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The pharmacodynamics of propranolol were studied in 12 cirrhotic Malay patients.
Fifteen healthy Malay volunteers were selected and several clinical parameters
were obtained.  The effects of three doses of propranolol in reducing the heart rate
(HR) of these patients were observed to be significantly different.  These differences
were seen at dosing of 10 mg vs 20 mg and 10 mg vs 30 mg (P<0.001 and P<0.01,
respectively).  However, no significant difference was seen for doses between 20
mg vs 30 mg.  At 20 mg the reduction in HR is more pronounced than the effect
seen with the other two doses. The effects of propranolol in reducing V max and
Vmean of portal vein blood flow were found to be not significant at doses of 10 mg vs
30 mg, but between 10 mg vs 20 mg and 20 mg vs 30 mg there was significant
difference (P<0.05 and P<0.01, respectively).  Reduction of Vmax  of more than 10%
of baseline was achieved at doses of 10 mg and 20 mg.  However, at a dose of 20 mg
a more significant reduction was observed than at a dose of 10 mg. Dose-
concentration-effect relationship was seen to be significantly different between
HR reduction and propranolol concentration of the three steady-state levels
(P<0.001).  Similar results were obtained with Vmax and Vmean.  The Vmax was found
to be a reliable parameter for the assessment of therapeutic effect of the drugs in
conferring changes in portal haemodynamics of liver cirrhotic patients.  Further,
Child-Pugh score is thought to be an important supporting factor in evaluating
prognosis. The results of this pharmacodynamics studies suggest that the optimal
dose of propranolol may be 20 mg propranolol thrice daily for cirrhotic Malay
patients.
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Introduction

Propranolol has been used to control the onset
and recurrence of variceal haemorrhage in cirrhotic
patients (1-8).  It can reduce blood flow and hepatic
venous gradient (HVPG) in the portal system
without influencing renal function (9-10) and brain
blood flow (11).  In addition, propranolol also
reduces variceal pressure (7), pulse rate and cardiac
output without influencing arterial pressure in
patients with portal hypertension (10).  The dose of
propranolol required to control variceal bleeding is

normally higher in Caucasians than in Malays (4).
In South East Asia, including Malaysia, liver
cirrhosis is related to post hepatitis B infection (12-
17) while in Caucasians, it is mostly caused by
chronic intake of alcohol (18-23).  The aim of the
present study is to determine the optimal dose of
propranolol required to control and prevent variceal
haemorrhage in (post-hepatitis infected) cirrhotic
patients and to characterise the normal values of the
relevant clinical parameters among healthy Malay
volunteers.
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Material and method

Subjects

The study group comprised of 12 cirrhotic
patients (39 - 62 years of age, mean weight 56.4 +
6.5 kg) and 15 healthy volunteer subjects (41 – 62
years of age, mean weight 60.83 + 9.51 kg) (Table
1).  All subjects gave informed consent to the study.
This study was approved by the Ethical Committee,
Universiti Sains Malaysia.  The cirrhotic patients
were given randomly selected daily doses of
propranolol ( 10 mg, 20 mg and 30 mg three times a
day) for 1 week.  Healthy volunteers acted as the
control group.  Their selection were based on
comparable normal values assessed by selected

clinical parameters.  All subjects were fasted
overnight prior to the clinical parameters assessment.

Study protocol

Cirrhotic patients were taken off the
medication for 1 week prior to the study.  Baseline
clinical parameters of pulse rate, mean arterial
pressure (MAP), maximum blood flow velocity
(Vmax), mean blood flow velocity (V mean) and
diameter of portal vein (D), portal flow volume
(PFV) and congestion index (CI) of the portal system
were assessed.  Patients were given the first dose of
propranolol for 1 week and the pharmacodynamic
parameters at steady-state levels were taken 3 hours
post dose.  This procedure was repeated in every
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Table 1. Healthy subjects & cirrhotic Malay patients
characteristics ( X ±  SD)

Table 2. Mean values ( X ±  SD ) of several clinical parameters among healthy
volunteers and cirrhotic Malay patients

Clinical Parameters

Sex

Age (years)

Body weight (kg)

Height (cm)

NS (Non significant)

Healthy subjects

7M & 8F

46.00   6.04

60.83   9.51

154.50   9.65

Cirrbotic patients

10M & 2F

49.83   9.17

56.42   6.51

157.33   6.78

Sig

NS

NS

NS

Clinical Parameters

HR (beat/min)

MAP (mmHg)

D of portal vein (mm)

V max of portal vein (cm/sec)

V  mean of portal vein (cm/sec)

PFV (ml/min)

CI (cm/min)

Albumin (g/dl)

Total bilirubin (mg/dl)

PPTT (sec)

* P<0.001                    NS (Non significant)

