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Abstract. A study was performed to determine whether a constant 1-week exposure to either 
alpha or beta agonists in vivo would allow alteration or manipulation of the responses of rat 
aortic alpha- and beta-adrenergic receptors. Osmotic minipumps delivering either phenylephrine, 
isoproterenol, or propranolol for 7 days at a dose of 3.2, 4.2, or 5.2 mg/kg/day, respectively, 
were implanted in male Holtzman rats under halothane anesthesia. Seven days later, rats were 
killed and aortic ring preparations were used to measure alpha- and beta-adrenergic responses. 
In phenylephrine-pretreated rats, alpha-adrenergic responses, as measured by contractions in- 
duced by phenylephrine, were markedly reduced (P < 0.05) across a dose range of 
M. In contrast, in these same phenylephrine-pretreated preparations, the beta-adrenergic re- 
sponses involving isoproterenol-induced relaxation were significantly increased (P < 0.05) across 
a dose range of lo-’ to M. Isoproterenol pretreatment for 7 days resulted in a statistically 
significant reduction of beta-adrenergic aortic relaxation, whereas the alpha-adrenergic responses 
to phenylephrine remained unchanged compared with controls. Propranolol pretreatment had 
no effect on either alpha- or beta-adrenergic responses. These findings indicate that the alpha 
agonist-induced response after in vivo pretreatment induces reciprocal changes in the functionally 
related beta-adrenergic apparatus, and also suggest linkage between these two receptors. In con- 
trast, the beta response appears to desensitize or downregulate in response to beta agonist exposure 
in a manner that seems to be independent of or to operate in the absence of an alteration of 
the alpha response. 

to 

The catecholamines appear to play an im- 
portant role in regulating the function of their 
own receptors. A “desensitization” phenom- 
enon (a decrease in responsiveness after an 
increase in the availability of a neurotrans- 
mitter to its receptor site) has been observed 
in vitro when isolated frog erythrocyte plasma 
membrane (I) ,  aorta (2), or brain tissues (3, 
4) were incubated with catecholamine ago- 
nists or with antidepressants (5). A radioli- 
gand binding technique was used in these in- 
vestigations of the time-dependent decrease in 
receptor number. A loss of physiological or 
pharmacological responses can be detected by 
measuring a decrease in catecholamine-sen- 
sitive adenylate cylcase or a decrease in the 
vascular response to adrenergic agonists. Long 
term in vivo administration of desmethyl- 
imipramine (DMI) (6), a tricyclic antidepres- 
sant, or monoamine oxidase inhibitors (7) that 
are thought to indirectly increase the effective 
concentration of neurotransmitter at the syn- 
apse also attenuated responsiveness to cate- 
cholamines. This loss of responsiveness was 
correlated with a decreased density of recep 
tors (8). 

Because of the availability of the Alzet os- 
motic minipump, which is capable of main- 
taining a steady-state level of drug for a long 
period of time, we investigated this desensi- 
tization phenomenon in both alpha- and beta- 
adrenergic vascular responses in an in vivo 
study. 

The results support the hypothesis that ma- 
nipulation which alters the amount of cate- 
cholamine having access to adrenergic post- 
synaptic receptors elicits compensatory 
changes in adrenergic responses. 

Materials and Methods. The following 
compounds were studied: 1 -phenylephrine 
hydrochoride and isoproterenol hydrochlo- 
ride (Sterling-Winthrop Research Institute, 
Rensselaer, N.Y .), and propranolol hydro- 
chloride (Ayerst Laboratories Inc., New York, 
N.Y.). 

Male Holtzman rats (Holtzman Labora- 
tories, Madison, Wisc.) weighing 250-400 g 
were used. Rats were housed four per cage at 
24”-25”C with controlled lighting (0600-1800 
light) and free access to food and water. An 
Alzet osmotic minipump (Lot No. 05907, 
Model 2001, Alza Corp., Palo Alto, Calif.) 
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was implanted sc caudal to the last rib of the 
left side while the rats were under halothane 
anesthesia. The minipumps of this lot consist 
of a 227-p1 collapsible reservoir that releases 
its contents continuously at a rate of 1.05 
f 0.04 pl/hr by a driving force exerted by the 
swelling of the osmotic substance surround- 
ing the reservoir (9, 10). The release rate re- 
mains constant for at least 7 days and pro- 
duces a steady-state distribution of drugs in 
the rats. In our experiment, control animals 
received minipumps containing 0.1 % ascor- 
bic acid, and animals of three other groups 
received minipumps containing l-phenyleph- 
rine hydrochloride, isoproterenol hydrochlo- 
ride, or propranolol hydrochloride dissolved 
in 0.1 % ascorbic acid solution at concentra- 
tions corresponding to a daily release of 3.2, 
4.2, or 5.2 mg/kg/day, respectively. 

