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The pharmacokinetics and pharmacological
effects of propranolol in normal subjects.
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To evaluate the pharmacokinetics and pharmacological effects of propranolol
in normal Thai subjects.

Clinical trial

Department of Pharmacology, Faculty of Medicine, Chulalongkorn University.
Five male and five female volunteers, ages ranging from 20 to 45 years.
They were normal on physical, hematologic,biochemical and EKG
examination. All of them were non smokers and had not taken any medication
at least 5 day prior to the study.

Each subject took 80 mg propranolol orally after an overnight fasting.
Propranolol plasma levels were determined prior to drug administration (time
0) and at 1,1.5,2,2.5,3,4,6,8 hours post dose. The following pharmacokinetic
parameters were determined: C, ., T, ,AUC, ., K , K, and t,, During
each time of blood drawing, the systolic blood pressure, diastolic blood

pressure and pulse rate were measured.
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Results: After propranolol administration, the mean systolic blood pressure and pulse
rate were reduced significantly from baseline value at two hours and one
hour respectively. Pharmacokinetic data demonstrated that the mean peak
plasma propranolol concentration (C,,, ) was 85.95 + 16.67 ng/ml and the
time to reach peak concentration (T, ,) was 2.05 + 0.17 hrs. The area
under the plasma concentration-time curve from 0 to 8 hours (AUC,, ;) was
found to be 422.78 + 76.88 ng. ml"! hr. and the elimination half-life ( tp)
was 3.75 + 0.4 hrs. It was observed that the AUC,, _; values of the female
volunteers were significantly higher than those of the male volunteers and
the C, . value seemed to be greater in the former group as well, however, no
significant change was observed in hemodynamic effects including blood
pressure and pulse rate between the two groups of the subjects.

Conclusion: The pharmacokinetic parameters and pharmacological effects of propranolol
were determined after an oral 80-mg dose. Although the difference in
pharmacokinetic parameter among the male and female volunteers was found
such as AUC, no significant difference was observed in hemodynamic effects
including blood pressure and pulse rate. This may be due to the high
therapeutic index of propranolol. Therefore the change in pharmacokinetic

parameters didn’t affect the pharmacological effects.

Key words: Pharmacokinetic, Pharmacological effect, Propranolol.
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Propranolol is a non selective beta
adrenergic blocking drug very wildly used for the
treatment of cardiovascular diseases, such as hy-
pertension, cardiac arrhythmia and ischemic heart
disease.("® Tt interacts with B,, and B, receptors
with equal affinity and lacks intrinsic
sympathomimetic activity. The drug is completely
absorbed after oral administration. Much of the drug
is metabolized by the liver during its first passage
through the portal circulation and only about 25%
reaches the systemic circulation system. More
over,there is great interindividual variation in the
presystemic clearance of propranolol by the liver
and this contributes to enormous variability in
plasma concentrations after oral administration and
also to the wide range of doses in terms of clinical effi-
cacy.(1d The effects of cirrhosis,® renal diseases®©,
sex (8, genetic or ethnic® constitution have all
been shown to alter the disposition of propranolol.
Since propranolol is widely used in our country and
the pharmacokinetic or pharmacodynamic data ob-
tained before marketing of the drugs are usually
performed in groups of patients in Western coun-
tries. It is essential to evaluate the pharmacokinetic
and pharmacological effects of the drug among Thai
subjects.

Material and Methods

Five male and five female volunteers
participated in this study. They were found to be
normal upon physical, hematologic,biochemical and
EKG examination. The ages ranged from 20-45
years with an average body weight of 56.0 + 8.6
kg. All subjects were non-smokers and had not taken

