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Abstract—The possibility that the antihypertensive adrenoceptor antagonists {(propranolol, phen-
tolamine and metoprolol) may alter hepatic lipid metabolism was examined in freshly dispersed rat
hepatocytes with [1-"*Cloleate. Propranolol (1.8 x 107 M) and phentolamine (1.4 x 107 M) increased
incorporation of [1-"Cloleate into cholesteryl esters by 51 and 92%, respectively, and decreased
ketogenesis by 46 and 62%, respectively. While neither drug affected incorporation into total phospho-
lipid, propranolol decreased triglyceride synthesis by 37%. These effects of propranolol and phen-
tolamine may not occur through - or a-receptor inhibition since neither epinephrine nor norepinephrine
reversed the effects of the adrenoceptor antagonists. Although epinephrine and norepinephrine per se
did not alter the incorporation of [1-“Cloleate into triglyceride, phospholipid, cholesteryl esters or
ketone bodies, they stimulated the production of PCO,; (control 5.6 * 1.3; epinephrine 7.6 x 1.1;
norepinephrine 9.1 = 0.2 nmol oleate incorporated/mg protein), and these effects were reversed by
phentolamine and propanolol. The data suggest that adrenoceptor antagonists exert direct effects on
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hepatic metabolism of oleate.

Catecholamines are commonly regarded as catabolic
hormones enhancing oxidation of free fatty acid
(FFAY) [1,2]. Heimberg et al. [3] reported that
epinephrine and norepinephrine decrease hepatic
uptake of FFA and the output of triglyceride by the
isolated perfused rat liver; ketogenesis and output
of glucose by these livers are stimulated moderately.
In a more recent study with isolated perfused livers
from fed rats, Reinhart et al. [4] demonstrated that
phenylephrine, a specific a-receptor agonist, induces
an increase of ketogenesis via Ca*"-independent
mechanisms; phenylephrine also enhances oxygen
uptake and the output of glucose and lactate-plus-
pyruvate [4,5]. Furthermore, it has been well
established that infusion of epinephrine or nore-
pinephrine into dogs [2, 6, 7] or humans {1, 2, 8-11)
increases plasma concentrations of FFA and ketone
bodies. In contrast to earlier in vitro [3-5] and in
vivo [6-11] studies, Sugden er al. [12] reported that
injection of epinephrine into 24-hr fasted rats
decreases concentrations of ketone bodies in blood
by 69%, but in agreement with other investigators,
reported an increase in glucose and lactate
concentrations. Bahnsen and Alberti {13] confirmed
the observations of Sugden et al. [12].

There are few reports designed specifically to
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examine the direct effects of epinephrine and
norepinephrine on hepatic metabolism of FFA.
However, a potential role of adrenergic mechanisms
on fatty acid metabolism is suggested by recent
clinical reports that failure of antihypertensive
therapy with B-adrenoceptor blockers to reduce the
incidence of coronary heart disease is associated
with a tendency of certain of these agents to
elevate atherogenic lipoproteins during chronic
administration [14-23]. Specifically, propranolol was
reported to increase very low density lipoprotein
(VLDL)-triglyceride and low density lipoprotein
(LDL)-cholesterol, while decreasing high density
lipoprotein  (HDL)-cholesterol [14-18]; similar
changes were reported for metoprolol {19-22]. The
changes in plasma lipids induced by propranolol and
metoprolol are thought to increase the risk
of development of  atherosclerotic cardiovascular
disease [24-26]. The mechanisms by which B-
blockers produce these lipid alterations have not
been fully elucidated, nor have studies been done
to delineate whether the effects were exerted on
liver or adipose tissue or other body systems.
Hence, the objective of the present study with
isolated hepatocytes was to examine the extent to
which the effects of catecholamine agonists and their
antagonists are exerted directly on the liver. Our
conclusions were that, although epinephrine or
norepinephrine produced no consistent alterations
of fatty acid oxidation or esterification, propranolol
and phentolamine inhibited ketogenesis and
increased synthesis of cholesteryl esters, but had
essentially no effect on triglyceride synthesis.

METHODS

Animals
Male Sprague-Dawley rats, weighing about 300 g
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(Harlan Industries, Indianapolis, IN), were fed ad
lib. under a 12-12 hr light-darkness cycle in our
animal housing facility. As required, fasted rats were
deprived of food, but allowed free access to water
24 hr prior to the experiment.

