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Changes in blood chemistry in hypertensive patients
during propranolol therapy
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1 Propranolol induced changes in blood plasma chemistry were followed in thirty hyper-
tensive patients (WHO I-II) who were seen each week during 14-15 weeks. The initial 4
weeks were a drug free period and the next 2 weeks were a drug adjustment period. After
that the patients were on an unchanged propranolol dose for 8 weeks (40, 80 or 160 mg four
times daily).
2 For all observed changes the correlation was studied to (1) dose, (2) free and total
simultaneously determined plasma concentration and (3) free and total average plasma
concentration of unchanged drug during the preceding 24 h period.
3 Total protein and albumin did not change significantly.
4 After 4 and 8 weeks on the final dose orosomucoid was increased significantly (by 10%)
compared with the value from the end of the drug free period.
5 Creatinine rose significantly during the initial 4-6 weeks therapy to remain at the same
level during the last 4 weeks. Urate was increased at the two lowest dose levels.
6 Total cholesterol fell significantly (5%) while triglycerides increased significantly
(16%).
7 T4 rose significantly, T3 fell and r-T3 rose significantly in a dose dependent way.
Interindividually r-T3 was the only biochemical change showing a significant relationship
to the propranolol plasma concentration. The relationship reached the highest level of
significance to the average 24 h free concentration.
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Introduction

Most studies on the effects of f-adrenoceptor hypertension: (1) the main purpose was to com-
blockade have focused on cardiovascular or pare the propranolol induced biochemical
renal function, but during recent years several changes at three different dose levels in men and
papers have been published on changes in blood women with essential hypertension, (2) in addi-
lipids and hormones. Conflicting results have tion the relation of the biochemical changes to
been published about renal effects (Weber & drug concentrations were studied: (a) to the free
Drayer, 1980; O'Connor & Preston, 1982) as and total plasma propranolol determined in the
well as on blood lipids (Bimbaum et al., 1983) blood sample used for the determination of the
and thyroid hormones (Jones et al., 1981). biochemical change and (b) to estimated values

In the following we report metabolic effects of of the total and free mean propranolol concen-
propranolol therapy in 30 patients with essential trations during the preceding 24 h.
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Methods

Patients

Consecutive patients of either sex below 60 years

and characterized as suffering from essential
hypertension (WHO I-II) were randomly allo-
cated to one of three groups. Each group was to
be of 10 persons at the beginning of the period
during which the intended final dose was to be
given: Group I to be treated with 40 mg pro-

pranolol four times daily, group 2 with 80 mg

four times daily and group 3 with 160 mg four
times a day. All patients gave consent to the
study after being carefully informed of all
relevant aspects of the procedure.

Exclusion criteria: (1) The occurrence of intoler-
able symptoms during the dose adjustment
period, (2) evidence of secondary hypertension,
(3) the necessity of or actual administration of
diuretics, cardiac glycosides or additional anti-
hypertensive drugs, (4) diseases and medication
of other kinds, (5) a lack of compliance which in
a few cases was not revealed before the whole
study was completed.

Procedure
After 4 weeks without antihypertensive therapy
20 mg propranolol four times daily was given to
all the patients. After 3-4 days the dose was

increased to 40 mg four times daily and if the
patients were to belong to group 2 the dose was

doubled again after 3-4 days and for group 3
patients the dose was doubled once more after
further 3-4 days. For the individual patient the
time 0 was the time when the final dose had been
given for 1 week. During the following 8 weeks
the patients were seen once a week and 15 ml
of heparin blood was taken between 2 and 3 h
after the morning dose. The heparinized plasma
was kept at -20°C until the study was completed
and all samples were analyzed in one sequence.
At each visit to the clinic the 24 h urine produc-
tion from the preceding 24 h was brought. A
sample of the 24 h urine was kept deep frozen
until analyzed together with the plasma samples.
On four occasions fasting blood samples were

obtained: A: At the end of the drug free period,
B: At the end of the drug adjustment period, C:
After 4 weeks on the final dose and D: After 8
weeks on the final dose.

Drug assay

Total propranolol concentrations in plasma were
determined by gas liquid chromatography and

the free concentrations after equilibrium dialysis
(Pedersen et al., 1981). The average total and
free plasma propranolol concentrations during
the preceding 24 h were estimated from the
urinary excretion of propranolol after deter-
mination of the orosomucoid concentration in
plasma and of the endogenous 24 h-creatinine
clearance (Andreasen et al., 1983).