“any medications or alcoholic beverages for at least
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5 days prior to the study. The protocol was approved
by the Ethical Board of the Faculty Committee.
After an overnight fasting, each subject took a single
80-mg oral dose of propranolol (two 40 mg tablets)
in the morning. Breakfast was allowed 3 hours after
the drug administration. Blood samples were
obtained for measurement of the plasma propranolol
levels before drug administration (time 0) and at 1,
1.5,2,25,3,4,6,and 8 hours post-dose. Plasma
propranolol levels were measured using a high
performance liquid chromatographic assay with the
method described by Drummer, et al.1® During
each blood drawing, the systolic blood pressure,
diastolic blood pressure and pulse rates were
measured. The mean plasma concentration-time
curve for propranolol was constructed and the
pharmacokinetic parameters were determined. The
peak plasma concentration (C_, ) and the time to
reach peak plasma concentration (T _, ) were
obtained from the data observed for each subject.
The area under the plasma concentration-time curve
from O to 8 hours (AUC,, ,¢) was calculated by the
trape- zoidal rule. The absorption rate constant (K,)
and elimination rate constant were obtained using
an MK model computer program. The elimination
half-life (t,,,) of the propranolol was determined by
the standard formula, t,, = 0.693/Kel. All
pharmacokinetic and pharmacodynamic data were
presented as mean + SEM. A comparison of the
pharmacokinetic data between the male and female
subjects was performed by using the Student’s
unpaired t test. Comparison of hemodynamic data
of the subjects at baseline and at diffent times
following propranolol administration were done
using the analysis of variance. A p value of less

than 0.5 was considered statistically significant.
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Results

The mean plasma concentration-time profile
of propranolol is demonstrated in Figure 1 with
the mean peak concentration (C_ ) of 8595 +
16.67 ng/ml and the time required to reach peak
plasma concentration (Tmax) was 2.05 + 0.17 hrs
after propranolol administration (Table 1). The area
under the plasmaconcentration-time curve from 0
to 8 hours, (AUC, ;) was 422.78 + 76.88 ng ml’!
hr. The absorption rate constant (K,) and elimination
rate constant (K ) obtained from this study were
1.06 + 0.12 and 0.20 + 0.02 hr! respectively. The
elimination half-life (t -) was 3.75 + 0.40 hrs.

Chula Med J

It was found that after two hours of
propranolol administration, the mean systolic blood
pressure reduced significantly (p<0.05) and stayed
reduced until the end of the sampling time as
compared with the baseline values (Figure 2). No
statistically significant difference was found in
the diastolic blood pressures after the drug
administration. A reduction in the pulse rate of the
subjects was also observed during propranolol
ingestion. It was significantly reduced from the
baseline value one hour after oral administration of
the drug (Figure 3).
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Figure 1.

dose of propranolol.

Mean (+ SEM) plasma concentration of propranolol from 10 subjects following an oral 80-mg
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Figure 2. Mean (+ SEM) systolic and diastolic blood pressure of 10 subjects following an oral 80-mg

dose of propranolol. * p < 0.05 compared with the baseline value. (at time zero)

8

Mean pulse rate (/min)

8 8 8§ 88 d 8 8
*

— ®

*

*

b %

— o

»—-J»—a*

-
o
T

o
L
o
-

8 Time (hr)

o
-l
N
w
$a
o
o
~

Figure3. Mean (+ SEM) pulse rate obtained from 10 subjects after an oral 80-mg dose of propranolol.
* p <0.05 compared with the baseline value. (at time zero)
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Table 1. Pharmacokinetic parameters obtained from 10 subjects after taking 80 mg oral dose of

propranolol. (Mean + SEM)

Pharmacokinetic Value
parameters

C,p,, (ng/ml) 85.95 +16.67
T ax (D 205 + 0.17
AUC0_>8(ng.ml‘1 hr) 42278 +76.88
K, (hr') 1.06 + 0.12
K, (br?) 020 + 0.02
t,, (hr) 375 + 040

Furthermore, as shown in table 2 and figure
4, it was observed that female volunteers had greater
AUC, ¢ as compared with the male volunteers
(61634 + 54.81 and 229.21 + 69.73, p<0.05)

and the mean Cmax of the females tended to be

+ 18.76,
62.35 + 24.89). No significant change was observed

higher than among the males (109.56 +

in hemodynamic effects, including systolic blood

pressure, diastolic blood pressure and pulse rate,

between the two groups of subjects (Figures 5,6).
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Figure 4.

an oral 80-mg dose of propranolol.