Chemicals

[1-1*C]Oleic acid (free acid) was purchased from
the NEN-Du Pont Co., Boston, MA. Water-soluble
salts of adrenergic agonists and antagonists used in
the present study were: epinephrine bitartrate,
norepinephrine  hydrochloride, DL-propranolol
hydrochloride, phentolamine hydrochloride and
metoprolol tartrate. These adrenergic agents were
purchased from the Sigma Chemical Co., St. Louis,
MO. Hyamine hydroxide was purchased from
the Research Products International Corp., Mt.
Prospect, IL. Oleic acid (99% purity) was obtained
from Nu-Chek Prep., Elysian, MN, while bovine
serum albumin (BSA, Fraction V, powder) was
obtained from the Sigma Chemical Co. or Miles
Laboratories Inc., Elkhart, IN. The albumin was
defatted by a procedure routinely used in our
laboratory [27]. All other chemicals were of reagent
grade.

Preparation of hepatocytes

Cell-dispersion buffer: Ca>*-free Krebs~Henseleit
bicarbonate buffer (60mL) containing 300mg
glucose/dL and 50 mg collagenase/dL (Worthington
Biochemical Products, Freehold, NJ), pH 7.4, gassed
continuously with 95% Ox-5% CO..

Cell-suspension buffer: Ca>*-free Krebs-Henseleit
bicarbonate buffer containing 300 mg glucose/dL
(for initial three washes) and 100 mg glucose/dL (for
final suspension of washed hepatocytes).

Hepatocytes were prepared by a modification of
the method of Berry and Friend [28]. Livers were
isolated surgically and then perfused with the cell-
dispersion buffer in a recycling system, as previously
described [3, 29]. The collagenase-treated liver was
passed through a nylon mesh filter. Hepatocytes
were washed by a series of low speed centrifugations
(672 g), followed by resuspension of the pellet with
the cell-suspension buffer. Viability of hepatocytes
was estimated by exclusion of trypan blue, and
preparations with less than 90% dye exclusion were
discarded. The protein content of tissue in the cell
suspension was measured as described by Markwell
et al. {30].

Preparation of oleate—albumin complex

An aliquot of ethanolic solution of unlabeled oleic
acid containing 200 umol was mixed with 5.4 uCi of
[1-CJoleic acid and titrated to a phenolphthalein
end-point with 0.1 M NaOH. The ethanol was briskly
evaporated on a hot-plate, and the dried “soap” was
dissolved on a warm hot-plate with approximately
5mL of 0.9% NaCl solution. The warm “soap”
solution was treated with a solution (pH 7.4) of fatty
acid-free BSA to give a molar ratio of 1:3 of
albumin:oleate complex. The working solution was
made up to 10 mL.

Incubation of hepatocytes
Cells were incubated for 40 min at 37° in 25-mL
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Erhlenmeyer flasks in a Dubnoff metabolic shaker
{(approximately 80cycles/min). Each flask was
oxygenated with 95% O,5% CO, and then
stoppered before it was incubated. The control
incubation medium was Krebs~Henseleit bicarbonate
buffer containing final concentrations of 2.75 mM
glucose, 2.08 mM Ca?*, and 1.0 mM [1-"*C]oleate as
a complex with fatty acid-free bovine serum albumin
(about 3% albumin). The final specific activity of
the oleate was 60,000 dpm/pumol (approximately
240,000 dpm/incubation vessel). The experimental
incubation medium contained, in addition, final
concentrations of either epinephrine or nor-
epinephrine (2.7 X 1077 to 1.6 X 107>M), phen-
tolamine (2.4 x 107% to 1.3 x 107* M), propranolol
(2.5 % 107%t0 1.3 x 107* M), metoprolol (1.8 x 10~¢
to 1.3 X 107*M), or a combination of agonist with
antagonist. As pointed out under “Chemicals”, these
adrenergic agents were water-soluble, so aqueous
solutions of them were used. For certain experiments,
as indicated, Ca>* was omitted from the media. Two
milliliters of cell suspension was incubated with
2.0 mL of the control or experimental media. Non-
specific, zero-time incorporation of radioactivity was
measured with cells that had not been incubated at
37°, but were mixed at room temperature for about
10 sec with the incubation media described above.
Incorporation into lipids and ketone bodies was
subtracted from that measured after 40 min of
incubation.