Methods for studying blood chemistry
The concentration of albumin and of al-acid gly-
coprotein (orosomucoid) were determined by
the rocket method (Laurell, 1966).
Concentrations of uric acid, creatinine,
triglyceride and cholesterol were determined by
standard laboratory procedures (Departments
of Clinical Chemistry). Triiodine-thyronine
(T3), thyroxine (T4) and reverse T3) (r-T3) were
determined by single-antibody wick chromato-
graphic radioimmunoassays (Weeke & 0rskov,
1978; Laurberg & Weeke, 1977).

Statistical methods
The statistical significance of observed differ-
ences was tested by the Wilcoxon test for paired
differences or by the Pratts test (Rahe, 1974)
which differs from the Wilcoxon test by including
differences which are 0. Correlations were tested
by linear correlations and t-statistics.

Results

Table I shows average values of plasma proteins
before and during propranolol therapy. The only
significant change occurred in al-acid glyco-
protein which was increased by 10% after 4 and 8
weeks on an unchanged dose. No change was
seen in total protein or albumin.
The plasma concentrations of creatinine

and uric acid rose as shown in Table 2. The
average increase in plasma urate was 15-20% at
the two lower levels but less than 2% at the
highest dose levels. The increase is significant (P
< 0.05) for the two lowest dose levels but not for
the two highest dose levels. Apparently the in-
crease in creatinine reached the maximum value
at C. The increase in plasma creatinine was not
sufficient to cause a significant fall in creatinine
clearance.
The investigated changes in blood lipids are

listed in Table 3. Total cholesterol was signifi-
cantly decreased already after the drug adjust-
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Table I Plasma concentrations of proteins in hypertensive patients before and during propranolol therapy
(g I + s.d). Doses were unchanged for 8 weeks after initial adjustment to 160 (group 1), 320 (group 2) or
640 mg 'day (group 3). Fasting values were obtained at the end of the initial drug free period (A), at the end of
the adjustment period (B), after 4 weeks on the final dose (C) and after 8 weeks on the final dose (D).

A B C** D*

Group 1 Total protein 74 - 4.t) 72 - 2.9 71 + 1.8 71 + 3.5
(n = 8) Albumin 47 + 3.6 47 + 1.7 47 + 5.3 46 + 4.8

Orosomucoid 0.88 + 0.24 0.84 + 0.29 0.93 + 0.20 0).98 + 0.32
Group 2 Total protein 71 + 5.3 72 + 6.0 73 5.7 73 + 6.1
(n = 10) Albumin 48 + 3.8 47 + 4.() 47 3.1 47 - 3.4

Orosomucoid 0.87 + 0.64 0.84 + 0.29 1.04 + 0.40 t).88 + 0.24
Group 3 Total protein 70 + 2.0 70 * 2.9 71 - 3.8 70 + 2.5
(n = 7) Albumin 46 + 2.4 46 * 3.2 46 + 2.7 45 + 2.3

Orosomucoid 0.88 + 0.18 0.92 + 0.14 0.94 + 0.16 1.05 + 0.33

Significances of changes during therapy: *orosomucoid group 1+2+3, P < 0.05; **orosomucoid group
1+2+3. P =0.01.

Table 2 Average fasting values of plasma concentrations of creatinine (/,mol/l) and uric acid
(mg 1(X) ml) before and during propranolol therapy (mean + s.d.). Groups 1. 2 and 3 and A, B, C,
D are defined in Table 1.

A B C D

Group I Creatinine 77 + 7 88 + 12* 89 + 9* 91 + 16*
(n = 8) Uric acid 4.1 * 1.4 4.9 + 1.4

Group 2 Creatinine 87 + 13 93 + 13** 97 113** 95 + 14*
(n = 10) Uric acid 5.7 + 1.2 6.5 + 1.9*

Group 3 Creatinine 88 + 17 95 + 14** 105 + 17** 103 + 11*
(n = 7) Uric acid 5.2 + 1.5 5.3 + 1.3

Significance of change: *P < 0.05, * * P < 0.) 1.

Table 3 The fasting plasma concentrations of cholesterol (Ch) and triglyceride (Tr) (mg, 100
ml) in hypertensive patients before and during treatment with propranolol (mean * s.d.). The
meaning of groups 1, 2 and 3 and of A, B, C and D are explained in Table 1.

