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Abstract. Catecholamines have been proposed as a stimulus for the hypertrophic re-
sponse to pressure overload of the heart and could also mediate the membrane lipid
changes associated with cardiac hypertrophy. To address both of these possibilities,
cardiac hypertrophy was induced by aortic constriction in the presence or absence of
chronic - or 3-adrenoceptor blockade. Heart weights and heart weight to body weight
ratios in aortic-constricted rats of the adrenoceptor-blocked and vehicle-treated groups
were elevated to the same extent when compared with values in sham-operated rats of
each group. Analysis of the fatty acyl composition of the major phospholipid classes
revealed that similar changes occurred in vehicle-treated, a-blocked, and 3-blocked
aortic-constricted rats when compared with respective groups of sham-operated rats.
Specifically, linoleic acid was reduced in the phosphatidylcholine, phosphatidylethanol-
amine (PE), and cardiolipin (CL) fractions in al! groups of aortic-constricted rats. This
reduction was accompanied by increased docosahexaenoic acid, arachidonic acid, or
palmitic acid in phosphatidylcholine; docosahexaenoic acid in phosphatidylethanola-
mine; and oleic acid in cardiolipin fractions. Adrenoceptor blockade did not prevent or
attenuate the major changes in the fatty acyl composition of phospholipids or the
increase in heart weight associated with aortic constriction. This suggests that a change
in the level of adrenoceptor stimulation is not the stimulus for cardiac hypertrophy or
the observed alterations in phospholipid composition in the pressure-overloaded rat

heart.

[P.S.E.B.M. 1992, Vol 200]

in a heart subjected to chronic pressure overload

is presently unknown. Induction of protein syn-
thesis in cardiac cells during hypertrophy has been
explained in terms of a number of possible mechanisms
including: (i) induction by direct mechanical deforma-
tion, such as increased wall tension or stretch of the
myocardium (1-3); (ii) an alteration of the energy state
of the tissue (4); and (iii) alterations in the local or
systemic release of mediators such as catecholamines
(5-7), adrenocorticosteroids (8), angiotensin (9), atrial
natriuretic peptide (10, 11), prostaglandins (12), or an
unidentified hypertrophy-inducing factor (13-15).

The ultimate trigger for the hypertrophic response
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Continued interest has been directed toward cate-
cholamines as potential mediators of hypertrophy. Sev-
eral investigators have shown that circulating cat-
echolamine levels increase following aortic constriction
in animals (16-19). Furthermore, chronic injection of
norepinephrine (35) or isoproterenol (6) in subhyperten-
sive doses leads to cardiac hypertrophy in adult animals,
while stimulation of a-adrenoceptors induces growth in
cultured neonatal cardiomyocytes (20, 21). Additional
evidence supporting a role for catecholamines in the
cardiac response to pressure overload has been reported
by Womble et al. (19), who showed that adrenal me-
dulla denervation prevents cardiac hypertrophy in dogs
subjected to aortic constriction. More recently, Tamai
et al. (22) reported that chronic infusion of an a-
adrenoceptor antagonist attenuates cardiac hypertro-
phy in aortic-constricted guinea pigs. In contrast, an
early study by Overbeck (23) suggested that peripheral
sympathectomy does not prevent the development of
hypertrophy in aortic-constricted rats. Subsequent stud-
ies employing adrenal demedullation (8), - or 8-adre-
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noceptor blockade (1), or chemical sympathectomy (17)
have generally supported the view that adrenergic in-
tervention has little or no effect on the hypertrophic
response to pressure overload. Similarly, sympathec-
tomy or B-adrenoceptor blockade does not prevent
cardiac hypertrophy in spontaneously hypertensive rats
(24-26), renal hypertensive rats (27), or rabbits sub-
jected to hypoxia (28, 29).

