
suspension.

15 EMs and 4 PMs, healthy, males and
females, ages 20-51. Only 9 subjects (6 EMs
and 3 PMs) completed the study.

28 AEs (dizziness, vomiting, headache, watery
or loose stools, nausea). More AEs with higher
dose of charcoal.

No significant lab, vital sign, or ECG changes
with nebivolol 10 mg alone or with activated
charcoal (25g/240mL)

Results:

L. Effects of activated charcoal appear to differ
slightly between EMS and PMs.

2. In EMs, repeated doses of charcoal resulted
in no significant changes in AUCL, AUCI,
and CI/F of d-, I-, and d, I-nebivolol. For
glucuronides, there was a 15% decrease in
AUCL and AUCI, and a 19% increase in
ClF. .

3. In PMs, 24-30% decreases in mean AUCL
and AUCI, and 31-41% increases in the
mean CI/F of d-, I-, d, I-nebivolol observed
following activated charcoal treatment.
Also a 21% decrease in the mean AUCL
and AUCI, and a 27% increase in the mean
CL/F of G-UD in PMs.

4. Variable and inconsistent changes in HALF
and Vd/F (Vd/F for G-UD) in individuals
following activated charcoal tx.

Summary: Nebivolol and G-UD tend to exhibit
more enterohepatic recycling in PMs compared
to EMs. Therefore, enterohepatic recycling of
nebivolol and/or its metabolites likely exists in
humans, but the extent of its involvement or
significance is still unknown.

Nebivolol + activated charcoal resulted in
approximately a 13 mm Hg drop (12%
decrease) in SBP 6 hrs post nebivolol dosing
and an 11 mm Hg drop (15% decrease) in DBP
8 hrs post nebivolol dosing. (compared with 3
mm Hg (3% decrease) and 10 mm (14%
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decrease) in SBP and DBP 8 hrs post dosing
with nebivolol + distilled water.

Nebivolol + activated charcoal resulted in

8 bpm drop (12%) in sitting mean pulse rate at
4 hrs post nebivolol dosing. Nebivolol +
distilled water led to 6 bpm (9% decrease) at 6
hrs post dosing.
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N/A

NEBI-0124

A Phase I, Open-Label
Study Investigating the
Effects of Hepatic
Impairment on the Single-
Dose Pharmacokinetics of
Nebivolol Hydrochloride

Dosing dates: September
13, 2001 - October 17,
2001 for impaired
subjects.

Dosing dates: October 17,
2001 — October 22, 2001.

Pharmacokinetic,
Special populations
Open-label

8 healthy adult volunteers and 8 pts with
moderate hepatic impairment. 6 women. 10
men. 16 total subjects. All EMs. 4 pts with
Hepatitis C. All subjects completed the study.
Ages 41-64. Open-label, one-period, single-
dose study.

5 mg nebivolol.

Results:

1. AUCL for d, I-nebivolol 4.5 fold higher for
moderate hepatic impaired individuals
(range 14.80 ng*hr/mL to 145.5 ng*hr/mL)
compared to healthy individuals (range:
0.80 to 56.13).

2. CPEAK 3.5 fold larger in moderate hepatic
impaired group

3. Mean time to peak plasma concentrations
for both moderate hepatic impaired and
healthy individuals was comparable (1.5 hrs
vs. 1.75 hrs, respectively)

4. Mean t1/2 and mean apparent clearance of
nebivolol was roughly 3 fold larger (22.2
hrs vs. 7.4 hrs) and 10-fold smaller
(168.2L/hr vs. 1937 L/hr), respectively, for
the hepatic impaired subjects compared to
healthy controls.

For nebivolol glucuronides:

1. Mean AUCL approximately 1.7 fold higher
for moderate hepatic impaired individuals
(NS)

2. CPEAK approximately equal between 2
groups

3. Mean time to reach peak plasma
concentrations for both the moderate hepatic
impaired and healthy individuals
comparable (2.6 hrs vs. 2.4 hrs)

4. Mean apparent volume of distribution was
nearly identical for both groups for the
nebivolol glucuronide moiety.

5. Mean apparent clearance for nebivolol
glucuronides approximately double for the
healthy subjects relative to hepatic impaired
volunteers.

6. Only statistically significant ( p < 0.05)
value was the glucuronide half-life for
moderate hepatic impairment almost 3 fold
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151 | N/A | NEB-122 A Randomized, Parallel- | Cardiovascular, Please see the complete review of NEB-122
Group Safety Evaluation Double-blind, | under Safety in the Review by Karen A. Hicks,
of Electrocardiographic Randomized, M.D..
Intervals and Blood Placebo and Active-
pressure in Normal "1 Controlled Study of

Healthy Volunteers after QT Effects
Nebivolol, Atenolol,
Moxifloxacin, or Placebo

" Administration after
Single and Repeated
Doses

Appears This Way
On Original




1.1 Report Number: 1270_01_00. ("Comparative Effects of Nebivolol,
Nebivolol Enantiomers, Atenolol, Metoprolol, Carvedilol, and
Bucindolol on Human Endothelial Cell Nitric Oxide Release Following
Acute Treatment") (June 25, 2002) (Reviewer: Karen A. Hicks, M.D.)

Study 1270.01.00 compared the effects of nebivolol, nebivolol enantiomers, atenolol,
metoprolol, carvedilol, and bucindolol on the release of nitric oxide from human
umbilical vein endothelial cells (HUVEC) following acute treatment. The concentrations
of nebivolol and its enantiomers ranged from 100 nM to 100 pM. HUVEC released 400
nM, 300 nM, and 350 nM of nitric oxide in response to 100 uM concentrations of /-
nebivolol, d-nebivolol, and racemic mixture of nebivolol, respectively, as seen in Figure
1.

Figure 1. Nitric Oxide Release from Endothelial Cells Following Acute Treatment with Nebivolol
and Its Enantiomers
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(Reproduced from Sponsor, Report Number 1270.01.00, Figure 1A, page 9)

The racemic mixture of nebivolol and its enantiomers increased NO release from
HUVEC and were superior to the other agents tested. Ata 5 pM concentration of study
drug, HUVEC released 40 nM of nitric oxide for atenolol, over 200 nM for d-nebivolol
and the racemic mixture, and over 250 nM for /-nebivolol. At 500 nM, HUVEC released
over 160 nM of nitric oxide for racemic nebivolol, compared to slightly over 85 nM of
nitric oxide for Bucindolol, and less than 85 nM of nitric oxide for Metoprolol and
Carvedilol. Nitric oxide release for these compounds is shown in Figure 2.
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Figure 2. Nitric Oxide Release Following Acute Treatment with Nebivolol, Bucindolol, Metoprolol,
and Carvedilol
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(Reproduced from Sponsor, Report Number 1270.01.00, Figure 4A, page 12)

Following nebivolol, nitric oxide release from HUVEC occurred gradually over 15
seconds and then plateaued for an additional 15 seconds, prior to declining over the
subsequent 30 seconds, as seen in Figure 3. The release kinetics for carvedilol,
metoprolol, and bucindolol, however, were different, and were marked by a rapid onset
and shorter plateau phase. The release kinetics for atenolol were not sufficiently studied.
It is not known whether or not rapid release kinetics increase the concentration of
superoxide and free radical formation, thereby depleting nitric oxide and resulting in
cellular toxicity.

Figure 3. Nitric Oxide Releasing Effect of Various Beta-Blockers on Human Endothelial Cells
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(Reproduced from Sponsor, Report Number 1270.01.00, Figure 5, page 13)

X-ray diffraction analyses found that nebivolol was located in the membrane
hydrocarbon core, as were carvedilol and metoprolol, two compounds which also
increased nitric oxide release. Atenolol, a hydrophilic compound, however, had its
equilibrium location in the charged headgroup, as seen in Figure 4 and Figure 5. It is not
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known whether or not the location of electron density for the compounds affects the
amount of nitric oxide released.

Figure 4. Nebivolol and its Enantiomers Partition to a Similar Membrane Location_
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(Reproduced from Sponsor, Figure 6, page 15)
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Figure 5. Predicted Location of Nebivolol, Metoprolol, Carvedilol, and Atenolol in Cell Membrane

(Reproduced from Sponsor, Figure 7, page 16)

Conclusions: Nebivolol, and especially /-nebivolol, stimulated NO release from
HUVEC. Peak nitric oxide release from HUVEC following acute treatment with
nebivolol appeared to be greater than nitric oxide release following acute treatment with
atenolol, metoprolol, carvedilol, or bucindolol. The activity of d-nebivolol was
approximately 70% of that measured for /-nebivolol. The racemic mixture of nebivolol
demonstrated NO effects similar to the /-enantiomer alone.

1.2 Report Number: 1273 _01_00. ("Comparative Effects of Nebivolol,
Nebivolol Enantiomers, and Six Nebivolol Metabolites on Endothelial
Nitric Oxide Release from Human Endothelial Cells following Acute
Treatment') (July 25, 2002) (Reviewer: Karen A. Hicks, M.D.)

Study 1273.01.00 compared the effects of nebivolol, nebivolol enantiomers, and six
nebivolol metabolites (4-hydroxy nebivolol, 5-hydroxy nevibolol, 8-hydroxy nebivolol,
N-dealkylated carboxylic acid (N-DACA), N-dealkylated diol (N-DAD), and N-
dealkylated amino alcohol (N-DAAA) on nitric oxide release from human endothelial
cells following acute treatment. At concentrations of 10 pM of 4-hydroxy nebivolol, 5-
hydroxy nebivolol, and 8-hydroxy nebivolol, HUVEC released nitric oxide at
concentrations of 420 nM, 230 nM, and 230 nM, respectively, as seen in Figure 6. The
remaining three metabolites resulted in peak NO levels less than 90 nM. At
concentrations of 5 pM, 4-hydroxy nebivolol and nebivolol resulted in peak NO
concentrations of greater than 400 nM and of 225 nM, respectively, as seen in Figure 7.
Additionally, the peak NO concentration achieved after 4-hydroxy nebivolol
approximated the concentration usually measured with acetylcholine, and both agents
demonstrated rapid early release kinetics.
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Figure 6. Peak NO Release Following Acute Treatment with Nebivolol Metabolites (10pM)
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(Reproduced from Sponsor, Report Number 1273.01.00, Figure 1, page 9)

Figure 7. Peak NO Release Following Treatment with Acetylcholine, Nebivolol, and Nebivolol
Metabolites (S pM Treatment)
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(Reproduced from Sponsor, Report Number 1273.01.00, Figure 2, page 10)
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Table 3. Relative Magnitude of NO Bioavailability for Nebivolol, Its Enantiomers, and Major
Metabolites :

Compound - Relative Magaitude of Effect
{53000 M Componnd}
Nebtvolol e
d-Nebivolol #h
ENelsivolol ki
4-hvdroxy-3-plencl nebivolol. whE
4-hvelroxy-8-phenol nebivolol EE
Nebivolol glucuronide wE
4-hydroxy nebivolol il
3-hydroxy nebivolol B
S-hrvdroxy nebivolol #
N-dealkcvlated aming aleohol -
N-dealkylated diol -
N-dealkylated carboxylic acid -

= = Noappreciable bindeag, ¥ & <160aM; ** » 101-130nRE #%% = |51 200n0M; #4935
>200mM
(Mazson, 3003a)

(Reproduced from Sponsor, Table 4.3-01, Integrated Summary of Efficacy, page 34)

Conclusions: Following acute treatment with 4-hydroxy nebivolol, peak NO release from
HUVEC approximated that seen with acetylcholine and was higher than d-nebivolol, /-
nebivolol, and d,/-nebivolol.

1.3 Report Number: 1332 _00_00. ("Comparative Effects of Nebivolol
Metabolites 4,5'-dihydroxy, 4,8'-dihydroxy, Glucuronide, Nebivolol, and
Nebivolol Enantiomers on Endothelial Nitric Oxide Release in Human
Endothelial Cells following Acute Treatment") (March 2003) (Reviewer:
Karen A. Hicks, M.D.)

Acute treatment with 50 uM of nebivolo! or nebivolol metabolites in Study 1332.00.00
demonstrated that 4,5'-dihydroxy nebivolol, 4,8'-dihydroxy nebivolol, and nebivolol
glucuronide increased NO release from HUVEC in a concentration-dependent manner.
At a concentration of 50 uM, 4,5' and 4,8'-dihydroxy nebivolol resulted in peak NO
release of 330-350 nM, while the glucuronide metabolite resulted in a peak NO release of
190 nM, as shown in Figure 8.
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Figure 8. Effects of Nebivolol and Metabolites on Peak NO Release from Human Endothelial Cells
Following Acute Treatment (50 uM) v
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(Reproduced from Sponsor, Report Number: 1332.00.00, Figure 2, page 10)

In Figure 9, the sponsor shows the more potent effect of dihydroxy metabolites compared
with the previously studied nebivolol metabolites, with the exception of 4-hydroxy
nebivolol. :

Figure 9. Effects of Nebivolol and Nebivolol Metabolites on Peak NO Release from Human
Endothelial Cells Following Acute Treatment (50 pM)
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(Reproduced from Sponsor, Report Number 1332.00.00, Figure 3, page 11)

Conclusions: 4-hydroxy nebivolol had the highest peak NO release from HUVEC,
followed by 4,5' dihydroxy and 4,8' dihydroxy nebivolol.
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1.4 Report Number: 1333 _00_00. ("Comparative Effects of Nebivolol and
Atenolol on Nitric Oxide Release from Human Endothelial Cells

following Chronic Treatment") (August 2, 2002) (Reviewer: Karen A.
Hicks, M.D.)

Human endothelial cells were chronically treated for twenty-four hours with either a 10
1M concentration of atenolol or nebivolol. After study drug washout, the investigator
reintroduced study drug and determined the concentration-dependent effects of nebivolol
and atenolol on NO releasing capacity following stimulation with calcium ionophore at 1
pM. Nebivolol significantly increased nitric oxide release from HUVEC, while atenolol
had no effect, as seen in Figure 10. Additionally, at increasing concentrations of
nebivolol from 0.1 uM to 10 pM, NO peak release also increased from approximately 25
nM to 120 nM. This study did not appear to test increasing concentrations of atenolol
above 10 pM to see if there was a response in release of NO from HUVEC.

According to the investigators, "under control conditions, the maximum amount of NO
available following stimulation with calcium ionophore is approximately 580 nM."

Figure 10. Peak NO Release in Endothelial Cells after Chronic Treatment with Nebivolol or Atenolol
(10 uM) Followed by Stimulation with Calcium Ionophore (1 pM)
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(Reproduced from Sponsor, Report Number 1333_00_00, Figure 1, page 9)

In summary, nebivolol increased NO release from human endothelial cells in a
concentration-dependent fashion. The investigator believes the mechanism of nitric
oxide release is independent of B;-adrenergic receptor inhibition, because atenolol at the
concentration tested had no significant effect on nitric oxide concentration.

In the discussion of the findings, the report states that under normal conditions,
stimulation of HUVEC preparations with 1.0 pM of acetylcholine releases nitric oxide at
a concentration of 400 nM. The physiologic response is generally thought to be
proportional to the concentration of nitric oxide released, and is thought to be significant
at quantities greater than 100 nM.

Conclusion: Peak NO release from HUVEC is a concentration-dependent phenomenon
after chronic treatment with nebivolol. Although the mechanism of NO release is not
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known, some investigators postulate a mechanism independent of B1-adrenergic receptor
inhibition, because atenolol at the concentration tested had no significant effect on peak
NO release. '

1.5 Report Number: 1334 00_00. ("Comparative Effects of Nebivolol and
Atenolol on Nitric Oxide Release in Black and Caucasian Endothelial
Cells following Chronic Treatment') (September 20, 2002) (Reviewer:
Karen A. Hicks, M.D.)

Study 1334.00.00 studied the effects of nebivolol and atenolol on nitric oxide release in
Black and Caucasian endothelial cells following chronic treatment. Prior to drug therapy,
baseline nitric oxide release after stimulation with acetylcholine (1 pM) was 375 nM and
225 nM in Caucasian and Black HUVEC preparations, respectively, suggesting that there
may be racial differences in basal levels of nitric oxide release, as seen in Figure 11.

Figure 11. Comparison of Acetylcholine (1 pM) Stimulated NO Release from Caucasian and Black
Donor Endothelial Cells
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(Reproduced from Sponsor, Study 1334.00.00, Figure 1, page 9)

After chronic treatment (24 hours) with 10 uM of nebivolol and atenolol in the Black
HUVEC preparation, however, nitric oxide release increased from ~225 nM to ~450 nM-
in the nebivolol group and from ~225 nM to ~260 nM in the atenolol group following
stimulation with acetylcholine ( 1 pM). In the Caucasian HUVEC preparation, nitric
oxide release increased from ~375 nM to ~500 nM with nebivolol and from ~375 nM to
~420 nM with atenolol. Figure 12 shows the results of chronic treatment with nebivolol
and atenolol in Black and Caucasian HUVEC preparations. These findings suggest
nebivolol stimulates native endothelial cells to increase nitric oxide release in the setting
of endogenous agonists such as acetylcholine or bradykinin.



Figure 12. Release of NO after Chronic Treatment with 8,-Adrenoceptor Blockers (10 uM) Followed
by Stimulation with Acetylcholine (1 pM)
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(Reproduced from Sponsor, Study 1334.00.00, Figure 2, page 10)

The above data suggest the magnitude of the NO response after chronic therapy with
nebivolol is greater in Black than in Caucasian HUVEC preparations, almost completely
eliminating the racial difference. Additionally, chronic treatment with atenolol had no
significant effect on nitric oxide release in either Black or Caucasian HUVEC
preparations.

Conclusions: Using Black and Caucasian HUVEC preparations in vitro, this study
suggests there may be an ethnic difference regarding basal levels of NO release following
stimulation with acetylcholine. After chronic treatment with nebivolol and atenolol, NO
release increased in both HUVEC preparations, although the magnitude of increase was
greater with nebivolol.

1.6 Report Number: 1271 00 00. ("Effects of Nebivolol and ACE-
Inhibitors on Endothelial Nitric Oxide Release in Black and Caucasian
Donor Endothelial Cells following Chronic Treatment'') (May 2003)
(Reviewer: Karen A. Hicks, M.D.)

