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iiciency affect intracellular metabolism simi- 
larly but independently. 

Summary . The in tr acellular potassium 
concentration was found to be normal in dia- 
betic rat liver. 
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Renin and Antirenin in Treatment of Long Term Experimental  Renal 
Hypertension in the Dog.* (21951) 
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From the Department of Physiology, College of Medicine, University of Illinois, Chicago. 

A number of reports have suggested that 
the pathogenesis of experimental renal hyper- 
tension changes with time. Thus it has been 
suggested that in acute experimental renal 
hypertension the pathogenesis is renal and in 
chronic experimental renal hypertension the 
pathogenesis is extrarenal or (according to 
one group of investigators) neurogenic. There 
have been no reported studies on the patho- 
genesis of long term experimental renal hyper- 
tension (ie., hypertension of 4 or more years 
duration) in the dog. Thus Ogden and col- 
leagues ( 1,2 ) showed that certain sympatho- 
lytic and general anesthetic drugs decreased 
the blood pressure of chronic renal hyperten- 
sive rats but not of acute renal hypertensive 
rats. They also showed that the removal of 
a unilaterally constricted kidney in the rat 
caused a decrease in blood pressure in acute 
but not in chronic renal hypertensive rats. On 
the basis of these findings, Ogden suggested 
that the pathogenesis of experimental renal 
hypertension changes with time from a renal 
pressor mechanism to a neurogenic mechanism. 
Likewise, several groups of British investi- 
gators have reported that complete nephrec- 

*Aided by grants from the National Heart Insti- 
tute, the Chicago Heart Asn.; and the American 
Heart Assn. 

tomy in the acute renal hypertensive rat pro- 
duces a decrease in blood pressure, whereas 
there is no decrease during survival in the 
chronic hypertensive rat (3,4). These results 
are similar to those of earlier workers who re- 
ported that total nephrectomy in renal hyper- 
tension of one week’s duration in the rabbit 
results in normotension but after 2 to 4 
months of hypertension, total nephrectomy 
results in persistence of the hypertension dur- 
ing survival ( 5 , 6 ) .  Floyer and others have in- 
terpreted these findings as demonstrating an 
extrarenal mechanism for the pathogenesis of 
chronic experimental renal hyper tension. 
Moss and Wakerlin( 7)  and Page (8) however. 
found no significant difference in the effects of 
sympatholytic and general anesthetic drugs 
in acute and chronic experimental renal hy- 
pertension in dogs. Moss and Wakerlin con- 
sidered acute experimental renal hypertension 
in dogs to last 6 months following renal artery 
constriction and most of their acute hyperten- 
sive dogs were 3 to 6 months hypertensive. 
Since then, Haynes and Dexter(9) showed 
that an increase in plasma renin following 
renal artery constriction in the dog persists 
for some weeks and Shorr and colleagues( 10) 
showed that increased plasma VEM is bal- 
anced by VDM 8 to 1 2  weeks following renal 
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artery constriction in dogs. These observa- 
tions suggest that the dividing line between 
acute and chronic experimental renal hyper- 
tension in dogs may be 3 rather than 6 
months. In keeping with this, Ohler and 
Wakerlin ( 1 1 ) found that dibenzyline pro- 
duced no decrease in the blood pressure of 7 
renal hypertensive dogs within 3 months fol- 
lowing renal artery constriction whereas a de- 
crease occurred in dogs which were hyperten- 
sive for 6 months or more. However, the de- 
crease was not to the normotensive level and 
certainly not to the hypotensive level pro- 
duced by dibenzyline in normotensive dogs. 
Recently, Ogden and colleagues( 12 ) reported 
that pentobarbital decreased the blood pres- 
sure of dogs with renal hypertensions of more 
than one year's duration but not to normoten- 
sion. These findings suggest that vasomotor 
tonus is in abeyance during acute renal hyper- 
tension but returns to at  least a normal level 
during chronic renal hypertension in the dog. 