Mean (+ SEM) plasma concentration of propranolol of the female and male subjects after
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Figure 5. Mean (+ SEM) systolic and diastolic blood pressure of the male and female volunteers

following an oral 80-mg dose of propranolol.
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Figure 6. Mean (+ SEM) pulse rate of the male and female volunteers following an oral 80-mg dose

of propranolol.
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Table 2. Pharmacokinetic parameters of the male and female volunteers following an oral 80-mg

dose of propranolol. (Mean + SEM)

Pharmacokinetic Female Male

parameters subjects subjects

C ax (ng/ml) 109.56 + 18.76 6235 + 24.89
T, (hr) 230 + 025 1.80 + 020
AUC, ¢ (ng.ml"! .hr) 616.34 + 54.81 22921 + 69.73*
K, (hr?) 092 + 012 120 £+ 020
K, (hr?) 022 + 003 019 + 030
t,, (hr) 330 + 0.36 419 + 071

* P < 0.05 compared with female subjects.

Discussion

Propranolol is commonly used as a beta
adrenergic blocking drug because of its effectiveness
in the treatment of various cardiovascular diseases.
The price of the drug is not as high as newer agents
in the same therapeutic category. These qualifica-
tion are selection criteria for drugs in The National
List of Essential Drugs of Thailand. Propranolol
has a high hepatic extraction ratio and is almost
completely eliminated by hepatic metabolism.(!) A
large number of routes of metabolism have been
identified in man,1? including ring oxidation to
form 4-hydroxypropra-nolol (4-OH propranolol)
which has B-blocking activity of the same order as
that of the parent drug. Side chain oxidation also
yields N-dealkylated products that are sub-
sequently further metabolized to propranolol glycol
and napthoxylactic acid. Glucuronidation of parent
drug and metabolites also occurs to a significant

extent.

It was found that after an 80-mg oral dose
of propranolol was taken by the subjects, the mean
pulse rate was reduced from the baseline value one
hour after drug administration and continuing to
the end of the sampling time. A reduction in the
mean systolic blood pressure was noted significantly
from the baseline value at 2 hours after drug
administration (p<0.05) and this lasted to the end
of the study period, but no significant difference
was found in the diastolic blood pressure. These
pharmacological effects of propranolol are due to
the occupancy and blockade of beta receptors. The
prominent effect is on the heart and the negative
inotropic and chronotropic effects are predictable.
The effects on the blood pressure may result from
the effect on the heart.)

Considering the pharmacokinetic data it was
observed that plasma concentration of propranolol
appeared as ng.ml in circulation with a maximum
concentration (C_, ) of 85.95 + 16.67 ng/ml. It
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Table 3. Mean ( + SEM) systolic, diastolic blood pressure and pulse rate of 10 subjects at different

times following an oral 80-mg dose of propranolol.

Time (hrs)
Parameter
0 1 1.5 2 2.5 3 4 6 8

systolic BP  112.60 105.25 103.25 103.11 101.56 100.50 98.09 8.20 1028

(mm Hg) +2.68 +2.67 +4.29 +327* +434* 4358* $2.62* +1.17* 4295%*
diastolic BP  74.0 700 68.50 71.78 68.44 69.50 66.0 70.6 71.20

(mm Hg) +3.06 +1.89 4350 +3.39 . +3.52 4352 +196 +2.39 +2.27
pulse rate 79.80 68.29 66.0 65.11 67.33 68.86 68.89 70.0 68.67

( /min) +2.36  +3.74* +2.40* +£1.89* +2.08* +3.14* +2.11* +1.86*% +1.97*

* p <0.05 compared with the baseline value (at time zero)

took 2.05 + 0.17 hours for the drug to reach the
peak concentration (T, , ). The area under the plasma
concentration-time curve 0 to 8 hours (AUC, o)
was shown to be 422.78 + 76.88 ng.ml! hr. The
half-life (t,,,) was 3.75 + 0.4 hours. In comparing
the pharmacokinetic parameters among the male
and female volunteers, there was a statistically
significant difference in the area under the plasma
concentration-time curve (AUC, ;). The female
volunteers had a greater AUC, , than the male
volunteers and the mean C_, of the female
volunteers tended to be higher than for the males.
These
Matangkasombat et al!® and Bonate!” who had