At the end of incubation period, a 2.0-mL aliquot
of the cell suspension (cells plus incubation medium)
was removed for extraction of lipids [29, 31] and the
remaining aliquot was deproteinized with 0.5 mL of
15% HCIO,. The extracted lipid was separated by
TLC [29] and the bands corresponding to FFA,
phospholipids, cholesteryl esters, and triglycerides
were scraped into scintillation vials. Scintillation fluor
{10.0 mL Biocount; Research Products International
Corp.) was added to each sample, and radioactivity
was counted in a liquid scintillation spectrometer
with a data reduction package (Beckman LS 7500).
The perchloric acid-deproteinized aliquots were
neutralized to a methyl orange end-point with 10%
KOH. After centrifugation, a 0.1-mL aliquot of the
supernatant was treated with Biocount, and
radioactivity was measured by liquid scintillation
spectrometry. The radioactivity in the neutralized
acid-soluble extracts represents primarily ketone
bodies produced by the hepatocytes, as reported by
Stakkestaad and Bremer [32]. Statistical analyses of
differences due to the presence of drug were
computed by Student’s 1-test,

Measurement of *CO, production

In this set of experiments *CO, production was
measured as an additional index of fatty acid
oxidation. Erhlenmeyer flasks with central wells
were used. The hepatocytes were incubated in the
outer well, while the inner well contained hyamine
hydroxide with a filter paper wick in it. The
incubation was terminated by adding 1.0 mL of 4.0 N
HClinto the outer well. The acidified cell suspension
was shaken for an additional 1 hr to ensure complete
displacement of CO,. Hyamine chloride plus the
filter paper wick were transferred into the scintillation
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Fig. 1. Effects of propranolol, phentolamine and metoprolol on the incorporation of [1-“Cloleate into
cholesteryl esters {A), ketone bodies (B) and triglyceride (C). Hepatocytes were incubated in a total
volume of 4.0mL containing BSA as a complex with 1.0mM [1-YCloleate in Krebs-Henseleit
bicarbonate buffer, and either no drug (control), or propranolol (2.5 to 180 uM), phentolamine (2.4 to
140 uM) or metoprolol (1.8 to 130 uM). Cholesteryl esters and triglyceride were measured from
corresponding bands following separation by TLC. Conversion of oleate to ketone bodies corresponded
to the radioactivity of neutralized acid-soluble extracts. Statistical significance of differences between
drug effects and control: *P < 0.05; **P < 0.005; and ***P < (.001. Values are means = SEM of four
or more separate preparations of hepatocytes from fed rats.

vial, treated with scintillation fluor and counted in
a liquid scintillation spectrometer.

RESULTS

Effects of propranoiol, metoprolol and phentolamine
on oleate metabolism

Propranolol and phentolamine, but not metoprolol
had significant effects on the metabolism of [1-1*C}-
oleate by hepatocytes from fed rats (Fig. 1).
Metoprolol (1.8 x 107910 1.3 x 10~* M) did not alter
the incorporation of {1-"*Cloleate into triglyceride,
cholesteryl esters, orketone bodies. At2.5 X 107% M,
neither propranolol nor phentolamine affected the

incorporation of [I-¥Cloleate into triglyceride or
ketone bodies, although 2.4 X 107*M phentolamine
increased incorporation into cholesteryl ester by
24% (P <0.05). At higher concentrations, both
propranolol (5.1 X 107> M, 1.8 x 107*M) and phen-
tolamine (4.7 X 107°M, 1.4 X 107*M) had similar
effects on incorporation into ketone bodies and
cholesteryl esters, but phentolamine was more
potent, i.e. these drugs increased incorporation of
[1-¥*Cloleate into cholesteryl esters (51% increase
with the highest concentration of propranolol; 92%
with phentolamine, Fig. 1A; Table 1), but decreased
incorporation into ketone bodies (54% of control
with the highest concentration of propranolol; 38%
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Table 1. Effects of catecholamine agonists and antagonists on esterification of [1-"*Cloleate
by hepatocytes from fed rats