Study 1271.01.00 studied the effects of chronic nebivolol and ACE-Inhibitor treatment
on nitric oxide release from Black and Caucasian donor endothelial cells. HUVEC
preparations from 6 Black and Caucasian donors were utilized. Basal nitric oxide release
after stimulation with acetylcholine (1 pM), a receptor-dependent agonist, was 196 nM in
Black cells and 316 nM in Caucasian cells, while after stimulation with a calcium
ionophore (1 pM), a receptor-independent agonist, was 301 nM and 465 nM,
respectively, in Black and Caucasian cells.

Nitric oxide release in Black and White donors following stimulation with acetylcholine
(1 uM) was concentration dependent after chronic treatment with nebivolol in doses



ranging from 0.01 uM to 10 uM. In Black donors, ACh-stimulated NO release increased
from 196 nM (untreated) to 430 nM, and the percent increase in NO release ranged from
approximately 38% to 120% over the nebivolol dose range tested. In Caucasian donors,
Ach-stimulated NO release increased from 316 nM (untreated) to approximately 420 nM,
and the percent increase in NO release ranged from 10% to 30% over the nebivolol dose
range tested.

Nitric oxide release in Black and White donors following stimulation with calcium
ionophore (1 pM) was also concentration dependent after chronic treatment with
nebivolol in the same dose range. In Black donors, NO release increased from 301 nM
(untreated) to approximately 700 nM, and the percent increase in NO release ranged from
approximately 62% to 120% over the nebivolol dose range tested. In Caucasian donors,
NO release increased from 465 nM (untreated) to approximately 670 nM, and the percent
increase in NO release ranged from approximately 10% to 40% over the nebivolol dose
range tested.

After chronic treatment with ramiprilat (0 to 10 pM) followed by treatment with
nebivolol (1 pM), there was a concentration dependent increase in nitric oxide release
from Black and Caucasian HUVEC preparations. The magnitude of nitric oxide release
appeared to be greater in the Black donors. In Black donors, NO concentration increased
from approximately 175 nM (untreated) to approximately 480 nM in the setting of
nebivolol and increasing doses of ramiprilat. In Caucasian donors, NO concentration
increased from approximately 250 nM (untreated) to 460 nM in the setting of nebivolol
and increasing doses of ramiprilat.

There were similar results after chronic treatment with enalapril (0 to 10 uM) followed
by treatment with nebivolol (1 pM).

Conclusions: Following stimulation with acetylcholine (1 pM) or calcium ionophore (1
uMj after chronic treatment with nebivolol (0.01 to 10 uM), peak nitric oxide release
increased in both Black and Caucasian HUVEC preparations. After chronic treatment
with ramiprilat or enalapril, following stimulation with nebivolol (1 pM), there was a
concentration dependent increase in nitric oxide release in both Black and Caucasian
HUVEC preparations. Although at baseline, nitric oxide release was less in Black
compared with Caucasian endothelial donors, following treatment with nebivolol or
following ramiprilat or enalapril in combination with nebivolol, peak nitric oxide release
in Black donors exceeded that seen in Caucasian donors.

1.7 Report Number: 1269 01_00. ("Separate and Combined Effects of
Nebivolol and ACE-Inhibitors on Human Endothelial Cell Nitric Oxide
Release following Acute Treatment') (August 5, 2002) (Reviewer:
Karen A. Hicks, M.D.)

Study 1269.01.00 examined peak nitric oxide release from HUVEC following acute
treatment with nebivolol. ramiprilat, or enalapril. The study showed that nebivolol in
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doses ranging from 1.0 to 100 pM and ramiprilat or enalapril, in doses ranging from 0.01
to 1.0 pM acutely increased nitric oxide release from HUVEC. Doses of ramiprilat or
enalapril greater than 1.0 pM, were not studied. Figure 13 shows the acute treatment
effects of these agents.

Figure 13. Effects of Acute Treatment with Nebivolol, Ramiprilat, and Enalapril on Peak Nitric
Oxide Release from Human Endothelial Cells
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(Reproduced from Sponsor, Study 1269.01.00, Figure 1, page 8)

The study also examined the individual and combined effects of nebivolol, ramiprilat,
and enalapril following acute treatment. As seen in Figure 14, when either ramiprilat or
enalapril were acutely administered with nebivolol, there was no significant increase in
peak NO release from HUVEC, compared with nebivolol alone. Higher doses of
ramiprilat or enalapril were not studied.

Figure 14. Separate and Combined Effects of Acute Treatment with Nebivolol and ACE Inhibitors
on Peak NO Release from Human Endothelial Cells
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(Reproduced from Sponsor, Study 1269.01.00, Figure 2, page 9)

Conclusion: Acute treatment with nebivolol (1.0 to 100 pM), ramiprilat (0.01 to 1.0
uM), or enalapril (0.01 to 1.0 pM), increased peak NO release from HUVEC. Acute
treatment with nebivolol, in combination with either ramiprilat or enalapril, however, did
not significantly enhance peak NO release from HUVEC compared with nebivolol alone.
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1.8 Report Number: 1268 01_00. ("Effects of Acute Nebivolol Treatment
on Nitric Oxide Release and Vascular Function in Normal versus
Diseased Mesenteric Arteries') (September 2, 2002) (Reviewer: Karen
A. Hicks, M.D.)

Study 1269.01.00 examined the effect of nebivolol and its enantiomers on nitric oxide
release from small resistance mesenteric arteries from both normotensive Wistar-Kyoto
(WKY) and stroke-prone spontaneously hypertensive (SHR) rats. The investigator
compared these results to peak nitric oxide release seen in WKY and SHR rats after
administration of 1.0 uM of acetylcholine, a concentration which produces maximal NO
release, and after administration of a calcium ionophore (1.0 uM). The calcium
ionophore increases intracellular calcium through a receptor independent mechanism.
After calcium binds to calmodulin, the complex serves as an essential co-factor to
activate endothelial nitric oxide synthase (eNOS).

In control WKY rats, maximum NO release following acute treatment with d-nebivolol,
I-nebivolol, and the nebivolol racemate in concentrations of 1.0 to 100 pM was 180 nM,
340 nM, and 280 nM, respectively, suggesting /-nebivolol was the most potent. The
result for the WKY rats are shown in Figure 15.

Figure 15. Effects of Nebivolol and Its Enantiomers (1, 10, and 100 pM) on NO Release from
Endothelium-Intact WKY Rats
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(Reproduced from Sponser, Report Number 1268.01.00, Figure 1, page 9)

In SHR arteries, maximum NO release after acute treatment with d-nebivolol, /-nebivolol,
and the nebivolol racemate was 160 nM, 260 nM, and 230 nM, respectively, also
suggesting /-nebivolol was the most potent. The SHR results, compared with the WKY -
results, are shown in Figure 16 below.
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Figure 16. Effects of Nebivolol and Its Enantiomers (10 uM) on NO Release from Arteries of WKY
and SHR Rats
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(Reproduced from Sponsor, report Number 1268.01.00, Figure 2, page 10)

Peak NO release in WKY rat mesenteric arteries following acute treatment with 1.0 pM
of acetylcholine was similar to that seen inWKY rat mesenteric arteries following acute
treatment with /-nebivolol. In SHR rats, however, peak NO release following acute
treatment with /-nebivolol was greater than that seen following acute treatment with
acetylcholine (260 nM vs. 200 nM, respectively). The effects of nebivolol, nebivolol
enantiomers, and acetylcholine on NO release are shown in Figure 17 below.

Figure 17. Effects of Nebivolol (10 M), Nebivolol Enantiomers (10 uM), and Acetylcholine (1 pM) on
NO Release from Endothelium-Intact Rat Arteries
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(Reproduced from Sponsor, Report Number 1268.01.00, Figure 3, page 11)

Following acute treatment with a calcium ionophore (1 pM), peak NO release was 40%
less in SHR arteries, compared with WKY arteries, as seen in Figure 18 below.
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Figure 18. Effects of Calcium Ionophore and Acetylcholine (1 pM) on NO Release from
Endothelium-Intact Rat Arteries
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(Reproduced from Sponsor, Study 1268.01.00, Figure 4, page 12)

Conclusions: Acute treatment with nebivolol and its enantiomers increased peak nitric
oxide release in WKY and SHR small (200uM) resistance arteries. /-Nebivolol appeared
to be the most potent stimulator of nitric oxide release at the doses tested. Nitric oxide
release was greater in WKY compared with SHR arteries. In SHR arteries, peak nitric
oxide release was reduced following acute treatment with nebivolol, nebivolol
enantiomers, acetylcholine, and a calcium ionophore. At the doses tested, acute treatment
with [-nebivolol resulted in a greater release of nitric oxide than acetylcholine in the SHR
model.

1.9 Report Number: 1312_01_00. (" Adrenergic Receptor Pharmacology of
Nebivolol in the Human Heart') (February 9, 2004) (Reviewer: Karen
A. Hicks, M.D.)

In Report 1312.01.00, Bristow and colleagues examined the 8,/8, binding selectivity of
nebivolol, as there had been discrepancies in the literature regarding the extent of
selectivity (Bristow 2004). Bristow previously found nebivolol had a 183 fold higher
affinity for human cardiac B, adrenergic receptors compared with B, receptors. In Bohm's
laboratory (Bohm 2001) and in Schwinger's laboratory (Schwinger 2001), however, the
B1/B2 selectivity was only 3-4 fold and 41 fold, respectively.

In this study, Bristow and colleagues used a longer incubation time (4 hours vs. the
previous 2 hours) and a higher assay volume (450 uL vs. the previous 250 pL) than
studies performed in other laboratories to determine if the prior studies were performed at
steady-state conditions and were affected by radioligand or cold ligand depletion,
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Using a high-yield crude membrane preparation from a 5 gram aliquot of freshly
explanted left ventricular myocardium, Bristow examined beta adrenergic selectivity with
a nonselective radioligand '% [ICYP (' Iodocyanopindolol) assay in the presence or
absence of nebivolol. Bristow studied different concentrations of nebivolol. Donor
myocardium was obtained from 5 nonfailing heart donors (2 females, 3 males; average
age 54 years) and 5 end-stage dilated cardiomyopathy transplant recipients (1 female, 4
males; average age 58 years; 3 idiopathic dilated cardiomyopathies; and 2 ischemic
cardiomyopathies).

Bristow found the B, selectivity increased as the incubation time increased from 2 to 4
hours. Table 4 below shows the difference in BB, selectivity at the two incubation times.

Table 4. Data Summary of Nebivolol Binding Constants with Incubations at 2 and 4 Hours

Encubation Time Nebivolol Ku(Bi) Nebivolol Ki(B,) Bi/Ba
{n= {{)) {n= i) Seleetivity
2 Hirs 0.79+0.24 [37437 202493
4 hrs 070010 225428 FI33437

Kisare innM £ SEy % p < 05 vs. 2 hours

(Reproduced from Bristow, 2004, Report Number 1312.01.00, Table 1, page 10)

Bristow compared the binding parameters of numerous other beta-blockers, incubated at
two hours, to that seen with nebivolol after four hours of incubation. Table 5 shows the

various binding parameters of these beta-blockers.

Table 5. Binding Parameters (K;) for Muitiple 8-Blocking Agents in Human Cardiac Membranes

Compound " k:‘: t‘rg” !\11{%[;2} Se c-gt{i\zm
propranclot 18 J6310.64 3.6340.64 1.0
bucindolol %3 2354062 2354162 1.0
carvedilal 7 3.84%1.22 3844122 RV
betaxolol 23 a.19+092 5764172 93
metoprolol 12 45.0+18.0 *IE8AE1400 67.8+17.8
bisoprolo! 6 36.54£22.7 FATSEEZH42 193
celiprolo] 12 120424 #R29247862 69
nehivolel 0 0,70+ 10 F225428 T352437

Ky = high affinity binding site. High aflinity sites assumed to be i, recepteor sites.
Ky = fow aflinity binding site. Low uf’ﬁuii}; sites assunied to be fi; recepior sites.

£ p <05 ve K™, p .05 vs, nebivolol. *. p <.05 vs. metoprolet ¥ binding performed in the
presence of Gpp(NHp to elimisate agonst binding, 1 site fit cirves only

(Reproduced from Bristow, 2004, Report Number 1312.01.00, Table 2, page 10)

To determine a;-adrenergic receptor binding of nebivolol, Bristow evaluated nebivolol's

ability to displace

[I]BE 2254 binding from human cardiac membranes after two hours

of incubation. According to Bristow, after 2 hours of incubation '“[[]BE 2254 binding
becomes unstable. Nebivolol had a Ki of 330 nM for o adrenergic receptors in the
human heart, consistent with a weak affinity.
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Conclusions: Bristow determined a 4 hour (240 minutes) incubation of nebivolol was
necessary to achieve steady state, and low assay volumes (250 pL) identified only a
. single class of binding sites with similar affinity to the B, receptor.

Bristow concluded nebivolol was highly 8, selective. According to Bristow, nebivolol
had a 352 fold higher affinity for human cardiac B, versus B,—adrenergic receptors and a
Bia.1 selectivity exceeding 400 fold. Additionally, Bristow stated nebivolol had a higher
selectivity than all other beta-adrenergic blockers currently in clinical use, but he
compared binding data for other beta-blockers incubated for only two hours to nebivolol
incubated at four hours. Bristow stated the other beta blockers took only two hours to
reach steady state.

1.10 Report Number 1311_01_00. ("'Adrenergic Receptor Pharmacology of
Nebivolol, Its Enantiomers and Nine Metabolites in the Human Heart")
(February 9, 2004) (Reviewer: Karen A. Hicks, M.D.)

Study 1311.01.00 used a high-yield crude membrane preparation from a 5 gram LV free
wall aliquot from 4 end stage heart failure patients with left ventricular ejection fractions
less than 25% undergoing transplantation (2 idiopathic dilated cardiomyopathies and 2
ischemic cardiomyopathies). Nonselective radioligand '*[I}-ICYP

(¥ lodocyanopindolol) in the presence or absence of varying nebivolol isomer or
metabolite concentrations following 4 hours of incubation evaluated the beta selectivity
of nebivolol and nine of its metabolites. The nine metabolites included N-dealkylated
amino alcohol, 4-hydroxy nebivolol, 5-hydroxy nebivolol, 8-hydroxy nebivolol, N-
dealkylated diol, N-dealkylated carboxylic acid, 4-hydroxy-5-phenol nebivolol, 4-
hydroxy-8-phenol nebivolol, and nebivolol glucuronides. d-Nebivolol, /-nebivolol, and
racemic nebivolol were also studied. The results of the nonselective radioligand assay
are shown in Table 6.

Table 6. Summary of K; Values for All Compounds in the Nebivolol Series

Camponnd #. # Bindlng Ky () 122 site Ky (3 102 shte
Experinmants Sites fit} fii)
Nedealkylated anine 2 1, Jase affiaity ~ LA M
aloadied
4-hiydroxy nebivolol 4 2 81 [
3-Bividroxy nehivol) 4 2 * 2216 A09<10°7M
$-hvdroxy nebivdol 3 2 4. 32 BM 306x 1M
N-diatkylated diol 3 1, Tow alfinity — 18 1M
Nedealbylnted carbosylic i 1, lews: o ity - LAIXI0M
seid
4-hydroxy-3-phenot 4 £23 1 zite - EXNTITALY]
achivubol £33 2 siteg 363 M 6.79c 1M
A-hydrosy-8-phenol 4 2 OB EXGTY]
nehivetol
Pebivoled glocusanides 4 3 T LUSKHEM 38NN
Nebaviokad 15 2 7 x0T 2 I UM
d-Nehsolal 4 ? 4 IR [EERE I
ENehividol 4 1 - F AU M
K = high affioaty Biadig site. Hagh allinae sites assoaned o be fy roveptor sites.

o= bow affinity binding site. Lo alfinsty sites

(Reproduced from Bristow, Report Number 1311.01.00, Table 1, page 19)

nd 10 be Broreepror gites.
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Four nebivolol metabolites had a nanomolar or subnanomolar affinity for the B,
adrenergic receptor, similar to the nebivolol racemate. These four metabolites were 4-
hydroxy nebivolol, 5-hydroxy nebivolol, 8-hydroxy nebivolol, and 4-hydroxy-5-phenol
nebivolol. Four-hydroxy nebivolol had a B; versus B, receptor selectivity exceeding 100
fold, while, 5-hydroxy nebivolol and 8-hydroxy nebivolol had selectivities exceeding 50
fold.

The study also showed d-nebivolol and racemic nebivolol had B; versus 8, selectivity of
250 and 320 fold, respectively. The investigator accounted for the higher B; selectivity of
the racemate by stating /-nebivolol had a weak affinity for the receptor. In the in vivo
competition assays with the nebivolol racemate, -nebivolol would bind to the B, site.
According to the investigator, based on the assumption that the /-isomer did not actually
bind to B,-receptors, the presumed B8, selectivity for racemic nebivolol is probably 250
fold, as opposed to 320 fold.

Conclusions: Four nebivolol metabolites had 8, versus B,-adrenergic receptor selectivity
exceeding 50 fold.

1.11 LMD No. 59897. ("Response to Isoprenaline after a Single Intravenous
and Oral Application of Nebivolol: Time Course. Clinical Research
Report. January 1988'") (Reviewer: Karen A. Hicks, M.D.)

Study report only. No protocol available for review. Investigators in the Netherlands
performed this open label, non-placebo controlled study in healthy volunteers in 1987.
Six normotensive volunteers were assigned to three single-dose groups: nebivolol 1.5 mg
IV, nebivolol 5 mg IV, and nebivolol 5 mg po. After volunteers rested supinely for 1
hour, investigators administered a 1 pg bolus of isoprenaline 5, 10, 20, 30, 40, and 50
minutes prior to and 1, 1.25, 1.5, 2, 3, 4.5, 6, and 8 hours following nebivolol.
Investigators recorded subsequent blood pressures and heart rates over a 360 minute time
period, following 15 minutes of supine rest.