results were in accordance with
reported sex difference was one of the contributing
factors in propranolol drug disposition. Woman
exhibited steady-state serum level about 80%

higher than men."® The oral clearance of this drug

is higher in men than in women, a difference is
due to the metabolic pathway specific. Where as
cytochrome P-450 mediated side-chain oxidation
was 137% higher in men than in women, there was
no sex-based diffence in other cytochrome P450
pathways, i.e ring oxidation. In addition,
glucuronidation was 50% higher in men.®
Moreover, circulating levels of testosterone play
important roles in gender-related differences in
the metabolic pathways of men.(!>)

Genetic polymorphism of drug metabolizing
enzyme would be considered as one important factor
involved in drug metabolism especially ring
oxidation of propranolol to form 4-0H propranolol
which is equipotent with propranolol in beta-
adrenergic blocking activity. Although the poor
metabolizer (PM) of debrisoquine oxidation

phenotype showed about 500% decrease in 4-OH



462

[

wnit SnSwmiswed uazame

Chula Med J

Table 4. Mean ( + SEM) systolic and diastolic blood pressure of the male and female volunteers at

different times following an oral 80-mg dose of propranolol.

Blood Time (hrs)

pressure

(mmHg) 0 1 1.5 2 25 3 4 6 8
systolic 116.0 108.0 1025 106.0 1040 100.0 102.50 99.60 104.0
(male) +40 +374 25 +3.83 +7.70 408 +250 +098 +245
systolic 109.2 100.67 1040 100.8 99.6 1010 93.50 96.80 101.60
(female) +326 +1.76 4891 45.16 +549 +6.56 +3.50 +2.06 +5.71
diastolic 760 700 6750 74.0 68.50 66.50 70.0 72.80 74.4
(male) +40 4316 +250 +4.0 +4.35 +3.50 +00 +2.80 +2.04
diastolic 720 700 6950 70.0 6840 7250 62.0 68.4 68.0
(female) +490 +0.0 +7.09 4548 +5.78 +6.29 +271 4392 +3.74

Table 5. Mean ( + SEM) pulse rate of the male and female volunteers at different times following

an oral 80-mg dose of propranolol.

Pulse Time (hrs)

rate

( /min) 0 1 15 2 2.5 3 4 6 8

male 7880 700 6520 6550 6850 705  68.50 700 684
+454 638 4388 4350 4330 4320 +3.86 4334 4271

female 8080 660 67.00 648 6640 6667 712 700  69.0
+1.96 +3.46 +3.0 +2.25 +2.93 +6.67 +3.14 +2.10 +3.32




Vol. 40 No. 6
June 1996

propranolol AUC in comparison with the extensive
metabolizer (EM),the plasma concentrations of
propranolol in the two groups of subjects did not
differ overall from each other.!? This would
suggest metabolic pathways other than 4-
hydroxylation are more important in the overall
clearance process. Despite 4-OH propranolol
plasma concentration was 500% higher in
extensive metabolizer, there was no difference in
the extent of B-blockade as judged by pulse rate
while standing and after exercise. The result
obtained from our study also showed that
although the AUC of propranolol in the female
subjects increased significantly in comparison
with the male subjects,it did not enhance
hymodynamic effects (beta-adrenergic receptor
blocking effects), such as the alterations in blood
pressure or pulse rate as shown in figure 5,6.
This pharmacodynamic implication indicates
that propranolol has a quite high therapeutic index.
The change in pharmacokinetics didn’t affect the
pharmacodynamics of the drug in this study.
Therefore, adjustment of propranolol dosage based
on gender seems to be unnecessary from this study
but further study including more subjects need to
be done to clarify this.

Conclusion

In summary, the pharmacokinetic
parameters of propranolol in normal subjects were
determined after a single 80-mg oral dose. The
change in hemodynamic effects after propranolol
administration included decreasing of the systolic
blood pressure and pulse rate. The AUC ; of the

female subjects was higher than among the males
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but there was no significant difference in
hemodynamic effects between the male and female

subjects.
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