One and 7 days after implantations of the 
minipumps, mean blood pressure and heart 
rate of the unanesthetized rats were moni- 
tored repeatedly by the tail-cuff technique. 
Blood pressure was measured by a pro- 
grammed electrosph ygmomanometer (PE 
300, Narc0 Bio-Systems, Inc., Houston, Tex.), 
and pulse signals then triggered the Tach- 
graph preamplifier (Grass Instrument Co., 
Quincy, Mass.) for heart-rate recording. Both 
blood pressure and heart rate were displayed 
with a Grass Model 7 polygraph. 

Seven days after the minipump implanta- 
tion, rats were killed by a blow to the head 
and the thoracic aorta between the aortic arch 
and the diaphragm was removed immedi- 
ately. The aortas were carefully dissected free 
of fat and connective tissue, and aortic rings 
(3-4 mm wide) were prepared. Ligatures were 
constructed from two 30-gauge disposable 

stainless-steel hypodermic needles. They were 
then slipped into the ring and used to attach 
the ring to a holder at one end and to a force- 
displacement transducer (F-T 03C, Grass In- 
strument Co.) at the other according to the 
method of Hooker et al. (1 1). Contractile re- 
sponses (in milligrams of tension) were re- 
corded with a Grass Model 7 polygraph. The 
preparations were suspended vertically in a 5- 
ml tissue bath of the following composition 
(a): NaCl, 1 18.4 1 ; KCl, 4.56; CaCl2 2H20, 
1.28; KH2PO4, 1.19; MgS04 7H20, 1.19; 
NaHC03, 24.99; and dextrose, 11.10. The 
preparations were equilibrated with 95% 0 2 /  

5% C02 at 37°C under a resting tension of 
2.0 g. The preparations were allowed to equil- 
ibrate for 2 hr in the tissue bath before the 
experiment was initiated. 

Phenylephrine hydrochloride, propranolol 
hydrochloride, and isoproterenol hydrochlo- 
ride were dissolved in saline just before in- 
troduction in the appropriate volume into the 
muscle bath, thereby attaining the final con- 
centration on a salt-free basis. 

A dose-response curve for phenylephrine 
was obtained by applying increasing single 
doses consecutively every 5 min. After appli- 
cation of each of the chemicals, the tissue was 
permitted to rest for 20 min with repeated 
exchange of the bath medium. Relaxation with 
isoproterenol was studied by initially con- 
tracting the aortic ring with phenylephrine 
( lod7 M )  and then adding increasing doses of 
isoproterenol every 5 min. Relaxation was ex- 
pressed as the percentage decrease in con- 
traction. 

Results are given as mean values 
f standard error of means. The data obtained 
were subjected to statistical analysis, using the 

TABLE I. INFLUENCE OF PROLONGED INFUSION OF ADRENERGIC AGENTS 
ON BLOOD PRESSURE AND HEART RATE' 

Day 1 Day 7 

Blood pressure Heart rate Blood pressure Heart rate 
Group (mm Hg) (beats/min) (mm Hs) (beats/min) 

Control 120 f 5 (5) 366 f 7 (5) 128 f 4 (5) 349 f 6 (5) 
Phen ylephrine 131 f 6 (4) 352 f 6 (4) 124 f 4 (5) 334f 1 1  (5) 
Isoproterenol 118 f 5 (5) 487 f 13'(5) 130 f 5 (4) 456 f 14'(4) 

350 f 8 (3) 114 f 5 (5) 331 f 8 (5) F'ropranolol 124 f 5 (3) 

' Numbers in parentheses indicate numbers of experiments. ' Significantly different from control value, P < 0.05. 
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FIG. 1.  Effect of pretreatment with phenylephrine (3.2 
mg/kg/day) for 7 days on vascular contraction. Values 
are means f SEM; n = 6. An asterisk indicates that the 
value is significantly different from the control values (P 
< 0.05). 