Nebivolol 5 mg IV appeared to better suppress the isoprenaline-induced increase in heart
rate, compared with nebivolol 1.5 mg IV. In both doses, there seemed to be a
suppression of heart rate at two time points: 30 minutes and 3-5 hours. Afier oral
nebivolol administration, heart rate appeared to be suppressed at approximately 4 to 5
hours. Only half of the volunteers participated in both the IV and PO portions of this
study. Mean arterial pressure (MAP) appeared to be slightly more decreased after the 5
mg intravenous nebivolol dose, compared with the 1.5 mg intravenous dose.

Conclusions: [ cannot draw any firm conclusions from this study report. Nebivolol

appears to affect heart rate and blood pressure, but there was no control group for
comparison.
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1.12 LMD No. 59988. Study ID NED-6. ("Isoprenaline Dose-Response in
Man After a Single 5 mg Intravenous Dose of Nebivolol and After Oral
Application of Nebivolol 5 mg Once Daily for One Week. Clinical
Research Report NEB-NED-6. February 1988") (Trial Period: June 18,
1987 — Nevember 25, 1987) (Reviewer: Karen A. Hicks, M.D.)

Study report only. No protocol submitted for review. This open-label non placebo-
controlled study was performed in the Netherlands in 1987. This study evaluated 9
normotensive volunteers receiving nebivolol 5 mg IV and 10 normotensive volunteers
receiving oral nebivolol 5 mg daily for one week. Investigators monitored heart rate and
blood pressure in response to intravenous injections of isoprenaline. Investigators
administered isoprenaline in increasing doses (0.25, 0.5, 1, 2, 4, 8 pg). When the
difference between peak heart rate after injection of isoprenaline and heart rate prior to
injection was more than 30 bpm, no additional doses of isoprenaline were administered.

Thirty minutes following a single 5 mg IV dose of nebivolol, twice the dose of
isoprenaline was required to increase heart rate to the same extent as prior to nebivolol
administration. The dose ratio four hours post IV nebivolol was identical to the dose
ratio at 30 minutes.

Four hours after the last 5 mg oral dose given daily for one week, the dose ratio averaged
2.5 and the ability to block beta receptors appeared to be higher than after IV dosing.

Conclusions: IV and PO nebivolol appear to affect heart rate. There was no placebo
group for comparison.

1.13 LMD No. 84265. Study ID GBR-20. ("' Clinical Pharmacology of
Nebivolol (Drug Investigation; 3 (suppl. 1): 31-32, 1991)") (Trial
Period: 1988-1989) (Reviewer: Karen A. Hicks, M.D.)

This journal article, published in 1991, provided results from two studies. No protocols
were -submitted for review. The first study was a randomized, double blind study in
twelve healthy volunteers who received single oral doses of nebivolol 2.5, 5, and 10 mg,
atenolol 50 mg, propranolol 40 mg, and placebo at weekly intervals. The study measured
resting, standing, and exercise heart rate, blood pressure, and cardiac output (by an
acetylene rebreathing technique) at 0, 1, 2, 4, 8, 24, and 48 hours following study drug.
All active treatments affected heart rate. For nebivolol 2.5, 5, and 10 mg, the maximum
percentage inhibition of exercise tachycardia was 9.6, 14.5, and 17.4%, respectively. For
atenolol 50 mg and propranolol 40 mg, the maximum percentage inhibition of exercise
tachycardia was 24.2% and 18.9%, respectively. At 48 hours, nebivolol was the only
active drug studied that inhibited exercise tachycardia. All active treatments lowered
standing diastolic blood pressure. All active treatments reduced postexercise cardiac
index except nebivolol 5 mg. At 2 and 4 hours postexercise, the difference in cardiac
index between nebivolol and atenolol was statistically significant. During these time
points, atenolol reduced cardiac index by 22% and 15.7%, respectively.
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Study two was a randomized double-blind placebo-controlled trial in 12 normal subjects
to evaluate B and 83; adrenergic receptor blocking activity. No protocol was submitted
for review. Following incremental isoprenaline infusions aiming to increase heart rate by
25 bpm (I,s), investigators measured changes in heart rate, systolic and diastolic blood
pressure, finger tremor, and cardiac output. Investigators determined the dose of
isoprenaline required to increase finger tremor by 500% (ITso0) and to increase calf blood
flow by 50% (IFs0). At weekly intervals, subjects received the same drugs and dosages
previously mentioned in study one. Investigators calculated individual dose-response
curves and dose ratios. Following the isoprenaline infusion, subjects underwent routine
stress testing. Nebivolol had the lowest dose ratios for finger tremor and calf blood flow,
as seen in Table 7 below.

Table 7. Isoprenaline (Isoproterenol) Dose Ratios for B-Adrenoceptor Antagonists

HNabivaiot ‘ Atangtol Propranolal
——— R sorng 40mg
Img 10mg 20mg
Ts00 - 1 12 2 35 139
(Fsq 192 4 S 6.3 846

Abtwaviations: [Tgep = dase of isoprenaling requiced 10 iNcrease tinger ramor by S00%: IFsg = dosy of isoprendling required to
increase calf dlocd flow by 50%.

(Reproduced from McLay JS, N Irvine, DG McDevitt, Clinical Pharmacology of Nebivolol, Short
Communication, 1991, First International Nebivolol Investigators' Meeting, Antwerp, Belgium,
September 13-15, 1990, Drug Investigation 3(supplement 1):31-32)

Nebivolol 5, 10, and 20 mg inhibited exercise tachycardia by 5%, 13.1%, and 16.4%,
respectively. Atenolol and propranolol inhibited exercise tachycardia by 20.9% and
12.3%, respectively.

LMD No. 92890. Study ID GBR-20. (""A Comparative Study of the Relative Beta-
Blocking Potency, and Beta-1 Selectivity of Nebivolol, Propranolol, and Atenolol
in Healthy Volunteers') (Reviewer: Karen A. Hicks, M.D.)

In this Phase II randomized, placebo-controlled, single dose, single blind crossover study
in 10 male volunteers, investigators assessed heart rate, blood pressure, finger tremor,
calf blood flow, and cardiac output at rest and during exercise both during and following
isoprenaline infusion. No protocol was submitted. Only a study report was available for
review. Subjects were healthy volunteers, ages 18-40 years. Subjects received single
doses of nebivolol 5, 10, or 20 mg, propranolol 40 mg, atenolol 50 mg, and placebo
separated weekly.

Investigators obtained resting vital signs in the supine and standing positions and used a
piezo resistive accelerometer attached to the dorsal surface of the distal phalynx to
measure finger tremor in ten second intervals. Subjects followed the acetylene
rebreathing method for determination of cardiac output. Exercise consisted of subjects
stepping on and off a box 46 cm high to achieve 30 steps/minute for 3 minutes.
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Investigators measured heart rate (supine/standing), blood pressure (supine/standing), calf
blood flow, finger tremor, cardiac output, Borg Score, VAS for fatigue and
breathlessness, and adverse events at 2.5 hours post-dose in the control period, during the
isoprenaline infusion (1-20 mcg/min IV for 10 minutes), and during the exercise test
phase 4.5 hours post dose. With the isoprenaline infusion, investigators sought to
increase the heart rate and blood pressure by 50 beats/minute and 50 mm Hg,
respectively.

Statistical methods included an analysis of variance for a cross-over design, linear
regression analyses, and dose response slope comparison.

For all parameters, investigators constructed a log dose-response curve of isoprenaline
dose versus effect. Beta-1 receptor blockade was reflected by the ability of nebivolol to
inhibit exercise-induced tachycardia. Beta-2 receptor blockade was estimated by shifts in
the dose response curves for both finger tremor and calf blood flow.

Results: The mean age of the male volunteers was 25.1 years, with a range from 20.0 to
38.0. Investigators recorded supine resting vital signs every 5 minutes from 2 hours 30
minutes to 3 hours post dose. Nebivolol 10 and 20 mg, propranolol 40 mg, and atenolol
50 mg significantly reduced resting heart rate and systolic blood pressure (p < 0.05). For
nebivolol 10 mg, propranolol 40 mg, and atenolol 50 mg, mean resting heart rate was
reduced by -5.4 bpm, -6.4 bpm, and -3.5 bpm, respectively, and systolic blood pressure
was reduced by 5.0 mm Hg, 7.2 mm Hg, and 6.6 mm Hg, respectively. Nebivolol 20 mg
reduced systolic blood pressure by 4.8 mm Hg. Diastolic blood pressure, cardiac output,
finger tremor, and calf blood flow at rest were not significantly changed during this time
period.

Investigators performed an isoprenaline infusion at 1-20 mcg/min IV for 10 minutes at
approximately 3 hours post-dose. During isoprenaline infusion, there was a good
correlation for heart rate (r* = 0.58 — 0.80), a moderate correlation for systolic pressure (1*
=0.20 — 0.73) and finger tremor (r* = 0.31 — 0.43), and a poor correlation for cardiac
index (¥ = 0.19 — 0.35), calf blood flow (=0 — 0.21), and diastolic blood pressure (r* =
0.02 - 0.1). For heart rate, nebivolol 20 mg, atenolol, and propranolol had significantly
different slopes from placebo, consistent with non-parallel shifts of the dose-response
curve to the right. Nebivolol 5 and 10 mg, however, shifted the curve to the right in a
parallel fashion, reflecting competitive beta receptor antagonism. For systolic blood
pressure, all active treatments shifted the curve to the right in a parallel fashion. For
finger tremor, propranolol was unique in shifting the dose-response curve to the right in a
non parallel fashion, consistent with 3, receptor antagonism.

Following isoprenaline infusion at approximately 4 hours 30 minutes post-dose,
investigators measured heart rate and blood pressure.. In the placebo group, heart rate
increased from 9.2 bpm in the supine position to 25.4 bpm in the standing position after
isoprenaline. Nebivolol 20 mg, atenolol, and propranolol compared with placebo
significantly decreased heart rate following isoprenaline in both supine and standing
positions (p < 0.03). Nebivolol had a dose-related effect on standing heart rate.
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Nebivolol 10 mg and atenolol significantly decreased (p < 0.05) systolic blood pressure
in the supine position, when compared with placebo. There were no significant
differences in cardiac output and stroke work.

Subjects performed three minutes of standardized exercise at approximately 4 hours 30
minutes post-dose. Following standardized exercise, all active treatments significantly
reduced heart rate (p < 0.02). Nebivolol had a dose-dependent effect on exercise heart
rate. Nebivolol 5 mg, 10 mg, and 20 mg, reduced exercise heart rate by 5%, 13.1%, and
16.4%. Atenolol and propranolol decreased exercise heart rate by 20.9% and 12.3%,
respectively, as seen in Figure 19.

Figure 19. Exercise Heart Rate
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(Reproduced from Sponsor, LMD No. 92890, GBR-20, Figure 13, page 22)

At five minutes of recovery, all active treatments except for nebivolol 5 mg continued to
significantly affect heart rate (p < 0.01).

There were no subject drop-outs in this study. By the study account, subjects did not
report any adverse events.

More patients on propranolol noted sleepiness, but the difference was not statistically
significant.

Conclusions: Nebivolol 10 mg and 20 mg, propranolol 40 mg, and atenolol 50 mg
decreased resting heart rate and systolic blood pressure. All active treatments shifted
isoprenaline dose response curves for heart rate and systolic blood pressure to the right,
consistent with 3 adrenergic receptor blockade. Only propranolol shifted the dose
response curve to isoprenaline for finger tremor to the right, consistent with B, receptor
antagonism.
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Compared with placebo, all active treatments reduced exercise heart rate, consistent with
B1 blockade. Nebivolol 20 mg, atenolol 40 mg, and propranolol 40 mg reduced exercise
tachycardia by 16.4%, 20.9%, and 12.3%, respectively.

LMD No. 106646. Study ID GBR-20. (""A Comparative Study of the Potency and
Relative Beta-1 Selectivity of Nebivolol, Propranolol, and Atenolol in a Group of
Healthy Volunteers. Clinical Research Report NEB-GBR-20, May 1994") (Trial
Period 1988-1989) (Reviewer: Karen A. Hicks, M.D.)

Same study report as LMD No. 92890.

1.14 LMD No. 108078. Study ID BEL-20. ("Determination of the Acute and
Subacute Beta-Sympathicolytic Activity of d-, I-, and d,/ Nebivolol
Compared to Atenolol and Placebo, in Inhibiting Exercise-Induced
Tachycardia. Synoptic Clinical Research Report NEB-BEL-20. April
1994'") (Trial Period: March 31, 1989 — January 23, 1990) (Reviewer:
Karen A. Hicks, M..D.)

Study report only. No protocol was available for review. This Phase II double-blind,
placebo controlled, 7-way crossover trial evaluated 14 healthy male volunteers over 18
years of age. Subjects received placebo or a single dose of nebivolol 2.5 mg, 5 mg, 10
mg, [-nebivolol 2.5 mg, d-nebivolol 2.5 mg, or atenolol 50 mg, with a wash-out period of
at least 7 days between doses. Investigators measured heart rate, systolic blood pressure,
and systolic time intervals on Day 1 (0 and 3 hours), Day 2 (0 hours), Day 7 (3 hours),
and Day 8 (0 hours). An electrocardiogram was performed on Days 0, 1, 2, 7, and 8 at
the hours indicated above. An exercise test was performed on Days 1, 2,7, and 8 at the
same time.

The investigators analyzed the data using ANOVA-model for a 7-way cross-over, with
Duncan's multiple range test.

There were no significant electrocardiographic effects. Adverse events increased with
increasing nebivolol doses. Nebivolol 10 mg had 6 subjects with adverse events,
compared with 7 subjects each for /-nebivolol 2.5 mg and d-nebivolol 2.5 mg. Atenolol
also had 7 subjects with adverse events. There were no deaths in this study.

Efficacy results are listed in Table 8.
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Table 8. Summary of Results (BEL-20)
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Table 8. Summary of Results (BEL-20) (continued)
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(Reproduced from Sponsor, BEL-20, page 3)

Conclusions: Beta-blockade with racemic nebivolol was more profound following one
week of therapy, compared with atenolol which had a significant beta-blocking effect
after the initial dose. I-Nebivolol at maximal exercise did not appear to significantly
affect heart rate, although resting heart rate following one week of therapy appeared to be
significantly decreased, unless these data points were supposed to represent results for d-
nebivolol.
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1.15 LMD No. 108084. Study ID NED-5. ("Time Course of Beta-Blockade
with Nebivolol. Synoptic Clinical Research Report NEB-NED-5.
January 1988'"") (Trial Period: March 17, 1987 — June 19, 1987)
(Reviewer: Karen A. Hicks, M.D.)

Study report only. No protocol was available for review. This Phase I open label, dose
finding trial in a total of 12 healthy male and female volunteers examined the effect of
nebivolol on blood pressure and heart rate over 6 hours following an isoprenaline IV
infusion (?1.pg or 1 mg). There was no placebo control group. 6 patients received three
single doses of intravenous nebivolol 1.5 mg, intravenous nebivolol 5 mg, and oral
nebivolol 5 mg, separated by at least 2 days.

Investigators recorded heart rate at 0, 5, 10, 20, 30, 40, and 50 minutes following
isoprenaline, as well as blood pressure at 1, 1.25, 1.5, 2, 3, 4, 5, and 6 hours post dose.

The median age for the intravenous group was 22 (19-26) and for the oral group was 22
(19-25).

The investigator supplied limited results. According to the investigator, the beta-
blocking effect, as seen by the inhibition of isoprenaline-induced tachycardia, was more
pronounced with the 5 mg intravenous nebivolol dose, compared with the 1.5 mg
intravenous dose. Following dosing, the author reported decrements in heart rate after +
30 minutes and 3-5 hours following intravenous nebivolol 5.0 mg. The % 30 minute
decrement was reportedly not seen with oral nebivolol. The author stated blood pressure
reduction was more pronounced with 5 mg intravenous nebivolol, compared with the 1.5
mg intravenous dose. The investigator did not provide data to support the blood pressure
conclusions, and there was no placebo group for comparison.

The investigator stated there were no adverse events.

Conclusions: There was no control group in this study. Nebivolol may affect heart rate.

1.16 LMD No. 106922. Study ID GBR-29. ("A Study to Investigate the
Mechanism of the Vasodilator Effect of Nebivolol Isomers on Forearm
Blood Flow in Healthy Volunteers. Clinical Research Report NEB-
GBR-23") (Trial Period May 9, 1994 — May 23, 1994) (Reviewer: Karen
A. Hicks, M.D.)

This Phase II double-blind cross-over study in 8 healthy volunteers, ages 18 to 40 years,
evaluated forearm blood flow after a 6 minute intraarterial infusion of d- or /- nebivolol
(0.9-177 pg/min).

Both /- and d-nebivolol significantly increased blood flow in the infused arm, compared
with a saline infusion, as seen in Figure 20. The formulation of the individual isomers,
however. contained cyclodextrin, which could have affected the results.
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Figure 20. Forearm Blood Flow with Nebivolol Isomers (GBR-29) (Mean +/- SE)
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(Reproduced from Sponsor, GBR-29, Figure 1, page 7)

There were no drop-outs in this study. The investigator stated there were no adverse
events and no significant changes in laboratory parameters. No laboratory data was
available for review.

Conclusions: Both nebivolol isomers demonstrate similar dose-dependent increases in
forearm blood flow. The presence of cyclodextrin in the isomer formulations, however,
may have affected these results.

1.17 LMD No. 107421. Study ID GBR-23. ("'A Study to Investigate the
Possible Vasodilator Effect of Nebivolol on Forearm Blood Flow in
Healthy Volunteers. Clinical Research Report NEB-GBR-23") (Trial
Period August 16, 1992 — August 27, 1992) (Reviewer: Karen A. Hicks,
M.D.)