To study the pathogenesis of long term ex- 
perimental renal hypertension in dogs, we ob- 
served the effect of semipurified hog renin 
therapy and of passive immunization with 
antirenin to hog renin in dogs with renal hy- 
pertensions of 50 to 121 months duration. 
Two years ago, our research group showed 
that a course of semipurified hog renin from 
renal cortex protected against the develop- 
ment of experimental renal hypertension in 
dogs and was effective in the treatment of 
chronic experimental renal hypertension of 8 
to 37 months duration in dogs, whereas nu- 
merous control tissue extracts were without 
effect( 13).  Since the effectiveness of pro- 
phylaxis and treatment was well-correla ted 
with the serum antirenin titre. the findings 
were considered good evidence for the hypoth- 
esis that renin (or a closely related renal 
protein) plays the principal pathogenetic role 
in experimental renal hypertension in the dog 
for at  least the first 3 years. A pathogenetic 
role for renin is also suggested by the antihy- 
pertensive effect of homologous antirenin to 
hog renin passively transferred to renal hy- 
pertensive dogs ( 14). 

Ten dogs with renal hyperten- 
sions of 50 to 121 months duration were 
treated for 6 to 12 months with one or two 

X e t h o d s .  

courses of daily intramuscular injections of 
semipurified hog renin from cortex in doses 
varying from 2.5 to 20.0 D. U. (Goldblatt) 
per kg. The semipurified hog renin was pre- 
pared by a modification of the method of 
Marshall and Wakerlin( 15) or the method of 
Haas and Goldblatt (16). The purity of the 
renin varied from 16-175 D. U. per mg hT7 but 
most of it was 75-175 D. U. per mg N. Anti- 
renin titres on the serum were determined 
monthly by a method already described( 13). 
The time between courses of hop renin ther- 
apy in the 6 dogs receiving a second course of 
hog renin was at  least 6 months. during which 
the blood pressure reached its pretreatment 
hypertensive level and the antirenin titre fell 
to 0. Male and female dogs were made hy- 
pertensive by a standardized modification of 
the Goldblatt technique of renal artery con- 
striction already reported( 13). Mean blood 
pressure readings were obtained by femoral 
artery puncture one or 2 times per week, with 
occasional comparison by the strain gauge 
technic. Studies of blood urea nitrogen: urin- 
alyses, and determinations of body weight and 
clinical condition were made at  monthly inter- 
vals or more often when indicated. 

For the passive transfer study. 3 of the dogs 
with renal hypertensions of 93 to 108 months 
duration were given high titre homologous 
antiserum containing antirenin to hog renin. 
Each of these dogs had previously been 
treated with a course of semipurified hog renin 
with a sufficient lapse of time ( 6  months or 
more) to permit a decrease in the antirenin 
titre to 0 and a return of the blood pressure to 
the pretreatment hypertensive level for 2 to 
3 months. Blood pressure was measured every 
other day ior one week prior to antirenin ad- 
ministration and the antirenin titre was deter- 
mined to be 0 A. U. per cc of serum. Anti- 
renin in total amounts varying from 947 A. U. 
to 3,560 A. U. per kg was administered sub- 
cutaneously in 4 divided doses Over a 2-day 
period. Blood pressures and serum antirenin 
titres were determined on the 3rd; 5th. and 
7th days following the first day oi antirenin 
administration and subsequently at weekly or 
semi-weekly intervals. Urinalyses were made 
prior and subsequent to the administration of 
antirenin and the clinical condition of the dogs. 
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TABLE I. Antihypertensive Effect of Semipurified H e  Renin from Cortex in Experimentai 
Renal Hypertension in 10 Dogs with Hypertezisions of 50 to 121 Months Duration. 

--Blood pressure in mm Hg-, 
Mas anti- Duration Max re- Effect on 
renin titre of hyper- sponse to hypertension, 

Dog NO. Ses ( A.U./cc) tension Normotension Hypertension treatment % 
37 50 125 2 7.0" 183 2 3.7* 151 k 5.8* - 55 

- 23 
51 123 1 5 . 0  167 2 7.5 129 f 8.0 - 86 

1 9  

3' 8 
5 9  
6 8  
7 0  

2 9  

7 0  
9 8  

3 8  

29 51 122 2 7.8 162 +- 5.4 153 2 7.2 

51 1 1 5 2  5.4 201-1- 6.9 219k10.5 +21f 
' 32 

0 * 50 
24 

20 6 i  127 f 9.1 172 2 5.5 147 -c 6.6 * 68 
22 

85 

* 40 
0 

56 127 2 6.8 158 3- 3.8 142 4.8 - 50 
60 120 k 6.8 185 2 4.0 140 k10.5 - 69 

18 66 117 f 5.2 185 k10.5 138 f 8.4 - 68 
- 55 

69 122 2 7.8 172 -I 4.8 148 1 4.0 - 48 
71 117 1 4.6 164 .t 9.4 145 f 7.6 - 47 
81 117 f 5.2 1 6 6 k  6.7 140 1 3.9 - 53 
82 117 f 4.6 170 211.0 142 3- 6.6 - 53 