Esterification products

Concn of (nmol oleate incorporated/mg protein/40 min)
Drug drug
added (uM) PL TG CE
None 5.66 = 1.27 23.50 £ 4.30 0.69 = 0.07
EPI 55 5.81 = 1.50 22.86 = 3.79 0.78 £ 0.11
NE 55 6.61 £ 1.56 22.71x3.20 (.75 £ 0.06
Propranolol 187 6.17 £ 1.18 15.40 = 1.87* (0L.98 = 0.05™
Phentolamine 133 5.81 = 0.69 20,52+ 3.13 1.40 = .09+
Phentolamine 133 5.38+1.13 2235 £ 3.11 1.42 = 0.04%
+EPI 35
Propranolol 187 6.98 + 0.98 1822+ 2.16 1.02 = 0.067
+EPI 55
Phentolamine 133 4.75 +0.72 20.97 = 2.57 1.22 £ 0.04+
+NE 55
Propranolol 187 7.69+ 112 20.08 = 1.24 1.08 = 0.07+
+NE 55

Hepatocytes were incubated for 40 min in a total volume of 4.0 mL containing BSA
complex with 1.0 mM [1-*Cloleate in Krebs—Henseleit bicarbonate buffer, and either no
drug, or 55 uM EPI, 55 uM NE, 187 uM propranolol, 133 uM phentolamine or a combination
of agonist plus antagonist. Esterification products were isolated from (cells + medium) and
separated by TLC as described in the text. Each value is the mean = SEM of four separate
hepatocyte preparations. Abbreviations: PL, phospholipid; TG, triglyceride; CE, cholesteryl
esters; EPI, epinephrine; and NE, norepinephrine.

* + Statistically significant compared to control; *P < 0.05, and tP < 0.005.

with phentolamine; Fig. 1B; Table 2). Triglyceride
synthesis was perturbed only by propranolol
(1.8 x 104 M), being reduced to 63% of control
(Fig. 1C; Table 1).

The omission of Ca’* from the incubation
medium depressed incorporation into ketone bodies,
triglyceride, cholesteryl esters and total phospholipid
(Table 3). However, the omission of Ca** did not
alter the relative effects of these drugs observed in
the Ca’*-containing control incubation medium.

Interaction with catecholamine agonists

The effects of propranolol and phentolamine on
hepatic lipid metabolism were assumed to be
produced via their respective adrenergic receptors.
This was examined by incubating the hepatocytes
with norepinephrine or epinephrine. In preliminary
experiments, it was established that the incorporation
of [1-"*C]oleate into triglyceride or into acid-soluble
products by hepatocytes from fed and fasted rats
was linear for up to 50 min. Studies with fasted rats
are not reported here because neither epinephrine
nor norepinephrine altered this linearity, and
concentrations of 2.7 x 1077 to 5.5 x 107*M of
either norepinephrine or epinephrine had no
significant effects on incorporation of [1-1*C]-
oleate into triglyceride, cholesteryl esters, total
phospholipid or ketone bodies by hepatocytes
from fasted rats. Moreover, norepinephrine and
epinephrine (5.5 X 1073 M) did not alter metabolism
of [1-"*Cloleate, by hepatocytes from fed rats, and
did not modify any of the effects of phentolamine
or propranoiol (Tables 1 and 2).

In a few cases, production of “CO, by hepatocytes
from fed rats was measured (Table 2). Epinephrine

Table 2. Effects of catecholamine agonists and antagonists
on oxidation of [1-"Cloleate by hepatocytes

Oxidation products
(nmol oleate incorporated/mg

Concn of protein)
Drug drug
added (uM) HCO, Ketone bodies
None 556+ 1.34 19412200
EPI 55 7.60 = 108" 1742+ 1.51
NE 55 9.05 £ 0.17% 1743 = 1.74
Propranolol 187 5312098 778 +0.72%
Phentolamine 133 604075 708091t
Propanoclol 187
+EPI 55 582095 9.95+0.95%
Phentolamine 133
+EPI 55 510071 7.49 = 1.25+
Propranolol 187
+NE 55 S74x 114 962 113t
Phentolamine 133
+NE 55 564140 7.99x1.18%

Hepatocyte preparations and incubation conditions were
the same as in the legend to Table 1. At the end of the
incubation period, the cell suspension was acidified with
4.0 N HCl 1o displace *CQO, into hyamine hydroxide inside
the central well of the incubation flask. The acidified cell
suspension was shaken for 1hr to ecnsure complete
displacement of “CO,. The radioactive content of the
neutralized acid-soluble extract was used to compute the
rate of ketone production. Values are means * SE of four
separate hepatocyte preparations. See Table 1 for
definitions of abbreviations.