Student’s t test. Differences were considered 
to be statistically significant at P c 0.05. 

Results. Table I summarizes the effects of 
chronic infusion of the adrenergic agents on 
blood pressure and heart rate. Blood pressure 
was not changed in any of the treated groups; 
it was slightly elevated in the phenylephrine- 
treated group on Day 1 and slightly reduced 
in the propranolol-treated group on Day 7, 
but the changes were not statistically signifi- 
cant. However, the heart rate was markedly 
increased in the isoproterenol-treated group 
on Day 1 and the increase remained statis- 
tically significant after 7 days of infusion. 

The effects of pretreatment with phenyl- 
ephrine (3.2 mg/kg/day for 7 days) on alpha- 
and beta-adrenergic responses are shown in 
Figs. 1 and 2. Phenylephrine produced a dose- 
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FIG. 2. Effect of pretreatment with phenylephrine (3.2 
mg/kg/day) for 7 days on vascular relaxation. Values are 
means f SEM; n = 6. An asterisk indicates that the value 
is significantly different from the control values (P < 0.05). 
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FIG. 3. Effxt of pretreatment with isoproterenol (4.2 
mg/kg/day) for 7 days on vascular contraction. Values 
are means f SEM; n = 5.  

dependent response in both vehicle- and 
phenylephrine-pretreated aortic rings at a 
range of to it4 (Fig. 1). Pretreat- 
ment with phenylephrine significantly lowered 
the contraction induced by phenylephrine 
(P c 0.05) at all doses. In contrast to this al- 
pha-adrenergic response, pretreatment with 
phenylephrine moved the dose-response curve 
for the beta agonist isoproterenol to the left 
(Fig. 2); the beta-adrenergic response (relax- 
ation) was significantly enhanced (P c 0.05) 
at all doses. 

Figures 3 and 4 demonstrate the effects of 
pretreatment with isoproterenol (4.2 mg/kg/ 
day for 7 days) on alpha- and beta-adrenergic 
responses in the aortic rings. As shown in Fig. 
3, there was no significant difference in the 
alpha-adrenergic response between the vehi- 
cle- and isoproterenol-pretreated groups, i.e., 
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FIG. 4. Effect of pretreatment with isoproterenol (4.2 
mg/kg/day) for 7 days on vascular relaxation. Values are 
means f SEM; n is given in parentheses. An asterisk in- 
dicates that the value is significantly different from the 
control value (P < 0.05). 
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pretreatment with isoproterenol did not sig- 
nificantly alter contractility with phenyleph- 
rine. However, pretreatment with isoproter- 
enol significantly decreased the relaxation re- 
sponse at all dose levels (P < 0.05), as shown 
in Fig. 4. 

Pretreatment with propranolol(5.2 mg/kg/ 
day for 7 days) had no effect on the alpha- 
and beta-adrenergic responses in the aortic 
rings. The phenylephrine dose-response curve 
of the propranolol-pretreated group was not 
significantly different from that of the vehicle- 
pretreated group (Fig. 5). Similarly, there was 
no difference in the beta-adrenergic response 
between the two groups (Fig. 6). 

Discussion. Our results demonstrate that 
continuous in vivo sc infusion of phenyleph- 
rine, using an Alzet minipump, can induce a 
decrease in the alpha-adrenergic vascular 
reactivity response to phenylephrine. This de- 
crease takes several days and is generally ir- 
reversible, as suggested by Dibner and Moli- 
noff (3), in contrast to the effects of in vitro 
agonist treatment where onset is rapid and 
reversible. 

The phenomenon of desensitization or 
downregulation of the beta receptor has been 
reported by other investigators, who have sug- 
gested that it is due to the net decrease in beta 
receptor number (5) or the formation of a 
high affinity, slowly dissociating form of the 
receptor ( 12). 

Our data indicate that aortic rings of some 
groups of rats pretreated with phenylephrine 
undergo a different phenomenon, that of su- 
persensitivity of the beta receptor. Whether 
this supersensitivity is the net consequence of 
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FIG. 5. Effect of pretreatment with propranolol (5.2 
mg/kg/day) for 7 days on vascular contraction. Values 
are means f SEM; n = 5. 
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of agonist-induced desensitization or super- 
sensitization of adrenergic responses as ex- 
pressed by changes in vascular reactivities. 
Whether these alterations of responses cor- 
relate with any real change in receptor num- 
bers and kinetics needs further clarification 
by direct-measurement assays of radioligand 
binding. 

