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Fig, 2. Kinetic studies of 3-0-methyldopa aminotransfer- 
ase activity. Enzyme source was rat liver. Procedure was 
as described for Fig. 1. using L-3-0-methyldopa concen- 
trations from 0,005 to OQ4M. Velocity is expressed as 
absorbance at 38Onm. The figure illustrates the results 
from a typical experiment; each point represents one data 

point. At least four such experiments were conducted. 

Thus, MK 486 alters at least two important avenues of 
metabolism-decarboxylation leading to dopamine and 
transamination leading ultimately to trihydroxyphenylace- 
tate. With the disruption of both these pathways by the 
inhibitor. 0-methylation becomes the principal pathway, 
giving rise to large amounts of 3-0-methyldopa which is 
a substrate for the relatively uninhibited ubiquitous mito- 
chondrial transaminase. These observations would account 
for the reported urinary metabolic patterns treated with 
dopa and the inhibitor MK 486 and also illustrate how 
misleading it may be to label drugs with such definitive’ 
labels as “decarboxylase inhibitors.” 
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Fig. 3. Alteration of dopa metabolism by therapeutic levels 
of MK 486. Black bars indicate inhibited pathways. 
Enzymes are: (1) aromatic amino acid decarboxylase (EC 
4.1.1.28); (2) catechol-O-methyl transferase (EC 2.1.1.6); (3) 
tyrosine aminotransfera~ (EC 2.6.1.5); (4) mitochondrial 
aminotransferase (EC 2.6.1 .i); and (5) aromatic keto-acid 
reductase (lactic dehydrogenase) (EC 1.1.1.27) [ 151. Dopa 
= 3,4-dihydrox~henylalanine; DA = ?&dihydroxy- 
phenylethylamine; DHPPA = 3.4-dihydroxyphenylpyruv- 
ate; 3-0-methyldopa = 3-methoxy-4_hydroxyphenylala- 
nine; VPA = 3-methoxy-4-hydroxyphenylpyruvate; and 

VLA = 3-methoxy-4-hydroxyphenyllacetate. 
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Cyclic AMP metabolism in the cardiac tissue of the spontaneously hypertensive rat 

(Rrcriced 12 October 1974; accepted 2 May 1975) 

A strain of spontaneously hypertensive rats (SHR) devel- rats (NWR). The atria from SHR have been shown to have 
oped by Okamoto and Aoki [I] is used as a model system a greater amount of intrinsic developed tension than NWR 
for studying the pathogenesis of essentral hypertension. Se- atria [2]. The inotropic and chronotropic responses of 
veral investigations have been carried out on the properties SHR atria to isoproterenol are reported to be less than 
of the various tissues of SHR animals and their responses those of NWR atria [2]. Since adenosine-3’.5’-monophos- 
to several drugs in comparison to normotensivc Wistar phate (cyclic AMP) has been reported to be involved in 
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Tahlc I. C’yclic AMP content of the cardtac muscle of SHR and normotcn~~\c an~malr* 

NWR 

SHR Hawaii Kyoto 
C‘ro<a-bred NWR 

(30 da>s) (90 da>s) (30 da>c) (YO da!<) (30 days) (YO day\) (90 dajsl 

053 (5, 0.73 (5) I.1 I (5) 2.40 (5) I-30 (5) 2.X0 (51 2.12 (3) 

* I + + t i i 
0.05 0.24 0.23 0.06 0.27 0~05 0.2 1 

*Cyclic AMP content is cxpresscd as nmoles,g wet wt. Numbers in parentheses indicate the number of animals 
used. 

the lnotropic and chronotropic rcspon\c:\ of the cardiac 
tissue to catccholamines. it was of interest to stud\ the 
metabolism of cyclic AMP in SHR and NWR ani&ls. 
Lower lebels of cyclic AMP in the cardiac and Lascular 
smooth muscles from SHR animals have been reported 
by Amcr [3]. Amer and McKinney [4] and Ramanthan 
and Shibata [5]. We have now studied the cyclic AMP 
content and the enzymes phosphodiesterase and adenylate 
cyclase that control the cyclic AMP level in the cardiac 
tissue of SHR. pre-hypertensive SHR and cross-bred ani- 
mals and wish to present the data in this report. 