This Phase 11 open-label study in 8 healthy, non-smoking male volunteers aged 18 to 50
years evaluated the effect of nebivolol on forearm blood flow. Investigators administered
a series of consecutive 6 minute infusions, consisting of intravenous nebivolol in
concentrations ranging from 1.8 pg/min to 354 pg/min followed by a final intravenous
sodium nitroprusside infusion at 3 pg/min. Nebivolol demonstrated a dose-dependent
increase in forearm blood flow, as measured by venous occlusion plethysmography. The
percent increase in forearm blood flow of 25.84 (p < 0.01)and 50.05% (p < 0.001) at 177
and 354 pg/min nebivolol was statistically significant. The percent change in forearm
blood flow for sodium nitroprusside was 178.27. The mean + SEM blood flow during
saline, diluent, and nebivolol infusions are shown in Figure 21.
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Figure 21. Effect of Nebivolol on Forearm Blood Flow (GBR-23) (Mean + SEM)
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(Reproduced from Sponsor, GBR-23, Figure 1, page 8)

There were no drop-outs in this study. One patient had one or more adverse events, but
the type of adverse event was not indicated. The investigator stated there were no
significant changes in laboratory parameters or ECGs, but this data was not provided for
review.

Conclusions: At doses of 177 and 354 pg/min, nebivolol significantly increased forearm
blood flow.

1.18 LMD No. 107422. GBR-25. (""A Study to Investigate the Mechanism of
the Vasodilator Effect of Nebivolol on Forearm Blood Flow in Healthy
Volunteers. Clinical Research Report NEB-GBR-25") (Trial Period:
January 18, 1993 — February 15, 1993) (Reviewer: Karen A. Hicks,
M.D.)

This Phase II open-label crossover study in 9 healthy, non-smoking male volunteers, ages
18 to 50 years, examined the effect of nebivolol on forearm blood flow. On three study
days, one week apart, subjects received a 12 minute infusion of nebivolol (354 pg/min),
carbachol (0.2 pg/min), or sodium nitroprusside (1 pg/min) with coinfusion of L-NMMA
(4 pmol/min) for the last 6 minutes. Sodium nitroprusside, carbachol, and nebivolol
increased forearm blood flow, compared with saline (n=3). When L-NMMA was
coadministered with these agents, the percentage change in forearm blood flow for
sodium nitroprusside, carbachol, and nebivolol was -22%, -49%, and -65%, respectively,
as seen in Figure 22.
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Figure 22. Efficacy Findings (GBR-25)
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Of the 9 male subjects, 1 discontinued the study due to "failure to respond to nebivolol."
It is unclear how the investigator defined nebivolol failure. According to the study,
subjects did not report any adverse events, and there were no clinically significant
changes in laboratory or ECG parameters. The investigator did not present laboratory or
ECG data for review.

Conclusions: Nebivolol, sodium nitroprusside, and carbachol increased forearm blood
flow, compared with placebo, but the number of subjects evaluated was small.
Concomitant administration of these agents with L-NMMA significantly reduced forearm
blood flow with carbachol and nebivolol, suggesting the possible involvement of the L-
arginine/nitric oxide pathway. The investigator could not exclude desensitization during
the nebivolol infusion as an explanation for the above findings.

1.19 LMD No. 107423. GBR-28. ("A Study to Investigate the Mechanism of
the Vasodilator Effect of Nebivolol on Forearm Blood Flow in Healthy
Volunteers. Clinical Research Report NEB-GBR-28") (Trial Period:
September 23, 1993 - November 3, 1993) (Reviewer: Karen A. Hicks,
M.D.)

This phase II open-label crossover study in 8 healthy, non-smoking volunteers, aged 22
to 30 years, examined the effect of nebivolol on forearm blood flow. There were three
study visits, separated by at least 7 days. During Visit 1, subjects received a saline
infusion followed by nebivolol at 354 pg/min for 12 minutes. During Visit 2, subjects
received saline followed by L-arginine at 10 mg/min for 18 minutes with nebivolol at 354
pg/min coinfused with L-arginine for the last 12 minutes and L-NMMA (4 pmol/min)
coinfused with L-arginine and nebivolol for the last 6 minutes. During Visit 3, subjects
received saline followed by nebivolol at 354 pg/min for 12 minutes and L-NMMA (4
umol/min) for the final 6 minutes. Investigators measured blood flow during the last 3
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minutes of each 6 minute infusion. The regimen for the Study Visits is further described
in Table 9.

Table 9. GBR-28 Drug Regimen

Treatment

Form - imravanmiad

Medization Nebivok L-NMMA | L-mginioe Saline
0.5 mg/mt

Barh pumbor QIRF 209039 & 21362 1 mVYmin

251060
Datage 354 po/min | 4 pmolfmin | 10 mg/min
Duration : varighie « as per protocol, 3 stedy days, 1 week apant.

Vigit 1 + Nebivolol for 6 minniey

Visit 2 ; Learginine > min 1 - I8
co-infused with
achivalol : min & - 18
and
LNMMA : min 12. 18

Visit 3 : Nebivolol : mia t - 12
co-infused with
LANMMA cmin 6 - 12

(Reproduced from Sponsor, GBR-28, page 2)
Following Study Visit 3, subjects returned one week later for a safety appointment.

The investigator analyzed the forearm blood flow data as a percentage change from
baseline using ANOVA.

Results: L-arginine did not significantly affect forearm blood flow. Following a 6
minute L-arginine infusion, the mean forearm blood flow was 3.42 + 0.46 m}/100 ml
forearm/min, compared with saline which had a mean blood flow of 3.47 + 0.40.

During all three study visits, nebivolol increased mean forearm blood flow following the
6 minute infusion. During Visit 1, nebivolol increased mean forearm blood flow from
3.80+0.24 t0 6.17 £ 0.36. During Visit 2, nebivolol increased mean forearm blood flow
from 3.42 + 0.46 (during L-arginine alone) to 6.29 + 0.68, and During Visit 3, nebivolol
increased mean forearm blood flow from 3.73 + 0.31 to 6.27 + 0.46. The mean forearm
blood flows were not statistically significant between Visits, suggesting L-arginine did
not significantly influence the vasodilator response from nebivolol. At 6 and 12 minutes
of the nebivolol infusion during Visit 1, the mean blood flow was 6.17 £+ 0.36 and 6.34 +
0.42, respectively, demonstrating the lack of tachyphylaxis to the nebivolol vasodilator
response.

During Visit 3, however, L-NMMA inhibited the nebivolol vasodilator response. After 6
minutes of nebivolol alone, the mean forearm blood flow was 6.27 + 0.46 while at 12
minutes with nebivolol and L-NMMA, the mean blood flow was 4.90 + 0.31.

During Visit 2, L-arginine almost completely counteracted the inhibitory effect of L-
NMMA on nebivolol. At 6 minutes following an infusion of nebivolol with L-arginine,
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the mean blood flow was 6.29 + 0.68, compared with a blood flow of 6.09 + 0.74 at 12
minutes during the nebivolol infusion with L-NMMA and L-arginine. The percentage
inhibition of the nebivolol response at 6 and 12 minutes is summarized by the

investigator in Figure 23.

Figure 23. Effect of L-Arginine and L-NMMA on Responses to Nebivolol During Visit 2 (GBR-28)
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[
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Saline  L-NMMA L-NMMA +
Arginine
(Reproduced from Sponsor, GBR-28, Figure 1, page 11)

According to the study report, there were no drop-outs, adverse events, or significant
changes in laboratory parameters or ECGs.

Conclusions: There was no evidence of tachyphylaxis following a 12 minute nebivolol
infusion at 354 ug/min. L-arginine almost completely abolished the inhibitory effect of
L-NMMA on the nebivolol vasodilatory response.

1.20 LMD No. 107424. GBR-27. (" A Study to Compare the Effect of
Nebivolol and Atenolol on Forearm Blood Flow in Healthy Volunteers.
Clinical Research Report NEB-GBR-27"") (Trial period: August 10,
1993 — September 13, 1993) (Reviewer: Karen A. Hicks, M.D.)

This Phase II open label crossover study in 8 non-smoking healthy male volunteers, ages
19-28, examined the effect of nebivolol and atenolol on forearm blood flow. There were
two study visits one week apart. During Visit 1, subjects received 6 minute infusions of
intraarterial nebivolol in increasing doses from 18 pg/min up to 354 pg/min. During
Visit 2, subjects received saline followed by a 6 minute infusion of intraarterial
isoprenaline (50 ng/min) which was subsequently followed by saline for 18 minutes and a
combination infusion of isoprenaline with increasing doses of atenolol from 10 to 200
pg/min. Table 10 further describes the study regimen.
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Table 10. GBR-27 Study Regimen

Teeatment

Form - intra-anterisl -

Mudication Nebivolol | Atentl | Isoprenatine | Saline

05 mg/ml
Batch number sF0uFT | DSes1 30250 & -
30628

Dosage 354 pefenlne | 200 pgfmin | 50 ngimin 1 oilmin

Duration 6 miouies por doss, on 2 study days, one week apan ;
Day 1 - Nebivolol, inceeasing doses.
Dy 2 - isoprenaline and isoprenating + assnolol (incecasing
dascs) -

{Reproduced from Sponsor, GBR-27, page 1)

As seen in Figure 24, Atenolol had no significant effect on forearm blood flow.
Figure 24. Effect of Atenolol on Forearm Blood Flow (Mean + SE) (GBR-27)

. 81 £+ Contrsl arm
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e
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— 1‘2 — - . =
Time (min)

(Reproduced from Sponsor, GBR-27, Figure 1, page 8)

Nebivolol dose-dependently increased forearm blood flow, as show in Figure 25.
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Figure 25. Effect of Nebivolol on Forearm Blood Flow (Mean + SE) (GBR-27)
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(Reproduced from Sponsor, GBR-27, Figure 3, page 10)

During Visit 2, isoprenaline infusion alone markedly increased forearm blood flow.
Atenolol significantly inhibited isoprenaline induced vasodilation during the atenolol-
isoprenaline coinfusion. Following atenolol and during the final isoprenaline infusion,
forearm blood flow again increased, but not to the level seen with the initial isoprenaline
infusion.

Figure 26. Saline Control (C) and Blood Flow During Isoprenaline (GBR-27)
Before (I;), During (I,), and After (I5) Atenolol
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(Reproduced from Sponsor, GBR-27, Figure 2, page 9)

The percentage change in forearm blood flow, compared with saline, is shown in Table
11.
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. Table 11. Efficacy Results (GBR-27)

Effectiveness
{m = 8}

Veswus occlusion plethysmogiaphy | Lopeenaling | Isopreasline Atepolol Nebwoiol
SO vgmin | SOngAnin | 200 pgimin | 354 pgimin

+ Ateniofel

0 pgsvdn
Percentage change in forearm A0 % 2% A5% | 8%
bloot flow
{drirgs versits sabine)

(Reproduced from Sponsor, GBR-27, page 2)

According to the study report, there were no drop-outs, adverse events, or significant
- changes in laboratory or ECG parameters.

Conclusions: Nebivolol increased forearm blood flow. Atenolol, another selective 81
adrenoceptor antagonist, had no effect on forearm blood flow and significantly inhibited
isoprenaline induced vasodilation. During the final isoprenaline infusion at Visit 2, it is
possible tachyphylaxis could explain the improved but diminished forearm blood flow
-compared with the initial isoprenaline infusion.

1.21 LMD No. 136347. GBR-31. ("'A Study to Investigate the Vasodilator
Effect of Nebivolol Racemate and Isomers on Forearm Blood Flow in
Healthy Volunteers. Clinical Research Report NEB-GBR-31. July
1997") (Trial Dates: April 26, 1995 — June 6, 1995) (Reviewer: Karen
A. Hicks, M.D.) '

Investigators submitted a Protocol with this Study Report. This Phase I single center,
double blind crossover study in 8 healthy male volunteers, ages 23 to 34, examined the
effect of nebivolol racemate and its isomers on forearm blood flow. Subjects received
intraarterial nebivolol racemate, /-nebivolol, or d-nebivolol as 5 minute infusions during
three study visits, separated by at least one week. An infusion of diluent preceded study
drug administration but failed to demonstrate any vasodilatory effect.

Investigators performed the study in accordance with the Declaration of Helsinki.
The Ethics Committee approved the protocol. The study required participants to

sign informed consents.

The study drug dosages are shown in Table 12
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Table 12. Medication Regimen (GBR-31)

T{extmmt
Fonn - dosing route Intra-aterial infusion into the brackial artery
Medication L - Nebivolol D - nebivolol DL - nebivolot
[RO85548 or {ROE354% or {ROGT355 or
placebo] placeba] placebio}
Baich number MEQTI - active | MEOHFI -active | MEI6ET -active
95B13/F4-placebo | 95B13F4-placebe | 94E18/¥F8- placeho
Dosage . 0.9 8;91 {81
{limin for 5 minutes cach dose}- 01 9t 151
44.251 44,251 BR51
851 88.51 177t
1771 17 35
Total Dosage for Sndy L6y 1.6mg 3.35mg
Duration 30 minutes RUE TS 30 minutes

(Reprodd"céd from Sponsor, GBR-31, page 8)

At each study visit, investigators infused saline for 5 minutes and obtained baseline
forearm blood flow measurements. Subjects then received 5 minute diluent infusions at
increasing doses. Investigators measured forearm blood flow at standard intervals during
the final 3 minutes of each infusion. Following the diluent infusions, subjects received
nebivolol racemate and isomer infusions at increasing doses.

Table 13 shows the schedule of evaluations and procedures for GBR-31.
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Table 13. Schedule of Evaluations/Procedures (GBR-31)

TFreatment
Form - dosing route Intra-aterial infusion into the brsckidl antery
Medication L - Nebivolol B - netivotol DL - petrivolol
[ROB5548 or {ROB5547 or [RO67555% or
placebio} plaeebo} placebo]
Baich aumber HMEQWTS - active | MEQGF -active | ME{6F7 .active
9SBI3/Fe-placelr | 9SB13Fa-placebe [ S4EIRFS-placeta
Bosage 3.9 .91 1.8
¢ ti'min for $ minutes sach dosed 91 91 151
44258 43254 a5
88,51 53,51 1731
B 1T 177% 354
Total Posage for Stdy 1dmg 1.6mg 23Sy
Dhmation 36 minutes 3 miputes Womivntes
Disallowed medicstion Any reguler medication apart from paracetaimol
ASSPRSHERTY ' Screening Study Sessicos F- I+ Finat
Safery
Check &
Day -¥ Sady | Day +§
Day
tMedical Higtory X
1Clinical Assessment X x x X
tHzernatology X * x
1Biachenyistry X x ®
IHeptatest (B & €) X
{Drug Sereening x x
ety o .
HCG X
Foresem blood flow studies x x x
{Adverse event rrvornding )
* Separsted by ot least ¥ days
# 7 days afler thind sdy visit

(Reproduced from Sponsor, GBR-31, page 8)
Statisticians analyzed data using ANOVA with p<0.05 for significance.

Efficacy results are shown in Table 15 and Table 15.
Table 14. Summary of Absolute Blood Flow Results (GBR-31)

Absolute Blood Flow | Abséluste Blood % Change
-nehivoiol Flow - contro} v. Diluent
nming100mt ml/min/ 100ml
L-nebivolol 1771 min 5.4 » 35 46.2
D-nebivolol 17717min 4.7 33 299
DL-nebivelol 3341/min 1 5.5 13 63.5
P 401 in alf cases

(Reproduced from Sponsor, GBR-31, page 20)
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Table 15. Efficacy Results (GBR-31)

Effectiveness L-nebivolol D-niebivelol DL-nebivolol
Y77/ min Y770/ min 354T /min
£ Diluent £ Diluent 7 Diluent

Pritnsry parameters Diluent: 3.4 Diluent: 3.0 Diluent: 3.8

!t Mean forearm blood flow -

Dilysnt ¥ ron-canmulated Control: 3.2 | Control 2.8 Condral; 3.8
arm {controllml/ min/ 100mi ’

t Mean foresrm boad fow - Neblvolol: 5.4 | Mebivelok 4.7 | Nebivoloi: 5.5

Nebivelol v. non-cannulated | contror 5.9 . i . 5
foontrolisml rmins 100wl onfrol: 3.2 | Control: 3.3 Controt: 3.3
! % change it forearm blond » .
flow- Nebivolal v, dijuents 62/18 298/06 635 /6.9
{p=<0.001} {p=<0.001} fp=~:0‘§)01i

(Reproduced from Sponsor, GBR-31, page 9)

Nebivolol racemate, I-nebivolol, and d-nebivolol significantly increased forearm blood
flow in a dose-dependent fashion. /-Nebivolol appeared to more potently induce
vasodilation, compared with d-nebivolol. Although the nebivolol racemate at 177 T/min
did not have as great a percent change in forearm blood flow as I-nebivolol, at 354T, the
racemate surpassed the percent change in forearm blood flow seen with 177T /-nebivolol.

According to the study report, there were no drop-outs, adverse events, or significant
changes in laboratory or ECG parameters. Specific laboratory and ECG results were not
enclosed for review.

Conclusions: Nebivolol racemate, /-nebivolol, and d-nebivolol significantly increased
mean forearm blood flow at the highest doses tested. I-Nebivolol appears to be more
potent than d-nebivolol in forearm vasodilatation.

1.22 LMD No. 101180. Study ID SWE-5. ("Nebivolol—Effects on Peripheral
Arterial and Venous Blood Flow. Clinical Research Report NEB-SWE-
S. November 1993") (Trial Dates: September 4, 1989 — June 28, 1990)
(Reviewer: Karen A. Hicks, M.D.) ‘

Objectives:

Primary: To determine the effect of nebivolol on peripheral arterial and venous blood
flow, compared with placebo.

Secondary: To evaluate the antihypertensive effect of nebivolol in patients with
uncomplicated essential hypertension.

Methods: This randomized, double blind, placebo-controlled crossover study in 15
hypertensive patients, ages 44 to 73 years, examined calf arterial and venous blood flow
following a single dose of nebivolol 5 mg as well as four weeks of nebivolol 5 mg
therapy. Patients underwent a 4-week run in, followed by two 4-week randomized
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double blind periods in which they were treated with either placebo or nebivolol 5 mg,
followed by a 5-week washout.

Uncomplicated essential hypertension was defined as "a diastolic blood pressure of at
least 95 mm Hg but not higher than 110 mm Hg when not being treated for their
hypertension."