In conclusion, the present study shows that 
week-long administration of either an alpha 
or beta agonist by a process (minipump) that 
increases access of the substance to alpha or 
beta receptors leads to a decrease in that spe- 
cific adrenergic response. These results sup- 
port the hypothesis of desensitization or 
downregulation. In addition, there seems to 
be a linkage between alterations in alpha- and 
beta-adrenergic responses when alpha ago- 
nists are used for pretreatment. None of these 
changes appear to occur after pretreatment 
with a beta blocker (propranolol). It seems 
possible that changes in receptor response due 
to an excess of neurotransmitters in the sys- 
tem may be involved in the etiology of a dis- 
ease such as hypertension. 

We acknowledge the excellent technical assistance of 
Ms. Teresa Thompson. 

Mukejee C, Leilcowitz RJ. Regulation of beta ad- 
renergic receptors in isolated frog erythrocyte plasma 
membranes. Mol Pharmacol 13:29 1-303, 1977. 
Fleish JH, Titus EO. The prevention of isoproterenol 
desensitization and isoproterenol reversal. J Phar- 
macol Exp Ther 181:425-433, 1972. 
Dibner MD, Molinoff PB. Agonist-induced changes 
in beta adrenergic receptor density and receptor-me- 
diated responses in slices of rat cerebral cortex. J 
Pharmacol Exp Ther 210433-439, 1979. 
Wagner HR, Davis JN. Beta-adrenergic receptor reg- 
ulation by agonists and membrane depolarization in 
rat brain slices. Proc Nat Acad Sci USA 76:2057- 
2061, 1979. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

VASCULAR RESPONSES 

U’Prichard DC, Enna SJ. In vitro modulation of C N S  
beta-receptor number by antidepressants and beta- 
agonists. Eur J Pharmacol59:297-30 1, 1979. 
Wolfe BB, Harden TK, Sporn JR, Molinoff PB. Pre- 
synaptic modulation of beta adrenergic receptors in 
rat cerebral cortex after treatment with antidepres- 
sants. J Pharmacol Exp Ther 202446-457, 1977. 
Vetulani J, Stawarz RJ, Sulser F. Adaptive mecha- 
nisms of the noradrenergic cyclic AMP generating 
system in the limbic forebrain of the rat: Adaptation 
to persistent changes in the availability of norepi- 
nephrine (NE). J Neurochem 2266 1-666, 1976. 
Banejee SP, Kung LS, Riggi SJ, Chanda SK. De- 
velopment of beta-adrenergic receptor subsensitivity 
by antidepressants. Nature (London) 268:455-456, 
1977. 
Theeuwes F, Yum SI. Principles of the design and 
operation of generic osmotic pumps for the delivery 
of semisolid or liquid drug formulations. Ann Biomed 
Eng 4:343-353, 1976. 
Struyker-Boudier HAJ, Smits JF. The osmotic 
minipump: A new tool in the study of steady-state 
kinetics of drug distribution and metabolism. J Pharm 
Pharmacol 30576-578, 1978. 
Hooker CS, Calkins PJ, Fleisch JH. On the mea- 
surement of vascular and respiratory smooth muscle 
responses in vitro. Blood Vessels 141-1 1, 1977. 
Leilcowitz RJ, Mullikin D, Wood CL, Gore T, Mu- 
khejee C. Regulation of prostaglandin receptors by 
prostaglandins and guanosine nucleosides in frog 
erythrocytes. J Biol Chem 2525295-5303, 1977. 
Wang CH, U’Prichard DC. Reciprocal alterations in 
rat brain @- and a-adrenergic receptor sites after 
chronic intravenous infusion of isoproterenol. Soc 
Neurosci Abstr 6: 1, 1980. 
Chang H-Y, Kunos G. In vivo desensitization of car- 
diac @-adrenoreceptors. Pharmacologist 23: 183, 198 1 
(Abstr E56). 
Myers H, Browning R, Sode J. Chronic @-adrenergic 
receptor blockade with propranolol in mice using 0s- 
motic minipump. Physiologist 23(4): 18, abstr 95, 
1980. 

Received June 11, 1982. P.S.E.B.M. 1983, Vol. 172. 