99 129 1+ 9.0 160 2 2.7 183 1 7.2 +74t 

* 21 

16 87 127 9.1 166 2 5.8 150 6.6 - 41 
98 123 2 5.0 171 I+ 7.0 147 -I- 9.1 - 50 

lo 10 * 8 11 121 129 & 9.0 166 f 3.2 146 f 5.9 - 54 

c 
'5 

2 - 
co 

0 0  0 0 %  
0 O O O r  

!z E 

tr) 

* Arg 2 stand. dev. 
t Maintained chronic pressor effect in the absence of antirenin. 
The,P value ( t  test) was < . O l  in all experiments. 

was observed daily. Control experiments with 
normal serum were conducted. 

Results. Table I summarizes results with 
hog renin injections. The normotensive and 
hypertensive blood pressure levels are each 
based upon a minimum of 1 2  to 18 readings 
over a period of 2 to 3 months . The maximal 
response to treatment level is based on a mini- 
mum of 6 to 1 2  readings over a period of one 
to 2 months. All of the dogs showed a sig- 
nificant antihypertensive effect ranging from 
23 to 8676 reduction in their hypertensions, 
except the 2 animals which did not develop 
antirenin. Sone of the dogs showed adverse 
effects from treatment. Appetite, body 
weight, and general clinical condition were 
well maintained. Urinalyses and blood urea 
nitrogen determinations consistently gave nor- 

mal findings. 
The maximal antihypertensive effect for the 

first course of injections occurred during the 
third to the sixth months of treatment as the 
antirenin titre approached its maximum and 
was maintained until treatment was discon- 
tinued. The maximal antihypertensive effect 
for the second course was observed during the 
second to the fourth months of treatment, cor- 
relating with the more rapid anamnestic de- 
velopment of antirenin. Following the end of 
treatment, the blood pressure gradually re- 
turned to its pretreatment level over a period 
of 2 to 6 months as the antirenin titre fell 
toward 0. Fig. 1 shows a typical antihyper- 
tensive effect from a course of semipurified 
hog renin in a long term renal hypertensive 
dog. The 2 dogs which did not develop anti- 

TREATMENT WITH SEMIPURIFIED HOG RENIN - 10.0 IXU. per kg. 

Treotmenr n 
c / \ 1  

48 50 52 54 .56 58 60 62 64 
Period of hypertension in monlhs 

FIG. 1. 
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TABLE 11- Aiitilipperteusi\-e Effect of Homologous Antirenin to Hog Reiiin Passively Transferred to 
Dogs mith Long Term Experimental Renal Hypertension. - 

-Blood pressure in nim Hg- 
Total anti- lhiration Xax re- Effect on 

Dog KO. renin dose Mas anti- of hyper- Sornio- Hyper- sponse to hyperten- 
(see Table I) Srs (A.U./kg) reniii titre tension tension tension antirenin sion, % 
- ----- ----------I__- - _____._ __.____--.-.I ___- 

- 9 93 l l i + = 5 . 2 "  169k11.6" 728 - 79 
I ) 97 117 2 5.2 177 2 9.0 102 -100 
7 9 3560 

947 
7 0 t )  0 99 11; k 5.2 166 8.7 164 & 7.0 - 4" 

0 

9 d 1353 4 9ti l l i  += 4.6 164 2 4.0 133 - 66 
10 d l i 00  13 10s 129 2 9.0 1 6 4 2  2.5 114 -100 
10 d I) 0 114 129 9.0 166 -L 5.2 166 3- 3.0 0" 

- - _- - I_ -__--__I____- - - - - -. __--- - 
Normal swi1111 ~ o ~ ~ t r o l s .  

renin not onl!. did not show an antihyperten- 
sive effect but showed a maintained chronic 
pressor effect which has been discussed else- 
where( 1 7 ) .  

with the passive transfer of antirenin support 
the hypothesis that renin (or a closely related 
renal protein) plays a significant role in es- 
perimental renal hypertension of many years 