At the time of inclusion, 6, 1, 1, 2, 2, and 3 patients were taking atenolol, metoprolol, a
combination of metoprolol and hydrochlorothiazide, hydrochlorothiazide, enalapril, and
no other medication, respectively.

There were nine study visits, and patients returned to the laboratory every two weeks for
vital signs. Investigators performed plethysmographic measurements during Visits 3, 5,
7, and 9 prior to drug intake and 0.5, 1, 1.5, 2, 3, 4, 5, 6,12, and 24 hours post dose.
Investigators determined plasma concentrations of d-nebivolol, I-nebivolol, and the
hydroxylated metabolites by radioimmunoassay after the single 5 mg nebivolol dose and
after the last 5 mg dose. '

Exclusion Criteria
1. age<40
2. pregnant women or women without adequate contraception or women with
nursing children
previous intolerance to B-adrenoceptor blockade
myocardial infarction or cerebrovascular attack within 6 months before start of
the study
AV-block II or III or bundle branch blocks
congestive heart failure
obstructive lung disease
concomitant treatment with other drugs with cardiovascular effects which cannot
be withdrawn prior to the study
9. alcohol or drug abuse or any other condition which may imply a bad compliance
to the study procedures
10. extensive varicose veins or other signs of impaired venous function in the legs

- VS)

PN

Results: After the first dose, standing blood pressure was lower in the nebivolol group
compared with placebo at three hours. On the first day, the blood pressure difference
between nebivolol and placebo was statistically significant at 5 and 6 hours for supine
and 4, 5, 6, and 24 hours for standing biood pressure. After the first dose, differences in
heart rate between nebivolol and placebo were statistically significant at 5 and 12 hours
for supine and 3.5, 4, 5, 6, 12, and 24 hours for standing heart rate.

After | month, treatment blood pressures were generally significantly lower in the
nebivolol group compared with placebo, with the exceptions of 1 hour for supine
diastolic blood pressure and 4 hours for standing systolic pressure. The difference in
blood pressure between nebivolol and placebo was evident after two weeks of therapy.
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After 1 month, treatment heart rate between nebivolol and placebo was statistically

significant at all time points.

A summary of results is listed in Table 16.
Table 16. Main Features of the Trial Sample and Summary of the Results (SWE-5)

Effectiveness

- Maximal - {ast dose

«  Venous Lmptying over 3 sec.
- Minimal - first dose
- Mimmal - last dose
- Maximal - first dose
- Maximal - last dosa

o Venous cmplying maximal
~  Minimal - first dose
- Minimat - tast dose
- Mazimal - first dose
- Magimal - Jast dose

+  Venons volume
= Minimal - first dose
< Minimat - last dose
- Maximal - first dose
- Maxima! - last dose

450 £ 201 (1)

302 + 0.87 (O
287 £ 086 ()
131 £ 0.81 24)
331 £ 087 (12)

106 & 209 (2)
08+ 3215
222282 (%
125 £ 354 (12)

30212

5214 121 (0.5
5801 1350
5363+ 1281

FPlaccbo nebivolol
{1 = number of patients with data) (n=15) (n =15
Primary parameters mean & SD (timeth)) mean  SD (fime(h)}
«  Aneqial flow
~  Minimal - first dose 208 £ 0,72 (23 212084 (1
- Minimal - fast dose 2312 124 ) 272138 ()
«  Maximal - first dose 4.59 £ 1.60 (123 368 £ 0.96 (12)

IB2 %144 01

295+ 1.08 (0)
285+ 077 (1)
274 £ 0.72% (34)
305 £ 0.77 (12)

110+ 39.2 (2}
10R £ 293 (1.5
99 £ 26.7%%% (3
108 £ 224* (1)

5424117 (2

541+ 0.86 (0.5
530+ 137 12)
550 £ 1.05 (12)

Secondury parameters
. Supim biood pressare
24 bowrs after first dose - SBP
- 24 hours afier first dose « DBP

- 24 hours afier last dose - SBP
- 24 howrs afier last dose - DBP

+ Supine heart rate
- M4 hours after first dose
o i hauts after last dose

mean £ 8D

138 £ 16.7
LRI

162 £ 149
95 + 6.4

68+ 119
67 % 115

mean + SD

153 £ 151
92+ 88

14R & 14342
88 £ 6.5+

56+ 13.1
61+ 121+

P
Levels of mgmﬁcancc, p = 005: **p <001, ***p <0001

(Reproduced from Sponsor, SWE-5, page 10)

The pharmacokinetic results are shown in Table 17 and Table 18.

Appears This Way
On Original

92



Table 17. Mean (SD) Plasma Concentrations of /- and d-Nebivolol Plus Their Hydroxylated
Metabolites (SWE-5)

Time d-nehivolol 1-nebivolol

after dose acute chronic acuie chronic
Before ND 1.45 + 0.87 ND 3.60 £ 3.87
0.5 1.87 + 2.17 3.73 + 1.54 2,26 + 2.46 631+ 3.13
1.0 4.64 1 3.1 6.93 £ 275 6.75 + 4.56 126+ 45
L5 6.26 + 3.50 8.07 + 2.97 19.3 + 5.8 16.0 4+ 4.6
2.0 6.20 + 2.89 8.12 4+ 2.55 10.6 + 4.6 17.6 + 3.8
3.0 6.06 + 2.09 8.35 4+ 2.24 10.7 + 3.7 16.9 + 3.3
4.0 5.13 £ 1.27 6.89 + 1.53 .49 + 2.59 14.8 + 3.2
5.0 4.60 + 1,18 6.42 1 1.56 842 +2.71 3.1 £36
6.9 441 & 1.44 5.80 x 1.35 7.82 + 3.58 125 + 3.8
12 218 £ 0.66 385 + L4 337 + 1.64 7.66 + 4.70
24 ND 1.95 4+ 1.06 ND

3.93 + 4.16

ND = Not detectable, i.e. <1.0 ng/ml
(Reproduced from Sponsor, SWE-5, page 34)

Table 18. Mean (SD) Pharmacokinetic Parameters of /- and d-Nebivolol Plus Their Hydroxylated

Metabolites (SWE-5)

64.8 + 14.9

Parameter d-nchivolol l-nebivolol
acute chironic acute chronic

*

Cys (ng/ml) ND 1.45+ 0.87 ND 3.60 + 3.87

Cypp (agiml) ND 1.95 + 1.06 ND 393 + 4.16

T (W) 2.50 + 1.60 240 + 1.20 . 2.60 + 1.40 3.10 + 2.60
- Conue (ng/mi) 7.30 + 2.52 9.07 + 2.42 £3.1 £ 4.20 19..0 &£ 3.70

AUC,,,, (ng.ml) 104 + 24 109 £ 32 217 + 88

ND = Not detectable, i.e. <1.0 ng/ml
(Reproduced from Sponsor, SWE-5, page 35)

Comparisons of d-nebivolol plus hydroxylated metabolites as well as /-nebivolol plus
hydroxylated metabolites with nebivolol plasma concentrations are show in Table 19.



Table 19. Nebivolol Plasma Concentrations (SWE-5)

W

Tirne afier doss i)

RIA A: l-nabivolol plus hydroxylated metabolites
riggfnl

16

12¢

g
4y
[
i3
[} 4 8 2 18 20 24
Time after doze ()
wine- = minimal detection limit

(Reproduced from Sponsor, SWE-5, Figure 11, page 46)

Safety: There were similar numbers of adverse events reported in the placebo and
nebivolol treatment groups. According to the study report, there were no drop-outs and
no significant changes in laboratory parameters. The QTc decreased significantly in the
nebivolol group following one month of treatment. It is unclear which corrected QT
calculation was used in this study. One patient demonstrated "ischemic strain' on the
ECG, which was "accentuated at Visit 3 and remained unchanged therafter.” The study
report stated this patient was free of chest pain or chest discomfort. The safety results are

seen in Table 20.
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Table 20. Safety Results (SWE-5)

Safety Placebo nebivolol
{n = namber of patients with data} {n = 15} {n =15)
Adverse events (AE)

* Headuache 3 3

»  Dizziness ] 1

* Chest pain 1 0

»  Fool oedema H 1]

»  Thedaess 2 1

«  Tachycardia i H

= QOther 6 6

Tow! number of patients assessed 5 i5

No. (%) with one or more AE 9 (0%} 8 (53%;
No. (%) with one or more serious AB 0 (0%) Q (0%}
No. {%) treatment stopped due to AE 0 (0%) Q {0%)
Clinical laboratory pamamelers No clinically inporiant change

£CG

First dose

- PQ L2 5.7 176 £ 5.2
« QT 391 £99 389 £ 84
¢ QT 395445 389 + 6.0
Last dose

« PO 441351 173 £ 49
« QT 381+£91 3976
« QTe 400 £ 34 381 £ 7.6*

(Reproduced from Sponsor, SWE-5, Safety Table, page 11)

Conclusions: Nebivolol decreased both supine and standing blood pressure. There were
no consistent differences in calf arterial and venous blood flow between nebivolol and
placebo treatment groups. The investigator stated the ECG QTc-interval was
significantly shorter after two weeks of nebivolol treatment, compared with placebo. It is
unclear which corrected QT calculation was used in this study. According to the study
report, one patient manifested "ischemic strain' throughout the study (NEB-SWE-5)
which was "accentuated at Visit 3 and remained unchanged therafter." This patient
reportedly did not complain of chest pain or discomfort. No ECGs were available for
review.

1.23 LMD No. 49278. Study ID: N/A. ("Effect of a Single Oral Intake of R
67555 (S mg and 10 mg) and of a 7-Day Intake of R67555 (5 mg/day) on
ECG. Clinical Research Report. February 1986'") (Years of the Study:
Not Recorded) (Reviewer: Karen A. Hicks, M.D.)

Objectives: To determine the effect of a single oral intake of R 67555 (5 mg or 10 mg)
and of a 7-day intake of R 67555 (5 mg/day) on ECG parameters.



Methods: This open-label cross-over study had two parts. In Part 1, 8 healthy
volunteers, ages 27 through 47, with body weights ranging from 54 to 76 kg, received
single dose R 67555 5 mg on the first study day and single dose R 67555 10 mg on a
second study day at least 7 days later. Investigators obtained ECGS at 3 and 6 hours on a
baseline control day as well as 3 and 6 hours post dose. PQ, QRS, and QT intervals were
obtained and QTy,- and QT -intervals were calculated.

In Part 2, 7 healthy volunteers, ages 24 through 47, with body weights between 54 and 77

kg, took R 67555 5 mg daily for one week. ECGs were obtained twice daily on the
control day as well as days 1,2,3,4, and 7 days post dose and days 1, 2, and 7 following

the one week intake period. ECGS were obtained just prior to study drug administration
and 6 hours post dose.

Results: Table 21 and Table 22 show the study results for Part I and Part II, respectively.

Table 21. Heart Rate and ECG Intervals on a Control Day and Before and 3 and 6 Hours After
Intake of 5 mg and 10 mg of R 67555 (LMD No. 49278)

Caetrol R 67558 & mg R 575556 10 mg
7 fe 3 hours & hours ¢
3 nours 6 hours before 3 hours € hours tefore
after after intake after after intake gfter after
intake intake intake intake intake intake
lHR mean 64.3 1.9 71.6 57.4 64.5 70.3 56.8 £2.%5
{beata/ | S.R.H%-. 8.1 5.7 3.9 2.1 2. 4.2 g,(lma ;.:
min} pevaraus before jntake) - - - 9.02 Bes : n:s i
contyral day - - - [ n.s -
1] mean 145 146 15¢ 156 154 152 152 15;
{masec) }S.E.M. Y 5 7 3 Z . 8 s s,
prversus before intake - - - N8B, n.3 gt
control day - - - XN .8 = .2, .
QRS rmean 82.8 86.3 80.0 ge.8 as.g 90.0 Q{)g Sg‘é
(maec) S.8.%. 2.5 2.8 3.8 4.9 4.0 4.2 i.s n.s
prversus before intake - - - n.d n.s : ;)‘g a.e
control day - - - n;s n.s .
I_T mEIN. 384 378 371 385 386 362 dﬂf; 38;
4 4 4
(msec} {S.E.M. 11 10 3 4 N
prearsus before intaies] - - - Q.02 G.05 0,008 : s
countrol day - - - n.s. .S - n.s. .5,
QT, mean 403 408 403 388 400 327 393 39;
(ugec) 8.B.N. ] 8 7 ? . Z . x? z. 8
p*versus before intake - - - n.3, 28 o
control day - - - Q.05 n.s - . .
KTn mean 401 397 3g2 392 332 33: ac-é 392
{meec] |[S.B.M. 5 & 3 5 6 . & 5 o .
prversus befors inteke - - - n.8. rn.8. n-s
control day - - - N.8. [ -9 - n.8. NN

+ wilcoxon matched-pairs signed-ranks teat, two~tailed probability {rr.2. = not significank}

{Reproduced from Sponsor, LMD No. 49278, Table 1, page 3)
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Table 22. Heart Rate and ECG-Intervals Before, During, and After a 7-Day Intake of R 67555 s
mg/day)

Before intake 6 hours after intake =
fontro}  pay | Bay | BDay Day | toy | Oay 1} Day 2{0ay 7 [Control] pay pay | Dey | Day 1|Day 2 |Day ?
day 1 2 3 .4 ? }opost | post |post day 1 4 7 | post |post |post
ER [mean 72.31 71,9§ 69.1] 64.4 £65.7 | 66.1 84,7} 67.6 1 73.7 } &7.1} 67.4 82.3 62.3} 63.0 | 62.0 | £8.6
(beats/ [S.E.%. 6.L] 3.8 4.5 3.8 3.8 4.8 3.5] 4.6 3.6 1.8 2.5 3.0 3.6 1.9 2.3 4.9
ain}  [jpvscontrol day - n.g. | ma.) ns. {as. | oAl nosl i nea. | nos, - LN a8, | ne.l res. { nes. | on.g.
before intakej - - - - - - - - -~ n,s. § n.g. n.8. | nes. s | n.s, n.s.
[ 2t] mean 147 147 147 143 147 146 150 147 141 145 346 144 144 141 144 144
{meee) [8.£.0. a 2 4 2 a 3 3 3 3 a P 3 3 i s a 2
pWe control day - NG, n.8.; 0.8, n.s. NeSe NS, | M8 n.8. - n.$, 9. n.a.{ N.6. e, n.s
before intakel =~ - - - - - - - - f.5. | N.8. n.s. n.s. | D8 n.a. | N.%
A 4.3 90.0}| 91.4 92.9 | 91.4
QFS [jmcan 95,7 91.4 Q24.3] 8.4 94.3 92,9} 92.9] 91.4 91.4 84.31 94.3 a4,
{maec) {S.E.M. 2.06§ 2.5 3.0 3.4 2.0 2.9 2.9 3.4 3.4 2.0} 3.7 2.0 3.1} 3.4 2.9 3.4
p*vs control day - ne, | onogL i nes n.e. n.s. | n.s, | n.s. n.s - n.s. n.s. A.5- } P8 n.g. | n.g.
vefore intaks - - - - - - - - - n.s. | n.s ne n.s. | n.8. n.8. | ne.
ot mean 1370 P73 38 3s) 1384 386 388 P83 376 386 P8y 388 397 1390 383 383
(maec} (S.E.M. 1¢ 7 g S S 6 6 S 1 7 3 3 ¢ 4 3 10
p*vs coateol dey | - n.e. | n.s. 0.02 n.s. { 8.8 n.s8, | n.9. .9 - TE. n.s. n.s. | n.s. n.s. n.e.
before intake | - - - - - - - - - 7.8, ] n.g. .6, fla%. | N8 T8, n.g.
qT, mean ‘ 462 1106 405  A03 100 402 401 1aGa 413 401 08 393 322 P99 409 406
flns:c) SN 9 9 ] 10 9 10 7 i0 6 6 & 8 9 6 6 6
prve  control day - n.a. n.%, { DB, R.B. Lt .8, | R, n.s. - A.B. RS, n.8. 0.3, 8. .8
before intakd - - - - - - - - - n.9. | n.s. n.%:, | n.8. jn.s. | 0.8, § 0.8
oY, OB 392 13 346 399 p9s 396 396 196 400 333 o0 392 391 395 [peg 38
tmsee) S.E.%. s I s |s 5 5 4 s 4 6 s 5 P 4 s
p*vs control day - .3, f.5. | DB n.8. n.s. n.s. .8, n.s. - Nn.S. Q6. DS, n.:. 2.:. :.:.
- 3 - - - - - - - w8, {nes. {n.m. | n.BL ine .8 .
vefore intakd - H

+ Wilcoxon matched-pairs gigned-ranks test, two-tailed probability {n.8. = not significant}

(Reproduced from Sponsor, LMD No. 49278, Table 2, page 4)

Conclusions: For Parts 1 and 2 of this study, there were no significant changes in ECG
parameters.

1.24 LMD No. 59987. Study ID: N/A. ("Invasive Haemodynamics of
Nebivolol: Effects of a Single S mg Intravenous Injection and a 5 mg
Oral Dose of Nebivolol Once Daily for 1 Week on Blood Pressure, Heart
Rate, Central Venous Pressure, Cardiac Output, Stroke Volume and
Total Peripheral Resistance. Clinical Research Report. February
1988") (Year of the Study: 1987) (Reviewer: Karen A. Hicks, M.D.)

Objectives: To determine the effect of single dose IV nebivolol 5 mg as well as oral
nebivolol 5 mg daily for one week on invasive hemodynamics.

Methods: In an open-label fashion in 8 healthy volunteers, investigators administered
nebivolol as described above, and recorded invasive hemodynamics through both radial
artery and subclavian vein catheters. Investigators obtained ECGS to determine heart
rate and used a 5 mg injection of indocyaninegreen into the subclavian vein to determine
cardiac output. Stroke volume and total peripheral resistance were calculated values. In
5 subjects (No. 1, 2, 3, 7, and 8), investigators measured invasive haemodynamics
immediately before and 0.5 hours after a single 5 mg intravenous injection of nebivolol,
followed by a second session of measurements 3 hours after the last dose of a | week
period of oral administration of nebivolol, 5 mg once daily. 3 subjects (No. 4, 5, and 6)
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were examined in the opposite way, which allowed for a 3 week wash-out period
between the two study sessions.