Healthy subjects

72.73 ± 3.51

93.29 ± 4.06

6.49 ± 1.18

19.56 ± 2.19

11.15 ± 1.25

377.97 ± 141.40

0.31 ± 0.12

45.00 ± 1.77

10.33 ± 4.06

0

Cirrhotic patients

64.17 ± 6.39

89.02 ± 4.95

9.42 ± 2.60

14.21 ± 1.87

8.10 ± 1.07

652.98 ± 278.87

1.01 ± 0.04

36.92 ± 6.26

31.25 ± 18.01

5.08 ± 4.08

Sig

*

NS

*

*

*

*

*

*

*

*
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patient for all the 3 randomly chosen doses with a
washout period of a 1 week between the doses (Fig
1).  The baseline (pre-dose) and steady-state clinical

THE EFFECT OF PROPRANOLOL IN MALAY PATIENTS WITH LIVER CIRRHOSIS – A PHARMACODYNAMIC EVALUATION

parameters of the 3 randomly chosen doses were
statistically compared.

Table 4. Side effects of different doses of propranolol in
cirrhotic Malay patients

Table 3. Mean values ( X + SD )  of propranolol concentration in plasma and
% difference of several clinical parameters (pre and post-doses) of
propranolol in cirrhotic Malay patients

30 mg t.i.d

158.78 ± 115.62

-17.75 ± 4.95

-5.35 ± 4.77

-3.29 ± 21.00

-10.94 ± 18.99

-8.86 ± 41.45

-4.18 ± 8.08

14.21 ± 11.27

67.26 ± 153.31

Sig

**

***

NS

NS

**

NS

NS

NS

NS

20 mg t.i.d 

101.99 ± 77.42

-19.08 ± 5.36

-6.34 ± 3.36

13.00 ± 11.80

-28.83 ± 9.73

-9.12 ± 22.20

-2.84 ± 3.55

27.40 ± 40.59

31.74 ± 58.85

10 mg t.i.d 

64.67 ± 67.32

-9.27 ± 4.14

-3.34 ± 4.55

9.02 ± 19.85

-15.35 ± 12.25

1.36 ± 42.37

1.78 ± 5.47

13.35 ± 51.43

48.53 ± 75.47

Parameters

Pmpranolol comc, in plasma
(ng/ml)

HR (beat/min)

MAP (mmHg)

Diameter of portal
vein (mm)

Vmax and Vmean of portal
vein (cm/sec)

PFV (ml/min)

Serum albumin (g/dl)

Serum belirubin (mg/dl)

PPTT (sec)

** P <0.01     *** P <0.001    NS (Non significant)

(mean + sd) (mean + sd) (mean + sd)

Side effects

Fatique

Headache

Depression

Disrhea

Nausea

Chest pain

Skin itchness

Lnsomnia

Raynaud’s phenomena

Constipation

Bradycardis

Breathless

Cold extremites

Mild encephalopathy

Total (%)

10 mg t.i.d

+ (1 patient)

 

(8.33%)

20 mg t.i.d

 

(0%)

30 mg t.i.d

+ (3 patients)

 

+ (1 patient)

(33.33%)
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Analysis of propranolol

Propranolol analysis was done according to
the Carr’s method with some modifications (24).
Oxprenolol acted as an internal standard (I.S.).
Blood samples for plasma propranolol assays were
collected, centrifuged and frozen at –200 C until
analysis.  Plasma (1 ml), and 75 μl oxprenolol (100
μg/ml), were placed in 10 ml capped plastic tubes.
To each tube, 100 μl H2O and 50 μl 5N NaOH were
added and vortexed for 30 seconds, extracted with
3 ml of extraction solvent (1.5 ml isoamyl alcohol +
98.5 ml n-heptane) and shaken on a rotater for 20
minutes, followed by centrifugation (3000 rpm) for
15 minutes. The organic phase was transferred by
aspiration to clean glass tubes. The extraction
procedures were repeated with the remaining

sample.  A gentle flow of the nitrogen gas was used
to dry the organic phase. The residue was
reconstituted in 100 μl methanol by vortexing for
20 seconds and 20 μl of the samples was injected
directly onto Lichrosorb C18 HPLC (12.5 cm)
column with detection at 295 nm.  The pH of the
mobile phase (water-methanol-acetonitrile-acetic
acid-triethylamine; 160 ml : 80 ml : 70 ml : 2.5 ml :
125 ml) was adjusted to pH 3.4 using 1N NaOH
before the addition of triethylamine. The mobile
phase flow rate was 0.5 ml/min.  The HPLC system
comprised of a liquid chromatograph pump (Waters
TM 610), system controller (Waters TM 600), a
variable wavelength UV detector (Waters TM 486),
manual injector (Rheodyne 7125) and integrator
(Hewlett packard 3390A). The retention times of
oxprenolol and propranolol were 6.31 and 8.80
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Figure 1. Study protocol of different doses of propranolol in
cirrhotic Malay patients

Figure 2. Effects of three doses of propranolol on reducing heart rate
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minutes respectively.  With this procedure the limit
of detection for propranolol was 9 ng/ml, the
recovery from plasma was greater than 90%.  The
intra-day and inter-day coefficient of variation were
6.41 % and 3.03%, respectively over concentration
range of 15 – 180 ng/ml.

