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observed when either 1 gg A II (n=  5) or the solvent alone 
(n= 3; not shown) were used. I.c.v. injections of A I I  also 
increased blood pressure in a dose-dependent fashion. 
Results were similar in the 2 animals studied and are 
presented in figure 2 for monkey 112, in which blood 
pressure increments of 6, 19 and 46 mm Hg were observed 
after administration of 1, 10 and 50 lag A II respectively. 

The effect of A I I  on PRL release in the monkey differs 
from that described in the rat. In the latter, Steele et al. 15 
have found that i.c.v.-injections of A I I  lowered PRL 
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plasma levels. Such a discrepancy may be attributed to 
species differences in the distribution of A I I  binding sites 16. 
The present study indicates that A I I  may be involved in 
the control of PRL secretion in primates. The observation 
that i.c.v.-injections of A I I  modify in a parallel way both 
blood pressure and PRL plasma levels suggests the possibil- 
ity of a link between the 2 phenomena. However, our 
results do not allow us to decide whether A I I  increases 
PRL secretion by acting directly on the nervous mechan- 
isms involved in hormone release or indirectly, via its 
central effect on arterial blood pressure. 
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Hypothyroidism lowers blood pressure, adenylate cyclase and Na +, K +- and K +, Ca++-ATPase activities in 
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Summary. Myocardial isoproterenol-stimulated adenylate cyclase, Na +, K+-ATPase and K +, Ca + +-ATPase activities are 
elevated in the spontaneously hypertensive rat and can be lowered by methimazole-induced hypothyroidism which also 
prevents the development of hypertension. Although thyroid hormone levels are similar between untreated SHRs and 
WKY rats, the thyroid is apparently necessary for the expression of spontaneous hypertension. 

The spontaneously hypertensive rat (SHR) displays a tran- 
sitory increase in cardiac index during the development of 
hypertension 2 similar to that observed in some forms of 
human hypertension 3. The altered reactivity of the SHR 
myocardium may be due to several factors including 
thyroid status and the activities of adenylate cyclase or the 
electrolyte transporting enzymes Na+,K+-ATPase and 
K + , Ca + +-ATPase. 
Since hypothyroidism attenuates hypertension in the SHR 4 
and lowers adenylate s cyclase activity, an alteration in this 
enzyme may be a factor in the development or mainte- 
nance of hypertension. Hypothyroidism has been shown to 
alter myocardial Na+,K+-ATPase as well as K+,Ca ++- 
ATPase activity 6 and alterations in these ion transporting 
enzymes could be one possible explanation for alterations 
in the contractile properties and reactivity of the SHR 
myocardium. 
The present study was undertaken to determine if, during 
the development of hypertension, changes occur in adeny- 
late cyclase, ATPase enzymes, or thyroid hormone levels 
which could account for the altered cardiac index observed 
in the prehypertensive SHR. Since these enzyme activities 
of the myocardium appear to be altered by thyroid hor- 
mones they were also assessed in hypothyroid animals. 
Methods. Hypothyroidism was induced in neonate SHR 
and WKY rats by the continuous administration of 0.01% 
methimazole via the drinking water to lactating dames and 

later to the weaned rats. Blood pressure was measured with 
a Friedman: Freed Microphonic manometer and tail cuff 
on conscious, restrained rats after gentle prewarming. Rats 
were sacrificed at 0, 5, 10, 20, 30 and 100 days of age by 
decapitation. The blood serum of each group was collected, 
pooled and stored below -25 ~ The ventricles were rapid- 
ly removed and placed in ice-cold homogenization buffer 
(250 mM sucrose/50 mM Tris HC1, pH 7.5). The pooled 
ventricles of each group were homogenized in ice-cold 
homogenization buffer (10 ml/g) by 3 30-sec pulses of a 
Brinkmann Polytron PT-I0 tissue homogenizer (~ maximal 
speed). The homogenate was centrifuged at 4~ 1000xg 
for 10 min. The supernatant was centrifuged at 4 ~ at 
40000xg for 30 rain and the resulting pellet was resus- 
pended in homogenization buffer (approximately 8 mg 
protein/ml). Protein was determined by the method of 
Lowry et al. 7. Adenylate cyclase activity was assessed by 
measuring the conversion of [a-32p] ATP to cyclic [32p] 
AMP s. ATPase activities were measured at 37 ~ by moni- 
torinlg the release of inorganic phosphorus from 3 mM Tris 