In addition to an increase in myocardial protein
synthesis in response to pressure overload, membrane
phospholipids increase as the heart enlarges. Although
the content of phospholipid increases in proportion to
heart weight in the hypertrophied myocardium, the
fatty acyl composition of myocardial phospholipids is
altered (30). The possibility that the changes in fatty
acyl composition could be caused by an alteration in
the level of catecholamine stimulation is suggested by
reports of similar changes in myocardial phospholipids
following chronic administration of norepinephrine to
rats (31, 32). The mechanisms involved with the phos-
pholipid changes that occur in the hypertrophied heart
are of interest, since alterations in the fatty acyl com-
position of phospholipids can influence a number of
membrane functions, including the activities of mem-
brane-bound enzymes, the number and affinity of re-
ceptors, and carrier-mediated transport processes (33,
34).

The present study used chronic receptor blockade
by specific antagonists of «- and B-adrenoceptors to
clarify the possible role of catecholamines in mediating
cardiac enlargement and the corresponding remodeling
of membrane phospholipids in response to pressure-
overload in aortic-constricted rats.

Materials and Methods

Adrenoceptor Blockade and Aortic Constriction.
Male Sprague-Dawley rats weighing 134-145 g were
injected intraperitoneally twice daily with either 1 mg/
kg of the oj-adrenoceptor antagonist prazosin HCI
(Pfizer Laboratories, New York, NY; a-blocked group),
15 mg/kg of the 8-adrenoceptor antagonist DL-propran-
olol HCI (Sigma Chemical Co., St. Louis, MO; 8-
blocked group), or an equal volume of 0.9% NaCl
(vehicle-treated group). Ten days after beginning the
injections, rats were anesthetized with chloral hydrate
(0.36 g/kg, ip) and pressure-overload cardiac hypertro-
phy was induced by constriction of the abdominal aorta
(aortic-constricted [AC]) using the ligature-needle tech-
nique of Morkin and Ashford (35). Sham-operated (SO)
rats were subjected to the identical surgical procedure,
excluding aortic constriction.

Prazosin, propranolol, or NaCl injections were con-
tinued for 10 days following surgery, at which time the
rats were anesthetized with sodium pentobarbital
(Nembutal; 50 mg/kg, ip) and the left carotid artery
was cannulated to measure heart rate and blood pres-
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sure. Hearts were subsequently excised and weighed.
After trimming away the atria and right ventricular free
wall, the left ventricle and septum were frozen between
clamps precooled in liquid nitrogen.

Prior to sacrifice, four rats from each of the groups
were given either the a-agonist phenylephrine HCI (25
ug/kg/min, iv) or the B-agonist isoproterenol HCI (1
ug/kg/min, iv). Mean arterial pressure responses to
infusions of the a- or 8-agonists were reduced by 80-
90% in the corresponding «- or 8-adrenoceptor-blocked
groups of rats, suggesting effective receptor antagonism
by the drug treatments. '

Phospholipid Analysis. Lipid extractions were car-
ried out on the frozen, pulverized cardiac tissue as
described previously (30). Individual phospholipid
classes were isolated by spotting lipid extracts on Silica
Gel G thin-layer chromatography plates (Analtech,
Newark, DE) and separating in one dimension with the
solvent system chloroform/methanol/petroleum ether/
acetic acid/boric acid (40:20:30:10:1.8, v/v/v/v/w), as
described by Gilfillan et al. (36). Phospholipid spots
were visualized with 0.05% 2’,7’-dichlorofluorescein in
ethanol and scraped into vials for methylation. Fatty
acid methyl esters were prepared by reaction with 14%
boron trifluoride in methanol, as described by Morrison
and Smith (37), and analyzed on a Perkin-Elmer Sigma
300 gas chromatograph with a glass column (2 mm i.d.,
6 ft long) packed with 10% diethylene glycol succinate
on 80/100 mesh Supelcoport (Supelco, Inc., Bellefonte,
PA) at a constant temperature of 185°C and a helium
flow rate of 60 ml/min. Peak area percentages were
computed with a Perkin-Elmer LCI-100 integrator. Re-
sults are expressed as fatty acid weight percent, and
only those fatty acids in excess of 1% of the total are
reported. Fatty acids are designated by chain
length:number of double bonds. In Tables II-1V, the
numbers in parentheses, e.g., (n-6), refer to the number
of carbon atoms (i.e., 6) between the last double bond
and the terminal methyl group of the fatty acid.