Results: Table 23 shows the baseline hemodynamic results for the eight patients prior to
nebivolol.

Table 23. Individual and Mean Values of Haemodynamic Data Before Nebivolol Administration in 8
Healthy Volunteers (LMD No. 59987)

Vol. MAP HE (3] sV TER cvp I 8% TERY
No.Init. mmHg b/min L/min  ml molig.min/l  cm Hz0  wl/min/m?  nmi/m?  geNg.min/l/m?

4. S,

Mean 89 60 7.00 118 13.69 3.6 3.77 63 7.77
SD 8 ) 2.0 16 4,43 2.8 24 15 3.42
SEM 3 3 0.71 12 1,57 1.0 .29 5 121

(Reproduced from Sponsor, LMD No. 59987, Table 2, page 6)

Table 24 shows the hemodynamic results following IV nebivolol administration.

Table 24. Individual and Mean Values of Haemodynamic Data After Intravenous Administration of
Nebivolol in 8 Healthy Volunteers (LMD No. 59987)

vol. HMAP HR <o SV TER e <1 8 TPRI
Ro.Init. wmniy b/min 1/min .31 mmHg.min/l om HaO mi/nin/n2 ‘:sz}./rn2 mmxg.min/l/mz

p-values -945%54 _0078  .0156 -6914 L3078 -7422 -0156 PELT YA 0078

*Wilcoxon m.p.s.r. test, Z-tailed probability versus pre-values.

(Reproduced from Sponsor, LMD Ne. 59987, Table 3, page 7)
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Table 25 shows the hemodynamic results after oral nebivolol administration.

Table 25. Individual and Mean Values of Haemodynamic Data After Peroral Administration of
Nebivolol in 8 Healthy Veolunteers

Vol. HAP HR <O SV TPR [o3'}4 fes ¢ SX TPRI
No.Init., mmHMq b/min  1/min  ml mnEg.nin/l om0 wi/min/m?  ol/m?  melg.min/l/n2

X. N
2.
3.
4.
> L PR \
&,
7.
8.

Mean 79 53 5.67 107 14.85 3.9 3.08 58 8.31
sn 3 9 1.63 26 3.62 1.9 .72 ] 2.56
SEM 1 3 .58 5 1.28 .7 .25 ) .91

p-value* -0390  .0195 .2500 8039 © 5468 . 9454 <2500 - 6446 .5468

*Wilcoxon m.p.s.r. test, 2-taj}ed probability versus pre-values.
{Reproduced from Sponsor, LMD No. 59987, Table 4, page 8)

The overall results comparing baseline hemodynamic measurements with those obtained
after both IV and PO nebivolol are shown in Figure 27 and Figure 28.
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Figure 27. Mean Haemodynamic Data (+ SEM) Before Nebivolol and After the Intiavenous and
Oral Application of the Drug (LMD No. 59987)
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* P<G.05; ** p<0.01 by Wilcoxen n. pP«8.r test, two-tailed probability versus pre.

o

(Reproduced from Sponsor, LMD No. 59987, Figure 1, page 9)

IV nebivolol significantly decreased heart rate and cardiac index and significantly
increased TPRI. Oral nebivolol significantly decreased heart rate and MAP.
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Figure 28. Individual Changes in Haemodynamics After Intravenous and Oral Application of

Nebivolol (LMD No. 59987)
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IV Nebivolol significantly decreased cardiac index and significantly increased TPRIL

Conclusions: Single dose IV nebivolol significantly decreased heart rate and cardiac
index and significantly increased TPRI. One week of oral nebivolol 5 mg significantly

decreased heart rate and MAP. The patient sample was small.

1.25 LMD No. 64808. Study ID: BEL-19. ("Effect of Nebivolol 10 mg and
20 mg versus Placebo on Heart Rate, Blood Pressure, Systolic Time
Intervals and Side Effects. A Double-Blind Placebo-Controlled Cross-
Over Study in Healthy Volunteers. Clinical Research Report NEB-
BEL-19") (January 1989) (Reviewer: Maryann Gordon, M.D.)

Objective: The effect of a single oral intake of 10 and 20 mg of nebivolol on heart rate,
‘blood pressure, ECG, systolic time intervals and general well-being was investigated in a

double-blind placebo-controlled cross-over study in 12 volunteers.
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Methods: In a double-blind fashion and in random sequence, 12 healthy volunteers were

given a single oral dose of nebivolol 10 mg, nebivolol 20 mg, or placebo, with a wash-out

period of at least 1 week between 2 sessions. Arterial blood pressure and heart rate
measurements before and 6 hours after drug intake were carried out after a rest of 10

minutes in supine position, after a rest of 2 minutes in sitting position, and after a rest of 2

minutes in standing position. ECG and systolic time intervals, before and 6 hours after
drug intake, were measured after a rest of 10 minutes in supine position.

Results: The effects of nebivolol and placebo on heart rate in supine, sitting, and
standing position and blood pressure in standing position 6 hours after intake are shown
in Table 26 and Figure 29. Heart rate decreased with both doses in all positions. Blood
pressure decreased significantly only in the standing position. There was no difference in
systolic time intervals between either dose of drug and placebo, as shown in Figure 30.
In Table 27, there were more reported adverse events with 20 mg (5 reports) compared to
10 mg (2 reports). None appeared to be serious or unexpected.

Table 26. Effect of a Single Oral Intake of Placebo, Nebivolol 10 mg and Nebivolol 20 mg on Heart
Rate, Blood Pressure, ECG- and Systolic Time Intervals in 12 Healthy Volunteers (BEL-19)

Placebo Nebivelsl 10 mg Nebivolol 20 nyg
0 hour & hour py 0 hour & hour  p ¢ hour 6 hour p3
i ' ; A 58£2.8+% 0.001
HR (b/min 65+2.8 €5%2.73 n.S. £8%2.4 5842, 4%% 0.001 6813.6 +
supine SBP( (/!;mﬂgg 124£2.0 326%3.1 2% -1 13234£3.9 12613.% n.s. 126%12.7 122%3.4 n.5.
DBP {mmHg} 74£1.3 76%1.8 N8, 15¢1.8 TrE2. 2 n.s. T82E.3% F4t1.7 Q.02
i t2.6* 00,0004
b, 7524.3 74%2.3 b P 78x2.6 6B12.0* 0,01 T8t2.9 €5
sirting }S{II;P(({&:I-:Z; 129£2.7 130%3.9 The Bee 131+3.1 126+4.8 n.s. 129%2.9 123#3.3 n.s,
OBF (muHg) 80£1.5 Bit2.2 N.Ba 8141.2 78%2.2 0.8, 78%1.8 TA£1. 7% n.s.
= b/min 81%3.0 TIr2.8 4.05 83*2.6 69%1.6% 0,0004 81231.3 6812.0% 0,0004
standing gg?‘ (é!‘:})igi 131%2.4 136%4.1 NeHa 130%2.9 126£3.1% 1.s, 130£3.4 12543.8%% n.g.
DBP (mimlg) 82%1.3 84%2.5 n.s. 82+1.9 7iF1.6% 0.01 82£1.7 TIE2,.0%% D.02
-C.G. nsec 16018.3 16027.8 NS« 159+7.3 16016.7 R.5, 157+7.3 156%7.8 Nese
E-C.6 ggsl(mseé) 79%2.9 78%£2.4 R.S, 80£2.8 81+2.6 n.5, B242.4 81%31.9 LN
QT {nsec} 37235.8 368%5.5 n.S. 365%4,7 383x6.4%% 0,004 362%9.3 381+9.8 ¢.009
GTe (meec) 385%£6.2 383i%e.9 n.s. 388%5.7 3757.9  6.01 38256.4 37626.8  n.s.
QI‘:I {msec) 381%£3.6 376%53.8 N.5. 37924.0 380481 n.s. 376£5.7 3181t5.1 n.s.
i g msec 39814.1 3ge2.8 ¢.001 39643.3 387427 .02 395%3.1 3189+2.9 0.01
s g‘f%%c((mseéj 30242.2 29812.5 n.s. 30143.0 29841.9  n.s. 304%3.0 300t2.4 n.s.
PEP. (mseac) $6£2.3 88%3.0 0.01 95+1.5 8942.2 n.s. 91%2.0 g8+2.5 n.s.
PEPz/LV.ETC $.32£0.007 0.30£0.012 n.5. 0.3240.007 0.20%0.008 n.s. $.30+0.008 0.2910.010 n.s.
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4. no significant differences =
= Wilcoxon m.p-S.r. test, 2-tailed probability versus O-hour values
E:;,350.05, Mpso.og wilcoxon :’x.p.s.r. test, 2-~tailed probability versus placebo

(Reproduced from Sponsor, BEL-19, Table 3, page 9)
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Figure 29. Mean Values (+ SEM) of Heart Rate and Blood Pressure 6 Hours After a Single Oral
Intake of Placebo, 10 mg, and 20 mg of Nebivolol in 12 Healthy Volunteers in a Randomized Cross-
Over Study (BEL-19)
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(Reproduced from Sponsor, BEL-19, Figure 1, page 12)
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Figure 30. Mean Values ( SEM) of Systolic Time Intervals 6 Hours After a Single Oral Intake of
Placebo, 10 mg and 20 mg of Nebivolol in 12 Healthy Volunteers in a Randomized Cross-Over Study

(BEL-19)
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(Reproduced from Sponsor, BEL-19, Figure 3, page 14)

Table 27. Side-Effects of 12 Volunteers at 3 Hours, 6 Hours, and 24 Hours after Intake of a Single
Dose of Placebo, Nebivolol 10 mg, and Nebivolol 20 mg (BEL-19)

treatment complaint houxs attar drug n
nebivelol 10 mg  Sleepy 6 1
slow reactivity 24 1
o, of patients 2
hot flushes 6 1
hungry 3/6 b3
nebivelol 20 my  back pain 24 1
akdominal cramps 3 1
headache 3/6/24 1

No. af patientg

(Reproduced from Sponsor, BEL-19, Table 5, page 11)

T - o 2 Lo Al M ok b o 2o it e i e e

The effect of study drug on ECG Parameters is shown in Figure 31.
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Figure 31. Mean Values (+ SEM) of ECG-Intervals 6 Hours After a Single Oral Intake of Placebo,
10 mg and 20 mg of Nebivolol in 12 Healthy Volunteers in a Randomized Cross-Over Study (QTc¢ =
Bazett's Correction) (BEL-19) '
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(Reproduced from Spoensor, BEL-19, Figure 2, page 13)

1.26 LMD No. 65661. BEL-17. ("Phase I Study: Effect of Nebivolol on
Dopamine Related Phenomena. Part II: Haemodynamic Effects.
Clinical Research Report NEB-BEL-17. February 1989") (Reviewer:
Maryann Gordon, M.D.)

Objective: Heart rate, blood pressure, and ECG- and systolic time intervals were
investigated before and after a 1 week placebo-controlled double-blind cross-over
treatment with nebivolol 5 mg once daily in 10 healthy volunteers.

Methods: Ten normal volunteers were randomly assigned to double-blind cross-over
treatment with a 5 mg nebivolol tablet or a placebo tablet once daily for 1 week with a
wash-out period of 1 week between the two sessions. On the control day and 24 hours
after the last dosing of each session, an intravenous injection of 10 mg metoclopramide
was administered over a 5-minute period. Heart rate, blood pressure, and ECG- and
systolic time intervals were determined on these days, each time after a rest of 15 minutes
in supine position.
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Results: Only hemodynamic results are shown here. After nebivolol intake, heart rate
and blood pressure were significantly decreased. Additionally; the ratio PEP¢/LVETc
significantly decreased as a result of a shortening of PEPc and a lengthening of LVETc.

Table 28. Effect of a 1-Week Double-Blind Placebo-Controlled Cross-Over Treatment with

Nebivolol 5 mg O.D. on Heart Rate, Blood Pressure, ECG-, and Systolic Time Intervals in 10 Healthy
Volunteers (BEL-17)

2 4 e e e o s o e o e A i e o o e s o e
nebivolol

S S G e A S A S 7 e e 4l Sl 4 o R

pre post ] pre post

: - - e
A i o i Ak S S, Al B vt v o e o o

MeantSEM MeaniSEM pl MeantSEM Yean+SEM Pl p2

AL o 2 0, A O S T AR, ———

HR b/min 6612.8 63%2.1 n.g. §3%3.0 55£2.1 0.008 n.s.

SBP nmmHg 130%2.8 13213.1 n.s. 134%3.7 126%3.0 0,02 0.02
DBP mmHg 8011.7 8212.0 n.g. 82E2.0 78t1.6 0.05 0.05
FQ msec 16717.6 165%7.3 n.s. 164%7.8 166+6.2 N.eS. nN.S.
QRS msec 96+3.4 e7L2.6 .9 9714.2 97%4.2 n.s. n.s.
QT nsec 3734+6.2 379%6.0 1.5, 368%7.4 386#5.6 0.02 n.s.
QF msec 380t4.1 386%3.9 n.g. 37615.8 367%t4.0 Nn.s. n.s.
QTp msec 384+3.0 383%3.7 n.s. 374%4.6 377:3.3 n.g. n.s.
QEr - MEQC 38525.9 399:4.4 n.s. 401x3.1 40323.8 n.s. N.s.
IVET~ mse¢ 29714.6 298254 n.s. 300£2,.2 308%4.2 0.04 n.s.
PEP; msec 98+4.1 100%4.9 n.s. 10113.0 9542.6 0.04 0.02

PEPA/INET, 0.3320.016 0.3410.022 n.s. 0.3410.012 0.31£0.011 0.02 0.04

pl : Wilcoxon m.p.s.r. test, 2~tailed probability versus pre-values

p2 : Wilcoxon m.p.s.r. test, 2-tajiled probability on differences
post-pre versus placebo-values

(Reproduced from Sponsor, BEL-17, Table 3, page 8)
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Figure 32. Effect of a 1-Week Double-Blind Placebo-Controlled Cross-Over Treatment with
Nebivolol 5 mg O.D. on Systolic Time Intervals in 10 Healthy Volunteers
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(Reproduced from Sponsor, BEL-17, Figure 1, page 9)

1.27 LMD No. 65662. BEL-32. ("Cardiac Haemodynamic Effects of d-, /-,
dl-Nebivolol and Atenolol During a 7-Day Double-Blind Cross-Over
Study in Healthy Volunteers. Clinical Research Report NEB-BEL-32.

- March 1989") (Reviewer: Maryann Gordon, M.D.)

Objective: Heart rate, blood pressure, and ECG- and systolic time intervals were
investigated before, during, and after a 7-day double-blind cross-over treatment with di-
nebivolol 5 mg o.d., /-nebivolol 2.5 mg o0.d., d-nebivolol 2.5 mg o.d., and atenolol 100
mg o.d. in 7 healthy volunteers.

Methods: Seven healthy volunteers (2 female, 5 male) took part in this study. They were
randomly assigned to treatment with dl-nebivolol 5 mg o.d., I-nebivolol 2.5 mg o.d., d-
nebivolol 2.5 mg o.d. or atenolol 100 mg o.d. following a double-blind cross-over design,
with a one-week interval between the different study phases. On a control day, day 2, 4,
and 7 of treatment, and day 1, 2, and 4 after discontinuation of treatment, heart rate,
blood pressure, and systolic time intervals were measured. ECG-intervals were measured
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on a control day and on the last day of treatment. Measurements were always done in the
morning at a fixed hour on a control day and before each daily intake of the study
medication (trough values). Also, on a control day, on day 2, 4, and 7 during treatment,
and on day 1, 2, and 4 after discontinuation of treatment, an isometric handgrip test was
performed. All assessments were done at a ﬁxed hour in the morning and 24 hours after
the last intake of each test. '

Results: The effects of /-nebivolol on QS2c (Figure 33) and PEPc (Figure 34) were
similar to those of dl-nebivolol while d-nebivolol was more similar to the effect of
atenolol. The results for PEPc/LVETc are shown in Figure 35.

Figure 33. QS2c Before, During, and After a 7-Day Treatment with dI-Nebivolol 5 mg O.D., I-

Nebivolol 2.5 mg O.D., d-Nebivolol 2.5 mg O.D., and Atenolol 100 mg O.D. in 7 Healthy Volunteers
(BEL-32)
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(Reproduced from Sponsor, BEL-32, Figure 1, page 9)
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Figure 34. PEPc Before, During, and After a 7-Day Treatment with dl-Nebivolol 5 mg O.D., I-
Nebivolol 2.5 mg O.D., d-Nebivolol 2.5 mg O.D. and Atenolol 100 mg O.D. in 7 Healthy Volunteers

(BEL-32)
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Figure 35. PEP¢/LVETc¢ Ratio Before, During, and After a 7-Day Treatment with dl-Nebivolol 5 mg
o.d., I-Nebivolol 2.5 mg O.D., d-Nebivolol 2.5 mg O.D., and Atenolol 100 mg O.D. in 7 Healthy

Volunteers (BEL-32)
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(Reproduced from Sponsor, BEL-32, Figure 4, page 12)

Heart rate increase was less after the 3-minute isometric handgrip in both dl-nebivolol
and atenolol compared to /-nebivolol. The effect on systolic blood pressure was similar
across treatment groups.

LMD No. 65659. Study ID BEL-32. ("Effects of Isometric Handgrip on Blood
Pressure and Heart Rate During a 7-Day Double-Blind Cross-Over Treatment with
dl-, d-, and [-Nebivolol and Atenolol in Healthy Volunteers. Clinical Research
Report NEB-BEL-32, January 1989") (Trial Period: February 2, 1988 — October

10, 1988) (Reviewer: Karen A. Hicks, M.D.)

Objective: To determine the effect of a 3-minute isometric handgrip test on heart rate
and systolic blood pressure in 7 volunteers before, during, and after 7 days of treatment
with dl-nebivolol 5 mg o.d., I-nebivolol 2.5 mg o0.d., d-nebivolol 2.5 mg o.d., and atenolol

100 mg o.d.