+ + 10 ATW. Total Na ,K -ATPase activity and K+,Ca ++- 
ATPase activity n were measured by previously determined 
protocols. Serum T 3 and T 4 levels were measured by com- 
petitive binding RIA using procedures outlined by Clinical 
Assay Division of Travenol Laboratories. Statistical signifi- 
cance was by Student's t-test and analysis of covariance 
with age as the covariant. 
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Results. Serum T 3 levels in control neonates were below the 
range of the assay until the rats of both strains reached 
10 days of age. The maximum levels for both SHRs and 
WKY rats were reached by 30 days of age (1.50 and 
1.22 ng/ml respectively) and dropped slightly by 100 days. 
Serum free T 4 levels for SHRs and WKYs reached adult 
levels by 20 days (0.92 and 1.08 ng/ml) and decreased 
thereafter until last measured al 100 days (0.47 and 0.36 ng/ 
ml). Serum total T4 levels for SHRs continued to rise 
throughout the experiment (100 days: 5.59 pg/100 ml). 
WKY rats reached their maximum levels of total T 4 at 20 
days (4.20 pg/100/ml) and decreased slightly thereafter. 
Serum T3, free T 4 and total T4 levels were similar in both 
strains of rats. Methimazole treatment significantly lowered 
(p < 0.05) total T 3 in the SHR; serum T3 levels in methima- 
zole-treated SHRs were below the range of the assay at all 
ages except 20 days. Measurable levels below controls were 
observed for most ages after 10 days in the WKY. Methi- 
mazole significantly lowered (p < 0.05) free T4 and total T4 
in both strains. Blood pressures (mmHg) in the control 
SHRs vs control WKY rats were significantly higher 
(p < 0.05) at all ages measured (30 days: 123 + 2 vs 103-+ 4; 
100 days: 192 4- 3 vs 134_+ 4). Methimazole treatment signi- 
ficantly lowered (p < 0.05) blood pressures in the SHRs and 
WKY rats at all ages (30 days: 99+2 and 80+5; 100 days: 
122+2 and 106-+4). Hypothyroid SHRs exhibited blood 
pressures similar to or lower than those associated with 
normotensive control WKY rats. Basal cardiac adenylate 
cyclase activities (pmoles cAMP/mg protein/rain) were 
slightly higher in newborn SHRs when compared to WKYs 
and decreased with age to about the same levels in both the 
SHRs and WKY rats (0 day: 67-+ 12 and 47+ 1; 100 days: 
17+ 1 and 23+2). Guanine nucleotide-stimulated adeny- 
late cyclase activities were also slightly higher in the 
newborn SHRs when compared to WKYs and also 
decreased with age to similar levels in the SHRs and WKY 
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Figure 1. Effect of methimazole on isoproterenol-stimulated adeny- 
late cyclase activities in cardiac membranes of SHRs and WKY 
rats. Cardiac membrane protein (40 pg) was incubated with 1 pM 
5'-guanylimidophosphate and 1 pM isoproterenol as described in 
'methods'. Methimazole treatment significantly lowered (p < 0.05) 
the isoproterenol-stimulated activities in SHR myocardial prepara- 
tions through 30 days of age. Each point represents the mean _ SE 
of 2-8 pooled preparations. * 1 determinhtlon only. 