Statistical Analysis. The experimental data in all
tables are expressed as the mean * SE for the number
of determinations denoted in the legends. The data
from AC and SO rats for each individual treatment
group were compared using a two-tailed unpaired Stu-
dent’s  test. Between-group comparisons of values from
the drug-treated groups with values from the vehicle-
treated group were carried out using analysis of variance
in conjunction with Dunnett’s multicomparison test. A
95% confidence limit was used to determine signifi-
cance.

Results

As shown in Table I, heart weight to body weight
ratios were significantly increased in all groups of AC
rats compared with respective SO rats. The increase
was entirely due to increased ventricular weight, since



Table I. Heart Weight, Body Weight, Heart Rate, and Mean Arterial Pressure in Sham-Operated
and Aortic-Constricted Rats Treated with Adrenoceptor-Blocking Drugs?

Group Body wt Heart wt Heart wt/body wt Hegrt rate M;fgsasrjsenal

Vehicle

SO 247 £ 7 665 = 19 2.70 £ 0.08 403 £ 14 120+ 5

AC 236+ 5 843 + 30° 3.55 +0.15° 392+ 10 146 + 5°
a-Blocked

SO 248+ 6 676 = 25 273 £0.10 391 + 12 100 £ 5¢

AC 2375 818 £ 18° 3.45 £ 0.10° 357 + 11 137 £ 9¢
$-Blocked

SO 244 £ 3 659 = 16 2.70 £ 0.06 323 + 297 104 + 6

AC 239+5 791 £ 14° 3.32 £ 0.09° 334 + 16° 144 + 9°

¢ Each value represents the mean + SE of at least six determinations. Rats were chronically treated with saline (vehicle), prazosin (a-blocked),

or propranolol (8-blocked) before and after surgery.
®P < 0.001, AC compared with SO of same treatment group.
¢P < 0.01, AC compared with SO of same treatment group.

?P < 0.08, SO or AC of vehicle-treated group compared with SO or AC, respectively, of blocked groups.
°P < 0.01, SO or AC of vehicle-treated group compared with SO or AC, respectively, of blocked groups.

body weight was unchanged by aortic constriction.
Furthermore, the drug treatments did not affect the
cardiac enlargement, since there was no significant
difference in heart weight to body weight ratios between
the vehicle and a- or 8-blocked AC groups.

There were no significant differences in heart rate
between SO and AC rats within any treatment group;
however, both the SO and AC B-blocked rats exhibited
significantly lower heart rates when compared with
respective SO or AC rats in the vehicle-treated group.
This reduction in heart rate is indicative of $-adreno-
ceptor blockade in vivo.

Mean arterial pressure was significantly reduced in
SO rats of the a-blocked group compared with SO rats
in the vehicle-treated group, which reflects in vivo
blockade of «-adrenoceptors. Mean arterial pressure
was significantly elevated as a result of aortic constric-
tion in every treatment group. Mean arterial pressure
of AC rats in the a- or S8-blocked groups was not
different from that in AC rats of the vehicle-treated
group.

Chronic a- or S-adrenoceptor blockade alone did
not affect the fatty acyl composition of myocardial
phospholipids. Intergroup comparison of the phospho-
lipid composition of vehicle-treated SO animals with
compositions of SO animals in the a- or §-blocked
groups revealed no significant differences in fatty acyl
profiles.

The fatty acyl composition of myocardial phospha-
tidylcholine (PC) is shown in Table II. Linoleic acid
(18:2) in the PC fraction of hearts from AC rats was
reduced to 64%, 61%, and 54% of that in SO animals
for the vehicle-treated, «-blocked, and p-blocked
groups, respectively. These reductions were associated
with significant elevations of docosahexaenoic acid
(22:6) and arachidonic acid (20:4) in hearts of AC rats

in the o- and B-blocked group. These fatty acids also
tended to be elevated and palmitic acid (16:0) was
significantly elevated in hearts of AC rats in the vehicle-
treated group.