Methods: Seven healthy volunteers (2 female, 5 male), ages 28 to 50 years, participated
in this study. Subjects were randomly assigned to double-blind treatment with di-
nebivolol 5 mg o.d., /-nebivolol 2.5 mg o.d., d-nebivolol 2.5 mg o.d., or atenolol 100 mg
o.d. for 7 days. On a control day, on day 2, 4, and 7 during treatment, and on day 1, 2,
and 4 after discontinuation of treatment, an isometric handgrip test was performed.
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Investigators performed assessments at a fixed hour in the morning and 24 hours after the

last intake of study drug.

Results: Seven volunteers completed the study. No volunteers discontinued the study

prematurely. The effect of handgrip on systolic blood pressure was not influenced by any

of the 4 treatment sessions. Increase of heart rate after 3 minutes of handgrip was
significantly reduced after 7 days of treatment with dl-nebivolol and after atenolol 100

mg but not after d- and I-nebivolol. Table 29, Table 30, Table 31, and Table 32 describe

the efficacy results for systolic blood pressure, diastolic blood pressure, and heart rate.

Table 29. Systolic Bloed Pressure During a 3-Minute Isometric Handgrip Test on a Control Day and

After 7 Days of Treatment with d/-Nebivolol, I-Nebivolol, d-Nebivolol and Atenolol in 7 Healthy

Volunteers

di-nebiveiol Smg l-nebivelol 2.5mg d-nebivolel 2.5mg atenolol 100mg
HANDGRIP POWER
TEST MaantSEM ] MeantSEM P MeaniSEM P MeantSEM 1]
Control day O min 122%4.3 bt 121483.8 - 126%1.4 - Talt3.o -
1 nin 127%#4.0 — 131%4.9 - 3133%21.% - 32813.0 —
2 nin 136+4.2 Rt 14325.4 - 142%2.0 - 139+3.9 ——
3 min 14814.7 dd 14732.3 - 3147%31.2 — 147+4.8 Rl
Day 2 o min 115+3.1 Nn.s. 3123%2.8 n.s. 116%4.6 5.0G8 Ir4t4.8 .08
1 min 121+3.0 n.s. 132*1.86 n.s. 125%3.8 0.03 1319+3.8 0.03
2 min 132%4.5 .03 138+1.3 n.s. 134£3.3 0.03 3134+3.1 0.08
3 min 141%4.8 Q.08 31484, ¢ n.s. 145£4.5 n.5. 3140:3.4 n.s8.
Day 4 "0 min 115+2.4 n.s. 120+£2.4 n.s. 114%2.2 0.02 113%5.6 .08
1 min 123+2.3 1.8, 12B%2.8% n.s. 122%2. ¢ 0.02 123%3.9 0.03
2 min 13243.0 a.08 ijsis.g a.s5. 13241.8 0.02 13323.3 G.03
3 min 14243.6 n.s. 15042.9 n.s. 146%2.3* n.g. 14345.2 n.s.
bDay 7 0 min 113%2.5 0.08 123%3.1 n.s. 114%£2.8 0.02 116+3.7 n.&.
1 m;n 123£2.1 Mn.s. 128+1.8 fi.5. 124%2.9 n.s. 12413.2 0.68
2 min 13%32.5 n.s. 138+2.5 n.s. 13243.1 a.04 13143.6 0.85
3 min  144%5.1 n.s. 1484£2.3 n.s. 141%3.3 .03 14445.7 n.s.
Day 1 post O min 11612.6 n.s. 125%4.4 n.S. 117+3.1 2.02 11423.8 3,83
1 min 123%3.6 n.s. 134%4.0 n.8. 12343.2 2.93 1z2%4.0 3.63
2 min 13542.¢ n.g. 140+3.0 n.S8. 134%4.1 n.s. 13143.4 $.08
3 min 140%5.2 6.02 159043.9 7N 14244.7 n.z, 13943.1 4,03
Pay 2 post © min }:13%£4.1 0.06 123%4.8 .8 118%4.6 0,68 11742.2 NS,
1 min 123£31.3 n.g. 132843.0 N8 128%3.3 n.g. 12642.6 n. g8,
2 min  132%£3.% n.gt, 137%2.6 n.s. 13544.5 LPEN 135%3.4 NS,
3 min :47%£3.2 n.s. 150%4.0 .8, 145%5.6%* NS, 14743.7 DS,
Day 4 post O min 116%3.1 Q.08 12423.0 Nes. 124%3.8 n.5. 122%2.8 N.S.
1 min 123%2.7 n.s. 127%2.6 n.s. 126%3.5 0.G2 128%2.3 n.s.
2 min 13523.4 s, 138%2.9 n.s. 13443.0 0.04 140%3.4 n.s.
3 min 143%4.6¢ n.s. 146%3.7 n.s. 143%2.8 0.02 146%4.0 n.s.

* p £ 0.05 by Wilcoxon n.p.s.r. test on differences with 0 min values versus control values.
p-~value : Z~tailed probability by Wilcoxon m.p.s.r. test versus control day values.

(Reproduced from Sponsor, BEL-32, Second Study, Table 1, page 6)
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Table 30. Diastolic Blood Pressure During a 3-Minute Isometric Handgrip Test on a Control Day

and After 7 Days of Treatment with dl-Nebivolol, -Nebivolol, d-Nebivolol and Atenolol in 7 Healthy
Volunteers

dl-nebivelol 5mg 1l-nabivolol 2.5mg d~nebivolol 2.5mg atenolol 10Omg
COLD PRESSURE - e ——— - o o :

TEST MeantSEM e MoantSEM P HaaniSEM P HeaniSER P
Control day & min  8142.7 e 8241.2 s 85%1.4 - 841£2.6 --
T min B8i2.5 —— 8042.2 - 8a8t1.s - 87t2.4 -

2 min  9032.% - 91%2.8 e 91%2.9 - 8942.3 et

3 min 8842.5 - 92+1.8 - 2022.7 - 884+3.3 i
Day 2 ¢ nin 76%2.4 0.086 82%+1.6 n.s. 79122.3 4,03 T722.4 .02
1 min 84%22.2 n.g. 83%1.2 0.05 86£1.3 n.s. 831+2.2 Q.04
2 min 89%2.2 Nes. 88%1.9 NS, 92%2.5 N.s. 84%2.5 a.03
3 min  8622.0% n.s. 8922.0 n.S. 88%1.5 n.s. 8342.7 f. 8.
nay 4 @ min  7612.2 0.03 81%1.7 n.s. 1742.1 0.02 173,13 ¢.02
1 min 82%1.5 0.05 84%1.4 n.s. 83%1.4 Q.02 81i1.8 ¢.03
2 min 84%1.9 0.04 89%2,2 n.s. 84+2.1 Q.03 B412.7 8.08
3 min 8332.5 n.s. 87%£1.8 0.08 B2%2.3 ¢.03 B2+2.3 R.S.
Pay 7 o min  77%).8 g.08 B82%1.9 B8, 79%2.3 .04 7841.8 0.02
1 min  B1%).4 ¢.09 85%2.0 n.8, 81%1.7 ¢.02 8142.0 1.8,
2 min  83%2.0 0,03 B9L1.7 n.s. 8%21.5 NeBe 8542.4 n.5.
3 min 82+1.9 n.s. 90t1.8 NS, B4%21.7 0.03 83%2.3 n.s.
Day 1 post O min 7632,1 0,02 85%1.9 0.08 76%1.5 0.02 71,9 ¢.02
X min  82f£1.6 $.03 90%£1.5 H.S. 83+2.4 0.03 8342.1 n.s.
2 min 86%1.7 0.03 9341.8 n.s. B8442.0 8.08 83+2.1 6.06
3 min  B7£2.0 n.s. 9141, 6% N.S. g2t1.6 o.02 &2t1.6 n.s.
Day 2 post ¢ min 82,7 n.8. B211.5 n.sS, 782.5 0.02 80%2.9% 0.03
1 win 8442.6 n.s. B512.9 n.s. 80%2.5 0.02 85%£3.4 n.5.
2 min  85ti1.8 0.03 B8613.5 n.s. 8223.4 ¢.08 86%3.3 n.s.
3 min 85+2.4 n.s. 86+2.8 G.08 81t3.6 ¢.03 83x2.8 f.8.
bay 4 post O min  78£2.7 n.S. 8241.7 n.s. B80%2.8 n.s 79+3.0 a.06
1 min 83%1.8 n.s. 83£2.2 n.&. 8412,.6 n.s. 85%11.7 nos.
2 min B4t1. g 0.04 85%£1.9% 0.04 B6£1.6 n.s. 8612.8 neg.
3 min 8714£2.5 n.s. 8542, 1% .06 84+1.5 n.s. 86%+2.7 n.s.

* p £ 0.05 by Wilcoxon m.p.s.r. test on differences with o min values versus control values.,
p-value : 2-tafled probabiiity by Wilcoxon n.p.s.r. test versus control day values.

(Reproduced from Sponsor, BEL-32, Second Study, Table 2, page 7)
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Table 31. Heart Rate During a 3-Minute Isometric Handgrip Test on a Control Day and After 7
Days of Treatment with dl-nebivolol, I-Nebivolol, 4-Nebivolol and Atenolol in 7 Healthy Volunteers

dl~nebivalol

v

Smg  1l-nebi
HANDGRIP POWER
TEST MeantSEM P MeantSEM P MeanitSBM
Control day 0 min T76£3.5 - 74%4.1 - 76%2.0
1 min 79%4.1 - 80%3.9 - B81%2.7
2 min 83ir4.0 - F922.6 - 81%131.1
3 nin 83t4.6 - 79%3.6 - 82£2.7
Day 2 0 nin 66%3.6 ¢.02 7313.6 n.s. &6544.9
1 min 7itd.4 ¢.03 80t2.4 n.s. 71%5.3
2 min - 70%2.8 ¢.02 79%2.8 n.s. 71%4.6
3 nin 7243.2 4,02 81t2,2 n.s. 73%4.3
Day 4 0 min 6623.0 .02 T4+2.3 n.s. 68744.2
1 nin 68+3.4 ¢.03 78£3.3 n.s. 71%4.9
2 iin 70%#31.5 .02 T142.9 n.s. 71£3.8
3Imin  7324.0 0.02 T4£2.6 n.s. 75£5.3
Day 7 0 nin 10tz2.2 G.o8 73t2.8 n.s. 69%5,2
1 win T244.7 6.08 BO£Z .3 n.s. 7745.8
¢ min  75#4.8 0.03 79%1.4 - 7745.5
3 nin TAE4 B 0.02 BOL2 .9 n.s, F146.1
Day 1 post O min 68%5.0 ¢.08 79+4.3 n.s. 6743.4
t min 7344.3 .2, 82%4.8 n.a. 6843.2
¢ min 71%4.0 ¢.02 82+4.5 g, F0£3.2
3 min 68%%5, 6% ¢.02 g2t4.8 n.s, 5i%3.0
pay 2 post 0 min  &7%3.0 ©.02 73£3.0 f.s, 68%4.5
I min  704£4.1 a.03 831+3.0 n.s. Fak4.2
2 ain 7143.6 g.02 81%3.0 fn.s. 72%£3.6
3 min 70£8.1 G.062 T79%4.9 NG, 7424 .5
Day 4 post 0 min  66%4.4 .02 77%3.9 n.s. T245.0
I min 74%5.2 n.g. 77%4.2 fl.f. 74%4.1
2 min 76%5.5 0.02 79%4.2 Nn.8, 77£5.1
3 nin 1616.8 €.08 79£3.6 N.8.

* p £ 0.05 by Wilcoxon m.p.s.r. test on differences
p-value : 2~talled probability by Wilcoxon M. P S.T.

(Reproduced from Sponsor,BEL-32, Second Study, Table 3, page 8)
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volol 2.5mg  d-nebivolol 2.5mg

[ YT .

stenclol 100mg

P MeantSEM 2]
- 75%4.1 -
e 82%4.0 -—
-= 83£3.6 —
- 84£3.4 —
0.08 66+3.7 0.03
0.058 To£3.% 0.02
n.s, 70£2.9 0.02
a.09 72%4.0 0.02
0.908 65%4,9 0.02
6.03 68%£4.7 0.02
0.02 67£3.9 0.02
n.s. 714,23 0.02
.8, 65%4.4 0,02
n.s. T043.8 6.02
n.s. T043.7 0.02
n.4a. 6913 ,9% 0.02
Q.03 6343.4 0.Q2
a.02 6813.9 0,02
0.02 68+3.1 0,02
0,03 6842.6 0.02
n.s. 6834.2 0.02
0.02 T1ix4.9 .02
Q.03 Tixi.e 0.02
a.08 7744.2 0.02
n.5. T444.3 1%
0.06 80%4.31 .S,
B8, 82%5,5 n 8.
8435.6 N8,

B.6.

with ¢ min values versus control values.
test versus control day values.



Table 32. Efficacy Results (BEL-32, Study 2)

Hesults (Control day /{ Day 7}

N di-nebivolo} I-nebivolol d-nebivoiol atenoiol
HR [bimin) 74 66" 7373 73/69 77763

{day 1 post: 84*}
SBP (mmHg) 122/113 121 /123 126/ 114* 1217116
‘ {day 1 postr 114%)
DBP {mmHg) 78/72 78779 79173 76774
{day 1 post: 73") {day 1 post; 73"}
Q82c {ms) 400 7392 400 7 388" 3931394 385 7 396"
PEPc (ms) 107 /95" 107 /98° 1037105 1037107
{day 4: 112"} {day 4: 108")

LVETc (ms) 2937297 292/ 290 2907290 282 /290
PEPe/ LVETe 0.3670.32" 0.37 /0,34 0.36 /0.36 0.37 /037
PQ, ms 149 /1583 150/ 151 146 / 149 143/ 151

{ QAR8, ms 94/94 93/ 90 93/93 80/93
QT, ms 369/374 360 7 360 363 /387 350/376
Qfc, ms 396 /391 386 /396 400 / 390 3957383
QTm, ms 38272385 3837383 385 /382 380 /381
3 min Handgrip test , 5
{acroase HR, bymin 7.6/37 47171 8.1/79 8.0/39"

_ {day 1 post: 0.3%) '

Incraase SBP, mmiy 26731 26725 227126 26727
Increase DBP, mmHg 16/19 17/18 17417 19718

Asterisks refer lo differences with controf day values
Levels of significance * ps 0.05

(Reproduced from Sponsor, BEL-32, Study 2, page 3)

Conclusions: The increase of heart rate after 3 minutes of handgrip was significantly
reduced after treatment with dl-nebivolol and after treatment with atenolol. Increase of
systolic blood pressure was not influenced in any of the treatment sessions.

1.28 LMD No. 68085. Study ID BEL-21. (""Phase I Study: Comparison of
the Subacute Haemodynamic Effects of I-nebivolol versus A
Combination of /-Nebivolol and Atenolol in Healthy Volunteers.
Clinical Research Report NEB-BEL-21. March 1989'") (Reviewer:
Maryann Gordon, M.D.)

Objective: To compare the subacute haemodynamic effect of /-nebivolol versus a

combination of /-nebivolol and atenolol in healthy volunteers.
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Methods: Sixteen healthy volunteers were subdivided in 2 groups of 8 after stratification
for control values of systolic time intervals. In a double-blind way, one group received
2.5 mg o.d. of I-nebivolol for 3 weeks, followed by a single-blind placebo wash-out of 1
week. The other group of 8 subjects received 100 mg o.d. of atenolol for 3 weeks, from
the second week on associated with 2.5 mg o.d. of /-nebivolol and also followed by a
placebo wash-out period of 1 week. Heart rate, blood pressure, and ECG- and systolic
time intervals were measured serially before and during the study period.

In a double-blind experiment heart rate, blood pressure, and ECG- and systolic time
intervals were measured serially before, during, and after a 3-week treatment period with
[-nebivolol 2.5 mg o.d. in a first group of 8 volunteers and with atenolol 100 mg o.d.
associated during the last 2 weeks with /-nebivolol 2.5 mg o.d. in a second group of 8
volunteers.

Results: Heart rate and blood pressure were not influenced by /-nebivolol intake but
significantly decreased after atenolol intake, and this decrease remained so after
additional administration of /-nebivolol.

After I-nebivolol administration, a significant but transient decrease of the ratio
PEP/LVET was observed, whereas such a decrease in the second study group was only
seen after addition of -nebivolol to atenolol treatment. These decreases were entirely due
to a shortening of PEP values. In both study groups, effects on LVETc, QS2¢, and ECG-
intervals were minimal.
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Table 33. Systemic Blood Pressure and Heart Rate Before, During, and After a Treatment with /-
Nebivolol 2.5 mg O.D. and a Combmatlon of Atenolol 100 mg O.D. and /-Nebivolol 2.5 mg O.D. in 16
" Healthy Volunteers (BEL-21)

Bmx_?']%}mm%we & heart rote Bofore, during and afteM DA #21-742

treatment with {-nebivotol 2.5 wy o.d, ard 3 cobiination of
atensloel 190 mg o.d. and L-nebivoiol 2.5 ng o.d. tn 16 healthy

voluntesrs.
sap mma} BEE Cmig) HR {b/min)
Uy BTy < v o m o m e e e e R r T R e e AR R B A Ao
group  dey prvatus® vs p-value vs p-vatue vs

MeantSER day 0 day 7 MeantSENR day O day 7 MeareSEN doy 0 day 7

------------------------------- B L Y L P S N D

H 8 137:2.% -~ == 8121.6 -~ - 75122 - .
{n=8) 1 12825.0 n.s, == 8425 ns.  -- T0¢4.5 n.s. -
2 127%2.T n.g. == Bt s, e &744,7 0.07  --

4 128234 n.s. - BIALT ms. - 7345.2 ms. e

7 131534 n.g, - 81115 n.s. - R2i%.2 ms.  --

8 127+2.5 n.g. - 79116 ns. - 48:%.5 0.08 -~

9 130824 n.s. - &tit.&é n.s. -- 67¢4.8 e, vn
128826 n.s. s+ 8IS pes. -0 6863.9 00K --

W 137e2.2 0,04 s B4x3.4& g, - 7445.9 n.s.  --

B 131#4.5 n.e. - B22.5 g, = 7125.4 Mg, -

e 132¢5.2 n.s. - 83228 ns. ~- 7134.3 n.5. -~

8 13525 n.s. -- 83+£1.3 n.s. - 7215.4 s, -~

21 132:5.0 ne. -~ 83828 ws.  -- 7144 n.x. -

22 127:3.2 n.s. -~ BOREO nue. -+ 64s3.5 0LO08 -

23 1322%.2 n.g. - 81,7 n.s.  -- 6823.4 0.06 o=

3 126221 ns. -~ 781.1 n.s. -~ Te6.1 nog. ==

28 152£3.4 n.s.  -- B82¢1.6 n.s. - T115.6 0.8, -

[ 134286 -~ - 82:3.1 «- - 68£3.8 == ..
=) M7e%5.2 0.008 -- Ta+2.86 0008 ~- 50136 0.008 -

b
1
2 116:5.2 0.008 -- 71s2.9 D.008 - S541.8 0.02  --
§ 12NAE Bz .- Mgl 4 0008 -~ S6£2.4 002 --
7 1349 0.008 -~ 6822.4& G.008 -~ 5%42.3 0,97 .-
8  118:5.2 6.008 0.05 7212.5 0.008 §.05 S5&21.6 0.0 n.s.