Table I1 summarizes results with the pas- 
dve transfer of antirenin. The 4 passive trans- 
fer experiments with antirenin produced 66 to 
100% reductions in the hypertensions of the 
three long term renal hypertensive dogs com- 
pared with antihypertensive effects in the 
.wme dogs of 54 to 68% as a result of .5 
courses of hog renin. The maximal antihyper- 
tensive effect was obtained on the third or 
fifth day of the passive transfer experiment. 
usually simultaneously with the maximum 
antirenin titre. The blood pressure then grad- 
ually returned to the previous hypertensive 
level over a period of two weeks or more as 
the antirenin titre fell toward 0. Control pas- 
..;ive transfer experiments with normal serum 
in 2 of the 3 dogs were without antihyperten- 
sive effect. Xone of the animals showed ad- 
verse changes in clinical condition or abnor- 
malities in urinalyses following antiserum or 
serum administrations. Fig. 2 illustrates a 
passive transfer of antirenin and a control es- 
periment in one of the dogs. 

Discussion. The results with hog renin and 

PASSIVE TRANSFER OF ANTlRENlN 
Anfrrenm 
I700 nu, kq &mWf @ pcIvm 

con!." 

 period of tL,pwe?z;on in mcnths 

FIG. 2. 

duration in the dog. Although our research 
group has already shown that numerous con- 
trol tissue extracts are without antihyperten- 
sive effect( 13): the lack of response in the 2 
long term hypertensive dogs failing to develop 
antirenin on hog renin therapy, further rules 
out a non-specific foreign protein effect as the 
cause of the antihypertensive response. The 
failure of most of the long term hypertensive 
dogs to show a decrease in blood pressure to 
normotension whereas most of the dogs with 
chronic hypertensions of 8 to 37  months 
showed such a decrease on semipurified hog 
renin therapy( 13) !  suggests at  least three pos- 
sible explanations: ( 1 )  the pathogenesis of 
experimental renal hypertension in the dog 
may undergo a gradual change with the pas- 
sage of years whereby renin plays a decreased 
role : ( 2 ) progressive ar teriolosclerosis ma>- 
develop over a period of years: and ( 3 )  com- 
pensatory mechanisms opposing the antihy- 
pertensive effect of actively produced anti- 
renin may be enhanced in long term as con- 
trasted with chronic experimental renal hyper- 
tension in the dog. The decrease in blood pres- 
sure to normotension or near normotension 
produced by the passive transfer of antirenin 
is opposed to ( 1 )  and ( 2 ) .  Likewise an es- 
tensive study of the passive transfer of anti- 
renin in renal hypertensive dogs to be pub- 
lished later( 18)  indicates that the duration of 
chronic hypertension is without effect on the 
antihypertensive response to passive immuni- 
zation with antirenin. Moreover, histological 
examination of the arterioles of long term hy- 



LONG TERM EXPERIMENTAL RENAL HYPERTENSION 103 

pertensive dogs by us confirmed the previous 
observation of Goldblatt that experimental 
renal hypertensive dogs show a minimal 
amount of arteriolosclerosis. This leaves the 
suggestion that compensatory hypertensive 
mechanisms come more prominently into play 
when serum antirenin is gradually increased 
by semipurified hog renin than when the 
serum antirenin titre is quickly developed by 
passive immunization with antirenin. Our 
observations shed no light on what these com- 
pensatory mechanisms may be although in- 
creased vasomotor tonus may be involved. 
Recently our research group reported an in- 
crease in renal renin concentration propor- 
tional to the antirenin titre in normotensive 
and renal hypertensive dogs on hog renin ther- 
apy but found no difference in this respect 
among acute, chronic, and long term renal 
hypertensive dogs( 19). 

Floyer (20) has suggested that possibly 
renin may exercise its pathogenetic role in 
chronic experimental renal hypertension by 
acting on the kidney perhaps to decrease the 
production of the blood pressure regulatory or 
depressor renal hormone (loss of which by 
complete nephrectomy results in renoprival 
hypertension)'( 2 1 ) . Conceivably this action 
might evolve gradually during acute experi- 
mental renal hypertension and become sig- 
nificant only in chronic experimental renal hy- 
pertension. This hypothesis would reconcile 
the conflicting findings reviewed in the intro- 
duction of this report and would be in agree- 
ment with our finding that renin still plays a 
dominant role in the pathogenesis of long term 
experimental renal hypertension. The de- 
creased antihypertensive response of long 
term experimental renal hypertension to hog 
renin injections might be due to failure of the 
blood pressure regulatory renal hormone to 
increase to the normal level as the serum anti- 
renin titre is gradually increased by active im- 
iiiunization with hog renin. Certainly this in- 
triguing hypothesis should be investigated. 