Patients A B C D

Group I Ch 254 * 39 244 * 39* 233 + 46 235 * 35*
(n = 8) Tr 117 + 42 114 + 44 117 + 38 111 + 38
Group 2 Ch 258 * 54 247 * 50 245 + 51 252 * 46
(n = I0) Tr 1()4 4() 142 + 91* 134 + 97 141 + 81
Group 3 Ch 238 * 28 232 * 38 235 + 22 227 * 29
(n = 7) Tr 92 + 45 101 * 28 11()* 32 114 * 44
All patients Ch 251 * 43 238 + 42** 239 + 41** 239 * 38*
(n = 25) Tr 105 +41 122 +66* 122 *67* 124 *(60
All men Ch 246 * 42 232 * 44* 246 * 37 238 * 44
(n = 13) Tr 115 * 48 132 *84 142 *83 140 * 71
All women Ch 248 * 50 247 * 42 231 ± 46* 233 * 43
(n = 12) Tr 95 * 31 111*37 101 +37* 106 *42
Significance of changes: *P < 0.05, * *P < 0.0 1.
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Table 4 Plasma concentrations of thyroid parameters in hypertensive patients before and during
propranolol therapy. Means and ranges (nmol I ') of T4, T3 and r-T3. The definitions ofgroups 1,2
and 3, and of times A, B, C and D are given in Table 1. The numbers listed at C and D are means of
the value obtained at C or D and the values from the preceding three visits.

A B C D

Group I T4 129 136 131 139*
66-205 98-18() 104-200 88-218

(ii 8) T3 2.00 1.75 1.69** 1.72*
1.44-2.35 1.43-2.27 1.38-2.21 1.21-2.26

r-T3 0.249 0.346* 0.366* 0.422*
0.080-0.422 0.169-).771 0.198-0.687 0.230-0.955

Group 2 T4 127 134* 136* 142
82-209 81-161 82-209 103-206

(n= 10) T3 2.03 1.66** 1.60** 1.63**
1.74-2.43 1.26-1.89 1.24-1.89 1.23-2.27

r-T3 0.287 0.462* 0.464** 0.473**
0.180-0.401 0.198-0.863 0.321-0.693 0.330-0.713

Group 3 T4 143 139 149 156
112-178 88-193 106-169 120-191

(n = 7) T3 1.84 1.48* 1.43** 1.40**
1.67-2.29 1.29-1.72 1.24-1.61 1.20-1.52

r-T3 0.333 0.682** 0.756** 0.736**
0.223-0.469 0.485-1.101 0.581-1.083 0.637-0.802

Groups T4 133 136 139* 145**
1+2+3 T3 1.97 1.61 ** 1.55** 1.58**

r-T3 0.283 0.492** 0.515** 0.533**

Significance of change: *P < 0.05, **P < 0.01.

ment period and simultaneously the plasma con-

centration of triglycerides was increased. The
increase in plasma triglyceride levels in the males
did not reach significance at any time in contrast
to what was found in the females. The reductions
in cholesterol were significant in both sexes.

Table 4 shows that highly significant changes
occurred in the thyroid parameters studied. An
average decrease in T3 of about 20% and a cor-

responding 10% increase in T4 were observed.
The most striking finding, however, was a 90%
increase in r-T3.

Table 5 summarizes the observed biochemical
changes. A large number of the laboratory tests
were significantly altered but few were related to
the drug dose given and even fewer were related
to plasma concentrations of propranolol.
The correlations between individual plasma

concentrations and individually observed effects
on thyroid parameters were studied after 4
weeks on an unchanged dose. There were signifi-
cant relationships between the available 19 indi-
vidual values of increases in plasma concentra-
tions of r-T3 and plasma propranolol. The r-

value was 0.4333 for directly measured pro-
pranolol (NS), for directly determined free pro-
pranolol it was 0.4664 (P < 0.05), for the average
total 24 h-plasma propranolol it was 0.4848 (P <
0.05), and for the average free 24 h-plasma pro-

pranolol it was 0.7266 (P < 0.001). The relation-
ships to increases in T4 and to decreases in T3
were not significant.

Discussion

Significant reductions in blood pressure and
heart rate were achieved by giving propranolol
to the hypertensive patients in the present study.
These effects and the effects on electrolytes have
been reported elsewhere (Pedersen et al., 1981).
The purpose of the present investigation was to
study the influence of time, dose and proprano-
lol concentrations on changes in blood
chemistry. No relationship between propranolol
dose or concentration and effect could be anti-
cipated if: (1) the maximal effect of the drug had
been achieved already at a dose level lower than
the lowest used here or (2) too many modifying
steps were involved between the initial event-
starting binding of propranolol to a protein (re-
ceptor) and the observation of the effect. In an
attempt to elucidate the first of these possibilities
we always studied the interindividual concentra-
tion/effect relationships in patients treated with
the lowest dose-they did show a range in
plasma concentrations from zero and up to the
average of the concentrations determined during
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therapy with the middle dose. The second of the
above mentioned possibilities must be discussed
in the light of knowledge of mechanisms of
action. In the following discussion we therefore
attempt to distinguish between propranolol in-
duced changes which are secondary to 3-adreno-
ceptor blockade and changes which are elicited
by a different mechanism.