rats (0 days: 80+14 and 60+14; 100 days: 39_+0 and 
42+ t). Dose response curves to the stimulation of adeny- 
late cyclase activities bY GTP showed a similar value for 
half maximal stimulation in membranes from control and 
hypothyroid SHRs and WKY rats. In all cases the GTP 
concentration required for half maximal cyclase stimula- 
tion fell between 8• 10 -7 and 9• 10-7M. Isoproterenol- 
stimulated adenylate cyclase activities (1 ~tM isoproterenol) 
assessed in cardiac membranes from SHRs were signifi- 
cantly higher (p < 0.05) than those activities assessed from 
WKY rats at early ages (0-30 days) (fig. 1). This increase 
was reversed by 100 days of age where the hormone- 
stimulated activity in the SHRs was 16% lower (p < 0.05) 
than in the WKY rats. Methimazole treatment significantly 
lowered (p < 0.05) all cardiac adenylate cyclase activities 
tested in membranes from SHRs to values similar to those 
assessed in normotensive control WKY rats through 30 
days of age (fig. 1). Although adenylate cyclase activities 
were also attenuated by methimazole treatment in the 
WKY rats, these decreases were not significant. As shown 
in figure2 isoproterenol dose response curves indicate the 
half maximal stimulation to be similar in both control and 
methimazole treated rats. 
The activity of the Na+,K+-ATPase (pmoles Pi/mg pro- 
tein/h) was significantly higher (p < 0.05) in cardiac mem- 
branes prepared from SHRs when compared to WKY rats 
at all ages except 0-5 days (100 days: 6.2_+0.6 and 
5.1+ 0.2). The activities of this enzyme did not decrease 
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Figure 2. Effect of methimazole on isoproterenol dose response for 
2 ages of rats in cardiac membranes of SHRs and WKY rats. 
Cardiac membrane protein (40 pg) was incubated with 
1 ~tM 5'-guanylimidophosphate and varying concentrations of iso- 
proterenol. Methimazole treatment had no effect on the half 
maximal stimulation by isoproterenol in either strain. Panel A 
represents animals 5 days of age and panel B represents animals of 
100 days of age. Each value represents the mean of triplicate 
incubations. Standard errors were not included as they were all less 
than 3%. 
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with age as was seen with adenylate cyclase activities. 
Na+,K+-ATPase  activities were significantly decreased 
(p < 0.05) in cardiac preparations from both strains of  rats 
treated with methimazole (100 days: SHR 3.4+0.4; WKY 
2.4+0.3). The activity of  the K+, Ca+ +-ATPase (gmoles 
Pi /mg protein/h) was significantly higher (p < 0.05) in 
cardiac membranes prepared from SHRs When compared 
to activities from membranes Of WKY rats at all ages tested 
(100 days: 6.5+0.4 and 5.5+ 0.5). This ATPase activity of 
the sarcoplasmic reticulum also did not decrease with age 
as was seen with adenylate cyclase activities. Methimazole 
treatment decreased K +, Ca + +-ATPase activitie s (p < 0.05) 
in both strains of rats at all ages (100 days: SHR 4.0+0.3; 
WKY 3.1 + 0.5). 
Discussion. The results of this study suggest that no differ- 
ences exist in thyroid hormone levels between SHRs and 
WKY rats. Methimazole treatment produced hypothyroid- 
ism and lowered blood pressure in the SHRs to values 
similar to those observed in the untreated normotensive 
WKY rats. The increased cardiac index observed in the 
early stage in the development of hypertension 2 may be 
indicative of  an increased beta-adrenergic reactivity. Prehy- 
pertensive SHRs and ag e matched WKY rats exhibit simi- 
lar apparent numbers of  myocardial beta-adrenergic recep- 
tors and methimazole treatment does not significantly alter 
the numbers or apparent K D for this receptor 12. The elevat- 
ed isoproterenol-stimulated adenylate cyclase activity ob- 
served in the prehypertensive SHR may contribute to the 
elvated cardiac index seen in the development of  hyperten- 
sion. We confirm previous reports that hypothyroidism will 
lower this enzymatic activityLThe catecholamine-stimulat- 
ed adenylate cyclase activity of the SHR can be decreased 
to or below the levels observed in the normotensive WKY 
rats by methimazole treatment up to 100 days of  age. This 
lower activity may be in part responsible for the lower 
blood pressures seen in the treated SHR. 
We confirm previous reports of elevated Na+,K+-ATPase  

+ + +  14 (13) and K ,Ca -ATPase activities for the SHR with 
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established hypertension and have demonstrated that these 
activities are also elevated in the prehypertensive SHR. 
These elevated enzyme activities may reflect responses 
secondary to alterations in membr~/ne permeability to 
various electrolytes. The elevated adenylate cyclase activi- 
ties which decrease as hypertension appears may be inti- 
mately involved in the development Of hypertension in'the 
SHR. Methimazole-induced hypothyroidism significantly 
decreased all activities and blood pressure thus suggesting 
the thyroid to be necessary for the complete expression of  
hypertension. 
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CONGRESSUS 

Austria 

13th international congress of chemotherapy 

Vienna, 28 A ugust-2 September 1983 

The scientific program of this congress to be held at the" 
Kongresszentrum-Hofburg in Vienna will consist of main 
lectures, symposia, round table sessions and free papers 
with posters, and will include antimicrobial as well as 
anticancer topics. Further information, also concerning 
deadlines, etc., through the Secretariat of the 13th Int. 
Congress of  Chemotherapy, or through Prof. K. Karrer, 
Institute for Cancer Research, University of  Vienna, 
Borschkegasse 8 a, A-  1090 Vienna/Austria. 

Austria 

9th international mass spectrometry conference 

Vienna, 30 A ugust-3 September 1982 

The conference is organized by the Austrian Mass Spec- 
trometry Group, the Austrian Society for Microchemistry 
and Analytical Chemistry, the Austrian Chemical Society 
and the Institute of Analytical Chemistry of the University 
of Vienna in cooperation with an international scientific 
committee. 
The program covers invited lectures, submitted papers and 
posters. For information please contact the secretariat of  
the conference: Interconvention, P.O. Box 105,  A-  
1014 Vienna/Austria. 