1. Courses of 
intramuscular injections of semipurified hog 
renin from cortex administered to dogs with 
experimental renal hypertensions of 4 or more 
years duration produced a significant reduc- 

Summary and conclusions. 

tion in blood pressure in those dogs which de- 
veloped antirenin but not to normotension as 
previously found in dogs with chronic renal 
hypertension of 6 to 37 months duration. The 
2 dogs which did not develop antirenin showed 
a maintained chronic pressor effect. 2. Pas- 
sive immunization with homologous antirenin 
to hog renin produced a reduction in blood 
pressure to normotension or near normoten- 
sion in dogs with experimental renal hyperten- 
sions of more than 7 years duration. 3. The 
mechanism of the decreased response to hog 
renin therapy in long term experimental renal 
hypertension in the dog is unknown. The re- 
sults with passive immunization suggest that 
a lessened pathogenetic role for renin is not 
involved nor is progressive arteriolosclerosis. 
Possibly compensatory hypertensive mechan- 
isms are more effective in the face of the grad- 
ually increasing antirenin titre of hog renin 
therapy than of the abruptly produced anti- 
renin titre of passive immunization. 4. The 
results indicate that renin (or a closely related 
renal protein) is the principal pathogenetic 
factor even in experimental renal hypertension 
of many years duration in the dog. 
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Techn ic  for Preparat ion of Glycerol-extracted Whole  Frog H e a r t s  for 
Study of Myocardial  F i b e r  Responses." (21952) 

LEE W. HAWKINS+ AND JOHS R. SNITH. 
Frotri tlw Curdiovascirlur Division, Depart iizent of JIedicitze, Washington Universit? School a.f 

Medicine, St. Lotiis, X o .  

Since the demonstration by Szent-Gyorgyi 
that glycerinated skeletal muscle fibers con- 
tract on exposure to adenosine triphosphate. 
interest has developed in this preparation as 
a model for the study of muscle contraction 
( 1) .  Attention has been directed largely to 
glycerinated psoas muscle fibers because of 
their length and relative absence of connective 
tissue (2-4) .  Glycerol-treated cardiac muscle 
fibers are more difficult to handle and have 
not been extensively studied. However, Taes- 
chler and Ring(5) were able to prepare and 
observe glycerol-extracted trabecular fibers of 
dog hearts. The purpose of this communica- 
tion is to describe a glycerinated frog-heart 
preparation which is suitable for the study of 
contraction-relaxation cycles. 

The frog heart has no coronary 
circulation. so that tissue nutrition depends 
upon the diffusion of solutes through the en- 
docardium. The quantity of diffusion is en- 
hanced by numerous fissures in the ventricu- 
lar walls( 6 ) ,  Therefore, thorough glycerine 
extraction of the whole heart should be 
achieved by perfusion and immersion in a 
glycerol solution. After extraction, ventricu- 

Method. 

*This  work was performed under a grant-in-aid 
(€3-519) from the Sational Heart Institute of the 
Sational Institutes of Health. 

t ru'ational Heart Institute Fellow in Cardiology, 
1954-55. 

lar perfusion with suitable solutes should pro- 
duce contraction of the muscle fibers. Large 
bullfrogs (Rana catesbiana) are employed. 
For the preparation of glycerinated hearts, the 
central nervous system is destroyed and the 
thorax opened ventrally. The pericardiuni is 
excised and the heart is dissected from the 
mediastinuni, care being taken to avoid injury 
to the ventricle. The fresh heart is placed in 
Ringer's fluid a t  room temperature and al- 
lowed to beat for several minutes until largely 
cleared of blood, The heart is then tied to 
an applicator stick by a ligature tightly 
drawn around the aortae and upper portion 
of the atria. A small wire hook is inserted 
through the ventricular muscle near the apex; 
the free end of the hook is tied to the stick so 
as to apply a slight stretch to the ventricle. A 
needle introduced through the atrium permits 
the infusion of 50% glycerol into the heart 
until it is moderately distended. This pro- 
cedure removes all blood, and the tissue be- 
comes translucent. The mounted specimen is 
then placed in a capped test tube containing 
50% glycerol and is stored at  -30 to -10°C 
for 48 to 72 hours. A thin coat of ice may 
form at the glycerol-air interface: the tissue 
should be kept below this level. 

Results. After extraction for 2 to 3 days, 
contraction and relaxation of the glycerinated 
hearts may be produced by using the perfu- 