The reduction of linoleic acid in the hearts of AC
rats was also evident in the phosphatidylethanolamine
fraction (Table III), in which 18:2 in AC rats was
reduced to 62%, 43%, and 54% of that in SO animals
for the vehicle-treated, «-blocked, and B-blocked
groups, respectively. These reductions were accom-
panied by significant increases in 22:6 in hearts of AC
rats of all groups. Also evident in this fraction was a
significant reduction in oleic acid (18:1) in AC rats of
the a-blocked group and a small increase in docosapen-
taenoic acid (22:5) in the vehicle-treated group.

The fatty acyl composition of cardiolipin in hearts
of SO and AC rats of each group is shown in Table IV.
In this fraction, myocardial 18:1 was significantly in-
creased by aortic constriction in each group. As in the
other phospholipid classes, 18:2 was reduced and 22:6
was increased in AC rats of every group, although these
changes were statistically significant only for 22:6 in
the B-blocked group. Additionally, 16:0 was signifi-
cantly increased in hearts of AC rats in the vehicle-
treated group and tended to be elevated in AC rats of
the a- and 8-blocked groups as well.

In summary, marked alterations in the fatty acyl
composition of the major myocardial phospholipids
occurred as a result of aortic constriction in all three
treatment groups. Analysis of the individual phospho-
lipid classes, phosphatidylcholine, phosphatidyletha-
nolamine, and cardiolipin, which together comprise
more than 90% of the total phospholipids of the rat
heart (30), revealed a general reduction in 18:2 in hearts
of AC rats of every group. This decrease was accom-
panied by increases in either 16:0, 20:4, or 22:6.
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Table Il. Fatty Acyl Composition of Phosphatidylcholine in Hearts of Sham-Operated and Aortic-Constricted
Rats Treated with Adrenoceptor-Blocking Drugs?

Fatty acid (wt%)

Fatty acid Vehicle a-Blocked 3-Blocked
SO AC SO AC SO AC

16:0 18.856+0.34 21.20+0.76° 2042+092 19.62+0.71 2047 £ 055 2140+1.89
18:0 2476 £ 068 25.06 £ 0.65 2657 £ 028 2596 +0.96 26.54 = 0.31 26.06 = 0.72
18:1 (n-9) 9.56 = 0.20 9.14 £ 0.33 9.81+012 9.20+1.19 9.52 =+ 0.31 8.89 + 0.34
18:2(n-6) 13.81 £0.73 891 +0.69° 13.18+0.34 8.02+ 0.60° 1274+ 1.00 6.92 = 0.49°
204 (n-6) 20.37 £0.57 22.25+0.85 1959 £ 0.66  23.51 £0.99° 19.69+0.49 2258 + 1.09°
22:5 (n-3) 2.08 £ 0.10 195+ 0.16 1.83 +0.16 1.95 +0.24 1.72 £ 0.08 173+ 0.35
22:6 (n-3) 7.79 £ 0.44 8.60 £ 0.43 6.26 £ 0.55 9.07 £ 0.81° 6.73 + 0.40 917 £ 0.77°

? Each value represents the mean + SE of at least six determinations. Rats were chronically treated with saline (vehicle), prazosin («a-blocked),
or propranolol {3-blocked) before and after surgery. Fatty acids are designated as described in Materials and Methods.

®P < 0.05, AC compared with SO of the same treatment group.
°P < 0.001, AC compared with SO of the same treatment group.
9P < 0.01, AC compared with SO of the same treatment group.