Hypertensive and normotcnsive rats of either sex. wclgh- 
ing 200 300 g. about 90 day!, in age. wcrc used in these 
experiments. SHR animals dcrivcd from stock recelvcd 
from the N.I.H. animal center (Dr. C‘. T. Hansen). inbred 
in our colon) to produce a silahlc population for exper- 
imcntal use. wcrc used. For control animals. wc used two 
strains of normotensivc Wistar rats (NWR). Kqoto NWR 
and Hawaii NWR. supplied by the animal production 
center of the Llniversity of Hawaii. Young SHR. 30 35 
days after- birth. that had not devclopcd hypertension yet 
(pre-hqpcrtemivc SHR) and mat&cd control NWR (in age 
and weight) wcrc also used. The mean systolic and diastolic 
blood pressures wcrc measured tmdcr anesthesia with so- 
dium pentobarhital (50 mg/kg im.) hq a Stathman P23 
pressure transducer conncctcd b! cannula to the femoral 
artcrq. Also. in order to check the ctTect of anesthesia. sys- 
tolic blood pressure of each of live NWR and SHR was 
measured h! use of a Sphqgmomanomctcr (NARC’O Bio- 
system. Inc.). without anesthesia: no significant dlffcl-cnce 
was ohscrvcd in the blood prcssurc measured hq the tw’o 
methods. The mean blood pressure of SHR. Hawaii NWR 
and Kyoto NWR was 201 f X mm Hg (N = 30). 
12X + 6 mm Hg (N = 30) and I30 f 6 mm Hg (N = 30) _ 
respectively. The mean blood pressure of pre-hypcrtensibc 
SHR was I31 k 6 mm Hg (N = 30) as compared to 

175 + 7mm Hg (N = 30) of control Kyoto NWR of the 
same age and weight. A third tgpc of control animal. cross- 
bred normotensive animals (offsprings of SHR and Kyoto 
NWR parents). was also used in our experiments. The 
blood pressure of thcsc animals was Ii6 + 7 mm Hg 
(N = 20). 

Dctc~r~~~ir~utio~ of c,rc/ic ;1.2;IP. The cardiac tissue was 
quickly cxciscd from the animals. sacrificed bq guillotining 
and was frozen immediately in liquid nitrogen. A weighed 
amount (25 50 mg) was homogenized in 6”,, trichloroacctic 
acid in the cold. The supernatant after contril’ugation was 
extracted with ether (eight times) to rcmovc the trichloroa- 
cetic acid. lyophilized and the residue was dissolved in 
buffer and a suitable aliquot was used for cyclic AMP 
determination. 

The cyclic AMP content was detcrmincd by a protein 
binding assay. The binding protein was prepared from bo- 
vine adrenal glands and the assay was carried out essen- 
tially as described by Wombachcr and Kiirbcr [6] and 
Tsang car ul. [7]. 

.4r/c/1!&rrc, C~J~C~U,SC IUSCI I‘. The enzyme was prepared b> 
homogenizing the cardiac tissue. cwclscd quickly and 
cleaned from animals sacrificed as above. in ice-cold Tris 
huffcr. containing, theophylline, pH 7.4. The assay was car- 
ried out as described by Amer [3] and included an ATP- 
rcgcnerating system. The cyclic AMP formed was purified 
on Dowcx 50 columns and assayed b! the protein binding 
method described above. 

:l.\,su~~ 01 pho.\phot/ic\rc’r~~.\~~ (PDE). The cardiac tlssuc 
from the animals was homogcnlrcd in Trls hufTer (0.1 MI 
containing magnesium acetate (IO _A M). pH 7.4. in the 
cold. The homogenates wcrc then centrifuged at 105,OCJJ 
~1 for I hr and the supcrnatant was used for enrymc assay. 
The assay wab carried out bq incubating a suitable aliquot 
of the aupcrnatant. with ‘H-labeled cyclic AMP as dc- 
scribed h! Poch [X]. The PDE activity was cxprcsscd as 

Table 2. Adcnylatc cyclasc actl\it> of the cardiac muscle of SHR and normotcnsi\c animals* 

SHR NWR 
Cl-oss-bred 

NWR 

Pre-hypcl-tcnsivt 
SHR 

(30 days) 
NWR 

(30 days) 

Basal (untreated) 

Isoproterenol 

(lo ,[M) 

Sodium fluoride 

(X mM) 

35.47 (7)f.I 77.17 (5, 

ir + 
4.77 I .20 

40.22 (7) 81.75 (5) 

i- f 
12.13 4.92 

167.67 (7) 264.X1 (5) 

f t 
14.58 22.59 

60.69 (5) 

&x 
90.15 (5) 

+ 

1754 
297.09 (5) 

+ 
12.52 

55.x0 (3k\ 73.90 (3) 

i + 
I .09 2.14 

84.47 (3) xi.91 (3) 

I5G 
+ 
6.X5 

202.85 (31 2X7.05 (3) 

i k 
1 I 09 9.74 

* Adenylate cyclase activity is expressed as pmoles cyclic AMP formed!mg of protein ‘10 min. Number in parentheses 
indicate the number of animals used. 

t SHR significantly lower than NWR (Student’s r-&t. P < 0005). 
$ SHR significantly lower than cross-bred NWR (Student’s /-test. P c 0+051. 
Q Prc-hypertensive SHR significantly IOWCI- than NWR (Student’5 I-teht. P i O~oO5). 
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pmoles cyclic AMP hydrolyzed/mg of protein/min. Protein by isoproterenol in canine and rat hearts. On the other 
was determined by the method of Lowry et al. [9]. The hand. Triner rt al. [I31 have reported lack of stimulation 
enzyme was incubated in our experiments at room tem- by isoproterenol in rat aorta. Robison rt nl. [14] report 
perature (24’) and the substrate concentration was that broken cell preparations are somewhat less sensitive 
30.12 x lo-” moles/liter. to hormonal stimulation than the whole preparations. 