Doppler measurement of diameter (D) and maximum
velocity (Vmax) of blood flow in portal vein.

Doppler examination was carried out with
SONOS 2000 M4006 A Ultra Sound System,
Hewlett Packard with a 3.5 MHz probe.  The
radiologist was not informed about the study
protocol.  The portal vein was visualised in the
longitudinal section at 1 – 2 cm before branching of
the portal vein.  The mean value of three readings
of D and Vmax of the portal  vein were used.  All
recordings were made during air inhalation.  Vmean
is calculated by using a formula (eq. 1) (25).  Based
on Vmean, PFV and CI were calculated (eq. 2 and 3)
(26).

Vmean = 0.57 Vmax. (Eq.1)

Cl = (r2). p (Eq.2)
Vmean.10

PFV  = Vmean. p .r2 (Eq.3)

Statistical analysis

The results are expressed as X + SD.  ANOVA
and Student’s t test were used for statistical

analysis.  Results were considered significant
at P < 0.05.

Results

Age, body weight and height of healthy
volunteers and cirrhotic patients (pre-dose) were not
statistically different (Table 1).  Baseline clinical
parameters of pulse rate, Vmax, Vmean,  D, PFV, CI,
albumin, total bilirubin and PPTT (prolonged
prothrombine time) were significantly different
between healthy and cirrhotic patients except MAP
(Table 2).

The effects of different doses of propranolol
on the clinical parameters (% difference between
pre-dose and post-dose) showed that there were
significant differences in heart rate, Vmax and Vmean
(Table 3).  However, there was no significant
difference in MAP, D, PFV, albumin, total bilirubin
and PPTT in these patients.

Heart rate

The effect of three doses of propranolol on
heart rate analysed by one-way ANOVA showed
significant difference ( P < 0.001).  Further analysis
between dosages of 10 mg vs 20 mg and 10 mg vs
30 mg showed significant difference (P < 0.001 and
P < 0.01 respectively), but there was no significant
difference between 20 mg vs 30 mg dosages (Fig
2).  However, it was seen that 20 mg is the dose that
is able to reduce the heart rate optimally compared
to the other two doses.
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Figure 3. Effects of three doses of propranolol on reducing V max
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Vmax  and Vmean

There was significant difference of the effects
between three doses of propranolol in reducing Vmax
and Vmean of portal vein (P < 0.01). No significant
difference was observed for dosages of between 10
mg vs 30 mg, but between 10 mg vs 20 mg and 20
mg vs 30 mg there were significant differences (P <
0.05 and P < 0.01 respectively).  Reduction of more
than 10% of baseline for Vmax of the portal vein were
achieved by doses of 10 mg and 20 mg.  However,
at the dose of 20 mg, the reduction of Vmax was more
than that obtained with 10 mg (Fig. 3).

Correlation between HR and Vmax

No correlation was found between reduction
of heart rate and reduction of Vmax and Vmean  by
propranolol (r = 0.13; R2 = 0.0176).

Correlation between Cp and effects

Mean steady-state levels of 65 ng/ml, 102 ng/
ml and 159 ng/ml were achieved after taking 10 mg,
20 mg and 30 mg of propranolol thrice a day for
one week. This study showed that as the dose
increases, there was a corresponding increase in the
blood level of the drug.

Cp vs HR

There was significant difference between HR
reduction and propranolol concentration of the three
steady state levels (P < 0.001).

Cp vs Vmax  and Vmean

Similar findings (significant difference) were
seen between effects of propranolol on Vmax and Vmean
among the three steady state levels (P < 0.01).

Cp vs MAP, PFV and D

There was no significant difference (Table 3).

Side effects

At 10 mg of propranolol, one patient
experienced diarrhea and at 30 mg, one patient
experienced insomnia, while three patient
complained of fatigue (Table 4).

Discussion

Reduction of cardiac output ( 1 blockade) and
increase in splanchnic vascular resistance ( 2
blockade) following the intake of propranolol causes
a reduction in splanchnic blood flow which
consequently reduces Vmax and Vmean of the portal
vein (7).  Based on this theory, propranolol has been
used to control variceal bleeding due to portal
hypertension in cirrhotic liver patients.