* t Significant difference between drug effects and
control: *0.05 < P < 0.1, and P < 0.005.
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Table 3. Effects of catecholamine antagonists on metabolism of [1-YCloleate by hepatocytes from fed
rats incubated in Ca®*-free buffer

Drug {nmol Oleate incorporated/mg protein/40 min)
Drug concn
added (M) PL TG CE Ketone bodies
None (Ca¥*-free 457+0.80 1976z 1.77 0.66 +0.12 13.16 = 1.19
medium) (100) (100 (100) (100)
Propranolol 51 441+059 17.12x1.50 0.79 +0.13* 9.24 = 0.661
(100 * 14) (872) (124 £ 8) (71 3)
Phentolamine 47 3.78 = 0.46 1871+ 1.83 0.98 = 0.12% 7.33 = 90.49%
(89 = 15) (95 %2) (158 = 14) (57 4)
Metoprolol 36 3.94 +0.28 18.11 + 1.24 0.62 £0.11 i1.44 +0.99
(97 = 14) (93 = 4) (98 + 4) (87 = 4)
None 5.84+0.88 31.52x2.76 0.87 £ 0.11 16.07 = 1,34
(normal incubation) (131 £ 15) (161 +7) (126 = 6) (123 + 4)
medium

Ca**-free medium was prepared by omission of Ca

24

. Incubation of hepatocytes and assay of

metabolites were the same as described in the legends to Tables | and 2. The bottom line was inserted
to compare oleate metabolism in Ca?*-free medium with that in the normal Ca’*-containing medium,
Values are means = SEM of four to six separate hepatocyte preparations. Values in brackets are
percent of control incorporation in the Ca’*-free incubation medium. See Table 1 for definitions of

abbreviations.

*-} Significant difference between drug effect and absence of drug: *0.05 <P < 0.01, P <0.005,

and P < 0.05.

and norepinephrine (each 5.5 X 103 M) enhanced
incorporation of [1-¥*Cloleate into *CO, (control:
5.6 + 1.;3; epinephrine: 7.6 = 1.1; norepinephrine:
9.0 = 0.2nmol oleate incorporated/mg protein/
40 min). Propranolol (1.8 X 107*M) and phen-
tolamine (1.3 x 107*M) did not alter basal *CO,
generation, but reduced to control level the increased
production by epinephrine and norepinephrine.

DISCUSSION

In the present study, metoprolol differed from
propranolol and did not alter the incorporation
of [1-**Cloleate into triglyceride, phospholipid,
cholesteryl ester and ketone bodies. These data
suggested that the lipid-elevating effect of metoprolol
in vivo [19, 20] may not be due to a direct effect on
the liver. The similarity of the modification of
hepatocyte metabolism of FFA by propranolol and
phentolamine was rather unexpected since the two
drugs interact at different adrenergic receptors. The
use of propranoiol (a nonselective S-blocker) to
treat hypertension in humans has been associated
with elevation of plasma triglyceride and LDL-
cholesterol while lowering HDL-~cholesterol, thus
contributing to increased risk of ischemic heart
disease [14-18]. Phentolamine has not been
associated with alteration of lipoprotein levels,
perhaps because phentolamine has not usually been
used on a chronic basis. The effects of propranolol
on plasma lipoproteins are also shared by sotalol,
another non-specific §-blocker [33} and metoprolol,
a cardio-selective §-adrenoceptor antagonist {19, 20},
although Pasotti et al. [34] reported that adminis-
tration of metoprolol for 12 weeks does not alter
plasma concentrations of lipids and lipoproteins.
The lack of effect of metoprolol observed in this
study differed from the results of Bell [35] who

reported that metoprolol increases incorporation of
{1-Cloleate into phospholipids and diglycerides
by 20-50%; however, in agreement with our
data, incorporation into triglyceride and cholesteryl
ester was unaltered. The difference might be
attributed to the fact that Bell [35] used rat liver
minces and a higher concentration of metoprolol
(1 x 1073 M), in contrast to our use of hepatocytes
and a lower range (1.8 X 107% to 1.3 X 10™* M) of
metoprolol concentrations.