The cyclic AMP content of the cardiac tissue of SHR 
and pre-hypertensive animals was significantly lower than 
that of the respective control animals. No significant differ- 
ence was observed in the cyclic AMP level between the 
cardiac tissue of SHR and pre-hypertensive animals. The 
cyclic AMP content of the cardiac tissue of the cross-bred 
animals resembled that of NWR (Table I). 

Table 2 incorporates the results of the basal and stimu- 
lated activities of the adenylate cyclase of the cardiac tis- 
sues from SHR. pre-hypertensive SHR. NWR and cross- 
bred animals. The mean basal adenylate cyclase activity 
of SHR is significantly lower than that of the control ani- 
mals. Although the mean basal activity of the cross-bred 
NWR was significantly lower than that of the correspond- 
ing NWR. the activity of the cross-bred NWR was signifi- 
cantly higher than in the SHR. The mean basal activity 
of the pre-hypertensive animals was lower than that of 
the corresponding control NWR. 

Sodium fluoride. on the other hand, caused a significant 
increase in the adenylate cyclase activity of the cardiac 
tissue from all the animals. However, Amer 133 and Amer 
and McKinney [4] report that the adenylate cyclase from 
the SHR aorta and cardiac tissue was less sensitive to iso- 
proterenol and sodium fluoride than NWR. No difference 
in the basal activity of this enzyme between SHR and 
NWR was reported. 

No significant stimulation of the adenylate cyclase ac- 
tivity was observed with isoproterenol (ld PM) in the car- 
diac muscle of SHR and NWR. Isooroterenol (IO rtM) 

The blood vessels of SHR also contain lower levels of 
cyclic AMP and lower adenylate cyclase and PDE activi- 
ties [IS]. On the basis of the data presented here. we sug- 
gest that the overall metabolism of cyclic AMP in the car- 
diac muscle of SHR and pre-hypertensive SHR is lower 
than in NWR. The lower intracellular level of cyclic AMP 
in SHR and pre-hypertensive SHR is attributable to the 
lower basal activity of the enzyme adenylate cyclase. It 
is also possible to conclude that changes can occur in tis- 
sues during the process of hypertension rather than as a 
result of high blood pressure. It is interesting to note that 
the metabolism of cyclic AMP in cross-bred NWR resem- 
bles more closely that of NWR. 

stimulated the adenylate cyclase activity of the cardiac tis- 
sue of cross-bred NWR and prc-hypertensive SHR signifi- 
cantly. On the other hand. significant stimulation of the 
adenylate cyclase activity of the cardiac tissue by sodium 
fluoride (8 mM) was observed in all cases. 

The phosphodiesterase activity of the cardiac tissue indi- 
GiteS lower activity in SHR than in NWR. The results 
are included in Table 3. 

The importance of selecting appropriate controls in 
studies on SHR has been discussed by Clineschmidt ~‘t 
al. rlOl and Shibata et trl. 1111. In the experiments de- 
scribed here, two types of normotensive controls are in- 
cluded, one Kvoto NWR strain from which SHR was de- 
rived and another NWR from the University of Hawaii 
animal colony. In addition, we have included cross-bred 
animals as a third type of control, as the blood pressure 
of these animals was similar to that of NWR. 

No significant stimulation of the adenylate cyclase ac- 
tivity of the cardiac tissue of SHR and NWR was observed 
with isoproterenol (I 0 PM). while a slight (approximately 
1.5-fold) but significant stimulation was observed in cross- 
bred NWR and pre-hypertensive SHR. Caron and Lefkow- 
itz [ 121. Amer [3] and Amer and McKinney [4] have 
reported a large increase of activity of adenylate cyclase 

Table 3. Phosphodiesterase activity of the cardiac muscle 
of SHR and normotensive animals* 

SHR 
(90 days) 

NWR 
Cross-bred 

Kyoto Hawaii NWR 
(90 days) (90 days) (90 days) 

7.26 (8) 20.3 (8) 16.3 (5) IS.1 (12) 

* * k * 
0.93 3.40 I .78 3.72 

* Phosphodiesterase activity is expressed as pmoles cyc- 
lic AMP hydrolyzed/mg of protein/min. Numbers in par- 
entheses indicate the number of animals used. 
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