¢ 119:5.2 0.02 008 7227 G.02 0.07  $722.4 n.%. fus.
11 119261 0.008 0.02 T3s2.4 0.02 0.05 4142.9 ns. ns,
% 11625.2 0.03 n.s. 72«2.0 0.02 D0.08 S7:1.é6 0.05 n.s.
15 12155.9 4.02 002 75429 0.02 0.008 S8:1.6 0.05 n.s.
6 119s6.1 §.02 n.x. W26 D02 D.ODB 59424 0.08 ..
18 11624.8 D.00B n.s. 72426 G.0Z §.02 S$8:2.7 0.02 n.2.
21 174.4 0.02 n.s. 72125 0.02 0.08 57:2.4 0.03 n.s.
22 12236.0 0,07 0.03 75131 0.07 0.0 6¥42.6 n.s. 6.f.

23 122254 003 0.02  T6e3.3 0.0 6.02  6722.7 ns. 0.08
-2F 126:5.4 n.s. 0008 79450 n.s. 0.008 &622.8 n.s. n.5.
8 12945.2 n.g, 0008 T™2.8 h.s. D.DOR &732.7 n.s. 0.09

Geoup [ 2 E-rebivalol 2.5 mg o.d, for 3 weeks, followed By A 1 ueck wash-out

Group T1z atenclol 100 mg o.d. for 3 sesks, fron 2od wesk on associated

with U-nebivolol 2.5 mg o.d., failowed by & ! week wash-out
* Vilcoxon m.p.s.v. test, 2-tafled probability.
(Reproduced from Sponsor, BEL-21, Table 2, page 8)
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Table 34. Systolic Time Intervals Before, During, and After a Treatment with /-Nebivolol 2.5 mg
0.D. and a Combination of Atenolol 100 mg O.D. and -Nebivolol 2.5 mg O.D. in 16 Healthy
Volunteers

Table &%ﬁﬁﬁ‘ﬁ@%ﬁ&ﬁm'&l&& during and aftar a trestment with l-nehivm%?@;gé%,

and & combination of aténotol 100 g 2.4, and -nebivolol 2.5 mg o.d. in 16 healthy

velunteers,
PEP (maec) LVEY, (msec) 08y (mseec) PEF/LVET
Sy Suafy s e e NS L MGG d e et m S r e m e ammSmamiameseeaoeao T
group day povatue® v prvaiue vg pevalue va pryslue ve

HeansSER day 0 oy 7 MeBNISEN gay g gay 7 MeBNISEM oy g day 7 NESMESEN oy g ey 7

R R e R L L LY Y e asnmasamnanne PR

H Q0  10B:4.2  -- -~ 2uPi%.3 -~ - 39TTe - -+ §.37%10.012 -- =
(w8 v 10738 nz. - ZB006.0 nox. -+ 36278 nsx. -- 03680618 nos. -
2 W39 0.05 -- 28866 0.08 - 397al.Y ;s - 030620016 0,02 --
& P32 D.0D8 - 4.9 nus. <+ 391356 0.k, <= DL35V40.014 G.008 -
7108456 n.s. -~ 28944 nes. -~ 39770 nas. -- 0.3T30.0H nus. --
& 10B:A.3 nos.  v- 26B43.8 ns. -0 W53 pg. v DLIT2NL013 mus. -~

$ NBRF Ag. «- 20155 n.s, - 399260 es. - G37620.012 mus. -

1% MURT s, - 28643.% nes. - 3245 nes. - OL3B010.012 .. --
W 10737 nee. -- 2BB24.6 nus. ¢ $95:5.7 aus. .- 0.37240.080 s, -
¥ 1045 ns. -- 2BP:3.3 nus. - 9754 nmas. - 0.37610.8% n.s. -
B 1045 nek,  s- 28853 nax. - B0 ns. -« 0.37M0.0Y ns. <
B 10064,.2 n.x. - BS54 ns. -+ 3869 M3, -+ 0.37B£0.6¥1 nus. -
21 074,88 n.$. -- 2904.F nai. - 398s5.3 ms. -- 0.37540.013 n.s,  --

124833 nas.  -- 202445 nme. c- 402455 ms. -~ 0.377:0.010 n.s. -

B 11248 ns. -+ WY na. - (Re¥S ns. < 03782000 s, --
B N2t ns. - LT nus. -+ 395:3.0 a.s. -- 0,38580.0H) nLs.  --
28 112158 n.s. - 242 n.x. -+ 40535.% ms. -+ 0.38120.013 nus. -

11 g  108£2.4 - = 2UT.Y - ERSE 1) 1 0 I = 9.%5110.013 -- ==
o8y 1 1M1I3.3 mes. -- BM9268.7 nes. -~ 39726.7 nus. - 836040815 m.s. -

2 112533 0,07 - 29347.3 8. ov 7273 nas. <+ 035060013 mus. -
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8 1064.2 m.s. 0.008 29515.3 n.s. n.s. 393277 863 0,02 0.337:0.015 0.08 D008

92 106:3.7 n.s. 0,008 29646.0 n.s. n.s. 39%36.8 002 n.s.  2.33640.011 0.04 0.608
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Groug [ ¢ L-nebivolal 2.5 mg a.d. for 3 weeks, follewed by 2 1 week wash-out
Group [1: stenolol 100 my o.4. for 3 weeks, from 2nd week on Basocisted with i-nebivolet
2.5 ng o.d., followsd by & 1 weck sesh-sut
¢ Wilcoxom mup.g.r. test, 2-tailed probability. 1

(Reproduced from Sponsor, BEL-21, Table 4, page 10)
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Table 35. ECG-Intervals Before, During, and After a Treatment with I-Nebivolol 2.5 mg O.D. and a
Combination of Atenolol 100 mg O.D. and /-Nebivolol 2.5 mg O.D. in 16 Healthy Volunteers

P {msec) QWS {miec) Car {mecy QT {imecy e (rusu-:}
Sy B U v o sme o e e v ke v v ek kB w . n e a H M eSS s S
groy  day g-value* Vs prvalue vs pryatuoe ve prvslue ve ervaliye vs
Beard SN oy @ day 7 MeWRSEN 4y day 7 PRAMSEN oy g day 7 MEORESER g g oy 7 MeBn2SER day 0 day 7
H $4848,3 - -- PRt .- L ( 2% 4 . L << 22 | S s 39346 . we

G
{p=8) 1 HE53 s, - 91430 n.s. - IR ne. - 408212 Az, ex 30MeB nLs. <
2 W50 ns. - 9123 mas. - T mus. v- 397EI3 ms. e 300s6 mugL  ee
& W826.5 f.g, < $342.5 p.s. - 3788 a.s. - 406211 mus. - $9Ge6 Bufe <o
TOWE5 fus. oo 93325 a5, - 373100 ns. v~ 4062912 ms.  cc ¥6EF s -
&

14835.6 ns, - P26 a5, - T ns. - 210 ns. - 39236 mus. oo

49458 aus. < Ph:2.6 ms. - 3P6T ms. - 4B251) mas. - 3eé L PO
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& 15602 el e P826.2 N3, v 3BED 003 o« 3P40 DO8 -« 38140 nos. o ee
E 1. U1 T S 96432 Mes. <= 33348 008+« FFEs12 QLEIE .- 37V10 nos. -«
B 15378 ne. nes. a8 n.s. d.s. S90:B D.008 n.s. 37742 0.84 m.e. 38%:%0 hs. ALl
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Group |y l-nebivelol 2.5 ng o.d. for 3 weeks, followed by 8 1 week wash-out

Greup 1T: atenclol 100 na o.d. for § weeks, from 2nd week on associated with U-nebivolol 2.5 mg o.d., followed by a
1 week wash-out

* Wilcowon m.p.s.r. test, 2-tafled peobability.

{Reproduced from Sponsor, BEL-21, Table 3, page 9)
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1.29 LMD No. 108085. Study ID: NED-7. ("Invasive Hemodynamics of
Nebivolol in Hypertensive Patients. Synoptic Clinical Research Report
NEB-NED-7. April 1994") (Reviewer: Maryann Gordon, M.D.)

Obijective: Hypertension/hemodynamic effects 3 hours after last intake of nebivolol 5 mg
once daily for 4 weeks.

Design: Double blind, randomized placebo controlled, cross over. Eleven subjects with
essential mild to moderate hypertension (diastolic blood pressure 90-115 mmHg) were
studied. Two patients withdrew and are not included in the results.

Results:

There were lower blood pressure and heart rate in the nebivolol group compared to
placebo. CO, SV, TPR, and CVP, however, were similar between drug and placebo. See
Table 36 and Figure 36.

Table 36. Results (NED-7), Mean Values (SEM)

Mean values (SEM) P(l::e;;o N:’:::;);OI
, mmHg 122 (4) 111 (3)*

, bpm 70 (4) 59 (3)*
CO, Vmin . 6.29 (0.36) 5.70 (0.21)
SV, ml 91 (6) 97 (4)
TPR, mmHg.min/l 19.85(1.19) 19.70 (0.81)
CVP, cm H,0 3.6 (0.6) 3.7 (0.6)
Levels of significance at p < 0.01:*

(Reproduced from Sponsor, NED-7, page 2)
Appears This Way
On Original
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Figure 36. Haemodynamic Effects of Nebivolol in Hypertensive Patients (Dye Dilution Technique, 2
X 4 Weeks Cross-Over with Placebo) (n = 9) (NED-7)

56 Hear! rate {beatsimin} 0 Stroke volume {ml) o, Cardiac output {Vmin}
; » . .
—_— s
oY ! 100 - 6-
. T
65 . 5
59 83 1 4
40 79 - 3

{0 placeso M nebivoloi 5 mg 0.6.]

Wean arterial pressure {mmHg) Total peripheral resistance {mmHg.mind) Central venous pressure {em H,0;

30 : 23 ;
R gq . { asiamy 20 i 5‘0
o * 4,07 T

10 19 3.0

8¢ HiR 20
561 ' 177 107

as - - 16 0.0

van Qostel, ML avof 23, $1AUGHS

(Reproduced froem Sponsor,' NED-7, page 7)

LMD No. 106560. Study ID NED-7. Invasive Hemodynamics of Nebivolol in
Hypertensive Patients.

Same report as above.

1.30 LMD No. 107433. Study ID: USA-2. ("Evaluation of left Ventricular
Function Assessed with Doppler Echocardiography and Radionuclide
Ventriculography in Hypertensive Patients after Chronic Treatment
with Nebivolol and Atenolol. Clinical Research Report NEB-USA-2,
April 1994") (Reviewer: Maryann Gordon, M.D.)

Objectives: to study the mechanism of blood pressure reduction with nebivolol versus
atenolol and to evaluate the influence of treatment with nebivolol versus atenolol in

cardiac performance.
Methods: Twenty hypertensive patients (mean sitting diastolic blood pressure between

95 and 114 mmHg) were randomized in a four-way cross-over trial with nebivolol 2.5 mg
and 5 mg, atenolol, and placebo, to assess cardiac performance and the mechanism of
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blood pressure reduction. There was a four-week placebo run-in period and a wash-out
period of one week between treatment phases which lasted three weeks.

Blood pressure, radionuclide ventriculography, and Doppler echocardiography were
assessed at the end of each treatment phase. Seven patients dropped out before trial
completion: four during the placebo phase, one with atenolol, one with nebivolol 5 mg,
and one during the washout period after nebivolol 2.5 mg.

Results:

Table 37. Radionuclide Ventriculography Efficacy Results (USA-2)

Mean values Neb 2.5 Neb 5 Atenolol Placebo
ILeft ventricular peak
ejection rate, Hz
Load 0 watt -1.97 -2.07 -1.94*% -2.17
25 watt -2.51 -2.51% -2.45 -2.62
75 watt -2.78* -2.94* -291%* -3.43
Left ventricular peak
filling rate, Hz
25 watt 2.71% 299 2.51* 3.00
75 watt 3.18% 344 3.46* 3.74
Heart rate, bpm
0 watt 6].1°* 59.4* 56.9% 67.8
25 watt 90.1 * 90.2°% 84.0* 97.1
75 watt . 108.0* 103.5*% 102.6* 116.5
Systolic blood pressure,
mmHg
25 watt 153.0 156.8 150.7* 156.4
50 watt 156.9* 163.8° 157.5% 165.7
75 watt 171.5 1703 170.9* 1773
Diastolic blood pressure,
mmHg
-~ 0 watt 943 944 91.8* 98.3
25 watt 99.6 99.7 93.3% 1034
50 watt 101.0 101.5 95.9% 105.3
75 watt 104.1° 99.5* 98.9* 107.5

*significant difference compared to placebo
%significant difference compared to atenolol
(Reproduced from Sponsor, USA-2, page vii)
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Table 38. Cardiac Doppler-Echocardiography Results (USA-2)

Mean values Neb 2.5 Neb 5 Atenolol Placebo
Left ventricular internal dimension:

¢ end-diastolic, cm 4.95° 5.12 5.14* 5.05
ICycle length, s 1.034* 0.985* 1.047* 0.901
Diastolic blood pressure, mm Hg 94.6* 91.8* 914 994
Heart rate, bpm ' 58.5+ 62.1* 58.3* 69.5
Left ventricular ejection time, ms 0314° 0.299° 0.346* 0.303
Early mitral peak flow velocity, m.s™ 65.60 74.80* 69.26 65.23
Atrial peak/early peak velocity 0.920* 0.897* 0.825* 1.018

*significant difference compared to placebo
%significant difference compared to atenolol
(Reproduced from Sponsor, USA-2, page vii)

1.31 LMD No. 54549. Study ID: BEL-30. ("Hemodynamic Effects of a
Single Oral Administration of R65824 (Nebivolol), a New Selective Beta-
1-Adrenoreceptor Blocking Agent in Human Volunteers as Compared to
the Effects of Atenolol, Pindolol and Propranolol") (Source: Clinical
Research Report NEB-BEL-30, September, 1985 and Study
Publication'. No protocol was submitted.) (Reviewer: Shari Targum,
M.D.)

Objective: evaluate acute effects of nebivolol, compared to atenolol, propranolol, and
pindolol, on systemic and cardiac hemodynamics in healthy volunteers.

Study summary: This was an open-label, active-controlled, single-dose crossover study
in healthy adult males and females. All subjects underwent a complete evaluation on a
control day and at 6 different days after a single oral dose of R 65824 5 mg, R 65824 10
mg, propranolol 80 mg, pindolol 15 mg, pindolol 30 mg and atenolol 100 mg. Subjects
received test drugs in random sequence and one week apart for each drug. Each
volunteer took study medication at the same time of day and all measurements were
performed at exactly the same time of day, both during control and after intake of test
drug. No medication was allowed 48 hours prior to testing. Evaluations consisted of the
following: 1) Systolic and diastolic blood pressures (BP) at rest were measured before
drug intake and at 3 and 6 hours post-dose. BP measurements used the subject’s left arm
and were done by the same observer with the subject in supine position after a 10 minute
rest. 2) In addition, subjects underwent a 9-minute exercise treadmill test. It is noted that
the protocol used a “modified Bruce” with the following speeds/elevations: 2.5 mph/10%
incline (3 min), 3.4 mph/12% incline, 4.2 mph/14% incline. No diastolic BPs were taken
during treadmill testing.

! De Cree J. et. al. Haemodynamic Effects in Man During Exercise of a Single Dose of Narbivolol (R67555), a
New Beta-1-Adrenoceptor Blocking Agent: A comparative Study With Atenolol, Pindolol, and Propranolol.
Drug Development Research 8: 109-117 (1986).
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3) Systolic time intervals were measured from simultaneous recordings of a peripheral
ECG lead (Reviewer: it is not known if any lead was prespecified), phonocardiograms,
and carotid pulse wave. At least 5 consecutive cardiac cycles were analyzed and
averaged for the following parameters: QS; ( total electromechanical systole), LVET (left
ventricular ejection time), and PEP (pre-ejection period). LVET and PEP were corrected
for heart rate according to a regression equation: LVET =-1.112 HR + 370.22 and PEP
=-0.32357 HR + 125.25. PEPc/LVETc was used as an index of left ventricular (LV)
performance. The difference between LVETc before exercise and 30 seconds after end
exercise was calculated and expressed as LVETc¢ post-pre-exercise.

Reviewer: No primary endpoint was identified in the study report.

Results: Two females and 6 males, mean age 34 (range 27-47 years) and mean weight 63
(range 54-76) kg participated in this study. There were no dropouts.

Exercise-related SBP and HR are expressed graphically: for SBP at 3 hours, all active
study drug values during exercise were different from control (via Wilcoxon matched
pairs signed-ranks test, 2-tailed probability; p < 0.05).

Figure 37. Mean Exercise-Related SBP on a Control Day and at 3 Hours Post Dosing (BEL-30)
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(Data from Sponsor, BEL-30, Table 1, page 9)
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