The most prominent effects of propranolol and
phentolamine were on the ketogenesis and synthesis
of cholesteryl esters. The enhanced synthesis of
cholestery! esters was consistent with a stimulation
of hepatic acyl-CoA:cholesterol acyltransferase
{ACAT: EC2.3.1.26) by these drugs. If this were
the case, hepatic ACAT may be different from the
arterial enzyme since the arterial ACAT is inhibited
by high concentrations (1.0 mM) of propranolol [36].
Alternatively, it is possible that these drugs inhibited
a cholesteryl ester hydrolase. The elevation of
cholesteryl esters by propranolol suggests a possible
mechanism by which LDL-cholesterol concentration
may be elevated by chronic propranolol [14-
18, 21, 22, 37]. One may presume increased secretion
of CE in the VLDL, followed by metabolism to
form LDL. Although phentolamine is not commonly
used chronically to treat hypertension, prazosin,
another a-adrenoceptor antagonist is, and prazosin
has been reported to either lower plasma cholesterol
and triglyceride [14, 38}, or have no effect [30] in
hypertensive patients. It is expected that the effects
of phentolamine (o + a, antagonist) would be
similar to those of prazosin (@; antagonist). As
shown in the present study, phentolamine increased
cholesteryl ester synthesis, in agreement with effects
of prazosin reported by Bell {35]. The pronounced
effect of phentolamine or that reported for prazosin
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does not readily provide an explanation into the
mechanism by which therapeutic doses of prazosin
affect plasma lipids in hypertensive patients
{14, 38, 39].

The direct antiketogenic effects of propranolol
and phentolamine have not been reported previously.
In a recent review, Bahnsen et al. [40} concluded
that in humans, epinephrine- and norepinephrine-
induced increases in ketogenesis are secondary to
increases in non-esterified fatty acid substrate supply,
resulting from stimulation of lipolysis. In the
rats, however, there are confusing data. Thus,
norepinephrine and epinephrine have been shown
to either decrease [12, 41], increase [3-5,42,43] or
have no effect on ketogenesis [44].

The report by Sugden et al. {44] showed that
norepinephrine and epinephrine do not alter
ketogenesis but increase CO, production when
hepatocytes from fed and fasted rats are incubated
with [1-"CJoleate. In studies by other investigators,
the effects of catecholamine antagonists were not
reported, except in the study by Heimberg ef al. {3]
where dibenzyline was shown to produce a slight
increase in ketone body output. In our present study,
phentolamine and propranolol strongly inhibited
ketogenesis: the inhibition was dose dependent.
The anti-ketogenic effects of propranolol and
phentolamine do not seem to be related to their
receptor properties, because effective concentrations
of the antagonists were much higher than those
encountered in plasma during therapeutic adminis-
tration. Additionally, neither epinephrine nor
norepinephrine exerted any significant effects of
their own on the hepatocyte and they did not
alter effects of propranolol or phentolamine on
incorporation of [1-"*Cloleate into acid-soluble
extracts. The lack of consistency in the effects of
catecholamine agonists on ketogenesis provided no
clue for elucidating the mechanism(s) by which
propranolol or phentolamine might have exerted
their antiketogenic effects in the present study.
Nevertheless, it can be speculated that antiketogenic
effects might be exerted either through inhibition of
uptake of free fatty acid by hepatocytes, or diversion
of free fatty acid from oxidative into esterification
pathways. However, this is unlikely since propranolol
and phentolamine did not increase the amount of
[1-'*Cloleate remaining at the termination of
incubation, nor was there an increased synthesis of
triglyceride and phospholipids, and the increased
incorporation into cholesteryl esters (0.3 to 0.7 nmol
oleate/mg protein) was nowhere near the decrease
of ketogenesis by approximately 12 nmol oleate/mg
protein, Nevertheless, the reported ir vivo elevation
of plasma triglyceride [14-18] by propranolol may
be due, in part, to its anti-ketogenic effect because,
in many cases, inhibition of the ketogenic pathway
is commonly accompanied by diversion of free fatty
acid to the esterification pathway [31, 45].

In conclusion, the concentrations of phentolamine
and propranolol required for eliciting effects in vitro
on hepatic lipid metabolism are much higher than
those achieved during therapeutic administration,
and do not iend themselves readily to interpretation
with respect to mechanisms by which catecholamine
antagonists alter plasma lipid profiles during
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management of hypertension. Nevertheless, the
increased synthesis of cholesteryl] esters may suggest
a probable method by which propranolol increases
the LDL-cholesterol content during chronic adminis-
tration. The antiketogenic effects of propranolol and
phentolamine probably deserve further investigation
to establish a clinical significance for such an effect.
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