Anticipated effects secondary to /3-adrenoceptor
blockade
The glomerular filtration rate (GFR) as well as
the renal plasma flow (RPF) can be reduced by
propranolol (O'Connor & Preston, 1982; Leeuw
& Birkenhager, 1982). At rest, however, these
changes are small and insignificant (Pedersen,
1979). Changes in plasma concentrations of
creatinine are often taken as indications of
changes in the GFR. If a reduction in the GFR
were the sole explanation of the significant
elevation in plasma creatinine in our ambulatory
patients it should be reflected in the urinary
excretion of creatinine. We found no evidence of
a reduced renal excretion of creatinine. The
explanation of the changes in plasma creatinine
may be a combination of an increased endo-
genous production and a 24 h-GFR which
possibly is only temporarily decreased. There
seem to be three possible explanations for the
increased plasma urate observed after 8 weeks
propranolol therapy: (a) a decreased tubular
secretion secondary to a reduced RPF, (b) an
increased endogenous production of uric acid,
(c) an increased endogenous production of a uric
acid 'analogue' reabsorbed in competition with
uric acid would explain that plasma urate was
increased at the two lower dose levels only. A
similar dose relation was reported during timolol
therapy (Pedersen & Mikkelsen, 1979).
The inhibition of the catecholamine stimu-

lated triglyceride lipase caused the expected rise
in the fasting plasma triglyceride level, which
also has been demonstrated by other investi-
gators (Day et al., 1979; Leren et al., 1980;
Gemma etal., 1982) while Birnbaum etal. (1983)
found no significant triglyceride increase after
240 mg propranolol daily for 6 weeks.

Propranolol effects not related to [3-adrenoceptor
blockade

Propranolol is bound to al-acid glycoprotein
(Piafsky et al., 1978; Scott et al., 1979) but other
plasma constituents influence the binding as well
(Sager et al., 1979). In vivo the concentration of
a I-acid glycoprotein, however, is a major deter-
minant for the plasma binding of the drug
(Andreasen et al., 1983). Therefore the demon-
stration of significant (10%) increases in the
concentration of orosomucoid after 4 as well as

after 8 weeks of propranolol therapy is of con-
siderable interest. The mechanism for this rise in
concentration is unknown. A decreased break-
down (propranolol protection) or an increased
synthesis (negative feedback) are possible
explanations. At a total propranolol concentra-
tion of 100 ng/ml in plasma only one propranolol
molecule is found per 250 orosomucoid mole-
cules. The distribution of propranolol is in-
homogenous, however, (Vd= 4-5 1/kg) and it is
quite possible that the concentration of pro-
pranolol-orosomucoid complexes may be much
higher in areas where the regulation of oroso-
mucoid synthesis takes place.

In general /8-adrenoceptor blockade is effec-
tive in the management of hyperthyroidism
(McDevitt, 1976). The effects of propranolol on
the plasma levels of the thyroid hormones and of
r-T3, however, are not found for other ,/-adreno-
ceptor blocking agents (Heyma et al., 1980). A
direct effect of propranolol on a plasma hormone
regulating mechanism is suggested by the signifi-
cant relationships we have demonstrated here
between propranolol concentration and ob-
served effect. A likely explanation seems to be
an inhibition of the transformation of T4 to T3 as
well as of the breakdown of r-T3 (cf. Wenzel,
1981).
The significant fall in plasma cholesterol

demonstrated in the present study is in agree-
ment with the recent results of Birnbaum et al.
(1983), but others have not been able to demon-
strate any change in plasma cholesterol during
propranolol therapy (Day et al., 1979; Scheuer et
al., 1980; Leren et al., 1980; Gemma etal., 1982).
It is impossible to state whether this change is
related to the /8-adrenoceptor blockade as the
picture obviously is very complex. Thus Gemma
et al. (1982) in hypertensive patients found a
reduction in total cholesterol during treatment
with prazosin if propranolol had been given
prior to prazosin, while no significant cholesterol
change was found if prazosin was given first and
then followed by propranolol.

In view of changes in the secretion pattern of
anterior pituitary hormones induced by pro-
pranolol therapy (Dart et al., 1981) it was justi-
fied to look for a sex-influence in changes in
biochemistry caused by propranolol. Further-
more, almost all the studies mentioned above on
blood lipids were done in men while most studies
on thyroid hormones were performed in women.
In the present study we have found no evidence
of sex related differences in the effect of pro-
pranolol on blood chemistry.

The study was supported by the Danish Heart Asso-
ciation.
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