Table HlI. Fatty Acyl Composition of Phosphatidylethanolamine in Hearts of Sham-Operated
and Aortic-Constricted Rats Treated with Adrenoceptor-Blocking Drugs®

Fatty acid (wt%)

Fatty acid Vehicle a-Blocked p-Blocked
SO AC 10) AC SO AC

16:0 DMA 4.07 £ 0.56 2.38 + 0.58 329 £0.15 322077 438 +£0.43 3.50 + 0.91
16:0 8.60 £ 0.44 7.10 £ 0.99 8.81 £ 0.67 7.61+1.38 8.98 + 0.53 8.11x1.16
18:0 DMA 222 +0.33 2.58 £+ 0.32 2.04 £0.12 2.67 £ 0.51 2.46 £ 0.21 2.80+0.19
18:0 2996 + 097 29.16 = 0.68 2975+ 055 2991 +1.04 30.80 = 0. 80 2046 £ 0.78
18:1 (n-9) 5.47 £ 0.49 5.17 £ 0.50 537 +£0.23 313+ 0.12° 436 +0.4 3.64 + 0.30
18:2 (n-6) 6.03 £ 0.53 3.77 £ 0.48° 5.86 + 0.59 252+ 0.19° 5.06 = 0. 64 273 £0.19°¢
20:4 (n-6) 15675+ 062 1651 +1.26 16.43£037 1553+ 1.20 15 74056 15.04 £0.70
22:5 (n-3) 236 £ 0.10 275 £ 0.13° 254 +£0.14 2.86 + 0.21 04 £0.13 1.92 + 0.26
22:6 (n-3) 23.67+0.92 2884+0.99° 2417+056 30.23+2.19° 23991146 30.61 + 1.35¢

“ Each value represents the mean + SE of at least six determinations. Rats were chronically treated with saline (vehicle), prazosin («-blocked),
or propranolol (3-biocked) before and after surgery. Fatty acids are designated as described in Materials and Methods. DMA, dimethylacetal

derivative from plasmalogen.

?P < 0.001, AC compared with SO of the same treatment group.
°P < 0.05, AC compared with SO of the same treatment group.
9P < 0.01, AC compared with SO of the same treatment group.

Discussion

Chronic a- or 8-adrenoceptor blockade resulted in
lower basal mean arterial pressures in SO animals. This
is in accordance with the known hypotensive actions of
these drugs. However, the extent of hemodynamic over-
load following aortic constriction was similar in each
experimental treatment group, since there were no dif-
ferences in the mean arterial pressures attained after
aortic constriction. Moreover, heart weight to body
weight ratios were not affected by either a- or g-adre-
noceptor blockade.

The role of catecholamines in the development of
pressure-overload cardiac hypertrophy has been studied
in various models using surgical or chemical adrenergic
intervention. Adrenal demedullation or chemical sym-
pathectomy does not prevent or attenuate the devel-
opment of cardiac hypertrophy in aortic-constricted
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rats (8, 17). The present results provide evidence dem-
onstrating that specific blockade of a-adrenoceptors
with intact 8-adrenoceptors or vice versa does not influ-
ence the extent of the inciting hemodynamic stress nor
alter the degree of cardiac enlargement in aortic-con-
stricted rats. The results are also in agreement with
previous findings for chronically adrenoceptor-blocked
cats subjected to right ventricular overload (1).

In contrast, a reduced hypertrophic response to
aortic constriction by adrenal medulla denervation in
dogs (19) and «-adrenoceptor blockade in guinea pigs
(22) has been reported. These conflicting results may
be due to differences in species, experimental interven-
tion protocol, or differences in the severity of the hemo-
dynamic overload.

Alterations in myocardial membrane functions
have been observed in pressure-overloaded hearts as



Table IV. Fatty Acyl Composition of Cardiolipin in Hearts of Sham-Operated and Aortic-Constricted Rats
Treated with Adrenoceptor-Blocking Drugs®

Fatty acid (wt%)