The present study showed that there was a
good correlation between congestion index (CI) and
the degree of liver cirrhosis between healthy and
cirrhotic patients.  Thus, the CI could act as a good
predictor of early variceal bleeding.  On the contrary,
this parameter cannot be used to evaluate therapeutic
effects of drugs that can reduce portal flow velocity
due to some paradoxical effects produced by some
drugs (27, 28).  Propranolol is one such drug.

The present study also showed the limiting
effects of propranolol on HR despite the dose being
increased from 20 mg to 30 mg. This may be
explained by the fact that at a dose of 20 mg, a ceiling
effect was achieved and increasing the dose further
does not increase the HR. Moreover, incidences of
side effects increase with increasing dose.  The result
of the present study taken together suggest that the
most suitable dose required to comply with
therapeutic criteria for management of cirrhotic
patients is 20 mg (5, 29, 30).

The results of our study suggest that the
effects of 10 mg propranolol reduced Vmax and Vmean,
subtherapetically, whereas a 30 mg dose gave a
ceiling effect as increasing dose is not followed by
a further increase in effect. The above finding is
supported by a previous study where it was shown
that an increase in propranolol blood levels did not
cause extra splanchnic vasoconstriction, but in fact
causes vasodilatation (31). Doses of 10 mg and 20
mg propranolol reduced Vmax at > 10% of baseline
value. However, a dose of 20 mg reduced Vmax to a
greater extend than at 10 mg. Consequently, the
ability of propranolol (20 mg) to reduce Vmax provide
evidence that fulfilled the standard acceptable
criteria and therefore can be taken to be the optimal
dose to reduce Vmax maximally in cirrhotic liver
patients. The result is also in agreement with a
previous study which used 40 mg propranolol (32,
33). Vorobioff et al (10) showed that propranolol
could reduce portal pressure without influencing
arterial pressure in patients with portal hypertension.
However, Gaiani et al in their study showed that 40
mg of propranolol brought about reduction of HR,
Vmax, Vmean and MAP significantly (9).
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Several centers have reported that the control
of portal hypertension induced by variceal bleeding
amongst Caucasians required doses of 80 – 320 mg
propranolol daily in order to achieve 25% change
in HR (3, 10). However, our study showed that post-
hepatitis B cirrhotic Malaysians required only 60
mg per day to meet the above criteria.

Dose -p l a sma ` concen t r a t i on -e f f ec t
relationship was observed in the present study
whereby increasing dose correspondingly caused
elevation of plasma propranolol levels with
reduction of HR (10 mg vs 20 mg, P < 0. 001),
reduction MAP (NS), reduction Vmax and Vmean (10
mg vs 20 mg, P < 0.01), decline PFV (20 mg vs 30
mg, NS) and increase D (NS) of portal vein.  The
results are in agreement with previous work
described earlier (34, 35).  These authors showed
that increasing dose of propranolol caused a
corresponding increase in plasma propranolol levels
and it effects on HR and blood pressure only.
However, another study found no correlation
between plasma propranolol concentrations and the
degree of beta-receptors blockade that caused
reduction of portal blood pressure (36). Patients
compliance was at an acceptable level (see Table 3)
based on the observation that an increasing dose
correspondingly increased plasma propranolol
concentrations. Increasing the dose from 20 mg to
30 mg propranolol did not produce any change in
desired effect although the plasma concentration has
increased.  This is attributed to the ceiling effect
achieved by propranolol at 20 mg.

No correlation was seen between HR and
Vmax, thus it could be concluded that HR and cardiac
output are not reliable parameters in assessing portal
system haemodynamics.  It is reasonable to conclude
further that propranolol at 20 mg thrice a day is
appropriate in achieving therapeutic effect in
cirrhotic Malay patients, % reduction in HR being
excluded. The present study is in agreement with
previous studies where the decline in HR by
propranolol does not correspond to its effect on the
portal blood flow (32, 37).

The present study also emphasises the
measurement of Vmax  and D using Doppler
ultrasound as a non-invasive method which can gave
precise and reproducible results (38-40).  Greater
than 80% of patients preferred Doppler ultrasound
as compared to cathetherization technique. The
Doppler ultrasound is more valuable in assessing
portal hypertension. This haemodynamic
measurement gives far greater contribution in the
evaluation of portal hypertension as compared to

catheterization (9, 41, 42).  Reducing Vmax, is
therefore a more reliable parameter for the
assessment of therapeutic effect of drugs that cause
changes in portal haemodynamics in liver cirrhotic
patients.  Apart from its role in determining drug
effectiveness, Vmax is also an important supporting
factor for the evaluation of prognosis relating to the
Child-Pugh score in these patients (43).

During the course of the present study, it was
also observed that ascites with Child-Pugh grade C
and elevated serum bilirubin were risk factors for
variceal bleeding.  Incidence of variceal bleeding
was also not related to age (29, 44).
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