Fatty acid Vehicle a-Blocked §-Blocked
SO AC SO AC SO AC

16:0 119+ 0.10 1.77 £ 0.20° 1.33 £ 0.11 1.73+£0.16 1.59 £ 0.07 1.85 £ 0.16
18:0 143 £0.24 2,28 £0.45 2.16 £ 0.49 1.89 + 0.49 1.68 £ 0.13 1.51 £ 0.34
18:1 (n-9) 6.84 £ 0.29 8.93 = 0.75° 6.57 £ 0.24 9.66 = 0.40° 6.62 + 0.39 9.59 +0.71¢
18:2(n-6) 83.14 + 1.31 76.82 £ 2.61 8054092 76.13x1.74 8120+ 060 77.35x220
20:4 (n-6) 1.39 £ 0.16 1.99 £ 0.42 1.77 £ 0.28 2.04 = 0.30 1.50 £ 0.15 1.73 £ 0.25
22:6 (n-3) 1.95 + 0.42 3.44 +£0.62 2.24 + 0.41 4.01x0.73 1.81 £0.23 3.71 = 0.80°

¢ Each value represents the mean =+ SE of at least six determinations. Rats were chronically treated with saline (vehicle), prazosin (e-blocked),
or propranolol (3-blocked) before and after surgery. Fatty acids are designated as described in Materials and Methods.

5P < 0.05, AC compared with SO of the same treatment group.
¢P < 0.001, AC compared with SO of the same treatment group.
7P < 0.01, AC compared with SO of the same treatment group.

evidenced by alterations in Ca?* uptake by sarcoplasmic
reticulum (38), sarcolemmal Ca** influx (39), and adre-
noceptor function (40). The changes in myocardial
phospholipids that we observe in pressure-overloaded
hearts could contribute to altered membrane function.

In the present study, the general pattern and mag-
nitude of the phospholipid alterations in hypertrophied
rat hearts did not differ appreciably in the presence of
a- or B-adrenoceptor blockade. Only minor differences
in the composition of PC in AC rats were observed
between blocked and vehicle-treated groups. Thus, the
data suggest that an alteration in the level of adrenergic
receptor stimulation of the rat myocardium during the
development of pressure-overload cardiac hypertrophy
is not responsible for the observed changes in the fatty
acyl profile of phospholipids.

Interesting similarities exist between the myocar-
dial phospholipid changes observed in pressure-over-
load hypertrophied hearts and those obtained with
chronic administration of noradrenaline in rats. Emils-
son and Gudbjarnason (31) have shown that 18:1 and
18:2 are reduced in the phospholipids of hearts from
noradrenaline-treated rats. The reductions were accom-
panied by increases in the levels of stearic acid (18:0),
20:4, and 22:6. These investigators did not address the
possibility that the noradrenaline treatment could have
induced cardiac hypertrophy. In fact, the dose of nor-
adrenaline used in their study was well above the dose
required to induce hypertrophy (20). In light of the
present study, it is not clear whether the lipid alterations
reported to occur after norepinephrine treatment are a
direct result of myocardial adrenoceptor stimulation or
are linked to other factors that are altered during the
development of cardiac hypertrophy. We have dem-
onstrated that the sequence of events leading to remod-
eling of the cell membrane cannot be dissociated from
the cardiac hypertrophic response by removing the
influence of catecholamines in our model of overload.

It remains to be seen whether the specific lipid changes
can, in fact, be isolated from the growth response or
always occur in concert with it.

The possibility that hormones other than catechol-
amines could mediate the phospholipid changes in the
hypertrophied heart has not been fully explored. Thy-
roxine treatment, which can induce hypertrophy (41,
42), has been shown to alter the percentage of unsatu-
ration of myocardial phospholipids in the rat heart (43);
however, the role of cardiac enlargement was not dis-
cussed in the latter study. Other factors which may be
altered during the development of cardiac hypertrophy
include adrenal corticosteroids (8), angiotensin (9),
atrial natriuretic factor (10, 11), and prostaglandins
(12). Their effects on membrane lipid composition
remain to be investigated.

The results of the present study suggest that in-
creased adrenoceptor stimulation is not required for
cardiac enlargement and does not mediate the changes
in fatty acyl composition of myocardial phospholipids
associated with cardiac hypertrophy in the aortic-con-
stricted rat.

This work was supported by Grant HL-30945 from the National
Heart, Lung, and Blood Institute of the National Institutes of Health.
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